Biology 212: Cell Biology                                                                                                                                                    Final exam


You may take up to 135 minutes to complete this 252-point exam.  The point values of questions in each section are noted in brackets. 

In signing your name below, you agree to complete this exam without aiding or receiving aid from any of your classmates and without consulting your notes, textbook, etc. 

Name: ____Greg Crowther________________

SECTION  A:  SHORT  ANSWER  [12 points apiece]

1.  Briefly describe two general themes that you think are central to the field of cell biology.  (You can use the themes I presented on the final day of lecture and/or come up with your own.)    For each theme, concisely discuss two examples (e.g., two different molecules, organelles, or types of cells) that illustrate the theme.

Many answers were possible here.  The themes I discussed on the last day of lecture were: the close relationship of a molecule’s structure and its function; phosphorylation/dephosphorylation; the specificity of molecular interactions; and genetics.

2.  How can p21, p53, cdc25, and ATM lead to arrest of the cell cycle?  Please explain what these molecules do and how they are affected by each other.

ATM is a protein that senses breaks in DNA and then triggers the activation of either of two pathways (depending on whether the cell is in G1 or G2.).  In one pathway, cdc25 becomes phosphorylated and thus gets inactivated, meaning that it cannot dephosphorylate cdk's.  Since the cdk's remain in their phosphorylated and inactive state, they do not move the cell through the next checkpoint.  In the other pathway, ATM causes the stabilization of p53, which then acts as a transcription factor inducing the synthesis of p21, a cdk inhibitor.  Inhibition of cdk's then causes the cell cycle to stall.  (By the way, all this information is shown in Fig. 14.9 of your text.)

3.  How does activation of the sympathetic nervous system (e.g., when you see a wild bear) lead to dilation of blood vessels?  You can answer this question in words alone, or you can draw a diagram to support your answer.  I suggest listing/showing steps sequentially -- i.e., this happens, causing this to happen, which then causes this to happen, etc.

Activation of the sympathetic nervous system leads to release of the neurotransmitter acetylcholine, which binds to receptors on the surface of endothelial cells, leading to an influx of calcium ions from outside the cell, stimulating ceNOS (the constitutive endothelial isoform of NO synthase) to produce nitric oxide (NO).  The NO then diffuses into nearby smooth muscle cells, where it stimulates guanylate cyclase to convert GTP to cGMP, which then causes relaxation of the smooth muscle cells, leading to dilation of the blood vessels. 

4.  Using the diagram below, explain how the hormone glucagon leads to the release of glucose into the blood by liver cells.  Again, I suggest listing steps sequentially -- i.e., this happens, causing this to happen, which then causes this to happen, etc.  You don't have to cover step #4 or steps #9-10.
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1.  Binding of glucagon or epinephrine to its receptor activates a G protein.

2.  The alpha subunit of the G protein then activates adenylate cyclase.

3.  The cAMP produced by adenylate cyclase binds to and allosterically activates protein kinase A (PKA).

5.  PKA phosphorylates (and thus activates) phosphorylase kinase.

6.  Phosphorylase kinase phosphorylates (and thus activates) phosphorylase.

7.  Activated phosphorylase catalyzes the first step in the breakdown of glycogen to glucose monomers.

8.  Glucose is released into the blood.

5.  Why can a mutation in the regulatory region (e.g., promoter) of a proto-oncogene result in a cancer-causing oncogene?  How could this problem be corrected using antisense oligonucleotides?

A mutation in the regulatory region can cause a cell to express a normal protein at inappropriate times (e.g., all the time) and at inappropriate levels (e.g., higher-than-normal concentrations).  If the protein promotes cell growth or division, changes in its expression might lead to unregulated growth and divison.  Antisense oligonucleotides can sometimes be used to decrease the expression of these sorts of proteins.  An antisense oligonucleotide is a string of 10-30 nucleotides complementary to the mRNA coding for a particular protein.  Once introduced into a cell, these "oligos" bind to the section of mRNA to which they are complementary, thus preventing the mRNA from being translated intro protein (since ribosomes can't translate double-stranded nucleic acids).

