Lesson 3: Mitochondria

1. Here are two models of what mitochondria do.  You will use evidence to decide which model is better.
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The evidence is irrelevant to the model.





Evidence #1
2. Your teacher will present to you the first piece of evidence as a class.  This piece of evidence is a blog about birds by Cassidy, a college student. After each of her blog entries, you will discuss one or two questions as a class.  

3.  Individually, answer this question.  What do you conclude from the graph? 

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

Evidence #2
4. Now read Bill’s Blog in your group on the computer. Follow the directions that you see in the blog. 

5. Individually, answer this question.  How good or bad is Bill’s evidence? Write your reasons for your answer.  (Remember: When evidence is very good, you can really believe its conclusions. When evidence is bad, you cannot believe the conclusions.)  Write to someone who might disagree with you.

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

Evidence #3
6.  Read Chris’s Science Blog in your group on the computer. Follow the directions that you see in the blog.

7. Individually, answer this question.  How good or bad is Chris’s evidence?  Write your reasons for your answer Write to someone who might disagree with you.

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

Examining Evidence #1, #2, and #3
8.  Do the following for Evidence 1, 2, and 3. Do not do Evidence 4, 5, and 6 yet! 

Read the directions below, and then turn to Page 12 to work on the Model-Evidence Table.

A. Individually, for evidence 1, 2, and 3, rate how good each evidence is (0, 1, 2, or 3) in the small boxes in the left column on the table on Page 12.  
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B.  In pairs, discuss your evidence goodness ratings (using evidence evaluation stems).  Use a red pen if you want to change your evidence ratings after discussing them. Write your ratings in these boxes.
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C. Individually, draw appropriate arrows to connect each evidence with each model in the table on Page 12.  



D. In pairs, discuss your arrows, giving lots of reasons (use the general and arrows stems).  If you change your mind about an arrow, draw a new arrow in red ink.  

E. If you have extra time, come back to this page and discuss these questions:

If a student said that Evidence 1 was irrelevant to the movement model, how would you respond to this?    

If a student said that Evidence 5 contradicted the energy model, how would you respond to this? 

Which evidence is the best evidence?  Why?

How is Evidence 2 related to each model?

How can Model B explain Evidence 2?

How can Model A explain Evidence 3?
How are the conclusions in study 1 and 2 related to each other?  

Did any evidence support both Models?  If so, which evidence and why? 


	Evidence Goodness
	Movement model
	Energy model

	



	
	


	Evidence Goodness
	Movement model
	Energy model

	#1. Bird evidence. Pigeons and ducks have more mitochondria in their cells than chickens do.
[image: image1.png]



	
	

	#2. Hamster evidence. Bill’s hamster had a low number of mitochondria, so he was tired, slow, and died.
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	#3. Flagella evidence. Chris concluded that most mitochondria are near the flagella.

	
	

	#4. Liver evidence. The amount of mitochondria found in mice liver tissue increases over time.
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	#5. Joggers. During training, runners develop more mitochondria. The mitochondria produce ATP that the 
muscles need for running.
	
	

	#6. Skin expert. Ageing skin is caused by mitochondria that are not producing energy, and coenzyme Q10 helps skin by helping mitochondria produce more energy.


	
	


9.  In groups, discuss which model is better, based on the evidence so far.  Give detailed reasons for your ideas (model evaluation stems).

Evidence #4
10.  Now read Evidence #4.  


Evidence #4. Mitochondria in Mice Liver Tissue
Researchers in Japan examined changes in mitochondria in mouse tissue during aging.  

Method:  The researchers measured the amount of mitochondria in liver tissue in 100 different mice.  Unlike muscle tissue, liver tissue does not move. 

Data were collected from the mice at four different ages.  Samples were collected when the mice were 2 weeks old, 4 weeks old, 8 weeks old, and 5 months old.  Mice are fully grown by 2 months of age and live 2-3 years.

Results:  The graph below shows what the researchers found.  The numbers on the graph represent the average amount of mitochondria found in the liver tissue in all 100 mice.   
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Conclusion:  The scientists concluded that the amount of mitochondria found in mice liver tissue increases over time.  
11. In pairs, use Evidence stems to discuss Evidence #4. 

* After you finish, if you have extra time answer the following questions in your groups 
Which criteria of good evidence does Evidence #4 have? 

What do you conclude from the graph?

What were the main steps the researchers used?

What were the important findings?

Why did the researchers use liver tissue instead of muscle tissue?

12. Go back to the chart on Page 12.  Individually, add evidence ratings and arrows for Evidence #4. Then, in pairs, discuss your ratings and arrows using the evidence and arrow stems

13. Individually, answer this question: How is Evidence #4 related to the movement model (supports, contradicts, etc.).  Give reasons for your answer. Write to someone who might disagree with you.

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

14. Individually, answer this question: How is Evidence #4 related to the energy model (supports, contradicts, etc.).  Give reasons for your answer. Write to someone who might disagree with you.

