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FISH/BIO 340: Genetics and Molecular Ecology

Spring 2003

Lab # 8 – Allozyme Electrophoresis

The purpose of this lab is to show you how to carry out allozyme electrophoresis, and to provide additional data for the identification of the mystery fillets.  Allozyme data can be used for population genetic studies, kinship, or for species identification (and many more).  

Allozyme electrophoresis

Allozyme electrophoresis is the movement and separation of enzymes in a gel.  Allozymes are found in all parts of the body, but four types of tissue are typically sampled for allozyme studies: heart, muscle, eye, and liver.  Allozymes can be run on any one of several gel types including acrylamide, starch, or cellulose acetate.  Like DNA electrophoresis there are advantages and disadvantages to using each type of gel.  

Cellulose acetate electrophoresis

Although there are several gel types that can be used for allozyme electrophoresis, we will be using cellulose acetate gels.  Several features make them especially attractive:

a. Run time: gels can be run in just 20-30 minutes, compared to 3 - 4, or even 17 hours on some other systems.

b. Preparation time: Cellulose acetate gels are ready to use, which removes the necessity of gel preparation.   This also ensures greater standardization between gels.

c. Sensitivity: only a small amount of sample is needed because the gels are very thin.   Samples are not diluted by diffusion through a thick gel.   Enzyme activity can be obtained from only a 5-(l extract.

d. Amount of stain: The small size of the gels means that a small amount of stain (c. 5 ml) is required compared with 50 ml typical of starch gels.

e. Rapid staining: Gels stain very quickly since their ingredients 'surround' the isozymes rather than diffusing into the gel.

f. Handling ease: Gels are durable and flexible and contain a polyester plastic sheet to support the cellulose acetate.   They are not toxic (cf. polyacrylamide gels).

However, there are some disadvantages:

a. Load fewer samples per gel.

b. Reduced stain intensity for some enzymes because there is very little enzyme present on the gel

c. Separates proteins primarily on the basis of charge; there is no molecular sieving effect.


In this practical we are using cellulose acetate gels that are composed of two layers: the gel and a plastic sheet.   The plastic sheet makes it easy to handle, and restricts evaporation to only one surface during electrophoresis.

Allozyme loci 

We will be screening three enzymes that are encoded by 4 loci (some enzymes are produced by several different loci – these are called isozymes): Phosphoglucose mutase (PGM, one locus), Phosphoglucose isomerase (GPI, two loci), and Glycerophosphate dehydrogenase (G3PDH, aka GPD, one locus).  There are many more allozyme stains available for rockfish, but these enzymes were chosen because it is possible to identify certain species using these particular loci (Seeb 1986).

Visualization

Allozymes, like DNA, are invisible on a gel, therefore they must be visualized.  The visualization process for allozymes is very different than that for DNA.  For allozyme visualization, we exploit features of the specific reaction a specific enzyme catalyses – therefore the enzyme has to be active (this is why we have to keep the tissue frozen).  Every enzyme catalyzes (‘facilitates’) a specific reaction, transforming a substrate into a product by some chemical modification. If we add the substrate to the gel, the specific reaction will take place wherever the enzyme is present in the gel. The reaction usually involves a H+ exchange, which causes a colorless soluble salt (MTT) to be transformed to a purple dye. If the reaction does not involve an H+ exchange, we add linking enzymes, which further process the product of the enzyme of interest and which do involve an H+ exchange. If successful, these staining techniques result in purple bands on the gel, which can be used for an interpretation of genetic patterns.

Exercise: allozyme electrophoresis

In this exercise we will perform allozyme electrophoresis on muscle tissue from rockfish. The Tris glycine buffer can be used c. 100 times before replacement.   Electrophoresis can be carried out at room temperature.

Keep all tissue frozen or on ice to minimize enzyme activity loss!

1. Re-hydrate cellulose acetate gels in the bufferizer for 30 minutes.

2. Prepare tissue for allozyme electrophoresis

a. Get ice for ice tray.  Place samples in ice.

b. Label one new tube for each species

c. Cut a pencil eraser-sized piece of muscle tissue from each species and place it in the new tube.

d. Add an equal volume of homogenization buffer.

e. Homogenize with a Teflon bar.  Mix and mash until the tissue is complete mush.

f. Centrifuge tubes at high speed for about 5 minutes to ensure all the homogenate is in the bottom of the tube and easily accessible for pipetting.
3. Prepare 2% (w/v) agar for later staining

a. Mix 1 g of agar in 50 ml dH2O.

b. Heat agar/water mix in the microwave until dissolved.

c. Place flask in 60°C incubator.

