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				 Podcast and Annotation Information 	Annotation by Leonardo Baumgartner, Martin Leyhe, and Triston Walsh, Nancy Boury, Amaya Garcia Costas, and Rebecca Seipelt-Thiemann 	Request access to the figure reading answers: Request Access via Form
 	Link to figure reading answers
 
 
 	Podcast audio by TWiM: Listen to TWiM #183 Podcast
 	Podcast transcript by Sarah Morgan: Access TWiM #183 Transcript
 	Papers Discussed: 	Deeg CM, Zimmer MM, George E, Hunsnik F, Keeling PJ, Suttle CA. 2018. Chromulinavorax destructans, a pathogenic TM6 bacterium with an unusual replication strategy targeting protist mitochondrion. BioRxiv. 379388. https://doi.org/10.1101/379388 
 	Matsuura Y, Moriyama M, Lukasik P, Vanderpool D, Tanayhashi M, Meng X, McCutcheon JP, Fukatsu T. 2018. Recurrent symbiont recruitment from fungal parasites in cicadas. PNAS. 115 (26) E5970-E5979. https://doi.org/10.1073/pnas.1803245115 
 
 
 
 
 
 1. Paper Abstracts
 1.1. Snippet paper; discussion starts at 5:00 minutes
 The Most Interesting Things (according to students)
 A parasite of a protist lacks almost all independent metabolic capability and modifies the host mitochondria to provide all energy and biosynthesis needs.
 
 “Most of the diversity of microbial life is not available in culture, and as such we lack even a fundamental understanding of the biological diversity of several branches on the tree of life. One branch that is highly underrepresented is the candidate phylum TM6, also known as the Dependentiae. Their biology is known only from reduced genomes recovered from metagenomes around the world and two isolates infecting amoebae, all suggest that they live highly host-associated lifestyles as parasites or symbionts. Chromulinavorax destructans is an isolate from the TM6/Dependentiae that infects and lyses the abundant heterotrophic flagellate, Spumella elongata. Chromulinavorax destructans is characterized by a high degree of reduction and specialization for infection, so much so it was discovered in a screen for giant viruses. Its 1.2 Mb genome shows no metabolic potential and C. destructans instead relies on extensive transporter system to import nutrients, and even energy in the form of ATP from the host. Accordingly, it replicates in a viral-like fashion, while extensively reorganizing and expanding the host mitochondrion. 44% of proteins contain signal sequences for secretion, which includes many proteins of unknown function as well as 98 copies of ankyrin-repeat domain proteins, known effectors of host modulation, suggesting the presence of an extensive host-manipulation apparatus.” (Deeg et al 2018, no changes)
 1.2. Main paper; discussion starts at 23:08 minutes
 The Most Interesting Things (according to students)
 Cicadas compensate for nutrient-poor diets with bacterial and fungal symbionts capable of offering the missing nutrients.  A fungal symbiont is replacing one of the older bacterial ones.
 
 “Diverse insects are associated with ancient bacterial symbionts, whose genomes have often suffered drastic reduction and degeneration. In extreme cases, such symbiont genomes seem almost unable to sustain the basic cellular functioning, which comprises an open question in the evolution of symbiosis. Here, we report an insect group wherein an ancient symbiont lineage suffering massive genome erosion has experienced recurrent extinction and replacement by host-associated pathogenic microbes. Cicadas are associated with the ancient bacterial co-obligate symbionts Sulcia and Hodgkinia, whose streamlined genomes are specialized for synthesizing essential amino acids, thereby enabling the host to live on plant sap. However, our inspection of 24 Japanese cicada species revealed that while all species possessed Sulcia, only nine species retained Hodgkinia, and their genomes exhibited substantial structural instability. The remaining 15 species lacked Hodgkinia and instead harbored yeast-like fungal symbionts. Detailed phylogenetic analyses uncovered repeated Hodgkinia-fungus and fungus-fungus replacements in cicadas. The fungal symbionts were phylogenetically intermingled with cicada-parasitizing Ophiocordyceps fungi, identifying entomopathogenic origins of the fungal symbionts. Most fungal symbionts of cicadas were uncultivable, but the fungal symbiont of Meimuna opalifera was cultivable, possibly because it is at an early stage of fungal symbiont replacement. Genome sequencing of the fungal symbiont revealed its metabolic versatility, presumably capable of synthesizing almost all amino acids, vitamins, and other metabolites, which is more than sufficient to compensate for the Hodgkinia loss. These findings highlight a straightforward ecological and evolutionary connection between parasitism and symbiosis, which may provide an evolutionary trajectory to renovate deteriorated ancient symbiosis via pathogen domestication.” (Matsuura et al 2018, no changes)
 2. Vision and Change Core Concepts and 2024 ASM Fundamental Statements
 	 	Snippet 	Main 
  	Vision and Change Topics 		Metabolic Pathways (V&C_MP)
 	Microbial Ecology (V&C_ME)
 
 
  		Impact of Microorganisms (V&C_IM)
 	Information Flow and Genetics (V&C_IFG)
 	Microbial Ecology (V&C_ME)
 
  
 	ASM Fundamental Statements 		Fundamental Statement 12 (ASM_12):  Bacteria and Archaea exhibit extensive metabolic diversity, including nitrogen fixation, methane production, and anoxygenic photosynthesis, many of which are unique to these two domains.
 	Fundamental Statement 13 (ASM_13):  Intrinsic factors, such as genotype, metabolism, and cell structures, impact the survival and growth of microbes.
 	Fundamental Statement 22 (ASM_22): Most microbes interact with hosts in beneficial or neutral ways, with a minority having a detrimental impact on their host.
 
  		Fundamental Statement 16 (ASM_16): Genetic variation can influence microbial structures and their functions.  
 	Fundamental Statement 22 (ASM_22): Most microbes interact with hosts in beneficial or neutral ways, with a minority having a detrimental impact on their host.
 	Fundamental Statement 24 (ASM_24): Microbes and their communities are essential for supporting all life as we know it.
 
  
  
 3.  Potential Learning Objectives for the Podcast
 	The student will be able to: 	Paper1 	Order2 
  		Define the function of mitochondria.
 
  	S 	L 
 		Compare an organisms metabolic/physiological characteristics (or lack thereof) to those commonly attributed to pathogenic viruses and bacteria to argue whether a pathogen is more bacteria-like or more virus-like.
 
  	S 	H 
 		Define bacteriome.
 	List capabilities provided by insect endosymbionts.
 
  	M 	L 
 		Predict the evolutionary fitness of different mutant alleles on pathogen survival.
 
  	M 	H 
  
 1 Papers: Snippet (S) or Main (M)
 2 Learning Objectives: Lower Order or Higher Order (H)
 4. Techniques Described (with Time Stamps)
 Here is a link to a bio-dictionary that has many, but not all definitions if you need a definition: Explore Biology Bio-Dictionary
 4.1. Snippet Paper
 	Electron Microscopy (10:10): This is a high resolution microscopy technique that was used to see mitochondria surrounding replication body. 
 
 4.2. Main Paper
 	Light Microscopy (29:18–29:44): This type of microscopy used visible light and revealed a fungal symbiont inside cicadas.
 	Phylogenetic Analysis (36:20–36:56): This technique is an analysis of the genetic similarity and differences among related species and was used to show how the Cicada-Fungus symbiosis happened independently 3 times. 
 
 5. Connections to General Microbiology Processes/Concepts (with Time Stamps)
 5.1. Snippet Paper
 	Pathogenesis (9:30–10:10): C. destructans targets host mitochondria for replication.
 	Bacterial Replication (10:20–10:50): New bacterial replicates burst the host cell ‘lytic bacteria; (11:20–11:35) compare to Bordetella, Vibrio and others.
 	Parasitism (13:15–13:40; 14:30–14:50): Parasites can lack metabolic pathways and thus must import most nutrients from host.
 	Senescence (15:15–16:30): Oxidative stress and cell senescence keeps C. destructans viable after 4 years in cold (4°C).
 	Evolution (18:35–19:00; 21:30–21:50): The podcasters discuss the possibility of DNA segments evolving into a virus.
 	Replication Cycles (19:00–21:00): Differences between viral and bacterial replication (binary fission versus assembling individual components) .
 
 
 5.2. Main Paper
 	Symbioses (24:18–25:31; 34:15–34:45): Symbionts (both bacterial and fungal) provide cicadas with amino acids they cannot obtain from their xylem diet.
 	Genomics (25:33–27:09): Symbionts have tiny genomes, less than the minimal for independent life; (27:09  -28:20) Hodgkinia has various smaller molecules instead of one chromosome, meaning they can lose important functions.
 	Evolution (28:40–30:11): Cicadas acquired fungal symbiont (Ophiocordyceps) to replace Hodgkinia; (32:02–35:10) “tamed” fungus that is not pathogenic in cicadas – coevolution.
 	Mycology (30:10–32:01): The podcasters described features of fungus Ophiocordyceps.
 
 6. Podcast Questions
 	Mitochondrial activities include production of which of the following? Pick all that apply.
 
 
 		oxygen
 	ATP
 	carbon dioxide
 	water
 	degradative enzymes
 
 
 
 2. For each mutant phenotype and environment described below, predict whether the corresponding alleles that confer the phenotype are likely to have increased fitness (I) , decreased fitness (D) , or no effect (N).
 
 		_______ Ability to ferment, Outside of host
 	_______ Unregulated protein production, inside of host
 	_______ Ability to inactivate reaction oxygen species, inside of host
 	_______ Loss of ability to stimulate mitochondrial replication, outside of host
 	_______ Loss of ability to scavenge iron, inside of host
 
 
 
 
 3. Label the C. destrucans characteristics listed below as more similar to a virus (V) or a parasitic bacterium (B).
 
 		_______ Has a reduced genome
 	_______ Replicates by assembling
 	_______ Has no metabolic potential
 	_______ Has a distinct cell membrane
 	_______ Shows cellular division before host cell lysis
 
 
 
 4.  In the cicada-Sulcia–Hodgkinia symbiotic relationship, the bacteriome is ________. 
 		a large bacterium found inside of the cicadas that are not found in other species
 	a compartment within the bacterial endosymbiont in the cicadas
 	a compartment within the cicadas where endosymbionts are typically found
 	a cicada’s microbiome that includes all of the bacteria, viruses, and fungi
 	The complete set of bacterial genes found within the cicada, including organelles
 
 
 
 
 
 
 
 7. Figure Reading Exercises
 The following are two figure reading exercises, one from the snippet paper (Figure 5) and one from the main paper (Figure 5).
 7.1. First Figure Reading Exercise
 7.1.1. Learning Objectives
 Students will be able to: 
 	Identify representative components in a model figure.
 	Identify the relationship of the organisms in this interaction.
 	Describe how “per cell” DNA content changes can be used to determine intracellular pathogen replication
 	Predict how differences in host or pathogen would affect fitness.
 
 
 Experimental Background (Deeg et al., Figure 5) One of the most under-represented branches in the tree of life is  in the phylum Dependentiae or TM6.  Organisms in this branch are often parasites or symbionts of other species.  In this study, Deeg et al (2018) isolated an organism in this phylum from a heterotrphic flagellate, Spumella elongata, and characterized its life cycle and genome.  Their model of replication, which is a summary of their findings, is illustrated in Figure 5.
 [image: drawing of fungal symbionts]Figure 5: “Schematic representation of the inferred replication cycle of Chromulinavorax destructans. The host S. elongata cell is shown in green, with the mitochondrion in brown, nucleus in dark green, Golgi in orange, and vacuoles in light orange. C. destructans is depicted in blue throughout its replication cycle. “(Deeg et al, 2018, no changes) 
 
 7.1.2. Questions
 	In this model, what do the blue circles represent? 	S. elongata mitochondria
 	C. destructans mitochondria
 	S. elgonata cells
 	C. destructans cells
 
 
 
 2. The authors provide a model (Figure 5) in which intracellular pathogen replication takes place inside a vacuole and induces replication of host mitochondria.  At 48 hours post-infection, how would the DNA content of the infected cell compare to an uninfected cell? The DNA content of the infected cell would be:
 		more than an uninfected cell due to the increased number of mitochondria.
 	the same as an uninfected cell due to no change in the DNA content.
 	more than an uninfected cell due to the increased number of pathogen cells.
 	less than the uninfected cell due to loss of the replicated pathogen cells through extrusion.
 	more than an uninfected cell due to the increased number of pathogen cells and mitochondria.
 
 
 
 
 3. Based on the model in figure 5, if you were to make a separate lysate of the same number of infected and uninfected cells and measure the ATP levels in each lysate, what would you find and why?
 		More ATP in the uninfected cells due to the harmful effects on the infected cells.
 	More ATP in the infected cells due to a larger number of mitochondria present in those cells.
 	More ATP in the uninfected cells due to a larger number of mitochondria in those cells.
 	More ATP in the infected cells due to a lack of kinase activity allowing buildup of ATP in those cells.
 
 
 
 4. If you were to acquire two different strains of Chromulinavorax destructans that differed  by mutation in one gene and one strain (strain 1) was able to replicate more quickly and release propogated cells at hour 6 instead of hour 12 (strain 2, wild-type; see figure 5), which strain would have greater fitness and why?
 		Strain 1 has greater fitness because its replication time is shorter and can infect more frequently over time.
 	Strain 2 has greater fitness because it is wild-type and wild-type always has a greater fitness.
 	Strain 1 has greater fitness because the reactive oxygen and ATP levels in strain 1 will be higher.
 	Strain 2 has greater fitness because strain 1 will likely be metabolically deficient due to its short generation time.
 
 
 
 5. Based on the model of replication shown in Figure 5, what relationship do Chromulinavorax destructans  and Spumella elongata  have?
 		parasitic
 	commensalistic
 	mutalistic
 
 
 
 7.2. Second Figure Reading Exercise
 7.2.1. Learning Objectives
 Students will be able to:
 	Identify relevant features in a phylogenetic tree.
 	Analyze the data to identify where specific symbionts are found and whether they were  present in a common ancestor.
 	Analyze the data to make conclusions about whether an organism is more or less closely related to other species.
 	Analyze the data to make conclusions about gain and loss of specific endosymbiont species and why gain or loss occurred.
 	Speculate why single symbionts are not observed.
 
