Data Sheet:  Catalase Kinetics

The salt concentration experiment (Table 5) will be carried out by a fifth group if the class size allows, or I will do it and provide you with the data.  There is no room for your volume vs. time data.  You should use your lab notebook or the data table in “Graphic Analysis” to record this.  
Table 1a.  Control Experiment for Catalase Activity at Room Temperature.

	Assay #
	Water (mL)
	NaCl (mL) (5M)
	Buffer (mL)       (.5 M)
	Substrate H2O2(mL) (0.88 M)
	Enzyme (mL)
	Total Volume (mL)
	Substrate [H2O2]  (mM)

	1
	1
	1
	1
	20
	2
	25
	

	2
	6
	1
	1
	15
	2
	25
	

	3
	11
	1
	1
	10
	2
	25
	

	4
	16
	1
	1
	5
	2
	25
	

	5
	19
	1
	1
	2
	2
	25
	


Table 1b.  Data from Control Experiment used to determine Km and Vmax.

	Assay #
	[H2O2] (mM)
	1/[ H2O2] (1/mM)
	Vo (mL / sec)

Slope of Volume vs. time plot
	1/Vo (sec / mL)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
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There are two ways to plot this data.  You should do both.

The Michaelis-Menton plot is simple.  Remember our equation for enzyme reactions: 

(eq.1)
E + S (( ES ( E + P

(eq.2)
Km = k-1 + k2 / k1



(eq.3)
Vo = Vmax [S] / (Km + [S])
PLOT:

Vo (Y-axis) vs. [H2O2] (X-axis)
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The Lineweaver-Burke plot is the reciprocal of Michaelis-Menton.  It is linear and easier to read and get useful information from.


(eq.4)
 1/Vo = Km/(Vmax [H2O2]) + 1/Vmax

PLOT:
 1/Vo (Y-axis) vs. 1/[ H2O2] (X-axis)

1/Vmax is where the line intersects the y-axis.

1/Km is where the line intersects the x-axis.

Determine Km and Vmax for catalase according to Table 1 without inhibitor and according to Table 2 with inhibitor.  Enter these values in Table 7.  
So what is Km and Vmax?

Vmax:  A single enzyme molecule can convert molecules of substrate into product multiple times during a given time period (definition of a catalyst). The maximum rate for an enzyme is called Vmax. When the concentration of substrate is so high there is essentially no time when an enzyme molecule is NOT bound to substrate. That is, as soon as a bound substrate molecule reacts to form product, it leaves the enzyme and is instantly replaced by a fresh substrate molecule. This is referred to as a "saturating" concentration of substrate—because at this concentration, the active site is always filled (saturated) with substrate. Under such conditions, the rate at which an individual enzyme molecule can turn substrate into product is the highest it can possibly be. 

Km:  The Michaelis constant (Km) of an enzyme is a measure of the affinity of the enzyme for its substrate. The value of Km for a particular enzyme is defined as the substrate concentration at which half of the enzyme molecules are complexed with substrate (prove this to yourself by looking at the Michaelis-Menton plot above).  At any instant, half of the total enzyme molecules are capable of catalysis. Therefore, the observed reaction rate is half of the maximum possible rate—the rate achieved when all the enzyme molecules are complexed with substrate, Vmax.  The substrate concentration required to drive half of the enzyme molecules into enzyme-substrate (ES) complexes depends on the ability of the enzyme to bind its substrate. Thus, an enzyme with a high affinity for its substrate will have a low Km. In contrast, an enzyme with a low affinity for its substrate has a high Km value—because a relatively high concentration of substrate is required to drive 50% of the enzyme molecules into complexes with substrate.  We can therefore think of Km as an equilibrium constant.  

The use of these Michaelis-Menton kinetic experiments with various types of inhibitors is useful in discovering how particular enzymes work or how poisons work.  
Table 2a.  Effect of Inhibitor on Catalase Activity.

	Assay #
	Water (mL)
	NaCl (mL)      (5 M)
	Inhibitor (mL)
	Buffer (mL)       (.5 M)
	Substrate H2O2(mL) (0.88 M)
	Enzyme (mL)
	Total Volume (mL)
	Substrate [H2O2] (M)

	1
	0
	1
	1
	1
	20
	2
	25
	

	2
	5
	1
	1
	1
	15
	2
	25
	

	3
	10
	1
	1
	1
	10
	2
	25
	

	4
	15
	1
	1
	1
	5
	2
	25
	

	5
	18
	1
	1
	1
	2
	2
	25
	


Table 2b.  Data from Inhibitor experiment used to determine Km and Vmax.

