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Immunoglobulins :

Antibodies are soluble protein molecules called globulins, due to their globular

structure. On electrophoresis, they are predominantly found in the gamma region ( ¥
globulins) furthest away from the anode. They are collectively called immunoglobulins.

Structure of immunoglobulins :

An immunoglobulin molecule is made of two identical heavy chains (m.w.
53000) and two identical light chains (m.w. 22000), these are mirror images of one
another.

These chains are connected together by means of S-S bonds. One part of the
molecule (Fab) combines with antigen i.e. has the specificity of the antibody, while the
rest (Fc) is the effector part responsible for the biological activity.

The enzyme papain cleaves the Ig molecule into three fragments : two Fab
(antigen binding) and Fc (crystalline).

The bond between antigen and antibody is non-covalent, affinity is the measure of
this bond. Avidity.

The light chain can be of two classes : Kappa and Lambda, in humans, 60% of Ig
contain kappa and 40% contain lambda chains.

The heavy chain can be of five different classes : p, 8, y, , € corresponding to
IgM, IgD, IgG, IgA and IgE respectively, these are present in all individuals and are
called isotypes. The class of the heavy chain determines the biological activity of the
immunoglobulin.

There are also subclasses of IgG and IgA, due to small changes in amino-acid
sequences in the H domains of H chains.

Each heavy or light chain is divided into segments of compactly folded globular
structure 100-110 amino acids in length with an intra disulphide bond, these segments
are called domains. This is the immunoglobulin fold and all molecules containing this
structural fold are called members of the immunoglobulin superfamily.

All these domains show a great deal of homology or resemblance in sequence
indicating that all came originally from a common ancestral gene. The end (-NH2)
domains are called variable domains on both light and heavy chains, all the rest are
constant domains.

Light chain : one variable and one constant domains : VL and CL.
Heavy chain : one variable and 3-4 constant domains : VH and CH.

Hinge region :

Except in IgM and IgE which also happen to have 4 constant domains, a short
additional segment is present between CH1 and CH2 domains known as the hinge region.
It affords flexibility between the two Fab fragments of the Ig molecule. It is probably the
remnant of a domain.

Structure of a domain :



Special pleated structure called the immunoglobulin fold, 7 pleats and folds.
The variability in the V domain in the amino acid sequence is mainly found in three
regions called hypervariable regions, they are responsible for the repertoire and because
they are complementary to the antigen with which they combine, they are called
complementarity determining regions or CDRs.. There are 3 CDRs on each variable
domain. The CDRs from light and heavy chains form the cleft whose fit determines the
epitope with which it is to combine and with which affinity.

Allotypes : Classes of Ig and subclasses are found in all individuals of a species and are
called isotypes. Some allelic variation in AA sequences lead to allotypes of Ig in certain
individuals, there are allotypes of gamma and kappa chains as well as alpha chains.

Idiotypes : the specificity regions of an Ig molecule i.e. paratope is immunogenic due to
its heterogeneity, this is known as the idiotype. Antibodies can be raised to this and are
called anti-idiotypes.

Biological properties of immunoglobulins :

1)- Agglutination : clumping together of particulate antigen e.g. bacteria.
2)- Precipitation : linking soluble antigen to form a precipitate.

3)- Opsonisation : facilitating phagocytosis.

4)- Complement activation : opsonisation and cell lysis.

5)- ADCC : through NK cells and eosinophils.

6)- Crossing the placenta : only I1gG subclasses (except 1gG2).

7)- Immobilisation of bacteria : binding of flagella and cilia.

8)- Neutralisation of viruses : inhibiting of binding sites to cells.

9)- Neutralisation of toxins : binding to active site.

IgG : this is the most abundant Ig in serum. MW 150,000. Has 3 constant domains. It
is the least anodic i.e. least negatively charged of all serum proteins and belongs to the y
region of serum zone electrophoresis, hence the term gamma globulins as equivalent to
immunoglobulins. It has 4 subclasses. The half life is 23 days, thus it is suitable for
passive immunisation. 1gG aggregates readily by heating or with alcohol treatment, and
then act as an immune complex. It is important that passive immunisation is not carried
out with aggregated [2G.

IgG causes agglutination and precipitation, which results in immune complexes that are
easily phagocytosed and removed from the circulation.

It is the only lg to cross the placenta (except 1gG2), the newborn does not produce IgG up
to 2 months after birth : important in defense but a drawback in Rh haemolytic disease.

It is a good opsonin, Fc receptors on macrophages. ADCC through Fc receptors on NK
cells. It activates complement, neutralizes viruses and toxins, it immobilizes bacteria,
hence its versatility as an immunoglobulin.

IgM : m.w. 900,000 it has 4 C domains in the heavy chain. It exists as a pentamer with
S-S bonds with Fc and J chain. Contrary to expectation, IgM has only five binding sites
instead of 10 because of conformational constraints.



It l)as a half life of 5 days. It can be present on the surface of B cells.

It is the main Ig in the foetus and the newborn. The main Ig of the primary immune
response and with T-independent antigens.

Ig_M is a very efficient agglutinating agent, the pentameric structure helps bridge wider
distances. The isohaemagglutinins of the ABO system are IgM. It is efficient at activating
complement one molecule being sufficient for that..

It does not cross the placenta. It is a poor neutralizing antibody.

IgA : (15% of serum Ig. ) m.w. 165,000. Dimeric 400,000. Half life is 5.5 days.

Two isotypes, IgA1 (80% in serum, 60% in secretions) IgA2.

IgA in secretions is dimeric, has J chain and secretory component from the epithelial cell
across which it passes. Small amounts of secretory IgA is found in blood.

Secretory component protects against hydrolysis.

It has an Fc alpha receptor found on immune cells for mediation of activity.

It is a poor complement activator and opsonin. Main action on mucosae by blocking
pathogens receptors for entry and stearic hindrance, aggregating pathogens and
entrapment into mucus.

Antibody diversity :

Heavy chain : chromosome 14
50 V segments. 30 D segments. 6 J segments.

Kappa light chain : chromosome 2
40 V segments. 5 J segments.

Lambda light cahin: chromosome 22
30 V segments. 4 J-C segments.

Combinatory diversity. Junctional diversity. Heavy/light combination
Somatic hypermutation ( affinity maturation ).




