Molecule to Organism Test 1

October 13, 2006
PARTIAL KEY
4. You are a scientist at the Center for Disease Control (CDC) who has just been put on a special project. There is an infectious agent causing a variety of symptoms in humans who are unfortunate enough to have been infected. It has been demonstrated already that bovines (cows) are also susceptible to infection. A large sample of cells containing the agent was given to you so that you may determine what kind of organism may be responsible for the outbreaks. You lyse the cells, treat the sample with a variety of enzymes, and use bovines as a source to determine whether or not the agent is still infectious after treatment. The data from your experiments is shown in the table below.
	Sample Treatment
	Infectious after treatment and subsequent injection into bovines?

	Treatment with several proteases
	YES

	Treatment with several proteases, followed by treatment with DNasse I that acts on both dsDNA and ssDNA
	YES

	Treatment with several proteases at once, followed by treatment with RNaseIII that acts only on dsRNA
	YES


A. After two weeks, you send an email to your boss indicating your hypothesis for what the organism is. Please write out the hypothesis that you sent to your boss at the CDC. Full credit will only be given to those who are specific.
The organism is a + sense ssRNA virus. Only a + sense ssRNA virus could be translated for making new virions after injection. 0.5 points for RNA virus, 2 for ssRNA virus, 3 for + sense ssRNA virus. PS. A hypothesis should be concise!
B. Propose a simple experiment to test your hypothesis (disregard controls, variables, etc.).
Treat the lysed sample with protease followed by RNase that acts on ssRNA. Then inject the sample into a bovine to prove it is no longer infectious. 0.5 for only RNase, 1.5 for ssRNase, 2 points for ssRNase followed by injection into bovine.
7. You are a researcher studying cancer and you frequently use the flow cytometer to analyze cells during your experiments. A colleague from another institution sends you a cell line that you have an interest in using for your study. The first thing you do with the population of cells is analyze their DNA content in a flow cytometer using DAPI, which only binds dsDNA. At the same time you analyze HT2 cells that display a typical cell cycle profile. Both cell types come from an organism having only two chromosomes. The images below show the results after analyzing 500 cells of each cell type. The phases of the cell cycle are designated on the graph.
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A. On the graph to the left showing the normal HT2 cells, please indicate with an arrow where M-phase would be represented. Describe your rationale. The arrow should be at the same position as the G2 arrow. The DNA content in G2 and M phase cells is the same so they would show up in the same position on the graph. 2 points for correct arrow, 2 for correct rationale
B. On the graph showing the new cell line there are two bumps indicating a subpopulation of cells that differ from the other cells within the same sample. These are labeled as X and Y on the graph. (Note: S phase is not labeled and these are not cells in S phase). Please draw a schematic of the chromosomes in the cells at positions X and Y. Briefly explain the event that led to their existence and the evolutionary consequences.
The X cell should have three chromosomes and be in G1; the Y cell should have 3 chromosomes and be in G2 - each having a sister chromatid. Nondisjuction is the event that led to a cell having one too many chromosomes. Nondisjunction leads to gene duplication. With a second set of a subset of genes, the other set of genes are free to evolve independently. Sometimes the organisms die, but they would not evolve! 3 points for each correct cell, 2 for nondisjuction or the concept of it, and 2 for the evolutionary consequence explanation.
10. Please describe the endosymbiosis theory in one sentence. Provide two pieces of evidence that supports it.
The endosymbiosis theory states that a eukaryotic cell engulfed a prokaryote to form a symbiotic relationship whereby the eukaryote provides protection and the prokaryote provides energy. The evidence for this is that chloroplasts and mitochondria have double membranes, are about the size of bacteria, replicate by fission independently of host cell, and have their own ribosomes that are sensitive to streptomycin. 2 points for definition, 2 points for each piece of evidence up (2).
11. You are an undergraduate researcher working in a laboratory that studies one aspect of the central dogma. Being the exceptional student that you are, you sequence a gene from whale cells that is believed to be intricately involved in the process you study. You then make a GFP-tagged version of your protein that you have now named UB-OK. After introducing it into tissue culture cells (assume that it gets into most cells and is transcribed and translated), you look at the cells under a fluorescent microscope. The cells have also been stained with DAPI.  The following images are what you see:
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A. Where does your protein localize? DAPI binds dsDNA which is found in the nucleus. Your protein is also found in the same place as the merged photo indicates. 2 points for stating the nucleus
B. Although you now know more about the protein, you still want to know more about its function, so you conduct several experiments. Utilizing the RNA interference technique, you “knock” the gene out in the same cells. One phenotype that you observe is that all of the mRNAs in the cells are much longer than those produced in the normal cells. Propose a function of this protein and state the area of the central dogma that you study.
UB-OK functions to remove introns from the primary RNA transcript. Without it the introns are not removed and the mRNAs are longer than they should be. You study transcription, or RNA processing. 2 points for intron splicing, 2 points for transcription
[image: image3.jpg]Seucul

spaal

saupooo.ol

sopusl

speatl

s

seou)

pre—"

rp—

s paugre




C. Because you are an amazing researcher, you very quickly sequence the UB-OK gene from several different organisms. Next, you construct a phylogenetic tree of all of these genes, using the whale gene as the mammal representative. If applicable, draw a square around the orthologous genes and a circle around the paralogous genes. Label your selections with an “O” or a “P” so that I can tell the difference!
Orthologs are the result of speciation. Because you sequenced the UB-OK gene (the same gene) from many species, they are all orthologs. If we were dealing with a second gene, then we would then have a paralog. 0.5 for each correct identification of an ortholog – 5 points total.
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