Immunology Lecture 9 September 26, 2016

Lecture 9: Antibody Diversity, Checkpoints, Allelic Exclusion, B-Cell Act. Ch 7 & 8.
Key Points:

e Joining specificity — RSS 1+2, 2+1 e HC and LC checkpoints
e Joining mechanism — coding joint e Allelic exclusion

e P-nucleotides e Self-tolerance

e Exonuclease deletion e Receptor editing

¢ N-nucleotides, TdT e Anergy

e H&L pairing via C &Cy e CD40-CD40L, b7-CD28

Changes in Genomic DNA: The cDNA sequence from a naive B-cell was found to be the
following. The Vy domain is encoded by a single exon that was formed by the joining of a V to a
D to a J segment: Vu1: DH1 Ju4 in this example
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VDJ Joining Generates a Functional Heavy Chain Variable Region.

The sequences of events that occur to D
generate a viable heavy chain gene are 4 u
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as follows: | -

1. One of the 13 D segments joins to one
of the four J regions, generating a DJ e~ 200 —7
junction. This forms CDR3 of the
heavy chain variable region.

2. One of the ~300 L-V segments joins to
new DJ segment, creating a functional
exon for the Vy part of the HC gene. l I I

3. The constant regions are added via o g €
mRNA splicing. ® {L \J (o3 ) 10‘“”-1

4. Since every possible combination of
VDJ joining is generally possible, the DJ
total number of different heavy chains 14 [
that can be assembled is 300 x 4 x 13 Vi Sy B, 1S

= 15,600 '
S = Vu exen
Light Chain: VJ Joining Generates A functional Light Chain Variable Region:
The light chain genes show a similar arrangement of cassettes. The k-chain locus consists of a
series of approximately 300 variable regions (with a VA V2 d K
leader exon), indicated by ‘L V,1’, followed by 23 kb

of DNA, five ‘short segments of Di\JA called J 'HD_'HD——HH'I—.

segments, 2.5 kb of DNA and then DNA the

D

encodes the constant region of the « light chain. V1-J5
Only four of the five J segments are functional, the .
middle one is actually a pseudogene which has vi Jg K

become non-functional. To form a kappa light chain, ...m:l_..

one of the 300 L-V segments joins, at random, to

one of the segments, leading to altere
fthe 4 J ts, leadi ltered Vo Cor
chromosomal DNA. The total number of possible
light chains: 300 x 4 =1200. £son  exes
The above is insufficient to account for the 10" ;
different sequences that are produced in the bone fa"w 5“") l/'\.ovu'j U
marrow (of which only ~1-56% are self-tolerant). m,.,(j ﬂ.:nbfrd—dvvx\
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Specificity of Segment Joining: During the recombination events that lead to the final form of
the light and heavy chains there is a need to insure that the correct segments are joined. For
example, you would not want to join two J segments together instead of a VJ joining event. The
correct segments are joined because of two conserved recombination signal sequences (RSS)
found directly adjacent to the V, J, and D regions in immunoglobulin genes. One is called a one-
turn and the other a two-turn RSS.

The position of RSS in the kappa light chain is as follows:
Vi v2 V3 a g2
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The position of the RSS in the heavy chain segment is as follows:

Vi V2 V3 pb DD J J
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Predict the Pairing Rules for Correct Joining:

Joining Mechanism: The actual joining of DNA segments is catalyzed by two enzymes: RAG-1
and RAG-2 (Recombination Activating Genes). Steps are:

1. Alignment of the V/J junction via the RSS

2. Precise cleavage at the boundary of the coding and RSS on one strand

3. Formation of a hairpin structure at the ends of the V and J segments (see below)

4. Resolution of hairpin and joining of V and J, generating a coding junction.

5. Joining of the ends of the RSS, creating a signal joint. The circular DNA is lost from the cell.
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Hairpin formation: Cleavage at the RSS produces a hairpin structure at the end of each coding
region due to attack of the 3'-OH on the top strand on the 5’-phosphate on the bottom strand.

