
BIO 181 Laboratory Exercise Name:

Enzymes Instructor:
John Nagy and Dennis Massion

Preparation

Before coming to lab,

� read the Introduction and Boxes 1 and 2 in this packet;

� study sections 18.1, 18.3 and 18.4 in the textbook.

1 Introduction

After reading the assignment for this lab you now know the following definitions:

Definition 1 A catalyst is a substance that increases the rate of a chemical reaction without
being permanently altered by the reaction.

Definition 2 An enzyme is a protein catalyst.

What these dry definitions don’t express is the significance of enzymes in the living world. It is no
exaggeration to say that enzymes (along with ribosomes) are the centerpieces of all life, probably
not just on Earth. That’s why the NASA researchers looking for life on other worlds, which we
studied earlier, emphasized experiments designed to identify enzyme-controlled reactions.

In this exercise you will investigate properties of an enzyme called catalase. Catalase, one
of the most potent enzymes known, exists in all aerobic organisms where it detoxifies oxygen
(Djordjević, 2004). Specifically, it converts hydrogen peroxide (H2O2, with the structural formula
H–O–O–H) to water and oxygen gas, as follows:

2H2O2
catalase−−−−→ 2H2O+O2. (1)

As you may know, hydrogen peroxide bubbles when you pour it onto a wound, but not when you
pour it onto your skin. (Try it.) The reason is that blood contains catalase, which catalyzes this
reaction. The bubbles are oxygen gas. Box 1 describes the thermodynamics of this reaction, which
we will study in Section 2 of this lab. In Section 3 we will study the kinetics of this enzyme–how
changes in the chemical environment change the rate of reactions catalyzed by this enzyme.

Box 1: Thermodynamics of the Catalase Reaction

Moving from left to right in the catalase reaction (equation [1]) is thermodynamically fa-
vorable. Conversion of 1 mole of H2O2 into water and O2 releases 55.814 kilocalories (kcal)
of free energy. In other words, ∆G = −55.814 kcal/mol. (See Section 18.1 of the textbook
for an introduction to thermodynamics and the meaning of ∆G.)
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2 Thermodynamics of the Catalase Reaction

The laboratory technician has already prepared a stock solution of catalase by homogenizing a
piece of liver in a blender with some distilled water—about 100 ml of water were added for every
5 g of liver. Your job in this portion of the exercise is to calculate the change in entropy occurring
in the catalase reaction, equation (1).

2.1 Demonstration

Your instructor will demonstrate what happens when a burning splint of wood is exposed to the
bubbles produced by the catalase reaction. Take the following notes after viewing this demonstra-
tion. These are for your own study; they will not be handed in.

1. Describe what you observed when your instructor mixed hydrogen peroxide with catalase,
and compare that to what happens when water and catalase are mixed.

2. How did the bottom of the hydrogen peroxide test tube feel after catalase was added?

3. What is the term for reactions that cause the effect you just described?

4. Describe what you observed when your instructor put a burning splint into the test tube
while the catalase reaction was occurring. Compare that to what happens in the tube with
water and catalase.

5. What does this evidence from the burning splint tell us about what gas is being released
when hydrogen peroxide is mixed with catalase?
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Table 1: Test tube contents for catalase thermodynamics experiment.

Test Tube Reagents

1 10 ml of stock 3% hydrogen peroxide solution
2 10 ml of stock 3% hydrogen peroxide solution
3 2 ml of stock catalase solution
4 Distilled water (half full)

Table 2: Temperature of test tube 1 over a 5 minute time span for the catalase thermodynamics
experiment.

Time (minutes)
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

2.2 Thermodynamics Procedure

1. Thoroughly scrub 4 test tubes with soapy water and a brush. Rinse each twice with distilled
water. Label the tubes 1 through 4.

2. Prepare each test tube as described in Table 1.

3. Place all tubes in an insulated beaker. Gently insert a loose wad of cotton into the tops of
each tube. Insert a thermometer into tube 1.

4. Let tubes stand for at least 30 minutes. At this point, begin the procedures for the
next section. Come back and finish this portion of the experiment later.

5. After the 30 minute equilibration period, record the temperature in degrees Celsius in tube 1.
Carefully remove the thermometer from tube 1, rinse it, and then measure the temperatures
in the remaining tubes, rinsing between each tube. These measurements are your starting
temperatures (at time = 0). Record temperature for tube 1 in Table 1.

6. Carefully remove the cotton wad from tube 1. Using a 1.0 ml pipette, add 0.2 ml of enzyme
from tube 3 to tube 1. Quickly reinsert cotton plug into tube 1.

7. Take temperature readings in tube 1 every 30 seconds from the moment the catalase was
added for the next 5 minutes. Record your results in Table 2.

