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	In Unit 4, students continue to learn about the role of cells, focusing on how cells use energy and information transmission to communicate and replicate. Through systems of complex transduction pathways, cells can communicate with one another. Cells can also generate and receive signals, coordinate mechanisms for growth, and respond to environmental cues. To maintain homeostasis, cells respond to their environment. They can also replicate and regulate replication as part of the cell cycle that provides for the continuity of life. In Unit 6, students will move on to learn about heredity.

Students build on their abilities to describe and explain biological concepts and processes by describing the cell cycle regulation. Students should now be able to explain the relationships between structure and function for all organelles and cellular components on both the subcellular and the cellular level. By performing laboratory investigations focused on the concepts of cell cycle, students should develop an understanding of how to formulate and devise a plan to investigate the answer to a scientific question—critical skills for scientific inquiry. Students continue to build skills in communicating the results of scientific inquiry. This is a unit where students can be given opportunities to practice their graphing skills.

For the AP Exam, students must have a deep understanding of the significance of the steps in cell signaling, the amplification of the signal, the recycling of relay molecules between activated and inactivated forms to regulate the cellular response, and the multiple roles of the same molecules in providing specificity. Using the principles of cell signaling, students should be able to explain—using claim, evidence, and reasoning—how a drug works or how the symptoms of a chronic disease arise. Students should understand that signal molecules bind to receptors and that gene expression can be stimulated by signal transduction. Students may be expected to predict the effect on a cell if there is a disruption in the cell cycle. A common error on the exam is failure to explain the purpose and timing of the cell cycle checkpoints. Students should also be prepared to answer a comparative question about mitosis and meiosis.





Focus on Digital Literacy:  In Science, disciplinary literacy is synonymous with the science and engineering practices.  The SEPs are the context through which all science concepts should be taught. In the lessons, you will find the science and engineering practice icons.
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Below are the standards taught and assessed in this unit. 
	Topic
· Big Idea
· Learning Objectives (Students will be able to…)

	Topic 4.1 – Cell Communication
· Big Idea 3:  Information Storage and Transmission – Living systems store, retrieve, transmit, and respond to information essential to life processes.
· 4.1.A:  Describe the ways that cells can communicate with one another.
· 4.1.B: Explain how cells communicate with one another over short and long distances.

Topic 4.2 – Introduction to Signal Transduction
· Big Idea 3:  Information Storage and Transmission – Living systems store, retrieve, transmit, and respond to information essential to life processes.
· 4.2.A:  Describe the components of a signal transduction.
· 4.2.B: Describe the role of component of a signal transduction pathway in producing a cellular response.

Topic 4.3 – Signal Transduction Pathways
· Big Idea 3:  Information Storage and Transmission – Living systems store, retrieve, transmit, and respond to information essential to life processes.
· 4.3.A: Describe the different types of cellular responses elicited by a signal transduction pathway.
· 4.3.B: Explain how a change in the structure of any signaling molecule affects the activity of the signaling pathway.

Topic 4.4 – Feedback
· Big Idea 2:  Energetics – Biological systems use energy and molecular building blocks to grow, reproduce, and maintain dynamic homeostasis.
· 4.4.A:  Explain how positive and negative feedback helps maintain homeostasis.

Topic 4.5 – Cell Cycle
· Big Idea 3:  Information Storage and Transmission – Living systems store, retrieve, transmit, and respond to information essential to life processes.
· 4.5.A:  Describe the events that occur in the cell cycle.
· 4.5.B:  Explain how mitosis results in the transmission of chromosomes from one generation to the next.

Topic 4.6 – Regulation of the Cell Cycle
· Big Idea 3:  Information Storage and Transmission – Living systems store, retrieve, transmit, and respond to information essential to life processes.
· 4.6.A:  Describe the role of checkpoints in regulating the cell cycle.
· 4.6.B:  Describe the effects of disruptions to the cell cycle on the cell or organism.
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	1. How do cells communicate with each other?
2. What is a signal transduction pathway?
3. What are the components of a signal transduction pathway?
4. What “responses” can be elicited by a signal transduction pathway?
5. What is a ligand?
6. What is a secondary messenger?
7. What is a phosphorylation cascade?
8. What is a G-protein receptor?
9. What is a tyrosine-kinase receptor?
10. How is cell communication related to environmental factors?
11. What is positive feedback?  What is an example?
12. What is negative feedback? What is an example?
13. What are the different stages of the cell cycle?
14. What are the different stages of mitosis?
15. How is the cell cycle regulated using cyclin and cyclin-dependent kinases?
16. What is the ultimate cause of cancer?









