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Immunoglobulines (1g.) or Antibodies (Abs)

- Immunoglobulins are glycoprotein molecules that are produce by B-cells in
response to an immunogen. B-lymphocytes are differentiate into plasma
cells that secretes Abs

- Antibodies are important in adaptive immune response especially in humoral
Immune response

- Antibodies found in the serum and tissue fluids, thus antibodies can be found
in two forms: membrane-bound and secreted antibodies

- Antibodies can differentiate into several classes as fallowing: 1gG, IgM,IgA,
IgE and IgD



- IgM is the main antibody in the primary immune response while IgG is the
main Antibody in secondary immune response

- There are two main properties of antibodies

1. Specificity

2. Biological activity

Functions of immunoqglobulines

1. Neutralization of microbes and toxins

2. Activation of complement system.

3. Opsonization: Fc portion of the antibody binds to an Fc receptor on
Phagocytic cells, eosinophil, mast cells, and basophils facilitating
phagocytosis. The efficiency of this process is markedly enhanced if the
phagocyte can bind the particle with high affinity. This binding can activate
the cells to perform some function

4. Agglutination with microbes and foreign bodies

5. Immobilization of microorganisms

6. Precipitation: Interaction of antibody with a soluble antigen forms a
precipitate which phagocytoses and destroys by phagocytes.

7. Placental transfer: immunoglobuline (only IgG) has the ability to cross the

placenta from mother to fetus.
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Structure of Immunoglobulin

The structure of immunoglobuline is illustrated in (Figure 1):

The Ig monomer is a "Y"-shaped molecule that consists of four polypeptide
chains linked covalently by disulfate bonds, 2 identical light (L) chains
(22kDa) and 2 identical heavy (H) chains (55kDa)

Each heavy chain is consist of 440 amino acid, while the light chain included
220 amino acid

The light chain found with two forms: kappa (K) and Lambda (0). Each
type of antibody contain one type of light chain either kappa or lambda

Each light chain covalently attached to one heavy chain via disulfide bridge

The light and heavy chain are divided into two regions (Figure 1)

1- Variable region (V)

In the light chain (VL) and (\Vh) in the heavy chain
The site of binding to specific Ag. finished with amine group (NH3") due to

containing complementary-determining region (CDR) that binds to epitopes.


http://en.wikipedia.org/wiki/Polypeptide

2- Constant region (C)

- Inthe light chain (CL) and (Ch) in the heavy chain

- The light chain contain (1) constant region while the heavy chain contain (3-
4) regions.

- Finished with carboxyl group (COO")

- There are five different constant regions, each constituting an class of
antibody: gamma (IgG), meo (IgM), alpha (IgA), epsilon (IgE), delta (IgD)

- Antibody molecule act as bifunctional molecule due to its ability to combine
with antigen (by amino terminal) and also combine with other immune cells,
phagocytes and complement system (by carboxyle terminal).
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- There two main domain in antibody molecule

1- Fragment antigen binding (Fab): This region of the antibody is composed of
one constant and one variable domain from each heavy and light chain. This domain
including the site of antigen binding.

2- Fragment crystallizable (Fc): it is composed of two heavy chains that contribute
two or three constant domains depending on the class of the antibody. This region
plays a role in modulating immune cell activity by binding to a specific class of Fc
receptors and other immune molecules, such as complement system and immune
cells including phagocytic cells, eosinophil and basophil.

- Antibody molecule in heavy chain include hinge region with Y form. It is called
the hinge region because there is some flexibility in the molecule at this point.
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Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H. Freeman and Company

Figure 1: The basic structure of immunoglobuline molecule derived from
amino acid sequencing studies.

6



- By using enzymes, the basic antibody structure discovered by Edelman and
porter which are awarded Nobel Prize (1959) for this. They are noticed that these

enzymes cleavage rabbit IgG into different parts as fallowing (Figure 2):
A- Papain enzyme cleavage antibody molecule into three fragments:
1- Doubled fragments of Fab: included one antigen-binding site
2- Single fragment of fragment crystallizable
B- Pepsin enzyme separated antibody molecule into two fragmants:

1- Fragment antigen binding (Fab)2 : consist of two parts of Fab coupled by disulfate

bound including two of antigen binding site.

2- Single fragment of Fragment crystallizable (Fc)
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Figure2. Prototype structure of 1gG, showing chain structure and interchain
disulfide bonds. The fragments produced by various treatments are also
indicated. Light (L) chains are in gray and heavy (H) chains in blue.



