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Indirect ELISA practice



ELISA basics I.

Capturing anti-A antibody
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Color reaction

• ELISA = Enzyme-Linked Immunosorbent Assay[1.] 

• An example of how ELISA works: (so-called sandwich ELISA, see on the next slides):

It is a quantitative method, the exact 
concentartion of the antigen can be 
determined based on the intensity of 
the color reaction.



ELISA basics II.

• It is based on the antibody-antigen reaction, both of them can be detected.[2.]

• Sensitization: One of the participants is bound to solid surface.

• Blocking: Blocking of non-specific binding sites.

• The participant of interest (either the antigen or the antibody) is in a soluble form. 
(e.g. blood serum)

• The capturing antigen/antibody will bind its soluble ligand and bound 
immunocomplexes will form.

• Components not bound to the surface are removed by washing.

• The bound immunocomplexes can be detected with enzymatic color reactions 
either directly or indirectly.

• The colored end-product of the chromogen is soluble and diffuses in the solution.

• The concentration of the investigated participant can be calculated by measuring 
the light absoprtion of the solution and using standard samples with known 
concentrations. → It is a quantitative method!



Principle of ELISA (indirect ELISA)
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In the case of ELISA the colored 
end-product of the chromogen 
must be soluble. The end-product 
will randomly diffuse in the 
solution changing the light 
absorption properties of the 
solution. Light absorption is then 
measured well by well by the ELISA 
reader.[2.]

In case of enzyme IHC and 
immunoblotting techniques (e.g. 
Western blot) the end-product 
must be insoluble, otherwise it will 
diffuse away. An insoluble end-
product will stay at the site of the 
reaction allowing the visualization 
of antigen-antibody reaction.
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Main types of ELISA

Direct ELISA Indirect ELISA Sandwich ELISA

Labelled primary antibody
Unlabelled primary 

antibody

Labelled secondary 
antibdy

Capturing antibody

Chromogen + substrate

The capturing and the 
primary antibodies recognize 
different epitopes of the 
very same antigen!

Cheaper, signal is stronger.Expensive, weak signal.

Chromogen + substrate

Chromogen + substrate

Labelled secondary 
antibdy

Unlabelled primary 
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Direct ELISA

1. They bound A antigen from the sample to the plate.
2. They detect the antigen with enzyme-labelled anti-A antibody.[3.]

chromogen + substrate

color 
reaction

enzyme

Labelled primary 
anti-A antibody

Bound A antigen

Advantages:
• Fast

Disadvantages:
• Expensive (requires a labelled 
primary antibody)
• The signal is weak because 
proteins in the sample compete 
with each other during the 
senzitization step. (Solution: 
Sandwich ELISA)



Indirect ELISA
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human antibody
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antibodies in the 
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Application: Detection of antibodies 
in the sample, e.g.:
• Testing hybridoma supernatants[4.]

• Detection of antigen-specific 
antibodies in body fluids (e.g. 
detecting autoantibodies in the 
serum in autoimmune disorders, 
see later)



Sandwich ELISA

enzyme

Chromogen 
+ substrate
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Capturing anti-A 
antibody bound to 
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Labelled anti-A antibody

Applications: Detection of a specific 
antigen in the sample.
E.g.:
• Cytokines
• Tumor markers
• Hormones
• Etc.
Requirement: The capturing and the 
primary antibodies must recognize 
different epitopes of the very same 
antigen.



Competitive ELISA
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Application: Detection of a specific antigen in the sample.
Principle:
1. Binding of anti-A antibody to the plate.
2. They add a known amount of labelled antigen to the sample.
3. The unlabelled antigen in the sample will compete with the labelled ones for the 

binding sites.
4. The unbound componenets are removed by washing.
5. The intensity of the color reaction is inversely proportional with the concentration 

of the antigen in the sample.  (The less antigen there was in the sample, the more 
enzyme-labelled antigen could bind to the coated antibodies.)



ELISA evaluation I.
Creating standards with known concentrations:
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ELISA standard curve:

An ELISA reader which measures the light 
absorption in well of the ELISA plate.



ELISA evaluation II.
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Result of a routine diagnostic ELISA
(measured rheumatoid factor)

The concentration of the antigen is 
calculated based in the light absorption of 
the sample with help of the standard curve.

Standard curve:



The significance of ELISA

• Medical diagnostics:

– Diagnostics of autoimmune disorders[5.] (detection of autoantibodies, see later)

– Diagnostics of infectious diseases[6, 7.] (detection of either microbial antigens or 
the antibodies produced against them, e.g. detection of anti-HIV antibodies in 
HIV screening)

– Measuring the concentrations of specific serum proteins e.g. CRP, hormones[8.] 

(β-hCG, TSH, etc.)  cytokines, tumor markers[9, 10.] (e.g. AFP, PSA, CEA, etc.)

