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Chapter

5

Protein Isolation
and Analysis

A research associate in the Applications
Department at Genencor International,
Inc tests the activity of a protein, cellulase, on denim material. When a product is manufactured for one use, a
company tries to find additional applications and, thus, a larger market.
Photo by author.

The importance of proteins in the biotechnology industry is reflected in the expression, “DNA
is the show, but proteins are the dough.” For the majority of biotechnology companies, proteins
are the product they develop, manufacture, and market. These protein products include pharmaceuticals, industrial enzymes, and proteins that are used in research and diagnostic tools.
Even if a biotech company is not in the protein-making business, it is almost certainly using
or modifying proteins as part of the research and development of biotechnology instruments
or other agricultural, environmental, or industrial products.
Protein studies are essential. In particular, researchers and scientists work on determining
the presence, structure, and activity of a protein or group of proteins for application to protein
manufacturing.
In the following activities you will learn some of the basic techniques used to study protein
structure and function. Specifically, you will learn the following:
• how to test for an antibody-antigen reaction
• how to test for an enzyme’s activity
• how to use indicators to test for the presence and estimate the concentration of proteins in
a solution
• how to prepare samples for and conduct a vertical polyacrylamide gel electrophoresis
(PAGE) for the purpose of determining protein size
• how to extract proteins from animal cells and analyze them using a PAGE
The laboratory methods practiced in this chapter will be applied in later chapters to the
manufacture of a protein product and the use of proteins in diagnostics.
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Laboratory 5a The Specificity of Antibodies: A Simulation
Inspired by a lab developed by Fred Sculco, Noble and Greenough School, Dedham, MA.

Background
Antibodies recognize foreign molecules, called antigens. They tag and aggregate them for
removal from the body (see Figure 5.1). All antibody molecules have a specific three-dimensional structure critical to their function of recognizing and clumping antigens. Each type of antibody
has a unique variable region that matches only certain antigens.
Antigens may be either free-floating proteins or carbohydrate molecules, such as those that cause allergic reacantigen
tions. More often, antigens are molecules on the surface
of cells or viruses that invade the body. Either way, specific antibodies bind with specific antigens and induce an
S
increase in the number of those specific antibodies in the
S:
S
S:
host organism.
Allergens are antigens that specifically induce the formation of immunoglobulin E (IgE) antibodies. An allergic
reaction occurs when an excess of IgE molecules stimulate
inflammatory response symptoms, such as swelling, redS:S
S:S
ness, and itchiness. You are allergic to the specific antigens
that cause this IgE inflammatory response in your body.
When an antigen binds to an antibody molecule, the
antibody
complex is too small to be seen. However, when hundreds
Figure 5.1. Agglutination. Antibodies recognize and
of antibodies bind to hundreds of allergens, they create a
clump antigens (agglutination), making it easier for white blood
network of many millions of molecules (see Figure 5.1).
cells (WBCs) to remove the invading particles from the body.
Researchers have used this knowledge to produce tests to
identify when a specific antigen is present in a solution.
One method researchers use to test for antigen-antibody
binding is called the Ouchterlony test, or Ouchterlony
method (see Figure 5.2). To do an Ouchterlony test, an
Well punches in the agar are filled with antibody
solution (Ab) or a suspected antigen (Ag).
agar matrix is poured into a Petri plate. A hole (well) is
punched in the center of the agar, and an antibodycontaining solution is added. Suspected antigens are
Ag1
placed in wells evenly spaced between the center and the
Ag4
edge of the plate. The solutions are allowed to diffuse
outward from the center of the well.
When antibodies diffuse into antigens, they bind to
Ab
them and to each other, causing an agglutination (clumpClumping may
mean the
ing) reaction. The aggregated antibody-antigen precipipresence of
tates out of solution and may be visible as a white or colan allergen.
Ag3
Ag2
ored band at the interface of each diffusion front.
ppt
The Ouchterlony method is used in several applications,
including allergy testing, to identify a suspected allergen.
This test can be used to screen blood serum for the presence of antibodies and, thereby, learn of prior exposure to
an antigen. This is what is done, for example, in human
As they diffuse out and meet, if the antibody
immunodeficiency virus (HIV) screening. Ouchterlony testand antigen match, they bond and clump,
ing is also used to identify an antigen in a solution, when
forming a white precipitate (ppt).
assaying for a protein in a mixture. In addition, the test
Figure 5.2. Ouchterlony Test. During an Ouchterlony test, a
may be used to determine whether an antibody will bind
patient’s serum (with his or her naturally occurring antibodies) is
to a particular antigen. This technique would be useful if
placed in the center well. Solutions with known antigens are placed
one were looking for an antibody to use for affinity chroin the outer wells. All molecules diffuse. If an antibody molecule
matography, a method of protein purification.
finds an antigen, it will clump and fall out of solution (precipitate).
S:S
S:S

S:

S

S:

S

S:S

S:S

S:S

S:S

Biotech_Lab_ch05.qxd

12/7/05

4:46 PM

Page 91

Protein Isolation and Analysis

Purpose
Rocky is scratching his skin raw because he has a rash. To which allergens does Rocky’s blood serum have antibodies?

Materials

Environmental Health
and Safety Officer

LB agar Petri plates, sterile
Permanent lab marker pens
Transfer pipets, 3 mL
Prepared antigen solutions
Rocky's blood serum antibody solution
Pipets, 1 mL
Pipet pump, blue
Caution: Wear goggles and gloves when using chemicals.

Photo by author.

Procedure
1. Obtain three Petri plates containing agar. Label them each with your initials and Trials 1, 2,
and 3, respectively.
2. Use a transfer pipet to poke through the agar to plate No. 1 (the bottom plate). Apply a
slight suction by compressing it with your fingers (see Figure 5.3). Bore four holes around
the edge of the Petri plate (see Figure 5.2). Bore one hole in the middle.
3. Repeat Step 2 with the other Petri plates.
4. Obtain the antibody and antigen solutions, one with Rocky’s blood serum (containing antibodies) and four with extracts of suspected puppy allergens (such as flea saliva, Itchless
flea powder, Puppystew dog food, Cleantooth dog biscuits, or Fluffy dog shampoo).
5. Using a different sterile, 1-mL pipet for each dispensing, fill the four outer wells with the
suspected puppy allergen extracts. Fill the central well with Rocky’s blood serum.
Note: Try to use the same volume of antigen and antibody in each well. However, do not
overfill the wells since this will cause the samples to mix on top of the agar. Record which
allergen is placed in which well.
6. Leave the plates, undisturbed, overnight. After 24 hours, a precipitin line will appear
between one or more of the puppy allergens and Rocky’s serum.
7. Record the results of the Ouchterlony test in the form of scale drawings of the Petri plates and
a numerical value (5 = strong precipitation; 0 = no precipitation). Calculate average results.
8. Determine which allergens, if any, appear to give a reaction that could cause Rocky’s rash.

