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  SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area
	High School Biology 

	Recommended  Days of Instruction
	CP - 6 days/ Applied I – 10 days ( 90 Minutes Sessions)

	Standard(s) addressed: 
B-3 The student will demonstrate an understanding of the flow of energy within and between living systems.
B-2  The student will demonstrate an understanding of the structure and function of cells and their organelles.

	Indicator: B-3.4  Summarize how the structures of organic molecules (including proteins, carbohydrates, and fats) are related to their relative caloric values

	Unit II - Biochemistry Module B-3.4

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies / Activities
	Assessment Guidelines

	B-3.4  

Summarize how the structures of organic molecules (including proteins, carbohydrates, and fats) are related to their relative caloric values.


	Nutrition.gov - http://www.nutrition.gov/nal_display/index.php?info_center=11&tax_level=1&tax_subject=388 (12/22/08)


	Activity B-3.4a – Calorimeter Lab – This lab tests various foods for caloric amounts.  After some discussion of proteins, carbohydrates and fats, this lab should be completed.
This is a government website that is useful in discussing the nutritional value of food.


	B- 3.4 As the verb for this indicator is summarize, the primary focus of assessment should be to give major points about the overall structure of the three types of molecules and how the structures determine the amount of energy available. In addition to summarize, assessments may require students to recall the basic components of each type of organic molecule and compare the structure and relative caloric value of proteins, carbohydrates, and fats. 

Assessment examples include students identifying the building blocks of these organic molecules and the number of calories per gram of proteins, carbohydrates and fats.


	Unit II - Biochemistry Module B-3.4

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	B-3.4  

Summarize how the structures of organic molecules (including proteins, carbohydrates, and fats) are related to their relative caloric values.


	Calorie Counter- http://www.my-calorie-counter.com/about.asp or http://www.principalhealthnews.com/topic/macronutrient contains a calculator which allows one to input biofacts and receive the amount of macronutrients needed daily (1/4/09) 

What’s in a Label -http://biology4teachers.com/biochemistry/Percentage%20of%20Lipids,%20Carb,%20Proteins%20in%20foods.pdf  -  (1/4/09)

Food Chemistry Testing 
for Sugar, Starch, Protein, or Fat http://www.sciencecompany.com/sci-exper/food_chemistry.htm (1/4/09)


	This is a site that shows how many calories are present in certain foods with copies of food labels and it shows how many calories are expended in certain exercises.  This would be a way to introduce calories or use as a summative activity.

 (1/4/09)

This website has an activity that will allow students to interpret and graph data based on information from food labels. This can be used at any part of the lesson.

This website has a lab on testing foods for their nutritional content.  This is an extension activity for students who finish early or need a challenge.
	

	Indicator: B-3.5 Summarize the functions of proteins, carbohydrates, and fats in the human body.

	Unit II -  Biochemistry Module B-3.5

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies / Activities
	Assessment Guidelines

	B-3.5 

Summarize the functions of proteins, carbohydrates, and fats in the human body.


	Streamline Video: Organic Molecules http://player.discoveryeducation.com/index.cfm?guidAssetId=6B118244-B6B6-434F-87DC-CB36265A50E3&blnFromSearch=1&productcode=US (12/01/08)
http://biology4teachers.com/Index_Biochemistry_files/slide0001.htm  (click on macromolecule graphic organizer on the right)  different graphic organizer for macromolecules (1/4/09)
http://www.lessonsnips.com/docs/pdf/moleculelife.pdf reading information with questions following (1/4/09)
http://www.lessonplansinc.com/science.php/biology/types/Worksheet/P10/ 

Go to the macromolecule handout on this page (5/09)
	This is a video about organic molecules. Use the segments “Special Chemicals” through “Metabolism”. This could be used as an introduction to the lesson.
Gives graphic organizers for students to fill in.  This would be a handout for students to review and recall what they remember. Teachers may need to supplement with some answers if nutrient testing has not been done.
Guided reading sheet is available to guide student learning. This would be beneficial for students having difficulties with the concepts.
Review activity on organic molecules for students to follow using their textbook

	B-3.5 As the verb of this indicator is to summarize, the primary focus of assessment should be to give major points about the importance of proteins, carbohydrates, and fats to health of human beings.