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

15. Evidence #5 is a simulation on the computer.  Do the simulation in your group. Fill in the data table below with your findings from Evidence #5.  

	
	Amount of Mitochondria (grams/kilogram of muscle)
	Amount of ATP produced by the mitochondria in one minute (mmol per minute per kg of muscle)

	Before starting running


	
	

	After six weeks of hard running
	
	

	After three weeks of no running
	
	


16. Individually, answer this question.  What is your conclusion from Evidence #5? Give reasons for your answer. 

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

17. Now discuss your conclusion with your partner. Develop a conclusion that you both agree on. Write it here:

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

18. Go back to the chart on Page 12.  Individually, add evidence ratings and arrows for Evidence #5. Then in pairs discuss your ratings and arrows using the evidence and arrow stems.

19. Individually, answer this question: How is Evidence #5 related to the movement model (supports, contradicts, etc.).  Give reasons for your answer. Write to someone who might disagree with you.

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

___________________________________________________________________________________________________________

20. If you have extra time, discuss the following questions:

Which criteria of good evidence does Evidence #5 have? 

What is ATP?

What were the main steps you used to collect your data?

What were the important findings?

What was measured during this simulation?

How did the evidence you collected help you formulate your conclusion?

Evidence #6
21. You will see Evidence #6 on the next two pages. It is an email exchange between two friends. Read the emails in your group out loud.  Assign someone in your group the role of Sue and someone the role of Jody.  Then answer the questions afterwards.  

Evidence #6:  Skin Care Experts

Jody514@email.com








March 16

Hey Sue, 

Thanks for coming to my 50th birthday party last week!  I was wondering if you could tell me more about that ageing-skin expert that you go to.  I feel like my face and arms are getting so wrinkly and dry!

Take care,

Jody

suzieQ896@email.com







March 17

Hey Jody!

The skin expert I go to is AMAZING.  Her name is Margorie Lucent. I think she’s a doctor. At my last visit, she put on her reading glasses so that she could look closely at my skin under very bright lights. She also used a magnifying glass to look at my skin. After a long examination, the ageing-skin expert said that she could see that the mitochondria in my skin were abnormally shaped!  She also said that she could see that my mitochondria were no longer functioning correctly to produce the energy that the skin needs… I was freaking out!

-Sue

Jody514@email.com








March 17

Oh no!  What did you do?  I bet my mitochondria are abnormally shaped too…

-Jody

suzieQ986@email.com







March 18

Luckily, Dr. Lucent said that I can apply this chemical thing called coenzyme Q10 to my skin!  I saw a difference right away; it definitely improved the function of the mitochondria in my skin!   Dr. Lucent told me that this enzyme helps mitochondria produce energy in your skin cells and makes the skin look much younger.

Here is the website.  You should definitely visit this skin expert!  She is a miracle worker! Good luck!
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-Sue

Conclusion: Ageing skin is caused by mitochondria that are not producing energy, and coenzyme Q10 helps skin by helping mitochondria produce more energy.
22. Discuss, in your group, the evidence using the Evidence stems.

* If you have extra time, answer the following questions in your groups
Which criteria of good evidence does this evidence have (or not have)?

What was this email exchange about?

How did Dr. Lucent evaluate Sue’s skin?

What is the function of coenzyme Q10? 

Are mitochondria found in skin cells?

What were the important findings from this evidence?

23. Go back to the chart on Page 12.  Individually, add evidence ratings and arrows for Evidence #6. Then discuss your ratings and arrows using the evidence and arrow stems in pairs. 

24. Discuss in your groups:  Which model is better, based on the evidence so far.  Give detailed reasons for your ideas during your discussion (model evaluation stems).

* If you have extra time, answer the following questions in your groups.  Give lots of reasons for your ideas.

Which evidence is the best evidence?

Which evidence is the worst evidence?

Which evidence supports or contradicts the models MOST STRONGLY?  

Which evidence helps you the most to decide which model is better?  

What is the best argument for Model A?

What is the best argument for Model B?

How is evidence 4 related to each of the two models?
How is evidence 5 related to each of the two models?


What is the worst argument for either model?

What other evidence would you like to have?
25. Discuss in your groups:  How would you change your preferred model to make it a better model?  Perhaps you could add more details or more information about what mitochondria do.

26.  Individually, answer this question.  What is the best model of the function of mitochondria?  

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

27. Write an argument to support your model.  Write to someone who may not agree with you.

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

28.  Individually, answer these questions:  

a.  What is the function of mitochondria?  

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________

b.  A mouse gets a disease that causes its mitochondria to function poorly.  What will happen to the mouse?  Explain in detail.

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________

c.  One plant cell has many mitochondria. Another plant cell has only a few mitochondria. How might these cells differ as a result of this difference in mitochondria?

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________

Movement model – Mitochondria produce movement.  





Energy model – Mitochondria produce energy.  





#1. Bird evidence - Pigeons and ducks have more mitochondria in their cells than chickens do.  
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