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Teacher
Modeling the concepts utilized by ELISA

Objective:  An ELISA (enzyme-linked immunosorbent assay) is a tool used frequently in disease diagnosis.  Often used as an initial screen for the presence of viral infection, the assay uses the principles of antigen-antibody interaction to produce highly visual results.  This makes the ELISA a relatively quick and inexpensive field test for pathogen infection.

While an ELISA is a relatively simple procedure, the underlying concepts can be difficult for students to grasp.  This activity uses a large-scale model to show the molecular principles utilized during an ELISA and attempts to help students visualize otherwise abstract ideas.

Estimated time:   5-10 minutes.

Timing:     This modeling could be used at a variety of times during the unit.  The model may be used before completing the ELISA wet lab as a way to introduce students to the underlying concepts or as a way to revisit the ELISA after having studied the basics of antibody structure and function.
Background Info on ELISA:  

The following is a basic breakdown of the steps utilized in an indirect ELISA, the type used in the wet lab associated with this unit. 

Steps:   1.  Purified antigens produced by the pathogen are allowed to bind to the surface of a 96-well plate.

 Example: purified H5 proteins from avian flu subtype H5N1.

2. Serum isolated from a subject is applied to the 96-well plate and allowed to bind to the antigen if complementary antibodies are present.

Example: serum from dead bird potentially infected with H5N1 virus

3. Enzyme-conjugated secondary antibodies specific for the constant region of the serum antibody are applied to the 96-well plate and allowed to bind to serum antibody if present.

Example:  antibodies specific to the constant region of bird antibodies and linked to horseradish peroxidase (HRP) 
4. Enzyme substrate is added to the 96-well plate and is cleaved if enzyme is present.  The cleavage product is colored and visually observed.

Example: HRP substrate is cleaved to a colored product upon enzyme action

Flow of Model: 

Note: This model is written as specific to the avian flu scenario but could be adapted to other situations.

Important Players:

	In the model…
	In an ELISA…

	Planter bottom
	One well of a 96-well plate

	Soft Velcro( pieces attached to plastic tray
	H5 proteins (antigens) bound to the plate

	Sticky Velcro( covered balls
	Serum antibodies for H5 isolated from a dead pigeon (a.k.a the primary antibody)

	Soft Velcro( covered balls attached to a brightly colored pom-pom
	Secondary antibodies specific for the constant region of the pigeon antibodies linked to the HRP enzyme


Steps:

	In the model…
	Connection to ELISA…

	1.  Show students the planter bottom with attached Velcro( pieces.
	The H5 protein adsorbs onto the surface of the well creating a sort of “film”.

	2.  “Sprinkle” all of the sticky Velcro( balls onto the surface of the plastic tray and move the plastic tray laterally to allow the Velcro( balls access to all parts of the board.  Some should attach to the soft Velcro( pieces.
	Serum from the dead bird is added to the well and allowed to incubate so that antibodies specific to H5 can find and bind to the H5 antigens.  This binding will only occur if the bird was infected with and H5 flu virus and had mounted an immune response. 

	3.  Dump the excess unbound Velcro( balls into a separate container.
	After primary antibody is added the excess is dumped out of the well and the well is washed with buffer to remove any unbound antibody.

	4.  “Sprinkle” all of the soft Velcro( balls onto the surface of the plastic tray and move laterally to allow the balls access to all parts of the board.  Some should attach to the sticky Velcro( balls.
	Secondary antibodies that are conjugated to an enzyme are added to the well and allowed to incubate.  Secondary antibodies will recognize and bind to the bird-specific region of the primary antibodies.  Again, this binding will only occur if the primary antibody bound to the H5 antigen and is still present.

	5.  Dump the excess unbound Velcro( balls into a separate container.
	The well is again washed to remove unbound antibodies.


Limitation: This model is limited by its inability to show the cleaving action of the HRP enzyme.  Therefore, the addition of the substrate has not been modeled.  In an attempt to make this important part of the assay understandable to students, the enzyme has been shown as a brightly colored object itself.

Useful Resources:

University of Arizona

The Biology Project, Immunology

http://www.biology.arizona.edu/IMMUNOLOGY/activities/elisa/main.html
Accessed July 18, 2007

This site contains basic background information about ELISA and an animation of both a positive and negative result.  The site uses HIV detection as a model.  It also contains links to other useful sites.  

Howard Hughes Medical Institute

The Immunology Lab

http://www.hhmi.org/biointeractive/vlabs/
Accessed July 18, 2007

Click on “The Immunology Lab” from the main webpage. This site contains more detailed information about ELISA and its connection to the humoral branch of the immune system.  An extensive interactive animation is available for students to practice performing an ELISA. 
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