Catalase Inquiry Lesson Plan

	Teacher:  Seigle

	Date: Thursday 3/3/15

	Subject/grade level: Biology/11th 

	Materials:

Ice 
Cow liver
Hydrogen peroxide
Water bath (crock pot) 
LabQuest Electronics

Temperature probes or thermometers
50mL Beakers (24) 

pH probes or pH paper 
Scalpels (8) 

Blue trays (8) 

10 mL Graduated cylinders (8) 
Forceps
NaOH and HCl (1 M) both in separate dropper bottles
Goggles and Aprons 


	TN State Standards 
SPI 3210 Inq.2 Analyze the components of a properly designed scientific investigation. 

SPI 3210 Inq.3 Determine appropriate tools to gather precise and accurate data. 

SPI 3210 Inq.4 Evaluate the accuracy and precision of data. 

SPI 3210 Inq.5 Defend a conclusion based on scientific evidence. 

SPI 3210.T/E.1 Distinguish among tools and procedures best suited to conduct a specified scientific 
                           inquiry. 

SPI 3210.1.1 Identify the cellular organelles associated with major cell processes. 
SPI 3210.1.5 Identify how enzymes control chemical reactions in the body. 

SPI 3210.5.2 Recognize the relationship between form and function in living things. 


	Clarifying Objectives:

· Measure the effects of changes in temperature, pH, and enzyme concentration on reaction rates of an enzyme-catalyzed reaction in a controlled experiment.

· Explain how environmental factors affect the rate of enzyme-catalyzed reactions.

	Science and Engineering Habits of Practice

Asking Questions and Defining Problems

Planning and Carrying Out Investigations

Analyzing an Interpreting Data
Obtaining, Evaluating, and Communicating Information

Constructing Explanations and Designing Solutions
Metacognition Reflection



	Lesson objective(s):

Focus question: What is the impact of temperature and pH on the enzyme catalase?

Focus question: What is the impact of temperature and pH on the speed of cellular reactions?



	Differentiation strategies to meet diverse learner needs:
Resource Website = Enzyme Simulation - http://www.kscience.co.uk/animations/model.swf
Video Supports = Enzyme Analogy Video - http://www.garlandscience.com/garlandscience_resources/resource_detail.jsf?landing=student&resource_id
=9780815344322_CH02_QTM02
Applications = Students can review enzyme activity through the free Enzymatic App.
Monitoring = Preferential seating; verbatim instructions; extended time on assignments/testing per IEP; oral testing per IEP


	ENGAGEMENT

· Upon students entering the classroom, the teacher will be in front of the classroom with a bloody apron on and bloody hands trying to shake hands with students.
· Ted Ed - How to speed up chemical reactions (and get a date) - Aaron Sams‬
               https://www.youtube.com/watch?v=OttRV5ykP7A   (5 mins.)
· What kind of questions should the students ask themselves after the engagement?
1. How does cow liver relate to chemical reactions?
2. How will I change the temperature and pH of cow liver?

3. What happens to the function of the enzyme when temperature and/or pH changes?

4. What steps am I going to have to take in order to carry out an experiment that will try to answer the problem/focus question given?
5. Where are enzymes found in living things?

6. Why are enzymes important to living things?

· Private Think Time: What in the video resonated with you as a student scientist? (1 min.)
· Go-Around Productive Talk: What in the video resonated with you as a student scientist? (3 mins.)
· Whole Group Share: Students will be asked to share when someone else said in their group, then they will be given the opportunity to share their own thoughts as necessary (3 mins.)


	EXPLORATION

· Students will be actively writing in their scientific notebooks for this portion of the lesson in order to show their train of though. (2 mins.)
· Focus question: What is the impact of temperature and pH on the enzyme catalase?

· Focus question: What is the impact of temperature and pH on the speed of cellular reactions?
· Students write their initial responses to the focus question before engaging in the inquiry. (2 mins.)
· Students will be given a tray of materials and they will have to design a lab proposal in order to answer the focus question. (30 mins.)
· Students will have to research information regarding the following concepts in order to complete their lab proposal in the next part of the lesson:

1. enzyme

2. catalase

3. temperature

4. pH

5. reaction rate

6. reactants

7. products


	EXPLANATION

· Teacher will monitor student talk while students are designing the experiment.
· Student groups may have a variety of ways that they may approach this investigation (multiple entry points).

· Interpret & Compare Productive Talk: Student groups will swap and evaluate each others lab proposals using the lab report resource sheet, lab report rubric handouts, and background knowledge through previous research. (10 mins.) 
· Student groups will get their feedback 

· Questions that will be posed to the groups: 

1. Is the hypothesis testable?

2. Is the procedure working toward answering the problem and/or focus question?
3. What flaws exist in the procedure?
4. Is the type of data that will be collected relative to the hypothesis and the problem?



	ELABORATION

· Student groups will conduct their self-designed lab experiments after given time to utilize peer feedback.
· Real-world connections


	EVALUATION
· Students will show their research abilities and content knowledge through their scientific notebook writing. 
· Enzyme Reaction Rate Graph (https://en.wikibooks.org/wiki/Structural_Biochemistry/Enzyme/Activation_energy)
· Student groups will answer the following questions and the their will be a whole-group share:

1. Describe the relationship between catalase and hydrogen peroxide. Indicate which is the enzyme, which is the substrate and what occurs during the reaction. It may be helpful to write the equation. 

2. Is catalase reusable? Use your data to support yo;ur answer. 

3. How does temperature and pH affect the reaction rate of catalase? Propose a way to refine your experiment to find the exact, or OPTIMAL pH and temperature of catalase.

4. In 2-3 sentences, summarize the data and information displayed in this graph.
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5.  Why do humans maintain a specific body temperature/pH for optimal health? What are ramifications of having an extremely high temperature when you are ill? How does this concept tie in with homeostasis? How do you think ectothermic/cold-blooded organisms function during colder weather?

6.  Looking back at your notebook, which steps would you consider removing? Why? How would you answer your focus question now? What, if anything, could you add to your answer?
· Students write a formal lab report and/or create a scientific poster and participate in a poster talk to share their scientific findings.

	Teacher Resources for Scaffolding:

· Enzyme Lab Website - http://www.biologycorner.com/worksheets/enzyme_lab.html
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· Amoeba Sisters – Enzymes and … Pac-Man?  

               https://www.youtube.com/watch?v=XUn64HY5bug
· MTS Video Marketing – What are Enzymes – How Do They Work?  

               https://www.youtube.com/watch?v=vTQybDgweiE
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