IMMUNO TECHNOLOGY

LECTURE 11: ANTIGENS, ANTIBODIES CONTINUED

The exquisite specificity of antigen-antibody interactions has led to the development of a
variety of immunologic assays, which can be used to detect the presence of either antibody or
antigen. Immunoassays have played vital roles in diagnosing diseases, monitoring the level of the
humoral immune response, and identifying molecules of biological or medical interest. These
assays differ in their speed and sensitivity; some are strictly qualitative, others are quantitative.
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The interaction between an antibody and an antigen depends on four types of noncovalent
forces: (1) hydrogen bonds, in which a hydrogen atom is shared between two electronegative atoms;
(2) ionic bonds between oppositely charged residues;

(3) hydrophobic interactions, in which water forces hydrophobic groups together; and
(4) van der Waals interactions between the outer electron clouds of two or more atoms. In an
aqueous environment, noncovalent interactions are extremely weak and depend upon close

complementarity of the shapes of antibody and antigen.

Enzyme-Linked Immunosorbent Assay

Enzyme-linked immunosorbent assay, commonly known as ELISA (or EIA), is similar in
principle to RIA but depends on an enzyme rather than a radioactive label. An enzyme conjugated
with an antibody reacts with a colorless substrate to generate a colored reaction product. Such a

substrate is called a chromogenic substrate. A number of enzymes have been employed for



IMMUNO TECHNOLOGY

ELISA, including alkaline phosphatase, horseradish peroxidase, and B-galactosidase. These assays

approach the sensitivity of RIAs and have the advantage of being safer and less costly.

Indirect ELISA

Indirect ELISA is the method of choice to detect the presence of serum antibodies against

human immunodeficiency virus (HIV), the causative agent of AIDS.

Sandwich ELISA

Antigen can be detected or measured by a sandwich ELISA

Competitive ELISA

Another variation for measuring amounts of antigen is competitive ELISA
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Measurement of light produced by chemiluminescence during certain chemical reactions

provides a convenient and highly sensitive alternative to absorbance measurements in ELISA
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assays. In versions of the ELISA using chemiluminescence, a luxogenic (light-generating) substrate
takes the place of the chromogenic substrate in conventional ELISA reactions. For example,
oxidation of the compound luminol by H;O; and the enzyme horseradish peroxidase (HRP)
produces light:

luminol + H,0,
Ab-HRP + Ag—— Ab-HRP-Ag > light

The advantage of chemiluminescence assays over chromogenic ones is enhanced sensitivity.
In general, the detection limit can be increased at least ten-fold by switching from a chromogenic to
a luxogenic substrate, and with the addition of enhancing agents, more than 200-fold. In fact, under

ideal conditions, as little as 5 X 107 moles (5 attomoles) of target antigen have been detected.

Radioimmunoassay

One of the most sensitive techniques for detecting antigen or antibody is
radioimmunoassay (RIA). The technique was first developed in 1960 by two endocrinologists, S.
A. Berson and Rosalyn Yalow, to determine levels of insulin—anti-insulin complexes in diabetics.
Although their technique encountered some skepticism, it soon proved its value for measuring
hormones, serum proteins, drugs, and vitamins at concentrations of 0.001 micrograms per milliliter
or less. In 1977, some years after Berson’s death, the significance of the technique was

acknowledged by the award of a Nobel Prize to Yalow.

The principle of RIA involves competitive binding of radiolabeled antigen and unlabeled
antigen to a high-affinity antibody. The labeled antigen is mixed with antibody at a concentration
that saturates the antigen-binding sites of the antibody. Then test samples of unlabeled antigen of
unknown concentration are added in progressively larger amounts. The antibody does not
distinguish labeled from unlabeled antigen, so the two kinds of antigen compete for available
binding sites on the antibody. As the concentration of unlabeled antigen increases, more labeled
antigen will be displaced from the binding sites. The decrease in the amount of radiolabeled antigen
bound to specific antibody in the presence of the test sample is measured in order to determine the

amount of antigen present in the test sample.