ROADMAP
Suggested daily guide for instruction in this unit.

	Lesson #1: Cell Communication PPT
	Date:

	Objective
SWBAT:  Describe the different types of cell communication.
Standards
Topic 4.1
Topic 4.2
Topic 4.3
Vocabulary
· Cell communication
· Signal transduction pathway
· Ligand
· Receptor
· G-protein receptor
· Tyrosine-kinase receptor
· Ligand-gated ion channel
· transduction
Science Practices
· Concept Explanation
· Visual Representations
· Argumentation

	Instructional Notes
Teacher will guide students through a PowerPoint on the following:
· What is cell communication?
· Why is cell communication important?
· What are the different types of cell communication?
· What is a signal transduction pathway and how does it work?
· What are the different types of receptors?
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The teacher should be ready with guided questions to push students’ thinking as they go through the PPT.  The PPT is 35 slides long and has several videos that students need to see.  Some videos will require sound, while others will require the teacher to talk through the simulation.  

	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Asking probing questions throughout the presentation that pushes students’ thinking.

Look for students to: 
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
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	· Analyze visual representations and derive meaning from them.
· Record vocabulary/concepts that are currently unknown to the student.
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	· Cell communication is a complex process that involves a variety of biochemical steps and messenger molecules that allow cells to communicate with each other.
· There are three different types of receptors: G-protein, tyrosine-kinase, and ligand-gated ion channel.
· A signal transduction pathway is intracellular signaling pathway that transmit signals from outside the cell to the inside.
· A ligand is a substance that binds to a biomolecule to serve a biological purpose. For example, in protein-ligand binding, the ligand binds to a site on a target protein to produce a signal. Ligands can be intracellular or extracellular.

	
	




	Lesson #2: Mini-Lab – “Message in a Gel”
	Date:

	Objective
SWBAT:  Analyze scenarios to determine the type of cellular communication.
Standards
Topic 4.1
Topic 4.2
Topic 4.3
Vocabulary
· Cell communication
· Signal transduction pathway
· Ligand
· Receptor
· G-protein receptor
· Tyrosine-kinase receptor
· Ligand-gated ion channel
· Transduction
· Autocrine
· Paracrine
· Juxtracrine
· Endocrine
Science Practices
· Concept Explanation
· Visual Representations
· Questions and Methods
· Representing and Describing Data
· Statistical Tests and Data Analysis
· Argumentation
	Instructional Notes
Activity #1:  Finish the PPT from yesterday.  
Ensure that students have taken notes on the student handout, along with any notes they might have taken in their notebooks.

Activity #2:  In today’s lab, we won’t use real cells. Instead, we’ll use food coloring diffusing in gelatin to model how signals can act at different distances. While this is a simplified version, the model helps us visualize a big idea: the distance a signal travels affects how fast and how specifically the message is delivered.

Engage (5 min) –  Ask: “Why do some signals stay local while others travel far across the body?” 

Explore (15 min)
· Autocrine (Message to Self) – Students place a single drop of food coloring on the gel and observe. 
· Juxtracrine (Direct Contact) – Students place two drops so they touch.
· Paracrine (Short Distance) – Students place a drop ~1–2 cm away from another. 
· Endocrine (Long Distance) – Students place a drop at one end of the plate, observe it spreading across. 

 


	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Teachers should be walking around the room ensuring that students are engaged in all activities correctly, consistently monitoring for incorrect biology.

Look for students to: 
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
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	· Work collaboratively in a group
· Analyze different scenarios to determine the type of cell communication involved
· Utilize knowledge of concepts from past units to investigate scenarios from the current unit
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	· Cell communication is a complex process that involves a variety of biochemical steps and messenger molecules that allow cells to communicate with each other.
· There are several ways in which cells can communicate with each other.
· A signal transduction pathway is intracellular signaling pathway that transmit signals from outside the cell to the inside.
· A ligand is a substance that binds to a biomolecule to serve a biological purpose. For example, in protein-ligand binding, the ligand binds to a site on a target protein to produce a signal. Ligands can be intracellular or extracellular.