Squeeze air out of
transfer pipet.

Cut the bottom
off a large
transfer pipet.
Figure 5.3.

While squeezing, punch a hole in the agar.
Release pressure. A slight vacuum will hold
onto the agar punch as the pipet is pulled out.

Punching Wells for Ouchterlony Test.
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Data Analysis/Conclusion
Based on the results of the Ouchterlony test, what recommendations would be made to Rocky’s
owner? Give evidence for these recommendations. Identify some of the errors in the experimental procedure that could lead to fallacious data. What can be done to decrease the likelihood of
these errors occurring? Discuss how antibody-antigen recognition and binding may be used in
other applications besides allergy testing.

1. How likely is it that one Ouchterlony test will give results that lead to the understanding of
an organism’s allergic response? Explain.
2. Why is the speed of agglutination or precipitation not a valuable piece of data in this
experiment?
3. Setting up an Ouchterlony test may be time consuming. Why not just mix two solutions
together to see if they clump? Suggest an advantage to having the molecules diffuse
through and precipitate in the agar.

Laboratory 5b The Action of Different Enzymes on Apple Juice Production
Inspired by labs by Louann Carlomagno, formerly of Genencor International, Inc.

Background
Many industries use enzymes to create better products (see Table 5.1). As you know, the dairy
industry uses enzymes to speed the curdling of milk in cheese production. Both naturally occurring enzymes, such as rennin from calf stomachs, and genetically engineered enzymes (eg, chymosin) are used now. These enzymes create desirable products, which are sometimes cheaper,
faster, and of higher quality than uncatalyzed products. Speeding up the changes that occur during the curdling process increases cheese production. Of course, this means increased sales for
the cheese company, and greater profits for the owners and shareholders.
As in all industries, apple juice producers want a cheaper, higher-quality product. One goal
of juicers is to extract as much juice as possible from every apple. In the 1980s, scientists at the
biotechnology company, Genencor International, Inc, found two enzymes that they believed
might possibly increase the amount of juice released from apple cells. The enzymes, called
pectinase and cellulase, were created in nature by two different fungi. However, neither fungus
grew well in the lab. The scientists decided to genetically engineer some fungi, which do grow

Table 5.1.

Examples of Marketed Biotechnology Enzymes

amylase
pectinase
cellulase
subtilisin
Purafect® Prime L protease (Genencor International, Inc)
rennin

breaks down starch to sugar; used by fabric and beverage industries
degrades the cement between plant cells and softens plant fibers;
used in making juice
decomposes cellulose in plant fiber and breaks down cells; used in
the paper industry
protein-digesting enzyme; used in detergents to remove protein stains
protein-digesting enzyme
protein-digesting enzyme; curdles milk for making cheese
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well in the lab, to produce these enzymes on a large
scale. The recombinant enzymes had to be tested to
determine their effect on juice yield. If results were
favorable, Genencor International, Inc could scale up
production of the recombinant enzymes, harvest the
enzymes, and sell them to juice makers to produce a
clear, high-quality product (see Figure 5.4).
The first step in making juice and testing juice
enzymes is to mash the apples. Some juice will be
released in the mashing process. The mashed apples
(chunky applesauce) may then be treated with enzymes
to test the effect of each enzyme on the amount of
juice that can be extracted.

Purpose
What are the effects of different enzymes on increasing
apple juice yield?
Figure 5.4.

Clarified Apple Juice.

Photo by author.

Materials
Graduated cylinder, 25 mL
Plastic funnels, short-stemmed
Filter paper, 12.5 cm
Applesauce
Beakers, 50 mL
Lab scoops
Micropipet, P-1000
Micropipet tips for P-1000
Glass rods
Pipets and pipet pumps

For some groups (proteins at 1 mg/mL):
Protease, 1 mg/mL
Cellulase, 1 mg/mL
Rennin, bovine, 1 mg/mL
Pectinase, 1 mg/mL

Procedure
• Each lab group will conduct multiple replications of one variation of the experiment. All groups’ results will be shared.
• Each group will test three replications of their portion of the
experiment.
• To be tested is the amount of each enzyme added to a given
amount of applesauce.
1. For each trial set up a juice-o-meter, a funnel resting atop
a graduated, 25-mL cylinder (see Figure 5.5).
2. Line each funnel with a filter paper funnel.
3. Mix the stock applesauce well. Then measure 20 mL of
applesauce into a beaker.
4. Using a P-1000, add to the applesauce the appropriate
volume of the assigned enzyme and water, as shown in
the reaction matrix (see Table 5.2). Mix for 10 seconds
using a glass rod.
5. Let each mixture sit (incubate) at room temperature for 5
minutes.
6. Pour the mixture of applesauce and enzyme into the filter
paper funnel.
7. Allow the mixture to filter for 30 minutes.

plastic
funnel
filter paper
cone
apple sauce
with enzyme
juice

graduated
cylinder
juice

Figure 5.5.

Juice-o-meter.
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Table 5.2.

Juicing Enzyme Reaction Matrix

Group No.

Enzyme Treatment

Volume of
µL)
Enzyme Used (µ

Volume of Distilled
µL)
Water Added (µ

1
2
3
4
5
6
7
8
9
10
11
12
13

distilled water
cellulose
cellulose
cellulose
pectinase
pectinase
pectinase
protease
protease
protease
rennin
rennin
rennin

0
200
400
800
200
400
800
200
400
800
200
400
800

800
600
400
0
600
400
0
600
400
0
600
400
0

8. Using a 10-mL pipet (or a smaller one if necessary), determine the volume of juice that has
filtered into the graduated cylinder.
9. Repeat Steps 2 through 8 two more times.

