Gel Electrophoresis of Dyes part 2

Actually doing the electrophoresis

You will hopefully have noticed that the agarose is like agar after it has been melted.  Both agar and agarose are like gelatin, except that they are made from seaweed.  Agar powder, you may have noticed is not as bright white as the agarose powder. Agarose powder is much more highly purified than agar. This is why agarose costs at least $1.00 a gram. For lab science materials, this is considered to be very expensive. We are using regular agarose, however since agarose can be so highly purified, it can also be treated to have special characteristics. “They” now make agarose that can melt at relatively low temperatures so that after the DNA has separated through the gel it can be easily removed.  They make ultrapure agarose so that it is sure to be free of random chemicals that could interfere with lab results.  If you are curious about the various types of agarose, feel free to research it online. 

Why do we use agarose?

Agarose does not react with buffers, DNA, proteins, or pretty much anything it is near. After being melted, it forms loose connections with nearby molecules. These molecules when cooling, utilize intermolecular forces to arrange themselves. They do NOT actually form covalent bonds with each other. Since the individual molecules stay as individual molecules, an agarose gel can be melted again. This is helpful if the gel you pour gets messed up as it cools or if you accidently put the comb in the wrong place and need to repour the gel. Being able to remelt an agarose gel is also helpful to researchers who want to capture individual bands that have separated after electrophoresis. They cut out the small location where their DNA pieces of the same size have migrated, melt the agarose so that it can release the DNA, purify the DNA away from the agarose, and then use the DNA for their next lab.

In contrast, polyacrylamide, a different substance used for gel electrophoresis actually forms one huge molecule as it solidifies. Hopefully we will be using polyacrylamide as we progress through learning about different types of DNA and protein gels that scientists use. 

Why does the % of agarose in the solution matter?

Agarose is a solid.  In a buffer, it makes a solution.  When melted agarose solidifies it forms a matrix that has very small holes. The more agarose that is in the solution, the smaller the holes; the less agarose that is in the solution, the larger the holes.  It is kind of like traffic.  The more cars on the road, the closer they tend to be together. The fewer cars on the road, the more apart they tend to be. Larger holes let other things move through them faster and more easily.  Again, the traffic analogy: huge trucks can switch lanes and move more easily through traffic when there are larger holes between cars. 

For the dye lab we are using 0.7% agarose. In the world of agarose, this means we will have pretty large holes. Dye molecules are not as nice and linear as DNA.  We need to provide holes that are big enough for dye molecules to move through the holes in the agarose matrix. For DNA gels, we will use agarose concentrations that range from 1.2% to 2%.  The amount of agarose put in the gel is determined by the size of the DNA molecules we need to separate. 

How does electrophoresis work? 
The gel is put in a buffer- ideally the same buffer used to make the gel.  This way we have a uniform electric field that happens to have a solid agarose gel stuck in the middle of it. Buffers have molecules that help stabilize the pH of the solution. 
As you already know, there is an equilibrium between water, H2O and its ions, H+ and OH-.   H2O (l) ( H+ (aq) + OH- (aq)
Involving electricity only makes things more complicated. Electricity has enough energy to actually split H2O into H2 and O2.  In an electric field we get: 

2H2O (  2H2 (g)   + O2 (g)
At one of the electrodes you will see more bubbles forming than at the other.  Which electrode is this? ____________________  What gas is being formed at this electrode (hydrogen or oxygen)? _________________________
As you know, H+ is used to measure pH, also known as measuring the acidity of a solution. Buffers capture the extra H+ to keep the pH (concentration of H+) as constant as possible in the area where H+ are generated. If H+ are needed to keep the pH in the gel environment constant, then the buffer can release H+ ions. 

Electrophoresis uses an electric current to create the mobile phase. Current moves from the negative electrode to the positive electrode. DNA, being similar to the electricity, will flow with it as it goes toward the positive electrode. The smaller the DNA, the faster it can move through the holes in the agarose. The longer the piece of DNA, the more drag it will have and therefore the slower it moves. Again, the traffic analogy: tiny cars move much more easily through traffic whereas large trucks move more slowly. In the end, there are smaller molecules closer to the positive electrode and larger molecules are closer to the negative electrode. In this way, DNA can be separated by size. We can isolate DNA by size which lets us figure out if we have the result we were looking for in our lab, lets us know what size DNA fragments resulted from PCR reactions, lets us know how many DNA fragments are in our sample, or lets us isolate pieces of DNA from other pieces of DNA.  As you will explore in a future lab, the effect of electricity and the drag caused by agarose or polyacrylamide causes the DNA molecules to move in a logarithmic relationship to each other. 

What about today’s lab?

The point of dong today’s lab, electrophoresis of dyes, is so that you can become familiar with electrophoresis, its “rules”, how to load gels, how to use equipment, and how to understand the “laws” of an electric field. Even though colored dyes may not seem as important as DNA molecules, they are something we can easily see so we get instant feedback which lets us know if we are doing the mechanical process of running a gel correctly. DNA and proteins do not have a color we can easily see with our eyes. We need to use a stain to see where DNA and proteins migrate in a gel. So for our first gel, we are going to use substances that immediately let us know if we loaded and are running our gel correctly. 