	
	







	Lesson #3: Cellular Communication POGIL
	Date:

	Objective
SWBAT:  Analyze scenarios to determine the type of cellular communication.
Standards
Topic 4.1
Topic 4.2
Topic 4.3
Topic 4.4
Vocabulary
· Cell communication
· Signal transduction pathway
· Ligand
· Receptor
· G-protein receptor
· Ligand-gated ion channel
· transduction
Science Practices
· Concept Explanation
· Visual Representations
· Questions and Methods
· Representing and Describing Data
· Statistical Tests and Data Analysis
· Argumentation
	Instructional Notes
Activity #1:  Cellular Communication POGIL activity.  
Students will work in groups of 2-3 on the Cell Communication POGIL activity.  The activity will walk them through the major components of cell communication.

Activity #2:  Student-to-Student Confirmation
Students will get into different groups and will confirm their answers with their peers.  This will be followed by a whole-class discussion.  Make sure that when you are leading the discussion you are:
· Modeling on the board what students should be adding to specific models/figures on the activity.
· Ensuring that you are pushing students to justify EVERY answer they are giving you.  The importance of this discussion you are leading is for students to let you know that not only do they know the correct answer, but they can JUSTIFY why it is correct.

	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Teachers should be walking around the room ensuring that students are engaged in all activities correctly, consistently monitoring for incorrect biology.

Look for students to: 
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
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	· Work collaboratively in a group
· Analyze different scenarios to determine the type of cell communication involved
· Utilize knowledge of concepts from past units to investigate scenarios from the current unit
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	· Cells are able to communicate with each other.
· Cells either communicate short or long distances away.
· It is evolutionarily advantageous for cells to be able to communicate.
· Chemicals that interfere with any component of the signaling pathway may activate or inhibit the pathway.

	
	












	Lesson #4: Introduction to Cell Communication
	Date:

	Objective
SWBAT:  Communicate in writing how cell signaling regulates the cell cycle.
Standards
Topic 4.1
Topic 4.2
Topic 4.3
Vocabulary
· Cell communication
· Signal transduction pathway
· Ligand
· Receptor
· G-protein receptor
· Tyrosine-kinase receptor
· Ligand-gated ion channel
· Transduction
· Autocrine
· Paracrine
· Juxtracrine
· Endocrine
Science Practices
· Concept Explanation
· Visual Representations
· Argumentation

	Instructional Notes
Activity 1: Students randomly draw cards that explain a particular scenario where cells are communicating.  They physically act out their pathway: ligand approaches receptor, signal passes to relay proteins, cascades through second messengers, and ends in a target protein response.  They will place role cards on the Flow Mat as they “pass” the signal.

They will then go back through and answer challenge questions for each simulation:
· Classify the signaling type (autocrine, paracrine, juxtracrine, endocrine). 
· Predict the impact if the receptor was nonfunctional. 
· Compare the distance and speed of your pathway to another group’s. 

[image: What is Cell Signaling? | ChemTalk]
	
	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Asking probing questions throughout the presentation that pushes students’ thinking.

Look for students to: 
· Engage in the hands-on-minds-on modeling activity
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
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	· Physically model a signal transduction pathway.
· Identify steps and type of signaling.
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	· Cell communication is a complex process that involves a variety of biochemical steps and messenger molecules that allow cells to communicate with each other.
· There are several ways in which cells can communicate with each other.
· A signal transduction pathway is intracellular signaling pathway that transmit signals from outside the cell to the inside.
· A ligand is a substance that binds to a biomolecule to serve a biological purpose. For example, in protein-ligand binding, the ligand binds to a site on a target protein to produce a signal. Ligands can be intracellular or extracellular.
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	Lesson #5: Signal Transduction Pathway POGIL Activity
	Date:

	Objective
SWBAT:  Utilize a model to describe a phosphorylation cascade and why it is critical to cell communication.
Standards
Topic 4.1
Topic 4.2
Topic 4.3
Vocabulary
· Cell communication
· Signal transduction pathway
· Ligand
· Receptor
· Cyclic AMP (cAMP)
· Ligand-gated ion channel
· transduction
Science Practices
· Concept Explanation
· Visual Representations
· Argumentation	
	Instructional Notes
Activity #1:  Signal Transduction Pathway POGIL Activity
Students will either individually or in pairs work on the Signal Transduction Pathway POGIL activity.  The activity will walk them through the major components of the signal transduction pathway, including the basic pathway, phosphorylation cascade, and secondary messengers.

Activity #2:  Student-to-Student Confirmation
Students will get into groups and will confirm their answers with their peers.  This will be followed by a whole-class discussion.  Make sure that when you are leading the discussion you are:
· Modeling on the board what students should be adding to specific models/figures on the activity
· Ensuring that you are pushing students to justify EVERY answer they are giving you.  The importance of this discussion you are leading is for students to let you know that not only do they know the correct answer, but they can JUSTIFY why it is correct.