Data Analysis
Record the data from your single experiment in a data table that you construct, using
Microsoft® Excel®. Include each replication that you did and the average volume of juice for
your variation. Share your group’s data in a class data table, showing the average volume of
juice extracted for each treatment. Using Microsoft® Excel®, make a bar graph showing the average amount of juice produced from each treatment.

Conclusion
Assume you have completed this experiment for a company. Write a conclusion statement that
describes the results of the experiment, and recommend which enzyme treatment should be
used for maximum juice production. Discuss how the type and volume of enzyme affect juice
yield. Also, discuss any possible errors that may produce misleading or fallacious data and conclusions. Finally, propose further experimentation to your immediate supervisor as well as applications of this information to industry.

1. In any of the trials, did it appear that at some point, adding more of the enzyme did not
increase juice yield substantially? Why might that be true?
2. Sketch what a line graph would look like if the data showed that at some point, adding
more of the enzyme did not increase juice yield substantially.
3. Suggest a method to determine the optimum temperature for pectinase activity. Include
experimental procedures.
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Laboratory 5c Developing an Assay for Protease Activity
Background
Protease is a term that describes many enzymes that
hydrolyze or break the peptide bonds of proteins. In the
presence of a protease, long peptide chains are broken
down to shorter peptide chains; they may even be broken
down all the way to individual amino acids.
Proteases are used in research, manufacturing, and industrial applications. Some examples include the protease,
papain, found in Adolph’s® Meat Tenderizer (by Unilever)
and the proteases added to detergents to remove protein
stains from clothing (see Figure 5.6).
Like many proteins, proteases are colorless; therefore,
assays (tests) must be developed to show that they are present and active at the desired concentration. Proteases are
used throughout biotechnology research and development.

Purpose
To design a valid experiment that demonstrates the presence
of a protease in a sample.

Figure 5.6. Many meat tenderizers
contain the protease, papain, purified from papayas. When papain is
sprinkled on meat, it breaks down
the protein in the muscle tissue. This
makes the meat less stringy and
increases its tenderness.
Photo by author.

Procedure
1. In teams of four students (or as directed by your instructor), using your previous lab experiences and reagents, plasticware, and glassware commonly found in the laboratory or a
grocery store, design a set of experimental procedures to demonstrate the presence of a
protease in known solutions. Remember that you are designing a test for protease activity,
not proteins in general.
Before starting, ask yourself, “If protease breaks down protein, what protein will I use as
the substrate in the assay?” Make sure that when the protein substrate breaks down, it will
give you something to measure.
2. When designing the experiment, make sure you include the following:
a.
b.
c.
d.
e.
f.
g.
h.

Step-by-step instructions, which are short and easy to follow.
All masses, volumes, concentrations, and recipes for reagents.
All the equipment needed for the experiment.
Trials that include a positive control sample.
Trials that include a negative control sample.
Trials that include each variable sample.
Multiple replications of each sample.
Method for collecting measurable, numerical data.

3. Type your experiment plan on a computer so that the procedures can be easily edited when
your group is given feedback. Title each version of the plan using this format:
TeamName_Protease_V1.doc (V1 = Version 1). Change the version number with each editing.
Keep copies of each version. Include all of the following elements in the experimental plan:
•
•
•
•
•

lab team members
a purpose statement of the experiment
list of materials
procedures (meeting the criteria above)
data table (rough draft) to collect the numerical data produced in the experiment

4. Print a copy of the final version of your experimental plan on a transparency, or overheadprojection sheet. Be prepared to present it to the class.
5. Use the protease-assay design rubric (see Table 5.3) to evaluate your own experimental
plan and other experimental plans. Two of the plans will be chosen for testing.
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Table 5.3.

Protease-assay Design Rubric

Element

purpose (objective)

materials

procedures

data table (scratch)

3 Points

2 Points

1 Point

0 Points

clear, testable purpose
statement that leads to
measurable data
list of all ingredients
in the experiment

Purpose statement shows
some connection to
measurable data.
list of most of the
ingredients in the
experiment
Some procedural steps are
unclear or too long.

unclear, untestable
purpose statement

No purpose is stated.

very incomplete or
unclear list of ingredients

no list of the
ingredients in the
experiment
All procedural steps
are unclear or too
long.
No volumes, masses,
or concentrations of
reagents are given.
Many additional
variables make it
unclear what causes
the results of a trial.
No trials of positive
or negative controls
are included.
Some variables are
tested; some are not.

short, easy-to-follow
procedural steps

All volumes, masses, and
Some volumes, masses,
concentrations of reagents and concentrations are
are given.
given.
It is clear that everything
It is not clear that
in each trial is identical, everything in each trial
except the variable to be
is identical, except the
tested.
variable to be tested.
Trials with either a
A trial with a negative,
positive or negative
but not a positive, control
control are included.
is included.
There are sufficient
There are insufficient
(at least three) multiple
replications for data to
replications of each trial
be averaged for each
for each variable tested.
variable tested.
These are presented
individually and as
averages.
It is clear what numerical It is clear which data are
data are to be measured to be measured, and how
and how they will be
they will be measured,
measured.
but there are no
numerical data.
The data table is set up The data table is set up
correctly (independent
backwards (dependent
variables in the left
variables in left column,
column, dependent
independent variables in
variables in the right
the right columns).
columns).
The data table has a
The title is incomplete
proper title, including the
(missing either the
independent and
independent or dependent
dependent variables, and variables, or the subject).
the subject.
All units of measure
Some units of measure
are shown.
are shown.
The data table has cells
for individual, as well as
average, data.

The data table has cells
for individual data, but
not for average data.

Most procedural steps are
unclear or too long.
Most volumes, masses,
and concentrations are
not given.
One or two additional
variables make it unclear
what causes the results
of a trial.
A trial with a positive,
but not a negative,
control is included.
There are no multiple
replications of each trial
for each variable to
be tested.

It is not clear which
numerical data are to be
measured and how they
will be measured.

Data to be measured
are not stated.

The dependent and
independent variables are
not clearly shown on the
data table.

The data table does
not contain
independent or
dependent variables.

The title is incomplete
(missing more than one
of the following: the
independent or dependent
variables, or the subject).
Some units of measure
are shown, but may
be incorrect.
The data table has cells
for average data, but not
for individual data.

The data table has
no title.