Affinity and avidity of Immunoglobulines

Affinity and avidity are both measures of binding strength. While affinity is the
measure of the binding strength at a single binding site, avidity is a measure of the
total binding strength

Affinity

- Affinity is the strength of a single bond or interaction. When it comes to the
antibody-antigen relationship, the binding affinity is the strength of the interaction
between the antigen's epitope and the antibody's paratope at a singular binding site.
- Thermodynamically, affinity is the total of all forces that result in increased binding
strength (Kon) minus all of the forces that result in decreased binding strength (Kofs).
- When an antigen is encountered for the first time, the affinity of the antibodies
produced is low. Once the body is familiar with the antigen, the immune response
adapts and the binding affinity increases.

- Another example of affinity is the interaction between a biomolecule and its ligand,

such as a protein and a drug designed to bind to it.
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Avidity

Antibodies and antigens are multivalent, meaning they possess more than one
binding site. The measure of the total binding strength of an antibody at every

binding site is termed avidity. Avidity is also known as the functional affinity.
Avidity is determined by three factors:-

1. The binding affinity: The strength of the relationship at a singular binding site.
2. The valency: The total number of binding sites involved.
3. The structural arrangement: The structure of the antigen and antibody involved.

- An antigen-antibody complex for example. Two of the antibodies found within the
human body are IgE and IgM. IgE antibodies have just two binding sites, while IgM

antibodies have ten.

- The affinity of each of these antibodies is the strength at just one binding site, while
the avidity is the total strength of the binding interactions at the two IgE binding sites
or the ten IgM binding sites. The valency of IgM is five times greater than that of
IgE, so the difference between the affinity and the avidity will be greater for IgM

antibodies than IgE antibodies.
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AVIDITY

AFFINITY [lr

Classes of immunoglobulines
Five different antibody isotypes are known in mammals based on the amino acid

sequences in the constant region of the heavy chains. These classes are 1gG, IgM,
IgA, IgD and IgE.

1. 1gG
- The major antibody in the serum (70-80%).

- Placental transfer: IgG1 is the only class of Ig that crosses the placenta. 1gG2
does not cross well.
- 1gG is responsible for opsonization and activation of complement system

(classical pathway). Macrophages, monocytes, PMNs and some lymphocytes

have Fc receptors for the Fc region of 1gG. Then, the antibody has prepared
the antigen for eating by the phagocytic cells.
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- Produce in the secondary immune response. . The concentration in the serum
is 12.4 pg/ml
- Half-life of IgG is 23 days

- IgG is monomere and the heavy chain is with Gamma (y) type.
- 1gG molecular weight is with 160 kDa
- Itis has four isotypes: 1gG1, 1gG2, 19gG3, 1gG4
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2- IgM

IgM exists as a pentamer (consist of five parts binds together by J chain). the
heavy chain is with Meo (W) type

Not opsonized factor

Half-life of IgM is 5 days; the molecular weight with 900kDa

The best active immunoglobulin in complement system fixation.

Produce in the primary immune response

IgM is exist in two forms: membrane-bound antibody on B cells and in a
secreted form (pentamer)
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3- IgA

IgA is exist in two forms:

1. Serum IgA

2. Secretary IgA (SIgA): found in fluids (Milk, saliva, mucous, tears).

The function of IgA is neutralize bacteria and viruses and constitute (5-10%)
of immunoglobulins. The concentration in the serum is 2.8 pg/ml

Half-life of IgA is 6 days; molecular weight with 160kDa. The heavy chain is
with Alpha (a) type.

There are two types of IgA: IgA1, IgA2.

It is exist as monomeric or dimeric (J chain is associated with it)
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4- IgE

Involved in allergic reactions

IgE also plays a role in parasitic helminthes diseases, asthma and anaphylaxis
Eosinophils have Fc receptors for IgE and binding of eosinophils to IgE-
coated helminths results in killing of the parasite

Produce in lymphoid tissues especially in respiratory duct and intestinal.
Binds to basophil and mast cells via Fc lead to degranulation of mast cells and
release of histamine and chemotactic factors of eiosinophil

Half-life of IgE is 2 days and the molecular weight is 190kDa; the

concentration in the serum is 1.8-20 pg/ml.
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- It is exist as monomeric and the heavy chain is with Epsilon (¢) type.
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5-1gD

- Found on B cell surface where it functions as a receptor for antigen and
constitute (1%) of immunoglobulins

- The concentration in serum is 3-300 pg/ml; the molecular weight is 150kDa.
The heavy chain is with Delta (J) type.

- Half-life of IgD is 5 days; did not transfer to placenta.

- Destroyed by heating and digestive enzymes
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