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Unit IV Cell Cycle Module B-2.6
Instructional Focus:

Summarize the characteristics of the cell cycle: interphase (called G1, S, G2); the phases of mitosis (called prophase, metaphase, anaphase, and telophase); and plant and animal cytokinesis.
Content Overview for Module B-2.6
Interphase 
· Cells spend the majority of their cell cycle in interphase.  The purpose of interphase is for cell growth.  By the end of interphase a cell has two full sets of DNA (chromosomes) and is large enough to begin the division process.

· Interphase is divided into three phases.  Each phase is characterized by specific processes involving different structures. 

· During the G1 (gap 1) phase, the cell grows and synthesizes proteins. 
· During the S (synthesis) phase, chromosomes replicate and divide to form identical sister chromatids held together by a centromere. 
· During the G2 (gap 2) phase, cells continue to grow and produce the proteins necessary for cell division. 

Chromosome composed of two sister chromatids
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Mitosis
· The purpose of mitosis is cell division: making two cells out of one.  Each cell has to have its own cytoplasm and DNA.  The DNA that replicated in Interphase when two chromosome strands became four strands (two strands per chromatid).  In mitosis the four strands (two sister chromatids) have to break apart so that each new cell only has one double-stranded chromosome.

· Mitosis, which follows Interphase, is divided into four phases. Each phase is characterized by specific processes involving different structures.

· Prophase is characterized by four events:
· Chromosomes condense and are more visible.

· The nuclear membrane (envelope) disappears.
Content Overview for Module B-2.6 cont. 
· By the end of prophase the centrioles (cell organelles that produce spindle fibers) have separated and taken positions on the opposite poles of the cell. 

· Spindle fibers form and radiate toward the center of the cell.
· Metaphase (the shortest phase of mitosis) is characterized by two events:

· Chromosomes line up across the middle of the cell.

· Spindle fibers connect the centromere of each sister chromatid to the poles of the cell. 

· Anaphase is characterized by three events:

· Centromeres that join the sister chromatids split.

· Sister chromatids separate becoming individual chromosomes.

· Separated chromatids move to opposite poles of the cell.

· Telophase (the last phase of mitosis) consists of four events:
· Chromosomes (each consisting of a single chromatid) uncoil.

· A nuclear envelope forms around the chromosomes at each pole of the cell.

· Spindle fibers break down and dissolve.

· Cytokinesis begins.

Cytokinesis 
Cytokinesis is the division of the cytoplasm into two individual cells. The process of cytokinesis differs somewhat in plant and animal cells.

· In animal cells the cell membrane forms a cleavage furrow that eventually pinches the cell into two nearly equal parts, each part containing its own nucleus and cytoplasmic organelles.

· In plant cells a structure known as a cell plate forms midway between the divided nuclei, which gradually develops into a separating membrane. The cell wall forms in the cell plate.
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            Animal Cell Telophase/Cytokinesis     
Plant Cell Telophase/Cytokinesis
TEACHER NOTE:  The replication of DNA, the formation of RNA, or protein synthesis will be addressed in indicator B-4.3 and B-4.4.

Instructional Progression 

Previous and future knowledge
In 7th grade (7-2.4), students explained how cellular processes (including respiration, photosynthesis in plants, mitosis, and waste elimination) are essential to the survival of the organism.
Instructional Considerations
It is essential for students to understand that the cell cycle is a repeated pattern of growth and division that occurs in eukaryotic cells.  This cycle consists of three phases.  The first phase represents cell growth while the last two phases represent cell division. 

It is not essential for students to: 

· recognize any structures other than those listed in the essential content;

· understand cell division in prokaryotic cells.

Key Vocabulary and Concepts
Cell cycle







Interphase: gap 1 phase (G1); synthesis phase (S), chromatid, centromere;

gap 2 phase (G2)


Mitosis: prophase, metaphase, anaphase, telophase

Cytokinesis: cleavage furrow, cell plate

Suggested Teaching Module B-2.6
Revised Taxonomy:  2.4-B  Understand Conceptual Knowledge
Introduction
Introduce the lesson by discussing the importance of cell cycles for eukaryotic animal and plant cells. Direct the students to use their previous knowledge to brainstorm why the cell cycle is important for animal and plant growth and development. Once students have obtained a general understanding of the significance of the cell cycle, the teacher should begin the module by using the Cells Alive animated website followed with the Cell Cycle Activity found in the Instructional Planning Guide pages 7-18  
Suggested Teaching Module B-2.6 cont.