SECTION  B:  FILL  IN  THE  BLANK  [4 points apiece]

1.  For each metabolic pathway listed, list a substrate (i.e., starting material) and a product.  Please choose from the following possible answers: acetyl CoA, CO2, FADH2, fatty acid, glycogen, H2O, lactate, NADPH, O2, sucrose. 

Pathway




Substrate 


Product
a. Krebs cycle



_acetyl CoA (or H2O)__

_CO2 or FADH2_____

b. Light reactions of photosynthesis

_H2O________________

_NADPH or O2_____

2.  For each phrase shown below, answer "microtubules" if it applies only to microtubules, "microfilaments" if it applies only to microfilaments, "both" if it applies to both, and "neither" if it applies to neither.

__both_____________________
a. considered part of the cytoskeleton

__microtubules _____________ 
b. enable(s) movement of intracellular cargo from the center of the cell to its periphery

__ microfilaments____________
c. used in muscle contraction

__ not graded -- ambiguous____
d. polymers that can be made of many different monomers

3.  Identify an enzyme being described by each phrase shown below.  For some phrases, there may be more than one possible correct answer, but you may not use the same answer more than once.

__cyclin-dependent kinase_____
a. phosphorylates proteins involved in rearranging chromosomes and the cytoskeleton

__excecutioner caspase________
b. digests proteins involved in maintaining cell shape and adhering to neighboring cells

__cytochrome c_______________
c. a component of the electron transport chain that also plays a role in apoptosis

(not necessarily an enzyme)

_insulin receptor tyrosine kinase
d. is responsible for phosphorylating IRS-1

__Rubisco___________________ e. fixes CO2 in plant cells; sometimes grabs O2 instead, leading to 

photorespiration

__F1F0 ATP synthase__________ f. provides a path by which protons diffuse down their electrochemical gradient 

into the mitochondrial matrix

__succinate dehydrogenase_____ g. converts succinate to fumarate in the Krebs cycle within the mitochondria

__Na+/K+ pump, myosin, etc.____ h. hydrolyzes ATP to ADP

__nitric oxide synthase ________ i. combines a nitrogen atom from arginine with an oxygen atom from O2
__cGMP phosphodiesterase_____ j. is inhibited by Viagra

SECTION  C:  SO  CLOSE  AND  YET  SO  FALSE  [4 points apiece]

The statements below are all false; however, each can be made true by changing a single word.  Edit each sentence to make it true.  (You don't need to rewrite the whole sentence; just clearly indicate the change you would make.) 

1.  Tagging a protein such as a cyclin or p21 with ubiquinone leads to its degradation by a proteasome. -- change "ubiquinone" to "ubiquitin"

2.  The migration of tumor cells from one area of the body to another is known as oncogenesis. -- change "oncogenesis" to "metastasis"

3.  If the ras gene becomes mutated in such a way that its protein product is active even in the absence of growth factors, the new, mutated gene may then be considered a proto-oncogene.  -- change "proto-oncogene" to "oncogene"

4.  A cell's incorporation of radioactive uracil indicates the rate at which it is progressing through S phase. -- change "uracil" to "thymidine"

5.  The nNOS isoform is expressed continuously and is calcium-independent. -- change "calcium-independent" to "calcium-dependent"

6.  Each phospholipid molecule contains a total of three fatty acid chains. -- change "phospholipid" to "triacylglcerol," OR change "three" to "two"

7.  A competitive inhibitor lowers the Vmax of the enzyme it inhibits. -- change "competitive" to "noncompetitive"
8.  Both mitochondria and prokaryotic cells have an approximate diameter of 0.001 micrometers. -- change "micrometers" to "millimeters"

9.  At the axon terminus of a neuron, the fusion of neurotransmitter-containing vesicles with the cell membrane is triggered by the opening of ligand-gated calcium channels. -- change "ligand-gated" to "voltage-gated"
10.  Electron pairs from FADH2 pass through complexes I, III, and IV of the electron transport chain; each of these complexes pumps protons out of the mitochondrial matrix. -- change "FADH2" to "NADH"
SECTION  D:  MULTIPLE  CHOICE  [4 points apiece]

Please select the single best answer to each question.

