Molecular and Cell Biology Take-home exam

Molecule to Organism Fall 2006
Given out: November 17. Due on Monday, November 27, 8 AM at lecture.
Ground rules:


This is an open text, open notes exam. Any program text, notes, or workshop material may be used for this exam. This also includes your lab notes. All work must be your own, without consultation. If you need to you can also consult any general biology or chemistry text.
Advice: Remember that diagrams and sketches can convey much understanding quickly and compactly. These questions can all be answered by relatively short solutions. However, in all cases at least outline the route you took to obtain your solution.

There are 12 questions on this examination.

If you feel you need more clarification on a question feel free to contact either biology faculty by email.  If we catch any typos we will post corrections on the web page. 
I acknowledge the rules above and have completed the exam following these principles:

Signature:

Date:

1. From the first biology exam take the question in which you are least satisfied with your answer and provide your new response. Be sure to indicate which question you are answering and how your new response differs from your original response. 

2. Large egg cells have proven to be useful model systems for the study of signaling pathways. Their size and toughness makes it possible to inject mRNAs for specific normal or mutant proteins into the egg and study the changes in cellular response. In starfish eggs G-protein stimulated calcium release (via the action of phospholipase C- β) has been proposed as part of the egg activation effect during fertilization. Predict what would happen in the following experimental cases, and explain why.

a. An mRNA for a mutant phospholipase β that is always activated is injected.

b. An mRNA for inositol phosphate receptors that do not allow calcium release is injected, and then the egg is fertilized.

c. The mRNA for aequorin, a jellyfish protein that fluoresces in response to elevated calcium is injected into normal eggs, which are then fertilized.

d. In experiments of this type a delay must be put in the experiment between the time of RNA injection and the observation of results. Why is this delay necessary? 
3. Signaling molecules are often restricted to areas near the plasma membrane. 
a. What are some specific structural features that can hold a signaling molecule near the membrane? 
b. Some mutations in signaling molecules work by abolishing this membrane binding property. In what ways (at least two) can this loss of membrane binding property influence downstream events in a signaling pathway?
4. Cytocholasin B is a potent inhibitor of glucose transport into mammalian cells. When cell are incubated with radiolabeled cytocholasin B and then irradiated with UV light the cytocholasin becomes covalently attached to the glucose transporter. If the cells are in an excess of D-glucose during this treatment, this labeling reaction does not occur. However, if the same concentration of L-glucose is present labeling with cytocholasin occurs normally.

a. Why does D-glucose prevent the labeling by cytocholasin?

b. Why does L-glucose not prevent the labeling reaction?

When membrane proteins from cells labeled in this fashion are separated by SSD-PAGE and the visualized by autoradiography, the transporter appears as a fuzzy band extending from 45,000 to 70, 000 daltons. When the labeled cells are first treated with an enzyme that removes carbohydrate, and then separated, the protein appears as a much sharper band with at 46,000 daltons.

c. Why does the protein appear different on the electrophoresis gels in these two different treatments?

b. What do these results tell you about the structure of this glucose transporter?

e. Sketch what an electrophoresis gel (after autoradiography) would appear like with these two different protein samples run as separate lanes. Include some representative size markers.

f. How would the gels appear if you stained for total protein?
5. (This problem uses some information from problem 4). An insulin responsive cell has it membranes exposed to radiolabeled cytocholasin B. In some cases, the cell has been exposed to insulin, in other cases it has not. The binding is measure for both plasma membrane and for internal cell membranes, with the results shown in the table below. 

a. Explain the cellular mechanisms involved in producing the results in this table.

b. A colleague makes the hypothesis that the increase in glucose transport seen after insulin treatment is due to the synthesis of new transport proteins. How does the data in this figure support or refute their hypothesis?
c. Design an experiment that would further support or refute the hypothesis presented in part b.

	Membrane fraction
	Radioactive cytocholasin B bound (cpm/mg membrane protein)

	
	Untreated cells (no insulin)
	Treated cells (with insulin)

	Plasma Membrane
	890
	4480

	Internal Cell Membranes
	4070
	480


6. Severe Combined Immunodeficiency (SCID) is a primary immune deficiency. The defining characteristic is a severe defect in white blood cell production. This usually results in the onset of one or more serious infections within the first few months of life. Common life-threatening infections in SCID patients include pneumonia, meningitis, and bloodstream infections.

There are several forms of SCID, but the particular type we will be studying is a recessive disease caused by a mutation in the adenosine deaminase (ADA) gene, which leads to a deficiency of the ADA protein within afflicted individuals. One treatment option for this type of SCID is to give repeated injections of ADA. However, this treatment can cost well over $100,000 per year and is difficult for patients who must receive the weekly injections. Thus, our goal is to find another form of treatment for SCID.
Details for your studies

You are part of a team of clinicians and researchers who are studying the form of SCID caused by a defect in a single gene, adenosine deaminase. This form of SCID causes a severe immunodeficiency and any viral or bacterial infection could be deadly to the patient. However, a small amount of ADA production would cure the disease and excess amounts of ADA are not toxic to the patient. One possible cure could be to express the ADA protein in stem cells, thereby providing the patient with a source of ADA.