	Assay #
	[H2O2] (mM)
	1/[ H2O2] (1/mM)
	Vo (mL / sec)

Slope of Volume vs. time plot
	1/Vo (sec / mL)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


Plot the Michaelis-Menton and Lineweaver-Burke graphs of this data as described on page 1.  Compare Km and Vmax with the control experiment.  

Table 3.  Effect of pH on Catalase Activity.

	Assay #
	Water (mL)
	NaCl (mL) (5 M)
	Buffer (mL)       (.5 M)
	Substrate H2O2(mL) (0.88 M)
	Enzyme (mL)
	Total Volume (mL)
	pH



	1
	9
	1
	3
	10
	2
	25
	

	2
	9
	1
	3
	10
	2
	25
	

	3
	9
	1
	3
	10
	2
	25
	

	4
	9
	1
	3
	10
	2
	25
	

	5
	9
	1
	3
	10
	2
	25
	


Assume the final pH of your reaction mixture is the pH of the buffer used in the assay.  Plot pH (x-axis) vs Vo (y-axis) to find the optimum pH for catalase activity.
Table 4.  Effect of Temperature on Catalase Kinetics.

	Assay #
	Water (mL)
	NaCl (mL)       (5 M)
	Temperature (°C)
	Buffer (mL)       (.5 M)
	Substrate H2O2(mL) (0.88 M)
	Enzyme (mL)
	Total Volume (mL)

	1
	12
	1
	
	1
	10
	2
	25

	2
	12
	1
	
	1
	10
	2
	25

	3
	12
	1
	
	1
	10
	2
	25

	4
	12
	1
	
	1
	10
	2
	25

	5
	12
	1
	
	1
	10
	2
	25


Equilibrate the reaction mixture in the temperature control bath prior to adding H2O2.  Plot temperature (x-axis) vs Vo (y-axis) to find the optimum temperature for catalase activity.  Plot 1/T (x-axis) vs ln Vo (y-axis) to find the activation energy for the reaction catalase catalyzes.

Table 5.  Effect of Salt Concentration on Catalase Activity.

	Assay #
	Water (mL)
	NaCl (mL) (5 M)
	Buffer (mL)       (.5 M)
	Substrate H2O2(mL) (0.88 M)
	Enzyme (mL)
	Total Volume (mL)
	Salt concentration

(M)

	1
	17
	0
	1
	10
	2
	30
	

	2
	16
	1
	1
	10
	2
	30
	

	3
	12
	5
	1
	10
	2
	30
	

	4
	7
	10
	1
	10
	2
	30
	

	5
	0
	17
	1
	10
	2
	30
	


Calculate the concentration of NaCl in the final reaction mixture and enter in the last column.  Plot [NaCl] (x-axis) vs Vo (y-axis) to find the optimum salt concentration for catalase activity.

Table 6.  Final Results for Your Experiment.
	Assay #
	Vo (mL / sec)

Slope of Volume vs. time plot
	Fill in this blank with your variable & units.

________________

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


Now, use graphing software to make a plot of Vo (y-axis) and your variable (x-axis) to determine the most favorable conditions for catalase to have maximum activity.  Also report the Vo or estimated Vo** at this favorable condition in Table 6.
** You may have to estimate the maximum Vo by drawing a bell-shaped curve that fits your data points to determine the best Vo.  In graphing software this can be done by selecting “analyze” and “curve fit”.  Select Gaussian from the list of functions.
Table 7.  Class Results to Determine the Best Vo.
	
	Optimum condition
	Vo (mL / sec)

	Control


	
	

	Salt concentration

	
	

	pH

	
	

	Temperature


	
	

	Inhibitor


	
	


Absence of Inhibitor




Presence of Inhibitor
Km = _____________________


Km = __________________________

Vmax = ___________________


Vmax = ________________________

Activation Energy = ________________________

You should fill in Table 7 from your classmates’ data that should be posted in the classroom as it becomes available.  Your lab write up will be done with your lab partners and should include this table filled in.  Consult the rubric and outline provided for the requirements of this formal lab report.
This activity was modified by Darci Block, GraSUS Graduate fellow.  Support was provided by the Center for Science and Math Education and the GraSUS project.  The Graduate Student-University-School (GraSUS) Collaborative for Science, Engineering, and Technology is funded by the National Science Foundation GK-12 Program Grant DGE-0338128 to North Dakota State University.
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