Name ______________________________________

Partner _____________________________________

Enzyme Lab 

Before you begin, save this Lab Report Template on your computer as LastNameAPBIOEnzyme
Read all the instructions below BEFORE you start!

1. Please go to the following website: 
http://www.biocourse.com/mhhe/bcc/domains/biolabs.xsp 
2. Scroll down and click on the link to Enzyme Kinetics. It is the 5th one down on the left.

3. Read the instructions for entering the virtual lab and then open and PRINT the Lab Manual Instructions for the Enzyme Kinetics Lab. 

4. Follow all the steps for the lab in the lab manual you printed out. You will be asked to design experiments, gather data, and graph your results. YOU DO NOT NEED TO ANSWER THE ONLINE QUESTIONS, but you should think about them as you proceed thorough the lab. 
Experiment 1: Control Enzyme
a. Click Clear Data 
b. Select Control Enzyme from the enzyme list

c. Enter Control Temperature of 37oC and control pH of 7.0
d. Click Graph Data
e. Record reaction rate (slope of y = mx line…you can see this by rolling your mouse over the blue Trial 1 bar to the right.
f. Repeat with the temperature and pH values listed in Table 1. Record the slope for all trials!
g. Highlight the row indicating optimal temperature and pH for the control enzyme.
(Hint: select the row with the highest reaction rate)
	Data Table 1: Control Enzyme

	Trial
	Temperature
(oC)
	pH
	Reaction Rate 
(slope)
(absorbance/min)

	1
	37
	7
	

	2
	90
	7
	

	3
	90
	6.5
	

	4
	90
	7.5
	

	5
	90
	8.0
	

	6
	90
	8.5
	


h. Click Continue to save your experiment results. 

You will be asked to interpret your results after you graph them. Think about how you would answer the questions but you DO NOT have to answer them online

Experiment 2: Calf Intestinal Phosphatase pH Optimization I and II
Read the online information about how this enzyme functions.
a. Select Calf Intestinal Phosphatase from the enzymes list.
b. Select a temperature between 30—50o
(Hint: the normal body temperature of a calf is 37oC)
c. Run the simulation for 6 trials with low, mid, and high range pH values
d. Record your data in the Data Table 2
e. Click Continue to save your data. 

f. Clear data and repeat with the same temperature you used above and with pH values in the range with the highest slope from Part I. Adjust using increments of 0.5.

g. Use GraphPad (http://antoine.frostburg.edu/cgi-bin/senese/graphpad.cgi) to construct a graph of pH vs Reaction Rate.
(Resize rows to 12.  pH is on the x-axis and reaction rate on the y-axis
Title your graph, label the curve, and connect the points. 
DO NOT use LS line or LS line & equation!)

h. Copy and paste your graph below the data chart. 
i. Determine the optimum pH for calf intestinal phosphatase from the graph.
	Data Table 2: Calf Intestinal Phosphatase

Temperature = ______________

	Trial
	pH
	Reaction Rate 
(slope)

(absorbance/min)

	Part I
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Part II
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Optimal pH (
	


Experiment 3: Calf Intestinal Phosphatase Temperature Optimization I and II

a. Clear Data

b. Select Calf Intestinal Phosphatase from the enzymes list.

c. Select the optimal pH you determined from the previous experiment.
d. Run the simulation for 6 trials with low, mid, and high range temperature values

e. Record your data in the Data Table 2

f. Click Continue to save your data. 

g. Clear data and repeat with the same pH you used above and with temperature values in the range with the highest slope from Part I. Adjust using increments of 0.5.

h. Use GraphPad (http://antoine.frostburg.edu/cgi-bin/senese/graphpad.cgi) to construct a graph of Temperature vs Reaction Rate. 
(DO NOT use LS line or LS line & equation!)

i. Copy and paste your graph below the data chart. 

j. Determine the optimum temperature for calf intestinal phosphatase from the graph.
	Data Table 2: Calf Intestinal Phosphatase

pH = ______________

	Trial
	Temperature (oC)
	Reaction Rate 
(slope)

(absorbance/min)

	Part I
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Part II
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Optimal Temperature (
	


Experiment 4: Sweet Potato Phosphatase pH Optimization I and II

a. Select sweet potato phosphatase from the enzymes list.

b. Select a temperature between 15—35o C. 
(Hint: Sweet potatoes are specialized roots that provide nutrient storage for the sweet potato plant and contain enzymes associated with cellular metabolism. The normal temperature during the sweet potato growing season is 15—35o C)
c. Run the simulation for 6 trials with low, mid, and high range pH values

d. Record your data in the Data Table 2

e. Click Continue to save your data. 

