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Definition of Electrophoresis: 
�  Electrophoresis is the motion of dispersed particles in a 

fluid (water) under the influence of constant electric field. 

�  Used to separate: DNA, RNA, and proteins  

�  Consist of: 
1.  Charged samples 
2.  Gel (agarose & PAGE) 
3.  Buffer (supply ions, maintain pKa of a molecule) 
4.  Electrical filed (cathode, anode, wire, batteries) 
5.  Dye (Stains) 



Electrophoresis: (When & Why?) 

� This phenomenon was observed for the first time in 1807 
by Ferdinand Frederic Reuss (Moscow State University). 

 

� DNA/RNA has (-) negatively charges backbone due to the 
presence of phosphate group. 

 

� Electrophoresis is a technique used in laboratories in order to 
separate macromolecules based on size. 

 



Diagram: 



Principle: 
�   Cation = positively charged ion, it moves toward the 

cathode (-) 
�   Anion = negatively charged ion, it moves toward the 

anode (+) 
�   Amphoteric substance = can have a positive/negative/

zero charge, it depends on conditions 
 
� Principle: 
Some substances have different net charges and can be 
separated into several fractions in external electric field. 
But velocity of a particle also depends on the:    

Net charges, size, shape of the particle, pore size and 
given applied voltage. 



Principle: 
�  Electrophoresis of positively charged particles (cations) is 

called  cataphoresis, while electrophoresis of negatively 
charged particles (anions) is called anaphoresis.  

�  The technique “applies a negative charge” so proteins move 
towards a positive charge anode. This is used for both DNA and 
RNA analysis. Similar to the Sebia analyzer method for SPE/IFE 
& UPE/UIFE. 

 



Gels in Electrophoresis: 
�  Two most common type of gels are used in electrophoresis: 
 
1.  PAGE 
2.  Agarose 
 
�  Polyacrylamide gel electrophoresis  (PAGE) has a clearer 

resolution than agarose and is more suitable for quantitative 
analysis. 

�  Agarose gel used for very big macromolecules separation. Have 
very big pore sizes.  

�  PAGE used for small molecules in sizes because it has small pores 
in size. 

Make comparison between two types of gel? 



Protein Electrophoresis 
Immunofixation Electrophoresis 

�  Also known as: Serum Protein Electrophoresis (SPE or 
SPEP), Urine Protein Electrophoresis (UPE or UPEP). 

�  Formal name: Protein Electrophoresis and Immunofixation 
Electrophoresis. 

 
 1.  What is the difference 
between plasma & 
serum? 

2.  Why we use serum in 
SPE? 



SPE on agarose gel 
  

• Principle: 
 
Serum proteins are negative charged at pH 8.6 (a buffer 
helps to maintain a constant pH) and they move toward  
the anode at the rate dependent on their net charge. 
 
The separated proteins are fixed and stained by 
amidoblack solution. 
 
 



SEBIA: 



Serum protein electrophoresis 
hydragel – agarose gel 

Figure is found at http://www.sebia-usa.com/products/proteinBeta.html# 

� Serum proteins are 
separated into 6 groups:  
� Albumin 
� α1 - globulins 
� α2 - globulins 
� β1 - globulins 
� β2 - globulins 
� γ - globulins 

What type of data results we get from 
electrophoresis? 



Hydragel 15/30 

•  Gels with 15 or 30 wells 
(serum samples) are used 
in laboratories of clinical 
biochemistry. 

 
•  Electrophoresis is also 

used for separation of 
isoenzymes,nucleic acids 
and immunoglobulins 
 

 Figure is found at http://www.sebia-usa.com/products/proteinBeta.html# 



Hydragel 15/30 

�  Hypergamma Control Pictured 
�  16-30  

Figure is found at http://www.sebia-usa.com/products/proteinControl.html 

Normal Control Pictured 1-15 
 



Protein Electrophoresis  

�  The migration of charged colloidal particles or molecules 
through a solution under the influence of an applied electric 
field usually provided by immersed electrodes. 

    
�  A method of separating substances, especially proteins, and 

analyzing molecular structure based on the rate of movement 
of each component in a colloidal suspension while under the 
influence of an electric field. 



What is being tested?  
 
�  Protein electrophoresis is a method for separating the proteins 

found in serum or urine or CSF.  
 
�  These separated proteins may be detected by the use of a dye that 

binds to (stains) all of the proteins and reveals a characteristic 
pattern of bands.  

�  Each band indicates the presence of a particular protein, while the 
size of the band is a rough indication of the quantity.  

�  This pattern of bands is converted into a visual graph, showing 
vertical spikes or peaks where there is a lot of a particular protein 
and smaller peaks or valleys where there is less.  



