The Investigation of Enzymes in Raw Potato Soup  

Overview of the Laboratory Exercise 

..... In this laboratory you will observe the conversion of hydrogen peroxide (H2O2) to water and oxygen gas by the enzyme catalase.  You will then measure the amount of oxygen generated and calculate the rates of the enzyme-catalyzed reactions under various conditions, finding the most favorable conditions for maximum catalase activity.  We will determine the catalytic efficiency of catalase (Km), the maximum velocity when the enzyme is saturated with substrate (Vmax), and the effect of an inhibitor.  We will also determine the activation energy for the catalyzed reaction. .
Pre-lab Reading Assignment:  pgs. 1111-1121 in Zumdahl (required) and the handout from Grisham & Garrett on enzyme kinetics and their analysis (optional).
C A T A L A S E 

Catalase is nearly ubiquitous among organisms that can grow in the presence of oxygen (air). ..The major function of catalase within cells is to prevent the accumulation of toxic levels of hydrogen peroxide formed as a by-product of metabolic processes.  

Each molecule of catalase has four polypeptide chains, each composed of more than 500 amino acids, and nested within this tetrad are four porphyrin heme groups – similar to the type of proteins Darci told you she studied at NDSU (.  
The reaction catalase catalyzes is:  2H2O2 (aq) (  2H2O (l) + O2 (g)
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In today's experiment, a rate for this reaction will be determined.  If the amount of oxygen formed is measured at regular intervals and this quantity is plotted on a graph, a curve like the one that follows is obtained. 

Study the solid line on the graph of this reaction.  The rate of the reaction is the slope of the linear portion of the curve. The result is the slope of the graph's line during this early period which is equal to the initial rate of the reaction. ..The initial rate of any enzyme-catalyzed reaction is determined by the characteristics of the enzyme molecule and the environment in which it reacts.
Setting Up The Experiment: 
.....Before beginning with the experiment, we must set up a device for measuring the amount of oxygen gas that is produced. ..We will trap the evolving gas under a container that is filled with water (much like we did when we determined the Mw of butane earlier this year). 
1.)  Set up the device shown below.  Our reaction vessel will be a stoppered side arm flask.  You can use the top opening to add reactants and stopper it closed.  The side arm will be attached to tubing primed with water by applying suction and a hose clamp to keep the water in place.  The oxygen produced in the reaction will leave through this tubing.  This will be demonstrated for you, so don’t sweat it, just pay attention!
2.)  Add reactants to the reaction vessel according to the amounts given in the Table FOR YOUR ASSIGNED EXPERIMENT.  Leave the peroxide out until very last and ONLY add it when the gas measuring device is primed and ready to start the experiment.  
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Upon adding the specified amount of substrate, immediately stopper the reaction vessel, remove the hose clamp, and begin shaking the reaction vessel. 

4.) Record volume of water displaced as a function of time until the reaction is complete.  For your purposes, "completion" means that the rate of gas evolution is no longer linear:  a.k.a. the times between readings are not evenly spaced – you should be able to see the graph begin to level off.  STOP THERE!  Don’t waste any more time, even if oxygen is still being formed.  


Kinetics Experiments 

This is a real test of team-work! .It is best to have four people in the group: "A" shakes the reaction vessel, “B” watches the gas production in the cylinder and gives a shout whenever another 5 mL of gas has been evolved; "C" watches the clock, and shouts the time (usually in seconds) with each volume read; and "D" records the time and volume.  While "A" and "B" set up for another run, "C" and "D" determine the Vo (initial velocity) using “Graphic Analysis”.  To do this, select the points on the plot that are linear (you need at least three).  Under “Analysis” select “Regression”.  The slope (m) will be displayed on the graph along with the best fit to the selected points.  Record the slope as “Vo” with units of mL/min in the data table specified for your experiment (i.e. Table 1b, 2b, or 6).  You must make a new plot for each assay.
Procedure:  
1. Put the amounts from the table into the reaction vessel, attach to the measuring device, and, while shaking the vessel vigorously, record the volumes of evolved gas at timed intervals.  Start the timer when the first bubble of gas reaches the graduated cylinder.
2. As variations on the Control, four types of experiments will be done. .. Each group will be assigned one of these experiments.  All groups will share their results with the rest of the class. .. ALL participants should understand the results of ALL other groups!
3. The experiments are: 

· Determine Km and Vmax by varying the concentration of peroxide.

· Determine the effect of salt concentration (ionic strength) on catalase activity.

· Determine the effect of pH on catalase activity.

· Determine the activation energy by varying temperature. 
· Determine the effect of inhibitor on catalase activity.
Recall from our unit on kinetics that the activation energy for a reaction can be determined by measuring the rate at different temperatures and plotting it according to the Arrhenius equation.  

Plot ln (Vo) versus 1/T (in Kelvin) according to the Arrhenius equation: 

(Eq.1)

 ln Vo = -Ea / RT

(Eq.2)

Ea = - (slope * R) 
Conventions:  
Assay is the name given to an experiment in which the activity of an enzyme is determined.  Substrate is the reactant in the reaction of interest, H2O2 in today’s experiment.  The units of molarity (M) are typically quite large in biological systems.  It is common to convert molarity into the following concentration units:

	Value (mol/L)
	abbreviation
	name

	1
	M
	molar

	0.001
	mM
	millimolar

	1 x 10-6
	M
	micromolar
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PAGE  
3