1.  According to Rao & Johnson's 1970 article "Mammalian cell fusion: studies on the regulation of DNA synthesis and mitosis" (presented by Brad, Emily, Jamie, and Narita) and our current knowledge of cell biology, what happens when cells in S phase are fused with cells in G1 phase?


a. CDKs from the S-phase cells cause the G1-phase cells to start replicating their DNA. -- CORRECT


b. CDK inhibitors from the G1-phase cells cause the S-phase cells to stop replicating their DNA.


c. Cyclins from the S-phase cells cause the G1-phase cells to skip S phase.


d. p53 from the G1-phase cells leads to apoptosis of the S-phase cells.


e. Phosphorylation of CDKs by the S-phase cells causes the G1-phase cells to undergo cytokinesis.

2.  In their 1978 article "Protein kinase activity associated with the avian sarcoma virus gene product" (presented by Amy, Joe, Nicholas, and Sarah), Collett & Erikson reported how they infected cells with a temperature-sensitive version of the Avian Sarcoma Virus.  What happened when these cells were grown at high temperatures (41 ºC)?


a. Protein kinase activity increased.


b. Protein kinase activity decreased. -- CORRECT


c. The cells switched from phosphorylating threonine and serine to phosphorylating tyrosine.


d. The cells switched from phosphorylating tyrosine to phosphorylating threonine and serine.


e. Immunoprecipitates isolated large amounts of p60src.

3.  According to the 1980 article "Transforming gene product of Rous sarcoma virus phosphorylates tyrosine" (presented by Anne, Ashley, Jenni, and Kristen), how did Hunter & Sefton determine that tyrosine is the amino acid that is normally phosphorylated by the src gene product?

a. They used the genetic code to determine that the src gene product contained tyrosine residues but not serine or threonine residues.


b. They found that phosphatases only affect proteins with phosphorylated tyrosine residues.


c. They used phosphorus NMR spectroscopy to determine that the phosphate was linked to tyrosine.


d. They found that the virus could not infect cells that didn't contain tyrosine.

e. They digested immunoprecipitate proteins into their individual amino acids and saw that only the tyrosine residues contained radioactive phosphate. -- CORRECT

4.  The article "p53-dependent apoptosis modulates the cytotoxicity of anticancer agents" (presented by Courtney, Jenny, Kate, and Melissa) concluded that the cytotoxicity of chemotherapeutic drugs is mostly determined by


a. the specific type of drug that was used


b. whether the tumor was malignant or not


c. whether the p21 gene was normal or mutated


d. whether the p53 gene was normal or mutated -- CORRECT


e. whether or not the p53 gene was methylated

5.  One new cancer therapy that does not appear to lead to drug resistance, even after several cycles of treatment with and withdrawal of the drug, is


a. endostatin -- CORRECT


b. Taxol


c. gene therapy


d. antibodies to the HER2 receptor


e. marijuana

6.  If you mix a person's blood with anti-A serum and find that the blood agglutinates, you can conclude that the person's blood type is


a. A


b. B


c. A or AB -- CORRECT


d. A or O


e. B or O

7.  If a proto-oncogene mutated into an oncogene in an otherwise normal cell, the immediate result would most likely be


a. apoptosis


b. arrest of the cell cycle


c. that the cell would become malignant


d. rapid mutations of other genes


e. not much; perhaps a slight quickening of the cell cycle -- CORRECT

8.  Which of the following are "adapter proteins" that help bring other proteins together but have no enzymatic activity of their own?