A
o Rk Y
O R sHrons

Crossover Uncertainty (Junctional diversity) & P-nucleotides: The end points of the RSS are
the nominal points for joining heavy and light chains. However, there is some uncertainty (up to
5 bases) where the rejoining of fragments occur. This leads to the loss/gain of codons, and

subsequent amino acid changes in the third hypervariable loop. Frame shifts are also possible. \,\‘v\
Cleavage on the top strand, followed by repair synthesis adds additional bases, generating b&pﬂ
palindromic sequence. The added bases are called P-nucleotides. \ v/ —3 ?°

L o .
5’ TTACAGTG3’ TTAGAG: TTAG TTACAGCT )
3’ AATGTCACS’ r AATGTCj. g AATGTCGA > AATGTTGA — P Jxrf)
Cleavage on the lower strand, followed by exonuclease digestion leads to the loss of bases: « oluad
—=V--==><=1~ 210 \Y \
5/ TTACAGTG3’ TTACAG TTACAGETG) » i \otaed . T
3’ AATGTCACS' > AATGTO) > AAT an’A?[ "'7‘10 T I

Example of Crossover Uncertainty: Sequences A, B, or C are possible sequences after
rearrangement of germ line to generate light chains (germ line sequence is shown in middle).
A B

AGT CGC TTA CCT GCT GCT TTT AGT CGC TTA CCT GCT TTT
TCA GCG AAT GGA CGA CGA AAR
Ser Arg Leu Pro Q;Ic? Ala Phe

Vi-region e S
(germ line) AGT CGC TTA CC ----42GCT ‘GCT TTT J,-region
TCA GCG AAT GGA|L}-----{2CGA CGA AAA

Ser Arg ”;auﬂ;\:%' —2=--Ala Ala Phe

AGT CGC TTA CT GCT TTT -(ram S)«A‘é/‘
TCA GCG AAT GA CGA AARA . el —E Stnad
Ser Arg Leu

N-Nucleotides: Addition of up to 15 nucleotides, by the enzyme terminal = -
transferase (TdT). This enzyme adds bases to hypervariable loop 3 of |-aaccrT(1)-------- [2]1CGTCG-
only the heavy chain at each joining event. The added nucleotides are |-TTCGRA[1]-------- [2}GCRge-
referred to as N nucleotides. The expression of TdT is very low when the | “¥*"¢! 1Rag1+2 e
light-chain begins rearrangement; consequently N-nucleotides are rare in |-aaccrrancer 197 corce-
the ||ght chain. -TTCGAA ACGCTTGCAGC-
Summary of Diversity:  ARGCTTAAGCT carec-

Mechanism of Diversity Heavy Chain Light Chain -TTCGAA  ACGCTTGCAGC-

Combinatorial V-D-J and V-J: 300x12x4=1.4 x10* | 300x4=1.2 x10° |

P base (V-D-J) ,(V-J) (x3/joint) x9 X3 -AAGCTTAAGCTGCGAACGTCG-

Junctional Diversity (x3/joint) x9 (VDJ) x3 (VJ) ~TTCGAATTCGAACGCTTGCAGC-

N-base addition (TdT) (V-D-J) x 9 x 1

# Chains ~1.0 x 10’ ~1.0 x 10*

Estimated Diversity 1.0 x 10"
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Hairpin formation: Cleavage at the RSS produces a hairpin structure at the end of each coding
region due to attack of the 3'-OH on the top strand on the 5'-phosphate on the bottom strand.
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Crossover Uncertainty (Junctional diversity) & P-nucleotides: The end points of the RSS are
the nominal points for joining heavy and light chains. However, there is some uncertainty (up to
5 bases) where the rejoining of fragments occur. This leads to the loss/gain of codons, and
subsequent amino acid changes in the third hypervariable loop. Frame shifts are also possible.

Cleavage on the top strand, followed by repair synthesis adds additional bases, generating
palindromic sequence. The added bases are called P-nucleotides.

—V---=><-1-

5" TTACAGTG3' TTACAG TTAC TTACAGCT
_— —————p R —

3" AATGTCACS' AATGTCj AATGTCGA AATGTCGA

Cleavage on the lower strand, followed by exonuclease digestion leads to the loss of bases:

—=Vm—m=><-1-

5 TTACAGTG3' TTACAG TTACAGCTG TTA
_ — _ e

3’ AATGTCACS' AATGTC AAT AAT

Example of Crossover Uncertainty: Sequences A, B, or C are possible sequences after
rearrangement of germ line to generate light chains (germ line sequence is shown in middle).
A B

AGT CGC TTA CCT GCT GCT TTT AGT CGC TTA CCT GCT TTT

TCA GCG AAT GGA CGA CGA AAA TCA GCG AAT GGA CGA AAA

Ser Arg Leu Pro Ala Ala Phe Ser Arg Leu Pro Ala Phe . \A‘f 3 <
WO ¥ &,

. Cp»- .\9
Vsz-region : ] v 25
(germ line) AGT CGC TTA CC ----42ECT GCT TTT J,-r¢gion ~ ) _Nﬁ