(Activities 2.6a, b, and c). The teacher should now fully explain the parts of interphase and the processes of mitosis and cytokinesis. As a quick review for the students, the teacher should use the Mitosis Video from the Howstuffworks website (http://videos.howstuffworks.com/hsw/14758-simply-science-mitosis-video.htm). 

Using the online activity, Quiz-Mitosis (http://www.quia.com/pp/1000.html?AP_rand=1643257270), the teacher can involve the entire class in a closure activity for this module.
The recommended resources listed beside focus indicator B-2.6 of the Instructional Planning Guide will enable teachers to utilize animated videos, games, tutorials, and short movies so that students may visualize the cell cycle and mitosis in action. Activities 2.6a-2.6c will allow students the opportunity to learn how to appropriately identify phases of mitosis and learn more about the process of cell division either in cooperative learning groups or individually.
Materials Needed  
See Instructional Planning Guide and Appendix I
Assessing Module B-2.6
The objective of this indicator is to summarize the characteristics of the cell cycle; therefore the major focus of assessment should be to give major points about the events in each phase of the cell cycle.  Assessments must also show that students understand the relevance of interphase, mitosis and cytokinesis to the survival of the organism. 

In addition to summarize, assessments may require students to

· identify the phases of the cell cycle;

· recall the events that occur in each phase of the cell cycle;

· illustrate the phases of the cell cycle with pictures, diagrams, models, or words;

· classify a specific description or diagram as a particular phase of the cell cycle; 

· compare the phases of the cell cycle;

· explain the purpose of each event in each phases of the cell cycle to the survival of the cell or organism.
Suggested Resources  
See Instructional Planning Guide 
Unit IV Cell Cycle Module B-2.7
Instructional Focus
Summarize how cell regulation controls and coordinates cell growth and division and allows cells to respond to the environment, and recognize the consequences of uncontrolled cell division.
Content Overview for Module B-2.7
Chemical control system: internal signal, external signal, checkpoint

Cancer cells: malignant tumor, benign tumor

· Signals from inside the cell (internal signals) and from outside the cell (external signals) are involved in turning the process of cell division off and on.
· An internal signal involves the cell sensing the presence of  chemicals, called enzymes, which are produced inside the cell
· An external signal involves the cell sensing the presence of a chemical (such as a growth factor) which was produced in other specialized cells.
· Cells can also respond to physical signals from their environment.
· Cells sense when they are too closely packed and cell division is turned off.
· Cells sense when they are not in contact with a surface and cell division is turned on. 
· A checkpoint in the cell cycle is a critical control point where stop and go signals can regulate the cycle.  The cell division mechanism in most animal cells is in the “off” position when there is no stimulus present.  Specific stimuli are required to start the processes.
· Cancer cells are an example of cells that do not heed the normal signals which shut down the cell division process; they continue to divide even when they are very densely packed and/or there is no growth factor present.
· Cancer begins when a single cell is transformed into a cancer cell, one that does not heed the regulation mechanism.
· Normally the body’s immune system will recognize that the cell is damaged and destroy it, but if it evades destruction, it will continue to divide and each daughter cell will be a cancer cell.
· A mass of these cells that invades and impairs the functions of one or more organs is called a malignant tumor.
· A benign tumor is a mass of abnormal cells that remains at the original site.
· Cancer cells may also separate from the original tumor, enter the blood and lymph vessels of the circulatory system, and invade other parts of the body, where they grow to form new tumors. 
Instructional Progression 

Previous and future knowledge

This concept has not been addressed in earlier grades

Instructional Considerations

It is essential for students to understand that the cell cycle is driven by a chemical control system that both triggers and coordinates key events in the cell cycle.  The cell cycle control system is regulated at certain checkpoints.

