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Enzyme-Controlled Reactions Virtual Lab
http://novella.mhhe.com/sites/dl/free/0078695104/383930/BL_11.html
Purpose:

The purpose of this lab is to investigate how pH, temperature, and substrate concentration effect enzyme-controlled activity.

Background Information
Enzymes are biological catalysts: this means that they speed up the chemical reactions in living things. Without enzymes, our digestive system would take several weeks to digest our food.  Our muscles, nerves, skin, and bones, etc. would not work properly - organisms would not be able to stay alive and survive!

A catalyst is any substance which speeds up a chemical reaction without itself being changed. A catalyst can be used over and over again in a chemical reaction: it does not get used up.  Enzymes work best at a specific temperature, pH level, and with the appropriate substrate. All enzymes are made of protein (that is why they are sensitive to heat and pH levels). Unlike ordinary catalysts, they are specific to one chemical reaction. An ordinary catalyst may be used for several different chemical reactions, but an enzyme only works for ONE SPECIFIC REACTION. 

Enzymes must have the correct shape to do their job. They are made of proteins, and proteins are very easily affected by heat, pH and heavy metal ions. Some people say that enzymes work like a key in a lock. If the key has been twisted by heat, or dissolved in acid or stuck up with chewing gum it will not work. Enzymes change their shape if the temperature or pH changes, so they have to have the right conditions. Copper ions are poisonous: if you get copper ions in your blood they will inhibit, or block, some of the important enzymes in red and white blood cells.
Human saliva contains an enzyme called amylase. This enzyme helps to turn starch into a dimer, or disaccharide, called maltose. When you swallow a mouthful of food, the amylase stops working because the acid in the stomach has a pH level of 2. Amylase works best in neutral or slightly alkaline conditions, i.e. at about pH 7. When your food gets into the small intestine, more amylase is made by the pancreas and this turns the remaining starch into maltose. Another enzyme (maltase) turns all this maltose into glucose. Glucose is then absorbed into the blood.  

Enzymes in the human alimentary canal (digestive system) and what they digest:
	Enzyme
	Substrate

	Amylase
	Starch

	Maltase
	Maltose

	Sucrase
	Sucrose

	Lipase
	Fats

	Pepsin
	Proteins


All animals, green plants, fungi and bacteria produce enzymes: so enzymes are not just about digesting food. The enzymes which we use to digest our food are extra-cellular, which means they are found outside cells. We also have enzymes inside our cells; these are intra-cellular enzymes. Enzymes are used in ALL chemical reactions in living things; this includes respiration, photosynthesis, movement growth, getting rid of toxic chemicals in the liver and so on. 

Part A: The Effect of Substrate Concentration on Enzyme-controlled Reactions
Directions and Procedure

1. Click on the TV/Video on the right hand corner of the virtual lab.  Listen to the short tutorial on enzymes.  When finished, click on the “x” at the top of the pop-up screen.

2. The pH level on each test tube needs to be “7.” The temperature needs to be at 37 Celsius.  If there are any differences, fix them before beginning the simulation.
3. Click and drag the tray with 0.5g of substrate to Test Tube 1 and “drop” in the tube.

4. Repeat this procedure with 1.0g substrate in tube 2, 2.0g substrate in tube 3, 4.0g in tube 4, and 8.0g in tube 5.

5. Click on the table that is on your virtual lab computer. Record your data in the chart below

Date and Results
	Test Tube Number
	Substrate Concentration
	Number of Molecules of product formed per minute (x106)

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


**The number of molecules of product formed per minute is the initial reaction rate for this enzyme catalyzed reaction**
Conclusion Questions
1. Which substrate level(s) produced the most molecules of product per minute?
2. How many molecules of product would you predict would be formed if you added 10.0g of substrate?    12.0g of substrate?

3. What are the independent and dependent variables?
Part B: The Effect of pH level on Enzyme-controlled Reactions

Directions and Procedure
1. Set the following pH levels for each test tube:

a. Test tube 1 = 3

b. Test tube 2 = 5

c. Test tube 3 = 7

d. Test tube 4 = 9

e. Test tube 5 = 11

2. Click and drag 0.5g of substrate to Test tube 1 and drop into the tube.  

3. Continue to drag and drop 0.5g of substrate into each test tube.
4. Click on the data table on your virtual computer screen to retrieve your data.  Write this information on the data table below.

5. Repeat steps 1 – 5 for each substrate concentration.  Be sure to record your results in the data chart below.

Data and Results

	Substrate Concentration
	0.5g substrate
	1.0g substrate
	2.0g substrate
	4.0g substrate
	8.0g substrate

	Test Tube
	Number of molecules of product formed per minute (x106)
	Number of molecules of product formed per minute (x106)
	Number of molecules of product formed per minute (x106)
	Number of molecules of product formed per minute (x106)
	Number of molecules of product formed per minute (x106)

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	


 Conclusion Question
1. At which pH level and substrate concentration were the most molecules of product formed per minute?
2. What are the independent and dependent variables?
Part C: The Effect of Temperature on Enzyme-controlled Reactions
Directions and Procedure

Read and interpret the following graphs showing the general rate of enzymatic activity at different temperatures.  
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1. Describe the pattern of the graphs.

2. Explain the changes to the rate of reaction as temperature increases.
3. How can you tell from the graphs what the optimum (best) conditions are for each variable in this simulation?

4. What temperature is optimal for the rate of photosynthesis?
Analysis Questions
1. Describe the relationship between substrate concentration and the initial reaction rate of an enzyme-catalyzed reaction. Is this a linear relationship? What happens to the initial reaction rate as substrate concentration increases?

2. What is the maximum initial reaction rate for this enzyme at pH 7?

3. Explain why the maximum initial reaction rate cannot be reached at low substrate concentrations.

4. What does your data indicate about the optimum pH level for this enzyme-catalyzed reaction?
5.   Enzymes function most efficiently at the temperature of a typical cell, which is 37 degrees Celsius. Increases or decreases in temperature can significantly lower the reaction rate. What does this suggest about the importance of temperature-regulating mechanisms in organisms? Explain.