 
 Experimental Background (Matsuura et al., Figure 5) Many insects have bacterial symbionts, including cicadas. Cicadas usually play host to two obligate symbionts, Sulcia and Hodgkinia.  Typically, a symbiont genome is reduced in size and retains features that benefit the symbiont and the host.  Matsuura et al. (2018) examined the symbionts of 20 Japanese cicadas and report both extreme genome reduction and instances of symbiont extinction, as well as replacement with pathogenic microbes. As a summary of their results, they produced a phylogenetic tree based on specific cicada genome sequences and mapped the symbionts present in each species (Matsuura et al, 2018; Figure 5).
 [image: phylogenetic tree of cicada endosymbionts]
 Figure 5 “Phylogenetic relationship of cicadas and their infection status with microbial symbionts. A maximum-likelihood phylogeny inferred from 15 mitochondrial gene sequences and 22 tRNAs (14,733 aligned nucleotide sites) of 20 Japanese cicada species, together with four previously studied American species (highlighted by #), is shown. Bootstrap support values are indicated on each node in the order of maximum-likelihood/neighbor-joining. Detected microbial symbionts are mapped on the right side of each species name with orange circles for Sulcia, green circles for Hodgkinia, and yellow circles for the yeast-like fungal symbiont. In the green circles of Hodgkinia, the number 1, 2, or 4 indicates the number of distinct Hodgkinia genomes that form a complex. C indicates highly fragmented Hodgkinia complexes in which the exact number of genomes could not be determined (51, 53). Colored triangles on the phylogeny indicate the estimated replacement events from Hodgkinia to the fungal symbionts. Selected images of adult cicadas are depicted to the right of the maximum-likelihood phylogeny. A. bihamatus, Auritibicen bihamatus; C. atrata, Cryptotympana atrata; E. chibensis, Euterpnosia chibensis; G. bimaculata, Graptopsaltria bimaculata; Ma. tredecim, Magicicada tredecim; Me. iwasakii, Meimuna iwasakii; Me. oshimensis, Meimuna oshimensis; Ta. japonensis, Tanna japonensis; Te. nigricosta, Terpnosia nigricosta; Te. vacua, Terpnosia vacua; Tet. ulnaria, Tettigades ulnaria; Tet. undata, Tettigades undata.” (Matsuura et al, 2018, no changes)
 
 
 7.2.2. Questions
 	What do the horizontal lines of the tree represent? 	time elapsed in cicada evolution
 	genetic differences in the cicadas
 	size differences in the cicadas
 	color differences in the cicadas
 
 
 
 2.  Which endosymbiont/s is/are found in all of the species?
 		Yeast-like symbionts
 	Sulcia
 	Hodkinia
 	Sulcia and Hodkinia
 	Sulcia and Yeast-like symbionts
 
 
 
 3. Based on the information provided in the tree, which endosymbionts were likely present in last common ancestor to these organisms? Pick all that apply.
 		Sulcia
 	Hodgkinia
 	Yeast-like endosymbiont
 
 
 
 4. The genomes present in the Hodgkinia symbiont were analyzed with 1, 2, and 4 different genomes present in some isolates (see numbers in the green circles; Figure 5) or a highly fragmented genome present in other isolates (see C in the green circles; Figure 5).  Based on the differences you see for Mo. minuta  compared  to its clade members, V. terminalis, Mu. kuroiwae, Ma. tredecimand and K. yezoensis, what might have occurred?
 		Mo. minuta lost its Hodgkiniaendosymbiont, probably because the symbiont lost the genes to make the nutrients it provided to the cicada, and gained the yeast-like symbiont to provide those nutrients.
 	V. terminalis, Mu. kuroiwae, Ma. tredecimand and K. yezoensis lost their yeast-like endosymbiont, probably because the symbiont acquired mutations that made proteins that were toxic to the cicada, and then gained the Hodgkinia symbiont to fill the niche of the symbiont.
 	Mo. minuta lost its Sulcia endosymbiont, probably because the symbiont lost the genes to make the nutrients it provided to the cicada, and gained the yeast-like symbiont to provide protection from other fungal pathogens.
 	V. terminalis, Mu. kuroiwae, Ma. tredecimand and K. yezoensis lost their yeast-like endosymbiont, probably because the symbiont lost the genes to make the nutrients it provided to the cicada, and gained the Hodgkinia symbiont to provide those nutrients.
 
 
 
 5. In Figure 5, we see that the authors have marked the instances where a yeast-like symbiont (YLS) was gained with a yellow triangle.  Based on the relationships noted in the tree, do you think that these organisms gained YLS independent of each other or from a common ancestor?  Why?
 
 		They are independent since not all clades contain members with all three symbionts, Hodgkinia, Sulcia, and YLS and the earliest diverging has only Sulcia and Hodgkinia.
 	They are all from a common ancestor since all clades except the earliest diverging pair of cicada species (Tet. unaria and Tet. undata) contain a YLS.
 	They are independent  since all of these are found in different clades and most contain members with the Hodgkinia-Sulcia endosymbiosis and no YLS.
 	They are all from a common ancestor that originally contained all three symbionts, Hodgkinia, Sulcia endosymbiosis, and YLS, but one of the three was lost in each cicada species.
 
 
 
 
 6.  Cicada endosymbionts were always found as co-symbionts.  Why might single symbionts not appear?
 		A single species shows little variation and is efficiently killed by the cicada immune system.
 	A single species is not able to provide the entire complement of nutrients to the cicada.
 	The pair of species cancel out the toxins produced by each other allowing them both to survive.
 	The pair of species provide materials to each other so without its partner, it doesn’t survive.
 
 
 
 
 
 
 8. Paper Information and Licensing
 8.1. Snippet paper
 	Deeg CM, Zimmer MM, George E, Hunsnik F, Keeling PJ, Suttle CA. 2018. Chromulinavorax destructans, a pathogenic TM6 bacterium with an unusual replication strategy targeting protist mitochondrion. BioRxiv. 379388. https://doi.org/10.1101/379388 
 	This article is licensed for Creative Commons use using CC BY ND 4.0 (https://creativecommons.org/licenses/by/4.0/), which allows re-use with no  adaptations as long as proper attribution is given.  See https://www.biorxiv.org/content/10.1101/379388v1
 
 8.2. Main paper
 	Matsuura Y, Moriyama M, Lukasik P, Vanderpool D, Tanayhashi M, Meng X, McCutcheon JP, Fukatsu T. 2018. Recurrent symbiont recruitment from fungal parasites in cicadas. PNAS. 115 (26) E5970-E5979. https://doi.org/10.1073/pnas.1803245115 
 	This article is licensed for Creative Commons use using CC BY ND 4.0 (https://creativecommons.org/licenses/by/4.0/), which allows re-use with no  adaptations as long as proper attribution is given.  See https://www.pnas.org/doi/10.1073/pnas.1803245115
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 1. Paper Abstracts
 1.1. Snippet paper; discussion starts at 5:01 minutes
 The Most Interesting Things (according to students)
 	Nucleic acid of Yersinia pestis was recovered from the dental pulp from the teeth of individuals. While the individual was alive, the bacteria entered the pulp of the teeth. This could indicate that the strain that infected these individuals was very pathogenic.
 	Once thought to have originated from China, genomic analysis has now led these researchers to infer that the ancestors of the plague-causing Yersinia pestis initially emerged in Sweden and spread between populations through trade.
 
 
 Rascovan et al (2018) is not under Creative Commons licensing. Hence, abstract cannot be copied. Thus, the abstract cannot be copied here. Please see the article on the journal’s web page.
 1.2. Main paper; discussion starts at 29:30 minutes
 The Most Interesting Things (according to students)
 	By cloning the snare-inhibiting proteins from Rickettsia into E. coli, they produced E. coli that was capable of getting out of the yeast lysosomal degradative machinery and surviving in its cytoplasm.
 	They produced cell wall-less yeast cells (spheroplasts) that easily fuse with other yeast spheroplasts. Yeast spheroplasts also eagerly accept E. coli. Once inside, the engineered E. coli and the yeast exhibit a symbiotic relationship.
 
 
 ” It has been hypothesized that mitochondria evolved from a bacterial ancestor that initially became established in an archaeal host cell as an endosymbiont. Here we model this first stage of mitochondrial evolution by engineering endosymbiosis between Escherichia coli and Saccharomyces cerevisiae. An ADP/ATP translocase-expressing E. coli provided ATP to a respiration-deficient cox2 yeast mutant and enabled growth of a yeast–E. coli chimera on a nonfermentable carbon source. In a reciprocal fashion, yeast provided thiamin to an endosymbiotic E. coli thiamin auxotroph. Expression of several SNARE-like proteins in E. coli was also required, likely to block lysosomal degradation of intracellular bacteria. This chimeric system was stable for more than 40 doublings, and GFP-expressing E. coli endosymbionts could be observed in the yeast by fluorescence microscopy and X-ray tomography. This readily manipulated system should allow experimental delineation of host–endosymbiont adaptations that occurred during evolution of the current, highly reduced mitochondrial genome.” (Mehta et al. 2017, no changes).
 2. Vision and Change Core Concepts and 2024 ASM Fundamental Statements
 	
 	Snippet 	Main 
  	Vision and Change Topics
  		Evolution (V&C_E)
 	Information Flow and Genetics (V&C_IFG)
 	Impact of Microorganisms (V&C_IM)
 
  		Evolution (V&C_E)
 	Metabolic pathways (V&C_MP)
 	Structure and function (V&C_SF)
 
  
 	ASM Fundamental Statements
  		Fundamental Statement Number (ASM_4): Phylogenetic trees best reflect the evolutionary relatedness of all organisms although microbial lineages may be difficult to define due to horizontal gene transfer or lack of conserved genes.
 	Fundamental Statement Number 28 (ASM_28): A minority of microbes are pathogens that can cause disease and harm host organisms, society, and ecosystems.
 
  		Fundamental Statement Number 1 (ASM_1): All cells, eukaryotic organelles (e.g., mitochondria and chloroplasts), and major metabolic pathways evolved from early progenitor cells.
 	Fundamental Statement Number 13 (ASM_13): Intrinsic factors, such as genotype, metabolism, and cell structures, impact the survival and growth of microbes.
 
  
  
 
 3.  Potential Learning Objectives for the Podcast
 	Upon listening to the podcast, students will be able to: 	Paper1 	Order2 
  		Describe how researchers isolated ancient bacterial DNA was available for isolation.
 	Define molecular clocks and explain their use in historical studies.
 
  	S
  	L
  
 		Analyze data to explain the role of human activities in facilitating the spread of Yersinia.
 
  	S
  	H
  
 		Identify the alterations researchers made to yeast cells used to study E. coli endosymbiosis as a model for early mitochondria.
 	Describe the  E. coli modifications enabled their survival inside the yeast cells.
 
  	M
  	L
  
 		Critique the conclusions made by authors of these endosymbiosis model experiments.
 	Explain why ATP-deficient yeast mutants make smaller colonies than their wild-type counterparts.
 
  	M
  	H
  
  
 
 1 Papers: Snippet (S) or Main (M)
 2Learning Objectives: Lower Order or Higher Order (H)
 4. Techniques Described (with Time Stamps)
 Here is a link to a bio-dictionary that has many, but not all definitions if you need a definition: Explore Biology Bio-Dictionary
 4.1. Snippet Paper
 	Single Nucleotide Variant (SNV) Analysis: (18:02–18:51): This is a method for identifying genetic variants by comparing an isolated (or historical) genome to a reference genome.  Here, single base substitutions in the isolated ancient DNA were analyzed and compared to known strains of Yersinia pestis to construct a phylogenetic tree.
 	Molecular Clock Analysis: (20:08–20:52): Using this method, the timescale of evolutionary events, such as when two life forms may have diverged, can be estimated by looking at changes in DNA sequences to determine ancient mutation rates.
 	Admixture Analysis: (21:47–22:55): This is a mathematical analysis that involves examining genetic differences in mixed populations to learn more about the composition of their ancestral populations.
 
 4.2. Main Paper
 	Construction of Petite Mutants (31:14–32:15): Using specific yeast protocols, the researchers generated mutant yeast that essentially lacked functional mitochondria.  These are called petite mutants.
 	Genetic Modification (32:16–32:56; 35:36–35:56; 42:02–42:57): Methods such as gene insertion via plasmids, as mentioned in the paper, and CRISPR can be used to genetically modify organisms to express desired phenotypes. An example is the researchers here making E. coli deficient in thiamin
 	Spheroplast Fusion (33:17–34:13): This is a method to produce yeast without a cell wall or remove the cell wall so that they will take up materials. Here, the researchers use this method, along with polyethylene glycol to make the yeast more likely to take up E. coli cells.
 	Fluorescent Microscopy (35:58–36:07): This is a type of microscopy that is used to follow or locate a fluorescent protein.  Usually a protein of interest is fused to a fluorescent protein.  Here, tagging the E. coli cells with fluorescent green proteins (GFP) allowed them to be located under a fluorescent microscope.
 	X-ray Tomography (36:07–36:58): By directing X-rays at an object from multiple orientations, the interior of solid objects can be visualized in a non-destructive manner. This technique allowed for the imaging of the intact yeast cells in slices, sort of like a CT scan.
 
 5. Connections to General Microbiology Processes/Concepts (with Time Stamps)
 5.1. Snippet Paper
 	Genomics (10:13–10:32, 15:45–18:49): The sequencing and analysis of the genomes of different Yersinia pestis strains to study the evolution of the species over thousands of years by examining genetic differences between strains both ancient and modern.
 	Base Substitution Mutations (17:31–18:51): Single nucleotide variations (SNV), created from individual base substitution mutations accumulating in populations over many generations, can be used in the analysis of evolutionary histories and the construction of phylogenies.
 	Iron acquisition, Active Transport (18:52–19:34): Iron acquisition, either through the use of small iron-binding molecules called siderophores or active transporters (energy using), such as those coded for by Ton genes, is essential to the pathogenicity of Yersinia pestis. Mutations were found to have appeared in these genes over time during SNV analysis
 	Epidemiology (25:10–26:27): Factors such as widespread malnourishment, stress, and high population density, to which the Trypillia population was thought to be exposed to, around the time of the emergence of ancestors that eventually developed into plague, are known to favor the spread of plague and lead to epidemics.
 
 5.2. Main Paper
 	Endosymbiosis  (30:13–31:40; 36:14–37:09; 42:57–44:22): To study endosymbiosis, the scientists engineered a model of yeast cells and E. coli to be reliant on each other, wherein E. coli was residing inside the yeast cells in a symbiotic relationship.
 	Fermentation Model (31:45–32:12): The defective yeast, or petite mutants, contained no mitochondria, so they could not perform cellular respiration and had to rely on fermentation. They could not grow on glycerol, as it is a non-fermentable carbon source.
 	Lysosomes (34:42–35:20): Eukaryotic cells use enzyme-containing organelles called lysosomes to break down unwanted substances, including intracellular bacteria. Some intracellular bacteria , like Chlamydia, have evolved mechanisms to escape lysosomal degradation.
 	Molecular Cloning (35:36–35:56): Molecular cloning is the insertion and amplification of foreign DNA in a host organism. Snare-inhibiting protein genes were transferred from chlamydia to the E. coli here is an example of this process.
 	Toxicity of Oxygen (44:33–45:16): As the oxygen concentration increased on earth, due to organisms performing photosynthesis, organisms had to evolve mechanisms to cope with its potentially toxic effects. Acquiring mitochondria through endosymbiosis helped them safely utilize oxygen because the machinery to fight toxic effects of oxygen is the same as that used for UV damage response.
 
 6. Podcast Questions
 	Why was it possible for scientists to extract Yersinia pestis from the teeth of ancient human samples? 	Live Yersinia pestis could be recovered from the teeth because the pulp of a tooth is completely protected.
 	Yersinia pestis could be extracted from the thick biofilms present on the teeth of ancient humans.
 	If the concentration of bacteria is sufficiently high in the bloodstream, bacteria can get into the pulp of the teeth.
 	Yersinia pestis is a cavity-causing bacteria, and its DNA could be extracted from cavities in ancient human samples.
 
 
 	What results were used to infer phylogenetic relationships of the strains of Yersinia? 	Single base substitutions in the Yersinia genomes
 	The appearance of the organisms under a transmission electron microscope
 	The presence or absence of various exoenzymes secreted by the organisms
 	Genetic analysis of virulence-associated plasmids found within the organisms
 
 
 	 What is the molecular clock technique used for in this study? 	Determining the whole genome sequences of Yersinia.
 	Determining the changes in genetic sequences of the gene under study.
 	Determine in history when the different strains or species diverged from each other.
 	Determining the rate of mutation of the bacterial DNA under study.
 
 
 	There are two theories of how Yersinia moved: migration and trade. Which of the following supports the trade model? 	The same Yersinia strains were found in all the human remains sampled.
 	All the human remains were genetically blended and carried the same strain of Yersinia.
 	The human remains showed genetic diversity but the Yersinia strains were identical.
 	The different Yersinia  lineages were in distinct regions without evidence of major population movements.
 
 
 	In the main paper, the mutant yeast cells had lost the function of which organelle? 	Nucleus
 	Mitochondria
 	Golgi apparatus
 	Centrosomes
 
 
 	What ability did the researchers need to provide the E. coli to allow them to survive inside the yeast cells?
 	The ability to avoid immune system detection
 	The ability to survive a different tonicity
 	The ability to ferment sugars into alcohol
 	The ability to avoid lysosomal degradation
 
 
 	What was the primary objective that scientists were trying to accomplish in the main paper? Were they successful? What is your evidence?
 	Understand the evolutionary steps that led to the development of the first bacterial cells; yes; bacteria and yeast co-evolved in vitro.
 	Reconstruct the endosymbiosis events that led to the rise of modern eukaryotic cells; yes; bacteria persisted and the yeast survived.
 	Engineer Rickettsia to serve as a gene therapy vector; yes; bacteria acquired new beneficial phenotypes not present in nature.
 	Create a new pathogen capable of surviving and replicating inside of cells; yes; the yeast acquired E. coli‘s outer membrane defenses.
 
