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ELECTROPHORESIS: 

 
       Electrophoresis is the Greek term meaning “ borne by electricity”.  It is   

mainly considered with migration of charged species within a fluid-medium 

under the influence of an electrical field. The charged component may be a 

molecules, particles, proteins or cells.  

 

DEFINITION:  
        It is a phenomenon where charged compound in electric field move 

through continuous medium and separate by preferentially obtaining 

different electrophoretic mobilities according to their charge and size. 

Cations move towards cathode (-ve) and anion move towards anode (+ve).  

 

The rate of travel of the particles depends upon the following factors: 

 

1. Characteristic of particles. 

2. Properties of electric field. 

3. Temperature 

4. Nature of the suspended medium. 

 

PRINCIPLE:  
 

Electrophoresis follows the principle of liquid chromatography. But in 

electrophoresis to displace analytes & “chromatographic phase” in 

capillaries. 

  

The electrolyte buffer solution is analogous to the MOBILE PHASE. A 

charged substance referred to as the carrier is dissolved in the electrolyte 

buffer. 

 

The neutral solute present in the separation medium will partition itself 

between the carrier (incorporated form) and the surrounding solution. 

  

The carrier (chromatographic phase) correspondence to the STATIONARY 

PHASE in the conventional chromatography with the modification, in that it 

is not a fixed support & exists homogeneously in solution called as 

“PSEUDO-STATIONARY PHASE”. 

 



                 
 
                     v = m ´ E 

v = migration velocity of charged species (cm/s) 
 
m = electrophoretic mobility (cm2/V´s) 

       charge, size, shape of molecule, 
       viscosity, pore size, buffer pH and 
       ionic strength, temperature of medium 
 
E = electric field strength (Volt/cm) 
 

 

 

 

 

TYPES OF ELECTROPHORETIC METHOD:  
 

There are two main type of electrophoretic methods. Its depending upon 

whether the separation is carried out in the absence or presence of a 

supporting or stabilizing medium. 

 

When the separation is carried out in the absence of supporting medium the 

method is called free solution method and when it is carried out in presence 

of a stabilizing medium, such as paper or gel the technique is known as zone 

electrophoresis.  

 

 

 

 

 

 

 

 

 



TECHNIQUES USED IN ELECTROPHORESIS:  

 
1. Moving boundary electrophoresis 

 

2. Zone electrophoresis. 

 

3. Paper electrophoresis  

 

4. Cellulose acetate electrophoresis 

 

5. Rod gel electrophoresis 

 

6. Slab gel electrophoresis 

 

7. Immuno electrophoresis 

     

     8. Capillary electrophoresis (CE) 

     

     9. IEF   

 

1. Moving Boundary Electrophoresis : 

 
The moving boundary method was the first to be used by Tiselius to 

demonstrate the efficacy of the electrophoretic process.  

 

INSTRUMENTATION: 

 
The apparatus consisted of a U tube the horizontal lower portion of the U 

tube being filled with a mixture of the substances under examination 

dispersed in a suitable buffer.  

 

The two vertical limbs were filled solely with buffer and the cathode and 

anode dipped into the buffer at the top of each limb respectively. 

 

 



                                     
 

FIG: MOVING BOUNDRY ELECTROPHORESIS. 

 

 

The equipment is partially filled with the solution and over it is layered a 

buffer solution. 

 

The electrodes are immersed in the buffer solution & the entire system is 

placed in a thermostat bath.  

 

When the voltage is applied charged molecule migrates toward the 

appropriate electrodes. 

 

If several components are present in the sample and if their electrophoretic 

nobilities are differ, their migration can be observed as multiple moving 

boundaries in the system. 

 

Assume that the sample contains cations A+, B+, C+ and anions A-, B- and C-. 

The cations and anions will be attracted to the cathode and anode 

respectively and bands of ions will be formed in both limbs.  

 



In the initial stages, in the limb containing the cathode the highest band will 

consist exclusively of the fastest moving cation (A+) (the cation with the 

greatest mobility).  

 

The next band will contain both (A+) the cation with the greatest mobility 

and (B+) the cation with the next greatest mobility.  

While the third, and lowest band, will contain a mixture of all three cations 

including the cation with the lowest mobility.  

 

In the limb containing the anode exactly the same process will take place the 

highest band will consist exclusively of the fastest moving anion (A-) (the 

anion with the greatest mobility). The next band will contain both (A-) the 

anion with the greatest mobility and (B-) the anion with the next greatest 

mobility. While the third, and lowest band, will contain a mixture of all three 

anions including the anion with the slowest mobility. 

 

After the electrophoresis is complete, the fraction can be obtained that 

contain separated components of the original sample and these can be 

analysed chemically & biologically. 

 

DRAW BACKS:  
 

1. A Major drawback of moving boundary electrophoresis is that only the         

slowest & most rapidly moving component of mixture can be obtained in 

pure form.  

 

2. Tendency of the separated component to get mixed by convection as a 

thermal & density gradient as well as consequence of mechanical vibration. 

Thus careful thermal regulation & isolation from mechanical vibration is 

difficult. 

 

2. Zone Electrophoresis: 
 

In this techniques components of a mixture separate completely from one 

another during electrophoresis, forming discrete zones. 

 

There are a number of ways stabilizing the separated zones, including the 

use of supporting media, density gradient and free zone techniques. 

 



1. THE USE OF SUPPORTING MEDIA: 

 

A porous medium such as filter paper, cellulose acetate film, or gel 
is used to provide a support trough which the sample under 

investigation moves during electrophoresis.  

