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Chapter 1
No figure questions.

Chapter 2
2.1	Deep oceanic volcanic vents; slag from mines; arid deserts; highly saline areas; frigid ocean waters; just about any environment on Earth.
2.2	The mass of an electron is almost negligible compared to the mass of neutrons and protons.
2.3	This superscript denotes the number of missing or gained electrons from/in the outermost shell. For cations like Mg+2, the superscript denotes the number of lost electrons (=2), meaning there are two more protons than electrons (+2).
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2.5	Sodium is positive because by losing one electron, it has one additional positively charged proton. Similarly, chlorine gains one electron, so there is one additional negative charge.
2.6	Ethylene  = C2H4; Propane = C3H8; Benzene = C6H6
2.7	The strong pull on electrons by the oxygen atom generates an asymmetric density of shared electrons, giving the oxygen atom a partial negative charge (–) and each hydrogen atom a partial positive charge (+). 
2.8	Water breaks the ionic bonds in NaCl, so the Cl– ions will be attracted to the partially positive hydrogen atoms while the Na+ ions will be attracted to the partially negative oxygen atoms.
2.9	Consuming substantial or highly alkaline solutions potentially would alter the pH of the stomach acid such that the pH would rise.
2.10	An acid-base buffer system can become “saturated” and cannot absorb additional H+. Exceeding the buffer capacity, this result would be a lowering of the pH.
2.11	Proteins more so than any other organic macromolecule are the “workhorses” of any cell and carry out a large variety of functions, both enzymatic and structural.
2.12	Dehydration synthesis reactions form polysaccharides such as cellulose.
2.13	They are all considered lipids because they are hydrophobic compounds; they will not dissolve in water.
2.14	AATCCGTGC
2.15.	The great variety of functions for proteins means there must be an equally diverse set of protein shapes. This can only be accomplished by the unique 3-D folding of proteins.
2.16	Carbohydrates; Lipids; Nucleic acids; Proteins

Chapter 3
3.1	They look quite simple because there is not much structure to be seen inside the cell other than the green membranes.
3.2	The ecotype generates more chlorophyll to harvest the sunlight for photosynthesis.
3.3	At a critical concentration, there are sufficient cells to carry out some type of behavior, such as bioluminescence or toxin production by the pathogen. For example, below the critical concentration, there would not be enough cells to cause a disease.
3.4	A biofilm on the teeth (dental plaque) is minimized by daily brushing and flossing, and regular dental cleaning.
3.5	A eukaryotic cell contains many more internal compartments, the cell nucleus perhaps being the most prominent in separating bacterial (and archaeal) cells from eukaryotic cells.
3.6	Plants, algae, fungi, animals, and protozoa are in the domain Eukarya. Bacteria are in the domain Bacteria. Anything not in these two domains would be in the domain Archaea.
3.7	If one eliminates the plants and animals, everything else is considered microorganisms. Granted that organisms like mushroom are macroscopic, but the kingdom Fungi still contains many microscopic species,
3.8	Biochemical tests because the MicroScan is measuring metabolic reactions.
3.9	ARMAN cells would be the smallest of the bacterial cells while Thiomargarita cells would be the largest cells.
3.10	Oil prevents the light bending away from the lens after passing through the glass slide.
3.11	Cell size and cell morphology (cell shape and cell arrangement).
3.12	A differential stains allows one to “see” different structures [e.g., cell wall types (Gram positive versus Gram negative), different types of cells (Mycobacterium), spores versus vegetative cells].
3.13	In phase-contrast, dark-field, and fluorescence microscopy, live cells can be observed.
3.14	No green-yellow fluorescence would be seen.
3.15	Both have a condenser lens to align the light or electron beam on the specimen; both have an objective lens to magnify the specimen; however, the electron microscope has a projector lens (light microscope = ocular lens) to magnify and focus the image for viewing.
3.16	Transmission: bacillus-shaped cells contain many ribosomes (orange), a nucleoid (green), and a cell wall. Scanning: the three-dimensional shape and surface of the cells are evident.

Chapter 4
4.1	Thermophiles and hyperthermophiles must have evolved ways to adapt to these extreme environments; most likely these species have evolved proteins resistant to high temperatures.
4.2	The base of all branches is composed of hyperthermophiles, suggesting that their ancestors might have been the last universal common ancestor.
4.3	E. coli is Gram negative and S. aureus is Gram positive.
4.4	The advantage is that they have to compete with very few other species for the very limited “nutrients” available.
4.5	The vibrio forms are slightly curved rods, while the spirillum forms are much more “wavy.”
4.6.	Not all bacterial species necessarily have the same indicated structures. Also, the high number of ribosomes in the cytoplasm can obscure structural detail.
4.7	(a) External: flagella, pili, glycocalyx; (b) envelope: cell wall and cell membrane; (c) cytoplasmic: nucleoid, plasmids, inclusions, and ribosomes.
4.8	Pili allow for attachment to surfaces or to other cells.
4.9	It is a “nanomachine” because it contains a variety of interlocking and integral protein parts that function together like an “engine” to propel cells.
4.10	There would be few tumbles and longer runs away from the source of the repellant.
4.11	Endoflagella are in contact with the cell body over their entire length and both of which are sandwiched in the periplasm between the cell membrane and the outer membrane. True flagella are naked protein filaments extending outward from the cell surface.
4.12	The high water content protects against desiccation. The capsule on a pathogen provides protection from easy engulfment and destruction by host phagocytes. 
4.13	Dissolved substances are usually higher inside the cell (water concentration is lower). That is why cells will lyse if the cell wall is removed or the cell is treated with an antibiotic that blocks wall formation. Osmosis is inward.
4.14	By having an outer membrane that is resistant to many antibiotics and antimicrobial agents, one could make a case for gram-negative species as being of higher disease significance. However, there certainly are many dangerous gram-positive pathogens too.
4.15	It is fluid because it has the consistence of olive oil due to the nature of the phospholipids; it is a mosaic because it contains an assortment of membrane proteins.
4.16	Solutes are polar molecules and cannot penetrate the nonpolar barrier organized by phospholipids. Therefore, solutes need to move through polar channels or pores in membrane proteins.
4.17.	An ester linkage has an oxygen atom double bonded to a carbon.
4.18	The nucleoid is composed of DNA but is not surrounded by a membrane; does not contain nuclear pores; usually is a single, circular chromosome; and lacks histone proteins.
4.19	In a 70S ribosome, there are 3 rRNA molecules and 55 proteins.
4.20	Microcompartments have an outer boundary composed of protein rather than a phospholipid bilayer.
4.21	Probably either spheres or cells with an unstructured shape (pleomorphic).
4.22	The spatial separation of transcription and translation in Bacillus suggests that membranes are not always needed to form spatially separate compartments in cells.