[image: ]
	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Teachers should be walking around the room ensuring that students are engaged in all activities correctly, consistently monitoring for incorrect biology.

Look for students to: 
· Engage in the hands-on-minds-on modeling activity
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
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	· Analyze visual representations and derive meaning from them.
· Record vocabulary/concepts that are currently unknown to the student.
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	· Phosphorylation is a process that adds a phosphate group onto a protein to “activate” it—that is, to change its shape enough that it can function properly.
· Cell communication is a complex process that involves a variety of biochemical steps and messenger molecules that allow cells to communicate with each other.
· There are three different types of receptors: G-protein, tyrosine-kinase, and ligand-gated ion channel.
· A signal transduction pathway is intracellular signaling pathway that transmit signals from outside the cell to the inside.



	
	




	Lesson #6: Feedback Modeling
	Date:

	Objective
SWBAT:  Discuss how positive and negative feedback mechanisms affect homeostasis.
Standards
Topic 4.4
Vocabulary
· Feedback
· Positive Feedback
· Negative Feedback
Science Practices
· Concept Explanation
· Visual Representations
· Argumentation
	Instructional Notes
Activity #1:  Students will participate in a Read to Learn.  They will read through the article and while annotating the taking notes.  Students need to complete this on their own, i.e., not with a partner.

Activity #2:  Show them this video and ask that they take notes. Show them the following clips:
· Feedback Definition and Overview     (1:43-4:19)
· The purpose of Feedback                     (4:20 – 6:50)
· Positive Feedback Mechanisms          (7:09 – 9:53)
· Negative Feedback Mechanisms        (9:54 – 11:38)

Activity #3:  Students will use their learnings from the Read to Learn to participate in a highlight and rewrite activity.  A HLRW activity is one where students answer a prompt, then highlight where they got points, analyze where they were correct and where they missed the mark, and then rewrite with a perfect response.
1. Teacher hands student a free response prompt.
2. Student answers the question to the best of their ability.
3. Teacher gives students the rubric by which the question should be scored on and then takes a highlighter and highlights everywhere in their writing that earned a point.  The teacher can help clarify if individual students have questions.
4. Student then analyzes their answer for the following:
· Where did I earn points, and why was I able to earn them?
· Where did I not earn points, and why was I not able to earn them?
· What vocabulary and/or concepts did I not know and/or got confused on?
5. Then, the student takes their analysis, along with the rubric, and writes a perfect response.

	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Teachers should be walking around the room ensuring that students are engaged in all activities correctly, consistently monitoring for incorrect biology.

Look for students to: 
· Engage in the hands-on-minds-on modeling activity
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
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	· Read a passage and derive meaning from it.
· Analyze visual representations and derive meaning from them.
· Record vocabulary/concepts that are currently unknown to the student.
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	· Feedback is a response within a system (molecule, cell, organism, or population) that influences the continued activity or productivity of that system.
· Positive feedback occurs to increase the change or output: the result of a reaction is amplified to make it occur more quickly.
· Negative feedback occurs to reduce the change or output: the result of a reaction is reduced to bring the system back to a stable state

	
	






	Lesson #7: Diabetes and Insulin Signaling Case Study
	Date:

	Objective
SWBAT:  Analyze a case study and describe how changes in a signal transduction pathway can alter responses.
Standards
Topic 4.1
Topic 4.2
Topic 4.3
Topic 4.4
Vocabulary
· Cell communication
· Signal transduction pathway
· Ligand-gated ion channel
· Diabetes
· Insulin
Science Practices
· Concept Explanation
· Visual Representations
· Argumentation
	Instructional Notes
The case study has students apply their understanding of cell communication and signal transduction pathways to the topic of diabetes and insulin signaling.

You can give students the case study the night before and ask them to read through the passages and look at the diagrams. This helps students who may have anxiety about reading the case study with a partner and answering questions in class get a head start and think of good information to discuss.  This also helps the activity run more smoothly in class and allows you to finish the activity in one class period.

By the end of this model lesson students should be able to:
· List the main parts of a signal transduction pathway
· Interpret diagrams depicting different transduction pathways
· Explain what happens when there is a disturbance in a signal transduction pathway and point out where the disturbance occurred in the pathway itself
· Relate disturbances in cell signaling to homeostasis

This case study is a great way to wrap up cell signaling because students have to apply what they have learned to a real-world scenario. They gain better understanding and are more engaged because they can apply what they learned to a disease they hear about frequently, diabetes.
	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Teachers should be walking around the room ensuring that students are engaged in all activities correctly, consistently monitoring for incorrect biology.

