Chapter 23

Immune Diversity

23.1 Introduction

23.2 Clonal Selection Amplifies Lymphocytes That Respond to Individual Antigens

· Each B lymphocyte expresses a single immunoglobulin and each T lymphocyte expresses a single T cell receptor.

· There is a very large variety of immunoglobulins and T cell receptors.

· Antigen binding to an immunoglobulin or T cell receptor triggers clonal multiplication of the cell.

23.3 Immunoglobulin Genes Are Assembled from Their Parts in Lymphocytes

· An immunoglobulin is a tetramer of two light chains and two heavy chains.

· Light chains fall into the lambda and kappa families.

· Heavy chains form a single family.

· Each chain has an N-terminal variable region (V) and a C-terminal constant region (C).

· The V domain recognizes antigen and the C domain provides the effector response.

· V domains and C domains are separately coded by V gene segments and C gene segments.

· A gene coding for an intact immunoglobulin chain is generated by somatic recombination to join a V gene segment with a C gene segment.

23.4 Light Chains Are Assembled by a Single Recombination

· A lambda light chain is assembled by a single recombination between a V gene and a J-C gene segment.

· The V gene segment has a leader exon, intron, and variablecoding region.

· The J-C gene segment has a short J-coding exon, intron, and C-coding region.

· A kappa light chain is assembled by a single recombination between a V gene segment and one of five J segments preceding the C gene.

23.5 Heavy Chains Are Assembled by Two Recombinations

· The units for heavy chain recombination are a V gene, a D segment, and a J-C gene segment.

· The first recombination joins D to J-C.

· The second recombination joins V to D-J-C.

· The C segment consists of several exons.

23.6 Recombination Generates Extensive Diversity

· A light chain locus can produce 1000 chains by combining 300 V genes with four to five C genes.

· An H locus can produce 4000 chains by combining 300 V genes, 20 D segments, and four J segments.

23.7 Immune Recombination Uses Two Types of Consensus Sequence

· The consensus sequence used for recombination is a heptamer separated by either 12 or 23 base pairs from a nonamer.

· Recombination occurs between two consensus sequences that have different spacings.

23.8 Recombination Generates Deletions or Inversions

· Recombination occurs by double-strand breaks at the heptamers of two consensus sequences.

· The signal ends of the fragment between the breaks usually join to generate an excised circular fragment.

· The coding ends are covalently linked to join V to J-C (L chain), or D to J-C and V to D-J-C (H chain).

· If the recombining genes are inverted instead of direct orientation, there is an inversion instead of deletion of an excised circle.

23.9 Allelic Exclusion Is Triggered by Productive Rearrangement

· Recombination to generate an intact immunoglobulin gene is productive if it leads to expression of an active protein.

· A productive rearrangement prevents any further rearrangement from occurring, whereas a nonproductive rearrangement does not.

· Allelic exclusion applies separately to light chains (only one kappa or lambda may be productively rearranged) and to heavy chains (one heavy chain is productively rearranged).

23.10 The RAG Proteins Catalyze Breakage and Reunion

· The RAG proteins are necessary and sufficient for the cleavage reaction.

· RAG1 recognizes the nonamer consensus sequences for recombination. 

· RAG2 binds to RAG1 and cleaves at the heptamer.

· The reaction resembles the topoisomerase-like resolution reaction that occurs in transposition.
· It proceeds through a hairpin intermediate at the coding end.

· Opening of the hairpin is responsible for insertion of extra bases (P nucleotides) in the recombined gene.

· Deoxynucleoside transferase inserts additional N nucleotides at the coding end.

· The codon at the site of the V-(D)J joining reaction has an extremely variable sequence and codes for amino acid 96 in the antigen-binding site.

· The double-strand breaks at the coding joints are repaired by the same system involved in nonhomologous end-joining of damaged DNA.

· An enhancer in the C gene activates the promoter of the V gene after recombination has generated the intact immunoglobulin gene.

23.11 Early Heavy Chain Expression Can Be Changed by RNA Processing

· All lymphocytes start by synthesizing the membrane-bound form of IgM.

· A change in RNA splicing causes this to be replaced by the secreted form when the

· B cell differentiates.

23.12 Class Switching Is Caused by DNA Recombination

· Immunoglobulins are divided into five classes according to the type of constant region in the heavy chain.

· Class switching to change the CH region occurs by a recombination between S regions that deletes the region between the old CH region and the new CH region.

· Multiple successive switch recombinations can occur.

23.13 Switching Occurs by a Novel Recombination Reaction

· Switching occurs by a double-strand break followed by the nonhomologous endjoining reaction.

· The important feature of a switch region is the presence of inverted repeats.

· Switching requires activation of promoters that are upstream of the switch sites.

23.14 Somatic Mutation Generates Additional Diversity in Mouse and Man

· Active immunoglobulin genes have V regions with sequences that are changed from the germline because of somatic mutation.

· The mutations occur as substitutions of individual bases.

· The sites of mutation are concentrated in the antigen-binding site.

· The process depends on the enhancer that activates transcription at the Ig locus.

23.15 Somatic Mutation Is Induced by Cytidine Deaminase and Uracil Glycosylase

· A cytidine deaminase is required for somatic mutation as well as for class switching.

· Uracil-DNA glycosylase activity influences the pattern of somatic mutations.

· Hypermutation may be initiated by the sequential action of these enzymes.

23.16 Avian Immunoglobulins Are Assembled from Pseudogenes

· An immunoglobulin gene in chicken is generated by copying a sequence from one of 25 pseudogenes into the V gene at a single active locus.

23.17 B Cell Memory Allows a Rapid Secondary Response

· The primary response to an antigen is mounted by B cells that do not survive beyond the response period.

· Memory B cells are produced that have specificity for the same antigen, but that are inactive.

· A reexposure to antigen triggers the secondary response in which the memory cells are rapidly activated.

23.18 T Cell Receptors Are Related to Immunoglobulins

· T cells use a similar mechanism of V(D)J-C joining to B cells to produce either of two types of T cell receptor.

· TCR αßis found on 95% of T lymphocytes;TCR ((is found on 5%.

23.19 The T Cell Receptor Functions in Conjunction with the MHC

· The TCR recognizes a short peptide that is bound in a groove of an MHC protein on the surface of the presenting cell.

23.20 The Major Histocompatibility Locus Codes for Many Genes of the Immune System

· The MHC locus codes for the class I and class II proteins as well as for other proteins of the immune system.

· Class I proteins are the transplantation antigens that are responsible for distinguishing “self” from “nonself” tissue.

· An MHC class I protein is active as a heterodimer with ß2 microglobulin.

· Class II proteins are involved in interactions between T cells.

· An MHC class II protein is a heterodimer of αand ßchains.

23.21 Innate Immunity Utilizes Conserved Signaling Pathways

· Innate immunity is triggered by receptors that recognize motifs (PAMPs) that are highly conserved in bacteria or other infective agents.

· Toll-like receptors are commonly used to activate the response pathway.

· The pathways are highly conserved from invertebrates to vertebrates, and an analogous pathway is found in plants.