 
 
 7. Figure Reading Exercises
 The following are two figure reading exercises, both from Main Paper (Figures 2 and 3).
 7.1. First Figure Reading Exercise
 7.1.1. Learning Objectives
 Students will be able to:
 	Identify specific features of the pAM94 plasmid and functionality of relevant encoded genes.
 	Identify the independent and dependent variables.
 	Analyze the assay results to conclude which incubation condition supports movement of ATP into and out of the transformed E. coli.
 	Defend how this experiment fits into the researchers’ larger project.
 
 
 Experimental Background (Mehta et al., Figure 2)
 According to endosymbiotic theory, mitochondria were once free-living prokaryotes that entered into and remained inside a host cell as endosymbionts. Mehta et al. (2018) were interested in the early stages of mitochondrial evolution that aided this event. To model this evolutionary process, they decided to build  a comparable system using a strain of Escherichia coli engineered to produce and export ATP as the endosymbiont and a yeast lacking mitochondrial ATP synthesis as the host.  First, they generated E. coli cells where  the thiamin biosynthetic gene (thiC) was replaced with a cassette encoding both green fluorescent protein (gfp)  and kanamycin resistance (kanR) [strain E. coli ΔthiC::gfp-kanR] and then also transformed this strain with a plasmid encoding an inducible ADP/ATP translocase that was only produced in the the presence of arabinose sugar (pAM94) [strain E. coli ΔthiC::gfp-kanR(pAM94)].  To test whether the engineered E. coli strains could take up ATP, the strains were incubated with radioactive ATP (noted as [γ-35S]ATP; panel A; uptake).  To measure whether the engineered strains could release ATP, the radioactivity-loaded cells were then incubated with ADP, AMP, or potassium phosphate and the radioactivity retained in  the cells  was quantified (panel A).  To confirm whether the differences in retained radioactivity were in fact due to ATP release, they also measured released ATP for the E. coli ΔthiC::gfp-kanR(pAM94) strain with and without arabinose (the inducer of translocase expression), as well as with and without ADP (panel B).
 [image: Two bar graphs showing ATP intake/efflux. In A, ATP uptake is notable higher in E coli with the pam94 plasmid. B shows notable ATP concentration in pam94 with ADP and arabinose.]Figure 2. “Release of ATP by E. coli cells encoding ADP/ATP translocase. (A) Cellular [γ-35S]ATP uptake/release by E. coli cells expressing the UWE25 ADP/ATP translocase (pAM94 plasmid) in the presence of 1 mM arabinose. Cellular [γ-35S]ATP was released when E. coli cells expressing the ADP/ATP translocase were challenged with extracellular ADP (10 mM), but not with phosphate (Pi) or AMP (each at 10 mM). (B) Release of ATP into the growth medium by E. coli cells expressing the UWE25 ADP/ATP translocase (pAM94 plasmid) in presence of 20 µM ADP and 1 mM arabinose. The ATP concentration in the medium was determined by luciferase assay. Data bars show a mean of three technical replicates; error bars represent SE of the mean.” (Mehta et al. 2018, no changes). 
 
 7.1.2. Questions
 	Which E. coli strain has the plasmid that encodes the ATP translocase gene and what induces translocase expression? 	ΔthiC::gfp-kanR; ATP
 	ΔthiC::gfp-kanR(pAM94); arabinose
 	ΔthiC::gfp-kanR; arabinose
 	ΔthiC::gfp-kanR(pAM94); ATP
 
 
 	What ability did the E. coli gain following transformation with the pAM94 plasmid when grown in the appropriate inducing medium?
 	Metabolize AMP using organic phosphate
 	Produce ATP via cellular respiration
 	Grow on arabinose containing medium
 	Transport ATP in and out of the cell
 
 
 	What is the dependent variable of the assay shown in panel B?
 	The ability to ferment arabinose
 	The amount of ATP taken up
 	The amount of ATP released
 	The level of resistance to kanamycin
 
 
 	Which results show whether ATP uptake is dependent on the ATP translocase? 	Panel A, first pair of bars (ATP uptake) –  without the pAM94 plasmid, the uptake is very small (blue bar), but with it, the uptake is high (red bar).
 	Panel B, first and second bars–without the pAM94 plasmid, the uptake is very small (second bar), but with it, the uptake is high (first bar).
 	Panel A, the first, 4th, and 5th pairs of bars–without the pAM94 plasmid, the uptake is very small (blue bar), but with it, the uptake is high (red bar).
 	Panel B, first and 3rd bars–without the arabinose, the uptake is very small (the third bar), but with it, the uptake is high (the first bar).
 
 
 	Which incubation environment (shown in panel B) led to the greatest release of ATP from E. coli ΔthiC::gfp-kanR (pAM94)? 
 	[γ-35S]ATP (+ or–arabinose)
 	ADP + arabinose
 	AMP–arabinose
 	Pi + arabinose
 
 
 	In the context of the larger project, why was it important that the E. coli have the ability to translocate ATP?
 	To provide the E. coli cells with energy to produce the thiamin
 	To allow the E. coli cells to grow on a nonfermentable medium
 	To allow them to provide ATP to mitochondrial deficient yeast cells
 	To reduce the ADP concentration in the extracellular space
 
 
 
 
 
 7.2. Second Figure Reading Exercise
 7.2.1. Learning Objectives
 Students will be able to:
 	Identify key features of the individual and/ or chimeric  organisms.
 	Explain the reasoning behind the observed growth results for non-chimera yeast growth.
 	Evaluate the correlation of E. coli and yeast genome numbers and explain its significance.
 	Evaluate the researchers’ evidence and identify evidence of success.
 	Assess how the media choice compares to the evolutionary pressures that led to endosymbiosis.
 
 
 Experimental Background (Mehta et al., Figure 3)
 According to endosymbiotic theory, mitochondria were once free-living prokaryotes that entered into and remained inside a host cell as endosymbionts. Mehta et al. (2018) were interested in the early stages of mitochondrial evolution that aided this event. To model this evolutionary process, they decided to build  a comparable system.  For the host, they used a yeast lacking mitochondrial ATP synthesis (NB97).  These yeast are unable to grow on a non-fermentable carbon source, such as glycerol medium.  For the endosymbiont they engineered Escherichia coli to produce and export ATP.  They first found that the E. coli were unable to be maintained in the yeast.  To understand why this was not working as expected they dug into the literature for intracellular pathogens.  They located evidence that pathogenic bacteria use SNARE-like proteins to avoid degradation in the lysosomes, so they also added genes encoding three different SNARE-like proteins from Chlamydia to produce three new E. coli strains.  To enable the endosymbiotic relationship between the bacteria and yeast, the bacteria were also engineered to be auxotrophic for thiamin and/or NAD, which could be supplied by the yeast host.  One E. coli strain  is unable to produce its own thiamin [strain ID ΔthiC], a second E. coli strain is unable to produce its own NAD  [strain ID is ΔnadA]; and the final E. coli strain is unable to produce its own thiamin and NAD [strain ID is ΔthiCΔnadA].  Now, they believed they had a yeast dependent on E. coli for its ATP and an E. coli dependent on the yeast host for thiamin and/or NAD, so they performed the experiments to test this.  To test the persistence of the E. coli-yeast endosymbiosis, they grew the yeast with no E. coli as well as each chimera on glycerol medium, replating the plain yeast and chimeras four times (rounds 2-4 are shown in panel A).  Additionally, they used quantitative PCR to quantify the relative abundance of the E. coli and yeast genomes  in the chimera of NB97 and E. coli ΔthiC  (below left-most panel A).  To compare colony survival, they plated  equal cell numbers of the chimera of NB97 and E. coli ΔnadA on rich medium (YPD) and selective glycerol medium with carbenicillin, which together eliminates non-endosymbiont yeast and bacteria (panel B). Finally, to investigate whether both genomes were present in the putative chimeras, they isolated DNA from 10 random chimera colonies and used polymerase chain reaction (PCR) with agarose gel electrophoresis to detect bacterial-derived gfp and yeast-derived MatA DNA fragments (panel C).
 [image: Three rounds of growth assays (A), a growth culture (B), and western blot for yeast-bacteria chimera (C).]Figure 3. “S. cerevisiae–E. coli chimeras have a partially rescued respiration-competent phenotype. (A) Growth of S. cerevisiae cox2-60–E. coli chimeras on medium containing glycerol as the sole carbon source, selection medium III. No growth was observed for parent cox2-60 yeast lacking intracellular E. coli (control). Three different chimera colonies growing during successive rounds of plating are shown for each S. cerevisiae–E. coli chimera. Number of E. coli genomes per one yeast genome was determined by qPCR for E. coli ΔthiC chimeras from the fourth round of growth. (B) A single cell suspension of S. cerevisiae cox2-60–E. coli nadA chimera culture formed a comparable number of colonies on nonselective (YPD) and selective medium (selection medium II) plates. (C) Total DNAs isolated from colonies grown on selection medium II in B contain E. coli-encoded gfp gene. Ten random colonies (labeled 1–10) were PCR amplified for presence of gfp and MATa genes.” Source: https://www.pnas.org/doi/full/10.1073/pnas.1813143115 
 
 7.2.2. Questions
 	Which strain(s) of E. coli is/are auxotrophic? 	E. coli–ΔthiC
 	E. coli- ΔnadA
 	E. coli- ΔthiCΔnadA
 	all of the above
 
 
 	Why were yeast that did not have an E. coli strain unable to replicate? 	They lacked the ability to produce ATP to meet their energy needs
 	The E. coli inside them acted as pathogens and killed the yeast cells
 	The medium they were inoculated onto contained fungicidal compounds.
 	Trick question. The control yeast did replicate on the glycerol medium.
 
 
 	What does the number of E. coli genomes per yeast genome at the end of re-plating round 4 indicate?
 	More E. coli cells were initially transferred into the yeast cell than survived.
 	The E. coli were able to replicate independently in the cytoplasm of yeast.
 	E. coli are being degraded by host cell lysosomes, releasing their DNA.
 	The E. coli infected the yeast and became intracellular pathogens.
 
 
 	Which results show the researchers successfully mimicked endosymbiosis? (Check all that apply) 	The presence of gfp and MatA DNA in the same DNA sample.
 	The growth of colonies on selective glycerol medium with carbenicillin.
 	The ratio of E. coli and yeast genomes determined by qPCR in strain 2.
 	The growth of colonies on rich medium (YPD) medium for NB97 –E. coli- ΔnadA.
 
 
 	How did the media used in this experiment simulate evolutionary pressures that led to the development of mitochondria in eukaryotic cells?
 	The media induced mutations in the yeast and bacteria cells, leading to independent co-evolutionary changes for each.
 	It created an environment that is dangerous to the bacteria cells, forcing them to rely on the yeast cells for protection
 	It created a more strict environment (non-fermantative) that forced resource dependency between the yeast and intracellular bacteria cells
 	It allowed the yeast and bacteria cells to function independently of one another, but survive due to a symbiotic relationship.
 
 
 
 
 8. Paper Information and Licensing
 8.1. Snippet paper
 	Rascovan N, Sjögren KG, Kristiansen K, Nielsen R, Willerslev E, Desnues C, Rasmussen S. 2018. Emergence and Spread of Basal Lineages of Yersinia pestis during the Neolithic Decline. Cell. 176(1), 295-305. https://doi.org/10.1016/j.cell.2018.11.005
 	This article is not licensed for Creative Commons use; see the article on the journal’s website.
 
 8.2. Main paper
 	Mehta AP, Supekova L, Chen JH, Pestonjamasp K, Webster P, Ko Y, Henderson SC, McDermott G, Supek F, Schultz PG. 2018. Engineering yeast endosymbionts as a step toward the evolution of mitochondria. PNAS. 115(46), 11796-11801. https://doi.org/10.1073/pnas.1813143115
 	This article is licensed for Creative Commons using CC-BY-NC, under the standard PNAS license for non-commercial, educational purposes. See the article’s copyright information for more information.
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 1. Paper Abstracts
 1.1. Snippet paper; discussion starts at 3:48 minutes
 The Most Interesting Things (according to students)
 	Biofilm formation and dispersal are highly regulated by small molecules that disperse in the environment, and transport of these signal molecules into the cell helps regulate the process as well.
 	Norspermidine promotes biofilm formation while spermidine represses biofilm formation, and these molecules only differ by a methylene group.
 
 
 “The global pathogen Vibrio cholerae undergoes cycles of biofilm formation and dispersal in the environment and the human host. Little is understood about biofilm dispersal. Here, we show that MbaA, a periplasmic polyamine sensor, and PotD1, a polyamine importer, regulate V. cholerae biofilm dispersal. Spermidine, a commonly produced polyamine, drives V. cholerae dispersal, whereas norspermidine, an uncommon polyamine produced by vibrios, inhibits dispersal. Spermidine and norspermidine differ by one methylene group. Both polyamines control dispersal via MbaA detection in the periplasm and subsequent signal relay. Our results suggest that dispersal fails in the absence of PotD1 because endogenously produced norspermidine is not reimported, periplasmic norspermidine accumulates, and it stimulates MbaA signaling. These results suggest that V. cholerae uses MbaA to monitor environmental polyamines, blends of which potentially provide information about numbers of ‘self’ and ‘other’. This information is used to dictate whether or not to disperse from biofilms.” (Bridges and Bassler 2021)
 1.2. Main paper; discussion starts at 32:47 minutes
 The Most Interesting Things (according to students)
 	Viral infections result in changes in the bacterial composition of the microbiome, and these changes are similar to those seen in mice that have had food withheld.
 	Lack of appetite during a viral infection is actually a result of the immune system – both TNF-alpha and CD8+ cells are implicated in this response.
 
 
 “Respiratory viral infections are extremely common, but their impacts on the composition and function of the gut microbiota are poorly understood. We previously observed a significant change in the gut microbiota after viral lung infection. Here, we show that weight loss during respiratory syncytial virus (RSV) or influenza virus infection was due to decreased food consumption, and that the fasting of mice altered gut microbiota composition independently of infection. While the acute phase tumor necrosis factor alpha (TNF-α) response drove early weight loss and inappetence during RSV infection, this was not sufficient to induce changes in the gut microbiota. However, the depletion of CD8+ cells increased food intake and prevented weight loss, resulting in a reversal of the gut microbiota changes normally observed during RSV infection. Viral infection also led to changes in the fecal gut metabolome, with a significant shift in lipid metabolism. Sphingolipids, polyunsaturated fatty acids (PUFAs), and the short-chain fatty acid (SCFA) valerate were all increased in abundance in the fecal metabolome following RSV infection. Whether this and the impact of infection-induced anorexia on the gut microbiota are part of a protective anti-inflammatory response during respiratory viral infections remains to be determined.” (Groves et al. 2020)
 2. Vision and Change Core Concepts and 2024 ASM Fundamental Statements
 	 	Snippet 	Main 
  	Vision and Change Topics 		Metabolic Pathways (V&C_MP)
 	Microbial Ecology (V&C_ME)
 
 
  		Microbial Ecology (V&C_ME)
 
  
 	ASM Fundamental Statements 		Fundamental Statement 7 (ASM_7): . Microbes have evolved structures adapted for specific functions that are often associated with a fitness advantage in a particular environment.
 	Fundamental Statement 13 (ASM_13):  Intrinsic factors, such as genotype, metabolism, and cell structures, impact the survival and growth of microbes.
 	Fundamental Statement 18 (ASM_18): The regulation of gene expression is influenced by external and internal molecular cues and signals.
 
  		Fundamental Statement 21 (ASM_21): Microbes and the environment interact with and affect each other.
 	Fundamental Statement 29 (ASM_29):  The extent of microbial damage can be minimized by host-derived and external factors, including the microbiome, antibiotics, and immunity.
 
  
  
 3.  Potential Learning Objectives for the Podcast
 	The student will be able to: 	Paper1 	Order2 
  		Define biofilm.
 	Order the stages of biofilm formation.
 	Recall how norspermidine and spermidine regulate biofilm formation in Vibrio cholerae.
 
  	S 	L 
 		Predict the effect of a hypothetical small molecule inhibitor on biofilm formation using the researchers’ model.
 
