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The scenario that follows is based upon an article that appeared in the September 8, 2005 issue of the journal Cell. (Mikeladze-Dvali, T. et al. (2005) The growth regulators warts/lats and melted interact in a bistable loop to specify opposite fates in Drosophila R8 Photoreceptors. Cell 122; 775-787.)
Previous knowledge of the specifics of this article 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.

Drosophila melanogaster, the fruit fly, is a model organism used to study many cellular processes. Research has shown that cellular signaling mechanisms are conserved between this insect and mammals and the fly’s small size, short generation time, and the wealth of previous research makes the fruit fly a powerful research tool. The Drosophila eye is a favorite for studying cell signaling and tissue differentiation. 

    Unlike humans, flies have compound eyes made up of 800 repeating optical units called ommatidia. Each ommatidia contains a set of eight photoreceptor cells, called R1, R2, R3…..R8, which always appear in a trapezoid shape as seen in the diagram below.
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A single ommaditia; adapted from Mikeladze-Dvali et al. (2005)
In the ‘real eye’ R7 and R8 form a pair of photoreceptor cells in the center of the trapezoid (the diagram shoves R6 to the right a bit). In the R7/R8 pair, R7 is part of the outer surface of the eye. R8 is ‘underneath’ R7 with R1 through R6 extending along the sides of the pair. 

     Color vision in the fly requires expression of certain members of the rhodopsin family within the R7 and R8 cells. The rhodopsins (rh proteins) are the light receptors in these cells. If one set of rhodopsin proteins are expressed (rh3 and rh5) the cells are ‘y’ subtype ommatidia. If a different set (rh4 and rh6) are expressed the ommatidia are referred to as ‘p’ subtype. The y and p subtypes are randomly distributed across the 800 ommitidia of the eye surface and both subtypes are needed for color vision to occur. However, there is a y subtype bias-- ~70% of the ommatidia in a single eye are y subtype and only ~ 30% are p subtype. 

     The Drosophila eye develops from a group of cells known as an ‘imaginal disc’. As flies develop from larvae, signals received by this imaginal disc cause the cells within it to change from an undifferentiated state into the stereotypical photoreceptor cells described above. During this process the R7 cell ‘decides’ which rhodopsins it will express before the R8. If R7 expresses rh4 and, therefore, commits to a p fate, then the R8 cell beneath it will make rh6. If the R7 makes rh3, then the R8 cell in that ommitidia will produce rh5. Because the R7 cell appears to ‘choose’ p or y type expression patterns independently from choices made in neighboring ommatidia the p and y subtype ommatidia end up being randomly distributed across the surface of the eye. All of this coordinated expression requires communication between cells.

1) What are the five types of extracellular signaling we have discussed? (Do not define) (5pt)

2) Provide a hypothesis for the general type of extracellular signaling involved in coordinating the R7 and R8 response within an ommitidia. (Response should go along the lines of ‘I predict that _____ signaling is involved in coordinating the  responses because____) (4pt) 

3) Choose two types of extracellular signaling and discuss similarities and differences between them. Do not discuss the type you used in your hypothesis in #2. (8pt)

4) The cells in the eye imaginal disc region respond to external signals to become ommatidia cells. The cells next to those in the imaginal disc are also exposed to these signals but they do not turn into photoreceptor cells. Provide an explanation for why the eye imaginal disc cells respond and for why the adjacent cells do not. (6pt)

****
Note: Drosophila researchers have a long history of giving colorful and descriptive names to the genes that they identify. The gene names used here may seem a little odd but they are the real gene names.

Mikeladze-Dvali et al. (2005) report that if an R8 cells express the warts gene then it adopts the y fate and makes rh5 and that expression of warts actively inhibits expression of melt. Conversely, if the R8 cell expresses the melt gene then the p fate is induced and the cell produces rh6 and that expression of melt inhibits expression of warts.