In addition to summarize, assessments may require students to recall or compare the functions of each organic molecule.



	Unit II - Biochemistry Module B-3.5

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies / Activities
	Assessment Guidelines

	B-3.5 

Summarize the functions of proteins, carbohydrates, and fats in the human body.


	
	Activity B-3.5a – Biological Compounds Foldable – This activity allows for students to take notes on the various types of biological compounds for easy review.
Activity B-3.5b – Biological Compounds Review – This activity allows students to recall the information they have learned and make connections to new knowledge.

	

	Indicator: B-2.8 Explain the factors that affect the rates of biochemical reactions (including pH, temperature, and the role of enzymes as catalysts).

	Unit II - Biochemistry Module B-2.8

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/ Activities
	Assessment Guidelines

	B-2.8  

Explain the factors that affect the rates of biochemical reactions (including pH, temperature, and the role of enzymes as catalysts).


	United Streamline Video: Rates of Reactions  http://player.discoveryeducation.com/index.cfm?guidAssetId=E73FFA0F-977F-4574-8688-DC1CB551ECD9&blnFromSearch=1&productcode=US (12/1/08)

Tutorial http://media.pearsoncmg.com/bc/bc_campbell_biology_6/medialib/assets/interactivemedia/activities/C6eActivityServer.html?06&04&C:%20How%20Enzymes%20Work - (12/1/08)

The Role of Enzymes http://highered.mcgraw-         hill.com/sites/0072495855/student_view0/chapter2/animation__how_enzymes_work.html - 12/1/08)
	This is a video (1:50 min) on factors that affect the rates of reactions.  This video can be used after students know how enzymes work.
This is a website for a tutorial on enzymes – using graphs and structures of enzymes to show how enzymes lower activation energy.  This should be used during the introduction of the material.
This is a web site with an  animation of how enzymes work. There is also a quiz.  The animations on this site would be beneficial during the coverage of content.  The quiz can be utilized as an informal assessment.

	B-2.8 As the verb of this indicator is to explain, the primary focus of assessment should be to construct a cause-and-effect model showing

how temperature, pH, and enzymes are used to control chemical reactions in living systems. In addition to explain, assessments may require students to interpret diagrams, charts, and graphs of biochemical reactions, summarize factors that affect the rate of biochemical reactions and recall the purpose of a catalyst. For example, students may be asked to explain graphs of the effects of pH and temperature on enzyme activity.



	Unit II - Biochemistry Module B-2.8

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-2.8  

Explain the factors that affect the rates of biochemical reactions (including pH, temperature, and the role of enzymes as catalysts).


	 
	Activity B-2.8a – Catalysts of Life Lab – Observe the reaction of catalase with hydrogen peroxide.  This activity compares the activity of catalase in animal and plant cells.  The activity calls for 3% hydrogen peroxide that must be ordered from a supply company.
Activity B-2.8b – Enzyme Activity Review – This worksheet is a review after the indicator has been taught
Activity B-2.8c – Toothpickase Activity – Allows students to experience being an enzyme through the heating and cooling of their hands and breaking toothpicks.  This activity could be utilized after the concept of enzymes has been taught.
Activity B-2.8d – Enzymatic Activity Lab – This lab tests how pH affects enzyme activity.  This lab could be used to pull the content together to check for student understanding.
	Assessment strategies may include looking at graphs and comparing biochemical reaction with a catalyst and without a catalyst, at different temperatures and at different pH’s.  


