antigen-binding
‘ sites

Generation of diversity

Figure 3-1 part 20f 3 I

e Somatic recombination=

— Several different V regions (Vy, V) that can be
recombined with constant C regions

— High number of combinations while not
excessive genome Costs

— Occurs 1n somatic cells, not germline cells
e Occurs in B cells in bone marrow




V(D)J recombination
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Figure 4-2 Immunaobiology, /e, (€ Garland Science 2005]



A light-chain locus

L1 V31 L2 V,2 _ L V,~30 . Jy 1 Cxl 2 G2 J,d Cpd
k light-chain locus
L1 V.1 L2 V.2 La'lu"3 L'l.."=4El Ji1-5 H

Heavy-chain locus

L1Vl L2 V2 L3 Vud { Vi~ l [ D,1-25 Jyl1-6 Cu

Figure 4-4 Immunabiology, &/e. (€ Garland Science 2005)

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

Number of functional gene segments
in human immunoglobulin loci

Light Heavy
Segment chains chain
Variable (V) || 40 30 40
Diversity (D) 0 0 25
Joining (J) 5 4 6

Figure 4-3 Immunohiology, &/e. (© Garland Science 2005]

VJ recombination for
light chains

VDJ recombination
for heavy chains

Pairing light chains
and heavy chains



V(D)J recombination
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Recombination sequences

 Hepatamer-nonomer homologous sequences

e 12/23 spacer rule

A chain
CACAGTG ACAAAAACC GGTTTTTGT CACTGTG r
GTGTCAC TGTTTTTGG _EEAAAAACA X GTGACAC
k chain
z TN T

H chain
LS 2] 23705 JH

) 2 iV I

Figure 4-5 Immunaobiology, /e, (© Garland Science 2005)



L ost Inverted

Intervening DNA
1s lost or inverted
In recombination

Signal joint \
Coding joint \

Figure 4-& Immunobiology, &le. (2 Garland Science 2005]



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

1. Cleavage

-Ragl1/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

RAG protein complexes bind to 12 and
23 bp spaced recombination signal
sequences (AS5s)

J L

B
Other proteins (Ku 70:Ku 80, and
DNA-dependent protein kinases) bind to
the hairpins and the cleaved RSS ends

—l = (]

= 5
W
The protein complexes bind to each

other, bringing together the segments
to be joined

M

-

%

T
The DNA hairpins are cleaved at random.
Additional bases may be added by
terminal deoxynucleotidyl transferase
(TdT) or subtracted by exonuclease to
generate imprecise ends

= F

The DNA is cl-nnvEtn create hairpin
structures at the ends of the
immunoglobulin gene segments

- D

Tz 5

=i 2

gl
DMA ligase IV, along with XRCC4, joins
the ends of the ments to form
the m:-u:ling joint and the RSS ends to

—
N

I Joint
coding joint

Figure 4-7 Immunobiology, &le. (© Garland Science 2005)



TdT yields diversity in CD3

CDR3=
V-] join of light chains

D-J join of heavy chains

CDRI1, CDR2=
Within V region

Dk

E
E TR T

R

o [N

(el T 7|

RAG complex binds to and cleaves
recombination signal sequences
to yield a DNA hairpin

Pairing of strands

| D

h 4
T
L R

;@@E

Unpaired nucleotides are removed
by an exonuclease

RAG-mediated cteavage of hairpin
generates palindromic P-nucleotides

2 =

o [V

.
- T T
mElR g O

sl

The gaps are filled by DNA synthesis
and ligation to form coding joint

] 1

N-nucleotide additions by TdT

v

Figure 4-8 Immunobiolegy, &'e. [C Garland Science 2005)
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Somatic hypermutation

Day 6 Days 8-16
Expansion of B cells
5“‘!5":#%23‘3‘““* ‘ccumlaisin’ | | Negative seloction ':g improved
e NIEgons more mutation
|1 b= = = ] =
? H = H i =
14— 3§ =4
r>—| = N - HE =t
= ' SH—HRHH
| H —==4=H - I=l="044 [ =311
] == == =
1 B i H H—HHHHH

Figure 4-% Immunobiclogy, &/e, (© Garland Scence 2005)



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

w~chain locus

"LV, x70-80] J, X61 C

3-chain locus

L Vgx527 Dgy  Jgyx6 Cgy Dgy  JgpX7 Css

0 =R IEILLE L SLELENEL S

Figure 4-11 Immunobiclogy, &'e. (€ Garland Science 2005)



TCR somatic recombination

Uﬂ!? ‘".lt't"l Jﬂ Cn‘

Van
germline DNA | « :-:

recombination

rearranged
DNA
transcription

splicing |
translation

protein o
(T-cell receptor) B

translation
splicing |
transcription

‘rearranged DNA\

recombination

Figure 4-12 Immunobielogy, 6/e. (€ Garland Science 2005]



TCR diversity

e Joining diversity at CDR3
— V-J joining in o chain
— V-D-J joining in 3 chain
e Relies on same processes/enzymes

— Recombination signal sequences
— RAG-1/RAG-2
— TdT

 No somatic hypermutation!



