Cell Biology: Bio308 Review 1 2002

The review is due Friday October 4th at 3:00pm 

· This is a closed-book, closed-note review.

· The review was designed to be completed in 2 hours. You have a maximum of 4 hour to take the review. 

· All answers must be typed and must be in the form of complete sentences unless the question specifically states otherwise. 

· You may use a calculator if calculations are required. However, the steps behind any calculation must be shown to receive full credit (calculations can be hand-written). 

· Any figures or graphs (required, or used to clarify a point) may be hand-drawn. 

· This page must be the first page of your answer packet. Fill out the information at the bottom and attach this page to the ones containing your answers. The questions are yours to keep.

· The top of each additional page in the packet must contain only your initials and the page number. 

Your review period begins when you read any part of the scenario or questions within this packet. There are a total of 16 questions on the review.

Any questions about the review should be directed to me at kabernd@davidson.edu, 894-2889 (o), or 662-9744 (h). Any calls to my home must occur before 9:00pm. (My home email is not working currently.) 

Turn in the review at my office (Watson 289). Sign the sheet on the door and place the review either in my hands or under my door. Your card access to Dana will allow you to turn in the review ‘after hours’ by coming across the second floor bridge. 

Name: ____________________________________ 

(print) 

Signature: _________________________________ 

My signature indicates that I have completed this review following the Honor Code.

This review was completed in ________hours 

I attended the Math seminar (9/30 8pm) ____, Wuthnow lecture (10/1 7pm) ____

Biology seminar (10/3 4:30pm) ____, Phantom Tollbooth (10/3 7pm) ___

The scenario that follows is based on an article that reviews current research on the insulin signaling pathway (A. Saltiel and J. Pessin Feb. 2002 TCB 12:65-71). Previous knowledge of insulin or diabetes is not needed. Application of information about cellular components, cell signaling and logical arguments are.

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

Scenario 1 (16 Questions, 100 points, 2 bonus points)

Insulin is a circulating polypeptide hormone secreted by the beta cells of the pancreas. It is a strong and important regulator of metabolic processes in many cell types throughout the body. Its effects are particularly strong in adipose (fat) cells and muscle cells. Type 2 diabetes results from a decrease in insulin secretion by the beta cells combined with other cells becoming non-responsive to the presence of insulin.

1. What is a polypeptide? In your definition include a description of the monomeric subunit found in a polypeptide and the name of the bonds or interactions that hold those monomers together. (4pt)

Bonus: Draw a polypeptide having 4 monomeric subunits. (2pt)

2. Given the role of insulin, predict general characteristics of the primary structure of this molecule. (Support your prediction) (4pt)

3. Insulin signaling is an example of what type of extracellular communication? (Your answer should be worded along the lines of ‘Insulin signaling is an example of _____signaling because _____.’ ) (4pt)

4. Do any part(s) of the thyroid regulation circuit use the type of extracellular communication you just described? If yes—what part(s)? If no—what type(s) of extracellular signaling are used? (4pt)

 On the surface of cells, insulin interacts with the insulin receptor, a receptor tyrosine kinase. The interaction results in, among other things, the appearance of more GLUT4  on the plasma membrane. GLUT4 is a glucose transporter whose normal function is to move glucose between the blood and the cell’s interior.

5. Describe the events that occur after a ligand interacts with this type of receptor. Only describe event surrounding initial receptor activation not any further intracellular cascade. (5pt)

6. Name the type of receptor involved in the activation of a thyroid cell to produce T3 and T4.  (One sentence, only name it) (2pt)

7. Describe a significant difference between the action of the type named in #6 and ones in the same category as the insulin receptor. (4pt)

8. Why does the structure of the plasma membrane require that glucose has a transporter? Why can’t the glucose get in on its own? (For full credit your answer describe the two major components of the plasma membrane and their arrangement and the connection between that and the need for a GLUT4) (7pt)

9. Based on the localization and function of GLUT4, predict its 2°, 3° and 4° structure. Provide the reasoning behind your prediction. An approach like ‘2° structure refers to ___. I predict that GLUT4 has _____ because it needs to _____.’ would work well (3 definitions, 3 prediction/explanations= 21pt total)

The fact that people with diabetes show a decrease in sensitivity to insulin interests you. You decide to make it the focus of your world-renowned research laboratory.  One of areas of research in your lab involves using antibodies that bind to GLUT4 as markers/probes. These ‘anti-GLUT4’ antibodies have been chemically modified so that they contain a fluorescent tag that can be seen via microscopy. Cells are hybridized with the anti-GLUT4 antibodies and the pattern of binding is examined using the microscope. The pattern of antibody binding indicates where GLUT4 is found within the cell. This approach is called immunofluorescence microscopy.  In the lab you have a stock solution that is 1mg/ml anti-GLUT4 antibodies.

10. What is an antibody? (Type of molecule and normal function in the body) (4pt)

11. To perform a hybridization you have discovered that you need to make hybridization solution consisting of hybridization buffer containing the anti-GLUT4 antibodies at a final concentration of 1.5ng/ml. You want 10ml of the hybridization solution.  How would you prepare it? (4pt)

Diabetes is basically a condition where cells are starving. There is plenty of glucose in the blood stream but it cannot get into the cells that need it. A new technician in the lab has read about GLUT4 and proposes two hypotheses for why cells become glucose starved.

Hypothesis one: Insulin binding results in increased synthesis from the GLUT4 gene. People who have Type 2 diabetes do not show this increase in synthesis.

Hypothesis two: Insulin binding results in the movement of ‘stored’ GLUT4 from vesicles to the plasma membrane. People who have Type 2 diabetes do not show this rearrangement. 

12. Explain why both of these hypotheses are theoretically possible. Discuss how each could lead to the symptoms seen. (5pt ea=10total)

13. If Hypothesis Two were supported, name one type of large intracellular signaling protein could mediate localization and rearrangement of GLUT 4 and describe what its role could be in normal cells. (note the question asks for a type not a specific protein’s name) (5pt)

14. Now suppose that Type 2 Diabetes occurred through the mechanism in Hypothesis One. Briefly outline a possible intracellular signaling pathway coming after insulin activation and that results in an increase in GLUT 4 synthesis. (5pt)

The technician has muscle cells from a woman who has Type 2 diabetes and her twin sister who does not. He proposes to perform immunofluorescence microscopy OR a Northern blot in order to distinguish between the two hypotheses.

15. Compare the results predicted for each test and explain to your technician which experimental approach would be better suited to distinguish between these two hypotheses. (12pt)

A month later a graduate student in your lab has data that suggests that the problem is due to inactivity of a protein in the insulin signaling cascade. She calls the protein, HUN. She fuses muscle cells from the diabetic twin with ones from the non-diabetic sibling. The resulting fused cell is non-diabetic and can transport glucose in the presence of insulin.

16. Name and describe the phenomenon that allowed the cell to ‘become non-diabetic’. (5pt)  

