Cell Biology: Bio308 Review 1 Fall 2006

The review must be SIGNED IN AT MY OFFICE  BEFORE 3:00pm on FRIDAY SEPTEMBER 29TH  

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

· The review was designed to be completed in 2 hours. You have from 8:30am 9/26 until 2:59pm 9/30 to complete it. You are not required to take it in one sitting (although I recommend it). I strongly suggest that you attempt to complete the review in 2 hours. I also strongly urge you to begin the review well before noon on Friday so that you are not rushed. It must be signed in before 3pm, not in line for a printer or leaving your room to run up the hill. From 3pm on, late penalties will be assessed. (see syllabus)

· 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 19 questions (100pt) and 2 Bonus questions (5pt) for a total of 105 possible pts.

Any questions about the review should be directed to me at kabernd@davidson.edu, 894-2889 (o), or 662-9744 (h). I do not have email access from my home. Emails sent after 5pm will be answered the next morning. Calls to my home must occur before 9:00pm. 

Turn in the review at my office (Watson 289). Sign the sheet on the door and place the review either in my hands or completely 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 respecting all aspects of the Honor Code.

This review was completed in ________hours. Began ________  Finished __________ 

The scenario that follows is based upon an article that appeared in the July 2006 issue of the journal Cell. (Chang, S.. et al. (2006) Histone Deacetylase 7 maintains vascular integrity by repressing matrix metalloproteinase 10. Cell 126; 321-334.)

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.

    The interactions between endothelial cells and smooth muscle cells must be coordinated and regulated so that blood vessels (vasculature) form resulting in a functional circulatory system. Chang et al. report new findings regarding a histone deacetylase called HDAC7. HDAC7 is a histone deacetylase that happens to show high structural and functional homology to HDACs that were first identified in yeast. When present HDAC7 protein removes acetyl groups from specific histone proteins. Histones are normally found with DNA wrapped around them. Acetylating histones  relaxes the wrapping and promotes transcription of the DNA in that region. Deacetylating histones allows a tighter DNA-histone interaction and, therefore, represses transcription of DNA in that region. 

1. What type of molecule is DNA? In your answer provide an example of a monomer of this type of molecule. (3pt)

2. ‘Form follows function’ is an underlying theme of biology. Provide a hypothesis for how the histone modification/ DNA interactions described above follow this basic tenet. (5pt)

3. What is the definition of a ‘good’ hypothesis? Explain how your response in #2 follows that definition. (8pt)

4. Where in the cell would you expect to find HDAC7 protein? Explain your choice. (4pt)
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MMP10 is a secreted metalloproteinase that hydrolyzes extracellular matrix proteins. MMP10’s transcription is activated by the presence of the transcription factor MEF. The article shows that when HDAC7 is present it interacts with the transcription factor MEF to form a MEF-HDAC7 complex that represses, but does not completely block, MMP10 transcription.  (see diagram)
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Adapted from Chang et al. (2006) Cell 126;321-334

5. What is hydrolysis? (2pt)

6. Provide an example of hydrolysis that occurs during normal thyroid function and discuss the importance of that hydrolytic event in making a thyroid work properly. (8pt)

BONUS: Draw the hydrolytic reaction you chose in #6 (2pt)
7. In class and lab we have discussed analysis of transcription levels. Describe two techniques that could be used to show that transcription of MMP10 is repressed in a cell that expresses HDAC7. (250word absolute max. Can be done in less. Show word count (function under the tool menu)) (10pt)

8. Proteinases, in general, are highly destructive. MMP10 is responsible for ‘digesting’ the extracellular matrix. Discuss two reasons that could explain why MMP10 does not digest the inside of the endothelial cell that produces it. Provide the logic of your choices. (8pt)

HDAC7 is only expressed in the endothelial cells of blood vessels. Therefore during differentiation endothelial cells must be ‘told’ to produce HDAC7.
9. What are the five types of extracellular signaling we have discussed? (Do not define) (5pt)

10. Which of the five types is most likely to play a role in ‘telling’ the developing endothelial cells to produce HDAC7? Explain your reasoning. (6pt)

11. The endothelial cells that line the blood vessel are in direct contact with smooth muscle cells. Provide a logical explanation for why the smooth muscle cells are so close yet they do not express HDAC7. (Be sure to remain consistent with the type of signaling you chose in #10) (4pt)

12. Many types of extracellular signaling are involved in the information loop that controls correct thyroid function. Choose one, define it and provide the thyroid function-specific example. (Your selection must be different from any one you chose in your response for #10).  (6pt)

Researchers found that HDAC7 knockout mice (mice with no copies of the HDAC7 gene) died before birth due to malformed vascular tissue. As shown in the diagram above, they saw that having no HDAC7 leads to an increase in the production and secretion of MMP10. High levels of MMP10 expression /secretion causes hydrolysis of the extracellular matrix proteins between the endothelial cells and between the adjacent smooth muscle cells. Lack of adhesion between the cells results in the blood vessels developing holes and the mouse fetus dies.

BONUS: Normal levels of HDAC7 lead to repression of MMP10 expression—but some MMP10 is still produced and secreted. Provide (and explain) a reason why the body would still produce a molecule that, in large amounts, causes it’s blood vessels to rupture. (3pt) (200word max, provide word count) 
You are intrigued by this research and rush off to set up a lab, eager to study the yeast homologues of the mouse HDAC genes. In a few years you have a technician who hypothesizes that the HDAC protein is not the only transcription repressor—you think that the HDAC RNA also acts to regulate transcription. (completely hypothetical) Fortunately you know that cycloheximide blocks protein formation so you can separate the role of transcripts from the role of proteins by blocking conversion between the two. (that part is fact) 

13. What is the Latin name (genus and species) of the organism you have been studying in lab? (2pt)

14. Where is the lab’s first aid kit stored? (1pt)
15. Unfortunately, your technician does not feel comfortable making solutions and needs written instructions. A literature search reveals that in order to block protein formation you need to treat the cells for 3hours with a solution that contains15ng/ml cycloheximide. You know that you have 100ml of YEPD, 50ml sterile water, 1ml of 1ug/ul cycloheximide, and all of the beakers, flasks, pipets and balances normally found in a Cell Biology lab. Write your technician an explanation of how to prepare 5ml of the necessary treatment solution. (7pt)

16. Your technician is amazed. He read the same literature but did not understand the methods section. Explain at least three differences in expectations/content between laboratory instruction sheets and an article’s methods section. (5pt)

17. After reflecting on your technician’s plan you remember back to Davidson and discussions of techniques. You realize that those same techniques could be used to manipulate the level of HDAC RNA in your yeast. Provide the name of one such technique, explain how it works and how it could be used to manipulate HDAC RNA levels. (8pt)

You know that your technician’s hypothesis does not follow the ‘textbook’ explanation for the standard way gene expression is controlled. In their 2005 paper, Hammes et al. propose an unexpected hypothesis (and experimental support) 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.  

18. What was the new hypothesis about signaling that Hammes et al. proposed and what data do they provide that supports their interpretation (and not the previous hypothesis of the field) (5pt)

19. What causes the thyroid of a Graves’ patient to be overactive and why is this cause unexpected and unusual? (3pt)
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