Enzyme lab: Catalase 
Introduction
Enzymes are biological catalysts that carry out the thousands of chemical reactions that occur in living cells. They are generally large proteins made up of several hundred amino acids, and often contain a non-proteinaceous group called the prosthetic group that is important in the actual catalysis.

In an enzyme-catalyzed reaction, the substance to be acted upon, or substrate, binds to the active site of the enzyme. The enzyme and substrate are held together in an enzyme-substrate complex by hydrophobic bonds, hydrogen bonds, and ionic bonds.

The enzyme then converts the substrate to the reaction products in a process that often requires several chemical steps, and may involve covalent bonds. Finally, the products are released into solution and the enzyme is ready to form another enzyme-substrate complex. As is true of any catalyst, the enzyme is not used up as it carries out the reaction but is recycled again and again. One enzyme molecule can carry out thousands of reaction cycles every minute.

Each enzyme is specific for a certain reaction because its amino acid sequence is unique and causes it to have a unique three-dimensional structure. The "business" end of the enzyme molecule, the active site, also has a specific shape so that only one or few of the thousands of compounds present in the cell can interact with it. If there is a prosthetic group on the enzyme, it will form part of the active site. Any substance that blocks or changes the shape of the active site will interfere with the activity and efficiency of the enzyme.

If these changes are large enough, the enzyme can no longer act at all, and is said to be denatured. There are several factors that are especially important in determining the enzyme's shape, and these are closely regulated both in the living organism and in laboratory experiments to give the optimum or most efficient enzyme activity:

Variables: 

Salt concentration: If the salt concentration is very low or zero, the charged amino acid side-chains of the enzyme will stick together. The enzyme will denature and form an inactive precipitate. If, on the other hand, the salt concentration is very high, normal interaction of charged groups will be blocked, new interactions occur, and again the enzyme will precipitate. An intermediate salt concentration such as that of blood (0.9%) or cytoplasm is optimum for most enzymes.

Temperature: All chemical reactions speed up as the temperature is raised. As the temperature increases, more of the reacting molecules have enough kinetic energy to undergo the reaction. Since enzymes are catalysts for chemical reactions, enzyme reactions also tend to go faster with increasing temperature. However, if the temperature of an enzyme catalyzed reaction is raised still further, an optimum is reached: above this point the kinetic energy of the enzyme and water molecules is so great that the structure of the enzyme molecules starts to be disrupted. The positive effect of speeding up the reaction is now more than offset by the negative effect of denaturing more and more enzyme molecules. Many proteins are denatured by temperatures around 40­50C, but some are still active at 70­80C, and a few even withstand being boiled.

Objectives:
In this exercise you will study the enzyme catalase, which accelerates the breakdown of hydrogen peroxide (a common end product of oxidative metabolism) into water and oxygen, according to the summary reaction:
2H2O2 + catalase ----> 2H2O + O2 + Catalase

You will isolate catalase from potato tubers and measure its rate of activity under different conditions. A fiber filter will be immersed in the enzyme solution, then placed in the hydrogen peroxide substrate. The oxygen produced from the subsequent reaction will become trapped in the disc and will give it buoyancy. The time measured from the moment the disc touches the substrate to the time it reaches the surface of the solution is a measure of the rate of the enzyme activity.

Extraction of Catalase
Teacher will prepare 100units/ ml  solution
1. Peel a fresh potato tuber and cut the tissue into small cubes. Weigh out 100 g of tissue.

2. Place the tissue, 50 ml of cold distilled water, and a small amount of crushed ice in a pre-chilled blender.

3. Homogenize for 30 seconds at high speed.

From this point on, the enzyme preparation must be carried out in an ice bath.
4. Filter the potato extract, then pour the filtrate into a 100-ml graduated cylinder. Add cold distilled water to bring up the final volume to 100 ml. Mix well. This extract will be arbitrarily labeled 100 units of enzyme per ml (100 units/ml) and will be used in Tests 1 to 4. Repeat the extraction procedure for Test 5 (optional).

Test 1: Effect of Enzyme Concentration 

Before considering the factors which affect enzyme reactions, it is important to demonstrate that the enzyme assay shows that the enzyme actually follows accepted chemical principles. One way to demonstrate this is by determining the effect of enzyme concentration on the rate of activity, while using a substrate concentration which is in excess.

To make your enzymes concentrations: label four 50-ml beakers as follows: 100, 75, 50, and 0 units/per ml. Prepare 40 ml of enzyme for each of the above concentrations.

	cold distilled water (ml)   +
	enzyme (ml) (from teacher stock)   =
	units/ml of enzyme

	0
	40*
	100

	10
	30
	75

	20
	20
	50

	40
	0
	0


Keep your catalase preparations in an ice bath. Label an identical set of beakers for the substrate. Into each of these beakers, measure out 40 ml of a 1% hydrogen peroxide solution.
· Using forceps, immerse a fiber filter disc to one-half its diameter in EACH catalase solution you have prepared. Allow the disc to absorb the enzyme solution for 5 seconds, remove and drain by touching the edge to a paper towel for 10 seconds. 
· Drop the disc into the first substrate solution and start your watch. The disc will sink rapidly into the solution. The oxygen produced from the breakdown of the hydrogen peroxide by catalase becomes trapped in the fibers of the disc causing the disc to float to the surface of the solution. 
· The time (t) in seconds, from the second the disc touches the solution to the time it again reaches the surface is determined to be the rate R of enzyme activity. 
· Repeat the procedure three times for each enzyme concentration and average your results. Record your results in a table that relates enzyme concentration to the times for trial 1, trial 2, and the average.  You will need to plot this data in a graph for inclusion in your lab write up.

Name:______________________________________________ Date: _______________  Section:______________

Catalase Lab Data/Graph and Extension
1. Design a table that will record your data collected.

2. After averaging your data design a graph. Be sure that your graph is labeled carefully.

3. With your lab partner design another experiment investigating the effect of salt concentration, pH, or temperature on your enzymatic reaction.  Please review your protocol carefully.
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