7.01X Lab #2

Biochemistry—Proteins

Today we are going to visualize a wild type and a mutant version of a yeast protein. Quickly, in order to get this protein for you to visualize, someone had to grow up a lot of cells, break them all open (think back to the “butterfly in a blender” Prof. Lander told you about in the first lecture), and then go through a gradual process of removing all parts of the cell we didn’t need. 

What are the parts that we removed? 

Because of the time constraints, we will start by loading the proteins on gels, and will discuss what it is we are doing as the gels run.

A. Setting up and running the gels

Each bay has a gel box set up. Each of you will load two or three lanes on a gel. 

1. Each gel box is loaded with two pre-poured gels. The space between the two gels is filled with buffer. There is another bottle of buffer on the bench next to the gel box. We will use it shortly. 

Each team will get a set of five tubes. One tube contains protein size standards (S1 or S2), two others contain wild type and mutant proteins (1&2, respectively) at two different concentrations (L&H). Using a pipetman, you will load the gel facing you on your bench or the one facing the same way on the opposite bench. Use a fresh tip for every lane.

2. Please load 10(l of the size standard into the appropriate lane of your gel. Skip a lane and load 10(l from tube 1L. Load 10(l from tube 1H in the next lane. Skip another lane and load 10(l from tube 2L. Load 10(l from tube 2H in the next lane.

3. Pour the buffer from the bottle on the bench into the bottom compartment of the gel box. Make sure to pour into the wider side of the box.

4. Place the cover onto the gel box. Make sure that the leads are connected properly (red with red, black with black).  Turn the power supply on, and set the power supply to 200 Volts. You should see tiny bubbles starting to appear next to the lead connectors on the gel box.

B. Shape Game

Each group of three will get three buckets. Bucket I contains pieces of type I, bucket II—of type II, and bucket III—of type III. The goal of this game is to see how many different kinds of structures you can build from the pieces in your buckets. Each structure has to contain a piece of each type. 

1. How many structures were you able to put together?

2. Are all your structures identical? If not, what are the differences?

3. The pieces in your buckets represent three different proteins, that together work as a complex in a cell. 

a). How is the complex put together?

b). Can all pieces of type I work with all pieces of type II? If not, what are the restrictions on the pieces in order for them to work together? 

c).What conclusion about protein interactions can you draw from b)?

4. What are the four levels of protein structure?

5. What level of protein structure do the models represent?

6. Changes at what level of protein structure cause the differences in the shapes between the model protein pieces of the same kind?

7. What are the different functions of proteins and protein complexes in a cell?

8. How are all of these functions technically accomplished?

9. In light of the above discussion, what would you want to know about the protein complex you have just assembled?

Each team will now get a model of the binding pocket that the protein complex interacts with. 

10. Can all your protein complex models fit into the pocket? What lessons about protein interactions can you draw?

C. CBS proteins 

We now move from the discussion of protein models to the real proteins we have running on the gels. The protein we are working with is the yeast cystathionine beta synthase (CBS) protein. Yeast that lack CBS protein can not synthesize the amino acid cysteine. Mutant versions of the human CBS protein can lead to a very serious disease called homocystinuria. Some symptoms include mental retardation, early strokes and heart disease. 

Technical issues first. 

1. What is a gel?

2. Why do proteins move (“run”) through it?

2a. Why did we add the buffer to our gel setups?

3. If you run two proteins on the same gel, and one travels farther than the other, what can you say about these proteins? 

4. You can run a protein on a gel in one of two ways. One involves adding detergent to the gel and a reducing agent to the protein sample like you are doing today. The other does not. Information about what level of protein structure do you expect to gain from each of these two ways of running a gel?

5a. What could the other kind of gel tell you that the first could not?

Let’s now talk about the proteins themselves.

5. Imagine we are the researchers who first isolated the wild type and mutant versions of the protein. What kinds of things might we want to know about these proteins? 

6. Which of these things can we figure out by running the purified proteins on the gels and which ones can’t we? Why?

7. What other techniques might you want to employ in your research of the purified protein? What would you hope to find out from these experiments?

D. Staining Protocol 

We will stain the gels using a form of Coomassie Blue staining agent, which is a dye that binds specifically to protein, but not to the gel material. 

1. Stop electrophoresis by turning off the power supply. Remove the lid from the gel box, and release the white wedge lever. 

2. Remove the gels from the box. Using the beveled edge of the gel separator knife, crack the plates open on three sides. Carefully separate the plates. The gel will be stuck to one of them. Use the gel knife to free one corner of the gel. Hold the gel over your staining container, and let it fall into the container. 

3. Add 100 ml of ultrapure water, cover loosely with paper towels, and microwave on high for 1 min.

4. Shake on the rocking platform for 1 min. Pour the water out into the waste container on your bench.

5. Repeat steps 3 and 4 two more times.

6. Add 20 ml Simply Blue Safe Stain and cover loosely with paper towels. Microwave for 45 seconds. 

7. Shake on the rocking platform for 5 mins. Pour the stain out into the waste container on your bench. 

One of our proteins is longer than the other. Which do you expect to be longer—wild type or mutant protein? Why?

8. Add 100 ml of ultrapure water. Shake on the rocking platform for 10 mins.

9. Add 20 ml of 20% NaCl. Shake for an additional 5 mins.  

E. Analyzing the data and interpreting the results
1. What can you say about the difference between the wild type and the mutant enzymes from the data collected from the denaturing gels?

Previously, we ran a native gel of these two proteins. Take a look at the gel as we pass it around.

2. What can you say about the difference between the wild type and the mutant enzymes from the data collected from the native gels?

3. Do you expect the mutant enzyme to be active? Why?

4. The in-gel activity assay actually indicates that the mutant protein is _______. What do you think is going on?

5. Suppose a colleague in the lab next door has figured out that the mutant protein is ________ in the cell ________, while the wild type protein is active __________ ___________. What conclusion might you draw from this information in combination with your data?

Thought Question:

As Prof. Weinberg told you in lecture, hemoglobin, the protein that carries oxygen around our bodies and distributes it to the organs and tissues, is a homo tetramer. Sickle cell anemia is a disease which results from the presence of abnormal hemoglobin (type S) in the blood. In order to have the disease a person needs to have only type S hemoglobin. 

When type S and type A (wild type) hemoglobin molecules are analyzed on a denaturing gel, both exhibit the same size. 

1. What is the likely defect in the type S hemoglobin?

At low [O2] the type S hemoglobin protein forms rigid rod-like complexes in the cell. These complexes deform the red blood cells from saucer shape to sickle-like shape. These rigid, sickle-like cells can get stuck in the small blood vessels, and they can damage the vessels.

A person who has both type A and type S hemoglobin is a carrier of the disease, but does not exhibit symptoms.

2. What can account for the carrier not exhibiting the symptoms?

F. Checking the results of UV mutagenesis

It has been a week since you mutagenized and plated the yeast culture. Three days ago we moved the plates containing your yeast from the warm room to the cold room.

1. Why did we do that?

2. Please take a look at the plates. For the rest of the week we want you to think about how (among all these colonies on all the plates we plated) we are going to find mutants that cannot make cysteine. Please email us by a week from Wednesday (9/24) with what you think our next experiment should be.

