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History 

The history of electrophoresis begins in the year 1800, when the Italian scientist 

Alessandro Volta created what came to be known as the Voltaic Pile.  Volta, born on the 

18
th
 of February, 1745, in the town of Como, Italy.  Believed to be retarded by his family, 

Volta didn‟t speak until he was four years old.  However, by the time he was seven he 

had caught up, and would prove to be one of the most influential scientists the world has 

ever seen.  Volta was particularly interested in gases and electricity, and spent most of his 

time analyzing and measuring  the factors which made up various gases and the 

movement of electricity.  He became especially fascinated with electrical currents.  In 

1800, in an attempt to prove a scientific wrong, he created a device which could transport 

an electrical current entirely without tissue.  This device was the first known battery.  

Made of alternating zinc and copper discs, the “artificial electrical organ,” as he called it, 

created a continuous current.  This invention allowed for a never-before-seen ability of 

scientists to tinker with the electrical world.   

 One of the first scientists to take advantage of the new device was Ferdinand 

Friedrich Reuß, a German scientist who had been invited to serve as professor of 

chemistry at the Physical-Mathematical branch of the University of Moscow.  Reuß 

intended to study the speed of gas emissions as influenced by “electrolysis conduction,” 

but while working discovered what would become the basic principle of electrophoresis.  

While an electrical charge was laid, he noted the movement of clay particles through a 

medium, water.  He presented his ideas in 1807 “at the meeting of the „Society of 

Competition of Medical (Iatric) and Physical Sciences‟, established in 1804 with Moscow 

University…one of the founders of which was Reuß.”  Unfortunately, very little is known 



of Reuß, because during the Great Moscow Fire of 1812, during Napoleon‟s invasion of 

Russia, the majority of his works were lost.  However, his basic principle survived. 

 One of the “heroes” of the early days of electrophoresis was Marian Ritter 

Smoluchowski, who developed a mathematical formula for the likelihood of “colloidal 

dispersion.”  However, the formula, while extremely popular, was soon proved to be 

grossly inaccurate as it could only be applied in rare circumstances.   

 The greatest advancer of electrophoresis, though, was Arne Tiselius.  Tiselius was 

born on the 10
th

 of August, 1902, in Stockholm, Sweden, and specialized as a student in 

chemistry.  Tiselius worked on “the movement of charged particles within electronic 

fields – electrophoresis.”  In 1937, he created “the first sophisticated electrophoretic 

apparatus,” and in 1948 was awarded the Nobel prize for his work in protein 

electrophoresis.  In his experiments he developed what is known as the “Tiselius tube,” as 

well as the concept of a “moving boundary,” which is now known as zone 

electrophoresis.  Since then, electrophoresis has continued to move on. 

 

Concept 

    The underlying factors behind Electrophoresis are mainly the charge, shape, and 

mass of the molecule. The process uses an electrode apparatus to induce an electrical 

current through a medium, which is usually either an aqueous solution or a 

polyacrylamide gel, and separate sample molecules based on these factors.  

 Aqueous solution Electrophoresis mainly relies on the charge-to-mass ratio of the 

sample molecules to accomplish this task. Molecules with varying charges or magnitudes 

of charges are often separated using this technique. In this process, a drop of sample is 



placed on a porous substrate (medium) and then the entire strip is soaked in a conductive 

liquid (aqueous solution). Molecules with a positive charge will move to the negative end 

of the electrode (the cathode), and negatively charged ones will move to the positive end 

(the anode). Moreover, molecules that are more positively charged will move to the 

negative end faster, and vice versa. Molecules of similar size and different charge-to-

mass ratios will therefore have different overall net charges, and molecules with greater 

ratios will move more quickly than those with lower ones. Therefore, the rate at which 

the molecules separate can be used to differentiate between molecules with different 

magnitudes of charge.  

