Identifying Protein Types in Milk Samples
Last week you tested different milk samples for the amount of total protein in them.  Knowing the amount can be useful, but doesn’t tell us anything about what types of protein are in the sample.  This week you will use the same types of milk as last week and through electrophoresis, start to identify some of the protein types.
An Introduction to SDS-PAGE

Electrophoresis ("to carry with electricity") is the migration of charged molecules in an electric field toward the electrode with the opposite charge. SDS-PAGE (Sodium dodecyl sulfate – polyacrylamide gel electrophoresis) is a form

of electrophoresis that treats samples with SDS to denature proteins.

This technique is widely used in molecular biology research to examine proteins to answer a variety of questions. For example:

· How many proteins are in my sample?

· What are the molecular weights of the proteins?

· What differences are there in the proteins from different sources?

· How pure is my protein of interest?

· How much protein do I have?

Proteins are usually separated using polyacrylamide gels rather than agarose gels, which are used to separate DNA. This is because most proteins are much smaller than DNA fragments and polyacrylamide gels have pore sizes similar to the sizes of proteins. The gel matrix formed by polyacrylamide is much tighter than agarose and able to resolve much smaller molecules. However, polyacrylamide gels are often used to separate very small DNA fragments (<500 bp) for DNA sequencing or PCR analysis, while agarose gels are sometimes used to separate very large proteins. 
A tight band of proteins is formed by establishing two ion fronts that act to sandwich the protein bands between them. To establish the ion fronts, the SDS-PAGE running buffer is made with Tris and glycine (pH 8.3), while the Ready Gel® polyacrylamide gel is made with Tris-HCl buffer (pH 8.8). Since chloride ions migrate more rapidly than glycine ions in an electric field, and proteins have intermediate mobility, the proteins become trapped in a narrow band between the two ion fronts when electrophoresis is begun.

The Chemistry and Physics Behind Electrophoresis

The basic principle of gel electrophoresis is that molecules are pulled through a gel matrix with electricity.  The molecules (DNA or proteins) are negatively charged and therefore move towards the positive electrode.  Because the molecules have to move through the pores in the gel matrix, the smaller molecules move faster, and therefore show up farther down the gel.  The gel therefore separates the molecules by their sizes.  By running a marker with molecules of known sizes in one lane of the gel, you can use a standard curve to determine the sizes of all the molecules in your samples.
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Figure 1.  An electrophoresis set up involves a gel matrix with wells where samples are loaded, a running buffer, and an electrical current.  Fragments move from the negative to the positive end with smaller fragments moving farther.
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Figure 2.  A molecular marker with known size fragments is used to construct a standard curve and DNA or protein samples can be compared to the curve to determine their sizes.  The standard curve is constructed on semi-log scale where the size is plotted on a log scale and the distance traveled on a linear scale.
In contrast to DNA, which is quantified in terms of its length, (i.e., the number of base pairs), proteins are quantified in terms of their molecular weights relative to a hydrogen atom, in Daltons. This is because DNA is composed of only 4 nucleotides, which are in roughly equal proportions and are roughly the same molecular weight. Proteins on the other hand are composed of 20 amino acids with molecular weights from 89 to 204 Daltons (the average is 110) and whose peptide chains vary considerably in percentage amino acid composition. One Dalton equals the mass of a hydrogen atom, which is 1.66 x 10-24 grams.  Most proteins have masses on the order of thousands of Daltons, so the term kilodalton (kD) is used for protein molecular masses. Proteins range in size from several kilodaltons to thousands of kilodaltons, but most fall between the range of 10 kD and 220 kD. In comparison, the nucleic acids we study are often larger than 1,000 base pairs, or 1 kilobase (kb), and each kilobase pair has a mass of approximately 660 kD. For example, when cloning DNA, a 2 kb fragment of DNA can be inserted into a plasmid vector of 3 kb, giving a total plasmid length of 5 kb. The mass of this 5 kb plasmid would be approximately 3.3 million Da or 3,300 kD, much larger than the average protein!
A molecule’s electrical charge and its mass affect its mobility through a gel during electrophoresis. The ratio of charge to mass is called charge density. Since every protein is made of a unique combination of amino acids, each of which may have a positive, negative, or neutral charge, the net charge of each protein is naturally different. The inherent charges of proteins must be removed as a factor affecting migration in order for polyacrylamide electrophoresis to be effective as a method of protein molecular weight determination. The intrinsic charges of proteins are obscured by placing a strongly anionic (negatively charged) detergent, sodium dodecyl sulfate (SDS), in both the sample buffer and the gel running buffer. SDS binds to and coats the proteins and also keeps them denatured as relatively linear chains. In this form, proteins migrate in a polyacrylamide gel as if they have equivalent negative charge densities, and mass becomes the main variable affecting the migration rate of each protein (note: posttranslational modifications such as glycosylation can also affect protein migration). This technique is called SDS-polyacrylamide gel electrophoresis or SDS-PAGE.