High School Biology

Unit II Biochemistry

Activities for Indicators
3.4, 3.5, 2.8

Activity B-3.4a - Calorimeter Lab

INTRODUCTION:
The food we eat contains chemical energy, that we use to run our bodies. Different types of food contain different levels of energy. Scientists have developed a scale to express food energy content, the calorie. The calorie, (cal), represents a very small amount of energy given off when a food is burned in oxygen. By definition: a calorie is the heat required to raise 1 gram of pure water 1 degree C. A sample of food is burned and heats up a known mass of water. The mass of water heated multiplied by the number of degrees C change in the temperature of that water equals the number of calories given off. In this lab you will burn specific solid foods, determine the calories given off and the caloric content of each food.
Purpose:  To determine the caloric content in specific solid foods.

Hypothesis: __________________________________
                    __________________________________
Materials:
· 1 Calorimeter Can

· 1 Calorimeter Lid

· 1 Flask Support


· 1 125ml Flask


· 1 Pin

· 1 Cork

· Bunsen Burner

· Filter Paper
· food to test
· Walnut

· Pecan

· Pine Nut

· Almond

Procedures
1. Assemble the apparatus, as pictured.

2. Fill the flask with 50 ml of water. (This is 34 g)

3. Place the neck of the flask through the hole in the                                                       calorimeter lid.  Slip the flask support around its neck

4. Insert the thermometer into the flask.  Read and record                                                           the beginning water temperature in the data table.

5. Securely place a .3 g or less food sample on the pin and place                                                                the pin on filter paper. Weigh and record the cork, pin, filter paper                                                        and food together and record this combined mass in the data table.
Activity B-3.4a cont. – Calorimeter Lab
6. Using a Bunsen burner, light the food sample and slide it into                                                  position directly under the center of the flask.  Watch the food                                                until it has completely burned.

7. After the food has been burned, read the temperature of the                                                       water and record it as the final water temperature in the data table.

8. Record the mass of the sample’s ash, pin, cork, and filter paper in                                          the ending combined mass in the data table.

9. Allow the water to cool some while you set up your next food sample.

10. Repeat steps 5-9 for two more foods.
11. Clean up your area, making sure you clean the flask’s bottom extremely well.

12. Calculate and record the number of calories released in the data table using the information provided.

Safety:

1. ___________________________________________________________
2. ___________________________________________________________
Independent Variable: ______________________________________________
Dependent Variable: ________________________________________________
Controls:__________________________________________________________
Heat Loss by Food Sample = Heat Gained By Water

Qw = Mw x Cw x Tw
Qw = Quantity of heat gained by the water

Mw = Mass of the water (Read your methods to determine this)

Cw = Specific Heat of Water (this is a constant that you will see in Physical Science) = 1 cal/g oC

Tw = Change in water temperature

Δ = Difference in something or a change in something
Activity B-3.4a cont. – Calorimeter Lab
Observations
	Food Type
	
	
	
	

	Sample Mass (g)
	
	
	
	

	Beginning Combined Mass
	
	
	
	

	Ending Combined Mass
	
	
	
	

	Δ grams
	
	
	
	

	Beginning Water Temperature oC
	
	
	
	

	Final Water Temperature oC
	
	
	
	

	Δ in Water Temperature oC (Tw)
	
	
	
	

	Calories (C) Released by Food (Qw)
	
	
	
	

	1 C = 1000 calories

Conversion
	
	
	
	


Activity B-3.4a cont. – Calorimeter  Lab
Homemade Calorimeter

Materials and Equipment
To do this project, you will need the following materials and equipment: 

· homemade calorimeter, (for diagram and instructions on assembling, see Experimental Procedure, below) requires: 

· two tin cans, one larger than the other, 

· wood dowel, pencil or other rod-shaped support, 

· cork, 

· needle or wire, 

· pliers, 

· can opener (to remove rim) 

· hammer and nail. 