Gel Electrophoresis is used mainly to separate molecules that differ in size and 

shape but have nearly identical charge-to-mass ratios. In an aqueous solution, these 

molecules would barely differentiate at all, since they would move at nearly the same 

speed towards their respective ends of the electrode. Gel Electrophoresis solves this 

problem by placing the sample into a gel medium, that is, a semisolid suspension in 

water. These gels have their own respective pore sizes, which limit the speed at which 

larger molecules can travel. Thus, the electrical charge is still applied through the 

medium, but smaller molecules, being more able to travel through the pores, will move 

faster towards the end of the opposite charge than the larger ones, which, not being able 

to as easily pass through the pores, encounter more friction from the gel. Furthermore, 

molecules with more compact shapes will also move quicker than ones that are bulky and 

spread out. Therefore, molecules are separated based on size and shape rather than 

charge. 



Electrophoresis is especially useful in separating organic molecules, which often 

consist of functional groups with distinct electrostatic charges, and often appear in a 

variety of sizes and shapes. For example, DNA molecules have negatively charged 

phosphate groups, but are often found in mixtures of different lengths. Gel 

Electrophoresis is used in this case to separate these molecules into groups of different 

sizes; shorter (smaller) DNA molecules will move more quickly to the positive (anode) 

end of the electrode, and longer (larger) ones will move slower. Thus, in the same 

interval of time, the shorter DNA molecule will travel a greater distance from the initial 

sample concentration than the longer ones; after the process is completed, the DNA will 

collect in different layers at different distances from the initial mixture. Samples of the 

desired length can then be collected and used for study. 

 

Method – Gel Electrophoresis 

 Gel electrophoresis uses an electric current to separate the different size of DNA 

from each other.  The setup is fairly simple.  First, the gel is put in the tray that filled with 

a salt solution that conducts electricity. A pipette loads small volumes DNA samples into 

the slots in the agarose gel.  Since DNA samples are colorless. Researchers add a dye to 

the DNA that has a dual purpose: to give it color and increase its density. The most 

common dyes used are bromophenol blue and xylene cyanol. These make DNA easy to 

load and track as the DNA move through the gel.  

 Researchers also use fluorescent dyes, and ethidum bromide (EtBr) to stain DNA. 

EtBr binds tightly to the DNA double helix and glow a bright blue/purple when exposed 



to ultraviolet light. This allows the researchers to see where the DNA fragments are 

located inside after gel electrophoresis.   

 Furthermore, the size of the DNA fragments can be determined by comparing 

them with DNA fragments of known size. A map of restriction enzymes can be generated 

by cut a piece of DNA with different combinations of restriction enzymes. 

 The materials that use in the gel electrophoresis are agarose gel, gel comb, tray, 

buffer solution such as tris borate EDTA, electrophoresis chamber, and power supply.

 The first step in the process of Gel Electrophoresis is to prepare a tray to hold the 

agarose gel. The end of the tray is taped and the gel comb is placed in the tray. The 

agarose powder is mixed with a buffer solution and then heated until all the agarose is 

dissolved.  The agarose is then poured into the prepared tray to cool and solidify.  

The percentage of the agarose gel that the researchers usually used are make 

between 0.7% and 2%.   0.7% agarose has shown good separation of the large DNA 

fragments (5-10kb) and 2% agarose has shown a good resolution for small fragments 

(0.2-1 kb).  If the percentage of agarose is too low, the gel will be so fragile that gravity 

itself would break it if lifted.  On the other hand, if they percentage of agarose is too high, 

it‟ll be difficult to get to agarose to dissolve into the water.  As a result, the gel will brittle 

and won‟t set evenly.  

Before pouring the agarose solution into the mold, comb are placed perpendicular 

to the direction of the electric current.  The size of gel comb used depends on the volume 

of DNA for each load and the number of the samples.  If the researchers load too much 

DNA into the wells, the wells will overflow and the DNA will scatter around the surface 

of the gel.  This in turn effects our results because not all DNA travel through the gel. 



However, if not enough DNA is loaded, you will not be able to see the smallest bands 

because they are too faint. 

 After the gel is cooled, the tape at the end of the tray along with the comb is 

removed and the gel tray is placed into the electrophoresis chamber. The electrophoresis 

chamber is filled with buffer that completely covers the gel. This allows the electrical 

current from poles at the end of the gel to flow through the gel. Finally the DNA samples 

and mixed with a loading dye that allows the researchers to see the DNA as they load it.  