4. Prepare buffer chambers (gel rigs) for electrophoresis

a. Fill buffer chambers with running buffer.

b. Soak wicks in buffer.

c. Wrap one support rail with wick for each end of the buffer chamber.

d. Place insert and wick on center of gel rig with one end of the wick resting in the buffer.  Support rails are placed in the tank on either side of the partition such that the gels will just fit across them.   
5. Prepare gel for electrophoresis

a. Pipette homogenate into Super Z-12 sample loader wells. Be careful to use a clean tip for each sample to prevent contamination of samples.   
b. Add standard (food coloring) to well number 1, which serves as a marker during electrophoresis.  Make sure you write down which samples were loaded in which wells in your lab notebook.
c. Cover with a glass slide to prevent evaporation and place on ice or in the fridge.
d. Remove gel from soaking buffer and blot using filter paper.   Dry the shiny side first so that a label (group number and enzyme name) can be written in top left hand corner (keep letters small not to occlude bands which will appear on reverse side). It is critical that the gel is blotted dry; if moisture remains on the gel surface then the sample will load badly.   It is also critical that you move onto the next step as quickly as possible.   If any part of the gel completely dries out (indicated by white patches), then the gel will be no good.   
e. Get samples from fridge or off ice.  Prime the applicator by depressing tips into the sample wells 3 or 4 times.   Priming the applicator makes the second loading more uniform. Apply the first set of samples to filter paper to help with more even loading onto the gels.
f. Place a few drops of electrode buffer on the aligning base to prevent movement of gel during loading.   Place the gel shiny side down on the base.   Care must be taken to ensure that the gel lies flat and does not move while being loaded.
g. Line up the gel with the 'cathode application'. Apply the samples to the gel by depressing the tips into the sample wells 3 or 4 times and transferring them to the aligning base.   Gently press the button down and hold for 1 full second.  
6. Electrophoresis
a. Gels are placed shiny side up on the support rails of the electrophoresis tanks.  Be sure that the samples do not come into contact with the wicks.   Note that the current runs from negative to positive (black to red) and therefore the "hits" on the plate should be at the end closest to the negative side (black) of the tank.
b. To ensure a proper connection, there should be no air between the wicks on the support rails and the gels (gels must be flat).   Add buffer to the contact zone between the plates and wicks to displace any air which was trapped during placement of the gel.  
c.  Run at 200 V for ~20 minutes (approx. 2 mA per gel). 
DO NOT REMOVE LID OF TANK UNTIL POWER PACK IS SWITCHED OFF AND THE LEADS HAVE BEEN UNPLUGGED

7. Gel staining
***CAUTION***

Don’t let PMS or MTT get in contact with skin.   They are known carcinogens and toxic!!  Make sure you use goggles during preparation of stains and avoid splashes. If you spill anything, let us know immediately (esp. MTT and PMS).

a. When gels are nearly done running, prepare enzyme stain in a 25 ml glass beaker.   Each stain consists of a mixture of ~2.0 ml stain and 2.0 ml agar (60oC).  Stain recipes are below, one for each enzyme.  These are active enzymes, and it is crucial that hot agar does not come into direct contact with it.   Therefore, add the agar gradually to the stain mixture by pouring down the side of the beaker.
b. When electrophoresis is complete, switch the power pack off. Leave gel in tank until ready to pour stain to avoid gel drying out. However, complete this stage quickly since as soon as the power is switched off, the allozymes start to diffuse, and subsequent banding patterns may not be very clear.

c. Pour stain onto gel covering entire surface (not in direct sunlight: PMS and MTT are light-sensitive).

d. Observe at regular intervals (c. every 2 minutes).

e. When stain appears, remove agar under hot running water, and place plate immediately in development tank containing distilled water to prevent over-staining.

f. When the gel has stained sufficiently, it can be scored.   WEAR GLOVES!!

g. Ensure gels are labelled on plastic side.

h. To preserve gels, blot dry and place in oven at 60oC for 10 minutes.   The bands fade slightly on drying, but when re-hydrated the bands regain much of their original intensity.   When re-hydrating gel, gradually immerse gel in water otherwise bubbles will form on the gel and it will be destroyed.

Enzyme Stains

Phosphoglucose mutase (PGM)


1.0 ml Tris HCl pH 8.0


1.5 ml NAD


5 drops MgCl2

5 drops Glucose-1-phosphate solution (enzyme substrate)


5 drops MTT


5 drops PMS


20 μl G6PDH (linking enzyme)


2 ml agar

Phosphoglucose isomerase (PGI)


1.0 ml Tris HCl pH 8.0


1.5 ml NAD


5 drops Fructose-6-phosphate (enzyme substrate)


5 drops MTT


5 drops PMS


10 μl G6PDH (linking enzyme)


2 ml agar 

Glycerophosphate dehydrogenase (G3PDH)


0.6 ml Tris HCl, pH=8.0


1.5 ml NAD


22 drops DL-α-Glycerophosphate (enzyme substrate)


5 drops MTT


5 drops PMS


2 ml agar
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