Biology 212: Cell Biology

                                                                                     April 7-16, 2003


The Western Blot


This lab exercise is based on procedures published by Fenk et al. (Journal of Chemical Education 77: 373-374, 2000) and Gerbig et al. (American Biology Teacher 62: 583-587, 2000); it was developed through the collaborative efforts of C. Pidgeon, J. Tamashiro, and A. DeMarais.

The technique of Western blotting, also called immunoblotting, uses antibodies and SDS gel electrophoresis to determine the identity of proteins or analyze their structural similarities.  Proteins are separated by gel electrophoresis and then transferred to a special paper or membrane; the transfer process is called "blotting" and the membrane itself is called a "blot."  (Because the pores of an acrylamide gel are so small, the transfer of molecules from the gel to the blot would be unacceptably slow without the use of an electric current to aid in the transfer.  You will be using a technique called "electroblotting" to facilitate the transfer.)  Antibodies that recognize a particular protein or proteins are incubated with the blot; bound antibodies are then visualized by radioactive, fluorescent, chemical, or enzymatic means.  Only proteins recognized by antibody will be visible, since excess unbound antibody is washed off before visualization occurs.

In this particular exercise, serum proteins from a number of different animals will be separated by SDS polyacrylamide gel electrophoresis (SDS-PAGE); the resulting blot will then be incubated with antibodies against a particular bovine protein, bovine serum albumin (BSA).  (The antibodies are generated by injecting purified BSA into rabbits.  The BSA serves as an antigen that causes the rabbits to produce anti-BSA antibodies.)  After the anti-BSA incubation, the membrane is then incubated with a protein called Protein G that recognizes and binds to the "constant" region (see Fig. 17.11 in your text) of antibody.  The Protein G you will use in lab is genetically engineered to contain an enzyme called horseradish peroxidase (HRP); this Protein G-horseradish peroxidase hybrid is called a recombinant "fusion protein" to indicate that it was formed by recombining two genes (coding for Protein G and HRP) to form one joined (fused) protein.  Protein G and HRP do not interfere with antigen recognition by anti-BSA.  The presence of antibody bound to proteins on the blot is detected by incubating the blot with chloronapthol (4-chloro-1-napthol).  In the presence of hydrogen peroxide, horseradish peroxidase converts chloronapthol from a colorless, soluble form into an insoluble, colored product:

horseradish peroxidase

chloronapthol(colorless) + H2O2  



chloronapthol(colored) + H2O

Two weeks will be allotted for this exercise; you will work in teams of three of four people.  Please note that some steps in this exercise must be carried out between lab sessions.  Some members of each group will need to stay later during session 1 and others will need to return between lab sessions.  Be sure to coordinate with your lab partners before you leave lab.  It is essential that steps carried out between labs be carefully documented (what was done and when).

PRE-LAB  ASSIGNMENT  (for the week of 4/7; there is no prelab for the week of 4/14, despite what the syllabus says!)


Please read the rest of this handout and pages 712-5 of your text, paying particular attention to Fig. 17.11.  (You may also wish to review pages 762-3 in your text.)  Then use your directions and notes from the previous electrophoresis lab, as well as the information below, to write out a detailed electrophoresis protocol that you will carry out in the first lab session.  (You do not need to write out the electroblotting protocol, which you have not done before.)

SESSION  1:  SDS-PAGE  AND  ELECTROBLOTTING
Gel preparation

Each team needs to run 2 gels.  One gel will be stained to visualize proteins, and the proteins from the other gel will be transferred to the blot.  You will use 4-20% polyacrylamide gradient gels and a Tris-glycine buffer (the same gel and buffer used previously).  Gel loading and running will be similar to the procedure you used before.

Loading and running the gels

You will analyze the following samples: BSA, cow (= bovine) serum, horse serum, goat serum, sheep serum, donkey serum, and chicken serum.

In addition, a mixture of molecular weight markers (standard proteins) will be available.  The mix (BioRad) contains proteins of the following sizes (in daltons): 250,000; 150,000; 100,000; 75,000; 50,000; 37,000; 25,000; 15,000; and 10,000.

You will stain one gel to visualize all of the proteins and use the second gel to generate the Western blot.  Keep the latter gel in its cassette until you are ready to begin assembling the blotting "transfer stack" (see below).

