Name _______________________________ 								Date __________
AP Biology																Mr. Collea																
Part I. - Review: Stages of the Cell Cycle
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One of the characteristics of living things is the ability to replicate and pass on genetic information (DNA) to the next generation.  In our last unit, you learned how DNA replicates or make copies of itself forming replicated chromosomes.  In mitosis, these replicated chromosomes are separated into two genetically identical nuclei. In most cases, mitosis is followed by cytokinesis, when the cytoplasm divides and organelles separate into two new daughter cells. This type of cell division is important for growth, renewal, and repair of the cells that make up multicellular organisms. 

[image: mitosis practice labeling]Stages of Cell Division Preview
[image: ]Figure 1 is a photo taken of an onion root tip showing various stages of the cell cycle.

Complete Table 1 below by identifying and counting the cells is various stages of the mitosis in the picture above. Then, determine the fraction and then calculate the percentage of cells in each phase and enter those values in the table below.

Table 1: Count of Cells in the Various Stages of the Cell Cycle.

	[bookmark: RANGE!A1:G3]
	Interphase
	Prophase
	Metaphase
	Anaphase
	Telophase
	Total

	Number of Cells
	 
	 
	 
	 
	 
	 

	Fraction of Cells in Phase
	
	
	
	
	
	

	Percent of Cell in Phase
	 
	 
	 
	 
	 
	 



Construct a PIE GRAPH to show the percentage of cells in the various stages of cell division.
(Protractors are located where the graph paper and calculators are in the front of the room.)


	Stage
	Percent
	Angle
	Time in each Stage (24 hour period)

	Interphase
	 
	           x  360 =
	

	Prophase
	 
	x  360 =
	

	Metaphase
	 
	x  360 =
	

	Anaphase
	 
	[bookmark: _GoBack]x  360 =
	

	Telophase
	 
	x  360 =
	



Graph 1: Percentage of Cells in the Various Stages of the Cell Cycle.
	Color
	Phase

	 
	Interphase

	 
	Prophase

	 
	Metaphase

	 
	Anaphase

	 
	Telophase























1.	Go to Collea’s Corner and click on the: 
Online Onion Root Tip Cell Mitosis Site
http://www.biology.arizona.edu/cell_bio/activities/cell_cycle/cell_cycle.html

2.	Read about the stages of mitosis, complete the activity and then use the table below to record your data.


Table 2: Count of Cells in the Various Stages of the Cell Cycle.

	
	Interphase
	Prophase
	Metaphase
	Anaphase
	Telophase
	Total

	Number of Cells
	 
	 
	 
	 
	 
	 

	Fraction of Cells in Phase
	
	
	
	
	
	

	Percent of Cell in Phase
	 
	 
	 
	 
	 
	100

	Angle
	
	
	
	
	
	360o




	Color
	Phase

	 
	Interphase

	 
	Prophase

	 
	Metaphase

	 
	Anaphase

	 
	Telophase


 3. 	Construct a PIE GRAPH below based upon the information in Table 2.

















4.	According to your graph, which phase of the cell cycle does a cell spend the MOST amount of time in?

	______________________________	How much time (in a 24 hour period)?  _________________



5.	According to your graph, which phase of the cell cycle does a cell spend the LEAST amount of time in?

	______________________________	How much time (in a 24 hour period)?  _________________



6.	Infer from your pie graph, which phase of the cell cycle involves the MOST cellular activity?

______________________________



7.	Infer from your pie graph, which phase of the cell cycle involves the LEAST cellular activity??

______________________________



8.	Based upon the results, order the phases of the cell cycle from shortest (1) to longest (5).   After the 	longest and shortest stage, give an explanation of why that stage may have that time period.

Interphase ___		Prophase ___		Metaphase ___		Anaphase ___		Telophase ___


Explanation:

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

9.	In the chart below, sketch IN PENCIL and LABEL a cell in each phase of the cell cycle with a focus on 	the distinguishing visible feature of the nucleus and chromosomes.  Be sure to label each of the 	following structures where appropriate:

		nucleus – chromatin – chromosome – chromatid - nuclear membrane – centriole – spindle/kinetochore fibers.
 