Chapter 5
5.1	It looks very arid and inhospitable when in fact some deserts (maybe not the Atacama) have more microbial diversity than tropical rain forests!
5.2	Binary fission in cells forming chains would end with the cells remaining together at their ends such as a streptococcus or streptobacillus arrangement. Single cells would complete binary fission with a separation of cells as shown in step (E).
5.3	The generation time is 20 minutes.
5.4	Bacterial cells are rapidly dividing during the log phase and many antibiotics only have an effect on actively dividing and metabolizing cells.
5.5	Each colony presumably started from a single bacterial cell that then underwent through many cell cycles with binary fission events.
5.6	Two other ways: (i) By mutation, making the cells resistant to the antibiotic; (ii) by obtaining the information for antibiotic resistance from another resistant bacterial species or strain of the same species.
5.7	Factors stimulating germination usually are nutrients such as amino acids or sugars. Somehow these nutrients trigger hydrolysis of the cortex and a loss of heat resistance. The complete sequence of steps for the activation of spore germination remains to be worked out.
5.8	Hypothesis: Bacterial cells have cell surface and cytoplasmic receptor proteins that signal to the cell that nutrients are limiting. If correct, then cells contain nitrogen receptors to detect the levels of nitrogen in a cell. Quorum sensing would play an important role in the actual triggering of the sporulation event.
5.9	At either extreme, bacterial or archaeal cells must have enzymes that are adapted to function at cold (psychrophilic) temperatures or protected from denaturation at warm to hot (thermophilic) temperatures.
5.10	A facultative anaerobe would grow in the candle jar because there is only a reduced oxygen atmosphere. It might also grow in the anaerobic jar if the microbe can also carry out anaerobic metabolism.
5.11	(A) Facultative anaerobe; (B) microaerophile; (C) obligate aerobe; (D) aerotolerant;                (E) obligate anaerobe. 
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5.13	The medium in (A) is selective because it is selecting for gram-negatives species. The medium in (B) is differential because it is differentiating between two gram-negative species.
5.14	The colonies look different, specifically the colony margins, their form and elevation, and pigmentation.
5.15	The purpose of the streak plate is to spread the mixture of cells into areas containing but a single cell that can then grow into a colony consisting of that one species (= pure culture).
5.16	14 cells/square x 25 squares = 350 cells in 2 x 10–5 ml = 1.75 x 107 cells/ml x 10 ml = 1.75 x 108 cells in sample.
5.17	250/0.1 ml x 104 dilution = 2.5x106/0.1 ml = 2.5 x107/ml x10ml = 2.5X108 cells
5.18	Turbidity measurements represent an indirect method because the cell suspension density (optical density) is being used to estimate cell number from a standard curve.

Chapter 6
6.1	Eukarya (kingdom Fungi).
6.2	Each enzyme has an active site that mirrors the shape of the substrate to which it can form an enzyme-substrate complex.
6.3	Enzymes lower the activation energy by destabilizing (weakening, stretching, interfering with) specific bonds within the substrate. This increases the chances that a reaction will occur.
6.4	Hypothesis: Each enzyme in a metabolic pathway works on one specific substrate. If true, then the final product is the result of several independent enzymatic reactions each requiring the product of the previous reaction. The analogy: you can’t build (or tear apart) a car in one step; it requires an assembly line of steps.
6.5	The nucleobase adenine is similar but has only one phosphate group.
6.6	Energy-requiring reactions = endergonic; energy-releasing reactions = exergonic.
6.7	The energy in glucose is slowing extracted (the “smoke”) and lost as heat. Glucose ends up as CO2 and water, the “ashes” of cellular respiration.
6.8	There were four substrate-level phosphorylation reactions.
6.9	More energy can be extracted from many small steps than from one large chemical reaction. Also, different products are produced, such as ATP, NADH, and FADH2.
6.10	4 ATPs; 10 NADH and 2 FADH2.
6.11	Without oxygen gas, the electrons would not be able to be removed from the electron transport chain; electrons would “jam up” along the cytochromes, stopping the flow of electrons and the pumping of H+; without chemiosmosis, no ATP would be made.
6.12	The reduced coenzyme NADH because 25 of the 32 ATPs generate per glucose come from the oxidation of NADH.
6.13	One fatty acid represents many 2-carbon molecules, each of which could be converted into acetyl Co-A; one amino acid is but one 2-carbon molecule and thus only one acetyl Co-A could be produced.
6.14	Both fermentations are identical in reoxidizing NADH to NAD+, which is needed to keep glycolysis running, generating 2 net ATP molecules.
6.15	The thylakoid membranes.
6.16	The carbon-fixing reactions need ATP and NADPH and these substances are generated in the energy-fixing reactions.
6.17	Diversity is a function of where these organisms grow and survive. The habitats are very diverse, so the microbes have had to evolve energy capturing and metabolic reactions for survival in these environments.



Chapter 7
7.1	Most over the counter products are designed to act as disinfectants in the home, so they are sanitizers. One would never consider trying to sterilize a shantytown, so good sanitation measures would be most important.
7.2	The metal instruments may be sterilized in an autoclave or, if sensitive to high heat, chemically treated.
7.3	Flaming the culture tube lip incinerates any microbes on the mouth of the tube.
7.4	Incineration involves burning to ashes contaminated materials or animals. It is similar to flame sterilization, which also kills any microorganisms to ashes by the high heat.
7.5	Pure water boils at 100°C and freezes at 0°C.
7.6	The pressure simply allows liquid water to remain liquid above 100°C, and it is the steam temperature that is involved in killing.
7.7	Geobacillus (geo = “earth”; bacillus = “rod”) stearothermophilus (stearo = “fat”; thermo = “heat”; philus = “loving”). The rod-shaped organism is found in the soil (earth) where they produce fat-digesting enzymes under hot temperatures.
7.8	The liquid is rapidly cooled so beverages like milk do not take on a cooked taste. In addition, the rapid cooling helps kill pathogens.
7.9	Most viruses are too small to be trapped in the filter (450nm) and will pass through.
7.10	Air first passes through the HEPA filter before entering and moving out of the cabinet, so the air should be sterile. Air entering the cabinet from the front would not be sterile. 
7.11	UV light induces thymine dimer formation in DNA.
7.12	The irradiation damages microbial nucleic acids, which then prevents cells from growing and alters metabolism such that the cells die.
7.13	These four methods represent the most direct, easiest, and cost efficient ways to kill or inhibit the growth of microorganisms.
7.14	Disinfectants are too strong (toxic) and have properties that might be dangerous (allergies, tumor causing) if used as antiseptics.
7.15	The OR will be sanitized using a disinfectant and UV light.
7.16	Only the chemical sterilants will kill endospores. Low-level agents would not destroy polioviruses.
7.17	Hypothesis: The small bacterial colonies originated from cells resistant to alcohol. If correct, then resistant cells will grow as small colonies in areas where susceptible cells were killed.
7.18	Chlorine products used as antiseptics are altered compounds such as the chloramines and chloramine-T. Those used as disinfectants may be of a much higher concentration of chlorine.
7.19	Many phenolics can damage the skin and cause neurological damage; they are highly toxic as antiseptics. 
7.20	The ammonium ion has organic radicals added in place of the four hydrogen atoms.
7.21	For a kitchen counter, any of several disinfectants could be used. Many commercially available “cleansers” consist of quats with or without chlorine bleach. Others may contain very low concentrations of iodine.