  	S 	H 
 		Define microbiome.
 	Recall the effects of respiratory syncytial virus infection on mouse behavior and microbiome composition.
 	Identify the biological pathways of the gut-derived metabolites that are altered in respiratory syncytial virus infection in mice.
 
  	M 	L 
 		Design an experiment to test a hypothesis generated based on these data.
 
  	M 	H 
  
 1 Papers: Snippet (S) or Main (M)
 2 Learning Objectives: Lower Order or Higher Order (H)
 4. Techniques Described (with Time Stamps)
 Here is a link to a bio-dictionary that has many, but not all definitions if you need a definition: Explore Biology Bio-Dictionary
 4.1. Snippet Paper
 	Lifecycle Microscopy (8:11): This process uses video and microscopy to show the lifecycle in a compressed time frame.  It was used to show the effects of mutating different genes on biofilm formation.
 	Classic Mutagenesis (9:40): This technique involves mutating genes in a strain, identifying those with a specific phenotype, identifying the gene that was mutated, then trying to restore function by re-introducing a wild-type gene.  Strains that failed to properly disperse were used to identify genes that are involved in the biofilm/motile behaviors.
 	Fluorescent Reporter (12:14): In this technique a fluorescent molecule is produced in response to the presence and level of a specific molecule.  The fluorescence can be visualized using microscopy or quantified using a detector.  Here, it was used to measure cytoplasmic concentrations of the cyclic-di-GMP to determine how levels of this messenger impact biofilm formation or dispersal.
 
 4.2. Main Paper
 	Mouse Model (37:38): This involves experimenting on mice as a model for human infection to further understand the potential effect of viruses on humans.
 	Gut Microbiome Composition Studies (42:13): These are methods using next-generating sequencing technologies to characterize species composition.  Here it was used to determine differences of microbial composition of mice with and without viral infection.
 	Metabolomics and Pathway Analysis (50:58): Mass spectrometry is a technique to identify and quantify molecules in a mixture and when used with proteins it can be called metabolomics.  Here it was used to identify the molecules present in the mouse gut with and without viral infection.  Pathway analysis, which is identifying the biological pathways the molecules act in using computational methods, was then used to identify which biological processes were likely affected (enriched).  Here, they found that lipid metabolism is affected.
 
 5. Connections to General Microbiology Processes/Concepts (with Time Stamps)
 5.1. Snippet Paper
 	Biofilm Formation (3:35): The non-motile stage (biofilm) of Vibrio cholerae is a carefully regulated survival strategy that is also central to disease transmission since it alternates between marine and estuarine environments.
 	Cholera (5:16–7:50): This is an acute diarrhea disease caused by Vibrio cholerae that has affected human populations in seven documented pandemics throughout history.
 	Quorum Sensing (16:69): This  molecular communication allows cells to distinguish “self” from “others” and regulate gene expression based on cell density and environmental cues.
 	Membrane Transport and Signal Transduction (18:21):  Norspermidine interacts with membrane sensors to stop c-di-GTP degradation, promoting biofilm formation. Spermidine prevents binding to the sensor, which will then promote degradation of c-di-GTP, inducing cell motility (and thus dispersal).
 
 
 
 5.2. Main Paper
 	Microbiome and Health (33:07): Microbiota can influence disease. The changes in our microbiome can also influence our immune system response. Here, the researchers study how a respiratory virus also impacts the microbiota.
 	Immune Response to a Viral Infection (43:33): Response to a virus involves production of cytokines, which then travel throughout the body. TNF alpha (tumor necrosis factor alpha) is one type which damages virus infected cells to restrict infection.
 	CD8+ T Cells (47:14): These are specialized immune cells that respond to viral infection.  Blocking their action also reduces weight loss associated with infection.
 
 
 6. Podcast Questions
 	What is a biofilm? 	The lab environment built to mimic a natural environment.
 	A complex surface-attached stable bacterial community.
 	A group of nonrelated species coexisting in an environment.
 	An environmental structure where a single species lives.
 
 
 	Order the steps in biofilm formation with 1 being first and 4 being last. 	______ growth, division, and extracellular matrix
 	______ environmental conditions are detected
 	______ cells disperse from the biofilm
 	______ a founder cell attaches to a substate
 
 
 	The snippet paper’s overall model for dispersal and biofilm formation is based on norspermidine and spermidine signals. In this model,   ______ induces biofilm formation and represses dispersal while ______ represses biofilm formation and induces dispersal. 	High norspermidine; low norspermidine
 	Presence of both; absence of both
 	Low norspermidine; high spermidine
 	High norspermidine; high spermidine
 
 
 	Based on the model of biofilm and dispersal regulation by norspermidine and spermidine, what effect would you predict if you exposed Vibrio cholerae biofilm to a small molecule inhibitor of norspermidine? 	The biofilm will remain intact due to the high cyclic-di-GMP levels.
 	The biofilm will begin dispersal due to the high cyclic-di-GMP levels.
 	The biofilm will remain intact due to the low cyclic-di-GMP levels.
 	The biofilm will begin dispersal due to the high cyclic-di-GMP levels.
 
 
 	What is a microbiome? 	A genomic comparison of all strains of a particular microbe species.
 	A small lab environment used to mimic the natural environment.
 	A complex community of microbes present in an environment.
 	A group of structurally attached species existing in an environment.
 
 
 	What effects on mouse characteristics were observed when mice were virally infected compared to non-infected or pre-infected mice? 	Appetite loss, weight loss, Firmicutes bacteria decrease
 	Appetite increase, weight gain; Firmicutes bacteria decrease
 	Appetite loss, weight loss, Bacteroidetes bacteria decrease
 	Appetite increase, weight gain; Bacteroidetes bacteria decrease
 
 
 	Gut metabolites were altered in virally infected mice compared with non-infected mice. The researchers identified the biological pathways of those with altered levels.  What were the significant biological pathways that were affected? 	Gene expression
 	Signal transduction
 	Quorum sensing
 	Lipid metabolism
 
 
 	Which experiment could be used to test whether the host response or the viral infection induces the changes to the Firmicutes and Bacteroidetes in the gut microbiome? 	Infect mice with a bacterium or with a virus and compare the gut microbiome composition.
 	Inoculate mice with a heat-killed virus or no virus; compare the gut microbiome composition.
 	Infect mice with a very different virus or no virus; compare the gut microbiome composition.
 	Inoculate mice with a mixture of Firmicutes and Bacteroidetes and test for viral immunity.
 
 
 
 
 
 
 
 
 7. Figure Reading Exercises
 The following are two figure reading exercises, both from the snippet paper (Figures 1 and 2).
 7.1. First Figure Reading Exercise
 7.1.1. Learning Objectives
 Students will be able to: 
 	Identify key features and interactions in a model schematic.
 	Predict biofilm/dispersal effects when key players in the process/model are changed.
 	Defend a strategy to control Vibrio cholerae spread.
 
 
 Experimental Background (Bridges and Bassler, Figure 1) Vibrio cholerae is the causative agent for cholera, which has resulted in seven major outbreaks in recorded history.  In the absence of treatment, which occurs often in undeveloped areas of the world, it has a 50-60% mortality rate.  Clean water, proper hygiene, and access to medical care are important factors in its control, so undeveloped world areas are particularly at risk.  Understanding how this organism regulates the change between its sessile (biofilm) and motile forms will also inform making better containment protocols.  Cells cycle between attachment to a surface, where cells are non-motile, and dispersal, where they become swimmers and leave the biofilm community to colonize elsewhere. While the processes controlling biofilm formation are well characterized, the signals triggering dispersal are not. In this study, Bridges and Bassler (2021) identified the key signals and cellular factors involved in Vibrio dispersal from biofilms.  Their model is shown in the schematic.
 [image: schematic/model]Figure 1. “Polyamine sensing in V. cholerae. Schematic showing the previously proposed polyamine detection and import mechanisms in V. cholerae. Norspermidine (Nspd, triangles) promotes biofilm formation and spermidine (Spd, circles) represses biofilm formation. The primarily eukaryotic polyamine spermine (not pictured) also signals through the NspS-MbaA pathway. See text for details. OM: outer membrane; IM: inner membrane.” (Bridges and Bassler, 2021, no changes). 
 
 7.1.2. Questions
 	What features are indicated by labels IM and OM in the model diagram, and what is the name for the space between them? 	Outer membrane; inner membrane; periplasm
 	Orthologous and internal measures; cytoplasm
 	Osmotic and ionic media components; nucleus
 	Organism and intramolecular stages; biofilm
 
 
 	The mechanism by which norspermidine and spermidine interact at the cell surface, in the periplasm and enter the cell to regulate biofilm and dispersal is displayed as a model schematic. Using this model diagram, you can deduce that PotD1 ________ . [Pick all that apply] 	Binds MbaA
 	Binds norspermidine
 	Binds spermidine
 	Binds NspS
 	Is found in the periplasm
 
 
 	A mutation that affects entry of norspermidine and spermidine into the periplasm will likely result in which of the following? 	Biofilm formation due to degradation of c-di-GMP
 	Motility induction due to degradation of c-di-GMP
 	Motility induction due to no degradation of c-di-GMP
 	Biofilm formation due to an accumulation of pGpG
 
 
 	Deletion of PotD1 results in enhanced biofilm formation.  Based on the schematic, what is the reason  this happens? 	The transport of spermidine into the cell is blocked allowing it to bind NspS and inactivate MbaA, keeping cyclic-di-GMP low.
 	The transport of norspermidine into the cell is activated allowing it to bind NspS and internalize MbaA, keeping cyclic-di-GMP low.
 	The transport of spermidine into the cell is blocked allowing it to bind NspS and inactivate MbaA, keeping cyclic-di-GMP high.
 	The transport of norspermidine into the cell is blocked allowing it to bind NspS and inactivate MbaA, keeping cyclic-di-GMP high.
 
 
 	Inhibition of MbaA might be a good strategy to control the spread of cholera infection.  Pick the statement that justifies this as a good strategy. 	Inhibition of MbaA would stop production of c-di-GMP, maintaining high intracellular levels of pGpG which kills them.
 	Inhibition of MbaA would enhance production of pGpG, maintaining low intracellular levels of c-di-GMP and thus attachment.
 	Inhibition of MbaA would stop production of pGpG, maintaining high intracellular levels of c-di-GMP and thus attachment.
 	Inhibition of MbaA would enhance production of c-di-GMP, maintaining low intracellular levels of c-di-GMP which kills them.
 
 
 
 7.2. Second Figure Reading Exercise
 7.2.1. Learning Objectives
 Students will be able to:
 	Identify key features in microscopy images, line graphs, and box plots.
 	Analyze biofilm and other related data from strains lacking different genes and draw conclusions regarding the role of the genes in cholera biofilm formation.
 	Make a recommendation for a gene to target for cholera control procedures.
 
 
 Experimental Background (Bridges and Bassler, Figure 2) Vibrio cholerae is the causative agent for cholera, which has resulted in seven major outbreaks in recorded history.  In the absence of treatment, which occurs often in undeveloped areas of the world, it has a 50-60% mortality rate.  Clean water, proper hygiene, and access to medical care are important factors in its control, so undeveloped world areas are particularly at risk.  Understanding how this organism regulates the change between its sessile (biofilm) and motile forms will also inform making better containment protocols.  Cells cycle between attachment to a surface, where cells are non-motile, and dispersal, where they become swimmers and leave the biofilm community to colonize elsewhere. While the processes controlling biofilm formation are well characterized, the signals triggering dispersal are not. In this study, Bridges and Bassler (2021) mutagenized Vibrio cholerae and identified strains that are unable to disperse. Two of the genes identified as variant in these mis-regulated strains were mbaA, which encodes an inner membrane protein, and potD1, which encodes a periplasmic protein.  To investigate confirm these genes are in fact responsible for the dispersal defect, they engineered strains that were deleted in each gene and examined a variety of dispersal metrics, including microscopy (panel A), biofilm biomass accumulation (panel B), difference in abundance of a known biofilm regulator molecule (cyclic-di-GMP) using a reporter gene (panel C), and activation of a biofilm-related operon as cellular density increased, also using a reporter gene (panel D).
 [image: microscopy, line, and box plots]Figure 2. “Polyamine signaling regulates V. cholerae biofilm dispersal. (A) Representative images of the designated V. cholerae strains at 16 hr. (B) Quantitation of biofilm biomass over time measured by time-lapse microscopy for WT V. cholerae and the designated mutants. In all cases, N = 3 biological and N = 3 technical replicates, ± SD (shaded). a.u.: arbitrary unit. (C) Relative c-di-GMP reporter signals for the indicated strains. Values are expressed as the percentage difference relative to the WT strain. N = 4 biological replicates. Each black bar shows the sample mean. Unpaired t-tests were performed for statistical analysis, with p values denoted as *p<0.05; ***p<0.001. (D) The corresponding PvpsL-lux outputs for the strains and growth conditions in (B). For vpsL-lux measurements, N = 3 biological replicates, ± SD (shaded). RLU: relative light units.” (Bridges and Bassler 2021, no changes) 
 
 7.2.2. Questions
 	The Vibrio cells are different in the three microscopy images in panel A.  What makes them different? 	They are mutant in different genes in biofilm formation.
 	They are different Vibrio species that all cause cholera.
 	They have been treated with three different antibiotics.
 	They are strains isolated from different environments.
 
 
 	Match the strain to the symbol used to denote its data for panels B and D.
 
 	Strain 	Symbols 
  	a. _____ ΔmbaA 	1.Blue circle 
 	b. _____ ΔpotD1 	2. Black circle 
 	c. _____WT 	3. Blue square 
  
 
 	Biofilm biomass was quantified for each strain (panel B). Which strain shows the greatest difference compared to wild-type?  What is the difference? 	mbaA deletion; forms more extensive and lasting biofilms
 	mbaA deletion; forms loose biofilms that disperse quickly
 	potD1 deletion; forms loose biofilms that disperse quickly
 	potD1 deletion; forms more extensive and lasting biofilms
 
 
 	The intracellular level of the biofilm regulator molecule cyclic-di-GMP was quantified in each strain using a reporter signal (panel C).  Wild-type is motile and not biofilm-forming under these growth conditions.  Which strain(s) has/have a significant defect in regulation of biofilm formation based on these data?  What is your evidence? [pick all that apply] 	potD1 deletion; the internal concentration of c-di-GMP is significantly lower than wild-type
 	mbaA deletion; the internal concentration of c-di-GMP is significantly lower than wild-type
 	potD1 deletion; the internal concentration of c-di-GMP is significantly higher than wild-type
 	mbaA deletion; the internal concentration of c-di-GMP is significantly higher than wild-type
 
 
 	The activation of the biofilm-regulating operon that includes the gene vpsL was quantified in each strain using a reporter signal (panel D).  Which strain(s) has/have a significant defect in gene expression of the representative of biofilm operon based on these data?  What is your evidence? [pick all that apply] 	mbaA deletion; expression of the vpsL reporter is significantly lower than wild-type
 	potD1 deletion; expression of the vpsL reporter is significantly higher than wild-type
 	mbaA deletion; expression of the vpsL reporter is significantly higher than wild-type
 	potD1 deletion; expression of the vpsL reporter is significantly lower than wild-type
 
 
 	Inhibition of one of these genes/proteins might be a good strategy to control cholera infection.  Which gene? What is your reasoning? 	potD1; the strain that lacks this gene forms more extensive biofilms making spread less likely.
 	mbaA; the strain that lacks this gene forms looser biofilms making treatment more likely.
 	potD1; the strain that lacks this gene forms looser biofilms making treatment more likely.
 	mbaA; the strain that lacks this gene forms more extensive biofilms making spread less likely.
 
