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Objectives

In this lab you will:

1.
Design an experiment to investigate a question about evolutionary relatedness between organisms.

2.
Prepare protein samples from grocery store meats.

3.
Do protein gel electrophoresis.

4.
Analyze your results in relation to the questions you chose to investigate.

Introduction

Gel electrophoresis is a powerful research tool widely used by scientists today.  Using this tool, scientists can separate a complex mixture of large molecules (macromolecules) according to their size. The two types of macromolecules most often separated by gel electrophoresis are nucleic acids and proteins.  Information about the size of a molecule provides important clues as to its identity.

In this experiment, the detergent sodium dodecyl sulfate (SDS) and heat are used to denature proteins in a muscle tissue taken from different grocery store meat samples.  The SDS coats the resulting polypeptides with a negative charge (see Figure 1).




Figure 1:  When three functional polypeptides (on the left) are coated with SDS and heated they lose their three-dimensional structure and take on a net negative charge (on the right).  Bigger polypeptides are coated with more molecules of SDS; the ratio of molecular weight to charge is approximately the same for all proteins.

The polyacrylamide gel is placed in a gel box between two electrodes, the sample is then placed into a well at the top of the gel, and the electrodes are connected to a power supply that produces a voltage gradient across the gel.  This causes the negatively-charged, SDS-coated polypeptide molecules to move towards the positive electrode (the anode).  The polyacrylamide gel is composed of long molecules that form a tangled mesh (see Figure 2).  Simply put, to get through the gel, the macromolecules must make their way through a maze-like network of pores.  The largest molecules move more slowly because they have a harder time negotiating the pores.  The smallest molecules move fastest because they can quickly slip through the pores.  As soon as the current is applied, the SDS-treated polypeptides begin their race towards the positive electrode.  As time passes the smaller polypeptides begin to “pull away from” the larger ones.  As a result the proteins from muscle tissue will be separated according to size.  The size of a macromolecule is commonly expressed by its molecular weight which is measured in daltons.

The polypeptide molecules cannot be seen while the gel is running.  If the current is left on for too long, all the proteins will run off the gel at the bottom.  For this reason, a blue dye is added to the SDS solution.  This blue dye is also negatively charged and drawn toward the positive electrode.  Since it is a relatively small molecule (smaller than any of the polypeptides), it moves quickly through the gel.  When this dye reaches the bottom of the gel it is time to turn off the current.
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Figure 2:  A simplified diagram of a polyacrylamide gel.  The glass plates and supports which hold the gel upright are not shown.  Mixtures of proteins can be loaded in any of the “wells” at the top of the gel, then the electric current is turned on. 

After the current is turned off and the gel removed from the glass plates which hold it in place, a stain is added to the gel.  This stain binds specifically to proteins and not to other macromolecules, so that wherever a dark purplish band appears on the gel, polypeptides are present.  The smaller the amount of protein, the fainter the blue staining and the smaller the band.  Proteins that are present in the sample in only very tiny amounts may not absorb enough stain to become visible.

The pattern of bands in each lane of the gel can provide information about evolutionary relationships between different organisms.  Closely related organisms have similar gene sequences.  Since proteins are synthesized according to the genetic code, closely related organisms will have similar proteins which will result in similar banding patterns on a gel.  Therefore, genetic similarity can be used to make evolutionary comparisons.

Materials

•
plastic cutting boards
•
razor blades or scalpels

•
transfer pipettes
•
1X Tris-Glycine-SDS running buffer
•
500 ml or 1 liter flask or beaker
•
blue solubilization (Laemmli) buffer

•
gel box and power supply
•
15 ml plastic tubes and rack

•
2 –20 (l micropipettors and tips
•
microcentrifuge tubes and rack

•
marker and tape
•
gloves
•
stain
•
distilled or deionized water
•
staining tray with lid
•
safety glasses

•
glass or plastic rods
•
clinical centrifuge or funnel with cheesecloth

Safety Precautions

Good laboratory practice should be followed while carrying out all aspects of this lab.  Wear gloves and safety glasses while handling the meats, the polyacrylamide gels, the protein stain and the other chemicals.  Be sure to wash your hands and bench tops after working with the raw meats.