No units of measure
are given (when they
should be).
The data table has
no cells for individual
or average data.

Biotech_Lab_ch05.qxd

12/7/05

4:47 PM

Page 97

Protein Isolation and Analysis

Laboratory 5d Testing for the Presence of Protein in Solution
Background
Most proteins are colorless in solution, and all protein molecules are too small to be seen.
Chemical indicators may be used to “indicate” whether there are measurable amounts of protein in
solution. Several protein indicators are available commercially. A simple protein indicator, Biuret
reagent, can be made in the lab. Biuret reagent is a mixture of 10% NaOH and 5% CuSO4 in a 2:1
ratio. In this activity, Biuret reagent is used to test different concentrations of a protein solution.

Purpose
What is the lowest concentration of protein that can be detected with Biuret reagent?

Materials

Environmental Health
and Safety Officer

Tubes, 15 mL capped
Tube racks for 15 mL tubes
Sodium hydroxide
Balance, tabletop milligram
Weigh boat, 3.5"×3.5"
Lab scoops
Tubes, 50 mL, sterile
Tube racks for 50 mL tubes
Sodium phosphate, monohydrate
pH paper

Bovine serum albumin (BSA)
Cupric sulfate 5-hydrate
Tube rack for 1.7 mL tubes
Reaction tubes, 1.7 mL
Micropipet, P-1000
Micropipet tips for P-1000
UV/Vis spectrophotometer
UV spectrophotometer cuvettes
Pasteur pipets, 9"
Pasteur pipet bulbs

Safety Precautions
Wear goggles and gloves when using chemicals.

Procedure

Environmental Health
and Safety Officer

1. In a labeled, 15-mL, conical tube, prepare 10 mL of a 10% NaOH solution. In your notebook, show your calculations and diagram the preparation of the solution.
2. Prepare 50 mL of a 50-mM sodium phosphate monobasic buffer solution. When preparing
the solution, add water only up to 40 mL so that the acid or base level (pH) can be adjusted. Using a piece of pH 0-14 paper, determine the pH. Slowly, add 10% NaOH, 500 µL at a
time. Swirl the solution and check the pH. When the pH is between 6 and 7, stop and add
water up to 50 mL. If the pH is not up to pH 6 by 50 mL, stop, regardless of the pH at that
volume. Record the pH on the label of the tube. This buffer is to be used in the protein
solution preparation in the next step. Show your calculations and diagram the preparation
of the solution in your notebook.
3. Prepare 5 mL of a 5-mg/mL albumin protein solution in a 50-mM sodium phosphate
monobasic buffer. Show your calculations and diagram the preparation of the solution in
your notebook.
4. In a 15-mL tube, prepare 5 mL of a 5% CuSO4•5H2O solution. Show your calculations and
diagram the preparation of the solution in your notebook.
5. Prepare a 1:2 serial dilution of the 5-mg/mL albumin stock solution, using the sodium phosphate buffer as the diluent, as follows:
a.
b.
c.
d.

Label six 1.7-mL tubes.
Add 500 µL of buffer to each tube, except Tubes 1 and 6.
Add 1 mL of the stock protein (5 mg/mL) to Tube 1.
Remove 500 µL from Tube 1 and add it to Tube 2. Mix gently on the vortex mixer. What
is the concentration of Tube 2?
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e. Remove 500 µL from Tube 2 and add it to Tube 3. Mix gently. What is the concentration
of Tube 3?
f. Remove 500 µL from Tube 3 and add it to Tube 4. Mix gently. What is the concentration
of Tube 4?
g. Remove 500 µL from Tube 4 and add it to Tube 5. Mix gently. What is the concentration
of Tube 5?
h. Remove 500 µL from Tube 5 so that all tubes have 500 µL of the sample. Save the
excess in case you need it for further dilutions.
i. Draw a diagram to show how this serial dilution was accomplished.
6. Prepare a negative control by adding 500 µL of buffer to an empty, labeled, 1.7-mL tube.
Remember that the negative control has no protein in it.
7. Conduct the Biuret test by adding 500 µL of 10% NaOH and 250 µL of 5% CuSO4 to each
tube. Mix gently.
8. Record the color of each tube in a data table similar to Table 5.4.
9. Examine the results. Determine the concentration at which there is no difference in color
between the samples and the negative control. More dilutions may have to be prepared
and tested to actually reach a concentration low enough to show this. The concentration
that shows no color difference from the negative control is just below the lowest concentration of protein detectable by the Biuret reagent. Place an asterisk in the data table next to
the lowest concentration of albumin detectable by Biuret reagent.
10. Conduct a Biuret test on the two albumin solutions of unknown concentration prepared by
the instructor. Estimate the concentrations of the unknowns by comparing their colors to
the colors of the known concentrations of proteins.
11. If a UV spectrophotometer with a 50-µL cuvette is available, use it to better estimate the
concentration of the unknown samples (see the following steps). If necessary, the instructor
will demonstrate the UV spectrophotometer’s use.

How to Use the UV Spectrophotometer to Check Biuret Test Samples
a. Turn on the UV spectrophotometer. It will go through a series of checks.
b. Set the wavelength to 590 nm.
c. Add the entire negative control/Biuret sample to the cuvette and use it as a “blank.” A
blank has everything in the sample except the molecule of interest. Follow the instructions on the UV spec to set the absorbance to zero.
d. Remove the blank sample and read the absorbance of each of the albumin-Biuret mixture samples.
e. Record the absorption data for each of the known concentrations of albumin-Biuret mixture in a data table that you construct in your notebook. Does the absorbance data
make sense for the solution concentrations you prepared? Compare your data to those
of other technicians in the lab. Are the data values similar? Why or why not?
f. Using Microsoft® Excel®, prepare a line graph comparing the absorption to the concentration of each known sample.
g. Look at the data on the graph. Does it create a straight line (or almost a straight line)?
Why is a straight line expected? If most of the data points appear to be in a straight
line, but a single data point is not on the line, what can be said about the data or the
sample?
h. Draw the best-fit straight line through the points. Determine the point at which the
absorption of each unknown intersects the line. This is the approximate concentration
of each sample. Record these values in your notebook.
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Table 5.4.