 
 
 
 8. Paper Information and Licensing
 8.1. Snippet paper
 	Bridges AA, Bassler BL. 2021. Inverse regulation of Vibrio cholerae biofilm dispersal by polyamine signals. Elife. 10:e65487. https://elifesciences.org/articles/65487
 	This article is licensed for Creative Commons use using CC BY 4.0, which allows re-use and adaptation with proper attribution and notation of any changes. See https://elifesciences.org/articles/65487#copyright
 
 8.2. Main paper
 	Groves HT, Higham SL, Moffatt MF, Cox MJ, Tregoning JS. 2020. Respiratory Viral Infection Alters the Gut Microbiota by Inducing Inappetence. mBio. 11(1):e03236-19. https://journals.asm.org/doi/epub/10.1128/mbio.03236-19
 	This article is licensed for Creative Commons use using CC BY 4.0, which allows re-use and adaptation with proper attribution and notation of any changes. See https://journals.asm.org/doi/10.1128/mbio.03236-19
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 1. Paper Abstracts
 1.1. Snippet paper; discussion starts at 3:38 minutes
 The Most Interesting Things (according to students)
 	Bacterial phages may have evolved to code for their own tRNA as a way to improve fitness against the host’s defenses.
 
 
 “Transfer RNAs (tRNAs) in bacteriophage genomes are widespread across bacterial host genera, but their exact function has remained unclear for more than 50 years. Several hypotheses have been proposed, and the most widely accepted one is codon compensation, which suggests that phages encode tRNAs that supplement codons that are less frequently used by the host. Here, we combine several observations and propose a new hypothesis that phage-encoded tRNAs counteract the tRNA-depleting strategies of the host using enzymes such as VapC, PrrC, Colicin D, and Colicin E5 to defend from viral infection. Based on mutational patterns of anticodon loops of tRNAs encoded by phages, we predict that these tRNAs are insensitive to host tRNAses. For phage-encoded tRNAs targeted in the anticodon itself, we observe that phages typically avoid encoding these tRNAs, further supporting the hypothesis that phage tRNAs are selected to be insensitive to host anticodon nucleases. Altogether, our results support the hypothesis that phage-encoded tRNAs have evolved to be insensitive to host anticodon nucleases.” (van den Berg et al. 2023)
 1.2. Main paper; discussion starts at 26:35 minutes
 The Most Interesting Things (according to students)
 	Products derived from unculturable gram negative bacteria can have antimicrobial effects against gram positive bacteria.
 
 
 “Antimicrobial resistance is a leading mortality factor worldwide. Here we report the discovery of clovibactin, a new antibiotic, isolated from uncultured soil bacteria. Clovibactin efficiently kills drug-resistant bacterial pathogens without detectable resistance. Using biochemical assays, solid-state NMR, and atomic force microscopy, we dissect its mode of action. Clovibactin blocks cell wall synthesis by targeting pyrophosphate of multiple essential peptidoglycan precursors (C55PP, Lipid II, LipidWTA). Clovibactin uses an unusual hydrophobic interface to tightly wrap around pyrophosphate, but bypasses the variable structural elements of precursors, accounting for the lack of resistance. Selective and efficient target binding is achieved by the irreversible sequestration of precursors into supramolecular fibrils that only form on bacterial membranes that contain lipid-anchored pyrophosphate groups. Uncultured bacteria offer a rich reservoir of antibiotics with new mechanisms of action that could replenish the antimicrobial discovery pipeline.” (Shukla et al. 2023).
 2. Vision and Change Core Concepts and 2024 ASM Fundamental Statements
 	
 	Snippet 	Main 
  	Vision and Change Topics 		Structure and function (V&C_SF)
 
  		Metabolic pathways (V&C_MP)
 
  
 	ASM Fundamental Statements 		Fundamental Statement 5 (ASM_5): Phylogenetic trees best reflect the evolutionary relatedness of all organisms although microbial lineages may be difficult to define due to horizontal gene transfer or lack of conserved genes
 	Fundamental Statement 7 (ASM_7): Microbes have evolved structures adapted for specific functions that are often associated with a fitness advantage in a particular environment.
 
  		Fundamental Statement 15 (ASM_15): Most microbial life is currently unculturable and therefore both cultivation-dependent and cultivation-independent techniques are used to identify microbial populations and their potential metabolic pathways.
 	Fundamental Statement 29 (ASM_29): The extent of microbial damage can be minimized by host-derived and external factors, including the microbiome, antibiotics, and immunity.
 
  
  
 
 3.  Potential Learning Objectives for the Podcast
 	The student will be able to: 	Paper1 	Order2 
  		Define bacteriophage.
 	Recall the target of bacterial nucleases.
 
  	S
  	L
  
 		Propose ways phage might evolve resistance to bacterial nucleases.
 
  	S
  	H
  
 		Based on mechanism of action, predict clovibactin effectiveness.
 
  	M
  	L
  
 		Identify the mode of action of newly discovered antibiotic, clovibactin.
 	Recall the advantage of culturing bacteria using the iChip technology.
 
  	M
  	H
  
  
 
 1 Papers: Snippet (S) or Main (M)
 2Learning Objectives: Lower Order (L) or Higher Order (H)
 4. Techniques Described (with Time Stamps)
 Here is a link to a bio-dictionary that has many, but not all definitions if you need a definition: Explore Biology Bio-Dictionary
 4.1. Snippet Paper
 	SEA-PHAGE Database (8:02–11:32): SEA-PHAGES (Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science) is an undergraduate community phage project to identify bacteriophages from the environment.  The database for this project can be used  by anyone.  Here, the researchers used it to identify tRNAs in viral genomes and tRNA nucleases in genomes of Mycobacterium smegmatis.
 
 4.2. Main Paper
 	Isolation Chip (iChip) (30:32–32:19; 36:31–38:35): This is method for culturing single environmental cells in miniature chambers.  Here, the researchers used it to cultivate bacteria from soil derived samples.
 	Minimum Inhibitory Concentration Assay (38:24–39:13): This is a method for screening antimicrobials for the least concentration that is effective.  This determines the MIC.
 	Whole Genome Sequencing (40:17): This is a method for determining the base sequence for an entire genome.  Here, the researchers used it to screen for  certain genetic sequences such as operons.
 	High Performance Liquid Chromatography (HPLC) (41:05–41:37): HPLC is a chemical method to separate, quantify, and identify components of a mixture.  Here, it was used to separate fermentative byproducts of Eleftheria terrae to identify antimicrobials.
 	Live/Dead Staining (48:55–49:42): This is a microscopy method for characterizing cell membrane integrity using stains.  The researchers used it to determine which cells were alive.
 	Murine Model of Infection (51:21–52:58): Mouse models are often used to mimic infection in humans.  Here, mice were infected with Staphylococcus aureus to test the effectiveness of the antibiotic clovibactin.
 	Resistance Assay (53:35–54:32): This is a method for determining which genes are involved in antimicrobial resistance using genomic analysis of sensitive parent strains and resistant strains.
 	Radiolabeling of Metabolic Precursors (55:11–56:16): This is a method where precursor molecules are labeled and followed while metabolism occurs. Here it was used to identify clovibactin targets in biosynthetic pathways.
 
 5. Connections to General Microbiology Processes/Concepts (with Time Stamps)
 5.1. Snippet Paper
 	tRNA (4:34 — 6:55; 7:37–8:01):  In protein synthesis, transfer RNA (tRNA) complements anti-codons with codons on mRNA.  The podcasters discuss theories about why phages might code for their own set of tRNAs, such as that this characteristic can increase the phages’ resistance to host anticodon nucleases
 	Anticodon Nucleases (6:50–7:35):  Anticodon nucleases target sites in tRNA for cleavage
 	Mycobacterium smegmatis (8:46–9:09; 11:13–11:22): This is a gram-positive bacteria that can be infected by phages.
 	Phage Therapy (9:56–10:18): Bacterial phages can be used to target specific bacteria in certain infections.
 	Enterobacteriaceae (14:36–15:00): These are a family of gram negative bacteria present in the intestinal tract.
 
 5.2. Main Paper
 	Streptomycin (28:01–28:13, 35:59–36:08):  This is an antibiotic used against mycobacterium that can cause tuberculosis
 	Natural Products Scaffold (29:30–30:32):  This is used to predict how certain molecules might impact growth of cells
 	Great Plate Anomaly (30:57–31:18):  There is a known difficulty of replicating conditions necessary to extract bacterial colonies in the lab
 	Teixobactin (34:22–35:11): The mechanism of this antibiotic involves inhibiting the synthesis of the cell wall
 	Lassomycin (35:22–35:59):  This antibiotic targets an inhibitor of a universal export protein complex in mycobacteria
 	Kalimantacin (39:53–40:59): This antibiotic was isolated from E. terrae 
 	Clovibactin (41:27–42:10; 42:57–44:15): A depsipeptide antibiotic isolated from E. terrae using HPLC. Clovibactin has antimicrobial effects against gram positive bacteria such as MRSA.
 	Biosynthetic Gene Clusters (42:12–42:43):  This is the idea that operons encode multiple genes that work together to produce complex molecules in specific metabolic pathways
 	Bactericidal (44:28–45:20): This is the ability of an antimicrobial, such as clovibactin, to induce killing of cells
 	Lipid II (50:23–51:21): Lipid II plays a role in cell wall synthesis
 	Peptidoglycan (55:5–56:45): Targets of clovibactin include molecules important for peptidoglycan synthesis.
 	Pyrophosphate (57:45–1:01:50): This is a moiety on many precursors that gram positive bacteria use in cell wall synthesis; it is a target of clovibactin.
 
 6. Podcast Questions
 	What are bacteriophages? 	Bacteria that are resistant to antibiotics.
 	Viruses that infect fungal or human cells.
 	Viruses that can infect bacteria only.
 	Bacteria that are resistant to virus infection.
 
 
 	What is the target of the bacterial nucleases described in the podcast? 	phage-encoded mRNA
 	phage-encoded tRNA
 	bacterial-encoded tRNA
 	bacterial-encoded rRNA
 
 
 	Which of the following would provide a selective advantage for phage that infect bacteria with anticodon nucleases? 	Bacteria could evolve anticodon nucleases that degrade the viral genomic DNA.
 	Viruses could produce small anticodon RNA decoys to overwhelm the nucleases.
 	Bacterial could evolve a higher G-C content to counteract the viral DNA replication.
 	Viral tRNAs with mutations in their anticodons would be able to escape degradation.
 
 
 	The newly discovered antibiotic clovibactin works by _______ . 	Inhibiting the enzyme used in cell wall synthesis.
 	Lysing the cell membrane to make cells leak.
 	Binding and sequestering cell wall precursors.
 	Inhibiting the replication of bacterial DNA.
 
 
 	What is the main advantage of the iChip method described in the podcast? 	Allows isolation of “difficult to culture” soil bacteria.
 	Increases the sample size for colony counts agar plates.
 	Decreases airborne contamination found in laboratories.
 	Decreases the cost of culturing anaerobic halophiles.
 
 
 	Knowing the mechanism of action for clovibactin, what effectiveness level would you predict against gram negative bacteria?  What is your reasoning? 	High effectiveness; all bacteria replicate their DNA.
 	Moderate effectiveness; some bacteria host phages.
 	Low effectiveness; cell walls vary by bacterial type.
 	We can’t tell from these data.
 
 
 
 7. Figure Reading Exercises
 The following are two figure reading exercises, one from the snippet paper (Figure 1) and one from the main paper (Figure 3a-e).
 7.1. First Figure Reading Exercise
 7.1.1. Learning Objectives
 Students will be able to:
 	Identify important features in schematics and diagrams.
 	Interpret the patterns of anticodon loop mutations in phage tRNAs and draw conclusions based on these patterns.
 	Hypothesize evolutionary mechanisms that produced the observed tRNA genomic distribution.
 	Interpret the model to draw conclusions about the advantages of phage having phage-encoded tRNAs.
 
 
 Experimental Background (van den Berg et al., Figure 1A-D) Bacteriophages are viruses that infect bacteria, have extremely reduced genome sizes, and maintain few viral genes.  Despite this reduced genome size and gene number, many phages encode their own transfer RNAs (tRNAs) rather than depending on their host’s tRNAs.  This has puzzled researchers for many years, so these researchers approached this puzzle by first identifying the location of tRNA genes within the genomic structure of a C1 mycobacteriophage (panel A).  Having done that, they next investigated the abundance of the many types of tRNAs in the C1 mycobacteriophage phage cluster (panel B).  To determine how the phage and host tRNAs differed, and whether there might be a clue to why phage retained their own tRNAs, they next identified differences in phage tRNA anticodons compared to bacterial tRNA anticodons (panel C).   Additionally, the researchers highlight cleavage sites for known bacterial anticodon nucleases. The authors present a model of infection that visualizes how host and phage tRNAs may be affected differently during infection (panel D).
 [image: 3-part graphic, described in detail in the caption.]Figure 1. “Phage transfer RNAs (tRNAs) are predicted to be anticodon nuclease resistant.(A) The genomic context of the tRNA clusters containing 36 tRNAs present in C1 mycobacteriophage Rizal (Russell and Hatfull, 2017). (B) Prevalence of individual phage-encoded tRNAs in the C1 mycobacteriophage cluster, composed of 161 phages. (C) Mutations in the anticodon loop of phage tRNAs in comparison to host tRNAs, located in the cleavage site of anticodon nucleases. (D) Proposed mechanism of action of phage tRNAs. During phage infection,  tRNAses are activated and deplete the host tRNA pool via tRNA cleavage to prevent phage propagation. Phage tRNAs are insensitive to cleavage, allowing the phage to propagate.” (van den Berg et al. 2023, no changes).  
 
 
 7.1.2. Questions
 	 The C1 mycobacteriophage genome regions that encode tRNAs are diagrammed in panel A.  How many of the tRNAs are targeted by anticodon nucleases and how many are not? 	9; 26
 	15; 10
 	18; 17
 	0; 35
 
 
 	Gene clusters are formed from multiple genes located close together that have related functions and/or evolved by gene duplication.  What conclusions can you draw from the  diagram of C1 mycobacteriophage genome regions where the phage tRNAs are located (panel A)? 	There is no clustering of phage tRNAs, so it is unlikely they evolved by gene duplication.
 	Most clusters have both targeted and untargeted tRNAs, so they likely evolved independently.
 	The tRNAs targeted by anticodon nucleases are clustered, so they resulted from gene duplication.
 	All phage tRNAs can be targeted by anticodon nucleases, so they evolved by gene duplication.
 
 
 	The frequency of phage-encoded tRNAs per codon is shown in panel B.  What conclusions can you draw from these data? 	Most phage encode all of their own tRNAs so they do not rely at all on host tRNAs.
 	Most bacteria that are infected with phage utilize many of the phage tRNAs.
 	Most phage encode tRNAs that are distinct and unique from bacterial tRNAs.
 	Most phage use the host tRNAs for Ser and Ile or do not use those amino acids.
 
 
 	In the study, the researchers find that Mycobacterium phages encode around 30-33 tRNAs on average. Anticodon sequences for ten of the tRNAs that are targeted by anticodon nucleases are shown in panel C.   What notation is used for bases that are mutant in the phage tRNA when compared to the bacterial-encoded tRNA? 	red triangles
 	red circles
 	blue circles
 	blue highlight
 
 
 	What relationship do you see between the “mutant” bases of phage tRNA and the bases of the anticodon nuclease cleavage and/or recognition sites? What might this indicate? 	The mutations are found in regions know to be flexible; therefore, the mutations do not affect translation.
 	The mutations are found only in the stem portion of the stem-loop; the mutations have no substantial effect.
 	The mutations are often found in the cleavage or recognition site; the mutations reduce tRNA degradation.
 	The mutations are often located in the anticodon bases of the loop; the mutations affect phage translation.
 
 
 	According to this figure, and in particular panel D, what is the advantage for phages to encode their own tRNAs? 	There is no advantage to either since host anticodon nucleases do not target phage tRNA.
 	To speed up phage translation and thus also speed up the replication of the phage life cycle.
 	The host uses different codons, so the phage needs to supply their own phage-specific tRNAs
 	All tRNAs are potential nuclease targets; mutations help phage to avoid nuclease recognition.
 
 
 
 
 
 7.2. Second Figure Reading Exercise
 7.2.1. Learning Objectives
 Students will be able to:
 	Identify the dependent and independent variables, as well as experimental controls.
 	Analyze the data to conclude which metabolic pathways are targeted by clovibactin.
 	Describe phenotypic changes in B. subtilis morphology upon clovibactin treatment.
 	Predict the experiment results given alternate mechanisms of action.
 