Procedure

Experimental Design
1.
Your teacher will list the samples available to you.  In the process of designing your experiment you must:

i.
Determine what question you would like to investigate.

ii.
Determine which protein sources you are going to use.

iii.
Determine the number of replicates you will include.

iv.
Determine which sample will go in which well.

v.
Determine how you will interpret your results.

2.
Consult with your group members and fill out the Student Experimental Design Sheet (page 9). 

3. Your Student Experimental Design Sheet must be turned in to your teacher and approved before moving on to the rest of the lab.

Sample preparation--extraction of muscle protein from animal tissues
1.
Your teacher will assign your group a protein sample to prepare.  You will make a protein extract for the whole class to share.  This has no relation to the samples you choose to use in your experimental design.

2.
Obtain a pea-sized sample of muscle tissue.  Remove any skin, bone or other non-muscle tissue.

3.
Mince the tissue into very tiny pieces on the plastic cutting board using scissors, a razor blade, or a scalpel.

4.
Put the muscle into a 15 ml labeled conical tube and, using a transfer pipet, add 1 ml of blue solubilization buffer (Laemmli Buffer).  Mash the tissue with a rod for 1 min.  With a clean transfer pipet, add 3 ml of deionized or distilled water and mash again with the rod for 1 min.

5.
Place the plastic tube with the cap loosened in a dry bath set at 95°C for 5 minutes.

6.
Remove your test tube from the dry bath and let it cool 2 to 5 minutes (if the protein has congealed, remash it with the rod).
7. Centrifuge the sample with the cap tightened for 5 to 10 minutes at high speed or allow the sample to settle by gravity for 1/2 hour.

(During steps 5-7, begin steps 11&12 and start the next part of the lab, Gel electrophoresis.)

8.
Use a transfer pipet to draw off 0.5 ml of the supernatant and place into a 15 ml labeled conical tube.  Some meat samples will have a whitish layer of fat or clear oil floating on top.  Avoid this layer!  Insert the tip of your transfer pipette below this layer when drawing off the supernatant.  Avoid the pellet, also!
9.
Use a clean transfer pipette to add 1 ml blue solubilization buffer (Laemmli Buffer) and 1 ml distilled water to your new tube.  Mix gently.  Your original protein sample is now one fifth of the final solution. 

10.
Give this labeled Master Supply Tube to your teacher who will place all the test tubes in a rack at the front of the room.  All students will obtain their samples from these tubes.

11. Obtain a microcentrifuge tube rack and microcentrifuge tubes.  Label the tubes with the name of the protein samples you are going to use in your experiment.  Take your rack with labeled tubes to the Master Supply Tubes.  Add one drop of each protein sample to the appropriate tube.

12. Label the diagram on your Lab Report Sheet (Page 10) with the sequence of samples that you will use.  This should be the same as your labeled diagram on your Student Experimental Design Sheet (Page 9).

Gel Electrophoresis
Two gels can be run in one gel box, so you may be sharing a gel box with another group.  Referring to the addendum “Gel Box Assembly,” disassemble the gel box into its four parts:  Lid, tank, clamping frame, and electrode assembly.
1. First, remove the lid and, using two hands, lift the clamping frame out of the tank.  Then make sure to open the cam levers on the clamping frame before removing the electrode assembly.

2. Notice that one gel will fit against the green U-shaped gasket on each side of the electrode assembly.  If you find a buffer dam on one side remove it, unless you are only planning to run one gel in the box.  During electrophoresis, the gels will be clamped against the electrode assembly, forming an inner buffer chamber sealed off from the outer chamber in the tank.  Note the location of the red anode (positive electrode) and black cathode (negative electrode).  When the buffer chambers are sealed, the top of the gel will only be exposed to buffer from the inner chamber, and the bottom of the gel will only be exposed to buffer from the outer chamber.