8. Use these data to complete the exercises.
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2.3 Thermodynamics Analysis

Your reading assignment introduces you to a central equation in thermodynamics that relates
enthalpy change (∆H) to changes in Gibbs free energy (∆G) and entropy (∆S) and the absolute
temperature in Kelvins (T ). Solving that equation for ∆S gives us,

∆S =
∆H −∆G

T
. (2)

Use this information and equation (2) to calculate ∆S for the catalase reaction [equation (1)].
The following step-by-step procedures and the example on page 5 will guide you through the
calculations. Submit your calculations into Canvas.

1. Record the initial and maximum temperatures measured in the reaction vessel (test tube 1,
from Table 2) on the table below and in Canvas.

Initial Maximum

2. Step 1—Calculate amount of hydrogen peroxide in the reaction vessel, in
moles. Note: 3% hydrogen peroxide solution means there are 3 g of H2O2 for every 100 ml
of solution.

3. Step 2—Calculate the change in free energy (∆G) in your reaction: Assume
that all the H2O2 was used up.

4. Step 3—Calculate the change in enthalpy (∆H) in your reaction: In other
words, convert heat released to units of energy. Assume that the density of hydrogen peroxide
is 1.0 g/ml and its specific heat is the same as water—it takes 1 cal to raise 1 ml of water 1◦

Celsius. Then add 100 cal to account for energy lost to the room, even though the experiment
was performed in an insulated vessel.

5. Step 4—Calculate the absolute temperature (T ) of the reaction at the
start: To find the absolute temperature, add 273 K (kelvins) to the temperature (in ◦C)
of the reaction vessel before the reaction began.

6. Step 5—Calculate change in entropy: We just calculated ∆G, ∆H and T , so we
can now use equation (2) on page 4 to find ∆S. Show the proper units for entropy; it
is not shown in the example.
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Example 1: Calculating Entropy

1. Step 1: Suppose Rex performed the same experiment you did but with slightly
different concentrations and results. He started with 20 ml of a 6% H2O2 solution in
his reaction vessel. Since a 6% solution means there are 6 g/100 ml of solution, the
number of grams of H2O2 in his reaction vessel is

20 ml

(
6 g

100 ml

)
= 1.2 g.

The molecular weight of hydrogen peroxide is (2 × 1.008) + (2 × 15.999) = 34.014
gm/mol. Therefore, the number of moles of H2O2 in Rex’s reaction vessel is

1.2 g

(
1 mol

34.014 g

)
= 0.0353 moles.

2. Step 2: Since 0.0353 moles were converted to water and oxygen gas,

∆G = −55, 814
cal

mol
× 0.0353 mol = −1969.1 cal.

(NOTE: The value −55, 814 cal/mol is introduced in Box 1.)

3. Step 3: Rex added 20 ml of 6% H2O2 and 0.2 ml of stock catalase to the reaction
vessel. Therefore, the vessel contained a total of 20.2 ml of solution. Since we assume
that the specific heat of the reactant solution is the same as water (a reasonable
assumption), we know that it takes 20.2 cal of energy to heat the reaction vessel 1◦C.
But, in Rex’s experiment the test tube started at 15◦C and reached a maximum at
17◦C; therefore, temperature increased 2◦C. So, the total change in energy in Rex’s
experiment is

2◦C× (1 cal/1◦C/1 ml)× 20.2 ml = 40.4 cal.

To this we add 100◦C, so

∆H = 40.4 cal + 100 cal = 140.4 cal.

4. Step 4: The temperature was 15 + 273 = 288 K.

5. Step 5: Using equation (2), Rex gets,

∆S =
∆H −∆G

T
=

140.4 cal− (−1969.1 cal)

288 K
= 7.325.

(NOTE: The units were not put on here on purpose.)
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Box 2: Michaelis-Menten Enzyme Kinetics

Not all enzymes operate at the same rate—they have different kinetics. Often we are required
to measure an enzyme’s kinetics; for example, when we design drugs to modify an enzyme’s
action, or when the drug itself is an enzyme, or to determine which enzymes are most
important in a given metabolic pathway. Our typical characterization of an enzyme’s kinetics
describes its rate of action as a function of different substrate concentrations.

Our starting point is the summary equation for a simple enzyme’s catalytic cycle:

S + E ⇌ C → P + E,

where S is the substrate on which the enzyme acts, E is the enzyme, C is the substrate-
enzyme complex, and P is the product. One of the first, and still among the best, de-
scriptions of this dynamic was constructed by Leonor Michaelis and Maud Menten in 1913
(Michaelis and Menten, 1913). Working with an enzyme called invertase, they developed
the following hypothesis, now called Michaelis-Menten kinetics:

Hypothesis 1 For a fixed enzyme concentration, the reaction velocity, v, increases at a
decreasing rate according to the equation,

v =
Vmax [S]

Km + [S]
, (3)

where Vmax and Km are constants (called the “maximum velocity” and “half-saturation con-
stant,” respectively), and [S] is the substrate concentration.