Look for students to: 
· Engage in the hands-on-minds-on modeling activity
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
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	· Analyze visual representations and derive meaning from them.
· Record vocabulary/concepts that are currently unknown to the student.
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	· Diabetes is a chronic disease that occurs either when the pancreas does not produce enough insulin or when the body cannot effectively use the insulin it produces.
· Tyrosine-kinase receptors bind growth factors that regulate cell differentiation, proliferation, survival, metabolism, and migration.
· A signal transduction pathway is intracellular signaling pathway that transmit signals from outside the cell to the inside.
· Changes in signal transduction pathways can alter responses. 
· Chemicals that interfere with any component of the signaling pathway may activate or inhibit the pathway.
· 

	
	




	Lesson #8: Mitosis Lab Analysis
	Date:

	Objective
SWBAT:  Investigate the effect of a root stimulator on cell growth and use statistics and models to support a claim based on the results.
Standards
Topic 4.6
Vocabulary
· Mitosis 
· Prophase
· Metaphase
· Anaphase
· Telophase
· Cytokinesis
Science Practices
· Concept Explanation
· Visual Representations
· Representing and Describing Data
· Statistical Tests and Data Analysis
· Argumentation
	Instructional Notes
Activity #1:  Students will participate in a mitosis card sort OR use manipulatives to model the steps of mitosis, which will allow them to review what they know and don’t know about the phases of mitosis.

Activity #2:  Students will participate in a lab review where they will:
· Count the number of cells that contain each of the 4 phases of mitosis (prophase/prometaphase, metaphase, anaphase, and telophase) and also cells from interphase.  They will determine the percentage of each in the sample.
· They will then be exposed to a group of cells that have been treated with caffeine to see if it stimulates growth (more mitosis).  They take similar data as above and then perform a chi square analysis to see if the differences seen are significant or not.
· Students then are exposed to onion bulbs where the roots have been removed.  Some bulbs are treated with water exposed to weeping willow tree bar (thought to be a root stimulator).  Students analyze data and determine using standard error of the mean bars on the graph they create to see if the root stimulator worked or not.



	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Teachers should be walking around the room ensuring that students are engaged in all activities correctly, consistently monitoring for incorrect biology.

Look for students to: 
· Engage in the hands-on-minds-on modeling activity
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
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	· Put stages of mitosis and their description in order from beginning to end.
· Collect data and analyze it in order to make a claim based on evidence.
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	· Prophase is the first stage of mitosis and is where chromosomes condense and become visible.
· Metaphase is the 2nd stage of mitosis where all the chromosomes line up at the center of the cell.
· Anaphase is the 3rd stage of mitosis where sister chromatids are pulled aways from each toward the poles.
· Telophase is the 4th stage of mitosis where chromosomes arrive at the poles.
· Cytokinesis is the splitting of the cytoplasm into two new cells.

	
	








	Lesson #9: The Eukaryotic Cell Cycle and Cancer Activity
	Date:

	Objective
SWBAT:  Investigate how the cell cycle is regulated, and the effects of that regulation being disrupted.
Standards
Topic 4.6
Topic 4.7
Vocabulary
· Cell cycle
· Mitosis
· G1 phase
· S phase
· G2 phase
· DNA replication
· Cancer
· Cyclin
· Cyclin-dependent kinases
Science Practices
· Concept Explanation
· Visual Representations
· Argumentation
	Instructional Notes
This HHMI interactive module explores the phases, checkpoints, and protein regulators of the cell cycle. The module also shows how mutations in genes that encode cell cycle regulators can lead to the development of cancer.

Students can toggle between two different views of the cell cycle by pressing the text in the center of the graphic. The “Cell Cycle Phases” view describes the cell cycle phases and checkpoints and includes illustrations of the cell’s chromosomes. This view is appropriate for all levels of high school biology. The “Cell Cycle Regulators and Cancer” view explains the protein regulators, their roles in cell cycle progression, and how mutated versions can lead to cancer. This view may be more appropriate for AP/IB Biology and introductory college biology.

The “Resource Google Folder” link directs to a Google Drive folder of resource documents in the Google Docs format. Not all downloadable documents for the resource may be available in this format. 
· Explain the importance of mitosis and cell death during development, growth, and repair of the human body.
· Describe the phases of the cell cycle and what happens in each phase.
· Explain the relationship between cancer and the cell cycle.

There is an English and a Spanish version of the click and learn overview sheet (student handout).