Experimental Procedure
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	Diagram of Homemade Calorimeter



Activity B-3.4a cont. – Calorimeter Lab
1. Constructing the calorimeter (refer to the diagram above). 

a. Select two cans to build your calorimeter. They should nest inside one another. The smaller can needs to sit high enough so that you can place the cork, needle and food item beneath it. 

b. Remove the top and bottom from a coffee (or similar-sized) can, so that you have a cylinder opened on both ends. 

c. Use the can opener to make holes in the bottom (to allow air to in to sustain the flame). 

d. Punch holes at opposite sides of the smaller can for the support to pass through. The diagram labels the support as a glass rod, but you can use a wood dowel, a pencil, or a metal rod for the support. Your support needs to be longer than the width of your large can. 

e. Use the pliers to grasp the needle (or wire) and push its blunt end into the cork. You will impale the food to be tested on the sharp end of the needle. (If you use wire, you can wrap it around the food item to be tested. Don't use insulated wire!) 

f.    The smaller can will hold the water to be heated by burning the food samples. Use the graduated cylinder to measure how much water you use; the can should be about half-full. Put the supporting rod in place through the two holes. 

*Suggested Foods
· Nuts – Almond, Pine Nut, Walnut, Pecan

· Fat (Piece of Bacon), Carbohydrates (Uncooked Macaroni, Dry Cereal), Protein (Cheese)

· Types of peanut butters (can be messy)
· Types of cheese (regular, low fat, and fat free)

*Caution students with food allergies.
*Caution students to avoid eating the food.
Activity B-3.5a – Biological Compounds Foldable
The purpose of this activity is to help students obtain and review information on the  function and the structure of  3 biological compounds used by the body. Students will explain how the structures of these molecules are related to the caloric value. 

Students will use the information obtained to complete a concept map and a chart.  
Students need one sheet of legal size paper.  

· Have students fold the paper lengthwise in half (hot dog fold)
· Have the students fold the paper in thirds so that there are three boxes on the front.  

· Cut the creases on the front of the paper so there are three shutters.

· Allow students to research the biological compounds and place the information inside each of the shutters below.

· Students’ information should:
a. Summarize how the structures of these molecules are related to the caloric value.

b. Summarize the function of these molecules in the human body.

	Carbohydrates


	Fats
	Proteins


Activity B-3.5a cont. – Biological Compounds Foldable Answer Sheet
Possible Answers

Proteins

· Proteins are involved in almost every function in the human body.  For example, they serve as the basis for structures, transport substances, regulate processes, speed up chemical reactions, and control growth. 

· Structural proteins are used for support such as connective tissue and keratin that forms hair and finger nails. 

· Transport proteins transport many substances throughout the body such as hemoglobin which transports oxygen from the lungs to the other parts of the body to be used by cells in cellular respiration. 

· Hormone proteins coordinate body activities such as insulin which regulates the amount of sugar in the blood. 

· Contractile proteins help control movement such as proteins in the muscles which help control contraction. 

· Enzymatic proteins accelerate the speed of chemical reactions such as digestive enzymes which break down food in the digestive tract. 

· Proteins are made of amino acids.

· Proteins are more important as a source of building blocks than as a source of energy. Proteins can function as an energy source only if there is a shortage of carbohydrates or lipids. 

· When proteins are consumed, the bonds that hold the amino acids together are broken during the process of digestion so that individual amino acids are absorbed into the bloodstream through the walls of the intestines. 

· The caloric value is dependent on the number of carbon-hydrogen bonds so the caloric value can vary.

Carbohydrates

· Carbohydrates are important as an energy source for all organisms.
· Primary source of fuel for cellular respiration.
· Used to store energy for short periods of time.
· C,H and O are the components of carbohydrates
· Plants have cellulose as a structural material, which is a carbohydrate
· For most animals, carbohydrates are an important source of fiber.

· The caloric value is dependent on the number of carbon-hydrogen bonds so the caloric value can vary.

Fats / Lipids

· Fats are important to organisms for energy when carbohydrates are in short supply.  

· Fats are the primary way to store energy.  They provide long term energy storage.

· They are used for insulation for the body.

· They help to cushion the vital organs of the body.

· Have long chains of hydrocarbon bonds.

· Contain more energy per gram than carbohydrates or proteins due to their carbon-hydrogen bonds.

