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GERM LINE AND SOMATIC VARIATION MODELS

Two different sets of theories emerged to explain
tremendous diversity of antibody structure.

ibuted by the germ cells, eggs
and sperm contamsa lalfge repertou'e of Ig genes.

* The genome contains a relatively small no: of Ig
genes from which a large no: of antibody
specificities are generated in the somatic cells by
mutation and recombination.



TWO GENE MODEL OF DREYER AND BENNETT

»In 1965, W. Dreyer and J. Bennett suggested that two
separate genes encode a single immunoglobulin heavy
or light chain, one gene for the V region (variable
region) and the other for the C region (constant
region).

» These two genes must come together at the DNA
level to form a continuous message that can be
transcribed and translated into a single Ig heavy or
light chain.



TONEGAWA'S EXPERIMENT

» In 1976, S. Tonegawa and N. Hozumi found that
separate genes encode the V and C regions of
Immunoglobulins and that the genes are
rearranged in the course of B-cell differentiation.

» Tonegawa was awarded Nobel prize for this work
In 1987.
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Rearrangement

Germ ine ‘ Rearranged




» Germ-line DNA contains several coding sequences,
called gene segments, separated by non-coding
regions.

» Gene segments are rearranged during B cell
maturation to form functional Ig genes.

» Each multigene family has distinct features.
> The x and A light chain families contain V, ] and C
segments; the rearranged V] segments encode the

variable region of the light chains and the C gene
segments encode the constant region.




» The heavy-chain family contains V, D, ], and
C gene segments; the rearranged VD] gene
segments encode the variable region of the
heavy chain.

»Each V gene segment is preceded at its 5" end
by a signal or leader (L) peptide that guides the
heavy or light chain through the endoplasmic
reticulum. =

»Signal peptide is cleaved from the nascent
light and heavy chains before assembly of the
final Ig molecule.



A CHAIN MULTIGENE FAMILY

» Functional A variable-region gene contains two coding
segments —a 5 V segment and a 3’ ] segment — which
are separated by a non-coding DNA sequence in
unrearranged germ-line DNA.

» ] for joining ( 39 bp gene segment).

» In mouse, A multigene family contains 3V, , 4], and
4 C, gene segments.

> ], 4 is a pseudogene or a defective gene that is
incapable of coding proteins, denoted by .

» A chain have 3 subtypes (A1, A 2 and A3).

» In humans, there are 31 functional V, , 4], and 7 C,
gene segments. It also contains many pseudogenes.



K CHAIN MULTIGENE FAMILY

» In mouse, k hulticene

approximately 85V, , 5], (on 0 ene) and 1C,

‘,\....

gene segm nt.
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HEAVY CHAIN MULTIGENE FAMILY

» Leroy Hood proposed the existence of an additional
gene segment in the heavy chain variable region.

» It was designated D for diversity because of its
contribution to the generation of antibody diversity.

» The heavy chain multigene famlly on human
chromosome 14 contain 51 V,;, 27Dy, ,6],; and a
series of C}; gene segments.

» The C;; gene segments consist of coding exons and
non-coding introns.

» In humans and mice, the C;, gene segments are
arranged sequentially in the order C,, C; C, C, C
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» Variable -region gene rearrangements occur in an
ordered sequence during B-cell maturation in the
bone marrow.

» The heavy chain variable -region rearrange first, then
light chain.

» Process of variable -region gene rearrangement

produces mature, immunocompetent B cells which

broduce antibody with a binding site encoded by the

varticular sequence of its rearranged V genes.

» Rearrangements of the heavy chain constant region
genes will generate further changes in the isotype
expressed by a cell.



V-] REARRANGEMENTS IN LIGHT CHAIN DNA

» Expression of both k and A light chains requires
rearrangement of the variable-region V and | gene
segments. |

» In humans, any of the functional V; genes can combine
with any of the four functional C;- J; combinations.

» In mouse, things are slightly more complicated.

> In human or mouse k light chain DNA, any one of the V,
gene segments can be joined with any one of the functional
J. gene segments.

» Rearranged genes have a short leader (L) exon, a non-
coding sequence (intron), a joined V] gene segment, a
second intron, and the constant region in order from 5’ to
3’ end.
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V-D-J] REARRANGEMENTS IN HEAVY CHAIN DNA

» This process requires two separate rearrangement
events within the variable region.

» Dy, gene segment first joins to a J;; segment; the
resulting DyJ,; segment joins a Vi segment to generate
a Vi, DyyJi; unit that encodes the entire variable region.

» Rearrangement produces a short L exon, an intron, a
joined VD] segment, another intron and a series of C
gene segments.
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