a. BRCA1 and BRCA2


b. Protein Kinase A and Protein Kinase B


c. FADD and TRADD -- CORRECT


d. initiator caspases


e. executioner caspases 

9.   CDK activity will increase due to all of the following except

a. high cyclin concentrations


b. dephosphorylation by cdc25


c. high p53 concentrations -- CORRECT


d. degradation of p21


e. phosphorylation of cyclin B1

10.   Which of the following behaviors will not reduce your risk of getting cancer?


a. Giving up smoking.


b. Avoiding unnecessary X-ray tests.


c. Eating lots of fiber.


d. Eating lots of moldy peanuts. -- CORRECT


e. Ingesting aspirin.

11.  Antibodies are synthesized by


a. B cells


b. plasma cells


c. T-helper cells


d. B cells and plasma cells -- CORRECT


e. plasma cells and T-helper cells

12.   Inside a human host, bacterial cells coated with antibodies may become targets of


a. apoptosis


b. cell-cycle arrest


c. phagocytosis -- CORRECT


d. autoimmune reactions


e. cytokines

13.  The following amino acids have an R group that includes a hydroxyl (-OH) group:


a. glycine and proline


b. serine and tyrosine -- CORRECT


c. leucine and tryptophan


d. aspartate and glutamine


e. histidine and lysine

14.   The following is an example of covalent bonds that contribute to a protein's tertiary structure:


a. van der Waals forces


b. hydrogen bonds


c. disulfide bridges -- CORRECT


d. hydrophobic interactions


e. DNA cross-linking

15.  The following entity contains a grand total of six carbon atoms:


a. starch


b. glucagon


c. glycogen


d. glucose -- CORRECT


e. lactate

16.  The "threshold" of a neuron is


a. about 10 or 15 millivolts above its resting membrane potential -- CORRECT


b. the amount of calcium that must enter the axon terminal in order to trigger release of synaptic vesicles


c. the membrane potential at which voltage-gated K+ channels open


d. the neurotransmitter concentration at which ligand-gated Na+ channels open


e. the membrane potential at which voltage-gated Cl- channels open

17.  Which of the following "zones" in the sarcomere does not change length during muscle contraction?  (Hint: although drawing a picture will not get you any points, it may help you answer this question.)


a. the zone where there is overlap between actin and myosin filaments 


b. the zone where there is only actin (no myosin)


c. the zone where there is only myosin (no actin)


d. the zone consisting of the full length of the myosin filaments -- CORRECT


e. the sarcomere as a whole

18.  The following equation may or may not be relevant to this question: ΔG = ΔG˚' + 2.303RTlog10([B]/[A]).  In order for the reaction ADP + Pi ( ATP to proceed spontaneously,


a. blood glucose levels should be low


b. an allosteric activator of ATP synthase should be provided


c. [ADP], [Pi], and [ATP] should all be low 


d. [ADP] and [Pi] should be high and [ATP] should be low -- CORRECT


e. [ADP] and [Pi] should be low and [ATP] should be high

19.  Membrane proteins generally


a. are about five amino acids long



b. are hydrophilic


c. include lots of hydrogen bonding among the amino acids  -- CORRECT


d. form hydrophobic protein channels through which lipids can pass

e. have alpha pleated sheets as their secondary structure

20.  The intracellular response to the binding of a ligand to a G protein-linked receptor may be terminated in part by


a. hydrolysis of GTP by the alpha subunit of the G protein -- CORRECT


b. dephosphorylation of the G protein-linked receptor


c. release of GDP and binding of GTP by the G protein


d. deletion of the gene that encodes arrestin


e. addition of 5'-Gpp(NH)p, which acts exactly like GTP except that it can't be hydrolyzed to GDP

That's it!  You're done!!  Good luck on your other finals, and have a great summer!!!!
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