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OBJECTIVES
• To study the effects of reaction environment, 

including temperature, and varying substrate 
concentration on the rate of an enzyme-
catalyzed reaction.

• How to acquire experimental kinetics data for 
an enzyme catalyzed reaction.



Catalase is an important biological enzyme responsible for the conversion of

hydrogen peroxide to water and oxygen (Figure 1). Catalase is remarkably efficient,

and one catalase enzyme can convert 40 million molecules of hydrogen peroxide to

oxygen and water per second. This enzyme is necessary as a condition for survival,

as the catalase breaks down hydrogen peroxide from accumulating to dangerous

levels. Hydrogen peroxide is a strong oxidizer, and high levels in the body will induce

cellular damage from oxidative stress.

The decomposition of hydrogen peroxide to water and 
oxygen, as catalyzed by catalase. 

INTRODUCTION

2H2O2(aq)        2H2O(l) + O2 (g)
catalase



Catalase

Three-Dimensional Structure of Catalase from MIT manual



Catalase is a large quaternary protein, a tetramer,
consisting of four large subunits. Each active subunit
contains over 500 amino acids with a heme, a prosthetic
group consisting of a protoporphyrin ring with a central
iron at its center, similar to other quaternary type
proteins such as hemoglobin.

Catalase present in our cells then catalyzes the breakdown of 
this hydrogen peroxide into oxygen and water in a 
disproportionation reaction. If the catalase were not present, 
the hydrogen peroxide produced in this normal metabolic 
process would build up and cause oxidative damage to our 
sensitive cellular components.



PV = nRT

P =      RT
V
n

= [O2 ]RT

In terms of the Kinetics of the reaction and rate of oxygen gas production:

rate = 
dt

d[O2 ]
= 

RT

1

dt

d[P]

Plotting P vs. Time and from the increaser in oxygen pressure with time 
we can relate that back to the concentration of O2 present (M/s).

In the case of O2 formed, the pressure measured can be 
readily converted back to concentration using the ideal gas 
equation.



Michaelis-Menten Kinetics Equation

E + 𝑆𝑆 𝐸𝐸𝑆𝑆 𝑃𝑃 + 𝐸𝐸
k1

k-1

k2

rate =  
Vmax [S]

Km + [S]

The Michaelis-Menten equation demonstrating 
the relationship between reaction rate and the 
substrate concentration. Vmax indicates the 
maximum rate of the reaction, while Km is the 
concentration of the substrate when the initial 
rate is one half of its maximum rate. The rate 
calculated by this reaction is the initial rate of 
the reaction
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Diagram of reaction speed and Michaelis-Menten kinetics. from Wikipedia.
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Lineweaver-Burke plot

Taking the reciprocal of the Michaelis-Menten equation, one attains 
the Lineweaver-Burk plot, which uses graphical methods to obtain 
both Vmax and Km. The Lineweaver-Burk plot is given by Figure 4.

The Lineweaver-Burk equation, providing a linear plot when 
1/rate and 1/[S] is graphed. 
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An example of a Lineweaver-Burke plot. from Wikipedia.

The linear graph of 1/rate vs. 1/[S] in the Lineweaver-Burk plot provides 
several useful values. The slope of the line is Km/Vmax, the y-intercept is 1/Vmax, 
and the x-intercept is -1/Km. Therefore, the Lineweaver-Burk plot provides easy 
access to the determination of these values in a kinetic measurement.



EXPERIMENTAL 
PROCEDURE & RESULT 
VIDEOS



 Preparing Solutions
 1 Liter pH = 6.8 Stock Phosphate Buffer Solution (̴ 0.1 M) (2 groups)

 100 mL of Catalase Stock Solution (2 groups)

 100 mL of 4% H2O2 stock solution (2 groups)

 250 mL of Working Phosphate Buffer Solution (2 groups)

 Apparatus
 50 mL vial, beaker (250mL, 1L), stand, holder, clamp, volumetric flask 

(100mL, 250mL, 1L), 25mL Mohr pipet, pipet holder, pH meter, electrode

 Computer interfaced gas pressure sensor, thermometer

 Magnetic stir plate and stir bar

 Micropipet and pipet stand (or 1mL syringe)



Solution Preparation
1. 1 Liter pH = 6.8 Stock Phosphate Buffer Solution (~0.1 M) (by 

student)

Dissolve 13.6 grams of NaH2PO4∙H2O in 1 L of distilled water. Using a pH 
meter to monitor your progress, slowly add 1 M NaOH into the solution with 
stirring until the pH rises to 6.8.



2. 100 mL of Catalase Stock Solution (by student)

The catalase powder from this vendor contained 2000-5000 units/mg protein. The 
catalase powder was stored in the freezer when not in use. The catalase stock 
solution was prepared by dissolving approximately 15 mg of this protein powder in 
100 mL of the above phosphate buffer stock solution. 



3. 100 mL of 4% H2O2 stock solution (by student)

13.3 mL of 30% hydrogen peroxide solution was diluted up to 100 mL with the 
above phosphate buffer solution in a volumetric flask.



4. 250 mL of Working Phosphate Buffer Solution (by student)

33 mL of distilled water was mixed with 217 mL of the above stock phosphate buffer 
solution (1 above), yielding a ‘working’ buffer solution containing the same 
concentration of phosphate as the stock H2O2 solution (3 above).



