Cell Division

Materials

1. String (8) (spindle fibers)


   5. Four  yellow bead strings (each with 7 beads)

2. Four small plastic tubes (centrioles)

   6. Four blue bead strings (each with 4 beads)

3. Eight soft plastic tubes each containing a magnet    8. Four green bead strings (each with 4 beads)

4. 4 red bead strings (each with 7 beads) 

Procedure

Build a red chromosome by connecting one red bead strand to each end of the magnetic tube.  Then build a yellow, blue, and green chromosome the same way.  These represent chromosome 1M (inherited from the father) (red), 1F (inherited from the mother (yellow), 2M (inherited from the father)(blue), and 2F (inherited from the mother)(green) in an imaginary organism whose cells each contain four chromosomes.   How many chromosomes are found in a human cell?___________

Chromosomes 1M (red) and 1F (yellow) are homologous chromosomes as are chromosomes 2M (blue) and 2F (green).  This means that the red and yellow chromosomes contain the same type of information, but they are not identical (different alleles or forms of the same gene). The same is true of the blue and green chromosomes. The father’s sperm contributes one member of each homologous pair (red and blue chromosome), and the mother’s egg contributes the other member of each homologous pair (yellow and green).  It is not necessary to consider homologous chromosomes in mitosis, but an understanding of homologous chromosomes is vital in understanding meiosis.  Therefore take a moment at this point to make certain you understand the con

Interphase

Remember Interphase is composed of G1, S, and G2 stages.  G1 is a period of normal metabolic activity and growth.  In this part of the lab you will model the events (G1, S, and G2 stages) that occur during interphase. Model and diagram G1, S, and G2.   When you are asked to draw one of the stages, draw it as you have modeled it, even though in reality, the chromosomes and centrioles are not visible with a light microscope during interphase.  Modeling instructions are in italics.
Place of paper on the table in front of you. The two sheets of paper should partially overlap such that the rectangle they form is bisected by the line of overlap. This line represents the center of the cell and the metaphase plate.  Place one yellow, one red, one blue, and one green chromosome on the paper.  Place two of the centrioles next to them.  This represents the chromosomes of the cell in interphase (G1).   The paper represents the cell.

1. Diagram G1 as illustrated by your beads and plastic centrioles.

2. What occurs during G1? ____________ and _____________________

3. What does the G stand for? _____________

To simulate replication, construct a second yellow chromosome, a second red chromosome, a second blue chromosome, and a second green chromosome.  Place the two yellow chromosomes together and note how the magnets hold them together.  Do the same for the other chromosome.
4. Which of the 3 parts of interphase does this represent? ________________

5. Assume the magnet represents the kinetochore.

6. Assume the soft plastic tubing represents the centromere.

7. What are the bonded chromosomes called together ?______ duplex chromosomes ______________      

8. What are the original chromosome and its exact duplicate called as individuals (after they separate)?  ___________ simplex___________ _____chromosomes________
9. Diagram S.

Simulate replication of the centrioles.  

10. When does this occur? ____________G2_______   How many centrioles are now present? _______4_
11. When does the spindle begin to form? _________________

12. Diagram G2 as you have modeled it with the beads and plastic centrioles.

Answer the following questions before modeling the remaining stages of mitosis.

13. What happens during G1? ____________ and ______________ _______________

14. What factor must be formed before the cell enters S?__ S-phase promoting factor (SPF)____

15. What is the main thing that occurs during S? ___________________________________________

 The cell then enters the G2 phase. 

16. How many centrioles are present at the beginning of G2?____2____  At the end?____4_____

17. What else occurs (besides duplication of centrioles) during G2? _____________________

Remember that the four centrioles stay together in a specialized part of the cytosol (centrosome) until they separate in prophase.

18. What factor must be produced before the cell can leave G2 and begin mitosis?_______________________

Prophase

1. Think of two of the centrioles as A centrioles and the other two as B centrioles

2. Tie a string to the magnet (kinetochore on centromere) of one red chromatid.  Tie a second string to the kinetochore of the other red chromatid.  

3. Using additional strings, repeat step 2 for the yellow, blue, and green duplex chromosomes. 

4. Attach or imagine the attachment of the string from one red chromatid and one yellow chromatid. One blue chromatid, and one green chromatid to the A centrioles.

5. Attach the strings from the remaining red, yellow, blue, and green chromatids to the B centrioles.
19. What part of the chromatid do the magnets represent?__________________________

20. Why is it important that each pair of centrioles be connected to a red chromatid, a yellow chromatid, a blue chromatid, and a green chromatid instead of to two red, two yellow, two blue, or two green chromatids? ___________________________________________________________

Diagram prophase as you have modeled it and label the duplex chromosomes,  sister chromatids,  and centrioles.

Duplex chromosomes are composed of the sister chromatids.  The term duplex chromosome is not a commonly used term, but it does provide a name for the unified structure.  While this is not that important in mitosis, the name is beneficial in explaining Meiosis.  Specifically it helps in explaining the difference between Meiosis I (The reduction division) and Meiosis II (the equational division).  During the reduction division—homologous duplex chromosomes pair to form tetrads.  The duplex chromosomes then separate with one from each tetrad going to each of the two resulting cells. 

Then in the equational or second division, the sister chromatids making up the duplex chromosomes separate.
21. Where do the centrioles move as prophase proceeds?__________________________________

Metaphase

Arrange the centrioles and duplex chromosomes as they should appear in metaphase.  

22. Where are the centrioles now located? _______________________

23. Where are the sister chromatids (form duplex chromosomes) located? ______________________

24. Diagram your metaphase creation. Label the duplex chromosomes, sister chromatids, mitotic spindle (spindle fibers), centromeres with kinetochores, and centrioles.

Anaphase

Pull on the centrioles and attached strings showing how the sister chromatids separate and are pulled towards the opposite poles.    

24. What are the former chromatids called now? _______________________

25. What signifies the beginning of anaphase?

26. Diagram anaphase as you have modeled it.

Telophase

Continue to pull the chromosomes apart using the centrioles and strings, but at the same time pull your overlapping sheets of paper apart such that one set of chromosomes ends up on one sheet with two centrioles and the other set of chromosomes ends up on the other sheet of paper with two centrioles.

27. Briefly explain what happens during telophase. 

28. How do the two new cells formed by telophase compare to the original cell?

29. What is cytokinesis?

30. How does cytokinesis differ in plants and animal cells?

31. How many chromosomes do each of the two new cells contain? __________  

32. How does this compare with the number present in the original cell?___________________

33. Diagram telophase. 

34. What would happen if one of the centriole pairs formed spindle fibers which attached two of the yellow chromatids, one of the red chromatids, one of the blue chromatids, and one of the green chromatids.  The “catch” of this pair of centrioles will form cell A.  The other pair of centrioles formed spindle fibers that attached to one of the red chromatids, one of the blue chromatids, and one of the green chromatids.  How many chromosomes would the resulting cell (A) contain? ___________   How many chromosomes would the other cell have?_________ 

This is called non-disjunction (failure of sister chromatids to separate)  and is responsible for some genetic disorders when it occurs during gamete formation.

During the last part of today’s lab, you should view prepared slides of plant and animal mitosis.  Each slide has many cells.  The cells are in different stages of mitosis.  You may be able to find the stages using the 4X or 10X objective, but make sure you examine each stage using the 40X objective.  Draw and label each phase and include your pictures in your lab notebook.