Staining the gel

You will use the same solutions as you did in the earlier SDS-PAGE lab.  Consult your lab notebook and/or the previous handout for more information.  
Preparation of the blot

The electroblotter is able to transfer up to 4 small gels simultaneously.  The "transfer stack" is composed of buffer-soaked blotting paper (Whatman 3), the gel, membrane, and more blotting paper.  As you prepare the stack, it is very important to avoid air bubbles between the layers because the air will prevent buffer movement and will create blank spots on your blot.  Lay each moistened paper on the stack in a progressive manner, starting at one edge; the goal is to trap fewer air bubbles.  As each item is layered, gently roll a clean test tube over the surface to remove any air bubbles that do become trapped.  A few drops of buffer on the area where air is trapped makes the pocket easier to remove.  It is also important to stack the layers as evenly and neatly as possible; two transfer stacks need to sit side-by-side on the apparatus and uneven layering can lead to "short circuiting" of the current flow and uneven transfer from the gel.

Because space is tight, only one group at a time will be able to set up their blot.  While you are waiting, be sure to get all materials ready.

Using a pencil to mark the paper, cut 6 pieces of Whatman 3 filter paper so that they are the same size as the pre-cut membrane (8.4 cm x 7 cm).  It's important that the Whatman paper does not directly contact the lab bench because it can pick up contaminants.  Clean 2 glass plates and pre-assemble 2 stacks of Whatman 3 paper by dipping each individual sheet into Towbin buffer (25mM Tris, 192 mM glycine, 20% methanol, pH 8.1-8.5) and layering them on top of the glass plates.  Use the procedure described previously to avoid air bubbles.  It is very important that the stacks remain wet; allow each newly dipped sheet to drip onto the stack before you layer it, then continue to drip buffer on the completed stacks at frequent intervals.

Obtain a pre-cut PVDF (polyvinylidene diflouride) membrane.  (Handle it with gloves to prevent the transfer of proteins from your hands to the membrane.)  Because the membrane is hydrophobic, it needs to be "pre-wet" by submerging in reagent-grade methanol until the membrane becomes translucent (a few seconds).   Then soak the membrane in Towbin buffer (a minimum of 2-3 minutes).  When the membrane is able to be submerged in the Towbin buffer, it is ready.  If you need to wait to set up the blotting stack, be sure to keep the membrane wet; dry spots won’t allow proteins to stick.

The first group will need to prepare the electroblotter by rinsing the metal grids in the top and bottom of the unit (these are the anode and cathode) with distilled water.  Be very careful to avoid wetting the leads.  A Mylar mask on the lower grid (anode) is used to insure that current only flows through the gels and not around them.  The opening in the mask needs to be slightly smaller than the gel (2 mm smaller per side).

Layer the transfer stack on the electroblotter as listed below.  Avoid air bubbles between the layers by gently rolling a clean test tube over the surface to remove any air bubbles that do become trapped.  A few drops of Towbin buffer on the area where air is trapped makes the pocket easier to remove.  Remember to stack the layers as evenly and neatly as possible.

Layers:
Anode (in the base)

Mylar mask

Stack of Towbin buffer-saturated Whatman 3 paper (3 sheets)

PVDF membrane (soaked in transfer buffer)

Gel (place the gel carefully -- it shouldn't be re-positioned)

Stack of Towbin buffer-saturated Whatman 3 paper (3 sheets)

After all the transfer stacks have been assembled, add the lid by sliding the 3 guides into the 3 grooves on the base.  Add a weight (no more than 1 kg) on the cover to ensure even contact between the electrodes and transfer stacks.  

Make sure the power supply is off and that both the current and voltage controls are set to 0.  If possible, set the voltage limit to 50 V.  Then connect the leads between the cover and base. Adjust the current to 75 mA (the current should not exceed 0.8 mA/cm2 of gel).  The transfer will take 30 minutes.

While wearing gloves, disassemble the transfer stack, remove the membrane blot (be careful not to get the membrane confused with the Whatman 3 blotting paper), and place it in 20 ml of distilled water for 5 minutes.  Repeat this step twice for a total of 3 rinses lasting 15 minutes.  Let the blot drain on clean paper towels.  When it is dry (it becomes whiter and more opaque), place it in a folder of black construction paper and give it to your instructor for safe storage.  (Be sure to label your folder.)