The Color of Biuret Reagent during Protein Testing

Sample

Concentration
(mg/mL)

1
2
3
4
5

5.00

C

0

Color after Testing

Protein Detected
(Yes or No)

Comments

Data Analysis/Conclusion
Report the best estimate of the concentrations of the unknown samples. Discuss how accurate
you think the concentration estimates are. Identify and describe two factors that could impact
the accuracy of the concentration determinations. Discuss the applications of the Biuret reagent
test in a research facility that isolates or manufactures proteins for sale.

1. Discuss the practicality of using Biuret reagent to identify the concentration of protein solutions. Was it a reliable method? Why? Why not?
2. Does a negative Biuret test mean that there is no protein in a sample? Explain.
3. A serial dilution of greater range may be needed for the Biuret standards. Explain how you
would create a 1:10 dilution of the albumin for Biuret testing.

Laboratory 5e Preparing Proteins for Analysis by Vertical Gel Electrophoresis
Background
Most of the proteins found in organisms are in solution. For example, insulin is found in the
cytoplasm of pancreas cells and is excreted into blood plasma. In a similar manner, salivary
amylase is secreted into saliva from the cytoplasm of salivary gland cells.
When proteins are purified for study, they are extracted in buffer and then either stored in a
buffered liquid, or dried and stored in powdered form. In the next several activities, you will
study proteins using polyacrylamide gel electrophoresis (PAGE). In this activity, you will prepare
a protein solution of a specified concentration in a PAGE running buffer (Laemmli buffer).

Purpose
To prepare 5 mL of a 10-mg/mL protein solution in Laemmli buffer (PAGE running buffer).
Note: For testing protein solutions using indicators, as in the previous lab exercise, use 50 mM
of sodium phosphate buffer instead of Laemmli buffer. The sodium dodecyl sulfate (SDS) in the
Laemmli buffer interferes with the indicator reactions.
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Materials

Environmental Health
and Safety Officer

Balance, analytical
Balance, tabletop milligram
Weigh paper, 7.6×7.6 cm
Weigh boat, 3.5"×3.5"
Lab scoops
Bottle, 1000 mL
TRIS
Boric acid Caution: Wear
goggles and gloves when
using chemicals.
SDS, 10%
Pipets, 10 mL
Pipet pump, green

Permanent lab marker pens
alpha-AMYLASE
Cellulase
Rennin, bovine
Lysozyme
Tubes, 15 mL capped
Tube racks for 15 mL tubes
Glass rods
Syringe filter, 0.2 µm
Syringe, plastic, 10 mL

Procedure
1. Prepare 1 L of Laemmli buffer (PAGE running buffer) according to the following steps:
Store the unused portions at room temperature.
a. Measure out the following:
10 mL of 10% SDS
(Caution: Powdered SDS is a hazardous inhalant.)
11 g of TRIS base
6 g of boric acid
Environmental Health
and Safety Officer

b. Get a clean, 1-L bottle and cap. Gently add the dry ingredients to the bottle.
c. Add 800 mL of dH2O to the dry ingredients. Mix gently, without foaming, until completely dissolved.
d. Add the SDS. Mix gently, without foaming.
e. Fill with dH2O to a total volume of 1 L.
f. Label the bottle and store it at room temperature.
2. In the next activity, 5 mL of a 10-mg/mL protein solution in Laemmli buffer is needed for
the protein gel electrophoresis. Calculate the amount of protein (in grams) to be measured
out for 5 mL of a 10-mg/mL protein solution. Record the calculation and diagram the solution preparation in your notebook.
_______ mL × _______ mg/mL = _______ mg = _______ g
3. The instructor will assign proteins for study. Measure out the protein to be used (on an
analytical balance) and add it to a 15-mL conical tube.
4. Stir in the Laemmli buffer slowly making a paste of the protein. Add enough Laemmli
buffer to bring the final total volume to 5 mL.
5. Rotate the tube very slowly until the protein has dissolved in the buffer (about 5 minutes).
6. Label the tube with the sample name and concentration, date, and your initials. Store for
up to 2 weeks at 4°C. For long-term storage, use a syringe filter to sterilize the protein
solution (see Figure 5.7).
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Figure 5.7. To sterilize small amounts of
solution, use a syringe filter. A syringe is
filled with the solution to be sterilized. A
µM filter disc is screwed onto the end of
0.2-µ
µM filter is small enough
the syringe. A 0.2-µ
to separate bacteria and fungi contaminants from the molecules in solution.
Gentle pressure pushes the solution though
the filter into a sterile tube. If the solution
contains proteins, the proteins are small
enough to go through the filter, and then
the protein solution will be sterile.
Photo by author.

1. Laemmli buffer contains TRIS, boric acid, and SDS. What is the function of each ingredient
in this buffer?
2. It takes a bit of mixing to get some proteins to go into solution, while other proteins go
into solution more easily. Why?
3. If the protein solution needs sterilization for long-term storage, why not autoclave it?

Laboratory 5f Characterizing Proteins by PAGE
Optimized by Matthew Ho, Rodrick Hilario, Alyssa Lu, and Jonathan Pham, Biotechnology students.

Background
One of the first things to learn about a protein is its size and structure. By running a denaturing
sizing gel, one can determine the molecular weight and the number of different polypeptide
chains of a protein. Molecular weights are reported in kilodaltons (kD). A dalton (d) is equal to
the mass of one hydrogen atom. For example, 1 kD is equivalent to 1000 d. Proteins usually
have molecular masses ranging from 10 to 300 kD.
For size determination, a TRIS-glycine (TG) polyacrylamide gel at a given concentration is
used. Premade gels can be purchased. The activity below uses gels with a polyacrylamide concentration of anywhere from 4% to 20%. Samples of unknown molecular weight are loaded into
wells. Standard proteins of known molecular weight are run in at least one lane.
The gel is run at 35 milliamps (mAmp) for 2 to 3 hours. The SDS in the buffer causes the
peptide chains to unravel and linearize. If there is more than one polypeptide in the protein, it
separates from the other peptides. Smaller peptides move through the gel faster than larger
ones. The peptides “band out” based on size (see Figure 5.8). After staining the peptides, you
can size them by comparing the bands of unknown molecular weight to standards of known
molecular weight (see Figure 5.9).
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16µL protein 5

15µL protein 3 and 4

14µL protein 4

10 µ L Molecular Weight Standards

15µL protein 3

18µL protein 2

8µL protein 1 and 2

15µL protein 1

Figure 5.9. Stained PAGE
Gel. Coomassie® Blue
staining makes peptide
bands visible. The standards
are in the left lane, and the
other nine lanes have one or
more peptide bands. A protein composed of more than
one polypeptide chain will
show a band for each chain.

