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INTRODUCTION 

Electrophoresis is the migration of charged particles or 

molecules in a medium under the influence of an applied 

electric field. 





Clinical applications of Electrophoresis

• Serum Protein Electrophoresis 

• Lipoprotein Analysis 

• Diagnosis of Haemoglobinopathies and Haemoglobin A1c 

• Determination of Serum Protein Phenotypes and Micro heterogeneities eg. α1-
antitrypsin deficiency, MM 

• Genotyping of Proteins eg. ApoE analysis for Alzheimer’s disease (polymorphic protein) 

• Small Molecules (Drugs, Steroids) Monitoring 

• Cerebrospinal Fluid Analysis 

• Urine Analysis ( determination of GNs) 



GEL ELECTROPHORESIS

• It is a technique used for the separation of DNA, RNA or protein molecules according to their size 

and electrical charge using an electric current applied to a gel matrix.

• Method used to separate DNA fragments generated by restriction endonucleases.

• Separates molecules on the basis of size, charge

• Electromotive force moves molecules through the matrix at different speeds based on size and/or 

charge.

• Agarose gel electrophoresis can resolve DNA fragments that range roughly from 500 to 30,000 

base pairs.



Gel is a cross linked polymer whose composition and 

porosity is chosen based on the specific weight and 

porosity of the target molecules.

Types of Gel:

Agarose gel.

Polyacrylamide gel.

What is a gel?



AGAROSE GEL

• A highly purified uncharged polysaccharide derived from agar.

• Used to separate macromolecules such as nucleic acids, large proteins and protein complexes.

• It is prepared by dissolving 0.5% agarose in boiling water and allowing it to cool to 40°C.

• It is fragile because of the formation of weak hydrogen bonds and hydrophobic bonds.



POLYACRYLAMIDE GEL

• Commonly used components: Acrylamide monomers, Ammonium persulphate, 

Tetramethylenediamine (TEMED), N,N’ methylenebisacrylamide.

• These free radicals activate acrylamide monomers inducing them to react with other 

acrylamide monomers forming long chains.

• Used to separate most proteins and small oligonucleotides because of the presence of small 

pores.



How does electrophoresis work?

• Linear double stranded DNA fragments basically have the same rod shape, so shape is not a 

factor in the separation.

• All DNA has identical charge to mass ratio, one negatively charged phosphate per nucleotide.

• As DNA fragments increase in length, charge increases preserving the charge to mass ratio.

• When an electric field is applied, negatively charged dsDNA of all lengths will migrate 

toward the positive pole at an equal rate. Forcing DNA to travel

• through a porous matrix will allow the smaller fragments to run faster while slowing the rate 

of larger molecules.



Electrophoresis Theory Summarized

• When an electric field is applied to dsDNA fragments, they will migrate toward the positive pole 

(anode) .

• The agarose gel matrix restricts the movement of the DNA and separates the fragments by size.



Material required for agarose gel electrophoresis

• Electrophoresis chamber

• Agarose gel

• Gel casting tray

• Buffers

• Staining agent (dye)

• A comb

• DNA ladder

• Sample to be separate



Electrophoresis apparatus system  



Preparing Running Buffer
• Tris-acetate-EDTA (TAE) running buffer is typically used in DNA gel electrophoresis because it does not 

interfere with subsequent enzyme activity.

• Prepare 1L 10x stock solution by adding 48.5 g Tris-HCl, 11.4 mL glacial acetic acid, and 20 mL 0.5 M 

EDTA pH to 8.0 with NaOH to 800 mL distilled deionized (dd) H2O. Mix well, and bring up to 1L with 

ddH2O.

• Dilute stock 1:10 with ddH2O to make a 1x working solution of 40mM Tris-HCl, 20 mM acetic acid, and 1 

mM EDTA.

• Running buffer mitigates pH changes during electrophoresis while water hydrolysis is occurring:

4H20                   4H+ + 4OH-

4H+ + 4e- 2H2   at the cathode

4OH- O2 + 2H2O + 4e- at the anode



Preparing Loading Buffer
• DNA must be mixed with 6x loading buffer before adding to gel wells.

• Stock 6x loading buffer:

– 0.2 g bromothymol blue dye for visualization as gel is running

– 6 mL 50% glycerol to weight DNA sample to bottom of well

– 4 mL sterile ddH2O

• Keep refrigerated



Making an Agarose Gel

To make a 1% agarose gel, mass out 0.5 g of agarose, and add to 50 mL 1x TAE running buffer in a 
small (250 mL)Erlenmeyer flask.

Microwave for 40-60 seconds or until low boil. Try to minimize evaporation.

Swirl gently to ensure all agarose has melted, and allow to cool somewhat so that vapor is not being 
emitted from the mouth of the flask.

Add 1 mL of ethidium bromide which binds

perpendicularly with DNA helices via Van der

Waals forces and fluoresces under UV light with

wavelength about 590 nm. [CAUTION: EtBr is a

potent mutagen and must be handled with

extreme caution and disposed properly.]



Making an Agarose Gel

• Set up the gel caster with a well comb placed about 1-2 cm from the top of the casting tray.

• Make sure the ends of the casting tray are sealed off with rubber clamps or sealing tape.

• Make sure tray is level.

• Pour the warm agarose into the tray slowly to prevent bubbles.

• Allow to cool for 20-30 minutes, remove the seals and comb.

• Cooled gel will be translucent in appearance.



Setting Up the Gel Rig
• Place the casting tray containing the gel into the electrophoresis rig.

• Add enough 1x TAE to the gel electrophoresis rig to cover the gel 3-5 mm.



Preparing DNA Samples
• Pipet approximately 2-5 µL of 6x loading buffer for each DNA sample including positive and 

negative controls onto a clean piece of Parafilm.

• Carefully pipet 10-15 µL of each DNA sample , including positive and negative controls, into 

dots of loading buffer.



Loading the Gel

• The first well is normally loaded with a DNA ladder which is a 

specifically manufactured solution of DNA molecules of 

different lengths.

• The ladder consists of DNA fragments of known sizes and is 

used to determine the size of unknown DNA fragments.



Running the Gel

• Secure the cover on the gel rig.

• Connect the leads to the rig and to the power 

supply. Remember DNA migrates toward the 

anode which is red.

• Run the gel at 5 V per cm between leads, 

normally 50 V is adequate, and 60-100 mA.

• Stop the run when the dye marker is 

approximately ¾ of the way down the gel. 

(This tracking dye runs similarly to a 200-

400 bp DNA fragment.)



Staining of DNA
• To make DNA fragments visible after 

electrophoresis, the DNA must be stained

• The favorite—ethidium bromide

• When bound to DNA it fluoresces under 
ultraviolet light (reddish –orange colour)

• Convenient because it can be added 
directly to the gel

• Sensitive—detects 0.1ug of DNA

Ethidium bromide
• The standard concentration used in staining 

DNA in gels is 0.5-1ug/mL

• Ethidium bromide is a fluorescent dye that 
intercalates between bases of nucleic acids 
and allows very detection of DNA 
fragments in gels.

• Inserting itself between the base pairs in 
the double helix



DNA ladder
It is a solution of DNA molecules of different length

• DNA Ladder consists of known DNA sizes used to determine the size of an unknown 
DNA sample.

• The DNA ladder usually contains regularly spaced sized samples which when run on an 
agarose gel looks like a "ladder".



• M: DNA marker

• Sol: Sample taken from crime scene

• Which suspect is most likely to have 
committed the crime?



Which male

would you

exclude in this

paternity

determination?

Explain your

reasoning.


