Section:

Animal Science
Unit:

Unit 5: Cell Structure and Function 

Lesson Title:
Lesson 7: The Cell Cycle (Mitosis)

Student Learning Objectives (Enablers)

As a result of this lesson, the student will:

1. Diagram and label the cell cycle and have understanding of each phase.

2. Identify cells in each of the stage of the cell cycle.

3. Understand how the cell controls cell division.

Time:
Instruction time for this lesson: 50 minutes.

Resources:

· Strategies for Great Teaching 

· Biology: Principles and Exploration Text

Tools, Equipment, and Supplies

· Projector with PowerPoint or color overheads

· Crayons or colored pencils 

· Copies of the Graphic Organizer (one per student)

· Copies of the Cell Cycle Quiz (one per student)

· Computer access with Internet capabilities

· One Copy of Transparency 1

Key Terms. The following terms are presented in this lesson and appear in bold italics:

G1 Growth Phase

Synthesis Phase

Cancer 

G2 Growth Phase

Mitosis 


Cell Cycle

Interphase


Prophase


Metaphase

Anaphase


Telophase


Cytokinesis

G1 Checkpoint 

G2 Checkpoint

Interest Approach

We are going to begin today’s lesson by thinking of nature. Many things in nature occur in cycles. Who can name cycles that we can see happening in the environment around us? Wait for examples. Students could talk about the seasonal changes, the phases of the moon, or the earth turning on its axis causing the rising and setting of the sun. You know, just like the cycles seen in nature, our cells replicate in the same way, in phases or cycles. We have already learned about the cell and the importance of the organelles within cells. Has anyone ever wondered about the life cycle of a cell? Do you think that cells live forever? Do cells ever create new cells? Do cells die after they get old? Today, we are going to learn about this cell cycle and answer a few of these questions. Distribute graphic organizer to students.

Summary of Content and Teaching Strategies

Objective 1.
Diagram and label the cell cycle and have understanding of each phase.

Objective 2. 
Identify cells in each of the stage of the cell cycle.

Log into Microsoft PowerPoint and begin the lesson by providing an overview of objectives and an overview of the cell cycle on slides 2 and 3. Show the complete process by moving to slide 4. The advance organizer for the students begins on slide 5. Have students complete the advance organizer, take notes and draw where indicated when you cover the content.

Slide 5 – Why do we care about cell division?


Cell division is a process of reproducing cells that occurs during growth, repair and 
development of tissues.

Slide 6 – What is the cell cycle?


Repeating sequence of cellular growth and division throughout the life of an organism 

Slide 7 – Stages of the Cell Cycle 


We should begin our discussion of the phases of the cell cycle by discussing Interphase. 
Interphase has three different phases in it, the 1st Gap Phase, Synthesis Phase and the 2nd 
Gap Phase. This stage takes up most of the cell’s life. You may also want to show 
transparency 1 found at the end of this lesson at this time, as a helpful way to summarize 
the information of the cell cycle.

Slide 8 – Phases of the Interphase 


1st Gap Phase = (G1) where the cell grows rapidly and carries out routine functions.


Phase takes most of the cell’s life.


Interesting to note: muscle and nerve cells never divide, so they remain in G1

Slide 9 - Phases of Interphase


The Synthesis Phase, denoted by (S), is the second stage of Interphase. During this phase, 
the cell’s DNA is copied. At the end of this stage, each chromosome has 2 chromatids 
attached at a centromere.

Slide 10 - Phases of Interphase


The third and final stage of Interphase is the Second Gap Phase (G2)


Hollow microtubules are assembled.


Microtubules are used to move chromosomes during mitosis.

Slide 11 - Second Major Stage of the Cell Cycle


Mitosis is the next phase in the cell cycle



1. Nucleus is divided into 2 nuclei 



2. Each nucleus ends up with the same number of chromosomes as the original 


cell



3.  Includes prophase, metaphase, anaphase and telophase

Slide 12 – The final stage of the Cell Cycle


Cytokinesis is the final stage of the cell cycle. During cytokinesis, the cytoplasm divides, 
the cell becomes two and the process begins all over again.