250 kD

Photo by author.

98 kD
64 kD
50 kD
36 kD
30 kD
16 kD
6 kD
4 kD
Figure 5.8. PAGE Gel. Running the gel
distributes the samples according to molecular weight. Sizing standards in Lane 5 range
from 4 to 250 kD. Through visual inspection,
one can estimate the size of unknown bands.

The four proteins studied in this experiment are the enzymes amylase,
rennin, cellulase, and lysozyme. Amylase breaks down starch to sugar.
Rennin breaks down the milk protein, casein, to produce curds. Cellulase
degrades plant cell walls. Lysozyme is found in mucus, saliva, tears, and
egg whites. It speeds up the breakdown of bacterial cell walls.

Purpose
What structural characteristics of amylase, pectinase, cellulase, and
lysozyme can be determined from running samples on an SDS-PAGE gel?
How is the resolution of the polypeptide bands on the gel affected by the
concentration of the sample loaded?

Materials

Environmental Health
and Safety Officer

Balance, analytical
Balance, tabletop milligram
Weigh paper, 7.6×7.6 cm
Weigh boat, 3.5"×3.5"
Lab scoops
Bottle, 1000 mL
TRIS
Boric acid
SDS, 10%
10 mg/mL protein
(from Lab 5e)
Permanent lab marker pens
Sucrose
Bromophenol Blue

Bottle, 125 mL
Tube rack for 1.7 mL tubes
Reaction tubes, 1.7 mL
Micropipet, P-100
Micropipet tips for P-100
Micropipet, P-10
Micropipet tips for P-10
Microcentrifuge
Dry block heater/heat block,
80°C
Gel box, vertical, for PAGE
PAGE gel, 10% TG, 10 well
Transfer pipets, 3 mL
PAGE gel loading tips

Protein sizing markers, 15150 KD
Power supply
Petri dishes, 150×15mm
Ethanol, 95%
Acetic acid, glacial
Coomassie® Blue R-250
Lab rotator, 12×12
White light imaging system
Paper, thermal
Printer, thermal
Gloves, large
Glasses, safety, plastic

Laemmli Buffer (PAGE Running Buffer)
1L
• 10 mL of 10% SDS
• 11 g of TRIS base
• 6 g of boric acid

PAGE Sample Prep Buffer (Loading Dye)
50 mL
• 5 g of sucrose
• 0.05 g of bromophenol blue
• 30 mL of Laemmli buffer

Into a 1-L container, gently add 800 mL of
dH2O to the dry ingredients. Mix, without
foaming, until completely dissolved. Add the
SDS and gently stir. Fill with dH2O to a total
volume of 1 L. Store at room temperature.

Add sugar and bromophenol blue to Laemmli
buffer; stir until dissolved. Bring to a final
volume of 50 mL. Store tightly covered in a
glass or plastic bottle in the refrigerator.
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Procedure
Note: Prepare PAGE running buffer and loading dye before beginning.
1. If it has not already been done, prepare 5 mL of a 10-mg/mL protein stock solution using
Laemmli buffer as the solvent. Each group is responsible for studying just one type of protein using the stock solution for preparing samples.
2. Dilute the protein stock solution in the following ratios with Laemmli buffer: 1:2, 1:4, and 1:8.
• Starting with the 10-mg/mL stock, measure out 50 µL and combine it with 50 µL of Laemmli
buffer. Mix. This is the 1:2 dilution. It has a concentration of 5 mg/mL. Label this tube “5.”
• Measure out 50 µL of the 5-mg/mL solution and combine with 50 µL of Laemmli buffer.
Mix. This is a 1:4 dilution of the original sample. It has a concentration of 2.5 mg/mL.
Label this tube “2.5.”
• Measure out 50 uL of the 2.5-mg/mL solution and combine with 50 µL of Laemmli buffer.
Mix. This is a 1:8 dilution of the original sample. It has a concentration of 1.25 mg/mL.
Label this tube “1.25.”
• Measure out 100 µL of stock solution. It has a concentration of 10 mg/mL. Label this
tube “10.”
3. For your protein, make up four sample tubes for loading. Select four new 1.7-mL tubes
and label them No. 1, 2, 3, and 4. Add a letter before the number to identify the protein.
Place 20 µL of each concentration into the appropriate 1.7-mL tube (see Table 5.5).
Table 5.5.

Sample Preparation Matrix

Concentration
(mg/mL)

10
5
2.5
1.25

80°C

Tube No.
for Amylase

Tube No.
for Rennin

Tube No.
for Cellulase

Tube No.
for Lysozyme

A1
A2
A3
A4

R1
R2
R3
R4

C1
C2
C3
C4

L1
L2
L3
L4

4. Add 5 µL of loading dye (sample prep buffer) to each sample. Give each tube a 2-second
spin in a microcentrifuge to pool ingredients. Store at 4°C until ready to use.
5. Immediately before loading the samples onto a gel, denature the proteins in the samples
by placing the tubes in an 80°C heat block or water bath for 5 minutes. Seal the tubes
tightly. This step might have to wait if the gel is not ready to be loaded.
6. Set up a vertical electrophoresis gel box as directed in the following steps. Use a TRISglycine gel. In your notebook, record the % gel, the lot number, and the expiration date.
Caution: Wear goggles and gloves.

Vertical Gel Preparation
a.
b.
c.
d.
e.
f.
g.

h.
i.
j.

Cut open/drain the preservative from the cassette.
Rinse the outside of the cassette 5 times with dH2O.
Rinse the edges of the cassette 5 times.
Dry front of gel.
Label gel. Place a number or dot in the center and a line on the bottom of each well.
This makes it easier to see the well boundaries during loading.
Pull off the tape at the bottom of the gel cassette.
Study the gel box to understand how it is put together and which side is the front (see
Figure 5.10). Put the gel(s) in the box with the high side facing out, so that the labeled
side faces the front of the gel box.
Fill the box with running buffer to the height necessary to cover the wells completely.
Gently, remove the comb (that formed the wells).
Gently, rinse the wells with at least 3 times their volume of buffer.
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Figure 5.10. Two sets of clamps allow two gels to be run at
the same time.
Photo by author.

