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Cells: The True Story

Teacher’s Guide

by Shannon B. Olsson, CSIP Graduate Teaching Fellow, Cornell University

Objective: Students will demonstrate knowledge of cell functions by performing a “play” in which they act out parts of the cell and cooperate to complete basic cell functions.

Subject: Biology/Life Science
Audience: Middle School (5th -8th grade)

Time Required: 1 Full Period

Background
This activity allows students to design and perform a short play in which they act out parts of animal or plant cells and carry out basic functions such as cellular respiration and protein synthesis. This activity is designed to review and reinforce concepts related to cell processes. As such, students should already have a basic knowledge of cell organelles (cell wall, chloroplast, cell membrane , nucleolus, mitochondria, endoplasmic reticulum, ribosome, lysosome, vacuole, and golgi apparatus). They should also have basic knowledge of how energy is produced in plant and animal cells, and how proteins are synthesized. 
This activity is a unique and interesting way to review cell processes as it incorporates both language and performance art skills. Students will enjoy creating the “look” of their cell part as well as cooperating with other students to carry out the required functions.
Learning Objectives

1) Students will demonstrate recognition of basic organelles in animal and plant cells by acting out these roles in a play.

2) Students will exhibit their understanding of basic cell functions through performance as a team.

3) Students will demonstrate understanding of the interrelatedness of cell parts through acting out various cell process scenarios.

4) Students will utilize visual and performing arts skills to create a play which illustrates basic cell functions.

NYS Science Education Standards Addressed

1) Interconnectedness: Common Themes 6.2: Models are simplified representations of objects, structures, or systems used in analysis, explanation, interpretation, or design.

2) Performance Indicator 1.1:  Compare and contrast the parts of plants, animals, and one-celled organisms. (a-c)
3) Performance Indicator 5.1: Compare the way a variety of living specimens carry out basic life functions and maintain dynamic equilibrium. (c-d)

4) Performance Indicator 6.2: Provide evidence that green plants make food and explain the significance of this process to other organisms.
Materials 
· List of Organelle and Other Cell Components (last pages of this file)
· Construction paper

· Hole punch

· Yarn or string

· Markers or crayons

· Bag of candy such as mini M&Ms or mini candy bars

· Envelope

Procedure

1. Cut the Organelle List into cards and ask the students to choose one card from a hat.
2. CHARATER DESCRIPTION (15-20 minutes)

Ask students to work on describing their characters, answering questions such as “What is my job in the cell?” and “What do I look like?”. Give each student a sheet of construction paper punched in the top two corners and a piece of yarn to create a sign to hang around their neck. Make sure they write the name of the organelle on their sign so other students will know what they represent. Encourage students to think about what their organelle would look like and to be creative when designing sign. You may want to give them time to look in their textbooks or other reference materials to understand their organelle better. Below is some basic info about each organelle:

cell wall: Plant cell only. Found outside of the cell membrane. Helps protect and support the cell. 

chloroplast: Plant cell only. Converts the energy of the sun into the chemical bond energy of glucose(sugar), which is then converted to usable energy by the mitochondria.

cell membrane: Surrounding the cell. Controls what substances enter and leave the cell.

nucleolus: Found inside the nucleus. Makes ribosomes.
mitochondria: Found in the cytoplasm. Produces most of the energy the cell needs to survive by converting the energy of glucose into usuable energy found in adenosine triphosphate (ATP).

endoplasmic reticulum: Passageways in the cytoplasm that carry proteins and other materials from one part of the cell to another.

ribosomes: Made in the nucleolus. Attach themselves to the endoplasmic reticulum, or can be found floating in the cytoplasm. Protein synthesis occurs here. 

lysosome: Small round structures in the cytoplasm that break down large food particles into smaller ones. They also break down old cell parts for recycling.

vacuole: Found in the cytoplasm. Store food and materials needed by the cell, as well as water and water products.

golgi apparatus (golgi bodies): With endoplasmic reticulum. They package proteins and other materials from the reticulum and distribute them to other parts of the cell.

3. THE PLOT: (10-15 minutes)

Ask your students to act out cell processes using the scenarios described below or others that you design to illustrate cellular respiration and protein synthesis. The following notes will help you in planning these activities:
· The one cell organelle not included on the list for students is the nucleus. You as the director will be the nucleus so you can assist students in carrying out their tasks. A great introductory question to ask is “What cell part is missing here?”, and than ask why it makes sense that you would be the nucleus.

· Use the classroom as the cytoplasm and the door as a great location for the cell membrane actor (items can knock to see if the membrane will let them in or out). Granted, the cell membrane would really be the walls of the classroom, but using the door instead helps to demonstrate selective permeability. You might want to start by asking the students where they think the cell membrane should be, and discuss why the door might be a good choice.