Slide 13 – Crayon Moment


Very good class, we have already completed objective 1 of today’s lesson, which was to 
diagram and label the cell cycle and have an understanding of each of the phases. To help 
cement this information into our minds and to allow for quick reference, we are going to 
review the information about the cell cycle to this point using a Crayon Moment. Look at 
your graphic organizer. To help remember the phases of the mitosis cycle, let’s color the 
boxes of the graphic organizer a corresponding color that you can remember. Color-code 
the following:

Prophase = Purple

Metaphase = Metallic (silver, gold or copper)

Telophase = Tan

Anaphase = Apple Green


Using the same color you used for each of the phases, color code your notes to 
correspond.  Take two minutes to do this now.

Now, reinforce the content that has been taught by using the PowerPoint document or colored slides. Proceed through slides 14 through 18, looking at actual cells in each stage of the cell cycle. Ask students what is happening in each cell at each different stage. Also, if they haven’t finished their drawings on the advance organizer, have them do this now. Allow time after you have discussed each phase for them to draw the phase in their notes.

Slide 14 - Which cell is the plant cell and which is the animal cell? What is the difference 
between the two cells?  (Expect an answer resembling the cell on the right is the plant 
cell because it has a cell wall).
Prophase is the first step in mitosis. Chromosomes coil up and become visible during prophase.  The nuclear envelope dissolves and a spindle forms. The chromosomes are already copied, when did this happen?  (Lead to answer during S phase.) Good, during the S phase of Interphase DNA was replicated.

Slide 15:  These two cells are currently in metaphase.  What is different from the previous slide 
where the cell was in prophase?  (Looking for: chromosomes line up.) Great, during 
metaphase the chromosomes line up along the equator of the cell.

Slide 16:  What is different from this cell, which is in anaphase, from the previous cell that was 
in metaphase?  (Looking for: chromosomes move to ends of cell.)  You guys are doing 
awesome, right the chromosomes or chromatids have moved to opposite sides of the cell.

Slide 17:  What is happening in this cell during telophase?  (Looking for: new cell walls form.)  
Good, the nuclear envelope or cell membrane is forming at each pole.  The chromosomes 
also uncoil in this stage and Cytokinesis begins.

Slide 18:  As mitosis ends, Cytokinesis begins. During Cytokinesis, the cytoplasm of the cell is 
divided in half, and the cell membrane grows to enclose each cell, forming two separate 
cells as a result. The end result of mitosis and Cytokinesis is two genetically identical 
cells where only one cell existed before. During Cytokinesis in animal cells, the cell is 
pinched in half by a belt of protein threads.

(You may use an Eyewitness News Moment to have the students review the key “news” at each phase.)

Objective 3. 
Understand how the cell controls cell division.

Introduce objective three with the following discussion on cancer.

What is cancer? Certain genes contain the information necessary to make the proteins that regulate cell growth and division. If one of these genes is mutated, the protein may not function, and regulation of cell growth and division can be disrupted. Cancer is the uncontrolled growth of cells.

Some mutations cause cancer by overproducing growth-promoting molecules, speeding up the cell cycle by stepping on the accelerator. Others cause cancer by inactivating the proteins that slow or stop the cell cycle, in effect, removing the brakes.

Although mutations can occur spontaneously, many occur as a result of environmental influences. This is why some of the more significant cancer risk factors are linked to lifestyle. For example, the use of tobacco products and exposure to ultraviolet radiation are known risk factors. Certain viruses can also induce cancer.  Recently there has been a great deal of interest in the effects of diet on cancer.

Cancer is essentially a disorder of cell division. Like stepping on the accelerator of a car regardless of a red light ahead, cancer cells do not respond normally to the body’s control mechanisms. Let’s take a look at those control mechanisms.

For each of the following slides, display them for the students to copy into their graphic organizer.

Slide 19 - Control of Cell Cycle

There are three major checkpoints; when unfavorable conditions exist, cellular replication 
will stop at this point.