Figure 5.11. Vertical gel loading tips are long and
end in a very narrow tip. These long, thin tips fit
into the 1-mm gel spacing between the front and
back plastic or glass plates that hold the gel.
Photo by author.

15-150 kD

10-225 kD
Standards
150

Standards
225
150

100
100
75

Figure 5.12. Use a permanent marker to
number the middle of each well and underline
the bottom of the wells. This makes it much
easier to see where you are loading a sample.
Photo by author.

75

50
50
35
25

35
25

15
15
10
Coomassie® Blue
4-40% SDS-polyacrylamide gel

Coomassie® Blue
4-20% SDS-polyacrylamide gel

Figure 5.13. Sizing Standards. Prestained sizing standards are
available from several suppliers. The one shown on the left contains
seven polypeptide bands of known size, measured in kilodaltons.

7. Hook up the power supply, and run the empty gel for 10 minutes at 35 mAmp to warm it.
8. Practice loading with sample prep buffer before actually loading samples. Load the gel wells
with 25 µL of sample using special, long-tipped PAGE gel loading tips (see Figure 5.11). Be
careful to load all of the sample without overflowing into the adjoining wells (see Figure 5.12).
9. Load 5 µL of molecular weight standards to one of the lanes. Researchers commonly use
15-150 kD molecular weight standards if several unknown proteins are being studied (see
Figure 5.13).
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Environmental Health
and Safety Officer

10. As soon as all samples are loaded, run the gel at 35 mAmp for 1 to 2 hours, until the loading dye reaches the bottom of the gel. Sample preparation buffer/loading dye serves as
tracking dye (see Figure 5.14).
11. Remove the gel from gel box. Using a knife, gently separate the two gel plates holding the
gel in place. Loosen the entire edge of the gel from the plate using a knife or spatula.
Gently, trim off the well fingers and fat edges of the gel.
12. Using water in a Petri plate for adhesion, drop the gel onto the water. Gently remove the
water from the plate by decanting or using a vacuum pump.
13. Add enough Coomassie® Blue staining solution (see the recipe below) to just cover the gel.
Let it stain for a minimum of 3 hours. Rotating the staining gel on an orbital shaker is desirable for even staining (see Figure 5.15).
Note: Prepare stain/destain in chemical fume hood.
Coomassie® Blue Stain
800 mL of ethanol
200 mL of glacial acetic acid
1000 mL of dH2O
2 g of Coomassie® Blue R-250

Destain
200 mL of ethanol
150 mL of glacial acetic acid
1650 mL of deionized water

14. Funnel off Coomassie® Blue stain into a “used stain” bottle. Cover gel with destaining or
dH2O solution for at least 7 hours. Change destaining solution several times. Rotating the
destaining gel on an orbital shaker is desirable. Destaining can be sped up by microwaving
the gel in destain solution at 40% power for 20 seconds and then swirling for 1 minute.
Repeat the procedures until the background is light enough to easily distinguish polypeptide bands. The destain may have to be changed periodically (every fifth time).
15. Examine the banding pattern on gel over a white-light box. Use a photo-imaging system to
take a photograph of the gel. Make copies for each lab partner. If no photo-imaging system
is available, place an acetate sheet over the gel and draw a copy of the gel. Make photocopies for each lab partner.
16. For long-term storage of a gel, dry on gel-drying rack. Follow the directions on the
gel-drying kit.

Figure 5.14. Set and maintain the current at 35 mAmp and
check for bubbling. If the current goes down, make sure there
is enough buffer covering the wells in the back reservoir.

Figure 5.15. Cover the gel with just enough
stain for the gel to float and swirl on the
orbital shaker.

Photo by author.

Photo by author.
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17. Glue the gel image into the center of a notebook page. Label the contents of each lane as
diagrammed in the background section. Each well, each standard, and each of the sample
bands should be labeled with sizes.

Data Analysis/Conclusion
For each protein studied, identify the number of polypeptide chains present, the molecular
weight of each polypeptide chain, and the total molecular weight of the protein. Determine the
optimum concentration for visualizing the characteristics of each protein studied. Discuss the
sources of error in technique that could lead to fallacious data. Describe several ways in which
the PAGE technique can be used in industry.

1. A technician sets up and starts a PAGE. Current is flowing, and bubbling is visible at the
electrodes. After 30 minutes, none of the samples have moved out of the wells. List three
things the technician should check.
2. If a gel has a band significantly darker and fatter than all the other bands on the gel, suggest a few reasons for that result.
3. Every amino acid has a different molecular weight because of different R-groups. Using
amino-acid data from ProtScale at: http://au.expasy.org/tools/pscale/Molecularweight.html,
one can determine that the average molecular weight of an amino acid is about 137 d. Use
the average molecular weight of an amino acid and the estimated molecular weight of the
polypeptide chains in the protein you studied to determine the number of amino acids in
each protein.

Laboratory 5g Separating and Identifying Proteins via SDS-PAGE
Background
The function of a cell, tissue, or organ depends on the proteins and other molecules that make
up its structure. So, if scientists are trying to understand the function or behavior of a sample,
they need to understand the protein composition. Likewise, if scientists were looking for similarities or differences in tissues, they would compare protein content.
In this activity, you will study tissues from a variety of animal muscle samples to identify similarities and differences in protein content. Since a muscle’s function is to contract and relax,
certain muscle proteins would be expected in all muscle samples. Since different muscle samples are used in different ways, some protein content differences would also be expected.
Mashing and diluting the animal tissue with sample preparation buffer accomplishes the
extraction of protein from cells. Samples are loaded onto vertical polyacrylamide gels containing
SDS and are electrophoresed. Proteins are denatured with SDS so they will electrophorese in
the gel at a rate proportional to their molecular weight. After the gel is stained, the proteinbanding pattern for each sample can be compared to determine how many protein polypeptide
chains are present and whether there are differences in the peptides. The molecular weight of
the unknown protein bands is determined by comparison with protein standards.

Purpose
What variety of proteins is found in the muscle tissue of some animals?

