
BIO 181 Laboratory Exercise Name:

Enzymes
John Nagy Instructor:

Preparation

Before starting this laboratory exercise,

• 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

When you mix hydrogen peroxide with catalase (from blood, liver or kidney tissue), you would
notice that it gives off heat. That heat is change in enthalpy, or total energy within the hydrogen
peroxide-catalase system. Your reading assignment and lecture R.6 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)

In previous semesters students measured the heat (enthalpy) change in the catalase reaction
using the following procedures:

1. Students pipetted 10 ml of 3% H2O2 into a clean test tube, and 0.2 ml of catalase isolated
from cow liver into another. NOTE: A 3% solution means that there are 3 g of H2O2 per
100 ml of solution.

2. They insulated each tube and let them equilibrate for 30 mins.

3. They then measured the temperature in each tube. If there was a discrepancy between the
2 tubes, they let them sit for another 15 minutes.

4. When the tubes were the same temperature, students mixed 0.2 ml of enzyme solution into
the 10 ml of H2O2 solution.

5. They immediately began measuring the temperature in the mixed tube every 30 seconds for
5 minutes.

6. The average initial and maximum temperatures recorded by students is given in the following
table:

Initial Maximum

23.2◦C 30.5◦C

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 3 will guide you through the
calculations. Submit your calculations into Canvas.

1. 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.

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

4. 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.

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

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.
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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.)

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.

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 for any such rates 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. In a perfect world we would want to know the rate
of change of each component. But in the most sophisticated laboratory settings it is nearly
impossible to measure all of these events; in particular, measuring the concentration of C is
elusive because the complex lasts for a miniscule amount of time. Usually the best we can
do is measure how S and P change with time.

Luckily, biologists, chemists, physicists and mathematicians have developed work-arounds
for this problem. One of the first was constructed by 2 researchers, Leonor Michaelis and
Maud Menten, in 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)
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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.

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.
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[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.

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

.
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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.

Our goal in this exercise is to calculate the values of Vmax and Km for a given enzyme. We will
use an excellent simulation of an enzyme experiment to gather data and then analyze it using the
technique illustrated in Example 2.

3.1 Experimental simulation

In this section you will simulate a series of experiments in which you place a fixed amount of
enzyme in with a certain conentration of substrate. You will vary that concentration, gather data,
and use it to calculate the kinetic parameters, Vmax and Km, for the simulated enzyme.

1. Set up the simulation:

(a) Point your browser to Mauricio Bustos’ enzyme simulation by clicking on the link here;
you can also type into your browser this URL:

http://simlabs.umbc.edu/labs/enzyme_kinetics_ssam.php

You can also link directly to it from the course webpage, under “Labs,” and the Canvas
site for this lab.

(b) Find the drop-down menu labeled, “Enzyme System.” Choose “Generic.” Notice that
all the simulation details are now filled in. Be sure not to make changes to these unless
specified in the following procedures.

(c) Under the yellow bar, just above the graph, in the “Plot Controls” list, check the box
next to “P.” This will graph the product of the reaction when we run the experiment.

(d) Open the spreadsheet provided in Canvas. You will use it to collect statistics and
analyze your data.

2. Set the initial concentration of substrate: Directly below that drop-down menu, find
“S0 (M): starting substrate concentration.” (Two choices below the drop-down.) In that box,
type, “0.5e-6.” That means you are starting with a substrate concentration of 0.5× 10−6 =
5× 10−7 molar (moles/liter of solution).
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3. Perform the experiment: On the left side of the yellow bar, click the “Run Simulation”
button. Wait for the data to appear on the graph.

4. IMPORTANT: Take a screenshot of the graph and submit that via Canvas using the
appropriate upload link. You only need to do this on your first run.

5. Gather statistics:

(a) In the middle of the yellow bar is a window labeled, “Rate of reaction” in µmol/min.

(b) Copy just the number (not the unit) onto a sheet of paper.

(c) Run the exact same simulation two more times and copy the rate each time. You should
now have 3 rates from the same experiment. NOTE: Do not change anything between
these runs. Notice that each run has a slightly different rate.

(d) Average the 3 values and record that value in the proper location on the spreadsheet.

(e) Calculate the standard error of the mean (see the “Graphing and Basic Statistics”
handout from the website) and record it in the proper location of the spreadsheet.

(f) In Column D, record the reciprocal of the substrate concentration. Type “=1/A3” and
hit return.

(g) In Column E, record the reciprocal of the reaction rate. Type “=1/B3” and hit return.

(h) Your spreadsheet should now look something like this:

(i) Go back to the simulator and reset the initial substrate concentration to the next one
listed on the spreadsheet (in this case, 1.5× 10−6, but type it as “1.5e-6”).

(j) Run the simulation 3 times, recording the rate each time.

(k) Average the 3 simulations’ rates, calculate the standard error of the mean, and record
the data in Columns B through E on the spreadsheet.

(l) Repeat these procedures for every concentration listed until the table on the spreadsheet
is filled.
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3.2 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.

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.

3.3 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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