Activity B-3.5b – Biological Compounds Review
Using the information obtained from your foldable on biological compounds, fill in the concept map. You may write your answers at the bottom.

                                                                                                                (Biology Corner Worksheet)
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1. ________________

2. ________________

3. ________________

4. ________________

5. ________________

6. ________________

7. ________________                                                           
8. ________________

9. ________________

10. ________________

11. ________________

12. ________________

13. ________________

Activity B-3.5b cont. – Biological Compounds Review
Using the information obtained from your foldable on biological compounds, place each item below in the correct area on the chart.

· C12H22O11
· C6H12O6
· Cellulose

· Fructose

· Glucose

· Glycogen

· Starch

· Sucrose

	Monosaccharide
	Disaccharide
	Polysaccharide

	14.
	17.
	19.

	15.
	18.
	20.

	16.
	----------------------------------------
	21.


Complete the table by checking the correct columns for each description.

	Statement
	CHO
	Lipids
	Nucleic Acids
	Proteins

	22.  Made up of nucleotides.
	
	
	
	

	23. Most consist of 3 fatty acids bonded to a glycerol molecule.
	
	
	
	

	24.  Found in the nucleus as the code of life
	
	
	
	

	25.  Produce proteins
	
	
	
	

	26.  Carbon, hydrogen and oxygen in a 1:2:1 ratio
	
	
	
	

	27.  Made up of amino acids.
	
	
	
	

	28. Used for long-term energy storage, insulation and protective coatings. 
	
	
	
	

	29. Contains carbon, hydrogen, oxygen and nitrogen
	
	
	
	

	30.  Usually underwent dehydration synthesis
	
	
	
	

	31.  DNA and RNA
	
	
	
	

	32.  Made up of monosaccharide’s
	
	
	
	

	33.  Commonly called fats and oils
	
	
	
	

	34.  Used as enzymes
	
	
	
	

	35.  Contains peptide bonds
	
	
	
	


Activity B-3.5b cont. – Biological Compounds Review Answer Sheet
Fill in the concept map.  You may write your answers at the bottom.
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1. Hydrogen

2. Oxygen

3. Nitrogen

4. Phosphorus

5. Fats / Lipids

6. Proteins

7. Nucleic Acids

8. Polysaccharides

9. Storage of energy

10.  Insulation or Cushioning of Organs

11.  Amino Acids

12.  DNA

13.  RNA

Activity B-3.5b cont. – Biological Compounds Review Answer Sheet

Place each item below in the correct area on the chart.

· C12H22O11
· C6H12O6
· Cellulose

· Fructose

· Glucose

· Glycogen

· Starch

· Sucrose

	Monosaccharide
	Disaccharide
	Polysaccharide

	14.  C6H12O6
	17.  C12H22O11
	19. Cellulose

	15.  Glucose
	18.  Sucrose
	20. Starch

	16.  Fructose
	----------------------------------------
	21. Glycogen


Complete the table by checking the correct columns for each description.

	Statement
	CHO
	Lipids
	Nucleic Acids
	Proteins

	22.  Made up of nucleotides.
	
	
	*
	

	24. Most consist of 3 fatty acids bonded to a glycerol molecule.
	
	*
	
	

	24.  Found in the nucleus as the code of life
	
	
	*
	

	25.  Produce proteins
	
	
	*
	

	26.  Carbon, hydrogen and oxygen in a 1:2:1 ratio
	*
	
	
	

	27.  Made up of amino acids.
	
	
	
	*

	30. Used for long-term energy storage, insulation and protective coatings. 
	
	*
	
	

	31. Contains carbon, hydrogen, oxygen and nitrogen
	
	
	*
	

	30.  Usually underwent dehydration synthesis
	*
	
	
	

	31.  DNA and RNA
	
	
	*
	

	32.  Made up of monosaccharide’s
	*
	
	
	

	33.  Commonly called fats and oils
	
	*
	
	

	34.  Used as enzymes
	
	
	
	*

	35.  Contains peptide bonds
	
	
	
	*


Activity B-2.8a - Catalysts of Life Lab

Purpose:  
Observe the reaction of catalase with hydrogen peroxide.



