
 Boundary electrophoresis:

 A protein mixture was introduced into a U-tube and subjected to 

an electric field.

The number of proteins in a mixture can be determined by the number 

of boundaries formed after a period of electrophoresis using an optic

device through changes in refractive index.

Sensitivity is very low. So it is no longer used for protein analysis

Protein Electrophoresis



 Paper electrophoresis

One of the earliest forms of zone electrophoresis for the separation of 

proteins. 

In addition to the:

- The pI of the protein molecule, - pH of the buffer, 

- Electrolyte concentration of the buffer, and amount of current applied.

- The texture of the filter paper is important factor because it cause more

resistance to the movement of the proteins. 



 It entirely based on charge density, where they have large pores, thus

lacking sieving effect on proteins.

 The matrix exerts little effect on diffusion so that the separated zones

are relatively wide while the resolution and limit of detection are low.

 On the other hand they are easy to handle and separation and staining

are rapid. 

 The cellulose acetate strips are suspended in the tank of a horizontal

apparatus, so that both ends dip in the buffer; no cooling is necessary

during separation. 

 This technique is widely used for routine clinical analysis and related

applications for the analysis of serum or isoenzymes.

Cellulose Acetate Membrane Electrophoresis (CAM-E)

 Because the resolution and reproducibility of separations in agarose 

and polyacrylamide gels are better, cellulose acetate membranes are 

more and more often replaced by gel electrophoresis.



Starch gel electrophoresis

Starch gels were introduced by Smithies (1955) and are prepared from

hydrolyzed potato starch which is dissolved by heating and poured to

a thickness of 5 to 10 mm. The pore size can be adjusted by the starch

concentration of the solution. Because of the low reproducibility and

the impractical handling these gels have been largely replaced by

polyacrylamide gels





Agarose gel electrophoresis

 For Proteins

 Agarose gels are only used for the separation of very high molecular

weight proteins or protein aggregates. 

 For Nucleic acids

 Agarose electrophoresis is the standard method for separation, DNA

and purification of DNA and RNA fragments.

 The fragment sizes are in the range between 1,000 and 23,000 bp. 



When a narrow pore size gel is required, agarose can be partially

substituted by polysaccharides.

 The gels are stained with fluorescent dyes like Ethidium bromide or

SYBR Green, and the bands are visible under UV light.

 Their sensitivity ranges between 100 pg - 1 ng / band.

 For a permanent record, mostly instant photos had been taken

from the gels in a darkroom. Video documentation systems take the

images inside a box, print the results on the rmopaper, or feed them

to a computer.



Polyacrylamide gel electrophoresis of nucleic acids

DNA sequencing

 The last step is electrophoresis in a polyacrylamide gel under

denaturing conditions. 

 The four reactions – containing variously long fragments of the DNA

strand to be analyzed, each terminating with a specific base – are

separated one beside the other.

 Determination of the order of the bands in these four lanes from the

bottom to the top of the gel yields the base sequence, that is, the

genetic information.

Polyacrylamide gel electrophoresis (PAGE)







Polyacrylamide gel electrophoresis (PAGE)
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The speed with which a protein migrates in an electrical field under

defined conditions of pH, ionic strength, temperature, and voltage is

characteristic for that protein.

 a shorter support medium will permit faster separation of proteins.

 Increasing the voltage results in a faster separation of proteins,

However; it results in heat generation that is deleterious to resolution

of individual bands.

 The ionic strength of the buffer: Increasing salt ion concentration in 

a buffer will decrease the velocity of electrophoretic migration for each

protein being assayed.

Factors affecting separation of protein bands

 Proteins and enzymes are often sensitive to pH values; which may lead

to denaturation, complex formation and intermolecular interactions.



 Analytical PAGE of proteins has the advantage of thinner gels which

enables:

 Faster separation.

 Better defined bands.

 Faster staining.

 Better staining efficiency, higher sensitivity.

Polyacrylamide gel electrophoresis of proteins (PAGE)

Discontinuous PAGE

The gel is divided into two areas; resolving and stacking gel. 

 The resolving gel with small pores contains 0.375 mol/L Tris - HCl

buffer pH 8.8, 

 The stacking gel with larger pores contains 0.125 mol/L Tris – HCl

pH 6.8.

 It solves two problems of protein electrophoresis: 

 It prevents aggregation and precipitation of proteins during the

entry from liquid sample into the gel matrix.

 Promotes the formation of well defined bands.



Schematic diagram of the principles of discontinuous Electrophoresis.

The buffer system is also employed for disc. SDS - electrophoresis.



 Discontinuous electrophoresis affords:

 High resolution and 

 Good band definition.

 Proteins with pIs higher than pH 6.8 migrate in the direction of the

cathode and are lost. Another buffer system must be chosen to

separate these proteins. 

 Alternatively, SDS can be added to the gel and running buffer to in

order to have all proteins negatively charged.



Sodium Dodecyl Sulphate 

Polyacrylamide Gel Electrophoresis (SDS-PAGE)

 It separates proteins according to molecular weight.

 Proteins load with the anionic detergent SDS, the charge of proteins is

so well masked with a constant net charge per mass unit = 1.4 g SDS/

1 g protein.

 Due to presence of SDS; the hydrogen bonds and folding of the tertiary

and secondary structures are disrupted. 

 Disulfide bonds between cysteine residues in proteins can be cleaved

by a reducing thiol agent such as β-mercaptoethanol or dithiothreitol.

 During electrophoresis in the presence of 0.1% SDS;  there is a linear

relationship between the logarithm of the molecular weight and the

relative distance of migration of the SDS-polypeptide micelle.



Practical Advantages of SDS to Electrophoresis

 SDS solubilizes almost all proteins. Even very hydrophobic and

denatured proteins.

 Since SDS-protein complexes are highly charged, they possess a high

electrophoretic mobility. This ensures rapid separations.

 Since the fractions are uniformly negatively charged, they all migrate

in one direction, towards the anode.

 The polypeptides are unfolded and stretched by the treatment with

SDS and the separation is carried out in strongly restrictive gels, this

limits diffusion.

 This affords high resolution, Sharp zones.

 The bands are easy to fix, No strong acids are necessary. 



The separation is based on one physico-chemical parameter, the

molecular weight, It is an easy method for molecular weight

determination..

 Charge microheterogeneities of isoenzymes are cancelled out, There

is one band for one enzyme.

 Proteins separated with SDS bind dyes better, The detection limit

increases ten-fold compared to native PAGE..

 After electrophoretic transfer on an immobilizing membrane, the SDS

can be removed from the proteins without eluting the proteins

themselves.