The dye usually contains glycerol or sucrose because the DNA needs to be able sink to 

the bottom of the well and not mix with the surrounding buffer solution.   

 A safety cover is placed over the gel before the electrodes are attached to power 

supply. When the electrical current is applied the DNA fragments will migrate through 

the gel at different rates inversely proportional to the DNA fragment‟s length.  When the 

dye maker indicates that DNA fragments have moved through the gel enough, the power 

is then turned off and the gel is removed from the tray for analysis. The DNA can be 

visualized by staining the gel with ethidium bromide which binds to DNA and fluoresce 

in UV light. 

 

Applications - Blotting 

 Before 1975, gel electrophoresis had little importance in analyzing DNA.  If a 

strand of DNA were allowed to run through the gel, we would get a blurred stroke of 

DNA through the gel rather than separate bands of DNA.  In 1975, Edward Southern 

invented a method called Southern Blotting to effectively analyze DNA.   



 Southern Blot starts with the segmentation of DNA using Restriction Fragment 

Length Polymophism(RFLP).  RFLP breaks up the DNA into fragments specific to 

certain alleles.  Southern knew that specific DNA fragments can be found using 

hybridization, a process in which specific nucleotides bind to their respective 

counterparts.   However it is impossible to hybridize a probe to DNA fragments inside the 

gel.  Ed Southern made this possible by finding a way to force the DNA strands in an 

agarose gel up into a membranous “paper”, just like how blotting paper absorbs 

substances from a surface.  In this process, DNA is usually denatured and transferred to a 

nitrocellulose or nylon membrane using capillary diffusion.  A stack of paper towels are 

placed above the nitrocellulose to allow capillary diffusion to take place.  As the water 

moves upward toward the dry paper towels, the DNA fragments travel with it until it is 

“captured” by the membrane.   

The resulting blot on the membrane is essentially a replica of the gel.  The blot is 

then incubated with a DNA probe, which hybridizes or attaches to complementary DNA 

fragments.  The DNA probes, which usually consist of a radioactive tag, are analyzed 

using autoradiography in which the identity of the complementary DNA strands are 

determined.  Today, many radioactive probes are detected by chemical luminescence, 

which are analyzed by computers, reducing the amount of work and time needed to 

painstakingly analyze every single band.  This process of running segmented DNA 

through a gel then blotting the resulting gel onto a membrane for analysis is Edward 

Southern‟s blot.   



Southern Blot can be used to diagnose certain types of genetic disorders.  For 

example, the DNA of a mutant allele can be confirmed mutant if it migrates through the 

gel  differently than its normal counterpart.   

Similar blotting techniques stemming from Southern Blot include Northern blot 

and Western blot.  Southern blot is used to analyze DNA.  Northern blot, on the other 

hand, is a method very similar to Southern blot but analyzes RNA instead of DNA.  

Western blot, also a variation of Southern Blot, uses electrophoresis to separate and 

identify proteins and polypeptides.    

The naming of these techniques have little to do with the directions on a compass.  

As of today, there is no such thing as Eastern Blot.  Northern blot was named northern 

blot because in 1977 the developers James Alwine, David Kemp, and George Stark at 

Stanford University thought it would be humorous if they named their technique 

“northern”, after Ed Southern.  Western blot was named by W. Neal Burnette of the 

Nowinski lab in 1981 at Seattle, Washington.  This naming  stemmed from the Southern 

and Northern blots, but also a location reference because Seattle is on the “west”.   

 

 

Gel electrophoresis has developed tremendously from the 1800‟s to the present 

day.  Each successive discovery of the properties of electrophoresis and their applications 

have made research experiments easier in labs.  Processes involving electrophoresis will 

definitely progress even further as innovative minds enter the medical field.  

Furthermore, electrophoresis is an integral part of the pathway toward finding new cures 

toward HIV/AID, cancer, and many other diseases in the 21
st
 century.   
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