Chapter 8
8.1	Cyanobacteria are oxygen gas producers, so their appearance on earth would bring about the evolution of aerobic organisms = The great oxidation event (Fig. 8.2).
8.2	Many events, including cytoplasmic compartmentation, evolution of symbiotic organelles (mitochondria and chloroplasts), cytoplasmic membrane systems, etc. had to take place before eukaryotes could arise. Many failed evolutionary events would occur before a dominant eukaryotic ancestor would evolve.
8.3	Self-explanatory plot on graph.
8.4	Plasmids and bacterial chromosomes are made of DNA and both usually are closed, supercoiled loops. However, plasmids contain many fewer genes than the bacterial chromosome and these genes are nonessential ones for metabolism compared to the essential genes on the bacterial chromosome.
8.5	DNA replication is semiconservative because each new chromosome contains one old (conserved) strand and a newly synthesized strand (semi = “half”).
8.6	The DNA polymerase is moving away from the replication fork be cause the lagging strand is 3' to 5' from the replication fork and the polymerase reads the DNA in the 3' to 5' direction.
8.7	Transcription occurs in the nucleoid/nucleus, while translation occurs in the cytoplasm.
8.8	A promoter sequence is a series of bases recognized by the RNA polymerase (sigma factor) as the start site on the DNA template strand. Without such a site, the RNA polymerase would not be able to initiate RNA synthesis (transcription).
8.9	The critical part for binding is the anticodon, which has a complementary base sequence to the mRNA codon.
8.10	The intronic RNAs are spliced out of the eukaryotic primary RNA transcript and are degraded if they do not have other functions. The exonic RNAs are spliced together to from the mature RNA.
8.11	Ribosomal RNA (rRNA) forms part of the structure of the ribosomes; transfer RNA (tRNA) carries an amino acid to the ribosomes for translation; and the messenger RNA (mRNA) carries the information as to the sequence of amino acids to be translated into a polypeptide.
8.12	The A site is where all but the first tRNA “docks” with the ribosome. The P site is where the elongating polypeptide chain is transferred to the newly “docked” tRNA. And the E site is where the “empty” tRNA leaves the ribosome.
8.13	(a) There are four mRNA transcripts seen; (b) there are 23 ribosomes on the 4 transcripts, so 23 identical polypeptides are being translated.
8.14	The operator region has a shape to which a specific repressor protein can bind. Once bound, the RNA polymerase cannot get by the physical block established by the repressor.
8.15	Fluorescent dyes are used to visually identify different parts or structures in cells. In this example, the green fluorescence (ribosomes) is spatially separated from the red fluorescence (RNA polymerase subunits).
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8.17	The dimerization of thymine distorts the DNA template strand such that the RNA polymerase cannot pass the dimer or jump over the dimer.
8.18	Nitrous acid converts adenine into hypoxanthine. If this occurs in the DNA template strand, hypoxanthine will complementary base pair with cytosine rather than with thymine. 5-Bromouracil directly substitutes for thymine during DNA replication. During translation, 5-bromouracil bonds like cytosine, so during replication or transcription an incorrect base pair will be formed.
8.19	a) Gene: 	TACGTCTGTAGAATC
	    Silent:    	TACGTTTGTAGAATC
	    Missense:	TACTTCTGTAGAATC
	    Nonsense:	TACATCTGTAGAATC
	b) Deletion:	TACGTC__GTAGAATC
              Insertion:	TACCGTCTGTAGAATC
8.20	Excision nucleases recognize distorted thymine dimers in a DNA strand.
8.21	Transposases are needed to transfer the transposable element and the inverted repeats assist  integration at the new DNA site.
8.22	Because the minimal medium does not contain histidine, plating his+ and his– cells will only allow the his+ to grow. Colonies present on the master plate but not on the minimal medium plate are the his– colonies.
8.23	Colonies containing cells that are sensitive to tetracycline.
8.24	Any colonies seen on the plate without mutagen added are the result of spontaneous mutations that reverted the cells to prototrophs.

Chapter 9
9.1	In nature, the production and secretion of an antibiotic at high concentration can give an advantage to that bacterial species in its competition with other bacterial species for nutrients and growth. Such chemicals in low concentrations act as signaling and communication chemicals.
9.2	Horizontal gene transfer provides three mechanisms for generating genetic diversity.
9.3	The heat-killed strain released DNA fragments. A fragment containing the gene or genes for capsule formation was taken up and incorporated into the DNA of the recipient R strain. It has now been transformed into a live S (encapsulated) strain.
9.4	The F+ cell also contains attachment pili on the surface.
9.5	Hypothesis: The replicated complementary strand enters the conjugation pilus, which lacks the enzymes to form a complementary strand. If correct, then only single stranded DNA can be transferred into the recipient cell.
9.6	Specialized transduction would spread antibiotic resistance faster because every virus (defective) particle is carrying the antibiotic resistance gene. In generalized transduction, few virus particles would contain a resistance gene.
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9.8	The product is a mixture of two different DNA molecules that have been recombined (joined together) into one circular molecule.
9.9	It is hard to say why there was a drop in 2007. Perhaps simply not as many products were developed. Maybe some had poor test results and were not developed further.
9.10	In (F), bacterial cells are grown to generate plasmids with the genes of interest. These plasmids then are isolated from the bacterial cells and inserted into plants or other organisms. In (G), the bacterial cells carrying the gene of interest are allowed to express that gene (produce a protein product), which is then isolated, purified, and used for medical or other needs.
9.11	The Ti plasmid gene must be removed because insertion of the complete plasmid could cause a crown gall tumor.
9.12	The probes must be single stranded because the probe has to hybridize (complementary bind) to the single-stranded target DNA through complementary bases.
9.13	The Eukarya contain relatively large genomes compared to the Bacteria and Archaea, so sequencing takes longer. Fewer archaeal genomes have been sequenced simply due to fewer researchers working on these organisms.
9.14	Certainly the gain of a gene or set of genes will confer new properties on the recipient, such as being more pathogenic if the gene set represents a pathogenicity island. Loss of nonessential genes may make the organism more “streamlined” or efficient in metabolism. Loss may also mean that the organism becomes dependent on the host for certain metabolic and growth needs.
9.15	Sequence-based genomics allows investigators to compare gene sequences from different organisms within a community. Functional-based genomics involves identifying the gene products of the sequenced genes.

Chapter 10
10.1	Gram negative.
10.2	The incidence rate refers to the number of reported cases per 100,000 individuals in the population.
10.3	The URT would be most susceptible due to its exposure to the environment.
10.4	The airway epithelium and mucus is a physical component. Chemical components are the mucus and cytokines. Cellular components are the various immune cells (macrophages, neutrophils, dendritic cells, T cells, and NK cells) and goblet cells.
10.5	The ciliated epithelium moves microbes and particulate matter trapped in a layer of mucus toward the pharynx where it is either swallowed or expectorated.
10.6	Other than CS#3, they all have a somewhat similar profile. The other three have profiles that resemble some of the healthy smokers and nonsmokers.
10.7	The rash is caused erythrogenic exotoxins. Other symptoms include a sore throat, fever, and a strawberry-like inflamed tongue.
10.8	The pseudomembrane is an accumulation of dead tissue, mucus, white blood cells, and fibrous material.
10.9	Probably the frontal, ethmoid, and maxillary sinuses are the most often “felt.”
10.10	Microbes reach the middle ear from the Eustachian tube.
10.11	The capsule aids in attachment and makes engulfment by white blood cells (phagocytes) more difficult.
10.12		This age group and these countries are among the most stricken by meningitis.
10.13	Attachment would be facilitated by a capsule and pili, such as are found on Neisseria meningitis.
10.14	Lack of individuals vaccinated, waning immunity, and/or vaccine resistance.
10.15	Hypothesis: Cilia aid in mucous movement out of the respiratory tract. If true, then cilia paralysis will make the elimination of mucous more difficult (coughing spasms).
10.16	Sub-Saharan Africa and southern Africa.
10.17	A TB infection is not usually infectious where as TB disease is infectious.
10.18	The immune system is attempting to wall off or surround the tubercle bacilli so they cannot spread in the body.
10.19	M. tuberculosis has a waxy wall that is impervious to the stains used with the Gram stain. The acid-fast stain is used.
10.20	An induration is where the skin at an injection site becomes thickened and appears as a raised, red welt.
10.21	The infectious agents would be transmitted by respiratory droplets through coughing.
10.22	S. pneumoniae typically are arranged in chains although they also can appear in pairs.
10.23	They lack a cell wall.
10.24	The protozoan provides a protected “home” and a source of nutrients for survival.
10.25	The cells need to infect a host cell in order to obtain the needed nutrients for growth and reproduction.

