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DESCRIPTION
Electrophoresis is one of the most important methods used in 
molecular biology and analytical biochemistry. It has a long 
history of helping scientists make key discoveries. These include 
understanding genes, studying proteins, and diagnosing diseases. 
From simple techniques like Agarose Gel Electrophoresis (AGE) 
to newer methods like Capillary Electrophoresis (CE), the 
technique keeps improving. New tools make it possible to 
separate complex mixtures of biological molecules with 
incredible clarity. The method's ability to provide detailed 
information at high sensitivity makes it even more useful for 
many scientific applications.

One of the main strengths of electrophoresis is its flexibility. It 
can separate DNA, RNA, and proteins based on their size and 
electrical charge. This makes it a reliable choice for many types of 
experiments. For example, scientists use electrophoresis for DNA 
fingerprinting, which helps identify individuals in criminal cases 
or paternity tests. It is also used to find mutations in genes, check 
the purity of proteins, and analyze different forms of molecules 
called isoforms. Polyacrylamide Gel Electrophoresis (PAGE), 
including its denaturing form called SDS-PAGE, has become a 
standard way to measure the size of proteins and understand 
their different forms. These methods have set the foundation for 
many advances in biology and medicine.

Recently, new technological advances have given electrophoresis 
a boost. Capillary electrophoresis has become highly popular. It 
uses tiny glass or plastic tubes instead of gels, allowing for much 
faster results. It also separates molecules more efficiently, which 
means scientists can analyze tiny amounts of samples. When CE 
is combined with advanced detection tools like laser-induced 
fluorescence or mass spectrometry, it becomes even more 
powerful. Sometimes, these methods can detect just a few 
molecules in a complex sample, opening doors for precise

clinical tests or forensic analysis. Small microchip systems are 
also in development, and they aim to create portable, lab-on-a-
chip devices. These can be used for quick diagnostics at the 
point of care, like in doctor’s offices or in the field.

Despite all these innovations, electrophoresis still faces some 
challenges. Reproducibility can be an issue, especially when 
trying to get the same results across different labs or 
experiments. The sensitivity for detecting very low levels of 
molecules is also a concern. Automation is improving but still 
has room for growth. To solve these problems, scientists from 
many fields are working together. They are developing tougher 
gel matrices, better detection systems, and integrating 
electrophoresis more closely with other tools for analysis. This 
teamwork helps improve reliability and speed.

Looking ahead, the future of electrophoresis looks promising. It 
will likely be combined more often with new fields like 
microfluidics, nanotechnology, and artificial intelligence. These 
mixes will unlock new applications, such as personalized 
medicine. For example, rapid tests could help tailor treatments 
based on a person’s unique genetic make-up. Environmental 
monitoring could also benefit, with real-time detection of 
pollutants or microbes. Researchers are also focused on making 
electrophoresis greener. They are exploring eco-friendly methods 
that use less toxic chemicals and generate less waste. This aligns 
with wider efforts to make labs more sustainable.

In my view, electrophoresis will keep playing a vital role in 
science. As new technologies come along, and different fields 
work together, this age-old method remains relevant. Its ability to 
adapt and improve means it will continue to help us understand 
biology better. Whether in clinics, labs, or on the field, 
electrophoresis has the potential for many more breakthroughs 
in the years ahead.
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