MCB 230 Exam on part 2: Cytoskeleton and Cell Cycle

Gary Karpen, Spring 2007

This exam is “open book”, but should be completed INDEPENDENTLY. Length recommendations are given, and the total length of your answers should not exceed 4 pages of 12 point font.

Return exam by the beginning of class on Thursday, April 19 (2:10 PM).

I can give you more comments if provided with a word file of your answers. So if you prefer, you can ALSO send a word file with your answers to karpen@fruitfly.org. Put “EXAM” in the subject

1 (10 points). Recommended length: one half page.
During your second rotation, you discovered and purified a novel cytoskeletal element.  You would like to determine its polymerization characteristics in vitro.  

a) List 3 properties of the subunit/polymer that would indicate whether this polymer has non-equilibrium polymer dynamics (like actin and tubulin).  

b) In 1-2 sentences, describe an experiment to test for each property in vitro (i.e. with the pure protein). 

2 (20 points). Recommended length: one half page.

At metaphase, chromosomes are ‘poised’ to enter anaphase. 

a) What are three elements/processes required to maintain this state? 

b) For each element/process, name one required protein and its function, then briefly describe its contribution and what you expect to observe if you inhibit its function at metaphase. 

c) Briefly describe experiments to test whether cells monitor a cell cycle event to decide that it is OK to enter anaphase, to identify the signaling event, and to identify critical components.

3 (15 points) Recommended length: one half page.
In your third rotation you’ve stained cells from a metazoan system with an antibody to the AIR protein (for ‘Aren’t I Really interesting’), and have discovered a new interphase nuclear structure you’ve chosen to call the “your name here BODY” (or more likely “the PI’s name here BODY”). 

a) Briefly describe how you would identify all genes/proteins in the organism that regulate formation of this structure.

b) You’ve identified 3 such proteins, and have generated reagents that show all 3 are present in the BODY. Briefly describe how you would determine their relative positions in the pathway responsible for forming this BODY. 

4 (15 points). Recommended length: one half page.
a) Briefly describe the key experiments and systems that were critical for demonstrating that cyclin synthesis and degradation are required for entry and exit from M-phase. 

b) What are the main similarities and differences for how entry into S phase, entry into anaphase, and exit from mitosis are regulated? 

5 (40 points). Recommended length: one page.
For each of the following (mostly imaginary) observations, formulate an explanation and briefly outline an experimental test of your hypothesis.  

a) You are experimenting at home and notice that reducing your milk or TUMs intake makes it difficult to increase the weights you use during your daily workout. Note: perhaps in this case it is better to test your hypothesis in another experimental system. 

b) Flies can live without centrosomes, and inhibition of gamma tubulin does not block spindle formation in some cell types.

c) In S. cerevisiae, cdc4 temperature-sensitive mutants arrest in late G1, but sic1( cdc4ts double mutants can replicate their DNA but cannot exit from mitosis.

d) Deletion of a histone modifying protein causes loss of the heterochromatin-specific modification from chromatin, but deletion of an RNAi component leads to distribution of the modification across the nucleus.

e) A cellular mutation changes Listeria monocytogenes bacterial movement, causing actin tails to form corkscrew-like spirals.

