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(The following background information about the platypus is factual.)

While in Australia on a School for Field Studies program you learn that the male platypus is the only venomous mammal. Intrigued you decide to devote your life to researching this unique animal. The male platypus has a large fang-like ‘spur’ on its hind leg. A duct connects the spur to a venom gland that secretes a combination of peptides. The venom peptides trigger intense pain which can linger for weeks and is untreatable, even by strong painkillers like morphine. You are fascinated and decide to devote your life to studying this odd creature.

1. What is a peptide? Your definition should include the type of component(s) found in a peptide and how they are joined. (3pt) 

 Bonus   Draw 2 of the components and the bond between them (1pt) 

You begin your research by using a microscope to examine the structure of platypus cells.

2. What is an organelle? Why are organelles important to correct function of a eukaryotic cell? (6pt)

3. Before you became interested in platypuses you researched plants. While looking through your microscope at a cell from the leg muscle of a platypus and a cell from the leaf of a plant and what are three specific differences that you would expect to see? What are two similarities? (7.5)

After completing your microscope work you decide to examine the cells at the molecular level. You focus on the venom gland cells first. A quick check of reference materials tells you three things. First, the gland is triggered to release venom because of pressure on the gland cells that occurs when the spur digs in to the victim. Second, the trigger activates the cell in a wave-like fashion that begins on the side of the cell closest to the spur and travels to the other side. Third, activation causes release of venom from the cell into the duct and that the release also proceeds in a wave around the cell. (note: From this part on the information is hypothetical, extensive research on platypus venom has not been conducted, yet.)
4. In order to activate a cell there must be some kind of receptor to receive the signal. Considering the information given above and our discussions in class, provide a hypothesis for type of receptor used to trigger this venom gland cell. Be sure to state why your choice is consistent with the information provided. (5pt)

5. How is the receptor used to activate the sciatic nerve during a stress response different from the one you described in #4? (4pt)

After many experiments you determine that cells undergoing this ‘wave-like activation’ show a similar ‘wave-like’ increase in calcium within the cytoplasm. It appears that the increase in cytoplasmic calcium concentrations is a very important step in getting venom released from the cell. Further research shows that this calcium is not coming from outside of the cell. In fact the plasma membrane of the gland cell appears to be impermeable to calcium.

6. Provide the chemical reasons behind why a membrane would block calcium from entering the cell. (5pt)

7. If the calcium doesn’t come from outside of the cell, it must come from inside. Drawing on our examples in class, where does the gland cell store its calcium and how does the external trigger cause an increase in the cytoplasmic concentration of this ion? (7.5pt)

8. Considering all the information that you now have about the gland cell, describe a mechanism for how venom is released from the gland cell into the duct. (Do not begin with the spur penetrating the victim. Just describe the final steps where venom is released.) (8pt)

9. Platypus venom causes agonizing pain in the victim. Why doesn’t the platypus suffer from constant pain due to interactions between the venom and the cells that line the venom duct? (4pt)

While imagining a platypus attacking a person may seem humorous, in reality an attack induces a massive stress response.   

10. What is the name of the initial signal molecule used to tell the whole body to initiate a stress response? (2pt)

That initial signal does not physically enter a liver cell, yet the liver cell ‘knows’ to respond. 

11. If the signal molecule itself does not get into the cell how does the ‘message’ get to the cell’s cytoplasm? (Explain the initial steps that transmit the information into the cytoplasm. Do not describe the events that follow.) (5pt)

Once the stress message is in the cytoplasm some cells respond by secreting something, some respond by contracting, and some respond by breaking down polymers. The functions of these cells are coordinated and the processes involve the actions of enzymes.

12. What is a polymer? (2pt)

Bonus: Draw a polymer. The polymer must be from a major category of biological molecules and cannot be something that you drew for a previous bonus question. (1.5pt)

13. Three different types of cellular responses to stress were mentioned above. Explain why the body would want to coordinate these functions in times of stress. (To do this you will need to mention examples of each response and explain why it would be advantageous to have them work together in the body) (8pt) 
14. Consider each of the following molecules. Is each an enzyme? Explain your answer. (Something along the lines of X is an enzyme because it ---, or Y is not an enzyme because ----. Be sure that your explanation mentions characteristics specific to that molecule.) (3pt each)

a. Alpha subunit of the trimeric G protein 

b. Cyclic AMP

c. Phospholipase C

d. Protein Kinase A

e. Tropomyosin

After 15 years of research you learn that platypus venom begins a signaling cascade that activates a newly identified enzyme called Phosphorylase M (PM). PM adds a phosphate to a pain receptor protein called the Outer Widening Complex Head (OWCH). (Phosphorylating this pain receptor puts it into its ‘on’ conformation which tells that neuron to send a signal. The brain interprets that signal as…...pain.)

By this time in the future you can buy PM (MW 284), OWCH (MW 521), and platypus venom (a mixture provided in ‘units’, no single MW available). You decide to use spectrophotometry to demonstrate the effects of platypus venom on the enzymatic reaction:   

PM + OWCH           PM + phosphorylated OWCH

In order to study this reaction you first determine the absorption maximum of OWCH. 

15. What is an absorption maximum? Why/How will knowing the absorption maximum of OWCH help you study this enzymatic reaction? (7pt)

16. The second thing you do is prepare your stock solutions. PM is supplied as a 5M stock solution. You have 10ml of this stock. You also have 500ml of water, graduated cylinders, beakers, balances, pipetmen and other basic lab equipment. Describe how you would prepare 10ml of 3mM PM? (5pt)

Bonus: How many milligrams of PM are in10ml of 3mM PM? (2pt)

17. You perform enzyme assays in the presence of 0, 1, 5 units of platypus venom and use the spectrophotometry setting you have determined to monitor the progression of the reaction over three minutes. Hand-draw a well-labeled graph of the absorbance vs. time trendslines you expect to see.  Provide a brief explanation of your graph (3 sentences max) (6pt)