TCA GCG AAT GGAlL}-----2EGA CGA AAA . “5.‘,\
Ser Arg Leu Pro--~-----Ala Ala Phe - J L \0
c " '
AGT CGC TTA CT GCT TTT 2
TCA GCG AAT GA CGA AAA
Ser Arg Leu
; i Ty e
N-Nucleotides: Addition of up to 15 nucleotides, by the enzyme terminal D v 3 7
transferase (TdT). This enzyme adds bases to hypervariable loop 3 of [-aaccrr(1]-------- [2)CGTCG-
only the heavy chain at each joining event. The added nucleotides are [TTCCAR[LI-======= L2 ] asRat-

LysLeu Arghrg

referred to as N nucleotides. The expression of TdT is very low when the J,Rag1+2
light-chain begins rearrangement; consequently N-nucleotides are rare in |-aaccrraacer ™7 cerce-

the light chain. -TTCGAA ACGCTTGCAGC-
Summary of Diversity: -AAGCTTAAGCT CGTCG-
Mechanism of Diversity Heavy Chain Light Chain -TTCGAA  ACGCTTGCAGC-
Combinatorial V-D-J and V-J: 300x12x4=1.4 x10* | 300x4=1.2 x10° {
P base (V-D-J) ,(V-J) (x3/joint) x9 x3 - AAGCTTAAGCTGCGAACGTCG-
Junctional Diversity (x3/joint) x9 (VDJ) x3 (VJ) ~TTCGARTTCGAACGCTTGCAGC-
N-base addition (TdT) (V-D-J) x9 x 1 \ )
# Chains ~1.0 x 10’ ~ ~1.0x10* o
Estimated Diversity (0 x 107D il il
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HC & LC Checkpoints & Allelic Exclusion — Production of homogeneous antibodies.
1. Cell attempts to make a functional heavy chain, using

both alleles if necessary, if this fails the cell dies. OpSorved Tos Dose Al
2. Integrity of heavy chains assessed by the ability to e Royppe—-
complex with surrogate light chains, Vpre-B & A5. \ P
3. Once one heavy chain allele is successfully rearranged, o i \E~
VDJ joining of the other heavy chain allele is inhibited
(Allelic Exclusion). Allelic exclusion is important
because it provides for a single specificity and reduces B2 2
the chance of a self-reactive B, which would result in loss Oﬁ J\
e i

of most B-cells. Q 4 (1 —<

Heavy-Chain Allelic Exclusion:

1. Cell attempts to make a functional
heavy chain, using both alleles if

v ny (gl
necessary, if this fails the cell dies. =~ T_HHH— gefec:

2. Integrity of heavy chains assessed by V. DJ Y egpr radcm of
the ability to complex with surrogate J-I"_‘l—l]—l]—[]— e a4\ | j?l
light chains, Vpre-B & A5, e rat g

3. Once one heavy chain allele is 35\"”"% Voo Ve

successfully rearranged, VDJ joining of

the other heavy chain allele is inhibited L
(Allelic Exclusion). Allelic exclusion g i Tt L : T %
is important because it provides for a 27 allele = c'u'v e

single specificity and reducés the
chance of a self-reactive B, which would result in loss of most B-cells.
Light chain Allelic Exclusion: pa
1. Successful ) ap .
rearrangement of one
x-chain inhibits & THHH-
rearrangement of the 7~ % ¢
other x allele. ¢ {THHH-
2. Unsuccessful
rearrangement of
both k-chains

prompts
rearrangement of A- Lp.rr)“" o
" E;Jhains. i .
. Unsuccessfu HHH
Leatr]rangements of
oth A-chains causes v o
B-cell death. THHH-

4. Consequently, only
one specificity is
presented in the
BCR. The other
alleles are silenced.

HC — LC — s hlermce

Allelic exclusion is important:
1. Homogeneous antibody:

‘jﬁg Qﬁf Psetrol = 0.1

L -0 B

k@
K C) -
- = Pseli-reactant 0.9
N

2. Lower probability of self-reactive Ab:
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Self-Tolerance Checkpoints:
e 1% self-tolerance checkpoint occurs in
bone marrow.
¢ [Immature B cells from the bone marrow
home to secondary tissue (lymph node,
spleen)
o Interact with Follicular dendritic
cells (FDC) in 2° organ.
o Complete maturation, expression of
IgD.
o Self-tolerance checkpoint also occurs
here.
e Mature B-cell exits into blood.

i) Cell surface antigens (receptor editing=new
LC):

iy Soluble antigens (— anergy, unresponsive
B-cell)

1. 1% B-cell signal:
a) Antigen binds to BCR [Highly specific]
b) Signal enhanced by complement receptor
(CR2) = co-receptor
c) Phosphorylation of BCR signaling chains.
2. Signaling: 1 MHC Il expression on B-cell.
3. Antigen processing & presentation.
4. 1% T-cell signal
a) ICAM & LFA [Non-specific]
b) MHC-11-Peptide-TCR/CD4 [Highly
specific

B-Cell Activation (T-cell Dependent): : 9?‘?" 5‘%
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5. 1 CD40L on TH.
6. 2" B-cell signal. CD40-CD40L
interaction:

a. G,—Gy4, b. 11 B7, c. 1 cytokine

receptors.

