GENETIC BASIS OF ANTIBODY DIVERSITY

Structural basis of antigen binding

· Antibody sequence variability is clustered

variability = # of different observed aa’s/ frequency of most common



range = 1(least) – 400(most)


observe clustering in 3 HYPERVARIABLE regions



interspersed by FRAMEWORK regions



true for light and heavy chains


**hypervariable regions involved in antigen binding**



also called CDR’s (complementarity determining regions)

· 3D structure of antibody domains:

all domains have IMMUNOGLOBULIN fold

all fold independently and there is interaction between HC and LC


(VH interacts w/ VL)



hypervariable regions cap the distal end

· 3D structures of antibody/ligand binding:

larger proteins ( more interaction (more CDR’s involved)

framework residues contact somewhat

large interacting surfaces w/ high STERIC complementarity

hydrophobics/h-bonds are V. important

LITTLE conf. change (saves energy)

EPITOPE = minimal amt of antigen needed to bind antibody

GENERATION OF IMMUNOLOGIC DIVERSITY

due to VDJ recombination


somatic hypermutation

at least 3 polymorphic alleles of the constant LC region behave as SINGLE GENES


same constant region polymorphism (above) linked to several variable regions


basis for idea of piecewise recombination of antigen variable region

HC and LC are coded PIECEWISE


brought together by site specific recombination during B-cell differentiation


LC:  VJ segment not separated by introns at DNA level




preceded and followed by introns that are spliced during txn




(1 recombination)


HC (more important for variability):  VDJ (2 somatic recombinations)

1. DJ joins

2. V joins DJ ( VDJ block present as continguous txn unit

CDR1,2 located wholly within V  
(evolutionary)

CDR3 located at JUNCTION of VD
(built on fly)


variable regions for both HC and LC are separated from constant region by intron

DETECTION of DNA recombination

· restriction digest/southern blotting

· PCR

MECHANISM OF REARRANGEMENT

RSS (recombination signal sequences) flank all unarranged segments


conserved 7 and 9 bp


separated by 12 OR 23 spacers


recognition sites for RECOMBINASE proteins (RAG1/2)



check to be sure right sequences are present



initiate ds DNA cleavage


12 will only rejoin with 23 ( ensures that V combines with D ONLY


RSS are spliced out; coding sequences are joined

RAG mechanism: transesterification

1) nick one one strand frees a hydroxyl

2) hydroxyl attacks the OPPOSITE strand phosphate

leaves a hairpin (coding) and blunt end (RSS end)

**very similar to mechanism of bacterial transpostion**

3)   If trimming at site of cleavage by ARTEMIS ( 

TdT adds extra nucleotides AT RANDOM into junction before ligation

“junctional diversity”

N regions – created in HC usually, LC sometimes

3) if no trimming occurs (
DNA Pol. inserts complementary nucleotides 

PALINDROMIC (P Element Insertion)

**N REGIONS AND P ELEMENTS ARE PART OF CDR3**

TOTAL POSSIBLE: 109 different antibodies

SCID (severe combined immunodeficiency) – due to RAG defects

no ds breaks generated

CLASS SWITCHING


B cell switches from IgM to IgG after being activated



**binding specificity is still maintained**


before development:  COexpression of IgM and IgD





same variable sequence





alternate splicing for mu and delta HC constant region


expression of HC other than mu and delta occurs after B cell activation



requires SWITCH RECOMBINATION



translocates HC VDJ downstream to a different HC constant region



involves looping and excising out mu and delta HC



mech. largely unclear 


switch activation:



CD40 (T helper cell) binding to B cell



LPS binding



IL4 (peptide hormone from T cells)

SUMMARY EXAMPLE:  making an IgA HC

1. join DJ

2. add V ( VDJ 

3. switch recombination to pair VDJ with Calpha  (exon still present)

4. txn (removes exon between VDJ and C region)

5. tln

SOMATIC HYPERMUTATION


accounts for variation in CDR1, CDR2 and AFFINITY MATURATION







(increasing specificity of antibody binding)


increasing mutations correspond with increasing affinity for antigen



mutations are clustered in CDR1, CDR2



beneficial mutations are selected for in clonal expansion


mech:



RNA editing by AID (activation induced cytidine deaminase)



occurs after nicks are made??



AID necessary for both class switching and somatic hypermutation