The relevant target stem cells can be removed from the patient’s body and cultured for short period of time. You have just received a sample of a new retrovirus in your laboratory, referred to as “Retrovirus B”. This viral vector contains a functional version of the ADA gene and you want to test it as a vector to treat this disease. You can select to be either a clinician or a researcher. Here are the questions you want to answer depending on your role:

	Researchers
In Vitro studies – testing outside of an organism
1. Does Retrovirus B infect stem cells?

2. If so, how efficient is the infection?

3. Do the infected stem cells produce ADA protein?
	Clinicians
In Vivo – testing within the organism

1. Assuming that Retrovirus B infects stem cells, do the cells survive once they are put back into the patient’s body?

2. Are the infected stem cells within the body producing ADA protein?

3. Have you cured the person afflicted with the SCID disease?


Tools at your disposal:

Stem cells from patients with the disease

Stem cells from patients without the disease

A way to count stem cells
An unlimited sample of Retrovirus (A) that efficiently infects stem cells and expresses GFP, which turns the cells green
An unlimited sample of Retrovirus (B) that expresses both the ADA gene and GFP - but you don’t know if and how well this retrovirus infects stem cells!

Patients with SCID
Normal patients

A ball of string

A way to measure the amount of ADA protein in cells

A way to determine whether the immune system is functioning properly in a patient
Formulate hypotheses addressing the above questions pertaining to your role as either a clinician or a researcher. Design experiments to test your hypotheses. If you are a researcher, indicate all of the variables for which you are controlling.  If you are a clinician, define your treatment versus non-treatment group. Limit it to ONE page, double spaced. Refer to the rubric on the webpage.

7. You have already learned about retroviruses, cell cycle, and flow cytometry in class. This question asks you to use all of this information to design an experiment to test your hypothesis. 

Human immunodeficiency virus (HIV) has been shown to arrest infected cells in a particular stage of the cell cycle. As a researcher, you want to know what phase of the cell cycle is affected. Design an experiment to determine what stage of the cell cycle is arrested by HIV infection.

Also, please draw the following 5 graphs by hand or a computer:

Graph 1 - showing what uninfected human T-cells look like in your experiment

Graph 2 - showing what you expect to see if HIV arrests cells in G1- phase of the cell cycle

Graph 3 - showing what you expect to see if HIV arrests cells in G2- phase of the cell cycle

Graph 4 - showing what you expect to see if HIV arrests cells in S- phase of the cell cycle

Graph 5 - showing what you expect to see if HIV arrests cells in M- phase of the cell cycle

These are graphs of the DNA content of cells, as measured by a stain that binds to dsDNA and is detected using flow cytometry. Be sure that each of your graphs is properly labeled! Limit it to ONE page, double spaced. The graphs can be on another page. Refer to the rubric on the webpage.
List of materials available:

HIV-1 virus (assume it will infect every cell in your experiment)

Human T-cells (permissive to HIV infection)

A chemical called ceasin that arrests cells in G1

A chemical called interruptase that arrests cells in G2

A chemical called apprehendin that arrests cells in S-phase

A chemical called detainase that arrests cells in M-phase

Petri dishes and other necessary items for working with T-cells

A state-of-the-art flow cytometer

A DNA stain that binds DNA within whole cells and is detected by the cytometer

8. Explain in your own words how the anaphase promoting complex (APC) leads to the completion of cell cycle.

9. Why do you think p53 is found to be mutated in 50% of all cancers?

10. Why do chemotherapeutic agents work? Hint: what is the main difference between cancer cells and normal cells?

11. The synthetic peptide LRRASLG will serve as a substrate for protein kinase A.

a. What structural change will this protein kinase cause in this substrate?

b. What net charge (approximate) would you expect for this protein at pH 7?

c. How will the charge of this peptide be altered after the kinase reaction?

d. What other compounds must be in the solution for the kinase reaction to occur? (Assume here that you have the free catalytic subunit of the kinase and the peptide-what else would need to be added?

e. This peptide can provide a simple assay for the activity of PK A in cells. The peptide is covalently labeled at the end with a fluorescent label. After reacting with solution (possibly) containing active kinase, the mixture is separated on an agarose gel at pH 7 and then examined for fluorescence. Sketch what the agarose gel fluorescence would look like. Draw three lanes-one for no reaction, one for partial reaction, and one in which all of the peptide has reacted. Be sure to label the lanes and indicate the positive and negative ends of your agarose gel

12. Often enzymes in different organisms or different tissues of one organism can have the same activity, but differences in structure. These different forms are called isozymes. One tool for studying these enzymes is non-denaturing gel electrophoresis. In this method, the proteins are separated at a pH and in reaction conditions that allow the enzyme to retain its activity. Then the gel can be reacted with a substrate for the enzyme that produces a distinctly colored product. By this method any spot on the gel with that enzymatic activity will be seen. For the following problem, assume we are examining a peroxidase activity that generates a dark spot when reacted with substrate. Three different individuals (A, B, and C) in a population had their white cell proteins collected and examined for peroxidase activity. The results of the gel are shown below. The gel was run at pH 7.0 and then stained for peroxidase activity.

a. Describe at least two possible single amino acid changes between the proteins in A and B that would result in the change in protein movement seen in the gel? In other words, one amino acid in protein A is replaced by a different amino acid in B. What are two possible replacements that could cause this mobility difference?

b. Explain why individual C shows a different pattern for this enzyme when compared with A and B.
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