Compare the activity of catalase in animal and plant cells.


          Infer the effect of boiling enzymes.

Materials:

· 7 Test Tubes



Fresh Spinach

· Test Tube Rack


Cooked Spinach

· Hydrogen Peroxide


Raw Liver




· Graduated Cylinder


Cooked Liver

· Raw Hamburger


Raw Potato

· Cooked Hamburger


Cooked Potato




Procedure:  

1. Mark each test tube 1-8, using either a grease pencil or tape.
2. Develop a table to record your observations.
3. Place a small amount of each food in the appropriate test tube.
4. Add 2 ml of hydrogen peroxide into the first test tube, observe the reaction, and record your results with the range of numbers of 1(no reaction) to 5 (highly reactive).

5. Continue with test tubes 2-8.

6. Dispose of your food particles in the trash can.

7. Clean your test tubes and place in appropriate area designated by your teacher.

Safety:
1. __________________________________________________________

2. __________________________________________________________

Activity B-2.8a cont. - Catalysts of Life Lab
As you complete the write up for this lab, remember to list each variable. 
Independent Variable: _______________________________________________

Dependent Variable: __________________________________________________
Controls: ___________________________________________________________

Observations: Record your observation in the table below.

	Test Tube
	Food
	Observations

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	


What conclusions can you draw from your experiment?
Activity B-2.8a cont. - Catalysts of Life Lab Answer Sheet

Observations vary depending on foods used.  However, all cooked foods should have little to no enzyme activity because the enzymes were denatured.
Teachers may substitute other meats for the hamburger and other starchy vegetables for the potato.  Lettuce may be used in place of spinach.
The cooked foods may be prepared prior to lab or during lab in a hot water bath.
Activity B-2.8b - Enzyme Activity Review

This activity maybe used as a review to reinforce the function of enzymes.
1.  What is an enzyme?   ________________________________________________
2.  What is a substrate? _________________________________________________
3.  What is an active site? _______________________________________________
4.  What is the purpose of using an enzyme in a biological system? ______________

___________________________________________________________________
5.  Use the following enzyme-substrate diagram to explain what is happening in each of the following steps of this enzyme and its substrate. 
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Step 1: 
____________________________________________________________________

________________________________________________________________________________________________________________________________________
Step 2
___________________________________________________________________

________________________________________________________________________________________________________________________________________
Step 3: 
____________________________________________________________________

________________________________________________________________________________________________________________________________________
Activity B-2.8b cont. - Enzyme Activity Review 
                         Graph A





Graph B
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6. Which graph shows the greatest activation energy? ___________________
7. Which graphs shows a reaction with an enzyme? _____________________
8. Why are there two pathways on Graph B? __________________________
Further Discussion:

1. Since most enzymes in the human body work best at 37oC imagine that scientists have discovered an enzyme that works best at 39oC.  What processes do you think this enzyme is involved in?
2. Human enzymes work best at 37oC.  If you are sick and have a fever, what could you infer about their functioning capabilities?
 Activity B-2.8b cont. - Enzyme Activity Review Answer Sheet
1. An enzyme is a protein

2. The substrate is the component that the enzyme works on.

3. The active site is where the substrate binds on the protein.

4. To lower the activation energy of the system to allow the reaction to proceed

5. Diagram Answers

a. The substrate is coming in to bind with the active site on the enzyme.

b. The enzyme and substrate are bonded together in order to decrease the activation energy required for the reaction to proceed.

c. The enzyme releases the two products and the enzyme is unchanged.

