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Definition

• Electrophoresis means ‘to carry with electricity’. 

• Electrophoresis is a technique separating charged particles based on 
their relative mobilities in an electric field.

• It is used for the separation of amino acids, peptides, proteins, DNA, 
RNA, nucleotides.



Electro migration

• The proteins may exist as either 
cations (+) or anions (-) in a 
solution depending on pH.

• Negatively charged molecules 
move to the anode (+)

• Positively charged molecules 
move to the cathode (-)



Migration rate depends on…

- Charge of the molecule

When net charge increases, migration rate increases

- Size of the molecule

When molecular weight increases, rate of migration decreases

- Shape of molecule

Globular proteins exhibit a high rate of migration compared to fibrous
proteins



Driving force

• Electrophoresis is based on electromotive force that is used to push
or pull the molecules through the gel matrix.

• When the protein mixtures are placed in the gel and applying an 
electric current, the proteins migrate through the matrix.

• The separated proteins move to directions based on the total electric
charges.



Types of Electrophoretic Operations

1. Solution electrophoresis (no supporting medium)

2. Zonal electrophoresis (with supporting medium)



1. Solution Electrophoresis

• A buffer solution of the protein mixture is 
placed in a U-shapted observation cell and pure 
buffer is layered over the protein solution.

• If our protein is negatively charged, move
through anode

• If our protein is positively charged, it moves
toward anode.

Finally, proteins form a layer called front or
boundary.



2. Zonal Electrophoresis

• Paper electrophoresis

• Gel electrophoresis

• Thin Layer electrophoresis

• Cellulose acetate electrophoresis

• The most useful one is polyacrylamide gel electrophoresis (PAGE)



Advantages of PAGE

• 1. Produced with a wide variety of pore size

2. May be used with a wide variety of buffer

3. Give rapid separation

4. Degree of adsorption is low

5. Do not absorb UV light at 280 nm.



General Method of Operation

1. Saturation of the medium with the buffer

2. Sample application

3. Electrophoretic separation

4. Removal of the supporting media



Gel electrophoresis

• Separation is based on the molecular size of the substances. Gel 
material behaves as a molecular sieve.

• Gel is colloid in a solid form.

• Agar and Agarose gel, Starchi Sephadex, Polyacrylamide gel are the
different types of gels.



POLYACRYLAMIDE GEL ELECTROPHORESIS

• Polyacrylamide gels are prepared by polymerizing acryl amide monomers
in the presence of methylene-bis-acrylamide.

• Polyacrylamide gels are hold together by covalent cross-link.

• This gel is uncharged and are prepared in a variety of pore sizes.

• Proteins are separated on the basis of charge to mass ratio and molecular
size.

• Advantages:

• Gel are stable at a wide range of pH and temperature

• Gels of different pore size can be formed

• Fast separation



CLASSIFICATION OF PAGE

1. Native Page:

Separation is based on charge, size and shapte

Useful for protein separation and purification

The natural structure is preserved

2. SDS-Page:

Separation is based on the molecular weight of proteins

Useful for checking the purity of protein samples





Sodium Dodecyl Sulfate (SDS-PAGE)

• The protein is unfolded by heating the presence of SDS. Interaction
with SDS break down all noncovalent bonds.

• SDS binds to the protein and it stays in solution and denatures.

• Large molecules bind more SDS that small proteins. So proteins end
up with negative charge in relation to their size.

• When the proteins are treated with SDS and a reducing agent, the
proteins become negatively charged. Thus they can be separated
based on their mass.



• Sodium dodecyl sulphate (SDS), is an anionic detergent that 
binds to proteins. 

• Its action is to denature the protein by solubilizing it and 
effectively "coating" it with a negative charge. The effect before 
electrophoresis is to block protein interactions with other 
proteins, polymers such as nucleic acids and lipid, to dissociate 
multimeric proteins; and to alter folding in protein monomers.

• SDS not only provides proteins with a strong negative charge, 
but it also denatures the protein, thus giving each protein a 
roughly globular shape; differences in protein shape that would 
affect electrophoretic mobility are eliminated



• There are two gels in the sytstem, resolving gel 
in which proteins are resolved and stacking gel in 
which proteins are concentrated prior to entering 
the resolving gel.