 
 Experimental Background (Shukla et al., Figure 3A-E) Resistance to current antimicrobials is a major concern because it is responsible for many deaths worldwide.  One path to resolving this problem is the discovery of new antibiotics. Shukla et al. (2023) used a new technology called iChip to culture soil microbes and discovered one that produced a novel antimicrobial they named clovibactin.   To first investigate the mechanism of action for their new antibiotic, the researchers traced radioactively labeled metabolic precursors in S. aureus treated with the new drug clovibactin or with antibiotics that inhibit specific metabolic processes, including DNA synthesis (ciproflaxin), RNA synthesis (rifampicin), peptidoglycan synthesis (vancomycin), and protein synthesis (erythromycin) (panel A).  To confirm their metabolic tracking results, they next used a reporter assay where lacZ expression was controlled by a promoter of a gene that is known to be involved in each metabolic process (panel B).  In this reporter system, the B-galactosidase (lacZ) product would be produced in the engineered bacteria if the antibiotic affects transcription of genes in that pathway.  B-galactosidase can cleave X-gal and produce a blue precipitate. Based on their results, the next step the researchers took was to compare the physical appearance of B. subtilis bacteria treated with clovibactin and other antibiotics (panel C).
 Panel D was generated from Plial-lux induction. Plial is a promoter that responds to antibiotics, particularly those that interfere with the membrane-anchored steps of cell wall biosynthesis and cellular distress. The lux gene encodes for luciferase, an enzyme that catalyzes the reaction of luciferin the presence of oxygen and light; it produces bioluminescence.  Panel E utilized NMR spectroscopy to measure the absorbance levels of bioluminescent products in the cytoplasm. Panel F utilized biosynthesis assays to measure purified enzymes and substrates in cells exposed to clovibactin. Panel G used microtiter plates to track growth of S. aureus after reintroducing purified lipid intermediates to challenge the effects of clovibactin in the cells.
  
 [image: 6-part figure with bar charts and graphs of outcomes of experiment.]Figure 3. “Clovibactin targets cell wall biosynthesis. (A) Effect of clovibactin on macromolecular biosyntheses in S. aureus. Incorporation of 3H-thymidine (DNA), 3H-uridine (RNA), 3H-leucine (protein), and 3H-glucosamine (peptidoglycan) was determined in cells treated with clovibactin at 2xMIC (grey bars). Ciprofloxacin (8xMIC), rifampicin (4xMIC), vancomycin (2xMIC) and erythromycin (2xMIC) were used as positive controls (white bars). Data are averages of two independent experiments. (B) B. subtilis bioreporter strains with selected promotor-lacZ fusions were used to identify interference with major biosynthesis pathways. β-galactosidase (lacZ) is fused to promotors PypuA (cell wall), PyorB (DNA), PyvgS (RNA), and Pyhel (protein) and induction of a specific stress response is visualized by a blue halo at the edge of the inhibition zone. Antibiotics vancomycin, ciprofloxacin, rifampicin, and clindamycin were used as positive controls. (C) Clovibactin treatment results in cell-shape deformations and characteristic blebbing as observed by phase-contrast microscopy of B. subtilis. Cell wall active antibiotics teixobactin, hypeptin, vancomycin and protein synthesis inhibitor clindamycin were used as controls. Scale bar = 2 µm. (D) Clovibactin (1xMIC, blue) strongly induced Plial as observed by expression of the lux operon in B. subtilis PliaI–lux. Teixobactin, hypeptin, vancomycin and clindamycin were used as control antibiotics. (E) Intracellular accumulation of the soluble cell wall precursor UDP-MurNAc-pentapeptide after treatment of S. aureus with different concentrations of clovibactin. Untreated and VAN-treated (5xMIC) cells were used as controls. Experiments are representatives of 3 independent experiments. (F) Clovibactin inhibits membrane-associated steps of PGN and WTA synthesis in vitro. The antibiotic was added in molar ratios from 0.5 to 4 with respect to the amount of the lipid substrate C55P, C55PP, lipid II, or lipid IIIWTA used in the individual test systems. Reaction product synthesized in the absence of antibiotic was taken as 100%. Mean values from three independent experiments are shown. Error bars represent standard deviation. (G) Antagonization of the antimicrobial activity of clovibactin by cell wall precursors. S. aureus was incubated with clovibactin (8×MIC) in nutrient broth in microtiter plates, and growth was measured after a 24 h incubation at 37 °C. Putative HPLC-purified antagonists (undecaprenyl-pyrophosphate [C55PP], lipid I, lipid II, and lipid IIIWTA) and 1,2-dioleoyl-sn-glycero-3-phospho-glycerol (DOPG) were added in at molar ratios with respect to the antibiotic. Experiments were performed with biological replicates. +antagonization;–no antagonization.” (Shukla et al. 2023, no changes). 
 
 7.2.2. Questions
 	 The scientists hypothesized that clovibactin has a mechanism of action involving DNA synthesis is tested in panel A (first two bars).  The dependent variable for this experiment is ______ and the independent variable for this experiment is _______. 	erythromycin treatment; DNA replication
 	clovibactin treatment; ciproflaxin treatment
 	specific antibiotic treatment; % incorporation
 	clovibactin treatment; DNA and RNA synthesis
 
 
 	The hypothesis that clovibactin has a mechanism of action involving protein synthesis is tested in panel A (last two bars).  The positive control for this experiment is ______ and the negative control for this experiment is _______. 	erythromycin treatment; no negative control
 	clovibactin treatment; ciproflaxin treatment
 	no positive control; erythromycin treatment
 	water treatment; antibiotic treatment
 
 
 	Which Staphylococcus aureus metabolic process(es) are primarily affected by clovibactin (panel A)? What is your evidence? [Pick all that apply] 	DNA synthesis; we see a high level of DNA synthesis precursors incorporated
 	RNA synthesis: we see a high level of RNA synthesis precursors incorporated
 	Peptidoglycan synthesis; we see low levels of the PG precursors incorporated
 	Protein synthesis: we see a high level of protein synthesis precursors incorporated
 
 
 	According to the figure legend, what is the indicator of a positive result in the bioreporter assays using B. subtilis (panel B)? 	Decrease in cell size
 	Change in cell shape
 	Increase in cell division
 	a blue halo around cells
 
 
 	Which Bacillus subtilis metabolic process(es) are primarily affected by clovibactin (panel B)? What is your evidence? [Pick all that apply] 	Cell wall synthesis; we see a blue halo when bacteria are exposed to clovibactin
 	DNA synthesis; we see a distinct tan halo when bacteria are exposed to clovibactin
 	RNA synthesis: we see a large zone of inhibition when bacteria are exposed to clovibactin
 	Protein synthesis: we see dark patch of growth when bacteria are exposed to clovibactin
 
 
 	Bacillus subtilis is a rod-shaped bacterium that was treated with different antibiotics and microscopy performed to identify structure effects caused by antibiotic exposure (panel C). Categorize each statement as true or false. 	Clindamycin treatment caused no deformities of the cell shape.
 	Clovibactin treatment caused the rod-shaped bacterium to become coccus shaped.
 	Hypeptin treatment caused no deformities of the cell shape.
 	Clovibactin treatment caused no deformities of the cell shape.
 	Teixobactin treatment caused deformities of the cell shape.
 
 
 	If clovibactin had a mechanism of action that involved degrading ribosomes, how would the results shown in panel A have been different? 	Instead of clovibactin having reduced peptidoglycan precursor incorporation, we’d have seen protein precursor incorporation reduced.
 	Instead of erythromycin having reduced protein precursor incorporation, we’d have seen protein precursor incorporation increased.
 	Instead of having reduced incorporation of precursors for the controls, the other antibiotics would show variable precursor incorporation.
 	Instead of reducing the incorporation of peptidoglycan, clovibactin treatment would increase peptidoglycan and reduce all the others.
 
 
 
 
 
 8. Paper Information and Licensing
 8.1. Snippet paper
 	van den Berg DF, van der Steen BA, Costa AR, Brouns SJJ. 2023. Phage tRNAs evade tRNA-targeting host defenses through anticodon loop mutations. Elife. 12:e85183. doi: 10.7554/eLife.85183
 	This article is distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use and redistribution provided that the original author and source are credited.  Please see the article’s copyright information.
 
 8.2. Main paper
 	Shukla R, Peoples AJ, Ludwig KC, Maity S, Derks MGN, De Benedetti S, Krueger AM, Vermeulen BJA, Harbig T, Lavore F, Kumar R, Honorato RV, Grein F, Nieselt K, Liu Y, Bonvin AMJJ, Baldus M, Kubitscheck U, Breukink E, Achorn C, Nitti A, Schwalen CJ, Spoering AL, Ling LL, Hughes D, Lelli M, Roos WH, Lewis K, Schneider T, Weingarth M. 2023. An antibiotic from an uncultured bacterium binds to an immutable target. Cell. 2023 Sep 14;186(19):4059-4073.e27. doi: 10.1016/j.cell.2023.07.038
 	This article is distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use and redistribution provided that the original author and source are credited.
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 1. Paper Abstracts
 1.1. Snippet paper; discussion starts at 5:45 minutes
 The Most Interesting Things (according to students)
 	Bacteria play a large part in cancer in addition to genetics and environmental factors.
 	Fusobacterium is normally present in the human oral cavity and rarely found in the lower GI tract of healthy individuals, but has been found to be enriched in the colons of Individuals with colorectal cancer, I found this interesting because it has me wondering how this can happen and why. Another interesting thing was that there is an odor to Fusobacterium that is apparently so strong and intense that you can recognize it from far away, this shows just how profound the smell is.
 
 
 Fusobacterium nucleatum (Fn), a bacterium present in the human oral cavity and rarely found in the lower gastrointestinal tract of healthy individuals, is enriched in human colorectal cancer (CRC) tumours. High intratumoural Fn loads are associated with recurrence, metastases and poorer patient prognosis. Here, to delineate Fn genetic factors facilitating tumour colonization, we generated closed genomes for 135 Fn strains; 80 oral strains from individuals without cancer and 55 unique cancer strains cultured from tumours from 51 patients with CRC. Pangenomic analyses identified 483 CRC-enriched genetic factors. Tumour-isolated strains predominantly belong to Fn subspecies animalis (Fna). However, genomic analyses reveal that Fna, considered a single subspecies, is instead composed of two distinct clades (Fna C1 and Fna C2). Of these, only Fna C2 dominates the CRC tumour niche. Inter-Fna analyses identified 195 Fna C2-associated genetic factors consistent with increased metabolic potential and colonization of the gastrointestinal tract. In support of this, Fna C2-treated mice had an increased number of intestinal adenomas and altered metabolites. Microbiome analysis of human tumour tissue from 116 patients with CRC demonstrated Fna C2 enrichment. Comparison of 62 paired specimens showed that only Fna C2 is tumour enriched compared to normal adjacent tissue. This was further supported by metagenomic analysis of stool samples from 627 patients with CRC and 619 healthy individuals. Collectively, our results identify the Fna clade bifurcation, show that specifically Fna C2 drives the reported Fn enrichment in human CRC and reveal the genetic underpinnings of pathoadaptation of Fna C2 to the CRC niche. (Zepeda-Rivera et al. 2024, no changes)
 1.2. Main paper; discussion starts at 44:00 minutes
 The Most Interesting Things (according to students)
 	Different bacteria are able to form colonies with each other and interact in a way that allows for microbial community success.
 	B. cereus uses a strategy which involves modifying alkaloid antibiotics that P. koreensis produces that inhibits F. Johnsoniae from growth suppression. It provides protection and stability to outside threats only when B. cereus enters the stationary phase. Additionally,  THOR exhibits emergent properties. Only when three species interact, emergent properties are seen such as improved biofilm formation and colony expansion.
 
 
 The quest to manipulate microbiomes has intensified, but many microbial communities have proven to be recalcitrant to sustained change. Developing model communities amenable to genetic dissection will underpin successful strategies for shaping microbiomes by advancing an understanding of community interactions. We developed a model community with representatives from three dominant rhizosphere taxa, the Firmicutes, Proteobacteria, and Bacteroidetes. We chose Bacillus cereus as a model rhizosphere firmicute and characterized 20 other candidates, including “hitchhikers” that co-isolated with B. cereus from the rhizosphere. Pairwise analysis produced a hierarchical interstrain-competition network. We chose two hitchhikers, Pseudomonas koreensis from the top tier of the competition network and Flavobacterium johnsoniae from the bottom of the network, to represent the Proteobacteria and Bacteroidetes, respectively. The model community has several emergent properties, induction of dendritic expansion of B. cereus colonies by either of the other members, and production of more robust biofilms by the three members together than individually. Moreover, P. koreensis produces a novel family of alkaloid antibiotics that inhibit growth of F. johnsoniae, and production is inhibited by B. cereus. We designate this community THOR, because the members are the hitchhikers of the rhizosphere. The genetic, genomic, and biochemical tools available for dissection of THOR provide the means to achieve a new level of understanding of microbial community behavior. (Lozano et al., 2019, no changes)
 2. Vision and Change Core Concepts and 2024 ASM Fundamental Statements
 	 	Snippet 	Main 
  	Vision and Change Topics 		Impact of Microorganism (V&C_IM)
 	Microbial Ecology (V&C_ME)
 
  		Microbial ecology (V&C_ME)
 	Impact of Microorganism  (V&C_IM)
 	Structure and Function (V&C_SF)
 
  
 	ASM Fundamental Statements 		Fundamental Statement 20 (ASM_20): Microbes in the environment interact with and affect each other.
 	Fundamental Statement 28 (ASM_28): A minority of microbes are pathogens that can cause diseases and harm host organisms, society and ecosystems.
 
  		Fundamental Statement 3 (ASM_3): The evolution of microbes is impacted by their interactions with the environment and a variety of ecological forces, including other microbes, humans, and habitats
 	Fundamental Statement 22 (ASM_22): Most microbes interact with hosts in beneficial or neutral ways, with minority having detrimental impact on their host
 	Fundamental Statement 25 (ASM_25): Microbes are used as models that provide fundamental knowledge about life processes
 
  
  
 3.  Potential Learning Objectives for the Podcast
 	The student will be able to: 	Paper1 	Order2 
  		Define clade.
 	Recall what happens to accessory genome size as the number of Fusobacterium genome sequences increases.
 
  	S 	L 
 		Predict tumor formation in a model using multiple Fusobacteria.
 
  	S 	H 
 		Define biofilm.
 	Identify the species in the THOR biofilm.
 
  	M 	L 
 		Predict the results of a hypothetical experiment based on bacterial community interaction.
 
  	M 	H 
  
 1 Papers: Snippet (S) or Main (M)
 2 Learning Objectives: Lower Order(L) or Higher Order (H)
 4. Techniques Described (with Time Stamps)
 Here is a link to a bio-dictionary that has many, but not all definitions if you need a definition: Explore Biology Bio-Dictionary
 4.1. Snippet Paper
 	Metagenomics (7:24): Metagenomics is one method using next generation sequencing of a mixture of DNAs.  Here, it was used to sequence DNAs from a tumor environment and then bacterial genomes assembled from the sequences.
 	Comparative Genomic Analysis (13:09; 18:41): This is a method of comparing genome sequences.  Here, the researchers leveraged that availability of the large genome databases and data availability to conduct comparative studies to identify the clade associated with colorectal cancer.
 	Culturing (15:30): These are methods used to grow bacteria.  Here the culture requirements were used to identify niche enriched genes and subspecies.
 	Epigenetic Methylome Analysis (18:50): Methylated DNA is a marker of repressed gene expression, which can be identified and quantified by examining genomes using this method.  Here, the researchers characterized the methylated sites in the genome.
 	Anvi’o Analysis (20:32): This is a tool to examine -omics data.  Here the researchers used it to analyze 135 genomes.  It is beneficial for this use because it optimizes viewing the pangenome of microbes.
 	Principal Component Analysis (PCA) (26:41): This is a clustering methods used in statistics.  Here, the researchers used it to show the Fusobacterium clade 2 strains (FNA clade 2) is associated with colorectal cancer compared to FNA clade 1 strains.
 	Mouse Experiments (30:27): Mice are often used as models for studying biological processes.  Here, the researchers used a mouse model of colitis.
 	Stool Metagenomics (33:20): This is an analysis using sequenced genomes from stool using next generation sequence data from publicly available datasets.  It was used to compare the Fusobacterium in stool of humans with and without colorectal cancer.
 
