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Electrophoresis, a powerful technique widely used in 
biochemistry, molecular biology, and genetics, has 
revolutionized the field of molecular separation. This 
remarkable method allows scientists to unravel the 
intricacies of biomolecules by separating them based on 
their charge and size. Since its inception in the early 20th 
century, electrophoresis has been instrumental in numerous 
groundbreaking discoveries and continues to play a vital role 
in various scientific disciplines [1].

At its core, electrophoresis is a method that utilizes an electric 
field to move charged particles through a conductive medium. 
The technique exploits the fact that charged molecules migrate 
at different rates when subjected to an electric field, enabling 
their separation based on their properties. In electrophoresis, 
a sample containing charged molecules, such as DNA, RNA, 
proteins, or carbohydrates, is placed on a gel or capillary 
matrix. The matrix acts as a support structure and provides a 
medium for the molecules to travel through. An electric current 
is then applied to the matrix, causing the charged molecules to 
migrate towards the oppositely charged electrode [2].

Gel electrophoresis is one of the most commonly employed 
techniques in molecular biology. It involves the use of a gel 
matrix, typically made of agarose or polyacrylamide, through 
which the molecules move. The gel acts as a molecular sieve, 
slowing down the migration of larger molecules compared to 
smaller ones. This differential migration leads to the separation 
of the molecules into distinct bands or spots. Agarose gel 
electrophoresis is predominantly used for separating DNA 
fragments, while polyacrylamide gel electrophoresis is 
commonly utilized for protein separation. DNA fragments 
are visualized using dyes such as ethidium bromide, while 
proteins are often stained with Coomassie Blue or silver stains 
[3,4].

Capillary electrophoresis (CE) is a high-resolution technique 
that employs a narrow capillary tube as the separation 
medium. The sample is introduced into one end of the 
capillary, and an electric field is applied across its length. The 
molecules migrate through the capillary, and their separation 
is based on their charge-to-size ratio. CE offers exceptional 
resolution, fast analysis times, and small sample requirements, 
making it invaluable in fields such as genomics, proteomics, 
and pharmaceutical analysis. Isoelectric focusing (IEF) is a 
technique used to separate molecules based on their isoelectric 

point (pI). In IEF, a pH gradient is established in a gel matrix, 
and the charged molecules migrate towards the point in the 
gradient where their net charge is zero. This technique is 
particularly useful for the separation of proteins, as it allows 
for precise determination of their pI values.

Electrophoresis has revolutionized the field of forensic science 
and genetic analysis through the technique of DNA profiling. 
By separating DNA fragments based on their size, scientists 
can compare the genetic profiles of individuals for various 
applications, including criminal investigations, paternity 
testing, and population genetics studies. Electrophoresis plays 
a crucial role in protein research by enabling the separation 
and analysis of complex protein mixtures. It allows scientists 
to identify and quantify proteins, study post-translational 
modifications, investigate protein-protein interactions, and 
determine protein purity. Electrophoresis is extensively used 
in the pharmaceutical industry for quality control and drug 
development. It enables the analysis of drug formulations, 
identification of impurities, and assessment of drug stability 
[5].
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