Electrophoresis: Introduction
Electrophoresis is a widely used laboratory technique that involves the separation and analysis of charged molecules, such as proteins, nucleic acids, and carbohydrates, based on their size, shape, and charge. It utilizes an electric field to drive the movement of charged particles through a medium, typically a gel or a capillary.
The principle behind electrophoresis is the migration of charged molecules in response to an electric field. When an electric current is applied, positively charged molecules move towards the negatively charged electrode (cathode), while negatively charged molecules migrate towards the positively charged electrode (anode). The rate of migration is determined by several factors, including the net charge on the molecule, the size and shape of the molecule, and the characteristics of the medium through which the molecules are moving.
Electrophoresis is widely used in various scientific disciplines, including molecular biology, genetics, biochemistry, and clinical diagnostics. It offers valuable information about the composition, structure, and purity of biomolecules and has become an essential tool for research, diagnosis, and quality control.
There are different types of electrophoresis techniques, each suited for specific applications and molecule types:
1. Gel Electrophoresis:
· Gel electrophoresis employs a gel matrix, usually made of agarose or polyacrylamide, through which charged molecules migrate.
· Agarose gel electrophoresis is commonly used for separating nucleic acids, such as DNA or RNA.
· Polyacrylamide gel electrophoresis (PAGE) is used for protein separation, including SDS-PAGE for denatured proteins and native PAGE for native or non-denatured proteins.
2. Capillary Electrophoresis (CE):
· Capillary electrophoresis employs a narrow capillary tube filled with a buffer solution as the separation medium.
· It allows for high-resolution separation of small molecules, such as ions, amino acids, small peptides, and pharmaceutical compounds.
· CE can be performed in different modes, including capillary zone electrophoresis (CZE), capillary isoelectric focusing (CIEF), and capillary gel electrophoresis (CGE).
3. Isoelectric Focusing (IEF):
· Isoelectric focusing is a specialized technique for separating proteins based on their isoelectric points (pI).
· The proteins migrate in a pH gradient within a gel or capillary until they reach a region where the pH matches their pI, resulting in their immobilization.
· IEF is commonly used for protein characterization, protein purification, and determination of protein pI values.
4. Two-Dimensional Electrophoresis (2-DE):
· Two-dimensional electrophoresis combines two separation techniques, usually isoelectric focusing in the first dimension and SDS-PAGE in the second dimension.
· It allows for high-resolution separation and visualization of complex protein mixtures, facilitating the identification and characterization of proteins in various biological samples.
The choice of electrophoresis technique depends on the nature of the molecules being analyzed, the desired separation resolution, and the specific experimental objectives.
Electrophoresis has revolutionized biological and biochemical research by enabling the separation and characterization of biomolecules. It has numerous applications, such as DNA sequencing, protein profiling, determination of molecular weight, identification of genetic variants, analysis of protein-protein interactions, and detection of diseases or genetic disorders. The technique continues to evolve with advancements in instrumentation, detection methods, and data analysis, further expanding its utility in scientific research and various fields of study.