Chapter 11
11.1	The rainy season would be characterized by flooding that would spread the cholera-contaminated water into otherwise clean water supplies.
11.2	They are accessory digestive organs because they are outgrowths from and are connected to the GI tract.
11.3	The ileum and colon are essentially anaerobic environments.
11.4	The transplanted bacterial cells outcompete the infection and reestablish the defenses against such pathogens
11.5	The gum line and the free gingival margin would be most susceptible to colonization and infection.
11.6	S. mutans converts sugars in dextran, which allows the organisms to adhere to the tooth enamel. Fermentation of carbohydrates to lactic acid and other acids break down the tooth enamel.
11.7	Without the early colonizers, the “environment” would not be established that would favor the colonization of the late colonizers. If so, then dental plaque would not be completely established.
11.8	Prevention means good oral dental hygiene (flossing, brushing, and regular dental cleaning).
11.9	This segment would include fruits, nuts, vine vegetables, fish, and seafood, among others. 
11.10	Not all strains of S. aureus cause food poisoning. It also is important to determine if an S. aureus foodborne outbreak is caused by one particular strain.	
11.11	Endospore.
11.12	Botulism toxin inhibits the release of acetylcholine, so muscles do not contract. The involuntary muscle contractions causing wrinkling are prevented, so wrinkles disappear.
11.13	They are curved rods.
11.14	The gut E. coli lack the factors, such as toxins, that make for pathogenic species.
11.15	The factors are enterotoxins and cytotoxins.
11.16	The Listeria cells can “hide” from the immune system and multiply in the macrophages.
11.17	The five source of contamination: flies, food, fingers, feces (contaminated water), and fomites.
11.18	Salmonella can contain pili, which could be used to attachment.
11.19	Spinach may have been washed with contaminated water or contaminated with animal feces.
11.20	Spirillum.
11.21	Contaminated foods, especially raw or undercooked pork products and contaminated unpasteurized milk or untreated water.
11.22	The continued division of cells of the stomach lining (trying to repair the ulcer) can produce mutations that may lead to stomach cancer.

Chapter 12
12.1	The horror of the plague probably forced people to dispose of the bodies quickly. With such large numbers dying, pits were the simplest way to bury the mass dead—and at night to raise little suspicion.
12.2	Endospores provide a way for organisms to overcome harsh or inhospitable growing conditions. By forming a dormancy structure, the organism can “wait out” the unfavorable conditions.
12.3	Victims of cutaneous anthrax develop black colored lesions (coal-color); anthrac = coal.
12.4	The toxin affects synaptic transmission at the neuromuscular junction. 
12.5	Tissue necrosis is caused by the bacterial cells fermenting muscle carbohydrates and decomposing muscle proteins. This tissue necrosis often is accompanied by gas from the fermentative metabolism.
12.6	The hook at one end of the cell resembles a question mark and thus is specific epithet (interrogans: to ask). Also, it contains endoflagella.
12.7	Clotting in the foregut starves the flea, which then causes it to frantically search for a nearby blood meal. Should a human be near, plague bacteria will be regurgitated into the human blood.
12.8	It might spread faster because of plane travel. However, most individuals know fleas could harbor the disease, so flea infestations would be less common, making for very slow, if any, global spread.
12.9	The skin lesion (ulcer) forms at the bite site, leading to flu-like symptoms.
12.10	Spirochetes possess endoflagella for motility.
12.11	It is a zoonotic disease because it is transmitted from other animals (deer mice) to humans.
12.12	Bull’s-eye rash.
12.13	Antibodies would be produced during the period of chills, headache, and myalgia because this is when the bacterial cells are found in the blood.
12.14	The rash reflects damage to small blood vessels caused by the rickettsial infection.
12.15	The light pink cells are red blood cells (erythrocytes).

Chapter 13
13.1	Seven of the 10 (chlamydia, gonorrhea, salmonellosis, syphilis, Lyme disease, pertussis, and S. pneumoniae invasive disease).
13.2	Male primary sex organ is the testes. The accessory reproductive organs include the epididymis, vas deferens, seminal vesicle, and prostate gland.
	Female primary sex organ is the ovaries. The accessory reproductive organs include the fallopian tubes, uterus, vagina, and vulva. 
13.3	The fluctuations reflect physiological changes to a vagina during the menstrual cycle that turn on or off the synthesis of the antimicrobial chemicals.
13.4	Yes because G. vaginalis is present but controlled by the normal balance of indigenous microbes.
13.5	The reported cases of syphilis and gonorrhea are not decreasing and the reported cases of chlamydia continue to increase; in all, more than 1,663,000 reported cases of these three STDs in 2010.
13.6	Being an intracellular parasite, it needs to obtain its ATP energy needs from the host. Also, lacking a cell wall, it must rely on the osmotic balance of the host to maintain its integrity.
13.7	Salpingitis and PID.
13.8	The diplococcus (double-bean) arrangement.
13.9	The cells are Gram negative.
13.10	From the primary stage where the spirochete can be transmitted through sexual intercourse.
13.11	T. pallidum cannot be grown in culture.
13.12	Bacterial cells would move up the urethra to the bladder and from there through the ureter to the kidneys.
13.13	Females have a very short urethra so they potentially have a better chance an E. coli–caused UTI because of the short distance to the anus. After urinating it is important that women wipe from top to bottom so that they don't get E. coli which are more numerous near the anus into their urethra.
13.14	Hair follicles and associated sebaceous glands.
13.15	Sebaceous sites: Propionibacterium; moist sites: Staphylococcus and coryneforms; dry sites: diverse population of all four bacterial phyla.
13.16	The face, upper torso, and back are most likely because these areas have the majority of hair follicles and associated sebaceous glands. The sebaceous sites are dominated by acne-associated Propionibacterium acnes.
13.17	Volunteer 2 has a much reduced population of Propionibacterium and increased numbers of Bacteroidales, Betaproteobacteria, and Corynebacterium.
13.18	P. acnes cells metabolize the sebum in a hair follicle.
13.19	A carbuncle would be treated by draining or removing the infected tissue (debridement) and administering antibiotics.
13.20	S. aureus possesses several toxins.
13.21	M protein assists with cell adhesion to tissues and interferes with phagocytosis.
13.22	Probably the nasal passages where the streptococcal bacteria can often be found.
13.23		Muscles, fat, and skin tissue.
13.24	Gram-negative bacteria, especially Pseudomonas aeruginosa.
13.25	Deformities are the result of the immune system’s attempts to eliminate the bacterial cells. Such attempts cause tissue destruction and regeneration leading to excessive growth and eventually deformities.
13.26	The conjunctiva and cornea are the most exposed parts of the eye.
13.27	The redness is due to dilation of the conjunctival blood vessels.
13.28	Infection is the result of passage through the birth canal of an infected mother.
13.29	Most cases of trachoma occur in people living in developing but poverty-stricken countries. These areas often lack adequate public health infrastructure, so antibiotics and proper hygiene – and education – are absent.
13.30	C. trachomatis is transmitted by personal contact with contaminated fingers, towels, and optical instruments. Also, face-to-face contact and flies harboring the organism on their legs can spread the infection.