****
5) A gene is an example of what type of molecule? (2pt)

6) Changes in gene expression are first detected through RNA. In our lab, an increase in the expression of which genes would support the conclusion that the mating response had been initiated? (Provide 2 examples)  (4pt)

7) What are the names of two experimental approaches that allow analysis of RNA expression? (3pt)

8) You are given ten R8 cells isolated from Drosophila. Explain how you could use one of the approaches you mentioned in #7 to determine whether each cell is p or y subtype. (8pt)

9) You learn that you can isolate ommatidia and keep them alive by placing them in a solution that has the correct salt concentrations (called ‘Viability Media’). You are interested in trying the procedure and quickly prepare some Viability Media. The directions call for a standard cell media that contains 60uM KCl. You have 250ml of the standard cell media, 100ml distilled water, 10ml of 10mM KCl and all of the beakers, flasks, pipets and balances normally found in a Cell Biology lab. Describe how you would prepare 50ml of Viability Media. (5pt)
10) What is an anti-mitogen? As part of your answer discuss the effect you would predict if you added an anti-mitogen to a Petri plate of ommatidia in viability media and the  effect that you know occurs when an anti-mitogen is added to a test tube of the organism we study in the Cell Biology course lab. (7pt)
11) What is the Latin name of the organism we are studying in lab? (genus and species) (2pt)

12) In another set of experiments you want to test the effect of cycloheximide on the expression of rh4. Your fly eye cell set-up requires a final volume of 5ul. You have multiple fly eye cells ready, 10ml of distilled water, 10ml of viability media, and 1ml of 15ug/ml cycloheximide. You need to test the effect of 2ng and 20ng cycloheximide. Describe what you prepare and add to the fly eye cells. (6pt)
****

While light is not used as a signal in cell-to-cell communication, the rhodopsin family’s ability to detect different wavelengths of light is critical to vision and the signaling mechanism used within the cell is very similar to others we have discussed. Consider the rhodopsins in the Drosophila photoreceptor cells. Rhodopsin spans the membrane seven times. Activation of the receptor results in the activation of a mediator protein that, in turn, activates a cGMP phosphodiesterase. Through this pathway rhodopsin activation affects the levels of a second messenger in the photoreceptor cell.
****

13) Certain domains are found in any cell-surface receptor. Briefly describe why each domain is necessary for correct receptor function. (6pt)

Bonus: Draw at least two monomers that would be found in a rhodopsin. Connect the monomers correctly. (2pt)

14) How is a domain different from a motif? (3pt)

15) Rhodopsin is what type of receptor? (2pt)
16) Rhodopsin and TSH-R affect the levels of second messengers in their respective cell types. Compare and contrast the molecular mechanism of each to the stage where second messenger levels are affected. (8pt)

****

Steroid -responsive genes receive their extracellular signals via a pathway that is very different than the ones used in fly photoreceptor cells or human thyroid cells. The September 2005 Hammes et al. article discusses previous and current hypotheses for how steroid hormones affect steroid-responsive cells.

****
17) What is the ‘free hormone hypothesis’? What data in the Hammes et al. paper suggests why researchers may have thought this was the major pathway used? (7pt)
18) Briefly explain the reasoning the researcher’s provide to support megalin’s role in steroid signaling. (6pt)

19) Hammes et al. use a reporter gene construct to evaluate whether androgen-responsive genes were induced. Imagine that you have a mutant strain of the model organism we are studying in lab. This strain does not form shmoos. Explain how you could use a reporter gene approach to determine whether the strain has undergone the mating response. (8pt)
****
In their 2005 paper, Hammes et al. propose an unexpected hypothesis that appears to counter the prevailing wisdom of the field. The study of Graves’ disease also led to an unexpected hypothesis for this form of hyperthyroidism.  

****
20) What causes the thyroid of a Graves’ patient to be overactive and why is this cause unexpected and unusual? (6pt)
Bonus: Draw the circuit of signaling and feedback that occurs during normal thyroid function. Label the glands and hormones involved. Use an asterisk to mark where the inappropriate signaling takes place in Graves’ disease. (3pt)
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