Lesson Title:  The Investigation of Enzymes in Raw Potato Soup  
Topic:  Introduction to biochemistry and the action of enzymes
Content Level:  High school AP chemistry
Time:  Introduction:  10 minutes  Reading assignment: Pages 1111-1121 Zumdahl as homework Pre-quiz: homework  Lab activity:  1.5 class periods  Data work-up:  1.5 class periods Post-test:  20 minutes 
Materials:  
4 – Potatoes                                        Solutions:  300 mL 5M NaCl  

blender
400 mL 0.5M phosphate buffer 
5 – 100mL graduated cylinder

pH 7.8
5 – 2 ft. lengths of tubing
2.0 L 5% H2O2 
5 – 500 mL stoppered side arm flasks
50 mL 0.5M phosphate pH 3.0   5 – stop watches   
50 mL 0.5M phosphate pH 5.0

4 – temperature controlled water baths: 
50 mL 0.5M phosphate pH 9.0

      ice, ~37 °C, ~60 °C, and boiling 
50 mL 0.5M phosphate pH 11.0

20 – 150 mL beakers 
10 mL 0.1M CuSO4, 

5 – 10 mL graduated cylinders

2 – 50 mL graduated cylinders
5 – hose clamps

5 – large tubs to be used as water basins

5 – thermometer
computer cart reserved for 3+ days
Background:  The background information required to successfully complete this activity is an understanding of kinetics and activation energy, equilibrium as it applies to determining equilibrium constants and pH, and enzyme biochemistry.
Skills:  Using the scientific method to carry out an experiment that will probe the optimal conditions for maximum enzyme efficiency.  In addition, collecting and analyzing kinetics data using graphical software to determine kinetic parameters for enzymatic reactions.  
Objectives:  The objective of this activity is a summative assessment of the students covering the wide range of topics covered in the AP chemistry course and how they are able to apply them to a problem of biological significance.  This will also be a continuation of a formative assessment of their laboratory skills. 
ND Standards addressed:

12.1.2
Identify the structure, organization, and dynamics of components within a system (e.g., cells, tissues, organs, organ systems, reactants and products in chemical equilibrium) 
12.1.4 Explain the relationship between form and function (e.g., atoms and ions, enzymes, aerodynamics) 

12.2.2 Select and use appropriate instruments, measuring tools.

12.2.3 Use data from scientific investigations in order to accept or reject a hypothesis

12.2.4  Formulate and revise explanations based upon scientific knowledge and experimental data

12.2.5  Use technology and mathematics to improve investigations and communications 
12.2.6  Analyze data using appropriate strategies (e.g., interpolation, and extrapolation of data, significant figures, dimensional analysis) 

12.2.9
Understand scientific explanations adhere to criteria, logically consistent.
12.3.5  Identify the effect of concentration, temperature, surface area, pressure, and catalysts on reaction rates as it relates to the Kinetic Theory. 
12.3.6 Write chemical formula and name for compounds using element names, symbols, and oxidation numbers.

National Science Standards Addressed:

12ASI1.1  Identify questions and concepts that guide scientific investigations. Students should form a testable hypothesis and demonstrate the logical connections between the scientific concepts guiding a hypothesis and the design of an experiment. They should demonstrate appropriate procedures, a knowledge base, and conceptual understanding of scientific investigations.

12ASI1.3 Use technology and mathematics to improve investigations and communications. A variety of technologies, such as hand tools, measuring instruments, and calculators, should be an integral component of scientific investigations. The use of computers for the collection, analysis, and display of data is also a part of this standard. Mathematics plays an essential role in all aspects of an inquiry. For example, measurement is used for posing questions, formulas are used for developing explanations, and charts and graphs are used for communicating results.

12ASI1.6 Communicate and defend a scientific argument. Students in school science programs should develop the abilities associated with accurate and effective communication. These include writing and following procedures, expressing concepts, reviewing information, summarizing data, using language appropriately, developing diagrams and charts, explaining statistical analysis, speaking clearly and logically, constructing a reasoned argument, and responding appropriately to critical comments.

12BPS3.1 Chemical reactions occur all around us, for example in health care, cooking, cosmetics, and automobiles. Complex chemical reactions involving carbon-based molecules take place constantly in every cell in our bodies.

12BPS3.4 Chemical reactions can take place in time periods ranging from the few femtoseconds (10 —15 seconds) required for an atom to move a fraction of a chemical bond distance to geologic time scales of billions of years. Reaction rates depend on how often the reacting atoms and molecules encounter one another, on the temperature, and on the properties — including shape — of the reacting species. 

12BPS3.5 Catalysts, such as metal surfaces, accelerate chemical reactions. Chemical reactions in living systems are catalyzed by protein molecules called enzymes. 

12CLS1.4 Cell functions are regulated. Regulation occurs both through changes in the activity of the functions performed by proteins and through the selective expression of individual genes. This regulation allows cells to respond to their environment and to control and coordinate cell growth and division.

Description:  The students should be given the handout and assigned reading prior to the official introduction of the activity.  After reading the material, they should complete the pre-test that is part of the packet.  During the introduction of the activity, a picture of the crystal structure is projected for the class to observe the 2° and 3° structure of catalase.  Next, the transparencies that explain the overall enzyme + substrate reaction along with a picture description are introduced.  The effect of an inhibitor, changing pH, salt concentration, and temperature are also described.  Finally, the transparency describes what is meant by “optimum condition” from the handout and how to determine this from their data.  Following this description, the experimental set-up is demonstrated for the class.  The experiment is ready to begin.  If the number of students is limiting, the salt concentration experiment can be omitted.  The students should have graphing software available to them to determine the initial velocity of the reaction.  Excel did not work well, Graphic Analysis or LoggerPro software is preferred.  Following the completion of experiments, they should analyze their data to determine Km, Vmax, Ea, and the optimum conditions of pH, and salt concentration.  Lab groups write up a formal lab report according to the rubric and sample outline provided in the packet.  Following completion of the lab report the students take the post-test which allows them to reflect on their original hypothesis as to whether it was right or wrong based on their data.  
This activity was modified by Darci Block, GraSUS Graduate fellow.  Support was provided by the Center for Science and Math Education and the GraSUS project.  The Graduate Student-University-School (GraSUS) Collaborative for Science, Engineering, and Technology is funded by the National Science Foundation GK-12 Program Grant DGE-0338128 to North Dakota State University.