To effectively determine the molecular weights of proteins, the secondary (2°), tertiary (3°), and quaternary (4°) structures of the protein complexes within a protein extract are disrupted prior to electrophoresis. This process of structural disruption is called denaturation.

· Primary structure = denatured linear chain of amino acids

· Secondary structure = domains of repeating structures, such as β-pleated sheets and α-helices

· Tertiary structure = 3-dimensional shape of a folded polypeptide, maintained by disulfide bonds, electrostatic interactions, hydrophobic effects

· Quaternary structure = several polypeptide chains associated together to form a functional protein
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Figure 3. Secondary (2°), tertiary (3°), and quaternary (4°) protein structure must be distrupted, or denatured, to accurately separate proteins by size.
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Figure 4.  Adding a detergent, like SDS, helps to denature proteins so they can be separated by electrophoresis.

A reducing agent, such as β-mercaptoethanol (BME) or dithiothreitol (DTT), is sometimes added to samples to ensure complete breakage of disulfide bonds. Three factors – heat, ionic detergent, and reducing agent — completely disrupt the 2°, 3°, and 4° structures of proteins and protein complexes, resulting in linear chains of amino acids. These molecules snake through the gel at rates proportional to their molecular masses.
Identifying Proteins in Polyacrylamide Gel

It is not possible to definitively identify unknown proteins in an SDS-PAGE gel without additional confirming information. In an experiment like this one, each protein extract contains a complex mixture of proteins. The different proteins appear as distinct blue-stained bands on the finished stained gel. From the positions and intensities of these bands, we can determine the size and relative abundance of the proteins, but we can only make educated guesses about the identity of each protein, based on available references. For example, since the samples are all from milks, you may correctly assume that there would be large quantities of the predominant milk proteins such as caseins in any animal milk samples. The Precision Plus Protein Kaleidoscope prestained protein standards are used to determine the molecular masses of the unknown proteins.

Even when the molecular weight of a protein is known, and used as a criterion for identification, there are two possible sources of error. First, bands that migrate almost identically on a gel may actually be different proteins of very similar sizes. Second, proteins of very similar composition, function, and evolutionary origin may be different in molecular weight, because of variations acquired as they evolved or due to post-translational modifications. Definitive identification of a protein requires mass spectrometry, sequencing, or immunodetection.

Planning Your Experiment

You will use the same milk samples for this experiment as you did for the Bradford Assay the previous week.  Before beginning the procedure, what do you predict about the types of proteins in your milk samples?  About how many different types of proteins do you think will be in a sample?  Do you think all your samples will have the same proteins?  Why or why not?  How will you know if there are different proteins in your samples?
Experimental Protocol

1. Prepare a dilution of your chosen milk samples using Laemmli sample buffer.

· Label a microtube for each of your samples.
· Pipet 90 μl Laemmli sample buffer into the labeled microtubes.
· Add 10 μl of milk into corresponding tube, close cap, and invert to mix.
2. Prepare gel to be loaded.  

