BIOL 1406 Discussion Questions: How Cells Divide
1.
Name and describe the process of cell division in prokaryotes.

2.
Describe the structure of a eukaryotic chromosome.

3.
Explain how chromosomes that are several inches long can fit inside a microscopic cell, and describe the different levels of eukaryotic chromosomal organization. 

4.
Distinguish between chromosome, chromatid, centromere, kinetochore, and chromatin.

5.
Distinguish between homologous chromosomes and identical chromosomes.

6.
Identify the stages of the eukaryotic cell cycle and explain what happens during each stage.

7.
Identify the 3 principal checkpoints in the eukaryotic cell cycle, and explain how they work to control the cell cycle.

8.
Explain how cyclins and cyclin-dependent kinases work to trigger passage through cell cycle checkpoints.

9.
What are growth factors and how do they work?

10.
What is cancer?

11.
Distinguish between proto-oncogenes and tumor suppressor genes.

12.
Explain how mutations in proto-oncogenes and tumor suppressor genes can lead to cancer.
13. Draw labeled diagrams showing the 5 stages of mitosis (prophase, prometaphase, metaphase, anaphase and telophase) for a diploid cell where 2N=6.  Use 3 different shapes to represent the different chromosomes in each set, and use 2 different colors to represent the 2 sets of chromosomes.  Make sure you show the number, shape, color and location of the chromosomes at each stage of division.  Remember, in some stages the chromosomes will be duplicated and in some stages they will not be duplicated.  Also include the spindle apparatus and nuclear membrane when appropriate.

14. Draw labeled diagrams showing the 5 stages of mitosis (prophase, prometaphase, metaphase, anaphase and telophase) for a haploid cell where N=4.  Use 4 different shapes to represent the different chromosomes that make up a complete set.  Make sure you show the number, shape, color and location of the chromosomes at each stage of division.  Remember, in some stages the chromosomes will be duplicated and in some stages they will not be duplicated.  Also include the spindle apparatus and nuclear membrane when appropriate.

15. The sputum (fluid coughed up from the lungs) of many smokers contain cells with mutations (errors) in the genes for p53. The smoking induced mutations appear to be an early signal showing that cancer of the lungs will follow. Propose a relationship between early p53 mutation and the development of lung cancer?  

16. What are the consequences for the cell if the G1 checkpoint fails? Answer the same question for the G2 checkpoint and the metaphase checkpoint.  

17.Measurements of the amount of DNA per nucleus were taken on a large number of cells from a growing fungus. The measured DNA levels ranged from 3 to 6 picograms per nucleus. In which stage of the cell cycle was the nucleus with 6 picograms of DNA? 
a)G0 

b)G1 

c)S 

d)G2 

e)M 

18. In multicellular organisms, nondividing cells stay in G1 phase. For the cell, why is it advantageous to be held in G1 phase rather than S, G2, or M phase?

19. A cell biologist carefully measured the quantity of DNA in grasshopper cells growing in cell culture. Cells examined during the G2 phase of the cell cycle contained 200 units of DNA. What would be the amount of DNA at G1 of the cell cycle in one of the grasshopper daughter cells?

20. Cytokinesis usually, but not always, follows mitosis. If a cell completed mitosis but not cytokinesis, what would be the result? 
21.Six centromeres are observed in a prophase cell from another species of insect.

a. How many pairs of chromosomes does this organism contain? ______

	b.  For each stage of mitosis, indicate the number of centromeres you would expect to find and the number of copies of chromosomes attached to each centromere. 

	Stage of mitosis:
	Number of centromeres visible
	Number of chromosome copies attached to each centromere

	Prophase


	  
	

	Anaphase


	
	

	
	
	


22.Checkpoints in the normal cell cycle prevent cells from going through division if problems occur—for example, if the DNA is damaged.

a. What forms do the checkpoints take? That is, how do they control whether or not cell division occurs?

b. Develop a handout or diagram to explain how these checkpoints work under normal conditions. Your handout should include a description of each checkpoint, where it acts in the cell cycle, and what each does to control cell division.

c. Cancer results from uncontrolled cell division. Explain how mutations in one or more of the checkpoints might lead to cancer.

23. A group of cells is assayed for DNA content immediately following mitosis and is found to have an average of 8 picograms of DNA per nucleus. Those cells would have __________ picograms at the end of the S phase and __________ picograms at the end of G2
24. A culture of mammalian cells was first treated with nocodazole (which antagonizes microtubule formationand hence arrests cells at the beginning of mitosis) for 24 hours to synchronize the cell population. The nocodazole was then removed from the cell culture and the culture was then continuously incubated with [3H]-thymidine for the next 48 hours. The amount of incorporation of [3H]-thymidine into the cells was plotted as a function of time after the start of incubation with [3H]-thymidine. These results are shown 
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a.  In the above figure, what does the increase in the amount of incorporated [3H] -

thymidine into DNA starting at 10 hours represent

b.  Assuming that the mitotic division period, M, equals 1 hour, determine the following cell-cycle parameters based on the figure above.

i) The length of the total cell cycle period_____
ii) The length of the G1 phase_____

iii) The length of the S phase_________

iv) The length of the G2 phase_____

"This material (#22) was created by or adapted from material created by MIT faculty member, Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel, Introductory Biology, (2004). Copyright © 2004 Professor Eric Lander, Professor Robert A. Weinberg, Dr. Claudette Gardel.”
25. Below is a table of your observations after viewing 5 slides labeled A-E

	Slide
	Cell type
	# of chromosomes

	A
	Human egg (n)
	23

	B
	Human cheek (2n)
	46

	C
	Fruit fly (2n)
	8

	D
	Grasshopper (2n) 
	24

	E
	Onion root (2n)
	6

	
	
	


a. Which slides contain cells that would have 12 chromosomes during anaphase 

b. Which slide (s) are haploid

c. Which slides contain cells that do not go through mitosis

d. Predict chromosome # during the S phase for the onion tip

e. If a fruit fly goes through mitosis, how many chromosomes will the daughter cells have?

f. While observing slide B you notice that one cell has half as much DNA as the other. Give an explanation
g. Assume you are a microscopist viewing fruit fly cells that are undergoing mitosis. Draw circles to represent the cell membrane for each stage of mitosis. In each of the circles (cell membranes), draw what you would expect to see if you were looking at a cell in the stage of mitosis.

26. You have identified a new, rapidly reproducing species of dog that you have named the “mitbull”. The mitbull is diploid and two autosomal chromosome pairs are shown. One chromosome pair carries gene A with two alleles designated A and a. The other chromosome pair carries gene B with two alleles designated B and b.

a. Diagram mitosis (PMAT) in a heterozygous ( AaBb) mitbull cell shown below. Draw your diagrams in the outlines of the ovals adjacent to the stages. Include the alleles and the mitotic spindle in your diagrams.

b. Indicate the genotype of cells that would result after telophase. ____________
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c. A cell in Metaphase I is shown below where a crossover event takes place. Diagram the

indicated stages in meiosis. Designate the alleles and the spindle.
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"This material was created by or adapted from material created by MIT faculty memberProfessor Hazel Sive, Professor Tyler Jacks, Dr. Claudette Gardel , Introductory Biology, (2005). Copyright © 2005 Professor Hazel Sive, Professor Tyler Jacks, Dr. Claudette Gardel.”
































