Directions for the lab:

Hopefully you already have your gel poured and waiting to be put in the electrophoresis gel box, loaded, and used. Your comb for dyes is in the middle of the casting tray. When we do DNA gels, it will be at one end and not in the middle because DNA only moves in one direction. Dyes, having positive and negative charges, can move in either direction. 

For today’s lab, it does not matter if your wells are closer to the positive or negative side of the gel box. For DNA it does.  DNA has a negative charge.  Because of this, do you think we want it to be loaded near the negative side or the positive side of the gel box? _________________________ (write in answer)
1. Take the tape off the ends of your casting tray. 

2. GENTLY remove the comb. You may want to rock it slowly to separate the agarose from the comb’s surface. Be very careful to not pull it out too fast because it will take agarose with it.  If you pull out the agarose that is between the comb’s teeth, you will destroy the wells. There will not be a nice well if you remove its edges.

3. Put your casting tray containing the agarose gel in the gel box.  Do NOT take the gel off of the casting tray.
4. Pour 1x TAE buffer into your gel box. Since the act of pouring applies pressure, do not pour directly onto the gel. Pour the buffer solution into one of the chambers of the gel box. As the volume rises, it will gently migrate across the gel and into the next chamber. 

5. Pour enough buffer so that the wells are filled and slightly submerged under a layer of buffer. You should NOT be using all of the buffer that is left in your bottle. You should have some left over.

6. Use a p20 with a yellow/clear tip to load the gel. If you used the 8 well comb, load 15 to 20 uL per well. If you used a comb with more teeth, load 10 uL per well. You may want to test an “extra” well to make sure the 10 uL will fit. 

7. Load the gel this way:

8 well combs:

lane 1: your choice

lane 2: Bromophenol blue, bpb

lane 3: Janus green, JG

lane 4: Orange G, OG

lane 5: Sanfranin O, SO

lane 6: Xylene Cyanol, XC

lane 7: unknown

lane 8: your choice

15 well combs:

lanes 1-3 your choice

lane 4: Bromophenol blue, bpb

lane 5: Janus green, JG

lane 6: Orange G, OG

lane 7: Sanfranin O, SO

lane 8: Xylene Cyanol, XC

lane 9: unknown

lanes 10 – 15: your choice

If we have the luxury to not put anything in the wells at the edges of a gel, we leave them empty or don’t put crucial samples. Gels can sometimes “smile” which means that the items in the edge lanes are not actually moving proportionally to the inner lanes. 

8. Put the lid on the gel box. 

9. Put the electrodes in the power supply

10. Set the power supply to 100 volts or as close to 100 that the power supply lets you. Different power supplies have different ways of regulating volts. So you’ll have to make sense of your power supply and set it as close to running 100 volts as you can. 

11. Turn on the power supply if it is not already turned on. Run the gel as long as you can without running any dyes off the edges. 

12. When you are done, turn off the power supply and take the leads out of the power supply BEFORE removing the lid. We really don’t want you to be electrocuted. Do NOT assume that since you are in a school that you are automatically safe. We are using the same gel boxes that are used in industry. You are supposed to be using your brain and think about what you are doing at all steps. 

13. You can remove the gel from the gel box while it is in its casting tray if you want to look at the bands outside of the electrophroresis unit.

14. Before you clean up take a dropper that has bromothymol blue (btb) in it and add one or two drops in the (-) end and one or two drops in the (+) end. Record your colors in your lab notebook. What do these colors mean for bromothymol blue?

What to do when you are done?

Clean up your work area

· Pour the used buffer down the sink

· Wash out the gel box with tap water; do NOT wipe the boxes dry where the wires are located- we do not want to accidentally rip out a wire

· Put your agarose gel in the trash or if you think it will last, you can put it in a plastic baggie and take it home to show others; it will get moldy so don’t forget you have it

· Do NOT throw away the microfuge tubes that have the dyes in them
Write your results in your lab notebook.

Draw your gel with its results in the lab notebook.

Label the lanes with numbers

Identify which dye was put in each lane

Draw in how far each dye migrated (relative distances are fine)
Record the color(s) you got when you added the bromothymol blue. Also record what these colors mean.

More information:

Numbering lanes:

If you have the gel oriented so that the lanes run from close to you to further away from you, lane 1 is actually the one closest to you. If you look at the drawings, you will see that images of gels will rotate clockwise when drawn or their photographs are taped in the lab notebook. 

For many it is easier to load a gel in the “close to me – away from me” style.  You can load your gel in any style that works for you, but make sure you number the lanes correctly. This also means you need to make sure you put sample 1 in lane 1. 

To reinforce how lanes are numbered, fill in the missing numbers. 

To reinforce where you would put the comb for DNA gels, draw in where the comb would go if we were running DNA. Label these wells/ comb for DNA. You should make this drawing in your lab notebook so you have it for a reference.

[image: image1]

[image: image2]

While the agarose is cooling and/or the gel is running, you can do the paper chromatography labs.

For more reading, check out links to a few pages at Ms Getz’s website: www.msgetzbiotech.net

Read pages 101 – 103 in Molecular Biology Made Simple and Fun (your textbook)
Note: blue = blue food coloring, berry = Torani blueberry syrup, TB= thymol blue, CP= m-cresol purple, bcg= bromocresol green, bcp= bromocresol purple
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