Chapter 14
14.1	It might seem strange that viruses are found in deep caves. But if there is life there, there will be viruses that can infect those organisms. On the other hand, we know the oceans are full of microbes, so it should not be surprising that the oceans have even more viruses.
14.2	Viruses are too small to see with a light microscope, especially the microscopes of the day.
14.3	Viral shape has a very structured order, which appears similar to a crystal.
14.4	Hypothesis: Viruses are small because they lack independent metabolism. If true, viral volume does not need to contain metabolic machinery typical of a cell’s cytoplasm.
14.5	The cells will be lysed by the release of the viruses.
14.6	Spikes allow viruses at attach to the appropriate host or tissue within the host.
14.7	Bacteriophages exhibit both icosahedral (head) and helical (tail) symmetry.
14.8	No, the common denominator is that they both contain dsDNA. The Poxviridae and Herpesviridae consist of very different viruses in structure and host range/cell and tissue tropism.
14.9	RNA viruses lack the replication proofreading enzymes that DNA viruses possess. Therefore, changes in gene sequence will not “be caught.”
14.10	Viruses only contain the gene information (“blueprints) for making new virions. They are dependent on the host cell’s ribosomes, enzymes, and building blocks for the synthesis and assembly of new virions.
14.11	It is infecting a gram-negative cell as evidenced by the presence of an outer membrane and peptidoglycan in the periplasmic space.
14.12	It might depend on the “health status” of the host cell. If it is growing under stressful conditions, an infection would trigger an immediate lytic cycle. On the other hand, if the cell is growing under “good environmental conditions, it would enter a lysogenic cycle.
14.13	Hypothesis: Viruses with an envelope and spikes (A) must fuse their envelope with the plasma membrane of the host cell. If correct, then nonenveloped viruses (B) will not undergo membrane fusion because they lack an envelope.
14.14	DNA replication requires a host DNA polymerase, which would be found only in the cell nucleus.
14.15	By integrating into a chromosome, the virus (provirus) can “infect” cells passively as a result of host cell division.
14.16	Poliovirus follows a productive infection; HIV infection can result in cell death or cell survival (at least temporarily); herpesviruses undergo a latent infection. 
14.17	Herpesviruses, being enveloped viruses, would enter through the first mechanism illustrated in Figure 14.13 (membrane fusion) after the spikes have attached to receptors on the host cell surface.
14.18	A mask is to prevent contamination of the eggs and tissue culture.
14.19	Cells of a tumor must be able to break free and travel to other parts of the body (metastasize).
14.20	All tumor cells exhibit uncontrolled cell divisions leading to tumor growth and possible cancer.
14.21	By continuous divisions, the tumor cells become potential target for more tumor viruses.
14.22	The virus with the v-oncogene could infect another cell and then activate the v-oncogene, which would trigger uncontrolled cell division.
14.23	There are insufficient bases to code for proteins.
14.24	Normally, a change in structure of a protein inactivates the function of that protein. For prions, a change in folding (misfolding) is what triggers protein clumping and additional misfolding of similar proteins.
14.20	The areas of fiber accumulation result in neuron death and the formation of vacuolar areas that would appears a “holes” (spongiform) when examining the brain.

Chapter 15
15.1	For both, the greatest increase was between October 17 and November 14, 2009.
15.2	Since there are more than 100 rhinovirus strains causing the common cold, there must be unique features about the capsid and protruding spikes of each strain. Thus, a capsid vaccine would have to be made against each separate strain.
15.3	Hypothesis: Most common cold-causing viruses survive better when humidity is low—the colder months of the year. If true, then seasonal changes in relative humidity and colder temperatures would affect the prevalence of colds. 
15.4	Spikes.
15.5	Hemagglutinin facilitates attachment and penetration of host cells while neuraminidase is necessary for newly replicated viruses to leave the cell.
15.6	The human metapneumovirus.
15.7	Corona means crown and the virus structure with the spikes resembles a crown.
15.8	They represent the capsid containing the single-stranded RNA genome.
15.9	An oncogenic virus is one that may cause or be associated with tumor formation.
15.10	HSV release lyses the infected cells, producing the visible blisters and vesicles.
15.11	HSV can be reactivated by UV light exposure.
15.12	Genital herpes arises from sexual contact with a herpes-infected person.
15.13	Following chickenpox, the varicella virus can remain in a latent form in nerve cells. Years or decades later, emotional and physical stress can reactivate the virus, which spreads to the body trunk as shingles.
15.14	Aspirin can lead to an increased risk of children developing Reye syndrome, a potentially fatal complication affecting several body organs, especially the liver and brain. 
15.15	An opportunistic disease is one that occurs given the appropriate opportunity. If an individual’s immune system becomes compromised, then the pathogen may have the opportunity to cause disease.
15.16	Measles produces Koplik spots in the mouth and a rash that spreads to the trunk and extremities. With chickenpox, the rash quickly turns into small, teardrop-shaped, fluid-filled vesicles that develop over 3 or 4 days in a succession of “crops.”
15.17	The enlarged jaw tissues are due to swelling of the salivary (parotid) glands as a result of their fighting the mumps infection.
15.18	The red cheeks look like they have been slapped.
15.19	HPV triggers cell divisions in the anal region that result in the wart appearance.
15.20	By age 50, most infected women would have advanced cases of cervical cancer.
15.21	The smallpox virus must carry a DNA polymerase.
15.22	A vesicle is a small, raised skin lesion that contains fluid; a pustule is a raised red spot on the skin that contains pus.

Chapter 16
16.1	Many countries remain rabies-free because of a strong animal rabies program and good sanitary and healthcare conditions.
16.2	Positive and negative controls should be included. The positive control serum would contain antibodies known to react with horse erythrocytes; the negative control serum would lack antibodies capable of agglutinating horse erythrocytes.
16.3	They represent blood-borne transmission.
16.4	Currently, in developed nations, sexual contact and injection drug use would be the most likely sources. Historically, transfusion would be among the most likely. In developing nations, transfusion and injection drug use are most likely.
16.5	The nucleocapsid (icosahedral capsid containing the RNA genome).
16.6	Filo = “thread-like,” which identifies the filamentous shape of the virus.
16.7	The infected rodents would be a health hazard because the virus is shed in rodent urine and droppings. Direct contact with these materials, through touching objects or eating food contaminated with these materials, or through cuts or sores, can lead to disease.
16.8	The liver.
16.9	Rota = “wheel,” which describes the shape of the virus capsid.
16.10	The two particles in the upper right have the typical rhabdovirus shape.
16.11	The forested areas of the northeast would have the densest population of animals and thus the more likely transmission between individuals.
16.12	It is not the size that matters but rather the ability of the virus to infect and cause damage to the nervous tissue.
16.13	Mosquitoes are the vector that transmits the disease to people and other animals.
16.14	The arbovirus “group” comprises more than 250 different viruses, many infecting horses that are very common in the Western Hemisphere. In addition, EEE, LAC, SLE, and WEE are caused by arboviruses endemic to the Western Hemisphere.
16.15	The West Nile virus has an icosahedral shape.
16.16	The decline is hard to identify. Perhaps: weather conditions made transmission less efficient; more people protected themselves from mosquito bites; a mutation occurred in the virus making it less pathogenic; fewer birds acted as hosts.

