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Chapter 1
1.	Redi’s hypothesis was validated because no maggots appeared in the gauze-covered jar. Maggots were found in the open jar where flies could lay their eggs that would develop into maggots.
2.	The control is the design to which nothing has been altered—the open jar with rotting meat. Controls are always necessary for a comparison to the experimental design (gauze-covered jar.
3.	The gauze would allow in the “vital force” necessary to supposedly permit the spontaneous generation of maggots from rotting meat.

Chapter 2
1.	The hypothesis is validated because at least some organic monomers were formed in the atmosphere mimicking the conditions on the primitive earth.
2.	Using the known amino acid patterns, the amino acids detected were arginine/histidine, glycine, alanine, and valine.
3.	Microorganisms would be highly unlikely as the water is continuously being boiled, so any microbes would be killed. In addition, if microbes were present, many more amino acids should be detected in the collected samples. But read note in text.

Chapter 3
No Investigation for this chapter.

Chapter 4
1.	The hypothesis was partially validated. The absence of functional pili was associated with statistically significant fewer cases of diarrhea. However, mutants with excessive pili were not associated with increased incidences of diarrhea.
2.	As groups, there were fewer cases of diarrhea because the pili were not able to attach to the intestinal lining and trigger disease. The muA cells caused a slight increase in diarrhea cases at the lower doses. The muT showed a slightly increased number of cases at the highest dose.
3.	An explanation for the lack of substantial diarrhea cases with muF could be that the increased number of pili caused the cells to become entwined in one another’s pili and thus could not attach to the intestinal lining. More experiments needed to test this idea. Although no cases of diarrhea were reported with muF at 2.5x105 doses, there were increased cases at the highest dose.

Chapter 5
1.	The hypothesis was supported because many “new” bacterial strains grew in the diffusion chamber where there was interaction with other species in the natural environment.
2.	All the phyla listed in the table consist of gram-negative species except for the Firmicutes and Actinobacteria, which consist of gram-positive species.
3.	Including organisms on the membranes would probably up the number of species that only grow when they are in association with other normal environmental species.


Chapter 6
1.	Engelmann concluded that the aerotactic bacterial cells were attracted to the blue and red end of the visible light spectrum.
2.	From his results, Engelmann could conclude that certain colors (or wavelengths) of light were best at stimulating photosynthesis. These colors were at the blue end of the spectrum (below about 500 nm and at the red end of the spectrum (above about 600 nm).
3.	With green light, there would be little photosynthesis occurring and not much oxygen gas would be produced. Therefore, there would be few cells attracted to the green alga on the slide.

Chapter 7
1.	The OSC does have an effect on viability as the number of viable cells after a 24 hour exposure to garlic was much reduced. The higher the OSC concentration, the more pronounced the reduction in viable cells.
2.	At all temperatures, increasing concentration of OSCs resulted in diminished viability.
3.	The point of using different incubation temperatures was to mimic “environmental” conditions [4°C = refrigerator temperature; 22°C = ambient (room) temperature; 35°C is close to human body temperature]. 
4.	Broth contains the nutrients for growth and reproduction, as seen by the huge numbers of cells produced at 0 µl/ml.

Chapter 8
1.	Cultures 1 (+ HOOH) and 2 (helper + HOOH) show that the addition of helper cells does protect the Prochlorococcus cells from HOOH cell damage. Cultures 3 and 4 also show the influence of helper cells, where the removal of helper cells and addition of HOOH (culture 4) diminishes growth as compared to culture 3 where no additional HOOH was added.
2.	Experiment 3 does indicate that HOOH did kill unprotected Prochlorococcus cells. Prochlorococcus cells with HOOH had a high death rate while the addition of helper cells reduced cell death substantially.
3.	Because the “wet” desert in low in nutrients, there is a greater energy demand to obtain these nutrients. The gene to destroy HOOH would require more of an energy expenditure by Prochlorococcus cells, so depending on helper cells for the destruction of HOOH is an energy-saving strategy. More energy can be devoted to nutrient capture.

Chapter 9
1.	The heat-killed cells cannot cause disease and no colonies were detected on agar plates.
2.	The hypothesis was not supported because the mixture of cells did kill the mice where either strain by itself was incapable of causing disease.
3.	Some factor from the dead, S cells was transferred to the live, R cells transforming the latter into live, pathogenic S cells. These cells had the ability to cause pneumonia in the infected mice. Today, we know this transferred factor was a DNA fragment capable of coding for the products causing pneumonia. 