Two examples are shown in the left panel of the following figure. In that figure, note how
the reaction rate is not a linear function of substrate concentration, [S]. The rate always
increases, but not linearly. Instead, it increases at an ever-decreasing rate. That’s because
the enzyme eventually becomes overworked—a fixed amount of enzyme can only handle so
many substrate molecules per unit time. Add more substrate and the enzymes can’t get to
the excess.
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This theory gives us an easy way to characterize an enzyme’s kinetics; in particular, the
values of Vmax and Km characterize it. They tell us 2 things: (1) Vmax is the maximum rate
at which the enzyme can work when it has unlimited substrate, and (2) Km is the value of
the substrate concentration when the velocity, v, is 1

2
Vmax.

In 1934, Hans Lineweaver and Dean Burk discovered a way to estimate Vmax and Km from
plots like the left panel of the figure above. They showed that plotting the reciprocals, 1

v

against 1
[S]
, transforms equation (3) into a linear equation. The right panel above shows such

Lineweaver-Burk plots for the examples in the left panel. The beauty of this transformation
arises from the following observations: the y-intercept of the resulting equation is 1

Vmax
, and

the slope is Km

Vmax
. We can use these facts to estimate the parameters using the technique

shown in Example 2.

Example 2: Calculating Enzyme Kinetic Parameters

In a previous semester, BIO 181 students measured the reaction velocity of catalase for a
variety of substrate (hydrogen peroxide) concentrations. The following table shows results
from one group. Hydrogen peroxide concentration is given in grams %. For example, a 3%
solution of H2O2 means that there are 3 grams of H2O2 per 100 ml of solution. Velocities
are in g% per minute.

[Subsrate] Rxn Velocity 1/[Substrate] 1/Velocity

3.0 1.84 0.3333 0.5435
2.4 1.66 0.4167 0.6024
1.8 1.71 0.5556 0.5848
1.2 1.50 0.8333 0.6667
0.6 0.81 1.6667 1.2346

The students used the following technique to analyze the data:

1. Plot the saturation curve. This is simply a plot of the velocities as a function of
the substrate concentrations. In other words, the first column in the data table above
is along x-axis, and the second column is along the y-axis. The left panel on the figure
below shows the plot. Ignore the red curve for now.
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2. Construct a Lineweaver-Burk plot. Next, the students plotted the reciprocals to
make the proper Lineweaver-Burk plot. Notice that the data now cluster around a
line. The right-hand panel above shows their plot.

3. Plot the regression line for the Lineweaver-Burk plot. The students used the
“Add trendline” option of their spreadsheet to add the regression line. After you make
the plot, find “Add trendline,” choose “Linear” and click the box for “Show equation”
or something similar. The regression line is shown in red on the right-hand panel of
the figure, and its equation is shown on the plot. Remember the equation for a line:

y = mx+ b,

where m is the slope and b is the y-intercept. In this case, the slope of the regression
line is m = 0.52301 and its y-intercept is b = 0.32954.

4. Use the regression statistics to determine Vmax and Km. From Box 2 we know
that

b =
1

Vmax

, and m =
Km

Vmax

.

Solving the first equation for Vmax and substituting in our value for b gives us this:

Vmax =
1

b
=

1

0.32954
= 3.0345.

Now that we have Vmax = 3.0345, we can use it to get Km. Notice that if we solve the
second equation for Km we get

Km = mVmax.

We know both m and Vmax now, so we just plug and chug:

Km = 0.52301(3.0345) = 1.5871.

5. Completing the loop. This last part is something I did; the students were not
required to. I used the Michaelis-Menten equation (3) to plot the theoretical saturation
curve in red on the left-hand panel.

3 Enzyme kinetics

In this procedure we will study how velocity of an enzyme reaction changes with substrate con-
centration, because this is a key measure of an enzyme’s function. Box 2 introduces the theory;
how the theory is applied to real situations is shown in Example 2. The procedures begin after
that.
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3.1 Enzyme kinetics procedure

1. Fill a dissecting pan 3/4 full of tap water and let stand while you continue through the
procedures. (It is important to do this first, as you want the water to be up to room
temperature by the time the experiment begins.)

2. Thoroughly clean 5 test tubes with soap and brush.

3. Label the tubes 1 through 5 and prepare them as described in Table 3.

4. Thoroughly clean the brown reaction vessel at your station with soap and brush.

5. Punch out 3 disks of filter paper with an ordinary office hole punch.

6. With a pair of forceps, completely immerse one filter paper disk into the catalase solution
for exactly 10 seconds. Remove the disk from the solution, and touch it to the inside of the
beaker to remove excess fluid. Hold the disk over the beaker to make sure it does not drip
catalase. If it does, touch it to the inside of the beaker until it stops dripping.