· Open the gel package and remove the bottom strip from the gel.
· Put your gel on one side of the gel cassette along with another group’s gel on the other side.
· Assemble the loaded cassette into the gel box.
· Fill gel box with running buffer.
3. Load and run gel.
· Using  a gel loading tip, add 5 μl of Kaleidoscope size standard to a chosen lane of your gel.
· Using a new gel loading tip each time, load 10 μl of each of your milk samples into individual lanes, recording which sample you load into each lane.
· Once both gels in the box are loaded, put the cover on, plug it into the power supply.  Turn on the power supply and set to 200V and 35 minutes and then press Start.
4. Stain gel.

· Pour about 50 ml of Coomassie blue stain into a staining tray.
· Disassemble the gel box and take your gel out.  Using the tool, separate the plastic plates and very gently slide the gel into the stain.
· Allow the gel to stain for 40 minutes on the rocker.
· Gently move the stained gel into a new tray with water and place on the rocker to destain overnight.
5. Dry the gel.
I will do this step for you because of time, but it involves putting the gel between two sheets of cellophane and with some glycerol solution to prevent cracking while drying, and then putting in a frame to dry.
Data Analysis
You will now compare your milk samples for protein types by using size as an indicator of different types.  
1. Visually compare the protein content of your different samples.

· Count how many different types of proteins are in each sample.
· Which samples seem to have the same proteins?

· Does any sample seem to have very different proteins?

2. Measure distances of known standard.
Your Kaleidoscope size standard has 10 different proteins of known sizes.  (Although you may only be able to see nine.)
· Make a table in your notebook and list the sizes of the proteins in your size standard from the reference sheet on your table.

· Using a ruler, measure how far each of those protein bands traveled from the bottom of the well, in mm, and record those distances in the table.

3. Make your standard curve. 

Following the same instructions from last week, construct a standard curve in Excel for your size standard, with the following exceptions:
· Your x-axis should be “Protein Size (kD)” and your y-axis should be “Distance Migrated (mm)”.
· Before adding the trendline, change the x-axis scale to a log scale by clicking on the x-axis numbers, choosing the Chart Tools, Layout tab, then Axes, Primary Horizontal Axis, and Show Axis with a Log Scale.
4. Calculate the sizes of the proteins in your samples.  

· Measure the distance traveled for each of the different proteins in your milk samples.
· Using the equation from the best fit line from your standard curve and the measured distance traveled, calculate the size each of the proteins in your samples and record them in your notebook.
· Identify the bands for casein, the most abundant protein in animal milk.  (There are two prominent casein proteins, one that is 25kD and one that is 28kD.)
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Protein Fingerprinting Kit – Quick Guide[image: image5.emf]
1. Label one flip-top micro tube for each of your milk  samples.
2. Add 90 µl of Laemmli sample buffer to each  labeled micro tube.

3. Add 10 µl of milk samples to appropriate tubes. 
[image: image6.emf]Close the lids.
4. Flick the microtubes 5 times to mix.
5. Incubate for 5 minutes at room temperature.

6. Open the gel package, remove the gel, take out the top green comb

And pull off the bottom green strip.
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7. Put your gel in the cassette along with another group’s (or a blank)

on the other side and assemble the gel box.  Fill the gel box (including

in between the gels) with running buffer.
8. Load your gel (for example):
Lane
 Volume
Sample

1  
empty 

empty
2 
empty 

empty

3 
  5 µl

Kaleidoscope standards (KS)

[image: image8.emf]4 
10 µl 

milk sample 1

5 
10 µl 

milk sample 2

6 
10 µl

milk sample 3

7 
10 µl 

milk sample 4

8
10 µl 

milk sample 5

9 
empty 

empty
10
empty 

empty

**Be sure to record which sample is in which lane for your gel!**

9. Electrophorese for 35 minutes at 200 V.

[image: image9.emf]10.After electrophoresis, remove gel from cassette

and transfer gel to a container with 40 ml Coomassie 

Blue stain and stain gel for 35 minutes on the rocker.

11. Pour stain into the “used stain” bottle. Rinse gels in water 2
Times, then put gels in destain solution and label your tray.

12. I will dry gels using gel drying frame.  
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