3. You must wear gloves when handling the polyacrylamide gel.  Obtain a gel from your teacher.  Use a marking pen to indicate the location of each well on the large outside plate.  This will help you locate the lanes. The actual gel itself is sandwiched between the two glass plates.

4. Insert the gels into the slots at the bottom of each side of the electrode assembly, so that the shorter glass plate on each gel faces inward, toward the green U-shaped gaskets.  They will rest at an angle, with only the bottom of the gels against the gaskets.
5. [image: image2.emf]Gently press the gels up against the gaskets and fit the electrode assembly into the clamping frame.  Be sure to press down on the Electrode Assembly while closing the two cam levers on the clamping frame.  This ensures a tight seal so that no buffer will leak between the inner and outer buffer chambers.
From Bio Rad’s Ready Gel Cell Instruction Manual, p.5.
6. Finally, set the clamping frame and electrode assembly inside the tank, so that the notches on the electrode assembly fit into the clear tabs on the tank.
7. To make 1X running buffer for each gel box, combine 40 ml of 10X Tris-Glycine-SDS Running Buffer with 360 ml of deionized H2O and mix well.  Fill the inner chamber so that the buffer reaches a level between the tops of the short and long plates of the gel.  Don’t overfill the inner chamber, or buffer will spill over the top of the long plate, interrupting electrophoresis.  Fill the outer chamber to a level just above the bottom of the two cam levers (approximately 200 ml).

8. Remove the comb carefully using two hands and your index fingers.  Check for bubbles in the top of the gel; these may be dislodged by a gentle stream of buffer from a transfer pipet.

9. Set the micropipettor to 10 (l, put on a yellow tip, and draw up a muscle sample as shown by your instructor.  Line up the tip with the middle of the well.  Rest the tip between the two gel plates.  Gently dispense the sample into the well.  The sample will sink to the bottom of the well.  Be certain your diagram correctly shows the lane each sample was loaded into.
10. You also need to add 10 µl of the protein standard (molecular weight marker) to the appropriate lanes.  The protein standard is a mixture of specific polypeptides of known size.  By including them on the gel, you can estimate the size of the polypeptides in your sample.  The molecular weight marker used here has three proteins:

	protein
	molecular weight (in daltons)

	Bovine serum albumin
	66,000 Da

	Carbonic anhydrase
	29,000 Da

	Soybean trypsin inhibitor
	20,000 Da


11. Slide the lid into position, making sure the black plug fits on the black electrode and the red plug fits on the red electrode.  Attach the black and red cords to the power supply in the proper orientation, plug in the power supply, and turn the power on at 200 volts.  Bubbles rising from the bottom of the tank indicate the current is running.

12. Describe or sketch the initial appearance of the gel and the appearance after 5 min. as indicated on your Lab Report Sheet (Post Lab Questions).

13. Run the gel for at least 45 minutes.  It’s important to let the bands of blue dye run off the bottom of the gel before turning off the power supply.  Notice that the bottom of the gel plates extend below the green gasket on the electrode assembly.  The bands of dye will be hard to see when they move in front of the gasket, but will reappear a few minutes later near the bottom of the gel.  Turn off the power supply, unplug the power cord, and remove the lid.
14. Wearing gloves and goggles, pour out the used running buffer from both gel chambers.  With two hands, remove the clamping frame from the tank.  Make sure the inner chamber is emptied before opening the cam levers on the clamping frame, or the buffer will leak out.  Then lift the electrode assembly carefully out of the clamping frame and remove the gels.  To expose the gels, slice the plastic along the outside of the white spacer on one side of the gel plates. Then use the razor blade to pry the plates apart.  Open the glass plates as if you were “opening a book.”  Be careful!  The gel is fragile and tears easily.

15. Carefully place the gel into a dish of deionized water and allow the gel to soak for 10-15 minutes.  Using a spatula to hold the gel in place, pour out the water and add enough of protein stain so the gel is completely covered and floating in the stain).  This solution precipitates the proteins, “fixing” them into place so that they cannot diffuse through the gel.  In addition, it contains a dye which will stain the proteins blue.

