GENETIC BASIS OF ANTIBODY DIVERSITY

-Constant portion alleles are encoded on a single locus.

-Variable regions have multiple loci!!!

Structural basis of antigen binding

3D Structure of Ig Domains

· 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 ind. into a globular domain and there is interaction between HC and LC







(VH interacts w/ VL)

Three hypervariable regions brought together as three loops that extend from ends of VH and VL
Hypervariable regions cap the distal end

3D structures of antibody/ligand binding:

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

2. framework residues contact somewhat
3. epitope (surface of antigen that contacts Ab) composed of noncontiguous AA residues
3. large interacting surfaces w/ high STERIC complementarity

4. hydrophobics/h-bonds are V. important

5. LITTLE conf. change (saves energy)

EPITOPE = minimal amt of antigen needed to bind antibody

GENERATION OF VARIABLE REGION DIVERSITY BY V(D)J RECOMBINATION
-kappa genes are on single genetic locus but associate w/different Vregions
-V regions are encoded by multiple gene segments (somatic recombination)
HC and LC are coded PIECEWISE- brought together by site specific recomb. during B-cell differ.
Light Chain Genes: One Recombination

 Igk       

V and J separated in germline, joined during lymph. Diff. (somatic recombination DNA)
Intron btw Jk and Ck spliced after transcription (RNA splicing)

  Igλ have multiple Jλ-C λ
Heavy Chain Genes: (more important for variability):  
*3 Gene Segments: VDJ (2 somatic recombinations)

*JH  cluster separated from Cμ by an intron


*The exons encoding CH regions are arranged in tandem

Detection of Ab gene Rearrangements: Southern blotting
1. DNA from Ab producing cell cut with restriction enzyme, fractionated by gel el, transfer to membrane

2. Hybridize w/DNA probe specific for an Ab gene segment

3. Rearrangement detected as appearance of new fragment and decrease of unrearranged DNA fragment

-use oligonucleotide primers specific for the pairs of gene segments under study

-amplified product only rearranged if segments with primers are joined

Mechanism of Antibody Gene Assembly

-RSS (recombination signal sequences) mediates assemble of antibody genes


-flank unrearranged Ab gene segments

-highly conserved 7 and 9 bp separated by 12 or 23 bp (less conserved)

-gene segments with RSS with 12 spacer only recombines with 23 spacer (12-23 RULE!!

-VH segments (23) only recombine with D segments (12)!!! 

V(D) J recombination

-RSS are recognition sites for RECOMBINASE proteins (RAG1/2) Only in Developing Lymp


1. check to be sure spacer sequences are different


2. initiate ds DNA cleavage btw RSS and gene segment






-blunt signal end
-coding end w/closed hairpin structure


-Then a protein joins the coding and signal ends (scid mutants(no B or T cells)
RSS are spliced out; coding sequences are joined

If V and J in the same direction(loop excised

Opposite direction(linear first
RAG mechanism: transesterification

1) nick one one strand where RSS and coding sequence meet frees a hydroxyl

2) hydroxyl at 3’ attacks the OPPOSITE strand phosphate

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

**very similar to mechanism of bacterial transposition and retroviral integrases**
Difference: Target is a P group on the opposite strand of the same DNA molecule (not different DNA mol)


       But invitro RAG performs transposition
3)   If trimming at site of cleavage by ARTEMIS (activated by DNA-PK )(recruited by Ku)( 

TdT (terminal deoxynucleoitidyl) adds extra nucleotides AT RANDOM into junction before ligation

“junctional diversity”

N regions – created in HC usually, LC sometimes  

    - not encoded in germline, highly variable in length
3) if no trimming occurs (
-before coding ends can be joined, they are cut open by a nuclease

DNA Pol. inserts complementary nucleotides 

PALINDROMIC with the ends of coding sequences (P Element Insertion)

FINAL PRODUCT:  VPN
**N REGIONS AND P ELEMENTS ARE PART OF CDR3**
TOTAL POSSIBLE: 109 different antibodies (includes combinatorial and junctional diversity)
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**


ESSENTIAL for CLONAL SELECTION


-linear array of constant exons with a separate locus for each heavy chain Isotype (μ and δ close)

