Starch Gel Electrophoresis of Plant Proteins 
Credits:  Most of this lab and all of its protocol come from http://dendrome.ucdavis.edu/~phodgski/iso.index.html (ALLOZYME, ISOZYME Electrophoresis: Assaying Genetic Variation-- protocols used by the Institute of Forest Genetics, United States Department of Agriculture.  They, in turn, cite the following publication as the primary source for the methods they have developed and are presenting in their website:  Conkle, et al. 1982: Starch Gel Electrophoresis of Conifer Seed: a laboratory manual.) 

IFG's Summary: Charge isomers of metabolic enzymes, isozymes, are reflective of variation in the gene loci coding for those enzymes.  We use Starch gel electrophoresis to assay the allozymes of approximately 30 enzyme gene loci. For individual samples a genotype identity is determined. For population samples multivariate analytical techniques are used to characterize the genetic variation and how it is distributed. 

Jeff's Summary: This lab is the third (out of three) installments on protein biology, through which we address the issues of protein extraction (we extracted tyrosinase from potato tissue), protein analysis/purification (this lab), and assay of enzyme activity (lysozyme lab).  Starch gel electrophoresis is pretty much the standard method when it comes to separating proteins in a mixed sample.  The general idea is pretty basic-- you put the proteins into an electrical field and allow them to migrate according to the net charge of their molecular structures.  In a higher-than-neutral pH buffering system, the proteins will generally have a negative charge (think this through to confirm it-- this is the kind of fact that you shouldn't need to memorize!) and will move in the direction of the positive pole (cathode).  A protein with a greater negative charge will have more impetus to move toward the cathode relative to a lesser-charged protein.  The proteins are usually colorless, but can later be identified in the gel by using stains that target specific enzymes. 

The main conceptual lesson of this lab (aside from the methodological part) is protein variation at two levels: within species and between species.  A population of organisms (all belonging to the same species) may have only one form of a given enzyme.  If, however, there are two "charge isomers" of the same enzyme that can be distinguished electrophoretically, then these two forms of the same enzyme are called isozymes.  The two isozymes may be different because they are literally two different enzymes, each coded for by its own genetic locus.  This would be the case if the genome had two versions or copies of genes for functionally identical enzymes.  Alternatively, the isozymes could correspond to charge variations of the gene products from a single genetic locus, i.e., two alleles of the same gene (like the brown-eye/blue eye versions of the eye color gene), in which case the charge isomers are called allozymes. 

Allozyme data are used to track and to characterize genetic variation in natural populations.  An individual can be either homozygous or heterozygous at a given allozyme locus.  If all of the individuals in a population are homozygous for the same charge isomer, then the population is said to be "monotypic"-- completely lacking in demonstrable genetic variation for that enzyme.  If some of the individuals in a population are homozygous for one allozyme and others are homozygous for the other allozyme, then this is an indication of genetic variation within the population, at least for that enzyme.  Populations that are highly inbred or have recently been through a population bottleneck usually display a low degree of allozyme variation, concordant with the expectaction of low genetic variation in general for such populations. 

If there is allozyme variation in the population, then one can calculate (using the Hardy-Weinberg law) the expected frequencies of heterozygotes.  By comparing expected and observed number of heterozygotes, one can draw other types of conclusions regarding the population.  So okay, Bio 202 students, what could it mean if there is a lower-than-expected number of heterozygotes? 

If you think about it, charge differences between species are actually pretty likely.  Organisms that are reproductively isolated from each other by a long history of geographical isolation have had plenty of time to allow for some accumulation of point mutations, some of which may have affected the charge structure of the protein.  The average degree of difference between two species-- i.e., summed over many electrophoretic loci-- can be used as a measure of genetic distance that separates the species.  Two species that are more distantly related would have a greater "genetic distance" separating them, relative to two species that are more recently derived from a common ancestor. 

Methods 

In contrast to the extraction lab that we used earlier (to isolate the enzyme tyrosinase), this lab will employ a crude extract of plant tissue that has been crushed in an extraction buffer.  For angiosperm seed/seedlings, the IFG protocol calls for the primordia extraction buffer, in which you crush the seed at ice cold temperatures or with liquid nitrogen. If you were preparing the extracts in advance, the crushed samples would need to be stored at -70C till ready to use. 

Gel preparation will be done ahead of time, and it involves pouring heated and degassed 12.5% potato starch (in gel buffer) into a gel mold to make a shallow "block" of starch.  The starch block is the "race course" for our separating proteins.  We like to keep the proteins cool and happy, so the starch slab will be chilled in the refrigerator for half an hour before using it. 

The gels will be loaded following a variant of the IFG procedure using wicks of chromatography paper to absorb the protein from the crushed samples.  We will insert the wicks into a slit that we shall cut near one edge of the agar block just prior to loading.  In addition to our samples, we shall also run lanes of tracking protein--which is colored-- at both "end lanes" and at regular intevals between our samples.  This allows us to monitor the progress of the gels when the current is on, and also to evaluate more accurately the results if there are some irregularities in current/flow of the proteins. 

Af ter loading, the starch slab will be placed in the gel rig in the appropriate orientation.  The two ends of the gel rigs will be filled to exactly the top of the starch block with the electrode buffer.  An electrode sponge-cloth will be placed on top of the gel (with the ends dipping into the electrode wells of the gel rig) to insure good flow of current across the gel.  We'll also place an ice-water bag on top of the gel to keep the proteins cool and happy throughout the procedure. 