Chapter 10
1.	After a “prolonged period” on a dry surface, many of the bacterial cells had survived (colonies seen on agar). Even after 28 days, some 600,000 cells (0.006%) formed colonies. The hypothesis was not supported and the medical view must be altered because S. pneumoniae can be transmitted by other means than just direct contact with airborne respiratory secretions.
2.	The results showed that when samples were plated on agar, there were more colonies appearing on agar plated from desiccated samples than on plates from starved samples. Therefore, survivability was not a result of starvation.
3.	The absence of a capsule did not adversely affect the survivability of cells because similar numbers of colonies from encapsulated or nonencapsulated samples developed when plated on agar.
4.	The results suggest that S. pneumoniae can survive prolonged periods on dry surfaces and cause disease (experiment 4). Therefore, one would assume the cells could survive on handkerchiefs, utensils, and even hospital surfaces. In hospitals, for example, it would be important to maintain good sanitization practices. All surfaces should be regularly disinfected and hand washing should be emphasized because a healthcare worker touching an S. pneumoniae-contaminated surface could pick up viable cells and transmit them to patients.

Chapter 11
1.	Eating apples and pectin were the only substances that changed the composition of the intestinal microbiota, as seen by increases in the lactobacilli, bifidobacteria, and clostridia.
2.	Only the pectin component of apples had an affect on species composition.
3.	Other studies had shown that increases in the gram-positive Firmicutes and decreases in numbers of the gram-negative Bacteroidetes had positive health effects. Lactobacillus and Clostridium are members of the Firmicutes, while Bifidobacterium is a membrane of the phylum Actinobacteria. Bacteroides is a member of the phylum Bacteroidetes and the numbers here did not change. So, the results support previous studies and have potential health promoting effects.
4.	As mentioned, butyrate has been shown to induce death in cancer cells and provide a energy source for cells of the intestinal mucosa. Therefore, Clostridium’s ability to produce butyrate would be seen as a health benefit.

Chapter 12
1.	Yes, the hypothesis was validated because only Y. pestis provides the environment in which mutants of Y. pestis, Y. pseudotuberculosis, and K. pneumoniae can survive. 
2.	The nonpathogenic mutant (mut) cannot survive in the rat lungs by itself as shown by the reduction in CFU count over 60 hours whereas the wild type and mutant in the coinfection grow due to the permissive “environment” presumably set up by the wild type strain.
3.	(i) Wild type Y. pseudotuberculosis does increase in numbers of CFUs but much less than with Y. pestis (Fig. 1). However, neither the mutant nor the coinfection allowed for growth of the mutant. 
(ii) Wild type K. pneumoniae increased in numbers of CFUs comparable to Y. pestis (Fig. 1). But again, neither the K. pneumoniae mutant nor the coinfection allowed for growth of the K. pneumoniae mutant.
(iii) Unlike wt Y. pseudotuberculosis and wt K. pneumoniae, Y. pestis could “protect” the mutants of Y. pseudotuberculosis and K. pneumoniae, as seen by the increased CFUs produced by these species when coinfected with wt Y. pestis.

Chapter 13
1.	The hypothesis was not validated. Although the group with no previous UTI showed a slightly higher percent recurrence (not statistically significant), those with a previous UTI showed a higher percent recurrence in the CJC group. However, the placebo group reported a higher rate of gastrointestinal symptoms.
2.	A randomized study means the 319 participants were separated into the two groups without any bias or in no identifiable pattern. A double-blind study means neither the participants nor the researchers know who is in which group. Placebo-controlled means the control group receive a placebo that looked and tasted like the experimental (CJC) condition.
3.	All the samples were self-collected, so the researchers cannot be sure all procedures were followed precisely. In fact, the researcher's role is one of observing the outcome of these exposures. There is no way to ensure all procedures were carried out as requested. As indicated, compliance was based on self-reporting.

Chapter 14
1.	Yes, the hypothesis is supported. Experiment 1: Removing sialic acid prevented flu virus attachment and infection.  Experiment 2: binding antibody to ICAM-1 blocked rhinovirus attachment and infection. Experiment 3: Adding the poliovirus receptor (PVR) gene to mouse cells permitted those cells to be infected with the poliovirus.
2.	Attachment to host cells depends on the virus having the appropriate spikes or surface molecules that can bind to specific host cell surface receptors.
3.	The controls are: Experiment 1: Cells in which the influenza virus can attach and infect. Experiment 2: Cells in which the rhinovirus can attach and infect. Experiment 3: Human cells in which the poliovirus can attach and infect and the mouse cells in which the poliovirus cannot attach or infect.

Chapter 15
1.	The hypothesis was supported. Fifteen percent were AD36-positive (22% of the obese children and 7% of the normal children). The BMI and weight of the AD36-positive obese subgroup was also higher.
2.	It would appear that viruses are worth studying with regard to obesity. However, only 22% of the obese children were AD36-positive, so the correlation of the virus with obesity is not overwhelming.
3.	First, 7% of the normal children were still positive for AD-36 but we do not know what their exact BMI was. Were they still overweight but not termed obese? Also, the BMI for overweight children ranged from 19 to 29, so many of these children may have been “healthy” by the BMI standard. So, perhaps BMI is not the best factor by which to label children as normal or obese for this experiment. Also, how precise was the identification of AD36? Could there have been more obese children that had the adenovirus 36 infections but had undetectable levels of AD36 antibody?