6. A

7. B

8. Reaction B is without an enzyme and reaction C is with an enzyme.

Further Discussion:

1. When you are sick and trying to fight off an infection.

2. Your enzymes become denatured and do not work as well until the fever comes down.

Activity B-2.8c - Toothpickase Activity
Pre-Lab Discussion

In the following activities please note that:

· One person’s fingers are the enzyme Toothpickase
· The toothpicks are the substrate

· To hydrolyze the toothpick, place a toothpick between the thumb and the first finger of each hand. Break the toothpick in two pieces
Enzymes are proteins that are used as catalysts in biochemical reactions.  A catalyst is something that controls the rate of a reaction without itself being used up.  Often enzymes are used to speed up the rate of a reaction. However, there are at least two things that can affect the rate of a reaction: 1) substrate formation, and 2) temperature. Here is a set of activities designed to simulate how substrate concentration and temperature affect enzyme function. 

Part A: RATE of PRODUCT FORMATION 
Procedure:
2. In your group of three, one person will be the timer, one will record the data, and the third person will be the enzyme, toothpickase.  The enzyme is to break the toothpicks without looking and all of the products (“broken toothpicks”) must remain in the bowl. 

 1. Select 80 toothpicks and place them in a shallow bowl. 

3. The experiment is conducted in 20 second intervals. The timer calls out start and then marks each 20-second interval. The recorder tallies the cumulative number of toothpicks broken as each interval is announced by the timer. 

4. Graph the results plotting Product Formed (the total number of toothpicks broken) vs. Time (20s, 40s, 60s, 80s...). Calculate the rate of enzyme action in toothpicks per second for each 60s interval, eg.) How many toothpicks were broken after 1 minute, 2 minutes, 3 minutes, etc.? Do not forget to title your graph.  Each member of the group must make a graph, not just the recorder. 
5.  What conclusions can you draw from your experiment?

Activity B-2.8c cont. – Toothpickase Activity
Part B: Reaction Rate Vs. Substrate Concentration
1. Remove the broken toothpicks from the shallow bowl. Place 80 paperclips in the bowl. The paper clips represent a “solvent” in which the toothpicks are “dissolved”.  Different concentrations are simulated by mixing different numbers of toothpicks in with the paper clips.
2. For the first trial, place 10 toothpicks in the bowl with the paper clips. The enzyme has 20 seconds to react (break as many toothpicks as possible).  Record the number broken at a concentration of 10.

3. Remove the broken toothpicks and repeat with concentrations of 20, 30, 40, etc. up to 100 toothpicks (ie. generate 10 data points). 

4. Graph the results by plotting Reaction Rate (toothpicks broken in 20 seconds) vs. Substrate Concentration (10, 20, 30, 40 ... 100). Do not forget to title your graph.  Each member of the group must do this, not just the recorder. 

6. Before handing in your lab write-up, ensure that you have: (a) included a proper title for each graph, and labeled both the x and y axis (b) answered the question in Step 4 (Part A) and Step 4 (Part C) and(c) put your name on each page that will be handed in. 
5.  Clean up your work area

 2. Place your hands in the pail of iced water for 30seconds. 

3. Repeat step 1. 

4. Calculate the rate of enzyme action in toothpicks per second. Compare the two rates. Write up an explanation as to what happened and why it happened.
1. Select 10 toothpicks. Time how long it takes to break the 10 toothpicks as fast as you can. 
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Part C: REACTION RATE VS. TEMPERATURE 
Activity B-2.8c cont. - Toothpickase Activity
Scoring Rubrics
Part A :  6 Points

Graph: 

- title

1 point


- labels
1 point


-accuracy
2 points


-quality
1 point

Step 4 Question
1 point

---------------------------------




6 points

Part B:  5 points

Graph: 

- title

1 point


- labels
1 point


-accuracy
2 points


-quality
1 point

-----------------------------------




5 points

Part C:  4 points

Calculation

1 point

Explanation

3 points

-----------------------------------




4 points

Activity B-2.8d - Enzymatic Activity Lab
Pre-lab Discussion


Enzymes are necessary for many processes, including digestion and fighting disease.  Conditions such as temperature and pH must be tightly controlled so that enzymes can function properly.  In this lab, you will study an enzyme called catalase that is found in the blood and in most living cells.  Catalase speeds up the decomposition of a toxic waste product in the body called hydrogen peroxide.  It breaks it down into water and oxygen.
Problem:  How does pH affect enzymatic activity?