Important note:  When using the semi-dry transfer method, transfer is not always complete.  When the transfer stack is disassembled, each group member should record the relative amounts of protein transferred to the membrane and left in the gel.  The markers are pre-stained and will allow you to assess the degree of transfer.

BETWEEN  SESSION  1  AND  SESSION  2

Take your gel out of the staining solution and discard the stain into the waste flask.  (Remember to hold the gel against the bottom of the box to prevent it from sliding out.  Wear gloves.)  Rinse the box and gel with water, pour this out into the sink, and then add destaining solution (approximately 100 ml) to generously cover the gel.  The gel can remain in destaining solution until the next lab session.  (During the second session, you will record your results with the gel documentation system.)

SESSION  2:  ANTIBODY  BINDING  AND  VISUALIZATION

Blocking the membrane
Blocking the membrane coats bare spots on the membrane to prevent nonspecific sticking of the antibody.  Prepare 10 ml of blocking solution (5% powdered milk in TBS-Tween 20 containing 0.140 M NaCl, 0.003 M KCl, 0.025 M Tris base, and 0.050% Tween 20).  Retrieve your blot and re-wet it in methanol until it becomes translucent.  Transfer the blot to 20 ml of water for 30 seconds.  Discard the water and add 10 ml of blocking solution.  Incubate on a rotating shaker at 50 rpm (or constantly swirl) for 20 minutes.  

Washing the membrane

Discard the blocking solution, transfer the blot to a clean sandwich box, and wash the blot in 40 ml distilled water for 1 minutes, followed by 2 washes in 40 ml TBS-Tween 20 for 5 minutes each.  The membrane should be swirled constantly during all wash steps.  Discard each wash solution after use.

Antibody incubation

Dilute the anti-BSA antibody 1:4,000 with 10 ml TBS-Tween 20 (what volume of antibody will you use?); store on ice until use.  Pour the antibody solution in a Petri dish and transfer the blot to the dish.  Gently swirl the dish to ensure contact between all surfaces of the blot and the antibody solution.  Incubate for 20 minutes with constant swirling.  
Washing the membrane

Discard the antibody solution, transfer the blot to a sandwich box, and wash the blot in 40 ml distilled water for 1 minute, followed by 2 washes in 40 ml TBS-Tween 20 for 5 minutes each.

Recombinant Protein G incubation
Dilute recombinant Protein G 1:2,000 with 10 ml TBS-Tween 20.  (What volume of recombinant Protein G will you need?)  Store on ice until use.  Pour into a Petri dish with the blot; incubate with agitation for 20 minutes.

Washing the membrane

Discard the protein G solution, transfer the blot to a sandwich box, and wash the blot in 40 ml distilled water for 1 minute, followed by 2 washes in 40 ml TBS-Tween 20 for 5 minutes each.

Color development (Bio Rad Opti-4CN Substrate Kit)

Add 10 ml of the color development solution to a tube along with 0.2 ml Opti-substrate.  Mix well.  Pour this solution onto the membrane in a clean Petri dish.  Swirl until bands appear  (approximately 5 minutes).  Transfer the blot to a sandwich box with 40 ml distilled water.  Place on the shaker for 15 minutes.  

Recording results
Wrap the blot in plastic wrap, place on the light box, and trace the banding pattern onto a quarter sheet of acetate (the gel documentation system doesn't photograph blots well).  

Don’t forget about your other gel, either; photograph it using the Gel Documentation system.

POST-LAB  ASSIGNMENT


Please answer the questions below.  Attach the trace of your blot and the photo of your gel to your answers, making sure that the lanes in the trace and photo are clearly labeled.  If you didn't get usable data, look at a blot that worked and submit the name of the person whose blot you used.


1.  The antibody that recognizes BSA is not itself colored.  Why, then, do colored bands appear where the antibody bound to the blot?

2.  Describe the results of anti-BSA binding to the lane containing cow serum.  Did the antibody bind to all of the proteins in this lane?  Would you expect the antibody to bind to all of the proteins in cow serum?  Explain your reasoning.

3.  What other (non-cow) samples were recognized by the anti-BSA antibody?  What do these results suggest about the evolutionary relationships among the animals you tested?

4.  Besides probing proteins with antibodies, how else can biologists explore possible evolutionary relationships among proteins?
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