• Industrial uses:

– Detection of food allergens[11, 12.] (e.g. gluten, peanut, milk proteins, etc.)

– Detection of toxins in foods[13.]

– Testing antibody production of hybridomas[4.]

– Detection of certain industrial pollutants in environmental and industrial 
wastes[14.]

• Research



ELISPOT
ELISPOT test[15.]
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1. Incubation of the antigen 
producing cells on a plate 
coated with specific 
capturing antibodies.

2. Removal of the 
cells by washing

3. Adding biotinylated 
antibodies

4. Adding enzyme-labelled 
streptavidin

5. Adding chromogen

6. Formation of an insoluble end-
product at the site of antigen 
production.

capturing antibody

antigen of interest

biotinylated antibody

enzyme-labelled streptavidin
colored end-product
chromogen

It is used to measure the 
antigen secretion of cells.
E.g.:
Cytokine production



IFNγ production in T cells

Detection of interferon gamma (IFNγ) with ELISPOT. The cells were put to a plate. 
The IFNγ they produced was instantly bound by the capturing antibody. The bound 
IFNγ was detected with enzymatic reaction. The stimulated T cells became activated 
and produced large amounts of IFNγ.

T cells stimulated with 
an anti-CD3 antibody:

untreated T cells:

0 spot 760 spots



Dot blot

Membrane (PVDF 
or nitrocellulose)

Comparison of two different samples 
for the same proteins with Dot blot.

Sample template

Vacuum manifold

1. They put one drop of the sample containing 
the antigen to a solid surface (membrane).

2. The antigen attached to the surface is 
detected with the use of a labelled antibody 
either with a chromogen or with 
chemiluminescent reaction (see later).

 Application: Detection of specific proteins in a 
sample of mixed proteins.



Western blot[16.]

Proteins

1. Separation by size 
(electrophoresis)

2. Transferring of the separated proteins to 
a solid surface(blotting)

3. Labeling the antigen of 
interest with conjugated 
antibodies

4. Detecting the antigen with either a chemiluminescent 
reaction or immunofluorescence



Detection of the antigen

Light

The chemiluminescent reaction of luminol:

There are several methods to visualize the bound antigens, the most frequently used 
are[17.]:
• Chemiluminescent Western blot
• Fluorescent Western blot

Light

Luminol
Oxidized luminol

H2O2

HRP

Labelled secondary antibody

Primary antibody

Antigen

Membrane



Examples

EGFR

Phosphorylated EGFR

Overlay image

Simultaneous detection of AFP and GADPH (quantity control)  with chemiluminescent 
technique:

Investigation of EGFR phosphorylation with fluorescent Western blot:



Significance of Western blot:

• What is it capable of?

– It can specifically detect proteins in a mixed protein sample and also 
provides information of both the size and the quantity of the protein of 
interest. (semiquantitative method)

– Protein-protein interactions can be detected with immunoprecipitation.

– Can be used for functional tests, such as investigating protein 
phosphorylations in cells.

• It is extensively used in research.

• Its use for diagnostic purposes is limited because it is hard to standardize.[18.]

• Some examples of diagnostic uses:

– Confirmation of certain infectious diseases, e.g.: 

• Lyme disease[19.]

• BSE (Bovine spongiform encephalopathy, „mad cow disease”)[20.]

• Confirmation of HIV infection in case of a positive ELISA screening 
test.[21.] 



Indirect immunofluorescence microscopy 
as a serological test

• Immunofluorescence microscopy → see 4th practice

• Application: Diagnostics of autoimmune disorders (see later in more detail)

• The serum of the patient is added to a cell culture or tissue. Autoantibodies in the 
serum will cross-react with the tissue or cultured cells which can be detected with 
flurochrome-conjugated anti-human antibodies.

Autoantibodies in the 
blood serum

Cells/tissues

Labelled anti-
human antibody

Microscopy

Detection of anti-double stranded DNA 
(dsDNA) antibodies in a cell culture.[22.] 



Indirect immunofluorescence example

Detection of anti-endomysium autoantibodies (EMA) from the serum of a patient 
with celiac disease on a monkey esophagus. The esophagus section was first 
incubated with the serum of the patient. Then fluorochrome-conjugated (FITC) anti-
human antibody was added.[23.]



Comparing the treshold of different 
serological methods
Method Estimated sensitivity

(µg protein/ml sample)

Precipitation in fluids 20-200

Ouchterlony double 
immunodiffusion

20-200

Immunoelectrophoresis 20-200

Mancini radial 
immunodiffusion

10-50

Rocket immunelectrophoresis 2

Immunofluorescence 1

Direct agglutination 0,3

Passive agglutination 0,006-0,06

ELISA 0,0001-0,01
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