Incredible diversity!

Immunoglobulin «:p3 T-cell receptors
Element

H K+A B o
Variable segments (V) 40 70 22 ~70
Diversity segments (D) 25 0 2 0
D segments read in three frames rarely - often o
Joining segments (J) 6 5(k) 4(\) 13 61
Joints with N- and P-nucleotides 2 50% of joints 2 1
Number of V gene pairs 1.9 x 106 5.8 x 106
Junctional diversity ~3x 107 -2 x 10
Total diversity ~5x 10" -10'®

Figure 4-13 Immunabiclogy, 6fe. (2 Garland Science 2005]




vo T cells

o-chain locus
i Jx 61 C
____—E}W-HEFH_-_: y-chain locus
L d-chain locus [ Yx12 ‘ Jx3 Jx2
Dx3 Jx3 C : ?D- Islzl= =j=l=
—HHHHH .- : Cr Cr

Fig 4.15 © 2001 Garland Science

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 1sotypes

WY

IgA1

XY

e 4-18 Immunobiclogy, 6/e. (2 Garland Science 2005]




Multimeric forms- IgM and IgA

Pentameric IgM

Dimeric IgA

J chain

« TS

| i L i
=

Figure 4-23 Immunobislogy, 6/e. (2 Garland Science 2005)




Isotype switching

* Constant region can change during immune
response

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

=(Can have different B cells with same Ag
specificity, different isotypes



Functions of different 1sotypes

Immunoglobulin

IgG1 |1gG2 [1gG3 |1gG4 | IgM | IgA1 | IgA2]| IgD | IgE

Heavy chain Yo | Y2 | ¥3 | 7 I ay | oy i €
Molecular weight (kDa) 146 | 146 | 165 | 146 | 970 | 160 | 160 | 184 | 188
Serum level

5
(mean adult mg mi-") 9 3 1 |05 | 15 )] 30| 05 | 003 [5x10

Half-life in serum (days) 21 20 7 21 10 B B 3 2

Classical pathway of |l + _ N | | . _ _
complement activation

Alternative pathway of

complement activation = = W= = 1= ez — N = =
Placental transfer . + [Pl Sl — - — = i
Binding to macrophage and T B - N B : _ E

phagocyte Fc receptors

High-affinity binding to S | o | e .

mast cells and basophils

Reactivity with n + -
staphylococcal Protein A

Figure 4-17 Immunobislogy, 6/e, (2 Garland Science 2005]
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Genes encode different constant
regions

Mouse
Ju Cx C; Cys Gy Cpgp Cyza C Ce
Human
JH l:r“ C & C'I"3 E"ﬂ ]I!rc:!- C,,-q {:'I'E [:11.4 EE E{fz

Figure 4-189 Immunobislegy, &'e, |© Garland Science 2005)



IgM vs. IgD expression controlled by

alternative splicing

Expression of IgM

Expression of IgD

DNA :

RNA -
mRMNA -

Protein

vDJ Cu pAl

pAZ

Figure 4-20 Immunobiglegy, &le, (2 Garland Science 2005]




IgG/IgE/IgA controlled by
recombination

s?l s'r!h 5'.-2& 5'1 S

Isotype switching

FoL

SF s|3
= 5
Pt S
Switch-region recombination Switch-region recombination
WD Cia C. Vo .

lgG3 produced lgA produced

:Further rearrangement may ocour

Figure 4-21 Immunobiclogy, 6/e, (2 Garland Science 2005}



Transmembrane Ig

Transmembrane IgM

Rearranged | .
DNA :
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Transcription
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Figure 4-16 part 1 of 2 Immunobiclogy, &/e. (£ Garand Science 2005)




Secreted Ig

Secreted IgM

L VDJ Cul Cu2
Rearranged | | -
DNA B =

Transcription

i

Primary :
transcript RNA

Cleavage at first
poly A addition site
(pAs) and splicing

mANA :

!
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protein
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Protein

C terminus
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Figure 4-16 part 2 of 2 Immunobiology, &'e. (© Garland Science 2005)




Isotypic differences Allotypic differences

VATV

Idiotypic differences

il

Figure 4-24 Immunobiclogy, Gle, (9 Garland Scignce 2005)