You may want to use your text book for assistance.

	Stage
	Sketch

	Interphase
	 

	Prophase
	 

	Metaphase
	 

	Anaphase
	 

	Telophase
	 




	



































10. 	In humans, each somatic cell or autosome has how many chromosomes? 	_______


11. 	After mitosis in humans, how many daughter cells are produced?  	________


12.  After mitosis in humans, each daughter cell has how many chromosomes? 	______


13.	In TWO words, compare the nucleus (genetic material) of each new daughter cell?

_________________________  _________________________

	
14.	During which phase does cytokinesis begin?  ____________________


15. 	What cell parts migrate to the poles during prophase in animal cells? ___________________________


16. 	What structure holds the two chromatids together? _____________________________


17. During which phase does the nuclear membrane dissolve? _______________________


18. What structure moves the chromosomes into position and then pulls them apart?

________________________________________


19. What is the overall purpose of mitosis for an organism?


_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________




Part II. - Mitosis in Onion Root Tips

Introduction: 
One of the characteristics of living things is the ability to replicate and pass on genetic information to the next generation. Cell division in individual bacteria and archaea usually occurs by binary fission. Mitochondria and chloroplasts also replicate by binary fission, which is evidence of the evolutionary relationship between these organelles and prokaryotes. 
Cell division in eukaryotes is more complex. It requires the cell to manage a complicated process of duplicating the nucleus, other organelles, and multiple chromosomes. This process, called the cell cycle, is divided into three parts: interphase, mitosis, and cytokinesis (Figure 1). In the first growth phase (G1), the cell grows and prepares to duplicate its DNA. In the synthesis phase (S), the chromosomes are replicated. In the second growth phase (G2), the cell prepares to divide. In mitosis, the duplicated chromosomes are separated into two nuclei. In most cases, mitosis is followed by cytokinesis, when the cytoplasm divides and organelles separate into daughter cells. This type of cell division is asexual and is important for growth, renewal, and repair of multicellular organisms. 
 

Figure 1: The Major Stages of the Cell Cycle

[image: ]

[image: 12-14-G2CellCycleControl-L.gif]Cell division is tightly controlled by complexes made of several specific proteins. These complexes contain enzymes called cyclin-dependent kinases (CDKs), which turn on or off the various processes that take place in cell division. CDK partners with a family of proteins called cyclins. One such complex is mitosis-promoting factor (MPF), sometimes called maturation-promoting factor, which contains cyclin A or B and cyclin-dependent kinase (CDK) (Figure 2a). 








CDK is activated when it is bound to cyclin, interacting with various other proteins that, in this case, allow the cell to proceed from G2 into mitosis. The levels of cyclin change during the cell cycle (Figure 2b). In most cases, cytokinesis follows mitosis. 






												   Figure 2: MPF production during the Cell Cycle 



As shown in Figure 3, different CDKs are produced during the phases. The cyclins determine which processes in cell division are turned on or off and in what order by CDK. As each cyclin is turned on or off, CDK causes the cell to progress through the stages in the cell cycle. Cyclins and CDKs do not allow the cell to progress through its cycle automatically. There are three checkpoints a cell must pass through: the G1 checkpoint, G2 checkpoint, and the M-spindle checkpoint (Figure 4). At each of the checkpoints, the cell checks that it has completed all of the tasks needed and is ready to proceed to the next step in its cycle. cells. 
[image: ]












Figure 3: Levels of CDKs During the Cell Cycle

Figure 4: Diagram of the Cell Cycle Indicating Key Checkpoints
[image: ]









































Cells pass the G1 checkpoint when they are stimulated by appropriate external growth factors; for example, platelet-derived growth factor (PDGF) stimulates cells near a wound to divide so that they can repair the injury. The G2 checkpoint checks for damage after DNA is replicated, and if there is damage, it prevents the cell from going into mitosis. The M-spindle (metaphase) checkpoint assures that the mitotic spindles or microtubules are properly attached to the kinetochores (anchor sites on the chromosomes). If the spindles are not anchored properly, the cell does not continue on through mitosis. The cell cycle is regulated very precisely. Mutations in cell cycle genes that interfere with proper cell cycle control are found very often in cancer and will be discussed in Part III of this activity.

