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DESCRIPTION
Electrophoresis is a powerful analytical technique used to 
separate charged molecules based on their size and charge under 
an electric field. Since its inception, it has become a cornerstone 
in biological, chemical, and forensic sciences. The technique has 
revolutionized fields such as genomics, proteomics, and 
molecular biology by enabling the precise separation and analysis 
of DNA, RNA, and proteins.

Principles of electrophoresis

Electrophoresis relies on the movement of charged particles in 
an electric field. The rate of migration depends on several 
factors:

Charge: Molecules with a higher charge-to-mass ratio migrate 
faster.

Size and shape: Smaller and more compact molecules move more 
easily through the medium.

Medium composition: The nature of the gel or buffer system 
impacts separation efficiency.

Electric field strength: A higher voltage accelerates migration 
but may cause excessive heat, leading to distortion.

The underlying physics of electrophoresis is governed by Ohm’s 
law and Stokes’ law, describing the relationship between 
electrical force and resistance encountered by migrating 
molecules.

Types of electrophoresis

Electrophoresis has diversified into various forms tailored to 
specific applications. Some of the major types include:

Agarose gel electrophoresis: Commonly used for DNA and 
RNA separation. Agarose, a polysaccharide matrix, provides a 
porous medium for nucleic acid migration.

Polyacrylamide Gel Electrophoresis (PAGE): Used primarily for 
protein separation. The gel's pore size can be controlled to 
optimize resolution.

SDS-page: A variant of PAGE that denatures proteins, ensuring 
separation based on molecular weight alone.

Native page: Maintains protein structure, separating proteins based 
on charge and size.

Capillary Electrophoresis (CE): Utilizes narrow capillaries filled 
with an electrolyte solution. It offers high resolution, speed, and 
automation capabilities.

Isoelectric Focusing (IEF): Separates proteins based on their 
isoelectric points in a pH gradient.

Two-dimensional electrophoresis: A combination of IEF 
and SDS-PAGE, widely used in proteomics.

Microfluidic electrophoresis: A miniaturized technique for 
rapid and automated analysis, essential in point-of-care 
diagnostics.

Each technique has unique advantages and is selected based 
on the specific analytical requirements.

Applications of electrophoresis

The versatility of electrophoresis makes it indispensable across 
multiple scientific disciplines:

Molecular biology & genomics: DNA and RNA analysis, 
including genotyping, sequencing, and forensic DNA 
fingerprinting.

Proteomics: Protein separation for biomarker discovery, 
structural analysis, and disease diagnostics.

Clinical diagnostics: Identification of hemoglobin variants, 
serum protein analysis, and detection of genetic disorders.

Pharmaceutical & biotechnology industry: Quality control in 
drug development, monoclonal antibody characterization, and 
vaccine research.

Forensic science: DNA profiling in criminal investigations.

Environmental science: Detection of pollutants and microbial 
communities in ecological studies.
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Future trends in electrophoresis

As scientific and technological advancements continue, the 
future of electrophoresis is poised for significant transformation. 
Some key trends include:

Integration with mass spectrometry: Coupling electrophoresis 
with mass spectrometry enhances protein and metabolite 
identification.

Artificial intelligence and machine learning: AI-driven data 
analysis will improve the interpretation of electrophoretic results.

Miniaturization and lab-on-a-chip technologies: Portable 
electrophoresis devices will revolutionize point-of-care 
diagnostics.

Automation and high-throughput screening: Enhancements in 
automation will reduce manual handling, increasing efficiency in 
large-scale studies.

Improved sensitivity and resolution: Development of novel gels, 
nanomaterials, and alternative detection methods will refine 
separation techniques.

Green chemistry approaches: Sustainable materials and energy-
efficient protocols will make electrophoresis more eco-friendly.

CONCLUSION
Electrophoresis remains a fundamental technique in scientific 
research and diagnostics. From its early developments to the 
advent of modern, automated systems, it has continuously 
evolved to meet the growing demands of precision and 
efficiency. Future innovations will likely enhance its capabilities, 
making it an even more powerful tool in biomedical and 
analytical sciences. As technology advances, electrophoresis will 
continue to play a pivotal role in shaping the future of 
molecular research, healthcare, and forensic analysis.
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