ENZYME CATALYSIS
The enzyme catalase has four polypeptide chains, each composed of more than 500 amino acids.  This enzyme is ubiquitous in aerobic organisms.  One function of catalase within cells is to prevent the accumulation of toxic levels of hydrogen peroxide formed as a byproduct of metabolic processes.  Catalase may also take part in some of the may oxidation reactions that occur in cells.


The primary reaction catalyzed by catalase is the decomposition of H2O2 to form water and oxygen:
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In the absence of catalase, this reaction occurs spontaneously but very slowly.  Catalase speeds up the reaction considerably.  In this experiment, a rate for this reaction will be determined.

GENERAL PROCEDURE:

In this experiment, the disappearance of the substrate H2O2 is measured as follows:

1) A catalase is mixed with substrate (H2O2) in a beaker.  The enzyme catalyzed the conversion of H2O2 to H2O and O2 (gas)

2) Before all of the H2O2 is converted to H2O and O2, the reaction is stopped by adding sulfuric acid (H2SO4).  The H2SO4 lowers the pH, denatures the enzyme, and thereby stops the enzyme’s catalytic activity.

3) After the reaction is stopped, amount of substrate (H2O2) remaining in the beaker is measured.  To assay (measure) this quantity, potassium permanganate is used.  Potassium permanganate (KMnO4) in the presence of H2O2 and H2SO4 reacts as follows:
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    (purple)


 (clear)
Note that H2O2 is a reactant for this reaction.  Once all of the H2O2 has reacted, any more KMnO4 added will be in excess and will not be decomposed.  The addition of excess KMnO4 causes the solution to have a permanent pink or brown color.  Therefore, the amount of H2O2 remaining is determined by adding KMnO4 until the whole mixture stays a faint pink or brown, permanently.  Add no more KMnO4 after this point.  The amount of KMnO4 added is a proportional measure of the amount of H2O2 remaining (2 molecules of KMnO4 reacts with 5 molecules of H2O2 as shown in the equation).


      (known amount of H2O2)

PART A: BASE LINE ASSAY

(How much H2O2 is in the solution?)

To determine the amount of H2O2 initially present in a 1.5% solution, one needs to perform all the steps of the procedure without adding catalase (enzyme) to the reaction mixture.  This amount is known as the base line and is an index of the initial concentrations of H2O2 in solution.  In any series of experiments, a base line should be established first.
Procedure for establishing a base line:
1) Put 10 mL of 1.5% H2O2 into a clean beaker

2) Add 1mL of H2O (instead of enzyme solution)

3) Add 10 mL of H2SO4 (1.0 M).  

4) Mix well with a swirling motion.

5) REMOVE A 5 mL SAMPLE.  Place this 5 mL sample into a glass titrating beaker and assay for the amount of H2O2 as follows.

i. Place the titrating beaker over a piece of white paper.

ii. Add KMnO4, one drop at a time, to the solution until a persistent pink or brown color is obtained.

iii. Remember to gently swirl the solution while the drops are added.

iv. Be sure you understand the calibrations on the burette.

v. Record your final and initial readings, then calculate the base line with:

Base Line = final – initial


REMEMBER, the amount of KMnO4 used is proportional to the amount of H2O2 that was in the solution.
PART B: ENZYME-CATALYZED RATE OF H2O2 DECOMPOSITION
(How quickly does the enzyme do its thang? or How much H2O2 gets used up? )
Now you will determine the rate at which a 1.5% H2O2 solution decomposes when catalyzed by the catalase source.  To do this, you should determine how much H2O2 has been consumed after various time periods.  If needed, repeat part A to re-establish a base line of how much H2O2 is in the solution.

Procedure for Time-Course Determination:
To determine the course of an enzymatic reaction, you will need to measure how much substrate is disappearing over time.  You will measure the amount of substrate decomposed after the time intervals listed in the table.

1) Put 10 mL of 1.5% H2O2 into a clean beaker

2) Add 1mL of enzyme solution

3) Swirl gently for (X) seconds

4) Add 10 mL of H2SO4 (1.0 M).  

5) Mix well with a swirling motion for several more seconds.
6) REMOVE A 5 mL SAMPLE.  Place this 5 mL sample into a glass titrating beaker and assay for the amount of H2O2 as follows.

i. Place the titrating beaker over a piece of white paper.

ii. Add KMnO4, one drop at a time, to the solution until a persistent pink or brown color is obtained.

iii. Remember to gently swirl the solution while the drops are added.

iv. Be sure you understand the calibrations on the burette.

v. Check the notes below

7) Repeat for other times

	
	TIME (seconds)

	KMnO4 (ml)
	10
	30
	60
	90
	120
	180
	360

	a) Base Line 1
	
	
	
	
	
	
	

	b) Final Reading
	
	
	
	
	
	
	

	c) Initial Reading
	
	
	
	
	
	
	

	d) Amount of KMnO4 Consumed (b minus c)
	
	
	
	
	
	
	

	e) Amount of H2O2 Used (a minus d)
	
	
	
	
	
	
	


1 – Class determined base line tells how much H2O2 is in the initial 5-mL sample at 0 sec.
IMPORTANT NOTES:

1) Should the end point be overshot while titrating, remove another 5-mL sample and repeat the titration

2) DO NOT DISCARD ANY SOLUTIONS UNTIL THE ENTIRE LAB IS COMPLETE

ANALYSIS:
1) GRAPH the class set of data obtained.  Make a rough sketch of the data in your journal.  Complete a proper graph for inclusion.

2) GRAPHING REMINDERS:

a. Independent variable labels the x-axis

b. Dependent Variable labels the y-axis

c. Be sure to include units in parentheses.  

d. Title the graph using your two variables.
3) Determine the initial rate of the reaction and the rates between each o the time points.  Generate a data table to show your information.
Rate = ∆y / ∆x
4) Make a rough sketch graph of the rate of reaction over time.

5) When is the rate highest?  Explain why.
6) When is the rate the lowest?  Explain why.

7) Explain the inhibiting effect of sulfuric acid on the function of catalase.  Relate this to enzyme structure and chemistry.