The appropriate power settings for our "system B" as recommended by IFG are 70 milliamps and 320V, then allow milliamps to drop.  Because the gel system is "discontinuous" having different buffers and pHs between the gel and the electrode buffers, the gel resistance increases through the run, causing the current to drop.  Our power supply maintains a constant voltage, but we'll need to adjust the milliamp setting until the target is reached, after which we can allow the milliamps to decline. 

Our gels will run for 10 minutes initially, just to get the samples into the gels.  After this, we want to remove the wicks, which otherwise interfere with the current flow.  When "closing up" the starch slabs after removing the wicks, we must be careful about not leaving any air bubbles in the gel, which would dramatically affect the current flow in the gel, just as boulders in a stream affect its current flow. 

After the wicks are gone and the gel is closed up and covered and cooled, the power is cranked back up to the target settings and then allowed to decline for the remainder of the electrophoresis.  We'll turn the power off when the tracking protein is 1 cm away from falling off the edge of the gel.  The time allotted for electrophoresis depends on the thickness of the gel as well as its length, ranging from two to five or more hours. 

Following the electrophoresis, the gel can be sliced horizontally into thin layers, which may then be stained with enzyme-specific stains.  According to the IFG website, the gel system "B" that we use is ideal for the staining of the following enzymes: ACP, CAT, GDH, GOT, G6PD, FDP, MPI, SRDH, and UGPP.  Our selection if which of these enzymes we will stain will depend on the availability of materials needed to make the stains. 

ENZYME STAINS 

The process of electrophoresis has caused charged enzymes to migrate from the wick, into and through the gel. The positions of the enzymes are revealed by enzymatically formed dyes when the gel slice is placed in the enzyme staining solution. Allozymes/isozymes of the specific enzyme are revealed as visible bands which have migrated different distances into the gel. How well the stain bands resolve depends on the gel system used. Our selection of enzymes here is pretty much dictated by our use of just one gel system ("B") and a limited availability of materials in our stockroom. 

When the electrophresis is finished the gels are cut into thin horizontal slices. Each slice is placed in an enzyme staining solution to reveal where the enzymes migrated to. 

When staining is complete rinse the gels to clearly read data from the gel. The stain solution and rinse waters can be aspirated into a collection bottle. (picture) The spent stain solutions going into the collection bottle have numerous hazardous chemicals in relatively dilute proportions. The accumulted stain waste should be sent out for hazardous waste disposal unless special evaluation by local sewage treatment facilities grant permission to discharge the stain waste into the sewage system. Large municipalities may be more likely to grant this permission than small municipalities. 

SCORING THE GELS 

Information can be scored directly from the gels;or by various other means, the IFG recommends projecting high-quality slide photographs projected onto a white board, which allows marking and measurements to be made on the image on the whiteboard.  For our class, we will be using a digital camera to obtain images of our results, which the instructor will then post from the course web page. 

The enzymes have migrated through the gel in response to the electric field. Their position in the gel is revealed by enzymatic interaction with components of the staining solution to form an insoluble dye in the gel. 

In a more formal setting (like at the IFG laboratories), we would need to measure relative migration values as compared to a migration standard.  Relative migration values that differ significantly are considered different alleles. Alleles are recorded for reference on an allele chart.  The migration standard may be the ion front of the discontinuous buffer systems (tracking protein) or, it may be stained enzyme bands of a known monomorphic species.  Pinus resinosa is a convenient as a standard. It is easy to germinate and it resolves well in most enzyme stains.  With the allele charts as a reference, the allele information on each gel is recorded to a datafile. 

In our laboratory exercise, we are more concerned with just understanding the process and identifying our proteins using the staining systems!  The most we can hope to get as far as general results is answers to a very modest set of specific questions: 
1) is there any within species variation indicated for the samples that we ran? 
2) is there any indication of heterozygosity? 
3) is there any between species variation in the samples that we ran? 
  

Recipes (to be completed with further stain selections) 
Bud Primordia Extraction Buffer 
0.2M phosphate buffer pH 7.5 
0.3% bovine albumin 
0.1% dithiothreitol 
1.0% sodium ascorbate 
1.0% PVP-40 

'B' System Buffers: 
Gel Buffer: Tris citrate  pH 8.8 
Trizma base       121.1 gm 
distilled water    10.0 L 
titrate to pH 8.8 with 1.0M citric acid 

Electrode Buffer: Sodium borate  pH 8.0 
Sodium hydroxide         20.0 gm 
Boric acid              185.5 gm 
distilled water          10.0 L 

CAT stain,  for Catalase                       E.C.   1.11.1.6 
Catalase/esterase buffer           75 ml 
2%  potassium iodide               75 ml 
0.03%  hydrogen peroxide          100 ml 
Soak gels in catalase/esterase buffer for 30 min. Decant and rinse with distilled water. Decant and soak in 2% KI for 2 min. Decant, rinse with distilled water, decant and soak in 0.03% hydrogen peroxide till white bands on a blue background appear.  Decant, rinse with distilled water, and hold in distilled water.  Photograph for records; gels can bleach or darken overnight. 

Catalase/ Esterase buffer  pH 6.5 
sodium phosphate, monobasic             18.5 gm 
sodium phosphate, dibasic               17.9 gm 
distilled water                          1.0 L 
  
  

