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General
The utilization of the serum protein electrophoresis (s-PEP) in clinical chemistry is often taken for granted. This EduPath aims to trace the history and highlight 
the benefits of this test as it is a valuable part of modern diagnostic medicine. This test is relatively inexpensive and can be used to diagnose a number of 
important malignant as well as  benign medical conditions. Guidance for the use of s-PEP will be provided.

History
Many medical professionals are unaware of the enormous contribution to the science of protein classification and its role in the pathogenesis made by Arne 
Wilhelm Kaurin Tiselius (1902 – 1971). He was born in Stockholm and studied proteins. Under the leadership of Tiselius, the Institute of Biochemistry at the 
University of Uppsala in Sweden developed  a number of useful methods in biochemistry such as electrophoresis, chromatography, phase partition and gel 
filtration. He won the Nobel prize for Biochemistry in 1948 for his work on electrophoresis which uses electrically charged molecules that migrate along an 
electric field at different speeds depending on the strength of the charge.

Serum Protein Electrophoresis in Clinical Practice

The various fractions in s-PEP analysis are:
 • Albumin 
  The name comes from the Latin word “albus” meaning “white”. This fraction represents the most abundant plasma protein. It serves as a transporter for 

fatty acids, bilirubin and drugs and is vitally important for the maintenance of colloid osmotic pressure.
 • Alpha-1 globulin 
  ALPHA-1-ANTITRYPSIN – is synthesized by the hepatocytes, and deficiencies are associated with liver and lung conditions. Increases are found during 

inflammation, malignancies, trauma and pregnancy. Make up 90% of the fraction.
  ALPHA-1-LIPOPROTEIN
  ALPHA-1-ACID GLYCOPROTEIN
 • Alpha-2 globulin
  HAPTOGLOBIN – scavengers haemoglobin in the vascular compartment and is used as a marker for intravascular haemolysis where it is reduced or 

undetectable.
  CERULOPLASMIN – is a major copper-transport protein and is also an acute phase response protein.
  ALPHA-2 MACROGLOBULIN – is a large molecule and is retained in the serum in nephrotic syndrome.
 • Betaglobulin
  TRANSFERRIN – transports circulating Fe3+ 
  BETA LIPOPROTEIN 
  COMPLEMENT C3 – consists of more than 20 proteins that recruit phagocytes to destroy foreign organisms.
 • Gammaglobulin 
  These antibodies effect clearance of foreign molecules or organisms and consist of  2 identical heavy chains as well as 2 identical light chains.
  IgG – is produced by mature plasma cells and accounts for 70% to 75% of the immunoglobulins in serum.
  IgM – is produced at the earlier stages of B-cell development.
  IgA – is an important component of mucosal immunity.

Fig. 2:  Normal S-PEP configuration.

Fig. 1: Arne Tiselius credited with the 
development of serum protein electrophoresis 
for which he won the Nobel prize for Chemistry 
in 1948.



  IgD – its primary function is unknown.
  IgE – concentrations may be increased in allergic disorders. 
  Polyclonal increases of Gammaglobulins need to be investigated, and the table below lists the differential diagnoses to consider.

Double albumin bands may be observed due to:
- Congenital bisalbuminaemia (genetic mutation)
- Bisalbuminaemia due to acute pancreatitis - the release of pancreatic enzymes can lead to albumin splitting. Consider urine amylase. 
- Recent injection of radiological contrast products into the blood circulation. Please submit a new sample in 4 days if this is the  

 case.
- Some antibiotics: Transitory bisalbuminaemia due to drug interaction with albumin.
- Lipoproteins (serum appearance is however not milky).
- Biliary pigments (serum is however not icteric).
No bands suggestive of monoclonal proteins are observed, and immune paresis is not present.

Practice Points for Diagnostic Stewardship
Utility of SPE
The following are indications for using SPE testing:
• Diagnosis of monoclonal gammopathies.
• Monitoring of monoclonal gammopathies.
• Assisting in the diagnosis of liver conditions, inflammatory states, hypo-  
 and hypergammaglobulinaemias, malignancies, renal   
 diseases and gastro-intestinal disorders.

SPE should be considered in any patient with:

✓ Elevated ESR

✓ Unexplained back pain, weakness, fatigue, anaemia

✓ Spontaneous fractures, osteopenia, osteolytic lesions 

✓ Hypercalcaemia

✓ Bence Jones proteinuria

✓ Proteinuria in patients older than 40 years

✓ Hypergammaglobulinaemia 

✓ Immunoglobulin deficiency

✓ Recurrent infections 

✓ Unexplained peripheral neuropathy

SPE enhanced by additional testing such as quantification and immunotyping, provides for general screening of the state of health in a 
patient. 

Conclusion
SPE is a method of physical separation of protein molecules based on their charges and allows pathologists and clinicians to detect and monitor various 
pathophysiological states.  Proteins are classified into 5 general regions after electrophoresis is complete – albumin, alpha-1, alpha-2, beta, and gamma. 
The immunoglobulin classes (IgG, IgA, IgM, IgD and IgE) usually migrate to the gamma region but may also be found in the beta regions and 
occasionally in the alpha-2 globulin area.

Arne Tiselius's work has had an enormous influence on the diagnosis of protein disorders.   From the above, it is evident  that his legacy continues in 
daily routine chemical pathology testing.
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Fig. 3: Differential Diagnosis of Polyclonal Gammopathy.

Examples of Conditions Resulting in Abberant S-PEP patterns

Fig.4: The albumin and beta globulin fractions are decreased, with prominent alpha-2 globulins - in keeping with nephrotic syndrome. A prominent monoclonal band is noted in the gamma 
region, measuring approximately 16 g/L (densitometric quantification). Immune paresis is present.

Fig. 5:  A double albumin band is observed. The alpha-2 globulins are slightly prominent, e.g. due to an acute phase reaction, associated with raised haptoglobin. Some contrast dyes may also 
cause a raised alpha-2 fraction, due to analytical interference.