Chapter 17
17.1	By producing spores, which then germinate and grow into another mold colony.
17.2	Hyphae.
17.3	Both show filaments with a multinucleate cytoplasm.
17.4	Molds provide for flavor and texture in the cheese making process.
17.5	CK is the control (without mycorrhizae) while GM and GE are plants with mycorrhizae.
17.6	Elevation allows insects or wind to more easily carry off spores.
17.7	The circular areas represent “bud scars” where newly formed yeast cells have budded off the parent.
17.8	Hyphae.
17.9	They simply carry out an asexual cycle and mutations would supply genetic variation.
17.10	“Loss of flagella” would be placed just to the right of the branch leading to the Chytridiomycota (left) , which are motile, and the other phyla (right) that are not motile.
17.11	The black structures are the clusters of spores on the hyphae (white fuzzy growth).
17.12	A sporangium containing sporangiospores.
17.13	The growing edge is toward the middle of the orange, where the white mycelium meets the orange skin.
17.14	Sexual reproduction.
17.15	The fungus provides shielding and protection from desiccation while the alga provides nutrients.
17.16	Near the perimeter of the mycelium.
17.17	The species produces two spores (bi = “two”; sporis = “spores”) per basidium.
17.18	The heterokaryon extends from the mating type fusion (E) to the nuclear fusions in (B).
17.19	Basidiomycota.
17.20	The circular nature reflects the circular growth of the mycelium in the skin.
17.21	In human hosts at 37°C, the fungus grows a unicellular yeast form.
17.22	The sharp thorns puncture the skin and allow the entry of conidia that then germinate into hyphae and a mycelium.
17.23	AIDS patients are immunocompromised, so C. neoformans can lead to infection (opportunistic infection).
17.24	The yeast form.
17.25	Like several other fungal pathogens, it can grow as a filamentous mycelium in the soil (ambient temperatures) and as a spherule form in the animal body (37°C).

Chapter 18
18.1	Africa and Southeast Asia.
18.2	The fungi.
18.3	Algae and phytoplankton are all protists and carry out photosynthesis. Some are responsible for algal blooms or red tides.
18.4	Without mitochondria (or with modified mitochondria), the citric acid cycle and oxidative phosphorylation are absent. That leaves glycolysis and some form of fermentation as the only means of transforming energy as ATP.
18.5	The contractile vacuole acts as a pump to expel excess water that enters the cell by osmosis.
18.6	Hypothesis: Ciliates have separate nuclei for metabolic control and for the exchange of genetic information (genetic recombination). If true, then macronuclei cannot undergo recombination.
18.7	Just about any stage could be a candidate: Block the ability of mosquitoes to bite; block the ability of sporozoites to infect the liver; prevent sporozoite formation in the mosquito. Perhaps the most amenable would be to kill mosquitoes so they cannot transmit the disease.
18.8	The disease begins as a sore at the site of the sandfly bite. Further infection and tissue destruction increases in size of the lesion until it eventually ulcerates.
18.9	A cyst may be found in the feces and represents a dormant and protective stage capable of surviving passage through the stomach acid.
18.10	The sucker device allows the cell to attach to the intestinal surface (mucosa).
18.11	An oocyst is a resistant structure (encysted zygotic stage), capable of survival for lengthy periods outside a host.
18.12	Flagella.
18.13	The Plasmodium parasite must complete its sexual stage in a mosquito (definitive host) and its asexual stage in another animal such as a human (intermediate host).
18.14	Their ribbon-like cell shape with an undulating membrane attached to a flagellum.
18.15	Trophozoites because they show the crescent shape typical of this form.
18.16	Cysts or oocysts.
18.17	The amoebae enter the body through the mucous membranes of the nose and then follow the olfactory tracts to the brain.
18.18	The dark, branched structures in (A) represent the gastrovascular cavity; the suckers and hooks in (C) allow for parasite attachment to the host.
18.19	Roundworms, unlike flatworms, have a respiratory and circulatory system, and separate sexes. Obviously, roundworms are round and flatworms are flat!
18.20	A definitive host is one in which the parasite reproduces sexually; an intermediate host is one in which the parasite grows or reproduces asexually.
18.21	The scolex to the left in (A) contains sucker structures.
18.22	At night, when the pinworms migrate to the anal region.
18.23	When the muscle tissue is eaten, the cyst will be passed to the “eater” (host). 
18.24	Hookworms have a set of hooks at the head region that are used for attachment to the host.
18.25	Ascaris lumbricoides.
18.26	The blockage of the lymphatic ducts leads to swelling in the legs, which will eventually look like elephant legs (or elephant hide).

Chapter 19
19.1	Nonhuman activity refers to identified cases of the disease in other animals, such as birds.
19.2	The disease “pie slice” is HIV/AIDS. It is the only infectious disease that until recently has been growing in number of cases every year.
19.3	Body systems like the circulatory and nervous systems remain sterile because they are not in contact with the environment.
19.4	Nursing formula from the mother’s breasts would have a very different population of microbes than that coming from formula. These different populations of microbes will affect the population diversity in the neonates gut.
19.5	Pathogens could gain entry to sterile tissue through, for example, a cut in the skin, an insect bite, or invasion of the pathogen into the sterile tissue. 
19.6	Each of the periods or phases in the course of the infection would vary based on the nature of the viral agent. In the acute period, the specific symptoms would make it clear whether the infection was caused by a cold or flu virus.
19.7	The microbes may not have reached the target tissue or caused tissue damage. It is unlikely that the pathogens would have exited the body.
19.8	A biofilm protects the cells from immune invasion and potential antibiotic therapy.
19.9	Phagocytosis is a mechanism to capture and eliminate pathogens.
19.10	The Listeria cells do not need to physically leave one cell before entering the next.
19.11	Coagulase protects the bacterial cells from attack by the immune system; streptokinase provides a means to escape from the clot; hyaluronidase allows bacterial cells to penetrate host cellular defenses.
19.12	Portals of exit often are determined by where the pathogen causes disease in the body. For example, malaria is bloodborne and will be transmitted to a mosquito through a blood meal.
19.13	A susceptible host is one that does not have immunity to a disease.
19.14	Indirect contact transmission would most often be horizontal although if a mother’s milk was contaminated with a pathogen it would be considered vertical transmission.
19.15	Portals of entry could include the mouth, nose, or eyes.
19.16	The susceptible host now is a compromised host; mode of transmission is now chain of transmission; and source of pathogens is now the hospital or healthcare facility.
19.17	All could be the result of some type of indwelling instrument, like a catheter or breathing tube.
19.18	Hands are a common source for the transmission of pathogens between individuals; therefore, washing hands can greatly lessen the chances of transmission.
19.19	The passenger volumes give an estimate as to the numbers of people traveling internationally from Mexico City. It thus presents a visual picture of possible flu spread globally.
19.20	Many of the diseases in North America are the result of an American traveling to another country and bringing back the disease, or a resident (or immigrant) of another country coming to North America carrying the disease. Contaminated produce imported from another country also is responsible for some emergent diseases.
19.21	Bacteria: tuberculosis, strep throat, staph infections; viruses: HIV/AIDS, colds, flu; helminths: pinworms, trichinellosis; protists: malaria; fungi: “yeast” infections, athlete’s foot.

