Chromatography and Gel Electrophoresis (in general)
Chromatography and gel electrophoresis are used to separate mixtures into its components. 

There are many ways to do chromatography. We will be doing the following methods at some point during the biotechnology class (unless we run out of time.)

· paper chromatography using filter paper

· thin layer chromatography using silica gel fused to a sheet of plastic

· size exclusion chromatography 

· affinity chromatography

What all of these methods have in common is that there is a stationary phase and a mobile phase. If these are not obvious, let me explain: The stationary phase is the physical structure that holds the solution. It can be paper, silica gel, or beads in a column. It stays in place while a liquid runs through or over it. The liquid that moves is called the mobile phase. The stuff in the liquid is what is separated out over time. 

Items either move with the mobile phase or they stay and hang out with the stationary phase. In most cases, stuff moves based on its size or size and polarity. If its make up is more similar to the chemistry in the mobile phase, then it will move with the mobile phase. If its chemistry is more like the stationary phase, then it will stay put and not move. In size exclusion chromatography, stuff moves based solely on size not based on the buffer or the chemical make-up of the beads. Bead size matters, but not necessarily what chemical makes up the beads.

With paper chromatography and TLC plates, we are looking at how fast individual dyes move in that environment. We are not trying to separate molecules in a solution, but instead we are trying to see if the chemical properties of individual dyes can be noticed based on how fast they move up the paper or TLC plate.  The size exclusion chromatography, in contrast, is used to separate molecules from each other that are co-existing in a solution.

The main difference between chromatography and gel electrophoresis is that chromatography uses gravity or chemical interactions whereas gel electrophoresis uses electricity to separate molecules based on their chemical properties.

Gel electrophoresis separates components in a solution. The stationary phase is a sieve that slows down long molecules.  The mobile phase is influenced by electricity so the more negative charge something has, the more it will go with the electricity toward the positive pole. The more positive charge a substance has, the more it will move toward the negative electrode. If the charge to mass ratio is the same all over the molecule, then the distance it moves is only based on size. If the charge to mass ratio is not constant, then the size and amount of charge plays a role in how far something will move. 

We will be doing three main types of gel electrophoresis throughout the year. The first type is one involving dyes or indicators so that you can become familiar with the concept of gel electrophoresis and how to use the equipment.  Since the dyes are different sized molecules and have different charges, they will move at different rates and maybe in different directions. Some will go toward the positive electrode whereas others will go toward the negative. For running dyes in a gel, we will put the comb in the middle.  The “comb” is what lets us have partial holes in our gel so that we can fill them with our solutions.  When we pour the agarose, it will go around all of the teeth in the comb so that when the comb is pulled out, we will have wells. Agarose is similar to agar except that it is far more purified than the regular agar used in plant tissue culture or on bacterial plates. Since agarose is so pure, it is very expensive. This expense is one reason why Ms Getz will freak out if you waste the powder. We need such a highly purified substance as our stationary phase because we need something that will not necessarily melt while the electricity goes through it and we need something that will have holes that are regular enough for us to have a clue about their properties. 

The other two gel electrophoresis methods will be involving DNA or proteins. When we run these gels, we will only be moving molecules in one direction…from negative to positive. The horizontal gels (agarose) will have the comb put at the negative end of the gel box, not in the middle. DNA has a negative charge so when in an electrical current field, it will move toward the positive electrode. Since DNA’s nucleotides have almost the same mass, we treat DNA as if it has a uniform charge to mass ratio. Therefore, DNA moves a particular distance that is directly proportional to its mass (size, length). When we visualize DNA we evaluate it based on its size because the relationship of how far a molecule moves is directly related to how big it is. This relationship, by the way, is logarithmic. 

If all goes as planned, we will be running DNA in agarose or through polyacrylamide. You will be making the agarose gels because agarose is not dangerous to handle. I would not eat it, but you can handle and breathe it just fine, unless you happen to be allergic. Polyacrylamide, on the other hand, is toxic. It is a cumulative neurotoxin. This means that if you ingest or breathe in the powder, it will get in your blood stream and travel to your brain.  When it gets to your brain, it stays there and messes things up.  We buy polyacrylamide gels that have already been solidified so that we do not have to handle the powder at all. You will also be wearing gloves anytime we work with polyacrylamide gels just in case you get any liquid polyacrylamide on you. Technically, once the polyacrylamide has solidified, it is now a humongous molecule and is therefore harmless. Still, I don’t want to take any chances. 

Proteins are run most often through polyacrylamide because they do not travel well through agarose gels. Hopefully as we get closer to the time when you will be running protein gels, we will look more at the details of running proteins in a gel. You see, proteins do NOT have a constant charge to mass ratio. As you may recall or will soon learn, amino acids are not all the same size, nor do they all have the same charge. Some are acidic, others are basic, whereas some are neutral. Therefore not every protein has the same overall charge like DNA does. 

There are two types of protein gels: native and SDS. Native proteins are those that are in their native, or undisturbed, form. Essentially they are taken out of the organism that created them, but are kept in conditions that are as close as possible to their original state. We try to keep native proteins folded the same way they are in their natural state. Therefore we try to use a buffer that will keep the pH as close as possible to its native, or natural, environment. 

SDS gels utilize a molecule known as sodium dodecyl sulfate, SDS. SDS is a 12 carbon molecule that has a sulfate group at one end. Sulfate, you may recall, has a negative charge. The 12 carbon tail is like a fatty acid tail which likes to be near hydrophobic parts of a protein. SDS’s charge and polarity are strong enough to denature a protein. It will unfold the protein and will bind to it so that the overall charge on the protein will always be negative. The amount of SDS that binds to a protein is always proportional to its size which allows SDS coated proteins to now have a constant charge to mass ratio. When coated with SDS, proteins move based on their charge and size, yet we can mathematically figure out their size based on how far they move. Again, the distance a molecule moves during electrophoresis is logarithmic. 