7. Carefully place the disk inside the reaction vessel in the upper 1/3 of the flat wall. Since
the disk is wet it will adhere to the glass. Make sure it is well attached and flat before
continuing.

8. Immerse the remaining 2 disks in the catalase solution and place them inside the brown
reaction vessel next to each other and the first disk. Treat all 3 disks identically.

9. Stand the reaction vessel upright and carefully pour the entire contents of test tube 1 (Table
3) into the reaction vessel. Do not allow the hydrogen peroxide solution to touch the catalase-
soaked disks. If it does, wash the vessel thoroughly and start again.

10. Screw the top of the reaction vessel on tightly so that air can escape only through the
inverted dropper.

11. Immerse a 20 or 25 ml graduated cylinder into the pan of water you set up in Procedure 1.
Allow the cylinder to completely fill with water. Invert the cylinder with its mouth under
water so the cylinder remains full. If bubbles appear, repeat this procedure.

12. Turn the reaction vessel on its side with the catalase disks on the upper surface so that the
hydrogen peroxide does not come into contact with the disks.

13. Place the reaction vessel underwater in the pan and position it so that the mouth of the
dropper is directly underneath the open mouth of the graduated cylinder. Avoid pressing
down on the dropper; this will not allow the oxygen gas to escape.
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Table 3: Preparation of the substrate (hydrogen peroxide) dilution series.

Tube # Contents

1 10 ml stock 3% H2O2

2 8 ml stock ml stock 3% H2O2 + 2 ml distilled H2O
3 6 ml stock ml stock 3% H2O2 + 4 ml distilled H2O
4 4 ml stock ml stock 3% H2O2 + 6 ml distilled H2O
5 2 ml stock ml stock 3% H2O2 + 8 ml distilled H2O

Table 4: Evolution of oxygen gas (in ml) in 30 second intervals during the catalase experiment
across a range of substrate (H2O2) concentrations.

Tube # [H2O2] 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

1
2
3
4
5

14. When everything is in position, start the experiment by turning the reaction vessel over
so that the hydrogen peroxide and catalase disks mix. At that moment, oxygen will be
produced, will bubble out of the eye-dropper and be captured in the graduated cylinder
where you can measure how much was liberated. The moment the experiment begins, start
timing.

15. Measure the amount of O2 liberated in 30 second intervals for 5 minutes or until the cylinder
is completely full of oxygen, whichever comes first. Record your data in Table 4 on page 10.

16. When finished, remove the contents of the reaction vessel and scrub the vessel out thoroughly
with soap and water.

17. Repeat the entire procedure for each of the tubes listed in Table 3. Record your results in
Table 4.

18. Enter your data for each tube at the 2.0 min mark only into the class data frame. When
complete, the file will be posted on the course website or otherwise distributed to you.

3.2 Enzyme kinetics analysis

3.2.1 Graphing Analysis

The first goal here is to produce 2 plots: a saturation curve, and a Lineweaver-Burk plot. Then
we will calculate parameters Vmax and Km using the technique in Example 2.
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Graphing Exercise 1: Saturation Curve

Use the completed data frame on your spreadsheet to construct a saturation curve for the
simulated enzyme. Use a scatterplot with substrate concentration on the x-axis and mean
reaction rate on the y-axis. Be sure to maintain the professional standard, including proper
axis titles, error bars and caption. Submit your graph using the appropriate upload link on
Canvas.

Graphing Exercise 2: Lineweaver-Burk Plot

Next, construct a Lineweaver-Burk plot using the following steps:

1. Construct a scatterplot with the reciprocal of substrate concentration, 1/[S], on the
x-axis and the reciprocal of the reaction rate, 1/v0, on the y-axis.

2. Add a trendline. (This is typically done by right-clicking a data point and finding
“Add trendline” in the pop-up menu, or on one of the formating menus, depending on
the spreadsheet software and platform you are using.) When you add the trendline, be
sure to click the “Show equation” box. The equation should be plotted on the graph.

3. Complete the graph with proper axis labels and caption.

Submit your graph using the appropriate upload link on Canvas.

3.2.2 Finding kinetic parameters

1. Using the y-intercept of the regression equation from the Lineweaver-Burk plot, use the
technique illustrated in Example 2 to estimate Vmax. Submit your value using the appropriate
box in Canvas.

2. Now use the slope of the regression from your Lineweaver-Burk plot and the technique in
Example 2 to estimate Km. Upload your value using Canvas.
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