	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Teachers should be walking around the room ensuring that students are engaged in all activities correctly, consistently monitoring for incorrect biology.

Look for students to: 
· Engage in the hands-on-minds-on modeling activity
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
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	· Read a passage and derive meaning from it.
· Analyze visual representations and derive meaning from them.
· Record vocabulary/concepts that are currently unknown to the student.
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	· The cell cycle consists of 4 phases: G1, S, G2, and M.
· The G1 phase consists of the cell growing and cellular components are duplicated.
· The S phase is when DNA replication occurs.
· During the G2 phase the cell continues to grow and organelles develop in preparation for cell division.
· The G0 phase is a resting phase immediately after the G1 phase.  Then cells enter the S phase.  
· The cell cycle has checkpoints throughout the cycle that determine whether a cell is “ready” to go on to the next phase of the cell cycle.
· Cancer is a disease caused by the uncontrolled division of abnormal cells in a part of the body.

	
	




	Lesson #10: Putting It All Together (FRQ Day!!!)
	Date:

	Objective
SWBAT: Communicate in written form how cells communicate and how the cell cycle is regulated.
Standards
Topic 4.7
Vocabulary
· Signal transduction pathway
· Cell communication
· Mitosis
· Cell cycle
· Feedback
· Cell cycle regulation
Science Practices
· Concept Explanation
· Visual Representations
· Questions and Methods
· Representing and Describing Data
· Statistical Tests and Data Analysis
· Argumentation
	Instructional Notes
Today is all about practicing multiple choice and free response questions.  Students will participate in multiple choice activities, as well as highlight and rewrite activities involving practice free response questions.

For the multiple-choice practice questions, students will have to correctly answer the question AND they will have to provide a justification of why the correct answer is not correct and why the incorrect answers are not correct.

For the free response practice questions students will participate in highlight and rewrite activities.  A HLRW activity is one where students answer a prompt, then highlight where they got points, analyze where they were correct and where they missed the mark, and then rewrite with a perfect response.
1. Teacher hands student a free response prompt.
2. Student answers the question to the best of their ability.
3. Teacher gives students the rubric by which the question should be scored on and then takes a highlighter and highlights everywhere in their writing that earned a point.  The teacher can help clarify if individual students have questions.
4. Student then analyzes their answer for the following:
· Where did I earn points, and why was I able to earn them?
· Where did I not earn points, and why was I not able to earn them?
· What vocabulary and/or concepts did I not know and/or got confused on?
5. Then, the student takes their analysis, along with the rubric, and writes a perfect response.


	Lesson Look Fors
Look for teachers to:
· Allow students to productively struggle with the content, using accountable talk moves to facilitate the lesson.
· Teachers should be walking around the room ensuring that students are engaged in all activities correctly, consistently monitoring for incorrect biology.

Look for students to: 
· Engage in the hands-on-minds-on modeling activity
· Ask clarifying questions regarding what they are learning
· Write in complete sentences
Students Do and Know
	[image: A blue and black logo

Description automatically generated]
	· Justify claims with evidence.
· Analyze their writing for readability, accuracy, and succinctness.
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	· A signal transduction pathway is intracellular signaling pathway that transmit signals from outside the cell to the inside.
· Chemicals that interfere with any component of the signaling pathway may activate or inhibit the pathway.
· Feedback is a response within a system (molecule, cell, organism, or population) that influences the continued activity or productivity of that system.
· The cell cycle consists of 4 phases: G1, S, G2, and M.
· Cancer is a disease caused by the uncontrolled division of abnormal cells in a part of the body.

	
	






	Day 11
	Unit Exam 4 Review

	Day 12
	Administer Unit Exam 4



























UNPACKED STANDARDS
Focus standards for this unit.

	Standards Clarification

	Standards
	Specificity
	Notes/Explanations/Examples

	4.1.A: Describe the ways that cells can communicate with one another.
	Cognition: Describe
Content: Provide relevant characteristics of a specified topic.
	Resources:
Classroom resources: Cell-to-Cell Communication – Cell Signaling

Illustrative Examples:
Cell-to-Cell Contact (4.1.A.1)
· Immune cells interact by cell-to-cell contact, antigen-presenting cells (APCs), helper T-cells, and killer T-cells.
· Plasmodesmata between plant cells allow material to be transported from cell to cell.
Cell Communication Using Local Regulators (4.1.B.1)
· Neurotransmitters
· Plant immune response
· Quorum sensing in bacteria
· Morphogens in embryonic development

Cell Communication Using Local Regulators (4.1.B.2)
· Insulin
· Human growth hormone
· Thyroid hormones
· Testosterone
· Estrogen

	










4.1.B: Explain how cells communicate with one another over short and long distances.
	Cognition: Explain
Content: Provide information about how or why a relationship, process, pattern, position, situation, or outcome occurs, using evidence and/or reasoning to support or qualify a claim. Explain “how” typically requires analyzing the relationship, process, pattern, position, situation, or outcome; whereas explain “why” typically requires analysis of motivations or reasons for the relationship, process, pattern, position, situation, or outcome.
	