Biotech_Lab_ch05.qxd

12/7/05

4:47 PM

Page 107

Protein Isolation and Analysis

Hypothesis
Using Internet resources, determine some of the proteins known to exist in muscle cells. Try to
find their molecular weights and the number of protein chains for the muscle proteins, so you
can predict what to expect on the gel. Record these predictions in your notebook.

Materials

Environmental Health
and Safety Officer

Balance, analytical
Balance, tabletop milligram
Weigh paper, 7.6×7.6 cm
Weigh boat, 3.5"×3.5"
Lab scoops
Bottle, 1000 mL
TRIS
Boric acid
SDS, 10%
Permanent lab marker pens
Sucrose
Bromophenol Blue
Bottle, 125 mL
Mortar and pestle
Pipets, 2 mL
Pipet pump, blue

Tubes, 15 mL capped
Tube racks for 15 mL tubes
Permanent lab marker pens
Pipets, 5 mL
Centrifuge, 15 mL tubes
Tube rack for 1.7 mL tubes
Reaction tubes, 1.7 mL
Pipets, 1 mL
Micropipet, P-100
Micropipet tips for P-100
Microcentrifuge
Dry block heater/heat block,
80°C
Gel box, vertical, for PAGE
PAGE gel, 10% TG, 10 well
Transfer pipets, 3 mL

PAGE gel loading tips
Protein sizing markers, 15150 kD
Power supply
Petri dishes, 150×15 mm
Ethanol, 95%
Acetic acid, glacial
Coomassie® Blue R-250
Lab rotator, 12×12
White light imaging system
Paper, thermal
Printer, thermal
Gloves, large
Glasses, safety, plastic

Procedure

80°C

1. Prepare a PAGE running buffer and loading dye before beginning.
2. Use a mortar and pestle (or a test tube with a glass rod) to grind 1 g of animal tissue with 2
mL of cold, deionized water for 1 minute.
3. Add 3 mL of 1X sample preparation buffer/loading dye and mix for 30 seconds.
4. Transfer the mixture to a 15-mL centrifuge tube. The total volume in the centrifuge tube
should be 7 mL. Add 1X sample preparation buffer, as needed, to adjust the volume.
5. Repeat Steps 1 and 2 for each animal tissue sample to be studied.
6. Spin the samples for 5 minutes at medium speed in a lab tabletop centrifuge.
7. Transfer 0.5 mL of the supernatant to a 1.7-mL microtube. Prepare three 1:4 dilutions (serial
dilution) of the stock sample using the sample prep buffer as the diluent. The diluted samples
should each have a final volume of 48 µL per tube. The stock and each diluted sample will
be loaded on the PAGE gels. In your notebook, diagram how you will make the dilutions.
8. Store the samples in the refrigerator for up to 5 days.
9. Set up a TRIS-glycine gel (any concentration from 4% to 12%) in a gel box with Laemmli
buffer. (see the recipe in the previous lab exercise.)
10. Denature the proteins in the samples by placing the tubes in an 80°C water bath or heat
block for 5 minutes. Seal the tubes tightly so they do not open during heating.
11. Load the gel wells. Load 20 µL of the stock (1:4, 1:16, and 1:64 samples) into Lanes 1
through 4, respectively. Add another set of stock and dilutions into Lanes 6 through 9. Use
a new tip with each sample.
12. Load 5 µL of protein molecular weight standards into Lanes 5 and 10.
13. Run at 35 mAmp for 1 to 2 hours, until the loading dye reaches just above the bottom vent
of the gel cassette. The sample preparation buffer/loading dye serves as tracking dye.
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14. Do the following to prepare the gel for staining (see Figure
5.16): Place the larger side of the gel cassette on a tabletop. Use
a knife to gently pry the cassette plates apart. The gel will stick
to one cassette side or the other. Use distilled water to help
detach it from the other plate, if necessary. Gently trim the
wells off the gel and loosen the edges of the gel from the plate.
Be careful not to rip the gel. Transfer the gel from the cassette
into a Petri dish filled with distilled water. Using four gloved
fingers, pour off the water while holding the gel in the tray.
15. Cover the gel with Coomassie® Blue staining solution. Stain for a
minimum of 3 hours while rotating the gel on an orbital shaker.
16. Remove Coomassie® Blue stain. Cover the gel with destaining
solution. Change the destaining solution twice. Leave the
destaining solution on the gel for a minimum of 7 hours or use
the following accelerated destaining procedure:

Figure 5.16. A technician prepares a gel for
staining. The two sides of the gel cassette must
be gently pried apart without ripping the gel.
Photo by author.

a.
b.
c.
d.
e.
f.
g.

Pour off the existing solution.
Add about 50 mL of fresh destain.
Put a paper towel in the microwave.
Put the Petri dish in the microwave.
Microwave for 20 seconds at 40%.
Swirl for 1 minute.
Repeat steps b through f as necessary. Add fresh stain
every fifth time.
h. Pour off the destain and flood with dH2O.

17. Examine the banding pattern on the gel over a white-light box. Use a photo-imaging system to photograph the gel. Make copies for each lab partner. If a photo-imaging system is
not available, place an acetate sheet over the gel and draw a copy of it. Make photocopies
for each lab partner.
18. Dry the gels on a gel-drying rack if long-term storage is desired.
19. Glue the gel image into the center of a notebook page. Label the gel. Label the contents of
each well. Label the size of each standard. Label the sizes of the bands in each sample.

Data Analysis/Conclusion
For each sample studied, identify the number of polypeptide chains present and their molecular
weights. Are any of the bands unique to a sample? Which bands are common to all samples? Are
any of the bands expected, based on what is known to be in muscle cells? Give evidence. Are
there any bands that are of particular interest? If so, why? Look at other gels. Are all the replications of a sample identical? Discuss possible errors in technique that could lead to fallacious or
misleading data. Propose methods of reducing the likelihood of these errors. Describe several
extensions and applications of this preliminary experiment. What future experiments would you
suggest to your supervisor and why?

1. Do you know the concentrations of protein in the muscle extract samples loaded on the
gel? How can you find out?
2. Many proteins have bands of the same molecular weight. If you find a protein band that
you are fairly confident is a particular protein or polypeptide, how might you confirm that
the protein is actually the one you think it is?
3. A lane on a gel has a huge smear in it. What is the most likely cause, and how can the
problem be corrected on future gels?