Before development:  Coexpression of IgM and IgD





same variable sequence





alternate splicing for μ and δ  HC constant region
Coexpression accomplished by differential polydenalytian and splicingf of mRNA precursor

-Poly A stops translation before (M)   If poly A is spliced out(membrane bound





       If poly A is read(secreted

Expression of HC other than μ and δ  occurs after antigen exposure and B cell differentiation
-requires SWITCH RECOMBINATION



-translocates heavy chain VDJ downstream to a different CH region

-involves looping and excising out μ and δ  heavy chain


-mech. largely unclear 

    -External signals induce transcription at IgG heavy chain loci(predisposes for recombination


    -S=switch  recombination seq before heavy chain loci (accessibility is key)
Switch recombination mediated by specific cis-acting sequences 1kb upstream of all CH segments but Cδ  
see slide for embryonic/germline alpha chain

DNA rearrangement=marrow








RNA splicing (not diversity=periphery
switch activation:



CD40L (T helper cell) binding to B cell CD40

 
LPS binding (LPS stimulates transcription of IgA before recombination)??


IL4 (peptide hormone from T cells induces transcription of gamma 1 and epsilon transcripts)
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. Transcription (removes exon between VDJ and C region)

5. Translation
SOMATIC HYPERMUTATION: Site directed pt. mutagenesis active in the B cell lineage after primary 




       Immunization that intrudes mutations at Ig Loci

Accounts for variation in CDR1, CDR2 and AFFINITY MATURATION







(increasing specificity of antibody binding)


*Also germline encoded variability from gene duplication and natural selection*
Increasing mutations correspond with increasing affinity for antigen
-replacement mutations are clustered in CDR1, CDR2 (not targeted but selected for!)
-beneficial mutations are selected for in clonal expansion (silent mutations scattered more broadly)
-rate of somatic hypermutation is 1000 times greater than the background mutational rate.

Mech: (requires enhancers in JCk intron at at 3’flank of Ck gene)


RNA editing by AID (activation induced cytidine deaminase) G-C     G-U     A-T




AID (cystidine deaminase) necessary for  class switching and S. hypermutation




AID mutation(hyper IgM phenotype
AID might edit an mRNA that enclodes a limiting factor (nuclease) that initiates SH 

Or act on DNA itself. (expression precedes nick)

Mutations arise when breaks are repaired (error-prone mechanism)

Differential Expression of membrane-bound and secreted Ab

-exposure to antigen triggers differentiation of B cells to plasma cells

-cell switches from synthesis of membrane bound antibody to secreted Ig


Membrane Bound Form of μ larger than secreted w/different C terminal residues

-accomplished by differential processing of mRNA

-If Cμ transcript is polyadenylated downstream from exon for carboxyl terminus of memb-bound form(
   (mRNA encodes secreted form

-If polyadenylated downstream from exons(RNA encodes membrane bound form

SAME FOR OTHER Ig Heavy Chain Isotypes

Immunoglobulin gene rearrangement and disease

1. Antibody genes and immunodeficiency

a. Agammaglobulinemia(lack of circulating Ab

-susceptible to bacterial infection b/c cant eliminate extracellular bacteria

-susceptible to viral infections b/c cant carryu out Ab-mediated neutralization of viruses


b. Hyper IgM syndrome(deficiencey in class switching

c. Selective deficiencies in production of particular Ab chains due to genetic deletions
-scid mutation-defective V(D)J recombination(little adaptive immunity



-defect in joining of coding sequences b/c skid encodes DNA dependent PK (DNA repair)
-RAG1/2 KO-no adaptive immunity (inactivating mutations found in people with SCID)

2. V(D) J rearrangement and cancer
-chromosomal translocations throuch somatic recombination btw cellular protooncogene and an Ig gene(
(tumors of lymphoid origin

Ex: juxtapose Bcl-2 gene next to Ig Jh  (translocation during attempted D-to-Jhjoining)                         


Burkitt lymphoma (c-myc joined to one of the three Ig loci)

Malignancies mediated by machinery for V(D)J recombination or switch recombination in B cells

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