Hypothesis: _________________________________________________________________
_________________________________________________________________

Experiment:



Independent Variable: __________________________________________________
Dependent Variable:  ___________________________________________________
Controls: _____________________________________________________________
Safety: ______________________________________________________________
Materials:

· 1 mL of 3% Hydrogen Peroxide
· 10 mL graduated cylinder
· 2 mL of Catalase solution
· 5 Test Tubes

· Marker
· Ruler
· Solutions with pH 3, pH 5, pH 7, pH 9 and pH 11
· Test Tube Rack
Activity B-2.8 d cont. - Enzymatic Activity Lab
Procedure

1. Label 5 test tubes pH 3, pH 5, pH 7, pH 9 and pH 11.  Place them in the test tube rack.

2. Add 4 mL of the appropriate pH solution to each test tube.  Be sure to use a different graduated cylinder for each of the solutions.

3. Add 2 mL of the catalase enzyme solution to each of the test tubes.  Gently swirl the test tubes to mix the solutions.  Allow the test tubes to sit for 5 minutes.  

4. Add 1 mL of the hydrogen peroxide solution to each test tube.  Allow 5 minutes for the solutions to react.  Foam should appear on the solution tops.

5. Using a ruler, measure the height of the foam in millimeters and record the measurements in the data table.

Observations:
	pH
	Foam Height
	Observations

	3
	
	

	5
	
	

	7
	
	

	9
	
	

	11
	
	


Activity B-2.8d cont. - Enzymatic Activity Lab
Graph:  Create a graph with the data from above. 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Please write your discussion and conclusion on another sheet of paper and attach.

Materials List-Unit II
Per group

Activity 3.4a – Calorimeter Lab
· 1calorimeter can 
· 1 calorimeter lid

· 1 flask support

· 1 125 ml flask

· 1 pin

· 1 cork

· Economy Calorimeter can be ordered from biological supply company and includes the items from above.  You can choose to make your own homemade calorimeter using the materials found listed below
· optional: homemade calorimeter

· 2 tin cans, one larger than the other

· wood dowel, pencil, or rod shaped support

· cork

· needle or wire

· pliers

· old style can opener

· hammer

· nail

· 1 Bunsen burner

· filter paper

· food to test

· Walnut

· Pecan

· Pine Nut

· Almond

Activity 3.5a – Biological Compounds Foldable

· White Paper

Activity 3.5b – Biological Compounds Review

· Copies of activities
Materials List-cont. -Unit II
Per group

Activity 2.8a – Catalysts of Life Lab
· 7 test tubes

· test tube rack

· hydrogen peroxide

· graduated cylinder

· food with enzymes to test

· raw  and cooked hamburger (or other muscled meat)

· fresh and cooked spinach (or lettuce)

· raw and cooked liver

· raw and cooked potato (or other starchy vegetable)

· grease pencil or tape

Activity 2.8b – Enzyme Activity Review

· Copies of activity

Activity 2.8c – Toothpickase Activity
· 80 toothpicks (flat wooden type)

· shallow bowl

· timer, watch or clock

· graph paper

· 80 paperclips

· pail of ice water

Activity 2.8d – Enzymatic Activity Lab
· 1ml of 3% hydrogen peroxide  (order from biological supply company)

· 10 ml graduated cylinder

· 2 ml of catalase solution (order from biological supply company)

· 5 test tubes

· marker

· ruler

· solutions with pH 3, pH 5, pH 7, pH 9, pH11

· test tube rack







Standard(s) Addressed: B-3 The student will demonstrate an understanding of the flow of energy within and between living systems.





Indicators: 





B-3.4: Summarize how the structures of organic molecules (including proteins, carbohydrates, and fats) are related to their relative caloric values.





B-3.5: Summarize the functions of proteins, carbohydrates, and fats in the human body.





B-2.8: Explain the factors that affect the rates of biochemical reactions (including pH, temperature, and the role of enzymes as catalysts).
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