Back to what we will be working on first…simple chromatography using paper, isopropyl alcohol, dyes, and time. For your first chromatography lab, you will actually be doing two parts simultaneously. First you will spot a piece of filter paper and a thin layer chromatography, TLC, plate with similar dyes. The filter paper and TLC plate are narrow so you will only be putting 4 dyes and 1 “unknown” on them. 
For the paper chromatography and TLC, you will measure about 1 cm from the bottom and lightly draw a line in pencil. It is on this line that you will spot four dots. Try to space them out equally. When you put the isopropanol in the beaker, be careful to make sure the volume does not go higher than 1 cm. If your dots go in the isopropanol, they will come off of the paper or the TLC plate and go swimming in the solution. We want the dyes to join the solution as it rises up the paper or the TLC plate. Over time, the dyes will travel with the isopropanol as it goes up the paper or the TLC plate. If all goes well and if we let the process go long enough, we should see the dyes migrate different distances.  When the dyes have migrated as far as they can during the period (you will probably stop the process about 5 or 10 minutes before the period ends) make sure you draw a light pencil line where the alcohol stopped.  We will not do the math involved with paper or thin layer chromatography, but in “real labs” they do. Paper and thin layer chromatography are used to separate various molecules. For example, with the proper staining and by determining the ratio of distance the solvent traveled compared to distance of the spot, amino acids can be identified.  This is an exercise you may do in college if you take a biochemistry class. Then again, technology may have advanced so much that doing the silly little “alcohol running up the silica gel plate” lab is now too archaic for it to be done in college.

The second chromatography lab will be size exclusion chromatography, SEC. Molecules move in SEC according to size.  The beads are like wiffle balls- they have holes in them. If the molecules are small enough to get caught in the beads, they will.  Larger molecules that do not get caught in the beads will continue to move down the column. This can also be called the “void volume” because this part of the solution does not actually interact with the beads by getting caught in them; instead it just goes around the beads with the buffer. When multiple proteins are in a solution and are run through a SEC column, the large proteins migrate through the column first, followed by the intermediate sized proteins, and finally the tiny proteins come out.  Our tiny columns are not long enough to allow multiple proteins to separate into fractions, therefore we will only be separating two proteins: vitamin B12 and hemoglobin. We use these materials because they have color and therefore can see them. Most biological molecules do not have a color we can track so we use these chemicals because we can.

Following these chromatography labs, you will run dyes in a 0.7% agarose gel that is made in 1x TAE.  You will load eight dyes unless one (or more) of your wells gets messed up.  In an electric field, the dyes may move to the negative or to the positive poles. Since some dyes will move in different directions, we will put the comb in the middle of the casting tray. When we run DNA in agarose gels, we will NOT be putting the comb in the middle of the casting tray. For DNA gels, the comb goes at the negative end so that there will be more space for the DNA bands to spread out. 

Over the next few months we will be doing gel electrophoresis of DNA and proteins. At some point we will be transforming bacteria with a plasmid that contains a gene coding for a green fluorescent protein. After we grow up bunches of bacteria that can produce the protein, we will purify the protein by affinity chromatography. Affinity chromatography is a type of column chromatography. Depending on how much time we have, we may do another transformation that ultimately allows us to purify a different protein, also by affinity chromatography. The stationary phase matrices for each lab are different which is why we would be doing essentially the same lab twice.

Comparison Chart for paper/TLC, SEC, and gel electrophoresis

	Item
	Paper/TLC
	SEC (size exclusion chromatography)
	Gel electrophoresis

	Main purpose
	To identify what is in the sample
	To separate molecules based on size.
	To separate molecules based on size and/or charge so you can identify them.

	How it works

(in general)
	Molecules that like to travel in the running phase (solvent) will move further than molecules that like to stay in the stationary phase.
	Large molecules will not be able to enter the beads, but small ones will. The large molecules will exit the column first. If you’re using the right sized beads, the item you want to collect will be the only stuff getting caught in the beads so after the large stuff comes off the column, your sample will elute.
	Samples are loaded in wells. An electrical charge is passed through the gel. Samples that are negative, flow with the electricity toward the positive electrode. Positive samples go toward the negative electrode. Smaller molecules move faster than larger ones- less drag.

	Time it takes
	You will want the alcohol to run until it gets close to the end of the paper/TLC plate. You do not want the alcohol to actually go to the very end.  Estimated time: 30 or 45 min?
	For the samples to run- about 30 min. Prep time: about 15 min.
If you were running real long columns, it can take several hours.
	Make the gel- about 20 min depending on how it is done.

Running the gel- usually about an hour.

Post-run: staining can take 5 min or 2+ days depending on what type of staining is done.

	General procedures
	1. Spot plate

2. Put in container with alcohol

3. Run until alcohol gets near end of paper/plate.

4. Mark where the alcohol ran.
5. See which ran the furthest, to the same places, and did not move much at all.
	1. Allow buffer to drain

2. Add sample

3. Let sample enter beads

4. Add column buffer according to directions.

5. Elute; collect samples.
note: don’t let top of column bed get dry
	1. Make gel solution- proper buffer and concentration

2. Pour gel; let solidify
3. Put gel in gel box, cover with buffer.

4. Load samples in wells.

5. Put lid on gel box. 

6. Start current / electricity.

7. Run according to directions- you need to watch how far the tracking dyes move.
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