Objectives:
  1. 	Better understand the process and stages of mitosis.
  2.	Prepare your own specimens of onion root in which you can visualize all of the stages of mitosis.
  3.	Apply an analytical technique by which the relative length of each stage of mitosis can be estimated.



Longitudinal Section of an Onion Root Tip
[image: ]Why use onion roots for viewing mitosis?	
		
   *	The roots are easy to grow in large numbers. 
   *	The cells at the tip of the roots are actively dividing, 	   	 and thus many cells will be in stages of mitosis.
   *	The tips can be prepared in a way that allows them to 	 be flattened on microscopes slide (“squashed”) so 	   	 that the chromosomes of individual cells can be 	  	 	observed.
   *	The chromosomes can be easily stained with 	  	Toluidine blue stain to make them more easily
	observable.


Chromosomes generally are not visible as distinct entities in nondividing cells, since the DNA is uncoiled chromatin, but the process of mitosis is facilitated by supercoiling of the chromosomes into a highly compacted form. Supercoiled chromosomes can be visualized in cells, particularly if they are treated with a DNA-specific stain, such as the Toluidine blue stain.










MATERIALS
- an onion										- beaker or glass jar
- thermometer									- 10% HCl;
- distilled water									- clean microscope slides and coverslips
- pipette or a small bottle with a dropper				- scissors
- tweezers										- razor blade
- 2 needles or pins								- paper towels or kimiwipes
- compound light microscope						- 0.5% Toluidine blue

PROCEDURE

1.	Suspend an onion in a glass jar to root and fill with water until the root area is covered.
	(After two or three days the roots should be sufficiently long enough.)

2.	Cut approximately 5mm off the tips of a couple of roots.

3.	Put them in micro-container (microtainer) containing 1M HCl.

4.	Put the microtainer in a water bath at 60°C for approximately 6-7 minutes.

5.	Remove the microtainer from the water bath and transfer the root tips to a clean microscope slide.

6.	With a pipette and some distilled water to rinse away the acid.

7.	Dry the root tips with a paper towel without touching them with your fingers.

8.	Repeat the rinsing several times.

9. 	Using a razor blade or scalpel shorten the root tips to 2 mm in length being sure to keep the tips.

10.	 Stain the tissues with 0.5% Toluidine blue for 2 minutes.

11.	After 2 minutes, CAREFULLY place a coverslip over the specimen.

12.	With a pipette, place a couple of drops of distilled water one side of the coverslip and absorb the blue 	colored water from the other so to remove the dye.

13. 	Cover the cover slip with a paper towel or kimi wipe wipe. Firmly press down on the cover slip with 	your thumb or with the eraser end of a pencil to squash the root tips. Do not twist the slide. 

14.	Using a compound light microscope, search for cells undergoing mitosis.

15.	Observe the cells under low power (100X).
 
16.	Focus and center a good patch of cells before switching to high power (400X). 

17.	Look for well-stained, distinct cells. 

18.	Within the field of view, count the cells in the various stages of the cell cycle and record data below.
	

Table 3: Count of Cells in the Various Stages of the Cell Cycle.

	
	Interphase
	Prophase
	Metaphase
	Anaphase
	Telophase
	Total

	Number of Cells
	 
	 
	 
	 
	 
	 

	Fraction of Cells in Phase
	
	
	
	
	
	

	Percent of Cell in Phase
	 
	 
	 
	 
	 
	(100)



19.	R. anaerobis is a fungus and plant pathogen that grows in the soil. R. anaerobis releases the protein 	lectin. Lectins accelerate mitosis in some plant roots. Scientists want to conduct an experiment to see 
	if lectin accelerates mitosis in onion root cells.

	  a)	State the null for this investigation. (Remember why it is called a NULL hypothesis...)