Chapter 16
1.	Yes, the hypothesis was validated. None of the volunteers in house 1 contracted yellow fever after close contact with “discharges” from individuals who had yellow fever. Volunteers J and K in house 2 also did not get yellow fever, suggesting that the disease is not carried through the air.
2.	The volunteer number was small as how many volunteers would be willing to take part in an experiment that may kill them. This could certainly not be done today, at least in the United States and much of the world.
3.	(1) Yellow fever is not transmitted by bedding and other yellow fever-contaminated materials. (2) Yellow fever is not transmitted through the air. (3) A miasma is not the cause of yellow fever but rather it is transmitted by mosquitoes.

Chapter 17
1.	The hypothesis was validated. All healthy bats infected with conidia developed WNS (experiment 1). In addition, 16 of the 18 healthy bats contracted the disease through contact exposure with infected (positive control) bats (experiment 2).
2.	The implications are that the disease is spread by physical contact between bats (experiment 2) but not through airborne transmission (experiment 3), as in the latter experiment no bats contracted the disease. 
3.	Applying Koch’s postulates to experiment 1: (a) WNS was found in all cases of the disease; (b) the fungus was isolated and grown in pure culture (conidia collected); (c) conidia were applied to healthy, susceptible bats; (d) All bats treated with conidia contracted the disease and from them the fungus was isolated in pure culture; it was the same strain as originally used in the experiemnt.

Chapter 18
1.	Yes the hypothesis was validated. Infected rats spent more time “visiting” cat odors than did uninfected rats (Fig. A and B)
2.	Brain activity in uninfected male rats exposed to estrous female odor was similar to the brain activity in infected male rats exposed to cat urine.
3.	Toxoplasma diminishes the fear response (defensive behavior) when smelling female estrous odor. Importantly, infection increases male rat reproductive behavior. Therefore, one can conclude that Toxoplasma is making the rats “believe” an estrous female is nearby for mating when they smell cat urine. As such, the rat’s diminished defensive behavior may result in its being caught and eaten by a cat.

Chapter 19
1.	No, the hypothesis was not verified as there was no change in bacterial composition during or after FMP consumption or exposure to the five bacterial species in the FMP. There was a change in the way the indigenous microbiota of the gut metabolized carbohydrates though.
2.	The mice were “humanized” to mimic the human gut and its microbiota.
3.	If the gut was out of balance, with a disproportionate number of exogenous (transient) microbes, such as C. diff, then the FMP might have made a difference by helping to reestablish a normal gut microbiota. For these individuals, an FMP a day might have kept the doctor away.

Chapter 20
1.	Experiments 1 and 2 indicate that flies that have a fully functional AMP phenotype (positive control) will fight off and survive both infections. Most flies lacking a functional AMP phenotype (negative control) will perish over the 5 days of the experiment. They could not hold off the infection.
2.	Experiments 1 and 2 indicate that specific AMPs are specific, at least with regard to the two infectious agents used to challenge the flies. DRO+ was sufficient to defend against the N. crassa infection (Experiment 1) and Def+ was sufficient to fight off the M. luteus infection (Experiment 2). However, the two AMPs were not effective against the other infectious agent.
3.	The hypothesis was not supported because, at least these two AMPs, they were specific with regard to the two infectious agents. DRO+ was effective against the N. crassa infection (Experiment 1) and Def+ was only effective against the M. luteus infection (Experiment 2).

Chapter 21
1.	The tetanus toxin killed the nonimmune rabbits and mice in experiment 1 because they had no immunity to the toxin. At the time, one would conclude that the blood lacked the ability to render the toxins harmless.
2.	The mice in experiment 2 survived the toxin because they had received “immunity” from the injected rabbit blood. At the time, one would conclude that the rabbit blood contained the ability to render the toxins harmless in the mice.
3.	The nonimmune mice receiving the tetanus or diphtheria toxin died as would be expected from the previous experiments. The mouse receiving the serum from the surviving mice in experiment 2 lived because the serum contained the ability to render the tetanus toxin in the potential lethal dose harmless. On the other hand, the mouse receiving the serum from the surviving mice in experiment 2 died because the ensuing dose of tetanus toxin lacked the ability to render the diphtheria toxin harmless in the mouse.
4.	The hypothesis was not supported. The hypothesis proposed that it was the blood cells that protected the rabbits and mice from the potentially toxic dose of toxin. However, the experiments, in particular experiment 3, showed that it was not the blood cells but rather the serum that contained the neutralizing agent capable of protecting the mice from the lethal toxin. In addition, the serum was not cross protective; it did not protect the mice from the diphtheria toxin.