Dye used in protein staining: 

1.  Amidoblack: (Weak) 
�  Used for serum! (Why) 
�  For SPE 

2.  Acid violet: (Strong) 
�  Used for CSF & Urine! (Why) 
�  For UPE, SIFE, and UIFE 



   �  Serum proteins are separated into five or six major 
groupings by protein electrophoresis.  

�  These fractions are called albumin, alpha 1, alpha 2, beta, 
and gamma (the beta fraction is sometimes divided into 
beta 1 and beta 2).  

�  Albumin, which is produced in the liver, forms its own 
group and accounts for about 60% of the protein in the 
blood. “Globulins” is a collective term used to refer to 
proteins other than albumin.  

�  With the exception of the immunoglobulins and some 
complement proteins, most of the globulins are also 
produced in the liver  



Evaluation of separated protein fractions 
Densitometry 

�  Densitometer is used for scanning of separated proteins in the 
gel. Scanning the pattern gives a semi-quantitative information 
about protein fractions. 

Figure is found at http://www.aafg.org 



The use of protein electrophoresis in 
diagnostics of diseases 

Electrophoretic pattern is constant under 
physiological conditions (intensity of bands). 
 
Spectrum of plasma proteins changes under 
various diseases (their ratio) 
  

 
Evaluation of electrophoresis pattern 

(bands or peaks) 



Normal Protein electrophoresis 



Multiple Myeloma 



  
 
 
 

Immunofixation Electrophoresis 
 

•  Specific proteins of interest can be identified by first fixing them into the gel with 
antibodies, then washing away all the other proteins prior to staining.  

•  This procedure is called Immunofixation electrophoresis (IFE). A slightly different 
method, IFE , was used in the past to identity specific proteins. 

 
•  However, this technique has been largely superceded by IFE because IFE is 

easier to perform and interpret.  



How is the sample collected for testing?  

 
�  A blood sample is obtained by inserting a needle into a vein 

�  Sometimes a random or 24-hour urine sample is required 

�  Most preferable both serum and urine sample sent together 
 
�  Less painful compare to take sample for bone marrow testing  



How is it used? 
�  Electrophoresis is used to identify the presence or absence of 

aberrant proteins and to identify when different groups of 
proteins are increased or decreased in serum or urine.  

 
�  It is frequently ordered to detect and identify monoclonal 

proteins (an excessive production of one specific 
immunoglobulin) 



How is it used? 
�  Protein and immunofixation electrophoresis are ordered to 

help detect, diagnose, and monitor the course and treatment 
of conditions associated with these abnormal proteins, 
including multiple myeloma and a few related diseases.  



Urine protein electrophoresis 
�  Protein is usually excreted in the urine in minute amounts 
 
�  When it is present in moderate to large amounts, it often indicates a 

problem with the kidneys 

�  The primary reason protein and immunofixation electrophoresis are 
ordered on urine is to look for monoclonal protein production 

�  This protein may show up in both the serum and urine, or it may only be 
seen in the urine 

�  An example of this is Bence Jones protein, which is the free light chain 
component of antibodies 

�  Normally, antibodies are composed of four parts, two identical heavy 
chains and two identical light chains 

 
�  Sometimes, in multiple myeloma, only one or the other is produced, or it 

may be produced in excess. 

�   The small size of Bence Jones protein allows it to pass through the kidneys 
and enter the urine.  







 Why to order UPE? 
 
�  Urine protein electrophoresis may also be ordered to help 

diagnose the cause and estimate the severity of protein 
excretion due to kidney damage or disease 

�  This damage or disease may be due to diabetes, chronic 
inflammation, an autoimmune condition, or a malignancy 

�  Electrophoresis is not usually necessary to assess the loss of 
small to moderate amounts of protein due to temporary 
conditions, such as a urinary tract infection or an acute 
inflammation 



When is it ordered? 
�  Protein electrophoresis may be ordered when a doctor is 

investigating symptoms that suggest multiple myeloma, such 
as bone pain, anemia, fatigue, unexplained fractures, and 
recurrent infections 

�  It may also be ordered as a follow-up to other laboratory 
tests, such as an abnormal total protein and/or albumin level, 
elevated urine protein levels, elevated calcium levels, and low 
white or red blood cell counts 

�  Immunofixation electrophoresis is usually ordered when the 
protein electrophoresis test shows the presence of an 
abnormal protein band that may be an immunoglobulin 



Why might my doctor do an electrophoresis 
when my total protein and albumin are normal?  

�  He may do a serum electrophoresis because you may have 
an abnormality even though the total protein and albumin 
are normal.  

�  This is because the body tries to maintain a constant amount 
of protein and may increase or decrease its production of 
other proteins to compensate for a deficiency or 
overproduction of others.  

�  Your doctor may order a urine electrophoresis when there 
is protein in your urine, because you may lose protein in 
your urine even if your blood levels are fairly stable. 



The End 

�  Any Questions? 


