
Generation of diversity

• Somatic recombination=
– Several different V regions (VH, VL) that can be

recombined with constant C regions
– High number of combinations while not

excessive genome costs
– Occurs in somatic cells, not germline cells

• Occurs in B cells in bone marrow



V(D)J recombination



CDR1, CDR2 for both chains= contained entirely within V gene segment 
Light chain CDR3= crosses V-J joining point
Heavy chain CDR3= crosses D-J joining point



Ig diversity

• VJ recombination for
light chains

• VDJ recombination
for heavy chains

• Pairing light chains
and heavy chains



V(D)J recombination



Recombination sequences

• Hepatamer-nonomer homologous sequences
• 12/23 spacer rule



Coding joint

Signal joint

Intervening DNA
is lost or inverted
in recombination

Lost Inverted



Steps in V(D)J joining by the V(D)J recombinase complex

1. Cleavage
-Rag1/Rag-2 endonucleases
-critical to recombination
 of Ig, TCR

2. Repair/diversity
-Tdt=terminal
deoxynucleotidyl transferase

3. Joining
-DNA-PK (defective in SCID
mice)
-DNA ligase



TdT yields diversity in CD3

CDR3=
V-J join of light chains
D-J join of heavy chains

CDR1, CDR2=
Within V region



Somatic hypermutation



Somatic hypermutation

• CDR1, CDR2= hotspots for mutation
• High mutation rate

– 1/1000 cell divisions vs. normal 1/1010

• Occurs in 2˚ lymphoid tissue after Ig
rearrangement

• Leads to expansion of B cells with Ab of
higher binding affinity-”Affinity
maturation”



Ab diversity

• 1. V-J, V-D-J recombination
• 2. Pairing of various light chains with heavy

chains
• 3. Tdt for junctional diversity
• 4. Somatic hypermutation



Somatic recombination of TCR



TCR somatic recombination



TCR diversity

• Joining diversity at CDR3
– V-J joining in a chain
– V-D-J joining in b chain

• Relies on same processes/enzymes
– Recombination signal sequences
– RAG-1/RAG-2
– TdT

• No somatic hypermutation!



Incredible diversity!



gd T cells

• Low diversity in TCR
• Do not express CD4 or CD8
• High expression in epithelial tissue, not lymphoid
• Do not circulate through body
• Hypothesis: nonadaptive early line of defense



Ig isotypes



Multimeric forms- IgM and IgA



Isotype switching

• Constant region can change during immune
response

• Stimulated by Ag, T cell cytokines
• Initial expression of IgM, membrane bound

fiCan have different B cells with same Ag
specificity, different isotypes



Functions of different isotypes



Genes encode different constant
regions



IgM vs. IgD expression controlled by
alternative splicing



IgG/IgE/IgA controlled by
recombination



Transmembrane Ig



Secreted Ig




