ELECTROPHORESIS

Definition of Electrophoresis

What is Electrophoresis?

Electrophoresis is a separations technique that is based on the mobility of ions in an electric field. 
Electrophoresis is a chromatography technique by which a mixture of charged molecules is separated according to size when placed in an electric field.. Electrophoresis is a general term that describes the migration and separation of charged particles (ions) under the influence of an electric field. An electrophoretic system consists of two electrodes of opposite charge (anode, cathode), connected by a conducting medium called an electrolyte. The separation effect on the ionic particles results from differences in their velocity (v), which is the product of the particle's mobility (m) and the field strength (E):1v=mE.

The mobility (m) of an ionic particle is determined by particle size, shape, and charge, and the temperature during the separation, and is constant under defined electrophoretic conditions.

Electrophoretic conditions are characterized by the electrical parameters (current, voltage, power), and factors such as ionic strength, pH value, viscosity, pore size, etc., which describe the medium in which the particles are moving.

The removal of heat generated by the passage of electric current is one of the major problems in most forms of electrophoresis. Any temperature difference causes variations in the rates of migration through the medium, resulting in distortion in the bands of separated molecules. Clearly, it would be ideal if electrophoretic analyses could be carried out at a constant temperature.

ELECTROPHORETIC SEPARATION MEDIA
Electrophoresis can be performed in free solution, but thermal and diffusional mixing are usually too great to give satisfactory resolution of the components. It has long been recognized that it is usually necessary to use some type of static support in order to contain the background electrolyte, contain the sample and limit diffusion. The primary function of the stabilized support media is to limit the dispersion that results from convective disturbances. The stabilization should not change the mobility of the ions significantly provided that neither absorption onto the support occurs nor do large analytes become physically trapped.
Over the years a large number of supports have been used as stabilizing media, but relatively few satisfy all the criteria for the ideal suppor.These criteria are a reproducible structure, good mechanical strength, ease of formation into appropriate shapes, chemically inert to both the electrolyte and the analytes, no thermal degradation and minimal background in the detection processes. The earliest support was probably cellulose in the form of sheets of laboratory filter paper. Kunkel and Tiselius published the classic study on paper electrophoresis in 1951. Cellulose acetate membranes have large pores and do not retain proteins either chemically or physically. It is the preferred membrane for serum protein separations.
Electrophoresis is a separation technique that is normally performed in an aqueous environment. This is due to the fact that the separation mechanism is based on the difference in migration rate of charged species in an electric field. Species (ions/molecules or particles) with a difference in their charge over size ratio will exhibit a difference in migration rate. Most charged species are fairly soluble in aqueous media and thus water is the most obvious solvent for electrophoresis. However, in a number of nonaqueous solvent systems, it is possible to obtain sufficient conductivity to perform electrophoresis. If such systems are utilized with the technique of capillary electrophoresis, a number of advantages compared to aqueous systems are obtained in the separation of small molecules. Nonaqueous electrophoresis of biopolymers like polysaccharides, nucleic acids and proteins is not of practical use due to lack of solubility of such molecules in organic solvents.

Electrophoresis provides a semiquantitative measure of the concentration of proteins in a mixture such as serum. Arne Tiselius in Sweden described electrophoresis in 1930 and used it to separate serum proteins in 1937. He demonstrated four serum components that could be separated at pH 8.6—albumin, alpha globulin, beta globulin, and gamma globulin. The gamma globulin fraction contains immunoglobulins (antibodies) and fails to migrate in the electrical field. All other serum proteins migrate to the anode. Tiselius was awarded the Nobel Prize in Physiology or Medicine in 1948 “for his research on electrophoresis and adsorption analysis, especially for his discoveries concerning the complex nature of serum proteins.”