· Allow students time to discuss and place themselves appropriately in the room. A little discussion and potential confusion on each student’s part is useful to their learning.

· The first two scenarios involve animal cells only, so the chloroplasts and cell walls will not take part as organelles. However, you can enlist the help of these students in ensuring that the scenarios function properly and in carrying needed items.

· Tell the students what each scenario is about (ex. making energy) and let them struggle with the steps. Encourage them with thought-provoking questions along the way, such as “How does food get into the cell?” or “How does the food get to the mitochondria?” Examples of such questions are included in each step of the scenarios.

SCENARIO ONE: MAKING ENERGY

1) A large food particle enters Cell Membrane. You or one of the plant cell parts can act as the food carrier and bring a CLOSED bag of candy through the cell membrane. Questions: Who stores and transports this food? (vacuoles) How can we make this food easier to use? (lysosomes break it down)
2) The large food particle (bag of candy) enters the Vacuole which carries it to Lysosome.
3) Lysosome digests large particle into smaller sub-units. The lysosome can open the bag to reveal the smaller sub-units of candy. Question: Now that we have units of food, who is going to need them? (mitochondria)
4) Mitochondria use these subunits to create energy. The mitochondria can distribute these packets of energy to all the cell parts as a treat. Question: What will the mitochondia do with this energy? (give it to all organelles so they can perform functions)
5) Repeat as necessary for learning.

OKAY – NOW THAT WE HAVE ENERGY:

SCENARIO TWO: MAKING PROTEINS FOR USE OUTSIDE OF THE CELL

Make sure the ribosomes are not in the cell yet. 
Questions: Who makes proteins? (ribosomes). Why aren’t they there? (the nucleolus has to make the ribosomes first!)
1) Nucleolus produces Ribosomes. The nucleolus should be standing next to the nucleus. 
2) Ribosomes travel to the Rough Endoplasmic Reticulum and Cytoplasm. Question: How does the cell know how to make proteins? What “instructions” does it need? (DNA makes RNA which translates to proteins).
3) Nucleus DNA transcribes to RNA. You, as the nucleus, can take the paper cutouts of DNA and switch them to cutouts of RNA.
4) mRNA leaves the Nucleus and travels to the Ribosomes. Have a plant cell part take your RNA to the ribosomes.
5) Ribosomes produce proteins. Give the ribosomes some protein cutouts to use. Question: Now what? How do we move these out of the cell?
6) Endoplasmic Reticulum transports these proteins throughout the cell.
7) Golgi Apparatus packages the proteins. The Golgi bodies can put the protein cutouts in envelopes.
8) Vessicles transport them out of the cell. The vacuoles can do this.
9) Repeat as necessary for learning.

SCENARIO THREE: PLANT CELLS 
Questions: What is different between animal and plant cells? (cell wall and chloroplasts, food is produced inside plant cells). What is the same? (Protein Synthesis is similar, and Energy Production is similar after the chloroplasts produce the “food”).
1) Cell wall - protects plant, gives it strength to stand, lets in water and gases, keeps out many things.
2) Chloroplast – takes light and converts it to food. This is photosynthesis. Use the candy pieces as food.
3) Food is used by Mitochondria to make energy. (as in Scenario One)

4. THE CONCLUSION:  Choose 4 (Rest of class period and/or homework)

Answer Key:

1) Describe what happens (and what organelles are involved) when a LARGE food particle enters the cell : 
Described above in Scenario One.


2) What organelle uses this food to produce energy? 
Mitochondria

3) Describe how proteins are produced and eventually leave the cell: 
Described above in Scenario Two.

4) What organelle produces the ribosomes? 
Nucleolus


5) What is the purpose of the nucleus?
The nucleus is the “director” of the cell controlling all of its activities. It contains the DNA and transcribes it to RNA in order to make proteins.

6) What are some similarities and differences between animal and plant cells?
Both plant an animal cells contain the same parts with the exception of the cell wall and chloroplasts. Both use mitochondria to make energy and both make proteins. However, plant cells make their own food with chloroplasts while animal cells must get their food from outside of the cell. Also, plant cells contain larger and more numerous vacuoles than animal cells and do not contain centrioles.

Assessment Strategy

Students will be authentically assessed through creation and performance of cell organelle and cell function tasks.  They can also be assessed through several review questions presented at the end of the activity. Assessment during the “play” can be accomplished by observing how each student demonstrates their part’s function and via intermittent questioning during the activity (see play handout, teacher version, for sample questions).

This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DGE # 0231913 and # 9979516) and Cornell University. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the NSF.
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