Biology 212: Cell Biology

                                                                                   April 28-30, 2003


Immunology  

Many important techniques in cell biology depend upon the application of principles of immunology.  One of the most effective ways to identify and locate a particular antigen (a "foreign" protein, glycoprotein, or glycolipid) in or on a population of cells is to react the cells with antibodies prepared against the antigen.  A blood serum sample from an individual who has been previously exposed to an antigen will contain antibodies (immunoglobulins) specific to that antigen as well as the other antibodies that the individual has.  The other antibodies do not interfere, and using such serum is an easy way to obtain a mixed population of antibodies including the ones that you want.  Rabbits are commonly used in the lab as a source of "immune serum" containing antibodies made to specific antigens that have been injected into the rabbit.

When serum containing a particular antibody is mixed with a sample of antigen in solution, the antibodies and antigens combine to form a precipitate.  Such a reaction is called a precipitin (or precipitation) reaction; it can be difficult to see in solutions of antibody and antigen.  Resolution of the precipitation reaction can be increased by conducting the test in an immobilized gel similar to an agar plate.  Small wells are cut in the gel and the suspected antigen is placed in one and the serum in another.  As the proteins in the two solutions diffuse into the gel, they eventually diffuse toward each other and meet.  Where they contact each other in the gel a fine line of precipitate occurs and appears to the eye as a faint line in the gel. This test, called the immunodouble diffusion test, is very effective for detecting the presence of specific antibodies in a serum containing many different antibodies. 

If the antigen is exposed on the surface of (either prokaryotic or eukaryotic) cells, the antibody-containing serum (antiserum) can be mixed with the cells, and as the antibodies cross-link cells together, they are pulled into small clumps of cells and antibody molecules.  Such clumping of cells with antibody is called agglutination and is readily visible to the naked eye and much easier to detect than the precipitin reaction.

The agglutination reaction is a very important tool used in clinical microbiology to identify strains of pathogenic bacteria.  Such identification is called serotyping because specific antisera to a variety of microbes can be used to identify a particular infectious agent.  In practice, the microbiology laboratory maintains a stock of several different antisera.  Each one has been previously prepared against a pure culture of a specific bacterial strain by injecting killed bacterial cells into a rabbit.  Each specific antiserum will agglutinate only those cells against which it was prepared.  The cell surface proteins on bacteria are so specific that even sub-strains within a single species can be resolved using this test.  When an individual is sick, a sample of the infected site is taken and the infecting bacterium isolated in pure culture and identified by culture techniques as far as possible.  The pure culture can then be serotyped to identify the particular species or sub-strain.

In some cases, the patient may not have an active infection, or the site of the infection may be unknown.  Nevertheless, it can be determined whether the patient has at some point been infected with a particular microbe because, if he/she has, his/her blood serum will contain antibodies to that microbe.  A sample of the patient's serum is taken and reacted with a culture of the suspected strain to detect agglutination.  If agglutination occurs, then the physician knows that the patient previously had or currently has an infection with this strain.

THE  A-B-O  BLOOD  GROUPS  AND  HUMAN  BLOOD-TYPING

The surface of our red blood cells contains specific glycolipids and glycoproteins that give each of us one of four possible blood types: A, B, AB, or O.  We naturally carry antibodies to the patterns of glycosylation that we do not have on our own blood cells.  If blood cells different from our own are introduced into our bodies, then our antibodies react with these "foreign" cells, causing an agglutination reaction that can lead to clotting, blockage of circulation, and death.  It is imperative that an individual's blood type be known and that an individual receives only blood of compatible type during transfusions.

Each individual has two alleles that determine blood type; one is received from each parent.  The allele IA results in the "type A" pattern of glycosylation and IB results in "type B" glycosylation.  These two alleles are codominant.  Individuals lacking both IA and IB have glycolipids and glycoproteins with a "Type O" pattern of glycosylation; such an individual has both alleles i.  When one allele i is present, the IA or IB allele is dominant.  

Individuals having only IA will never make antibodies to type-A glycolipids and glycoproteins but will make antibodies against type-B glycolipids and glycoproteins.  Likewise, individuals with only alleles to glycoprotein B will only make antibodies against type-A glycolipids and glycoproteins.  The chart below summarizes the distribution of genes and antibodies in individuals of different blood types.
	Blood type
	Genetic makeup
	Circulating antibodies
	Can receive transfusion
	Will have transfusion reaction

	A
	IAIA or IAi
	anti-B
	A, O
	B, AB

	B
	IBIB or IBi
	anti-A
	B, O
	A, AB

	AB
	IAIB
	none
	A, B, AB, O
	none

	O
	ii
	anti-A, anti-B
	O
	A, B, AB


PRE-LAB  ASSIGNMENT


Please read the rest of this handout and review pages 712-5 and Figure 4.11 of your textbook.  Then answer the following questions in your lab notebook.

1.  According to your textbook, what are the exact differences in glycosylation between type A, type B, and type O glycolipids and glycoproteins?  Be as specific as possible.

2.  By testing the blood of an individual with anti-A and anti-B serum one can quickly determine which of the four blood types the individual possesses.  How will each of the four blood types react with anti-A and anti-B sera?  Explain.

WORKSHEET  (TO  BE  TURNED  IN  AT  THE  END  OF  LAB)

Name: _________________________________

I.  Blood-Typing

1.
Unknown #1:

Reason:

2.
Unknown #2:

Reason:

3.
Unknown #3:

Reason:

4.
Unknown #4:

Reason:

II.
Antibody structure and agglutination reactions

On the next page, create a diagram of an antibody molecule.  (Use IgG, the "classic" antibody type depicted in most texts.)  Show the polypeptide chains that make up the antibody molecule and label the variable and constant regions and antigen-binding sites.  (Consult your text if necessary.)

What interactions occur between antibodies and red blood cells (RBCs) during an agglutination reaction?  In the space below, create a diagram below that shows, at the molecular level, what is occurring in an agglutination reaction between Type-A RBCs and anti-A antibodies.  For comparison, also draw Type-A RBCs in the presence of anti-B antibodies.

Helpful hints:

•
An individual RBC is larger than a single antibody molecule and contains many glycolipid and glycoprotein molecules on its surface.

•
Agglutination will only be observed if cells are cross-linked (joined together).  Several cross-linked cells will appear as a small "clump" to your eye, while individual cells will form a smooth unbroken surface.

•
How many RBCs could be bound by a single IgG molecule?  How could a clump of 3-4 cross-linked cells be generated?  (Diagram this in the space below, showing the RBCs, type-A glycolipid and glycoprotein molecules, and anti-A antibodies.)

	Type A  Red Blood Cells + Anti-A Antibodies


	Type A Red Blood Cells + Anti-B Antibodies
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