It is also essential for students to recognize consequences of uncontrolled cell division.  Sometimes cells do not respond normally to the body’s control mechanisms and divide excessively. 

It is not essential for students to understand the chemical mechanism of cell regulation.

Key Vocabulary and Concepts
Chemical control system: internal signal, external signal, checkpoint

Cancer cells: malignant tumor, benign tumor

Suggested Teaching Module B-2.7
Revised Taxonomy: 2.4-B   Understand Conceptual Knowledge
                             1.1-B   Remember Conceptual Knowledge

Introduction

Cell regulation consists of specific mechanisms for coordinating and controlling cell growth and development.  Discuss with students ways in which cells respond to the environment.  Allow students to think about what happens when there is a malfunction in the process of cell regulation. After an in depth discussion on how cell regulation control and coordinates cell growth show the video, How Cancer Spreads (http://www.mayoclinic.com/health/cancer/MM00638). This video can then be used to stimulate discussion on how cancer metastasizes by using skin cancer as an example. 
Teachers should use the online Control of the Cell Cycle Interactive Game site (http://nobelprize.org/educational_games/medicine/2001/index.html)
Suggested Teaching Module B-2.7 cont.

to provide opportunities for the learners to use their critical thinking skills to solve problems using their knowledge of the cell cycle. This cooperative learning exercise will assist students in understanding the cell cycle and the consequences of uncontrolled cell division.

Using the same cooperative learning groups, the students should now engage in the cell division activity- Division, Division, and Division (http://www.wbra.org/html/edserv/ntti/2007lessons/DivisionDivisionDivision.pdf). 
To bring closure to this module, The NOVA Online resource (http://www.pbs.org/wgbh/nova/cancer/grow_flash.html ) provides users with a demonstration via interaction illustrations to depict the stages of cancer growth.  
Materials Needed 
See Instructional Planning Guide and Appendix I.
Extensions 
Enrichment
Use the Time.com – Stem Cells site (http://www.time.com/time/2001/stemcells/# ) as research and debate. 
Assessing Module B-2.7
Formative and Summative assessments
The first objective of this indicator is to summarize how cell regulation controls and coordinates cell growth and division and allows cells to respond to the environment; therefore, the primary focus of assessment should be to give major points about the ways that inside and outside stimuli can regulate and control cell growth.  

Another objective of this indicator is to recognize the consequences of uncontrolled cell division, therefore, the primary focus of assessment should be to remember that uncontrolled cell division can result in cancer cells forming tumors and possibly spreading throughout the body.

In addition to summarize and recognize, assessments may require students to

· exemplify internal signals (enzymes) and the external signals (cell density) that activate the process of cellular growth and division;

· classify a signal as an internal signal or an external signal;

· recall that a breakdown in the cellular regulatory process can result in growth of tumors. 
Suggested Resources  
See Instructional Planning Guide
Unit IV Cell Cycle Module B-2.4
Instructional Focus

Explain the process of cell differentiation as the basis for the hierarchical organization of organisms (including cells, tissues, organs, and organ systems).
Content Overview for Module B-2.4
· In the development of most multicellular organisms, a single cell (fertilized egg) gives rise to many different types of cells, each with a different structure and corresponding function.

· The fertilized egg gives rise to a large number of cells through cell division, but the process of cell division alone could only lead to increasing numbers of identical cells. 

· As cell division proceeds, the cells not only increase in number but also undergo differentiation becoming specialized in structure and function. (Cell division is covered in B-2.6.)

· The various types of cells (such as blood, muscle, or epithelial cells) arrange into tissues which are organized into organs, and, ultimately, into organ systems.

· Nearly all of the cells of a multicellular organism have exactly the same chromosomes and DNA.  

· During the process of differentiation, only specific parts of the DNA are activated; the parts of the DNA that are activated determine the function and specialized structure of a cell.  

· Because all cells contain the same DNA, all cells initially have the potential to become any type of cell.

· Once a cell differentiates, the process can not be reversed.  

· Stem cells are unspecialized cells that continually reproduce themselves and have, under appropriate conditions, the ability to differentiate into one or more types of specialized cells.