f. Clear data and repeat with the same temperature you used above and with pH values in the range with the highest slope from Part I. Adjust using increments of 0.5.

g. Use GraphPad (http://antoine.frostburg.edu/cgi-bin/senese/graphpad.cgi) to construct a 
DO NOT use LS line or LS line & equation!)

h. Copy and paste your graph below the data chart. 

i. Determine the optimum pH for sweet potato phosphatase from the graph.
	Data Table 2: Sweet Potato Phosphatase

Temperature = ______________

	Trial
	pH
	Reaction Rate 
(slope)

(absorbance/min)

	Part I
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Part II
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Optimal pH (
	


Experiment 5: Sweet Potato Phosphatase Temperature Optimization I and II

a. Clear Data

b. Select sweet  potato phosphatase from the enzymes list.

c. Select the optimal pH you determined from the previous experiment.
d. Run the simulation for 6 trials with low, mid, and high range temperature values

e. Record your data in the Data Table 2

f. Click Continue to save your data. 

g. Clear data and repeat with the same pH you used above and with temperature values in the range with the highest slope from Part I. Adjust using increments of 0.5.

h. Use GraphPad (http://antoine.frostburg.edu/cgi-bin/senese/graphpad.cgi) to construct a graph of Temperature vs Reaction Rate. 
(DO NOT use LS line or LS line & equation!)

i. Copy and paste your graph below the data chart. 

j. Determine the optimum temperature for sweet potato phosphatase from the graph.
	Data Table 2: Sweet Potato Phosphatase

pH = ______________

	Trial
	Temperature (oC)
	Reaction Rate 
(slope)

(absorbance/min)

	Part I
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Part II
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Optimal Temperature (
	


Experiment 6: Thermus aquaticus Phosphatase pH Optimization I and II

a. Select Thermus aquaticus phosphatase from the enzymes list.

b. Select a temperature between 70--90o C. 
(Hint: Thermus aquaticus go4rs in hydrothermal vents at the bottom of the ocean where the temperature can vary between 70—90 oC.
Ignore the instructions for selecting temperature at the online site because there are several typos there!)
c. Run the simulation for 6 trials with low, mid, and high range pH values

d. Record your data in the Data Table 2

e. Click Continue to save your data. 

f. Clear data and repeat with the same temperature you used above and with pH values in the range with the highest slope from Part I. Adjust using increments of 0.5.

g. Use GraphPad (http://antoine.frostburg.edu/cgi-bin/senese/graphpad.cgi) to construct a 
DO NOT use LS line or LS line & equation!)

h. Copy and paste your graph below the data chart. 

i. Determine the optimum pH for Thermus aquaticus phosphatase from the graph.
	Data Table 2: Thermus aquaticus Phosphatase
Temperature = ______________

	Trial
	pH
	Reaction Rate 
(slope)

(absorbance/min)

	Part I
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Part II
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Optimal pH (
	


Experiment 7: Thermus aquaticus Phosphatase Temperature Optimization I and II

a. Clear Data

b. Select Thermus aquaticus phosphatase from the enzymes list.

c. Select the optimal pH you determined from the previous experiment.
d. Run the simulation for 6 trials with low, mid, and high range temperature values

e. Record your data in the Data Table 2

f. Click Continue to save your data. 

g. Clear data and repeat with the same pH you used above and with temperature values in the range with the highest slope from Part I. Adjust using increments of 0.5.

h. Use GraphPad (http://antoine.frostburg.edu/cgi-bin/senese/graphpad.cgi) to construct a graph of Temperature vs Reaction Rate. 
(DO NOT use LS line or LS line & equation!)

i. Copy and paste your graph below the data chart. 

j. Determine the optimum temperature for Thermus aquaticus from the graph.
	Data Table 2: Thermus aquaticus Phosphatase
pH = ______________

	Trial
	Temperature (oC)
	Reaction Rate 
(slope)

(absorbance/min)

	Part I
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Part II
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	Optimal Temperature (
	


Discussion:  

a. Summarize what you did.
b. Explain the role of the phosphatase enzyme in cell metabolism. Why would you find this enzyme in plants, animals, and bacteria?
c. Indicate the optimum pH and temperature values for the enzymes you tested.
d. Compare/contrast these values and explain why these values might differ in the different organisms. Did you find any overlap in the pH or temperature range for the phosphatase enzymes from the different organisms? If so, explain. If not, explain!
Conclusion: Brief statements about the optimum pH and temperature for calf intestinal phosphatase, sweet potato phosphatase, and the enzyme from Thermus aquaticus
Reflection: Brief comment about what you learned from this lab. 
Judith S. Nuño
AP Biology
Fall 2006/2007
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