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Specificity

 of immunoglobulin molecule on B cell - BCR
« of receptoron T cell - TCR
IS defined and produced before their exposition to antigen

Number of specificities of BCR and TCR overpasses the
number of genes on human chromosomes

Limited amount of genes can generate almost unlimited
amount of specific BCR and TCR molecules
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monomer of BCR — B cell

Immunoglobulin ceceptor
light and heavy chains P

light — A,k
heavy — g,11,0,y,0

variable part — constant
part
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Genetic base of specificity

 Individual inherited set of genes from parents
(maternal and paternal)

* Inone individual there exist maternal or
paternal formes of allels on different molecules
of receptors or Ig (allotypes)




Exclusion of allels

only kappa or lambda light chains from father
or mather

maternal or paternal heavy chain

T cell receplor

« [For genes encoding TCR e
of3 ayo |
(o or vy for light
B or o for heavy)




Exclusion of
allels

Each B cell and plasma cell has four light chain gene
clusters. Only a single (chromosome) or
(chromosome 22) gene cluster derived from the either
the maternal (M) or paternal (P) chromosome pair is
expressed.

Each B cell and plasma cell has both maternally and
paternally derived heavy chain gene clusters
(chromosome 14)

: Immunoglobulin
. Chromosome formed

& Gene cluste

Maternally derived x chain cluster and
maternally derived heavy chain cluster
expressed.

Paternally derived A chaih cluster and
paternally derived heavy chain cluster
expressed.

Paternally derived x chain cluster and
paternally derived heavy chain cluster
expressed.

Paternally derived A chain cluster and
maternally derived heavy chain cluster
expressed.




Antigen specific
receptores on lymphocytes

e Domains - NH ends of
of heavy and light chains on B
lymphocytes differs in different sequencies of
aminoacids

« Domains - C ends — of constant parts have
limited variability in the same Isotype produced
by different B or plasma cells




Genetic base of specificity

« Sequence of aminoacids is — encoded by genes
od DNA localised on chromozomes— overload
of genes =>

« Aminoacids are encoded on several
chromosomes: 2, 22, 14 for BCR

14 and 7 for TCR

* In chromosomal locuses V, J, C — for light
V, D, J, C —for heavy




Genetic base of specificity

Genes are

- rearraged,

- tfranscribed to mRNA

- translated to the single light and single heavy
chaine polypeptide




Gene rearrangement, deletion,
mutation

 Every individuuam is able to produce
10% epitope-specific receptors

Rearrangement is responsible of ennorme variability
of epitop-specific part on variable domaines of
heavy and light chains VV V., on BCR and TCR

o [t arrises by deletion of existing nucleotides genes
In a segment of DNA on chromosome encoding
this individual receptor molecule



Chromosome 14 - o light chain

’ ~ ~45 LIV genes ~55Jgenes 1Cgene e
- . : . = 45 LIV X 55 J
S = 2,475 o chain combinations
. LiVo 12Vg2 - L45Vod5 RO
§ heavy chain
: ‘~2-Uv‘deﬁes -~ apgenes/4Jgenes/iCgene = |  ——— RSO e 5
ﬁ e 2LV X3DXx4J
2 § 5 = 24 § chain combinations

Cﬁr‘orhosome 7 — v light chain

~ ~5L/Ngenes 5J genes /2 C genes
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LIV V2 - L5 VS i JR0B Gy

5L/V X 5J
= 25 ychain combinations

- Chromosome 7 — 3 heavy chain

50L/Vx2Dx12J
= 1,200 B chain combinations

~50 L/V genes 2Dgenes/12J geneé /2 C genes

L1vp1 L2 Vg2 --- L50 350 Dp1 Jpt Jpt Js6  Cpl Dp2 Jp7 Jp8 Jpi2 Cp2




Genotype of TCR - V(D)J
chromosome 14 and 7

« TCR:V, D, Jgens: - for o =45V/L x 55J
- for 3 =50V/L x 2D x 12]

1200 x 2475 = 3x10°

- for y =5V/L x5J
- for 6 =2V/L x 3D x 4]