Chapter 22
1.	The numbers were about equal. The incidence in the U.S. was 50 cases/100,000 individuals. In the two field trials, the cases were 45.5 and 57.1 cases/100,000 individuals.
2.	The Salk polio vaccine did reduce the incidence in both field trials (there were 17.1 cases/100,000 and 16.4 cases/100,000, respectively).
3.	The hypothesis was supported because both field trials substantially reduced the number of polio cases in children that were part of the treatment group. The numbers were not reduced in the control or placebo group.

Chapter 23
Answers for 23.1
1.	The experimental study does support the hypothesis. Only group A (microbiota-less) mice exhibited AAD after exposure to the fungal spores. In groups B and C, no AAD was detected.
2.	Only the mice in group A exhibited the complete characteristics of AAD (increased eosinophils, mast cells, neutrophils, and helper T cells; IgE and cytokines also elevated). 
3.	A population of active helper T cells is required to activate the increase in eosinophils, mast cells, and neutrophils. Helper T cells will also be involved with cytokine production and by activating B cells, trigger elevated IgE synthesis. From the study, the lack of a gut microbiota (group A) was the stimulus for helper T cell activity. Even exposure to mold spores (group C) did not trigger helper T cell activity.

Answers for 23.2
1.	The abortive step of replication occurs at the reverse transcription stage. If the viral RNA is prevented from starting to be being reverse transcribed (efavirenz and nevirapine drugs), no cell death occurs. But if just some DNA synthesis begins (AZT) or is completed, then cell death occurs.
2.	The triggering products are short cytoplasmic DNA segments produced by AZT inhibition or the whole dsDNA molecule. Therefore, an abortive infection must be due to the presence of DNA segments or the whole molecule in the cytoplasm. 

Chapter 24
1. 	Yes, the study does reflect the structures and processes that antibiotics target. This includes antibiotics targeting translation (both 30S and 50S), DNA precursor synthesis, DNA replication, RNA transcription, cell wall synthesis, and membrane injury.
2.	Daptomycin is a drug that disrupts cell membrane function. The fact that almost 20% of the gram-positive isolates are resistant to the drug does argue in favor of antibiotic resistance being an ancient phenomenon because the cave is thought to have been isolated from modern day sources of antibiotics for more than 4 million years.
3.	The hypothesis is supported because numerous samples exhibited antibiotic resistance in an environment thought to have been isolated from modern day sources of antibiotics for more than 4 million years. 

Chapter 25
1. 	The observations for this investigation stated that Stilton cheese is an internally mold-ripened semisoft blue cheese made from pasteurized cow’s milk. The process involves seeding the milk with Lactococcus lactis and then the ripening is promoted by the mold Penicillium roqueforti as well as yeasts and other bacterial species. Therefore, it may not be surprising to find these other bacterial species because, as stated, “other bacterial species” were part of the ripening process. Conceivably, some bacterial species could be part of the “environment” where the cheese is traditionally made in the United Kingdom.
2.	Core: Lactococcus lactis and Leuconostoc mesenteroides; veins: Lactobacillus curvatus (?), Staphylococcus equorum, Leuconostoc mesenteroides, and Penicillium roqueforti: under the crust: Lactobacillus plantarum and presumably Lactobacillus curvatus.
3.	From these studies, it might be suggested that the quality of the Stilton cheeses vary in flavor and taste from batch to batch based on the bacterial and fungal species seeding and ripening the cheese. The microbial ecology of each batch may vary.


Chapter 26
1. 	In wild-type cells, the carboxysomes are aligned evenly in single file along the length of the cell. In mutant cells, the carboxysomes are more random in distribution.
2.	Yes, the hypothesis was supported because the specific arrangement of carboxysome was disturbed in the mutant cells lacking a fully functional cytoskeleton.
3.	Perhaps there is/are specific cytoskeletal protein(s) that are arranged in a linear fashion to which the carboxysomes attach. In the cells with a disrupted cytoskeleton, these cytoskeletal tracks are not formed and the carboxysomes are arranged randomly in the cells. 

Chapter 27
1. 	The hypothesis that indigenous bacterial communities will increase in number in oil-contaminated sands was supported. Data from experiment 2 shows a 4 orders of magnitude increase in MPN counts in oiled sands over clean sands. 
2.	The microbial community showed a strong response to hydrocarbon contamination as seen by the 1 to 2 orders of magnitude reduction in the ratio of light molecular weight hydrocarbons to heavy molecular weight hydrocarbons.
3.	The oil-degrading species increased as seen by the number of cells and the diversity of genes (representing bacterial species) in the oiled sands. Alcanivorax was one of the most dominant species in the degradation process, rising during the spill and then declining as the oil was degraded.
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