Chapter 20
20.1	Innate defenses are those that one is born with and that respond similarly to any foreign substance. Adaptive defenses are those that are established as a result of contracting a disease or having a vaccination.
20.2	It would be an indication that the individual’s myeloid progenitor cells were unable to develop into these types of leukocytes. Lacking all these white blood cells would be an example of an extreme immune deficiency and the individual would be extremely susceptible to infections and potentially dangerous diseases.
20.3	Because the lymphatic system is involved with collecting wastes, which could include pathogens, there are many sites in the body where the fluid is filtered.
20.4	CXCL8 is a chemokine because it attracts leukocytes (chemotaxis).
20.5	Because the skin can harbor numerous microbes, including some potential pathogens, the sloughing process will carry away many of these microbes. 
20.6	Most of the TLRs in the phagosome recognize viral PAMPs. Because uncoating of the virus occurs inside the cell, these TLRs would be the most accessible to the RNA molecules released by uncoating. 
20.7	The bacterial debris would be materials that cannot be digested by lysosomal enzymes.
20.8	Innate immunity is improved because pathogens will get trapped in the NET fibers and killed.
20.9	The inflammatory response recognizes anything that is foreign. With regard to pathogens, leukocytes can recognize PAMPs on any pathogen and respond in the same nonspecific way.
20.10	NK cells specifically recognize class I MHC as a normal cell and do not attack it. If the class I MHC is missing, then the NK cells attacks and lyses the cell.
20.11	One pathway recognizes antibodies attached to the pathogen (classical pathway) while another directly recognizes the pathogen surface (alternative pathway). The latter pathway could be activated while the immune system is still mounting an antibody response.
20.12	MAC formation is generated through a membrane. Therefore, MAC formation would have more of an effect on gram-negative cells (because of the presence of the outer membrane) and enveloped viruses (because the envelope is a typical bilayer membrane).
20.13	Interferon is a cell signal (cytokine) to trigger the production of antiviral proteins in adjacent cells. Interferon does not inhibit viral replication.
20.14	There are a number of ways that pathogens can enter the body through portals of entry. Therefore, there needs to be defensive mechanisms “guarding” all these sites.

Chapter 21
21.1	As seen (B), the infected cell appears disrupted compared to the normal cell in (A). Structures are swollen and the cell is probably undergoing cell death.
21.2	Proteins are the organic molecules that compose most of the structures (flagella, pili, exotoxins, and membrane proteins).
21.3	As the figure illustrates, the lymphoid progenitors produce the lymphocytes that have a very different role to play in immunity than the other white blood cells derived from the myeloid progenitors.
21.4	Plasma cells are referred to as effector cells because they carry out an effect—they secrete antibody to a specific epitope first “experienced” by the activated B cell.
21.5	The light chains in (B) are green while the heavy chains are blue.
21.6	Because IgG antibodies are the most prevalent antibodies in a primary antibody response, most of the memory cells will be programmed to make IgG antibodies to a subsequent exposure.
21.7	There are so many genes for the light and heavy chains that any combination of gene products (proteins) will generate unique antibody specificity.
21.8	The two strategies are: (1) clumping antigen together (agglutination and precipitation); and (2) blocking the ability of the antigen to bind to host receptors (viral inhibition, neutralization, and opsonization).
21.9	All have a common T cell receptor and a coreceptor (either CD4 with helper T cells or CD8 with CTLs).
21.10	TH1 cells control activation of macrophages, neutrophils, and NK cells, as well as heightened division of CTLs. TH2 cells help activate B cells in humoral immunity.
21.11	CTLs are called killer T cells because they have the ability to kill (destroy) virus-infected and tumor cells.
21.12	The cytotoxic T cell receptors recognize class I MHC with bound tumor antigen peptides. 
21.13	Superantigens are usually viral proteins or bacterial exotoxins.
21.14	HIV knocks out the CD4 T cells and the infected individual becomes immunocompromised. The CD4 cells are the heart of the system because it is from the immature T cell population that cellular and humoral immunity originate.



Chapter 22
22.1	There are continual cycle of disease outbreaks and epidemics. Therefore, even though rubella cases were declining at the time of the introduction of the rubella vaccine, one cannot say for certain that the decline would have continued in the absence of the vaccine.
22.2	They are adaptive because they stimulate cellular and humoral immunity, which respond to specific pathogens or the vaccines given to individuals.
22.3	Requires the student’s personal response.
22.4	The memory cells would quickly differentiate into plasma cells that secrete antibody and cytotoxic T cells to eliminate any infected cells.
22.5	Requires the student’s personal response.
22.6	These 128 cases developed from individuals that came to the United States with the infection and spread it to other susceptible individuals.
22.7	The individuals would be those too young to have been vaccinated yet and those individuals known to have a hypersensitivity to a particular vaccine (e.g., the flu vaccine).
22.8	The titer represents the highest dilution of serum antibody in which a reaction with antigen is visible; in this case it is tube (d) = 1:160.
22.9	The antigen-antibody complex is removed by phagocytic cells, such as macrophages.
22.10	The precipitin line forms where maximal antibody-antigen concentrations are reached (zone of equivalence).
22.11	The antigen migrating to the left is (+) while the two moving to the right are (–); remember unlike charges attract.
22.12	Blood type A.
22.13	The patient’s complement as well as the guinea pig complement would interact with any antigen-antibody complexes formed. However, excess complement would be present, so a false negative result is possible. 
22.14	It is direct fluorescent antibody staining since the anti-spirochete antibody is labeled with the fluorescent dye (see next answer). 
22.15	It would be indirect because a second antibody, specific to the first (anti-spirochete) antibody, was labeled with the dye as shown in (D) (see previous answer).
22.16	Indirect for the same reason given in the previous question.
22.17	A positive control is an ELISA result that indicates known antibodies are present, while a negative control is an ELISA result in which no antibodies were present. The controls form the basis for analyzing the patient’s sample.
22.18	The plasma cell from the mouse is activated to secrete the antibody of concern while the myeloma cell provides the ability for the hybridoma to divide indefinitely.

Chapter 23
23.1	It is very hard to estimate the number of individuals living with an HIV infection because many do not know they are infected or do not report their infection.
23.2	They are called hypersensitivities because the immune system is overreacting to the allergen.
23.3	The first exposure sensitizes the individual while a second or ensuing exposure leads to symptoms due to the release of cell mediators from the mast cells.
23.4	Some of the mediators resulting from IgE binding to a parasite may have interfered with the function of the parasite, helping to eliminate it from the body.
23.5	Specific to the reader.
23.6	Physical exercise could trigger an asthma attack if there are changes in temperature or exposure to bright sunlight. Sweating is thought to trigger asthma as well as changes to skin proteins.
23.7	First are the mast cells and later eosinophils and neutrophils.
23.8	It appears moderate to severe as there are many wheals present.
23.9	With the removal of the drug, there will be no more binding to red blood cells and the reaction will come to an end.
23.10	“Erythroblastosis” refers to a condition of red blood cell lysis and “fetalis” refers to the fetus; so it is a condition that lyses fetal red blood cells.
23.11	Serum sickness, the Arthus phenomenon, glomerulonephritis, and rheumatic fever are a few of the problems that can occur from immune complex formation.
23.12	A positive tuberculin skin test only indicates the person has been exposed to the tubercle bacillus or the BCG vaccine. It does not necessarily mean the person has TB.
23.13	It is called delayed because contact dermatitis does not appear on the skin until about 48 hours after exposure to the allergen.
23.14	T cell may have gained entry to privileged sites due to injury (natural or surgical).
23.15	Immune complexes cause the inflammation.
23.16	This would mean the donor does not have the HLA antigen and, therefore, it would be a good tissue match.
23.17	Stem cells in the bone marrow are the progenitors of all blood cells.
23.18	Probably the most unique feature would be the presence of inactive reverse transcriptase enzymes. Also, the gp120 and gp41 spikes are unique in recognizing specific cells of the immune system.
23.19	Reverse transcriptase converts the single-stranded RNA into a double-stranded DNA.
23.20	As T cells are destroyed by HIV, they are replaced. This cycle continues for many years until the immune system can no longer keep pace with new HIV replication.
23.21	With immune system failure, there are many potential opportunistic diseases that an HIV positive person could contract. It depends on what pathogens coexist with the patient or what pathogens the patient contacts in the environment.
23.22	Without the CD4 receptor, HIV could not bind.
23.23	Contaminated (reused) needles.
23.22	Using a combination of drugs (HAART) would severely reduce the chances of drug resistance due to monotherapy.