1) G1 Checkpoint 

a) Decides when a cell can divide based on environmental conditions, health and cell size

b) Favorable conditions begin S phase

c) If not favorable, a resting period begins

Slide 19 - Control of Cell Cycle (continued)


This is the cell growth or G1 checkpoint. This checkpoint makes the key decision of 
whether the cell will divide. If conditions are favorable for division and the cell is healthy 
and large enough, certain proteins will stimulate the cell to be begin synthesis or the S 
phase.

During the S phase, the cell will copy its DNA.  If conditions are not favorable, cells can typically stop the cell cycle at this checkpoint.  The cell cycle will also stop at this checkpoint if the cell needs to pass into a resting period.  Certain cells, such as some nerve and muscle cells, remain in this resting period permanently and never divide.

Slide 20 - Control of Cell Cycle

2) G2 Checkpoint 

a) DNA repairs enzymes and checks DNA replication 

b) Once this checkpoint is passed, then mitosis begins

3) Mitosis Checkpoint 

a) Signals end of mitosis and G1 begins again

 DNA synthesis or G2 checkpoint. DNA repair enzymes check DNA replication at this point. If this checkpoint is passed, proteins help trigger mitosis. The cell begins the many molecular processes that are needed to proceed into mitosis.

Mitosis checkpoint. This checkpoint triggers the exit from mitosis. It signals the beginning of the G1 phase of the new cell, the major growth period of the cell cycle.

Slide 21 - Allow students to complete their notes by copying slide 20 into their notes.


Control of Cell Cycle

 What happens when checkpoints fail?

1. Cancer can occur

Cancer is the uncontrolled growth of cells

2. Mutation missed by checkpoint can cause overproduction of growth hormone

3. Damage done to a cell by environmental factors can cause cells to constantly repair.

Review/Summary. 

Using a Me-You-Us Moment, ask the students to select a phase of the cell cycle, a stage of cell division, and a control checkpoint, and share with the person beside them which they selected and why. Then have the person who listened reiterate this information to the class.

A second extension to the lesson is to go to the following website and play the cell cycle game. This is a great activity! It reviews the content of this lesson and, if students don’t key up the next activity, it causes cell death, if done correctly, causes cell division. Try this! It is very clever and great summary! Link to:  http://nobelprize.org/medicine/educational/2001/
Application

Extended classroom activity:

Write a report summarizing how different cancer-fighting drugs kill cancer cells by interrupting the lifecycle of the cells. How is cell division related to the spread of cancer?

FFA activity:

Using Life knowledge HS 4, pose the question, “How can mitosis be compared to the four states of development (Me, We, Doing, Serving)?” Correlate Interphase to the “me” stage of developing personal skills and abilities, Prophase and metaphase to the “we” stage of developing relations with each other, and Anaphase to the “doing” stage, which is putting one’s vision into action and finally, telophase to serving, which is growing and serving others. Mitosis is the process by which cells grow and reproduce just as we develop and grow and eventually serve others.

SAE activity:

Using Life Knowledge, HS 128, discuss cell division and what an organism requires for the process to occur (proper environment, nutrition, etc.) and relate it to what conditions are needed for a student’s SAE to grow and flourish.

Evaluation: 

Have students take the cell cycle quiz. Answers are on the final page.

NAME: _____________________________




DATE: ___________

Quiz: The Cell Cycle

Agricultural Biology

1. The stage of the cell cycle in which a cell’s DNA is copied is called the __________ phase. 

a. S

b. G1
c. G2
d. Mitosis

2. When the cell cycle is not controlled, _________ may result.

a. Downs syndrome

b. Binary fission

c. Cancer

d. Spindle 

3. As a result of mitosis, each resulting cell

a. Receives an exact copy of all of the chromosomes present in the original cell.

b. Receives most of the chromosomes from the original cell.

c. Donates a chromosome to the original cell

d. Receives exactly half the chromosomes from the original cell.