 4.2. Main Paper
 	Insertion Sequencing (In-Seq) (47:32–48:40): A method used to determine the location of transposon mutants in a microbial community.
 	In-frame Deletion (49:56): A frameshift deletion is a mutation that causes a deletion in a DNA sequence that could shift the way a sequence is read.
 
 5. Connections to General Microbiology Processes/Concepts (with Time Stamps)
 5.1. Snippet Paper
 	Microbiome (6:42): Description of Fusobacterium nucleatum normally present in the human oral cavity and GI tract of normal healthy individuals and is enriched in those with colorectal cancer.
 	Clade versus Strain (9:55–12:30): Definition of a group of organisms that evolve from a recent common ancestor versus strains which are bacteria evolved from the same species but diverging. A clade can encompass multiple strains.
 	Pathogenicity (14:27): Generates the pathology of colorectal cancer.
 	Commensalism (15:55): Fusobacterium is an oral patho-biont (it’s a commensal until it is not). Example given–H. pylori.
 	Virulence factors (26:16): How Fusobacterium has virulence factors that enable it to cause colorectal cancer, such as bone resorption.
 	Pangenome (21:00): Identify all genes in species being analyzed/compared and discerns between genes conserved among most members (core genome) and those that are ‘extra’ or accessory genes (genome)
 
 
 5.2. Main Paper
 	Cell Wall Structure (45:21): Bacillus cereus is a gram positive model rhizosphere firmicute. It has 50 cell layers thick of peptidoglycan.
 	Biofilms (48:05; 51:28–53:40): Biofilms form and  is a survival strategy for bacteria to live in areas where there is competition for resources. Discussed as “zorbs”.
 	Type IX Secretory System (51:42): Flavobacteria use this as part of their gliding motility.
 	Colony Expansion (54:15  -55:15): Spread an organism then stab in a ‘challenger’, sometimes the challenger will expand ‘like crazy’.
 	Sociomicrobiology (55:42): Interaction among members of THOR–fitness, expansion of colonies, attachment.
 
 6. Podcast Questions
 	A clade is ______. 	A group of organisms that share a common habitat and interact with one another.
 	All descendants of a common ancestor, regardless of evolutionary history.
 	A group of species with similar physical characteristics regardless of origin.
 	A classification based on the superficial similarities between organisms.
 
 
 	What happens to accessory genome size as the number of Fusobacterium genome sequences increase? 	They increase.
 	They decrease.
 	They remain the same.
 	They deteriorate.
 
 
 	The data from the mouse model support that Fusobacterium infection increases adenoma formation.  Clade 1-infected mice showed: five mice had one adenoma, and two mice had two adenomas, and one mouse had three adenomas.  Clade 2-infected mice showed: five mice has three adenomas, one mouse had six adenomas, and one mouse had eight adenomas. The control treated mice had no adenomas.  What would you predict for mice infected a combination of both clade 1 and clade 2 Fusobacteria? 	You would expect fewer adenomas than either clade 1 or clade 2.
 	You would expect as many adenomas as the clade 2-infected mice.
 	You would expect more adenomas than the clade 2-infected mice.
 	You would expect more adenomas than clade 1, but not more than clade 2.
 
 
 	What is a biofilm? 	The lab environment built to mimic a natural environment.
 	A complex co-existing, stable, structured bacterial community.
 	A group of nonrelated species coexisting in an environment.
 	An environmental structure where a single species lives.
 
 
 	Which species are present in the THOR community? [pick all that apply] 	Bacillus cereus
 	Flavobacterium johnsoniae 
 	Rhizobium leguminosarum
 	Pseudomonas koreensis 
 
 	Niallia circulans
 
 
 
 	A concept called emergent properties was discussed in the podcast, but not named explicitly.  It is when new characteristics or abilities are observed when multiple species are able to interact.  You co-culture two species and find a new and unique polysaccharide is produced.  To test whether this new characteristic you found in the co-culture requires physical contact between two microbes or was due to an excreted metabolite you grow each species in a liquid media, remove the bacteria cells, and grow each in “the other’s used media.”  What would you expect to see if a metabolite was responsible for the new characteristic? 	Neither species will grow or produce the polysaccharide.
 	Neither of the species will produce the polysaccharide.
 	Each species will produce a new and different polysaccharide.
 	One or both of the species will produce the polysaccharide.
 
 
 
 
 
 7. Figure Reading Exercises
 The following are two figure reading exercises, one from the snippet paper (Figure 1ABD) and one from the main paper (Figure 6EF).
 7.1. First Figure Reading Exercise
 7.1.1. Learning Objectives
 Students will be able to:
 	Identify key features of schematics, bar charts, and box plots.
 	Analyze microbial metagenomic data to make conclusions about the abundance/enrichment of species from particular niches.
 	Analyze microbial metagenomic data to identify the gene clusters of interest for further study.
 
 
 Experimental Background (Zepeda-Rivera et al., Figure 1ABD) Fusobacterium nucleatum (Fn) are bacterial strains that are mainly found in the human oral cavity in healthy individuals.  They are also prevalent in colorectal cancer (CRC) tumor sites, suggesting that features either specific to the environment (oral vs tumor) or specific to the strain (genomic composition) might contribute to CRC.  To investigate this, Zepeda-Rivers et al. (2024) isolated oral cavity Fusobacteria species from healthy individuals and tumor-associated Fusobacteria species from CRC patients (panel a).  These researchers also investigated the number of different bacterial strains found in each location.  They were looking for differences in abundance per originating location (niche), so the researchers quantified the genomes/species present for each of the six Fusobacterim species (panel b).  Following this, they looked at how the genomes of these strains of each of six Fusobacterim species are different, so they completed an analysis to identify and quantify regions of the genome (gene clusters) that were enriched in each niche (gut vs oral), that is the abundance of CRC gene clusters and Oral gene clusters for each environment/niche (panel d).
 [image: A schematic of two patients, one presumed healthy and one with CRC. A bar chart of Fusobacterium in genomes, and a box plot.]Figure 1. “Fn niche features. a, A schematic of Fusobacterium strain collection (n = 146) and the sequencing strategy for unique strains. SMRT, single-molecule real-time sequencing. b, A column graph depicting the proportion of Fusobacterium genomes, subset by species, within the CRC (orange) and oral (blue) niches. The inset shows all non-Fn species of Fusobacterium (Fnec, F. necrophorum; Fu, F. ulcerans; Fp, F. pseudoperiodonticum; Fc, F. canifelinum; Fv, F. varium). c, The composition of the Fn pangenome subset by niche. Anvi’o21 gene cluster (GC) prevalence was used to define core (≥95%), accessory (≥5% and <95%) and rare (<5%) features conserved in both CRC-associated and oral-associated strains (collection core, ≥95% in all strains within the collection; collection cloud, ≥5% and <95% in all strains within the collection; collection rare, <5% in all strains within the collection). Disparate features are those that do not fall into any of the other noted bins. d, The proportion of niche-enriched gene clusters across CRC-associated and oral-associated Fn genomes. The plot box shows the 25th percentile, median and 75th percentile. The plot whiskers indicate the minima and maxima. e, KofamKOALA KEGG orthologue analysis 27 of niche-enriched gene clusters.” (Zepeda_Rivera et al., cropped to include panels a-d of image and figure legend). 
 
 7.1.2. Questions
 	How many strains were isolated from CRC patients and what color is used to designate data for these strains? 	28; orange
 	59; blue
 	65; orange
 	81; blue
 
 
 	Which species of Fusobacterium is the most abundant of those isolated from CRC patients’ intestines? 	F. varium
 	F. ulcerans
 	F. necrophorum
 	F. nucleatum 
 
 
 	Which species of Fusobacterium is the most abundant of those isolated from healthy individuals’ oral cavities? 	F. necrophorum
 	F. nucleatum
 	F. varium
 	F. ulcerans
 
 
 	The proportion of niche-enriched gene clusters was quantified in the different strains and the data are compared using box plots (panel d). Match the box plot feature with its description. For help on boxplots, you can go here: Atlassian Box Plot Guide
 
 1 = mean; 2 = median; 3 = outlier; 4 = interquartile range; 5 = individual measures; 6= full data range excluding outliers
 		________ Box
 	________ Horizontal line in box
 	________ Whiskers
 	________ Symbols, such as circles
 
 
 
 	Compare the CRC-enriched gene clusters present in strains originating in the CRC patients and in the healthy oral cavity. What does this comparison suggest? 	They are much more prevalent in CRC strains than oral cavity strains suggesting they are a good place to look for genes affecting tumor formation.
 	They are equally distributed in CRC strains and oral cavity strains suggesting they are unlikely to be involved in genes affecting tumor formation.
 	They are more abundant in oral cavity strains than CRC strains suggesting they may help protect the host from genes affecting tumor formation.
 	They are present in both CRC and oral cavity strains suggesting they serve a general role not related to genes affecting tumor formation.
 
 
 	Compare the oral-enriched gene clusters present in strains originating in the CRC patients and in the healthy oral cavity. What does this comparison suggest? 	They are equally distributed in CRC strains and oral cavity strains suggesting they are unlikely to be involved in genes affecting tumor formation.
 	They are more abundant in CRC strains than oral cavity strains suggesting they may help protect the host from genes affecting tumor formation.
 	They are much less prevalent in CRC strains than oral cavity strains suggesting they are also good place to look for genes affecting tumor formation
 	They are present in both CRC and oral cavity strains suggesting they serve a general role not related to genes affecting tumor formation.
 
 
 
 7.2. Second Figure Reading Exercise
 7.2.1. Learning Objectives
 Students will be able to:
 	 Identify key features of line graphs and bar charts.
 	Read line graphs to identify conditions that promote biofilm formation.
 	Analyze biofilm data to determine how different bacterial species influence biofilm formation and maintenance.
 	Evaluate time-course biofilm data to determine when and under which conditions bacteria form the most exopolysaccharide.
 
 
 Experimental Background (Lozano et al., Figure 6EF) A biofilm is a community of microorganisms bound by an exopolysaccharide matrix that the bacteria living in this community produce collectively. Biofilm communities are important in agricultural, environmental, and clinical settings because microbial communities are involved in many biological processes including nitrogen fixation, gut microbiome interactions with hosts,  and the development of microbial antibiotic resistance.  Biofilm environments provide opportunities for microbes to produce compounds or activate biological pathways in co-culture that would not normally happen when the participating microbes are cultured separately.  In addition, to producing emergent properties, this cooperative lifestyle allows them to adapt over time. In this study, Lozano et al. investigate the validity of a biofilm model with three members, one from each of the three major phyla in plant root and human gut microbiomes. The species are: Bacillus cereus, Flavobacterium johnsoniae, and Pseudomonas koreensis.  Their focus for this study is P. koreensis, so they first wanted to examine the impact of each of the other two species on the growth of P. koreensis.  To do this, they grew P. koreensis alone, co-cultured P. koreensis with each of the other two species, and polyc-cultured all three together.  They quantified biofilm growth by optical density measures combined with staining procedures (crystal violet; panel E).  To determine the impact of monoculture, co-culture, and poly-culture they calculated the proportional biofilm growth of each culture condition compared to monoculture (panel F).  Because biofilms take time to develop, they sampled the monoculture, co-culture (2 participants) and polyculture (3 participants) for 12, 18, 24, and 36 hours (X axis of Figure 6, Panel F).   They stained the resulting biofilms with crystal violet, dissolved the crystal violet, and measured the optical density of the resulting solution (higher numbers indicate more stain, therefore more biofilm that was formed).  Since the research questions was “how does co-culture influence biofilm formation, the research team reported the proportion of biofilm in co-culture compared to biofilm made when P. koreensis  was a monoculture (Y axis of Figure 6, Panel F).
 [image: Two charts, one line chart and one bar chart, showing biofilm over time.]Figure 6. “Biofilm formation by rhizosphere isolates. Biofilm was quantified by measuring the optical density at 595 nm (OD595) after staining with crystal violet. (E) Biofilm formation by P. koreensis CI12 growing alone, in coculture with either F. johnsoniae CI04 or B. cereus UW85, and in triple culture at 12, 18, 24, and 36 h. (F) P. koreensis CI12 biofilm production when grown with two other isolates normalized against P. koreensis growth in pure culture. *, P < 0.01. Colored bars under the x axis indicate phylogenetic groups as in Fig. 1. Gray dotted line, limit of detection.”(Lozano et al 2019, cropped image and legend to include only panels E and F) 
 
 7.2.2. Questions
 	What color dots and bars represent the data for the poly-culture (all three species grown together)? 	blue
 	red
 	orange
 	purple
 
 
 	When grown alone, at what point did P. koreensis reach maximum biofilm formation (panel E)? 	12 hours
 	18 hours
 	24 hours
 	36 hours
 
 
 	What effect did adding B. cereus to P. koreensis have on biofilm production (panel E)? 	It reduced biofilm formation and increased dissociation rate.
 	It had no effect on biofilm formation or disassociation rate.
 	It increased biofilm formation and reduced the rate of dissociation.
 	It inhibited biofilm formation and increased the rate of dissociation.
 
 
 	What effect did adding F. johnsoniae to P. koreensis have on biofilm production (panel E)? 	It increased biofilm formation and reduced the rate of dissociation.
 	It inhibited biofilm formation and increased the rate of dissociation.
 	It had no effect on biofilm formation or on biofilm dissociation rate.
 	It reduced biofilm formation and increased dissociation rate.
 
 
 	What was the outcome when P. koreensis was co-cultured with both B. cereus and F. johnsoniae (panel E)? 	It inhibited biofilm formation and increased the rate of dissociation.
 	It had no effect on biofilm formation or on biofilm dissociation rate.
 	It reduced biofilm formation and increased dissociation rate.
 	It increased biofilm formation and reduced the rate of dissociation.
 
 
 	Since biofilm formation (production and dissociation) differs over time, the authors normalized the data by calculating a relative proportion of biofilm growth.  They did this by dividing the co-culture biofilm by the P. koreensis biofilm growth.   What do these data suggest is the time point where the bacteria are most helpful to each other in biofilm formation, and which culture? 	24 hours; culture of all three species
 	24 hours; culture with F. johnsoniae
 	36 hours; culture of all three species
 	36 hours; culture with F. johnsoniae
 
 
 	Based these data, were the authors successful in generating a biofilm model they could use for further biofilm studies? 	Yes, because co-culture benefitted biofilm production and maintenance.
 	No, because there were no combinations that increased biofilm production.
 	No, co-culture reduces biofilm production due to competition between species.
 	Yes, co-culture has an effect on biofilm production, but only past 36 hrs of incubation.
 
 
 
 
 
 
 
 8. Paper Information and Licensing
 8.1. Snippet paper
 	Zepeda-Rivera M, Minot SS, Bouzek H, Wu H, Blanco-Míguez A, Manghi P, Jones DS, LaCourse KD, Wu Y, McMahon EF, Park SN, Lim YK, Kempchinsky AG, Willis AD, Cotton SL, Yost SC, Sicinska E, Kook JK, Dewhirst FE, Segata N, Bullman S, Johnston CD. 2024. A distinct Fusobacterium nucleatum clade dominates the colorectal cancer niche. Nature. 628(8007):424-432. doi: 10.1038/s41586-024-07182-w
 	This article is licensed for Creative Commons use using CC BY 4.0, which allows re-use and adaptation with proper attribution and notation of any changes. See the article on the journal’s web page.
 
 8.2. Main paper
 	Lozano GL, Bravo JI, Garavito Diago MF, Park HB, Hurley A, Peterson SB, Stabb EV, Crawford JM, Broderick NA, Handelsman J. 2019. Introducing THOR, a Model Microbiome for Genetic Dissection of Community Behavior. mBio. 10(2). doi: 10.1128/mBio.02846-18.
 	This article is licensed for Creative Commons use using CC BY 4.0, which allows re-use and adaptation with proper attribution and notation of any changes. See the article on the journal’s web page.
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 	Menghani SV, Cutcliffe MP, Sanchez-Rosario Y, Pok C, Watson A, Neubert MJ, Ochoa K, Wu HJ, Johnson MDL. 2022. N,N-Dimethyldithiocarbamate Elicits Pneumococcal Hypersensitivity to Copper and Macrophage-Mediated Clearance. Infect Immun. 90(4):e0059721. https://doi.org/10.1128/iai.00597-21
 
 
 
 
 
 1. Paper Abstracts
 1.1. Snippet paper; discussion starts at 3:44 minutes
 The Most Interesting Things (according to students)
 The geographical distribution of Aspergillus fumigatus in the UK and the distribution of resistance and susceptible strains.
 