Western Blotting

Identification of a specific protein in a complex mixture of proteins can be accomplished by
a technique known as Western blotting. In Western blotting, a protein mixture is
electrophoretically separated on an SDS-polyacrylamide gel (SDS-PAGE), a slab gel infused with

sodium dodecyl sulfate (SDS), a dissociating agent (see Figure).
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The protein bands are transferred to a nylon membrane by electrophoresis and the individual
protein bands are identified by flooding the nitrocellulose membrane with radiolabeled or
enzymelinked polyclonal or monoclonal antibody specific for the protein of interest. The Ag-Ab
complexes that form on the band containing the protein recognized by the antibody can be
visualized in a variety of ways.

If the protein of interest was bound by a radioactive antibody, its position on the blot can be
determined by exposing the membrane to a sheet of x-ray film, a procedure called autoradiography.

However, the most generally used detection procedures employ enzyme-linked antibodies
against the protein. After binding of the enzyme antibody conjugate, addition of a chromogenic
substrate that produces a highly colored and insoluble product causes the appearance of a colored
band at the site of the target antigen.

The site of the protein of interest can be determined with much higher sensitivity if a
chemiluminescent compound along with suitable enhancing agents is used to produce light at the

antigen site.

Immunofluorescence

In 1944, Albert Coons showed that antibodies could be labeled with molecules that have the
property of fluorescence. Fluorescent molecules absorb light of one wavelength (excitation) and
emit light of another wavelength (emission). If antibody molecules are tagged with a fluorescent
dye, or fluorochrome, immune complexes containing these fluorescently labeled antibodies (FA)
can be detected by colored light emission when excited by light of the appropriate wavelength.
Antibody molecules bound to antigens in cells or tissue sections can similarly be visualized. The
emitted light can be viewed with a fluorescence microscope, which is equipped
with a UV light source.

In this technique, known as immunofluorescence, fluorescent compounds such as
fluorescein and rhodamine are in common use, but other highly fluorescent substances are also
routinely used, such as phycoerythrin, an intensely colored and highly fluorescent pigment obtained
from algae. These molecules can be conjugated to the Fc region of an antibody molecule without
affecting the specificity of the antibody. Each of the fluorochromes below absorbs light at one
wavelength and emits light at a longer wavelength:

e Fluorescein, an organic dye that is the most widely used label for immunofluorescence
procedures, absorbs blue light (490 nm) and emits an intense yellow-green fluorescence (517
nm).

¢ Rhodamine, another organic dye, absorbs in the yellow-green range (515 nm) and emits a deep

red fluorescence (546 nm).
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e Phycoerythrin is an efficient absorber of light (~30-fold greater than fluorescein) and a brilliant

emitter of red fluorescence, stimulating its wide use as a label for immunofluorescence.
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Direct and indirect immunofluorescence staining of membrane antigen (mAg).

Cells are affixed to a microscope slide.

In the direct method (a), cells are stained with anti-mAg antibody that is labeled with a
fluorochrome (F1).

In the indirect methods (b and c), cells are first incubated with unlabeled anti-mAg antibody
and then stained with a fluorochrome-labeled secondary reagent that binds to the primary antibody.
Cells are viewed under a fluorescence microscope to see if they have been stained.

(d) In this micrograph, antibody molecules bearing p heavy chains are detected by indirect

staining of cells with rhodamine-conjugated second antibody.

Agglutination Reactions

The interaction between antibody and a particulate antigen results in visible clumping called
agglutination. Antibodies that produce such reactions are called agglutinins. Agglutination
reactions are similar in principle to precipitation reactions; they depend on the crosslinking of
polyvalent antigens. Just as an excess of antibody inhibits precipitation reactions, such excess can
also inhibit agglutination reactions; this inhibition is called the prozone effect. Because prozone
effects can be encountered in many types of immunoassays, understanding the basis of this

phenomenon is of general importance.

Agglutination reactions are routinely performed to type red blood cells
In typing for the ABO antigens, RBCs are mixed on a slide with antisera to the A or B

blood-group antigens. If the antigen is present on the cells, they agglutinate, forming a visible
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clump on the slide. Determination of which antigens are present on donor and recipient RBCs is the

basis for matching blood types for transfusions.

Bacterial Agglutination Is Used To Diagnose Infection

Patients with typhoid fever, for example, show a significant rise in the agglutination titer to
Salmonella typhi. Agglutination reactions also provide a way to type bacteria. For instance,
different species of the bacterium Sa/monella can be distinguished by agglutination reactions with a

panel of typing antisera.