· Embryonic cells, which have not yet differentiated into various cell types, are called embryonic stem cells.

· Stem cells found in adult organisms, for instance in bone marrow, are called adult stem cells.

· Scientists have recently demonstrated that stem cells, both embryonic and adult, with the right laboratory culture conditions, differentiate into specialized cells.

Instructional Progression 

Previous and future knowledge

In 7th grade, students summarized the levels of structural organization within the human body, including cells, tissues, organs, systems (7-3.1),  and explained how cellular processes (including respiration, photosynthesis in plants, mitosis, and waste elimination) are essential to the survival of the organism (7-2.4).
Instructional Considerations
It is essential for students to understand 

· In the development of most multicellular organisms, a single cell (fertilized egg) gives rise to many different types of cells, each with a different structure and corresponding function.

· Nearly all of the cells of a multicellular organism have exactly the same chromosomes and DNA.

· Stem cells are unspecialized cells that continually reproduce themselves and have, under appropriate conditions, the ability to differentiate into one or more types of specialized cells.

It is not essential for students to understand how the process of transcriptional regulation in a cell produces specific proteins which results in cell differentiation.

Key Vocabulary and Concepts  
Cell division: differentiation 

Stem cells

Suggested Teaching Module B-2.4
Revised Taxonomy: 2.7-B   Understand Conceptual Knowledge
Introduction

Introduce the lesson by showing and discussing the ETV Streaming SC- Video Title Understanding Cells- Lesson One- Life and Cells (approximately 12 minutes). Using their prior knowledge, instruct pairs of students to draw a flow diagram that displays the hierarchical levels of structural organization within the human body.  The flow diagram should include the terms cells, tissues, organs, organ systems, and organisms.  These terms may be placed on the board in random order to evaluate whether or not students have maintained their knowledge of the hierarchical level of organisms.  
The process of cell differentiation is explained in How Stuff Works, The Cell:  Cell Differentiation (http://videos.howstuffworks.com/hsw/10313-the-cell-cell-differentiation-video.htm). Explain the term differentiation and provide students with examples of how cells are designated to work in a certain capacity as a result of cell differentiation. 
 Use the Levels of Organization (http://www.usoe.k12.ut.us/curr/science/sciber00/7th/cells/sciber/levelorg.htm) website as a review site for students. Divide the students into groups to develop and defend a position paper on the use of stem cells as a closure activity for this module. 
The Hard Sell on Stem Cell 
http://learning.blogs.nytimes.com/2005/10/18/a-hard-sell-on-stem-cells/ web site may be used to stimulate discussion within the student groups. 
Materials Needed  
See Instructional Planning Guide and Appendix I.
Extensions 
Enrichment
A Hard Sell on Stem Cells?  Learning About Different Types of Stem Cells- web site may be used as an individual assignment to build critical thinking skills.
Interventions
Levels of Organization video may be used to assist students in making connections.
Assessing Module B-2.4

The objective of this indicator is to explain the process of cell differentiation; therefore, the primary focus of assessment should be to construct a cause-and-effect model showing how cell differentiation results in the hierarchical organization of an organism (including cells, tissues, organs, and organ systems).   Assessments should ensure that students can model how the processes of cell division and cell differentiation result in identical cells specializing to become unique cells with specific functions which will form the organism’s tissues and organs. 

In addition to explain, assessments may require students to

· recall that all of the cells of a particular organism contain all of the genetic code for the organism;

· summarize the unique characteristics of embryonic and adult stem cells; 

· compare the results of cell division and cell differentiation.

Suggested Resources  
See Instructional Planning Guide
Appendix I

Material List for Unit IV

Per group

ACTIVITY B-2.6a - How Cells Reproduce – Mitosis 

Materials:  
· Onion  and Animal Cell Slides (Prepared slides of the Onion Root Tip and Whitefish Blastula)
· Microscope

ACTIVITY B-2.6b - Mitosis Diagram Identification

Materials:  
· None
ACTIVITY B-2.6c - What Happens When Cells Divide?

Materials:
· 24 Toothpicks

· 4 pieces of different colored construction paper

· Glue

· Ruler

· Scissors

· Thread
· Yarn
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