 This article is not licensed for Creative Commons use; see the snippet paper’s copyright information. Thus, the abstract and figures cannot be copied here.
 1.2. Main paper; discussion starts at 24:25 minutes
 The Most Interesting Things (according to students)
 N,N-Dimethyldithiocarbamate increases intracellular copper concentration, which will sensitize S. pneumoniae to killing by macrophages.
 
 “Streptococcus pneumoniae is a Gram-positive, encapsulated bacterium that is a significant cause of disease burden in pediatric and elderly populations. The rise in unencapsulated disease-causing strains and antimicrobial resistance in S. pneumoniae has increased the need for developing new antimicrobial strategies. Recent work by our laboratory has identified N,N-dimethyldithiocarbamate (DMDC) as a copper-dependent antimicrobial against bacterial, fungal, and parasitic pathogens. As a bactericidal antibiotic against S. pneumoniae, DMDC’s ability to work as a copper-dependent antibiotic and its ability to work in vivo warranted further investigation. Here, our group studied the mechanisms of action of DMDC under various medium and excess-metal conditions and investigated DMDC’s interactions with the innate immune system in vitro and in vivo. Of note, we found that DMDC plus copper significantly increased the internal copper concentration, hydrogen peroxide stress, nitric oxide stress, and the in vitro macrophage killing efficiency and decreased capsule. Furthermore, we found that in vivo DMDC treatment increased the quantity of innate immune cells in the lung during infection. Taken together, this study provides mechanistic insights regarding DMDC’s activity as an antibiotic at the host-pathogen interface.” (Menghani et al. 2022)
 2. Vision and Change Core Concepts and 2024 ASM Fundamental Statements
 	 	Snippet 	Main 
  	Vision and Change Topics 		Evolution (V&C_E)
 	Structure and Function (V&C_SF)
 
 
  		Evolution (V&C_E)
 	Microbial Ecology (V&C_ME)
 	Structure and Function (V&C_SF)
 
  
 	ASM Fundamental Statements 		Fundamental Statement 3 (ASM_3): The evolution of microbes is impacted by their interactions with the environment and a variety of ecological forces, including other microbes, humans, and habitats.
 	Fundamental Statement 13 (ASM_13): Intrinsic factors, such as genotype, metabolism, and cell structures, impact the survival and growth of microbes.
 	Fundamental Statement 20 (ASM_20): Microbes are ubiquitous, found in diverse and dynamic ecosystems, where they use available resources and often form complex communities.
 
  		Fundamental Statement 8 (ASM_8): Microbes have unique genomes, structures, and/or biochemical characteristics that distinguish them from each other.
 	Fundamental Statement 28 (ASM_28): A minority of microbes are pathogens that can cause diseases and harm host organisms, society, and ecosystems.
 	Fundamental Statement 29 (ASM_29): The extent of microbial damage can be minimized by host-derived and external factors, including the microbiome, antibiotics, and immunity.
 
  
  
 3.  Potential Learning Objectives for the Podcast
 	The student will be able to: 	Paper1 	Order2 
  		Identify the improvement that Hesse contributed to culturing microbes.
 	Recall the features of Aspergillus fumigatus.
 	Identify the source of fungicidal exposures that may have led to resistance.
 
  	S 	L 
 		Propose how this study is a good example of One Health concepts.
 
  	S 	H 
 		Identify the features/uses of copper in living systems.
 	Evaluate scenarios and pick out an example of nutritional immunity.
 
  	M 	L 
 		Provide experimental conclusions based on alternative, hypothetical results.
 
  	M 	H 
  
 1 Papers: Snippet (S) or Main (M)
 2 Learning Objectives: Lower Order or Higher Order (H)
 4. Techniques Described (with Time Stamps)
 Here is a link to a bio-dictionary that has many, but not all definitions if you need a definition: Explore Biology Bio-Dictionary
 4.1. Snippet Paper
 	Soil Sample Collections (12:40–13:30): Soils, which are a natural habitat for microbes, are collected and examined.  Here, they were used to determine the number of triazole-resistant/non-resistant A. fumigatus spores.
 	Survey (13:38–15:00): Surveys are questionnaires used to record environmental and demographic data.  Here, they were used to determine environmental associations from the reported survey taken simultaneously with soil sample collection.
 
 4.2. Main Paper
 	Vaccines (28:00–29:33): Vaccines are used to induce immunity by exposure to less virulent, dead, or pathogen components.  Here, the podcasters discussed how the Pneumococcal vaccine uses an antigen derived from the polysaccharide capsule of Pneumococcus.
 	RPMI Medium (33:04–33:30; 50:10–51:00): This is a liquid medium typically used for culture of mammalian cells.  The authors used this when they tested the retention of biocidal activity of dimethyl dithiol carbonate (DMDC) in the host environment.
 	Ice Bath (33:38–34:20): This is a technique used to stop active transport.  It was used to find whether DMDC based effects on Pneumococcus were dependent on a mechanism involving active transport.
 	Spectroscopy (33:45–36:31): There are many types of spectroscopy, including atomic absorption spectroscopy and inductively coupled plasma optical emission spectroscopy which are used to identify and quantify compounds in a mixture.  Here the authors used these methods to quantify copper.
 	Fluorescent Activated Cell Sorting (FACS) (44:20–45:01): This is a method for quantifying molecules on the surface of cells or inside cells, often using either antibodies coupled to a fluorescent tag, such as for cell surface markers, or a directly fluorescent molecule or stain, such as DAPI for DNA.  Fluorescence is quantified for each cell, usually displayed as a scatterplot. The researchers used FACS to characterize the white blood cells recruited to the lung after different treatments.
 
 5. Connections to General Microbiology Processes/Concepts (with Time Stamps)
 5.1. Snippet Paper
 	Azole Class of Drugs (10:17–11:30): These are fungicidal and inhibit the fungal cytochrome p450 dependent enzyme. lanosterol 14ɑ-demethylase prevents the conversion of lanosterol into ergosterol, inhibiting fungal membrane synthesis
 	One Health (17:22–24:00): The concept that recognizes the health of the individual is connected to the health of animals and our shared environment.
 
 
 
 5.2. Main Paper
 	Nutritional Immunity (25:19–27:44): The human body’s enzymes rely on transition metals, like copper, with unstable electrons, that are highly reactive. This makes it a great cofactor in many biological processes. Due to their importance, the human body tries to sequester precious metals, thereby depriving pathogens of access to them. This is a way to defend us against infection, called nutritional immunity.
 	Mechanisms of Antibacterial Metals (29:42–31:54): Macrophages use transition metals, also known as bactericidal metals, to defend the human body against infection. Some of these metals include copper and zinc. Aluminum is also a bactericidal metal, but due to the oxygen in our environment, the aluminum passivates very quickly, making it no longer antimicrobial. The human body also sequesters metals that are used as cofactors, which inhibits pathogen growth due to the lack of cofactors.
 
 
 6. Podcast Questions
 	Fanny Hesse began the use of  _____ in microbiology media plates rather than gelatin.  This improved microbe growth because the plates _______. 	Ethylene blue; could be used to distinguish aerobes
 	Agar; remained solid so you could isolate single colonies
 	Yeast extract; to enhance growth of chemoheterotrophs
 	Glucose; to enable more ATP to be produced per volume
 
 
 	Which are features of Aspergillus fumigatus that the podcasters mentioned? [Pick all that apply] 	Is a fungus
 	Conidia survive 70C
 	Is a scavenger
 	Spores are inhaled
 	Grows at 37C to 45C
 	Has a role in global nutrient cycling
 
 
 	How did the fungus likely come into contact with the fungicide that many strains are shown to be resistant to? 	It was used in meat processing.
 	It was discarded into landfills.
 	It was used agriculturally.
 	Soil microbes produce it.
 
 
 	How does this study show the principles of One Health? 	This study shows microbes (Pneumococcus) are evolving faster than multicellular eukaryotes.
 	This study underscores the importance of antimicrobial stewardship in garden settings.
 	This study spotlights the use of citizen survey programs in helping move science forward.
 	This study highlights the interconnectedness of human health and the local environment.
 
 
 	How is copper used in living systems? [Pick all that apply] 	As a cofactor in enzymes.
 	As a chaperone in protein folding
 	As a nucleation site for crystals.
 	As an energy source in respiration.
 	Is sequestered as a mechanism of defense.
 	Is bactericidal in macrophages.
 
 
 	What is an example of nutritional immunity? 	Our bodies utilize pathogen associated particles to harvest ATP from bacterial systems.
 	Our bodies sequester copper so it is unavailable for pathogens to use in their own enzymes.
 	Our bodies use nutrients scavenged from pathogens to fuel cells in the immune system.
 	Our bodies use cofactors to speed up glucose metabolism in neutrophils and macrophages.
 
 
 	The podcasters discussed an experiment where Pneumococcus were exposed to the antimicrobial compound in an ice bath and the cells were not killed.  What would the results have suggested if the cells had been killed by the antimicrobial in the ice bath? 	The antimicrobial mechanism does not involve transporters.
 	The antimicrobial mechanism does not involve respiration.
 	The antimicrobial mechanism does not involve fermentation.
 	The antimicrobial mechanism does not involve lipid synthesis.
 
 
 
 
 
 
 
 
 7. Figure Reading Exercises
 The following are two figure reading exercises, one from the snippet paper (Figure 1) and one from the main paper (Figure 2).
 7.1. First Figure Reading Exercise
 7.1.1. Learning Objectives
 Students will be able to:
 	Identify important features of geographical data representations.
 	Interpret visually-presented, geographic strain feature data.
 	Analyze the results to make a conclusion about geographic distribution of fungi types.
 	Construct a recommendation to protect the health of gardeners based on these data.
 
 
 Experimental Background (Shelton et al., Figure 1)
 Aspergillus fumigatus is a health hazard for immunocompromised people, causing a variety of illnesses from allergic reactions to chronic lung conditions.  This fungal species is ubiquitous in soils and its spores are small enough to remain aloft in the air column.  To determine the degree to which A. fumigatus is present in a commonly used garden item, compost, Shelton et al. (2022) spearheaded a citizen science project to collect and characterize compost samples across the United Kingdom.  The geographic location of compost samples without A. fumigatus, with A. fumigatus, and with A. fumigatus that is resistant to the antifungal agent tebuconazole are shown in the panels, as noted in the figure legend.
 	This article is not licensed for Creative Commons use; see the snippet paper’s copyright information. Thus, the abstract and figures cannot be copied here.
 
 
 
 7.1.2. Questions
 	What do the green dots indicate about the fungi isolated from the compost sample sent from that location? 	No Aspergillus fumigatus was isolated
 	Resistant A. fumigatus was isolated.
 	Aspergillus fumigatus was isolated.
 	Many fungi and spores were isolated.
 
 
 	If a person were to become infected with the Aspergillus fumigatus indicated by the red dots, would it be reasonable to treat them with tebuconazole? What is your reasoning? 	No, because these fungi are resistant to tebuconazole.
 	Yes, because these fungi are not resistant to tebuconazole.
 	No, because these fungi were not identified as A. fumigatus.
 	Yes, because these fungi are sensitive to tebuconazole.
 
 
 	What can you conclude about the distribution of tebuconazole-sensitive and tebuconazole-resistant strains of Aspergillus fumigatus in compost from these geographic areas? 	Compost from the coastal areas is mostly sensitive Aspergillus fumigatus.
 	Compost from the eastern areas is mostly free of Aspergillus fumigatus.
 	Compost from the southern areas have more resistant Aspergillus fumigatus.
 	Compost from all areas of the UK have both types of Aspergillus fumigatus.
 
 
 	Based on these data, what would be a good recommendation for gardeners using compost? 	If you live in any of the southern or coastal areas, you should wear a mask when working with compost.
 	You should wear a mask when working with compost, particularly if you have a weak immune system.
 	If you work with compost, you should wear a mask and take prophylactic doses of tebuconazole.
 	If you live in the eastern or northern areas, you should wear a mask when working with compost.
 
 
 
 7.2. Second Figure Reading Exercise
 7.2.1. Learning Objectives
 Students will be able to:
 	Identify key features of bar charts related to this study.
 	Identify key experimental design features, including variables and controls.
 	Evaluate the data to make conclusions about the relationship between intracellular copper and N,N-dimethyldithiocarbamate (DMDC).
 	Analyze the data to predict which treatment would be most toxic to bacteria.
 
 
 Experimental Background (Menghani et al., Figure 2)
 Streptococcus pneumoniae is an encapsulated bacterium that causes bacterial pneumonia and significant numbers of deaths in both the elderly and the very young. Bacterial strains resist treatment by acquiring antibiotic resistance and altering its capsule.  Developing new antibiotics to treat S. pneumoniae infection is therefore a major need.  In a prior study, this group had identified a new antimicrobial called  N,N-dimethyldithiocarbamate (DMDC) that is dependent on copper.  In this follow-up study, Menghani et al. (2022) investigate the mechanism DMDC uses to kill pathogens.  To determine whether DMDC treatment affected copper uptake in S. pneumoniae cells, they incubated bacteria in plain medium (untreated control) or with copper and/or two different concentrations of  DMDC.  They quantified copper uptake into the bacteria using graphite furnace atomic absorption spectroscopy (GFAAS).
 [image: Bar chart showing increase in intracellular copper from several treatments. Described in caption.] Figure 2. “DMDC and copper treatment leads to a significant increase in intracellular copper. GFAAS analysis of bacterial pellets showed a marked statistically significant increase in the copper content within the bacteria treated with 250 mM Cu21 plus 16 mM DMDC and within the bacteria treated with 250 mM Cu21 plus 32 mM DMDC in comparison to the untreated control. Experiments were performed in triplicate, with statistical significances of differences determined by an unequal-variance t test (ns, not significant; *, P , 0.05; **, P , 0.01; ***, P , 0.001; ****, P , 0.0001).” (Menghani et al. 2022, no changes)
 
 
 7.2.2. Questions
 	What bacterial treatment is noted by the orange bar? 	Untreated
 	250 μM Cu2+
 	16 μM DMDC
 	32 μM DMDC
 
 
 	What do the asterisks at the top of the graph indicate and why are they important for interpreting the results? 	Statistical significance at different P levels; indicates sample measures are truly different.
 	Statistical significance at biologically-relevant P levels; indicates samples were quantifiable.
 	Statistical significance; indicates the null hypothesis was not rejected for these samples.
 	Statistical significance; indicates sample quantifications were successful for spectroscopy.
 
 
 	In this experiment, the ______ treatment is the negative control and the _____ treatment is the positive control. 	250 μM Cu2+; 16 μM DMDC
 	No negative control; 250 μM Cu2+
 	Untreated; no positive control
 	16 μM DMDC; untreated
 
 
 	Which treatment yields the highest concentration of intracellular copper in bacteria? 	Untreated
 	32 μM DMDC and 250 μM Cu2+
 	16 μM DMDC and 250 μM Cu2+
 	250 μM Cu2+
 
 
 	What evidence is there that copper uptake is DMDC dose-dependent? 	The higher the DMDC concentration, the greater the copper uptake inhibition.
 	Divalent copper and DMDC are both required for consistent and stable copper uptake.
 	The higher the DMDC in copper-containing medium, the more copper is taken up.
 	Copper is taken up and found intracellularly whether DMDC is present in the medium or not.
 
 
 	Intracellular copper is toxic. Based on this fact and the results of this experiment, which treatment is most toxic to bacteria? 	16 μM DMDC alone
 	16 μM DMDC and 250 μM Cu2+
 	32 μM DMDC alone
 	32 μM DMDC and 250 μM Cu2+
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