4. During the metaphase stage of mitosis,

a. The cell membrane folds inward.

b. Chromosomes line up at the cell’s equator

c. Spindle fibers shorten, pulling chromosomes to the pole of the cell

d. Chromosomes are at opposite ends of the cell

5. The process in which the cytoplasm of a cell is divided is called

a. Disjunction

b. Interphase

c. Binary fission

d. Cytokinesis 

6. Summarize how normal cells can become cancer cells.

7. During which phase of the cell cycle does the cytoplasm divide?

8. During which phase(s) of the cell cycle would you expect to find rapidly growing cells?

9. Describe what occurs during the S phase of the cell cycle?

NAME: _________KEY_______________




DATE: ___________

Quiz: The Cell Cycle

Agricultural Biology

1.  The stage of the cell cycle in which a cell’s DNA is copied is called the _________ phase. 

a. S

b. G1

c. G2

d. Mitosis

2. When the cell cycle is not controlled, _________ may result.

a. Down syndrome

b. Binary fission

c. Cancer

d. Spindle 

3. As a result of mitosis, each resulting cell

a. Receives an exact copy of all of the chromosomes present in the original cell.

b. Receives most of the chromosomes from the original cell.

c. Donates a chromosome to the original cell

d. Receives exactly half the chromosomes from the original cell. 

4. During the metaphase stage of mitosis,

a. The cell membrane folds inward.

b. Chromosomes line up at the cell’s equator

c. Spindle fibers shorten, pulling chromosomes to the pole of the cell

d. Chromosomes are at opposite ends of the cell

5. The process in which the cytoplasm of a cell is divided is called

a. Disjunction

b. Interphase

c. Binary fission

d. Cytokinesis 
6. Summarize how normal cells can become cancer cells.

Normal cells can become cancer cells if a gene that codes for a protein that regulates cell growth and division is mutated.  The mutation may cause uncontrolled cell growth or cancer.

7. During which phase of the cell cycle does the cytoplasm divide?

Cytokinesis 

8. During which phase(s) of the cell cycle would you expect to find rapidly growing cells?

G1

9. Describe what occurs during the S phase of the cell cycle?

DNA replicates 

Transparency 1

The Cell Cycle 
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	Interphase. The cell is engaged in metabolic activity and performing its duty as part of a tissue. The DNA duplicates during interphase to prepare for mitosis (the next four phases that lead up to and include nuclear division). Chromosomes are not clearly discerned in the nucleus, although a dark spot called the nucleolus may be visible.
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	Prophase. Chromatin in the nucleus begins to condense and becomes visible in the light microscope as chromosomes. The nuclear membrane dissolves and the chromosomes begin moving.
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	Metaphase. Spindle fibers align the chromosomes along the middle of the cell nucleus. This line is referred to as the metaphase plate. This organization helps to ensure that in the next phase, when the chromosomes are separated, each new nucleus will receive one copy of each chromosome.
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	Anaphase. The paired chromosomes separate and move to opposite sides of the cell. Motion results from a combination movement along the spindle microtubules and through the physical interaction of polar microtubules.
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	Telophase. New membranes form around the daughter nuclei while the chromosomes disperse and are no longer visible under the light microscope. Cytokinesis or the partitioning of the cell may also begin during this stage.


Graphic Organizer
The Cell Cycle

Let’s review the cell cycle. There are ______________ major stages to the cell cycle. They are:

1. ______________________________

2. ______________________________

3. ______________________________

Cell division occurs…

Define the cell cycle.

________________________________________________________________________________________________________________________________________________

What are the three stages of the cell cycle?

1.__________________________________________

2.__________________________________________

3. __________________________________________

Within the first stage of the cell cycle, interphase, there are three phases. The ______________________, ______________________, and _____________________.

On the following diagram, summarize the activities that occur in each of the phases:
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At the end of mitosis, _______________________ takes place. During this process, the ______________________ divides and the cell becomes two.

On the following diagram, summarize the activities that occur in each of the phases of mitosis:

Name the Phase of Mitosis!
Draw the Picture!


Tell the Story 

    of the 

Mitosis Phase!
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How is cell division/the cell cycle regulated?

What happens if during checkpoints, the conditions are unfavorable?

What happens in cells if the checkpoints fail?

Interphase
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