	Ho: ________________________________________________________________________________

		________________________________________________________________________________

		________________________________________________________________________________

		________________________________________________________________________________


	  b) 	The experimental results are located in the table below.  Using Chi Square analysis, determine if the 		lectin had a significant difference on the onion root cells as well.

	
	Control Group - (e)
	Experimental Group - (o) 

	
	(Onion Cells without Lectin)
	(Onion Cells with Lectin)

	Interphase Cell
	267
	228

	Mitosis Cell
	181
	169

	Total
	448
	397



	
	Observed (o)
	Expected (e)
	obs - exp
	(obs - exp)2
	(obs - exp)2     exp

	Interphase Cells
	
	
	 
	 
	 

	Mitosis cells
	
	
	 
	 
	 

	
	
	
	
	X2 Total
	

	
	
	
	Degrees of Freedom
	








Conclusion:

___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
Part III. - The Eukaryotic Cell Cycle and Cancer

DIRECTIONS:	Go to Collea’s Corner and click on the: The Eukaryotic Cell Cycle and Cancer
					 (http://www.hhmi.org/biointeractive/eukaryotic-cell-cycle-and-cancer).

 				Follow the instructions as you proceed through the Click and Learn and answer the 						questions in the spaces below. 

Click on the “Background” tab on the right side.

1. 	Compare and contrast the reasons cell division is important for unicellular and multicellular 	organisms.

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________
	
2. 	Provide an example of why cell division remains important to an adult organism even after it is fully 	developed. 

	_________________________________________________________________________________

	_________________________________________________________________________________

3. 	What is the role of growth factors?

	_________________________________________________________________________________

	_________________________________________________________________________________

4. 	Cells divide, differentiate, or die. What is differentiation? 

	_________________________________________________________________________________

	_________________________________________________________________________________
 

5. 	What is apoptosis? Explain its purpose. 

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

 
6. 	Organisms maintain the right number of cells by regulating the cell cycle. What are “cell cycle 	regulators”? 

	_________________________________________________________________________________

	_________________________________________________________________________________
		_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________



Watch the video clip of cell division in the small intestine. 

7. 	Name the general location along the villus where the following processes occur:

	Cell Division: _____________________________________________________________________

	_________________________________________________________________________________


	Cell Differentiation: _______________________________________________________________

	_________________________________________________________________________________


	Apoptosis: ________________________________________________________________________

	_________________________________________________________________________________


8. 	Name one harmless result of too little cell division.

 	_________________________________________________________________________________ 

9. 	Name one harmless result of too much cell division. 

 	_________________________________________________________________________________ 

 


Click on “Cell Cycle Phases” in the center purple circle on the right and use the “Overview”
information in the window on the left to answer the questions below. 

10. 	List, in order, the four events we collectively call the “cell cycle.” Next to each event, write the 	correlating cell cycle phase name.

 		(1)	____________________________________________________________________

  		(2)	____________________________________________________________________

		(3)	____________________________________________________________________

		(4)  ____________________________________________________________________
 

11. 	In general, what is the purpose of a checkpoint in the cell cycle? ”

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________


12. 	What is one potential outcome when errors occur in this highly regulated cell cycle process? ” 
		_________________________________________________________________________________


	
	

Click on “Cell Cycle Regulators and Cancer” in the center purple circle on the right. Use the
information under “Regulators Overview” in the window on the left to answer the questions below.

