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The scenario that follows is based upon two articles that appeared in the January 2005 issue of the journal Cell (Minireview by Bejsovec p11-14 and an article by Kateneau et al. pg111-122) They relate to signaling pathways mediated by Wingless/Wnt glycoproteins through Frizzled (Fz) receptor proteins. Previous knowledge of the specifics of this pathway is not needed as you are given background throughout the test. Application of information about cellular components and cell signaling, and logical arguments are required.

Read the information given and answer the questions based on that information and the topics covered in Unit 1.

Wingless/Wnt glycoproteins act as triggers for signaling pathways that are highly conserved among animals. Wnt travels between adjacent cells and interacts with Frizzled (Fz) proteins on target cells to begin what is known as the Wnt signaling pathway. The information sent causes the receiving cell to differentiate during embryogenesis (early development) and causes cell proliferation (cell division) in adult tissues. 

Fz proteins are part of a family of proteins that have very similar structures. A ‘cousin’ to the Fz protein that interacts with Wnt is involved in a second pathway that helps to coordinate epithelial cells so that they become connected sheets of cells, like those found on the skin or surface of an organ. Wnt is not the trigger molecule for this second ‘planar cell polarity (PCP) pathway’. The trigger for the planar cell polarity pathway has not been identified, yet.

First focus on Wnt. Wnt is a glycoprotein--a protein with carbohydrates covalently attached to it. Wnt travels between cells in the animal’s body.

1) Explain how the chemical characteristics of a glycoprotein make it suitable to act as an extracellular signaling molecule. (This can be answered by providing definitions and how the chemical characteristics of the molecule make it appropriate for this purpose.) (5pt)

2) What are the five types of extracellular signaling we have discussed? (Do not define) (4pt)

3) Wnt-mediated signaling is an example of what type of extracellular signaling? Given the information you have, choose one and explain your reasoning in one to two sentences. (4pt)

4) Compare the type of signaling participated in by Wnt (your choice in #3) to the type that Thyroid Stimulating Hormone (TSH) participates in. Indicate how they are similar and how they are different. (5pt)

When coming in contact with a cell Wnt interacts with Fz,--cell surface receptors that cross the plasma membrane seven times.

5) Describe the structure of a biomembrane. Include the two major types of molecules found and how they are organized. (4pt)

6) Why does the structure of the plasma membrane require that Wnt interacts with a receptor in order for the ‘Wnt message’ to be transmitted to the cell? Be sure your explanation contains specifics about Wnt. (3pt) 

7) When referring to a protein, what is secondary structure? (3pt)

8) Predict the type(s) of secondary structure and chemical characteristics Fz must have to sit in the membrane as it does. Provide the reasoning behind your predictions. (Remember to discuss the whole protein.) (8pt)

The work of by Kateneau et al. provides the first evidence that Fz is a G protein coupled receptor. In addition, their data suggest that Fz acts as a guanine nucleotide exchange factor. When Wnt binds with Fz the exchange factor shifts to its ‘on’ conformation and triggers the next step in the signaling pathway.

9) G protein coupled receptors are one category of cell surface receptor. Describe one additional cell surface receptor category and one intracellular receptor category. Provide the category’s name and a brief description what receptors in that category do. (3pt ea., 6pt total)

10) Consider the ‘stereotypical’ pathway activated by a G protein coupled receptor. Why does the role of Fz as a guanine nucleotide exchange factor ‘make sense’ in that pathway? (What part do guanine nucleotides play in this pathway and why would ‘exchanging’ them lead to activation of the pathway?) (5pt)

Wnt activation of Fz causes cells in the embryo to differentiate into different organs. Wnt activation of Fz in adult animals stimulates cells to divide and can actually cause tumors.

11) Briefly explain how the same signal-receptor combination can ‘tell’ cells in the same embryo to become different type of organs? (4pt)

Another member of the Fz family (Fz1 for our purposes) is involved in the planar cell polarity (PCP) pathway. The signal that triggers Fz1 has not been identified and the prospect being the first to identify this important molecule interests you. Since you are now the principal investigator of a lab at UNC-Chapel Hill, you decide to design a series of experiments to identify Fz1’s ligand.

12) What level of education do you need to have to hold this position? Approximately how many years does it take to obtain this degree post high school?  (3pt)

Back in the lab, you want to grow animal cells that contain Fz1 in petri dishes so that they are easier to study. The cells containing Fz1 have been altered so that they can grow in the presence of the antibiotic Neomycin. Growing cells requires that you make the appropriate media. At your disposal you have beakers, flasks, balances, pipets/ pipetmen, 250ml sterile water, 250ml DMEM (cell growth media) and 1ml of 10mg/ml Neomycin. 

12) Explain how you would prepare 100ml of cell growth media that contains 2.75ug/ml Neomycin. (Calculations may be hand written but explanation must be in sentences) (5pt)

You remember back to labs you performed studying extracellular signaling in yeast as an undergraduate in Cell Biology. 

13) What is the Latin name (genus and species) of the yeast you studied then? (2pt)

14) Describe experiments that identified the type of signaling molecule used in yeast mating. (6pt)

15) The yeast you worked with were auxotrophic. Define auxotrophy and explain how you were able to ‘use’ this characteristic to determine if cells mated. (6pt)

Back at Chapel Hill. Based on your previous lab experience you are able to develop a superior experimental design that allows you to identify a molecule that interacts with Fz1. You call the molecule ‘Fltn’ (flatten). The Fltn/Fz1 interaction appears to activate a pathway that causes a rearrangement the structural components of the cell—the cytoskeleton. It is this rearrangement that makes the cells form the single-cell sheets that are characteristic of epithelial cells. 

16) Consider the large intracellular signaling proteins and second messengers that we discussed in class. Hypothesize how interaction of Fltn with Fz1 could cause rearrangement of the cytoskeleton. Be sure to include a statement of why your hypothesis is reasonable. (5pt)

The participation of Fz proteins in two separate pathways (Wnt and PCP) was unexpected. Again thinking back to Cell Bio--the connection between Graves’ disease and the immune system was unexpected. 

17) What is the normal role of the immune system? (3pt)

18) Why is the role of the immune system in Graves’ disease unexpected/unusual? (Provide at least 2 reasons) (5pt)

The thyroid’s gene expression and cpr1 mutant plant in the Bowlings et al. paper both show changes in gene expression. In response to TSH the thyroid expresses genes involved in the production of T3 and T4; in response to stimuli, the cpr1 mutants showed a change in the levels of BGL2 and other PR gene products involved in SAR.

19) What is SAR and why is it important to the plant (Give its name and briefly describe in 3 sentences max) (6pt)

A Northern blot (RNA blot) like the one performed in the Bowlings et al. paper is used to detect RNA within a sample. The sample mRNAs are separated by size and the presence of a particular mRNA is examined by hybridizing a probe with. The probe contains some type of detectible signal and allows the researcher to determine whether the mRNA of interest is present. (note: a probe is very similar to a primer except that it is longer)

20) The probe used in a Northern Blot is what type of molecule? (2pt)

21) Northern blots and Comparative RT-PCR are both methods that allow detection of differential gene expression. Briefly explain two reasons why a researcher might choose to perform Comparative RT-PCR rather than a Northern blot. (6pt)