 
The sample is applied to the support medium as a spot or narrow 

band, at a point called the origin.  
 

A typical apparatus is shown below: 

                 
The component of the sample separate into band which are kept distinct by 

the presence of the support medium. 

 

 

2. DENSITY GRADIENT STABILIZATION:  

 

The basis of this technique is to carry out the electrophoresis in a density 

gradient column. This prevents convection currents disturbing the separated 

zones. 

 



Gradients are usually made up of substance such as sucrose, glycerol etc. as 

these are very soluble in aq. Solution do not intract with the materials to be 

separated. 

 

The density of the solution is graded so that the specific gravity decreases 

towards the top of the cylinder. The sample is layered on this solution and its 

component are forced to move or migrates against the density gradient. 

 

 

3. CAPILLARY ZONE ELECTROPHORESIS(CZE): 

 

A relative new separation technique which is capable of separating minute 

quantities of substance in relatively short time with high resolution in CZE. 

 

 
  
 

INSTRUMENTATION: 
 

1. The separation medium is a fused silica capillary tube(10-100 µm) 

containg an appropriate electrolyte. 

 

2. A small volume of sample is introduced into one end of capillary and then 

each end of capillary is inserted in an electrolyte buffer solution. 

 



3. Platinum electrode immersed in each solution are connected to a direct 

current(DC) high voltage source, capable of delivery current up to 250 µA at 

voltage ranging from 1000 to 30000 V.  

 

4. A detector, for a UV absorbance detector, through which the solution flow 

is placed near or at one end of the capillary. A focused beam is passed 

through the capillary and collected by an optical fiber coupled to a 

photomuliplier tube.  

 

3. ISOELECTRIC    FOCUSING: 

 

Isoelectric focusing (IEF), also known as electro focusing, is a technique 

for separating different molecules by their electric charge differences. It is a 

type of zone electrophoresis, usually performed in a gel, that takes advantage 

of the fact that a molecule's charge changes with the pH of its surroundings. 

 

IEF of proteins: 

It is based on the isoelectric points of proteins.  

 

Isoelectric points (pI) is the pH at which a protein will migrate in an  electric 

field and is determined by the charged groups in the protein.  

 

Protein can carry positive, negative or zero charging depending on their 

local pH and for every protein here is a specific pH at which net charge is 

zero; this is its pI. 

 

pH is not kept constant throughout the whole system, instead, the sample 

components migrate until they reach the pH point in the gradient at which 

the charge of the proteins equals zero(pH=pI). The protein is said to be focus 

at this point. This focusing also results in a concentration of individual 

proteins.  

 

PRINCIPLE:  
 

The protein mixture is subjected to an electric field in an inlet support in 

which a stable pH gradient has previously been generated. 
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The anode region is at lower pH than the cathode and the pH range is chosen 

such that the proteins to be separated have their isoelectric points with in this 

range. 

 

During migration through the pH gradient, the protein will pick up or lose 

protons. A protein which is in a pH region below its pI will be positively 

charged and so will migrate towards the cathode. 

 

When it migrates, the pH will decrease until the protein reaches a pH which 

is its pI. At the point it has no net charge and so migration ceases. 

 

If the protein should happen to diffuse to a region of pH above its pI and so 

become negatively charged. It will then reverse its direction of migration 

and migrate towards the anode. 

 

The technique is capable of extremely high resolution with proteins differing 

by a signal change being fractioned into separate bands. 

 

ADVANTAGES:  
 

1. Optimal resolution in other electrophoresis system requires 

application of sample as a narrow zone. In IEF this is not so crucial, 

even large sample volumes do not lower resolution. Sample 

concentration upon focusing also result in lower detection limits 

compared with other electrophoresis technique. 

2. This technique is that separation in IEF does not require denaturation 

of protein, thus any kind of investigation, such as activity staining or 

antibody detection is not hindered. 

3. compare to alternative separation methods, IEF have a advantages 

such as: 

 Efficient 

 Expressive 

 Economic (no sophisticated equipment required) 

 Easy (clear, one- dimensional separation principle) 

 Fast 

 Sensitive. 

 

 



 

 

 

 

 

 

Application  
 

1. Following are the application of CE 

 
 1. for DNA sequencing using capillary gel electrophoresis. 

 2. for separation of inorganic ions and organic acids. 

 3. for separation of small organic compounds like: 

• To separate volatile oils and bitter principle from haps. 

• Various marine toxins from fish tissues are separated. 

• Alkyl, trimethyl ammonium chloride, bromide, surfactants are 

separated.   

• Nine different isomer of dimethaylnapthane can be separated 

using cyclodextrines. 

• Anionic dyes can be analyzed using SDS-borate buffer. 

 

2. Pharmaceutical Application: 

 
Following class of compounds have been separated: 

   1. Bronchodilator  

   2. Corticosteroids 

   3. Antibiotics 

   4. Anti-depressants 

 

 

3. Clinical application: 
 

One can determine metabolic acids, drug metabolism, inorganic ions SO, 

PO, NO etc. in urine and blood. it also used in multicomponent analysis 

system to diagnose metabolic disorders.  



 

 

4. Ending used CE with electrochemical detection to separate and detect the 

action levels of neurotransmitter in Pico liter volumes of cytoplasm 

withdrawn from single neurons of pond snail.  

 

 

5. For chiral recognition and enantiomer resolution. 

 

 

 

 

 

 

 

 

 

 

 

  