	4.2.A: Describe the components of a signal transduction.
	Cognition: Describe
Content: Provide relevant characteristics of a specified topic.
	Resources:
Classroom resources: Cell-to-Cell Communication – Cell Signaling

	4.2.B: Describe the role of components of a signal transduction pathway in producing a cellular response.
	
	

	4.3.A:  Describe the different types of cellular responses elicited by a signal transduction pathway.
	
	Resources:
EK 4.3.A.1 
· Use of chemical messengers by microbes to communicate with other nearby cells and to regulate specific pathways in response to population density (quorum sensing) 
· Epinephrine stimulation of glycogen breakdown in mammals 

EK 4.3.B.1 
· Cytokines regulate gene expression to allow for cell replication and division. 
· Mating pheromones in yeast trigger mating gene expression. 
· Ethylene levels cause changes in the production of different enzymes allowing fruits to ripen. 
· HOX genes regulate animal body plans during embryonic development.

	4.3.B:  Explain how a change in the structure of any signaling molecule affects the activity of the signaling pathway. 

	Cognition: Explain
Content: Provide information about how or why a relationship, process, pattern, position, situation, or outcome occurs, using evidence and/or reasoning to support or qualify a claim. Explain “how” typically requires analyzing the relationship, process, pattern, position, situation, or outcome; whereas explain “why” typically requires analysis of motivations or reasons for the relationship, process, pattern, position, situation, or outcome.
	

	4.4.A:  Explain how positive and negative feedback helps maintain homeostasis.
	
	Resources:
EK 4.4.A.1.i 
· Blood sugar regulation by insulin/glucagon 

EK 4.4.A.1.ii 
· Lactation in mammals 
· Onset of labor in childbirth 
· Ripening of fruit 


	4.5.A:  Describe the events that occur in the cell cycle.
	Cognition: Describe
Content: Provide relevant characteristics of a specified topic.
	Resources:
AP Biology Mitosis Lab

	4.5.B:  Explain how mitosis results in the transmission of chromosomes from one generation of cells to the next.
	Cognition: Explain
Content: Provide information about how or why a relationship, process, pattern, position, situation, or outcome occurs, using evidence and/or reasoning to support or qualify a claim. Explain “how” typically requires analyzing the relationship, process, pattern, position, situation, or outcome; whereas explain “why” typically requires analysis of motivations or reasons for the relationship, process, pattern, position, situation, or outcome.
	

	4.6.A:  Describe the role of checkpoints in regulating the cell cycle.
	Cognition: Describe
Content: Provide relevant characteristics of a specified topic.
	

	4.6.B:  Describe the effects of disruptions to the cell cycle on the cell or organism.
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VOCABULARY GLOSSARY
Domain-specific words and definitions for this unit.
	Key Content Vocabulary