24 x 25 =600
+ constant part coding + 20 junction part



hromosome 14 — a. light chain
: ~45 L/V genes

~55 J genes

1 C gene

Jg6 Cpl Dp2

JB7 Jp8

TCR

B chain
variable
region

o chain
variable
region




Genotype of BCR

chromosomes
2 (xL), 22 (AL) a 14 (H)
Rearrangement of genes for Ig

- happens in early stages of B lymphocyte evoluiton

- leads to formation of variable parts, that can recognise
mayjority of antigenic structures ever present

« 1B cell =1 isotype, 1 specificity (constant)

|

class switch



B cell or 5
| plasma cell

Nuclear DNA

~40 L/V X 5 J = 200 x combinations

Chromosome 2 - x light chain

~40 L/V genes ~5 J genes 1 C gene

Chromosome 22 - A light chain ~30 L/V X 6 J - 180 A combinations

~30 L/V genes 6 J/C genes

s CHO-— 10 - -

L1 Va1 L2V;p2 -+ L30V;30 Qi1C1 h2C2 - 16 C)b

200 L/V x20D X 6J

=24,000Hc

Chromosome 14 — heavy chain(s) ombinations

>20 D 6 JH
~200 LV genes genes genes

L1VH1 L1VAT... L200VH200 D1 ... D>20 Jpi ...JH9 Gy C5Cy3 CyiCo1CR2 CA Ce G2




Genes encoding BCR

Chromosome 2 — x light — 40V x 5J x 1C = 200
Chromosome 22 — A light — 30V x 6J(C) = 80
Chromosome 14 — heavy - 200V x 20D x 6J = 24

000 = 9,1 x|109

encoding of constant part(ocl, a2, v1l,v2,v3,

Y4, M, 6, 8) -




osome 2 - x light chain
— ~40 L/V genes 5 J genes 1 C gene
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Rearrangement of genes for
heavy chains - Isotype

Chromosome 14 — heavy chain(s)
~200 L/ genes >20 D genes 6 JH genes 9 C genes

s{[H] -1 ik I#Il-/

LiVh1 [2Vh2... L200VH200 D1 ... D>20 Jit .. 046  Op Cp cye Crl.Cal C2.C Ce Co2

gy B

L1VHT [2Vi2... L200VH200 DI

Nuclear DNA

DNA between a DH gene and a JH
gene is deleted

g “Exposed” DH gene and JH genes are
5’ _joined together

uvH1 12Vii2... L200VH200 D1 e G Co.C\3 Gl CalCR Gyl Cs Coo

57 ; e e
Livhi szH'e Deiete DI s Cu CaCR cy1 Cal G Cyb Ce Co2

B “Exposed” DHJH and VH genes are joined together

LIVHTL2VH2D1JHE  Cu G5 Cy3 Cyl ColCy2 G4 Ce Co2

mRNA is transcribed from VHDHJH through the C gene

mRNA is spliced to place VHDHJH adjacent to either the

—__ Cy gene or the Cj gene

mRNA is translated into protein to produce either
== the IgM heavy chain or the IgD heavy chain

IgM heavy chain IgD heavy chain



Rearrangements to produce particular isotypes, such as IgG2 below, may occur directly through the excision of
larger DNA segments or in stages during multiple rounds of memory B cell activation involving the deletion of

smaller DNA segments.

| DNA- early N -
memory Beell  pmgf | ;

LIVH1 57— Cn G5 Cy8 Gyl Co1Cy2Cya Ce Co2

3 IgM

Excision of DNA

“Warheads”




Class swich

« can happen suddenly or by exposition of the
same type of antigens repeatedly to memory B
cells

» Memory B cells — not every B cell that is
exposed to the antigen change to plasma cell
and start to produce Ig (IgM) at once. Some
change to B memory cells and produce Ig after
the next chalange (IgM,IgG)



Class switch

IgG |

\

Cellular
expansion




Somatic hypermutation
- Affinity maturation

Multiple round of rapid proliferation

Cells with mutation result in tighter binding and are
stimulated to proliferate and will dominate.
Antibodies with increased affinity are produced

Light chains Heavy chains

LV Jp LVHDJH

- ; Rearranged VJ and
3 VDJ segments
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