 
13. 	What type of protein that regulates the cell cycle is encoded by proto-oncogenes? 

___________________________________________________

14. 	What type of protein that regulates the cell cycle is encoded by tumor suppressor genes? 

___________________________________________________

15. 	The most important cell cycle regulators are the __________________________________________.
 
16. 	What is a kinase, and what does it do? 

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________


17. 	When are cyclin-dependent kinases (CDKs) present inside the cell during the cell cycle?

	_________________________________________________________________________________
		_________________________________________________________________________________

	_________________________________________________________________________________

18. 	When are cyclins present inside the cell during the cell cycle?

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

19. 	CDKs form molecular complexes with cyclins. What do activated CDK-cyclin complexes do? 

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________





































Using the cell cycle diagram and both links in the center purple circle, complete the table below.
Use bullet points and focus on major events that occur during each phase, checkpoint, and regulatory process. Complete the entire row before moving on to the next phase.
	Phase
	Major Events
	Checkpoint Events
	Regulatory Processes

	G1
	
	 
	Stimulating

	 
	
	 
	Inhibitory
p53:





Retinoblastoma (Rb):
 

	S
	 
	 
	Stimulating

	 
	
	 
	Inhibitory
BRCA1:

	G2
	 
	 
	Stimulating:

	 
	
	 
	Inhibitory
P53: 


Go to “Cell Cycle Phases” and click on “Interphase.”

20. 	Interphase alternates with mitosis. What happens during interphase and which phases does it include? 

	_________________________________________________________________________________

	_________________________________________________________________________________
 
	_________________________________________________________________________________




Go to “Cell Cycle Phases” and click on “G0.” 

21.	The G0 phase is a resting or nondividing stage. 
		What three factors determine whether a cell enters G0?

(1) ________________________________________________________________

(2) ________________________________________________________________

(3) _______________________________________________________________

 
22. 	Provide an example of a fully differentiated cell that is (a) permanently in G0 and (b) one that can 	leave 	G0 to progress through the cell cycle and divide again. 

(a) ________________________________________________

(b) ________________________________________________



Click on “Cell Cycle Regulators and Cancer” in the center purple circle on the right. Then click on
the “Cancer Overview” tab in the window to the left (right tab). 

23. 	Cancer is the result of an improperly regulated cell cycle. Name two reasons why cells can form 	tumors. 

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________
24. 	What causes uncontrolled cell division at the genetic level? 
		_________________________________________________________________________________

	_________________________________________________________________________________
		_________________________________________________________________________________


25. 	Watch the video clip. At the cellular level in this example, explain what occurs if the APC gene is 	mutated. 
		_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________
 
26. 	Normally, proto-oncogenes stimulate the cell cycle. What do mutated proto-oncogenes/oncogenes 
	cause? 

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

27. 	Normally, tumor suppressor genes inhibit the cell cycle. What do mutated tumor suppressor genes 	cause? 

	_________________________________________________________________________________

	_________________________________________________________________________________

	_________________________________________________________________________________

28.	To cause cancer, proto-oncogenes require (  1  or  2  ) (circle one) allele(s) to be mutated and are
 	therefore considered ( dominant / recessive ) (circle one). This results in _____________ of function.

29. 	To cause cancer, tumor suppressor genes require (  1  or  2 ) (circle one) allele(s) to be mutated and 	are therefore considered (dominant / recessive) (circle one). This results in __________ of function.


30. 	Watch the video clip. 
		   
	 a. 	Using the gas pedal analogy, explain the impact on the cell cycle of a proto-oncogene versus 			 	oncogene. 
				     
		_____________________________________________________________________________

		_____________________________________________________________________________

		_____________________________________________________________________________

		_____________________________________________________________________________
		
		_____________________________________________________________________________

		_____________________________________________________________________________


		   
	b. 	Using the brake pedal analogy, explain the impact on the cell cycle of one mutated tumor
 		suppressor gene allele versus two mutated tumor suppressor gene alleles. 
 
		______________________________________________________________________________

		______________________________________________________________________________

		_____________________________________________________________________________

		_____________________________________________________________________________

		_____________________________________________________________________________

		_____________________________________________________________________________
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