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ASSIGNMENT 

Discuss the genetic basis of antibody diversity 

Three theories have been put forth to explain antibody diversity, which allows B cells to generate an antibody repertoire capable of reacting with a wide range of antigens: (1) The germ-line theorypostulates that separate genes exist for each antibody molecule and that the antibody repertoire is largely inherited. (2) The deoxyribonucleic acid (DNA) rearrangement theory proposes that a limited number of genes undergo genetic rearrangements to create antibody populations. (3) Finally, the somatic mutation theory proposes that a limited number of inherited genes undergo mutations to general antibody repertoires. In vivo and in vitro studies have demonstrated that both the DNA rearrangement theory and the somatic mutation theory provide the most plausible explanations for antibody diversity.

Antibodies are encoded by different germ-line genetic loci. Variable (V) region, joining (J) region, and constant (C) region gene products are assembled into a functional antibody. Variable portion genes (V) code for amino acids that constitute the framework regions of the variable region, and three hypervariable complementarity-determining regions (CDR1, CDR2, and CDR3). The hypervariable regions form the three-dimensional antigen-binding pocket. Antibody specificity is determined by the specific amino acid sequences in CDR3. The joining (J) segment is, in reality, part of the V region and provides some of the framework for the antigen-binding pocket. Only heavy chains have an additional diversity (D) gene.

Antibody diversity is generated from the large number of V, J, D, and C genes available for recombination. Light-chain loci have 30 to 35 genes encoding for the variable (VL) regions (Table 10-1). Five to seven genes code for JL segments in kappa (κ) or lambda (λ) light chains, respectively. Lambda and kappa light chains have one highly conserved constant region.
Total possible antibodies based on recombination of lambda, kappa, and heavy chains: 150 × 245 × 115,500 = 4,226,255,000 = 4.2 × 10⁹ 

Heavy chains are larger than the light chains. A hundred genes code for heavy-chain variable (VH) regions. Diversity (D) genes (N=23) are inserted between V and J genes. J genes (N=5) are linked to the constant region (N=5). The constant region may be from one of the five antibody isotypes (mu [μ], gamma [γ], alpha [α], epsilon [ε], or delta [δ]). An assembled heavy chain consists of VJDC gene products. 

Three events contribute to the necessary diversity of VH- and VL-genes: 1. Sets of germline DNA segments: VH, DH, JH and VL, JL containing genetic information for different parts of V-domains amino acid sequence. 2. Ontogenic rearrangements of these segments resulting in generation and expression of complete VH- and VL-genes. These rearrangements create the third hypervariable region diversity. 3. Succeeding hypermutational process leading to numerous substitutions of single amino acids along the V-domain localized essentially in hypervariable (complementary determining) regions. This process possesses the greatest possibilities for generation of somatic diversity of V-genes. Final VH- and VL-genes diversity reaches the necessary paratope repertoire, due to epigenetic mechanism of heavy and light chains combination in immunoglobulin molecules. Mechanisms of somatic generation of V-genes diversity are interpreted to spring up and be maintained in the course of evolution because of the fact that micro-parasites (viruses and bacteria) have much higher changeability rate than their hosts--highest vertebrates. Since future evolution of micro-parasites cannot be foreseen with the past events as a basis, natural selection of many thousands of germline V-genes fails to bring adaptation of the immune system to changeability of infection agents. Optimal evolution strategy of immunoglobulin gene complex of host species is expected to ensure developing somatic mechanisms. These mechanisms would generate de novo broad and random V-gene variability which is able, through structure diversity of corresponding paratopes, to foresee not only arbitrary micro-parasite, but also any arbitrary antigen not known in phylogenesis.