 Chapter 24
24.1	From previous chapter reading, you might suggest horizontal gene transfer and mutations – and you would be correct!
24.2	The concentration of the diffused penicillin is low weak to affect the growth of the staphylococci.
24.3	A drug with a high CI would be more desirable because such a drug could be used at a relatively high dose to eliminate the pathogen without having serious effects on the host.
24.4	A broad spectrum drug would be the tetracyclines and chloramphenicol. Two narrow spectrum ones would be the polymyxin and gentamicin, and vancomycin and bacitracin.
24.5	To disrupt folic acid synthesis, treatment requires high doses of SMZ to ensure SMZ will “outcompete” PABA for enzyme binding.
24.6	As microbes have become resistant to one form of penicillin, other forms have been developed to which microbes will be susceptible.
24.7	Because beta-lactamases break open the beta-lactam ring, this shows that the beta-lactam ring is critical for penicillin to be effective.
24.8	Hypothesis: The structures of the cell wall [peptidoglycan and LPS (gram negative)] are unique so that specific antibiotics will only target that structure.
24.9	Evolution has “seen” the ribosome as being a sort of “Achilles heel” with regard to cell metabolism.
24.10	All tetracyclines have four benzene rings.
24.11	(a) 45% (cephalosporins, penicillins, and carbapenems); (b) 18% (macrolides and tetracyclines); (c) 17% (fluoroquinolones).
24.12	Most fungal diseases have portals of entry either through the skin or respiratory system. The skin forms a strong barrier against infection. Many respiratory infections start by inhaling fungal spores, causing most disease in immunocompromised individuals.
24.13	Within red blood cells, artemisinin releases free radicals that kill the invading malarial parasites.
24.14	The MIC for S. aureus = 16; for E. coli = 16.
24.15	(A) MIC = about 0.19; (B) Susceptibility to tetracycline, ciprofloxacin, and gentamicin.
24.16	Resistance originates from mutations and horizontal gene transfer.
24.17	Each colony has received the streptomycin resistance gene from F+.
24.18	The “defensive” actions are altered membrane modification (C) and target modification (D), while “offensive” actions are antibiotic hydrolysis (A) and antibiotic modification (B). 
24.19	The persister cells would not be resistant to the antibiotic. They simply were able to drop their metabolism to such a level as to not be affected by the antibiotic.
24.20	The risks of buying OTC antibiotics is that they are not the real antibiotic (sugar pill?), they are not of the correct dosage, and may not be pure antibiotic.
24.21	Pharmaceutical cost and more of a financial reward with other pharmaceutical drugs.

Chapter 25
25.1	Among the ways to lower the incidence of these diseases is to make sure foods have been cooked properly, kitchen cutting boards and utensils are clean when used, and water in public swimming pools has been properly chlorinated.
25.2	The warmer (unrefrigerated) temperatures allow contaminating microorganisms to grow faster. Most microbes, except some fungi, prefer to grow at a neutral pH and are inhibited at acid pH.
25.3	Highly perishable foods likely contain either contaminating microorganisms or microorganisms purposely put in food that will cause foods to spoil rapidly if not refrigerated. Semiperishable foods will spoil less rapidly because of the nature of the food.
25.4	In poultry, S. enterica serotype Enteritis may contaminate the food from diseased animals or contaminated equipment used in processing.
25.5	Milking machines could be sanitized through chemical sanitization (dilute bleach) as well as hot water sanitization with or without detergent.
25.6	See 25.5.
25.7	Temperatures between 15°C and 50°C represent the “danger zone” because this temperature range is where pathogenic mesophiles would grow rapidly.
25.8	Chicken skin could be contaminated with bacterial cells when processed with contaminated equipment or machinery.
25.9	Lyophilized products can be stored at room temperature because water has been removed from the product, preventing bacterial growth.
25.10	The central dot is the ionizing radiation source with the white lines above (dashed line) indicating radiation. The bottom part of the circle is solid because it is shielded by the plant receiving the ionizing radiation.
25.11	The CCP being supervised is potential contamination during meat processing.
25.12	They are (a) less vulnerable to spoilage, (b) less likely to be vectors of foodborne illness, (c) more likely to be enriched with protein and vitamins, and (d) will have a better texture and flavor than unfermented products.
25.13	Left open and unrefrigerated would permit the microorganisms to produce increased acid.
25.13	Rennin is added to speed up the curdling process.
25.14	The bacteria will consume lactose and, during the ripening process, will impart distinctive flavors and textures.

Chapter 26
26.1	Lack of clean water could be due to inadequate access, poor hygiene, poverty and inequality, polluted water and poor sanitation facilities.
26.2	Spirals, bacilli, and cocci.
26.3	Without oxygen, fish cannot carry out aerobic respiration and the result is a lack of ATP.
26.4	Algal blooms are the result of pollution, warm waters, and often too many nutrients in the water, resulting in a rapid increase in algal populations.
26.5	Survival in the air conditioning system would be minimal because there would not be sufficient nutrients to sustain a large population for a sustained period – unless the water contained organic material.
26.6	The sedimentation step is designed to remove the flocs. If the filtration step preceded sedimentation, the filter would become clogged and plugged up with the flocs.
26.7	The multiple steps are necessary to remove physical material like grit, biological processes by microorganisms digest the soluble matter, and chemical like chlorine prevent the growth of new microbes in the clean water.
26.8	It is a trickling filter because the primary effluent containing the organic matter percolates (trickles) through the filter.
26.9	Biofilm formation allows microbes to work as an “organismal community” to share metabolic products, store nutrients, and resist predators, viruses, and antimicrobial chemicals like antibiotics.
26.10	Escherichia coli is the key indicator of water contamination.
26.11	Microorganisms in soil and in ocean sediments are involved with decay of plant and animal matter. The result is the recycling of carbon as carbon dioxide gas.
26.12	If all microbes involved in the sulfur cycle disappeared, there would be no source of sulfate (SO4) available to plants or organic sulfur for animals—plants and animals would die.
26.13	If plants could carry out nitrogen fixation, they could form ammonia but microorganisms would still be necessary to recycle nitrogen back to the gaseous form N2.
26.12	Leguminous plant growth would be stunted and not as healthy as a similar plant with root nodules.

Chapter 27

27.1	The technician must constantly monitor the growth conditions (temperature, pH, oxygen) to make sure the growth reaches a state for maximum product production.
27.2	Pyruvate is the end product of glycolysis.
27.3	Without a functional citric acid cycle, ATP would be made through fermentation. However, the bridge reaction leading to the citric acid cycle would produce some NADH that could be supplied to electron transport for ATP synthesis.
[bookmark: _GoBack]27.4	Prior to bottling, a typical commercial ale or lager will undergo some form of stabilization to extend its shelf life. The two primary forms of stabilization are sterile filtration, in which the beer is passed through a filter that will not let through any materials larger than 0.5 µm; and pasteurization, whereby the beer is heated briefly to kill the yeasts and any other microbes that may have been present.
27.5	Wooden casks impart a unique flavor, aroma, and bouquet to the wine.
27.6	Streptomyces is normally found in the soil where is has to compete with many other bacterial species for survival. Antibiotic secretion can give it an advantage over susceptible species—unless the latter develop antibiotic resistance.
27.7	The toxin was ingested by the caterpillar.
27.8	The spawn could easily dry out if it is not in moist soil.
27.9	Growth stimulation would require adding a nitrogen and phosphate source, and essential minerals.
27.10	The information could be for antibiotic resistance, resistance to a toxin, synthesis of an enzyme, or any of many other genes for which a cell could be transformed.
27.11	The concept is that we have reached the point with genetic engineering that we can grow organisms, like plants, in an unnatural environment.
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