Procedure
Referring to the amounts in Table 1 and the stock solutions of 4% H2O2, pH = 6.8

phosphate buffer, and catalase enzyme supplied by your TA or prepared by

student, carry out each of the kinetic trials as follows:

1. Connect a Gas Pressure Sensor to Channel 1 of the Vernier computer

interface. Connect the interface to the computer using the proper cable.

2. Use the plastic tubing to connect the one-hole rubber stopper to the Gas

pressure Sensor as below.

3. Start the Logger Pro program on your computer.

4. The stir bar and the indicated aliquots of 4% H2O2 and working phosphate
buffer solutions (collectively referred to as ‘Solution A’) are placed into a
50mL-vial.



Solution A Solution B
Trial Stock 4%

H2O2 (mL)
(Use 1.0mL 
syringe or 
micropipet)

Working 
Buffer (mL)
(Use 25 mL 
Mohr pipet)

Stock Enzyme 
(mL)

(Use 1.0 mL 
syringe or 
micropipet)

Total
Volume 

(mL)

1 0.1 18.9 1.0 20.0
2 0.2 18.8 1.0 20.0
3 0.35 18.65 1.0 20.0
4 0.5 18.5 1.0 20.0
5 0.75 18.25 1.0 20.0
6 1.0 18.0 1.0 20.0

Table 1.



5. Then, in rapid sequence, 1.0 mL of enzyme stock solution 
(‘Solution B’) is injected into the 50-mL vial and seal it with the 
stopper quickly, with vigorous stirring. About one-half turn of the 
fittings will secure the tubing tightly. Click [Collect] to begin data 
collection. (During the reaction, you will need to press the rubber 
stopper with your hand to prevent it from popping up.)

6. Data acquisition is performed for approximately 6 minutes per 
trial, or until no further pressure increase is evident.  When the 
data collection is complete, click [Stop] and carefully remove the 
stopper from the vial to relieve the pressure. (Dispose of the 
contents of the vial as directed.)



7. At the conclusion of the data collection for a given trial, save the data set to 
an appropriate folder on the computer (so that it can be recalled later if further 
analysis is called for) and then use the data analysis options within the software 
to determine the slope of the tangent line (m) corresponding to the point of 
steepest accent on the pressure-time curve. Record this slope in Table 1 below 
for each trial. 

[NOTE: If the data acquisition software that you are using does not have a feature 
for determining the slope for a segment of data,  you need to copy each data set to 
an Microsoft Excel to accomplish this task. ]

8. Be certain to rinse the stir-bar/reaction vial with distilled water between 
trials.

9. Record the temperature of the water bath before concluding the experiment. 

10. Conduct Steps 1-5 to complete Each solution.



Calculations and Questions to Address

1. Using the amounts indicated in Table 1. calculate the molar 
concentration of H2O2 in each trial (to accomplish this, you will first 
need to determine the molar concentration of the 4% H2O2 stock 
solution).

2. Assuming that the airspace above the reacting solution 
corresponds to a total volume of 52 mL (at the temperature of your 
water bath) and that the produced O2(g) is behaving according to 
the ideal gas law, calculate the maximum pressure increase (ΔPmax) 
that one would expect to observe if all the H2O2 decomposes 
according to equation (7). Does this calculated pressure increase 
match the measured pressure increase? Comment on any 
differences observed.



Calculations and Questions to Address

Trial Stock 4%
H2O2 (mL) 

(≌ x M H2O2)

Working 
Buffer 
(mL)

Stock 
Enzyme 

(mL)

Total
Volume 
(mL)

[H2O2]
(mol/L)

1 0.1 18.9 1.0 20.0

2 0.2 18.8 1.0 20.0

3 0.35 18.65 1.0 20.0

4 0.5 18.5 1.0 20.0

5 0.75 18.25 1.0 20.0

6 1.0 18.0 1.0 20.0



Trial Calculated
Pmax

(kPa)

Observed
Pmax

(kPa)

Tangent
Slope

(m, kPa/s)

Initial
Rate of 

Reaction
(1/s)

1/rate 1/
[H2O2]

1

2

3

4

5

6



3. Calculate the initial rate of reaction for each trial by dividing 
the observed slope of the tangent line (m) by the corresponding 
calculated value of ΔPmax found above;

rate =  
m

ΔPmax



4. Perform a Lineweaver-Burk analysis of the data by generating a 
plot of 1/Rate versus 1/[H2O2], fitting a best-fit line to the data, 
and using the slope and intercept of that best-fit line to determine 
the Michaelis constant (Km) and the maximum rate (Rmax).

5. Comment about whether your results support the notion that the 
catalase-H2O2 system obeys the Michaelis-Menten mechanism. 
Compare your  Km value to an appropriate literature value.

6. If the experiment is performed by several groups, pool the class 
data and calculate the average and deviation of Km. Comment about 
the degree of any random and/or systematic error that may be 
present in Km, and the possible sources of these errors.



REPORT SHEET

Show all processes such as calculations of the 
all data, plotting of them and finding the 
Michaelis constant (Km)and the maximum 
rate(Vmax)
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