7. 2" T-cell signal. B7 binds to CD28 on Ty:
8. Ty releases cytokines: IL-2, IL-4. IL-5
9. B-cell: G4—S, proliferation (clonal

expansion), class switch & affinity
maturation
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03-390 Immunology Joining Worksheet
“1. Correct the mistake(s) in the following diagram. Does this represent a light chain or w
erm-line, pr mature/naive B-cell? Why? v P [P i J 73
Vioov2 v A b2 8 1 b2 b3 vt
o s v 7 # TErrnr &% g
s el 2 2 2 1 4 ;
. D\ T2
#2. Sketch all of the DNA products that D, j_; P J3
would occur after recombination at D1 \’J_\W Nz Vz 4 Cora Kok
and J3 (using the corrected diagram) ~ " s W 4

3 <
- Qost -
9 - 92
6":5“

-3, How many different chains could be made from the abovey_DNA? You should ignore any additional
diversity that is generated during the joining process. 2
~ 3 pa?
Cv) oy X 3y 2T

4, The following is the DNA sequence of part of a V-segment contained in the kappf light chain locus
2k >

and part of a J-segment from the same locus.
®sS |Zey RSS
----V-segment---| ---J-segment
ex¥™  AGTCGCTTA CACAGTGATGER-ACARRAACCA-~7/GGTTTTTGT (> CACTGTGGCTGCTTTT
@ TCAGCGAATGGAGTGTCACTAC-n-TGTTTTTGGA~-A\CCAAAAACA-m~GTGACACCGACGARAA
AlaAlaPnhne

9;_.«»& SerhrgLeuPro P Tm— = 2 4 .
L™ v

“71) Identify the recombination signal sequences (RSS).
—d BT, .. o ])—g)—

v i) What are the values for “n” and “m", in basepairs?

iiiy Draw out the molecular events that gave rise to this product (precise joining)

i AGT CGC TTA CCT GCT GCT TTT
\] S e TCA GCG AAT GGA CGA CGA ABRA
Ser Arg Leu Pro Ala Ala Fhe
% PUn !
P
St
% W s 3 s
GGAGTGE - - A Cee N —
LCM* C.. MFP\‘A
oo GCetT—
\@@'1’ GG A] T
(/P!Lf\ L \O('G-«JL \’\.ﬂv:v?;-d
. % ik GCT —
— Go& A, CGA —
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AGT CGC TTA CCT CACAGTGATG-n-ACAAARACC----GGTTTTTGT-m-CACTGTG GCT GCT TTT
TCA GCG AP;T GGA GTGTCACTAC-n-TGTTTTTGG----CCAAARACA-m-GTGACAC CGA CGZ‘-\ ARA

Ser Arg Leun Pro

Ala A Phe

iv) Draw out the molecular events that gave rise to this product (imprecise, with loss of a J-codon)

AGT CGC TTA CCT GCT TTT
TCA GCG AAT GGA CGA AAA
Ser Arg Leu Pro /Al

J \ \ 2 T
—~CeT CAC GTG |GCV
— R EGTGE chélch

L —
= Gey o=y
— e} E e e_e(-f\'
- GG Q(l
1
B ¥ i
ol <7 2l T "5
~ GG A .gzﬁgﬂ/a/ﬂ.-—*"‘ (
il s
Tcmw {
- CcT ( foe ) &
~ GG € { e
ZNQ -?>r-f-l

v) Draw out the molecular events that gave rise to this product (imprecise, with gain of codon)

AGT CGC TTA CCT AGG GCT GCT TTT
TCA GCG AAT GGA TCC CGA CGA AAA

Ser Arg Leu Pro Arg Ala Ala FPhe
i ) \ [
5 v 3 1 3
e e ] GL T —
(— G_Ch r CG"H' —— g'
> s 2
: . G—C.T =
S *CccTNAGeE ’W
) —— GG A Te.C ¥ g
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