	· Cell signaling – The process of communication occurring between the cells and within the cell
· Signal transduction pathway – Signal transduction pathway involves the binding of extracellular signaling molecules and ligands to receptors located on the cell surface or inside the cell that trigger events inside the cell, to invoke a response. The response can then alter the cell's metabolism, shape, and gene expression.
· Growth factor – a secreted biologically active molecule that can affect the growth of cells. This definition has become expanded to include secreted molecules that promote or inhibit mitosis or affect cellular differentiation.
· Neurotransmitter – the body's chemical messengers. They are the molecules used by the nervous system to transmit messages between neurons, or from neurons to muscles. Most neurotransmitters are either small amine molecules, amino acids, or neuropeptides.
· Reception – the process of activating a sensory receptor by a stimuli. Sensory transduction is the process of converting that sensory signal to an electrical signal in the sensory neuron.
· Intracellular protein – synthesized on cytoplasmic free ribosomes and do not need to be transported outside the cell membrane to function in cells.
· Cell-surface protein – proteins that are embedded in or span the layer of cell membranes of more complex organisms. These proteins are integral to the way in which a cell interacts with the environment around it, including other cells.
· Ligand – any molecule or atom that irreversibly binds to a receiving protein molecule, otherwise known as a receptor. When a ligand binds to its respective receptor, the shape and/or activity of the ligand is altered to initiate several different types of cellular responses.
· G protein-coupled receptors – the largest and most diverse group of membrane receptors in eukaryotes. These cell surface receptors act like an inbox for messages in the form of light energy, peptides, lipids, sugars, and proteins.
· Receptor tyrosine kinases – enzyme-linked receptors localized at the plasma membrane containing an extracellular ligand-binding domain, a transmembrane domain, and an intracellular protein–tyrosine kinase domain.
· Ion channel receptors – usually multimeric proteins located in the plasma membrane. These passageways, or ion channels, have the ability to open and close in response to chemical or mechanical signals. When an ion channel is open, ions move into or out of the cell in single-file fashion.
· Prophase – the first stage of cell division, before metaphase, during which the chromosomes become visible as paired chromatids and the nuclear envelope disappears. The first prophase of meiosis includes the reduction division.
· Metaphase – the second stage of cell division, between prophase and anaphase, during which the chromosomes become attached to the spindle fibers.
· Anaphase – the stage in mitosis or meiosis following metaphase in which the daughter chromosomes move away from each other to opposite ends of the cell.
· Telophase – the final phase of cell division, between anaphase and interphase, in which the chromatids or chromosomes move to opposite ends of the cell and two nuclei are formed.
· Genome – the complete set of genetic information in an organism. It provides all of the information the organism requires to function. In living organisms, the genome is stored in long molecules of DNA called chromosomes.
· Parent/mother cell – In cell division, a mother or parent cell is the cell that divides to give rise to two daughter cells
· Daughter cell – cells that result from the reproductive division of one cell during mitosis or meiosis.
· Chromatin – the material of which the chromosomes of organisms other than bacteria (i.e., eukaryotes) are composed. It consists of protein, RNA, and DNA.
· Chromosomes – A structure found inside the nucleus of a cell. A chromosome is made up of proteins and DNA organized into genes. Each cell normally contains 23 pairs of chromosomes.
· Centrosomes – a cellular structure involved in the process of cell division. Before cell division, the centrosome duplicates and then, as division begins, the two centrosomes move to opposite ends of the cell.
· Nucleoli – The nucleolus is the distinct structure present in the nucleus of eukaryotic cells. Primarily, it participates in assembling the ribosomes, alteration of transfer RNA and sensing cellular stress. The nucleolus is composed of RNA and proteins, which form around specific chromosomal regions.
· Spindle apparatus – In cell biology, the spindle apparatus (or mitotic spindle) refers to the cytoskeletal structure of eukaryotic cells that forms during cell division to separate sister chromatids between daughter cells. Besides chromosomes, the spindle apparatus is composed of hundreds of proteins.
· Cytokinesis – Cytokinesis is the physical process of cell division, which divides the cytoplasm of a parental cell into two daughter cells.	Cytokinesis starts during the nuclear division phase called anaphase and continues through telophase.
· Sister chromatids – either of the two identical chromatids that are formed by replication of a chromosome during the S phase of the cell cycle, are joined by a centromere, and segregate into separate daughter cells during anaphase.
· Mitosis – a process of cell duplication, or reproduction, during which one cell gives rise to two genetically identical daughter cells. 
· Interphase – the resting phase between successive mitotic divisions of a cell, or between the first and second divisions of meiosis. 
· G1 phase – the period in the cell cycle from the end of cell division to the beginning of DNA replication
· G2 phase – the period in the cell cycle from the completion of DNA replication to the beginning of cell division
· S phase – the period of the cell cycle prior to mitosis, during which the chromosomes are replicated
· Cyclin – a family of proteins that controls the progression of a cell through the cell cycle by activating cyclin-dependent kinase (CDK) enzymes or group of enzymes required for synthesis of cell cycle.
· Cyclin-dependent kinases – Of the many proteins involved in cell cycle control, cyclin-dependent kinases (CDKs) are among the most important. CDKs are a family of multifunctional enzymes that can modify various protein substrates involved in cell cycle progression	As their name suggests, CDKs require the presence of cyclins to become active.
· Mitosis-promoting factor (MPF) – A protein complex responsible for triggering mitosis in somatic cells and for maturation of oocytes into egg cells.	Levels of cyclins and MPF rise as the cell enters mitosis, reach a peak during mitosis, and then fall during anaphase.
· Cancer – A term for diseases in which abnormal cells divide without control and can invade nearby tissues.
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