16. Allow the gel to soak in staining solution for no more than 5 minutes.  The gel should be uniformly blue, but the bands will not yet be visible.  However, there is no need to stain the gel for a longer period of time.
17. Wearing gloves, discard the stain, rinse the gel once with water, and place the gel in water to remove stain which is not bound to proteins.  The water should be changed several times during this destaining process.  The proteins will remain blue while the background becomes clear.  The gel will probably need to destain overnight.

Observations and Analysis

1.
Remove your gel from the Tupperware container and put it on a light box or white surface.  Draw a picture of your gel and answer the post-lab questions.

2.
With your teacher’s assistance, photograph your gel.  The shutter speed for the camera should be set at 1/125 of a second.  Start with an f stop of f 11.  If the photograph is too dark change to f 8.  If the photograph is too light change to f 16.

Name:                                                            
Date: ________________                                                            
Student Experimental Design Sheet
What question is your group going to investigate?

What protein sources will you use?

How many replicates will you have of each sample?

Label the following diagram with the position of each protein you will use. Only 12 wells will fit on the photograph.  Your 6th and 12th lanes should be the molecular weight standard.  This will prevent confusion if the gel becomes flipped over.
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How will you analyze your results?

Name:                                                            
     Date: ________________                                                           
Lab Report Sheet

Pre-Lab Questions
Write all of your answers on a separate page.

1.
Why do SDS-coated polypeptides separate when placed in an electrical field?

2a.
On the diagram below, sketch the predicted results if lane #1 was loaded with a sample composed of 4 different types of polypeptides (having 100 amino acids, 175 amino acids, 250 amino acids, 300 amino acids) while lane #2 was loaded with a sample composed of 3 types of polypeptides (200 amino acids, 250 amino acids, and 350 amino acids) and lane 3 was loaded with a sample of 5 different types (100 amino acids, 150 amino acids, 175 amino acids, 250 amino acids, 300 amino acids). 
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b.
If each lane represents the proteins from a different species of animal, which two would you say are the most closely related?  Why?

3.
If two proteins have the same molecular weight are they necessarily the same protein?   Explain.

Name:                                                            
Date: ______________ 
Lab Report Sheet

Post-Lab Questions
1. 
Restate the question your group was asking.

2.
Describe or sketch the appearance of the gel initially.

3.
Describe or sketch the appearance of the gel after 5 minutes.  Explain the difference between the “just loaded” gel and the gel after 5 minutes.

4.
After the staining and destaining procedure is done, observe the bands on the gel and make a sketch of your gel.  Be sure to indicate the positive and negative sides of the gel and label each lane, indicating which sample was loaded into it.

5a.
Based on your analysis of the gel, which organisms are closely related? 

b.
Which organisms are distantly related?  How do you know?

6.
Discuss the results of your experiment in light of the question you asked.

7.
(optional)  It is possible to determine the size of individual proteins by comparing their distance migrated on a gel to the distances moved by proteins of known size.  The distance migrated is inversely related to the log of the size.

a.
From your gel photo (or from the gel itself) measure the distance from the well to each of the bands in the lane corresponding to molecular weight markers.

b.
Obtain a piece of 2 cycle semi-log paper.  For each band, plot the distance migrated from the well on the linear axis and the size (molecular weight) on the log scale.  Connect the points with a smooth curve.  This is a standard curve and can be used to determine the size of any of the proteins separated from your muscle tissues.  Conditions vary from gel to gel, this is why it is very important to include molecular weight markers on every gel that you run.  You cannot use a set of molecular weight markers from another gel in your class to determine the size of proteins on your gel.  Determine the size of several of the most abundant proteins in each of your samples.

8.
An amino acid is approximately 120 daltons.  Use this information to calculate the approximate number of amino acids in the proteins you sized in part b.
Gel Box Assembly

[image: image3.png]Push Down...

While Locking.

Figure 3. Sealing the Inner Chamber



From Bio Rad’s Ready Gel Cell Instruction Manual, p.4.
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