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chapter

Antigen Receptor Molecules

The reconnition of foreign antigen is the hallmark of
the o0t adaptive immune response. Two distinct
types < moiecules are involved in this process — the
immu wlins and the T-cell antigen receptors
(TCHs+ 1) Diversity and heterogeneity are char-
acteris cures of these molecules. In both cases
there « © ience of extensive gene rearrangements
which - oiate different immunoglobulins or TCRs,
able i » o pnize many different antigens.

The inucunoglobulins are a group of glycoproteins
present in the serum and tissue fluids of all mammals.
Some are carried on cell surfaces where they act as
receptors. Others (antibodies) are free in the blood or
lymph. They are produced in large quantities by plasma
cells, which develop from precursor B cells. Plasma cell
is the original histological term used to describe anti-
body-forming cells (AFCs) seen in blood and tissues.
Precursor B cells carry membrane-bound immunoglob-
ulin of the same binding specificity as that produced by
the AFC. Contact between these B cells and foreign
antigen is needed for induction of antibody formation.

~ Antigen recognition molecules

i ane

T-cell receptors are expressed exclusively on the mem-
brane surface of T lymphocytes; there is no production
of soluble molecules, analogous to the circulating anti-
bodies. T-cell recognition of antigen through the T-cell
receptor is the basis of a range of immunological phe-
nomena including T-cell helper and suppressor activity,
cytotoxicity and, possibly, NK (natural killer) activity.

. IMMUNOGLOBULINS

Five distinct classes of immunoglobulin molecule are
recognized in most higher mammals, namely IgG, IgA,
IgM, IgD, and IgE. These differ in size, charge, amino
acid composition and carbohydrate content.

In addition to the difference between classes, the
immunoglobulins within each class are also very hetero-
geneous. Electrophoretically the immunoglobulins
show a unique range of heterogeneity which extends
from the 7y to the « fractions of normal serum (Fig. 4.2).
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These fractions suffer marked depletion following
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: : molecule is .bifunctlo?lalz' One
region of the molecule is concerned with binding tg
antigen while a different region mediates so-calle

'Effeﬁm'f‘ffuncti’omsi"Iihve‘sex include binding of the
immunoglobulin to host tissues, including various cells
of the immune system, some phagocytic cells, and the
first component (C1q) of the assical complement syste:
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[ IOT immunoglobulin in no:
sasing for 70-75% of the total
s pooi. igG consists of a single imm
molecule with a sedimentation coefficient
molecular weight of 146 000. Howeve
are slightly larger than the other subclas
to the slightly heavier y3 chain. The Ig(
distributed evenly between the
extravascular pools, is the major antibod
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secretory IgA (sIgA), which may be of either subclass
(1gAl or 1gA2), exists mainly in the 118, dimeric form
and has a molecular weight of 385 000. Secretory IgA is
IgM accounts for approximately 10% of the immuno-
globulin pool. The molecule has a pentameric structure
in which individual heavy chains have a molecular
weight of approximately 65000 and the whole
molecule hzs a molecular weight of 970 000. IgM is

largely confined to the intravascular pool and is the
predominz = ‘carly’ antibody, frequently seen in the
immune ¢ nse to antigenically complex infectious
organis:i

IgA repi 15-20% of the human serum
immunog - »ool. In man more than 80% of IgA
occurs as ~aomer of the four-polypeptide chain

unit, but i 7108 mammals the IgA in serum is mainly
polymeric, - curring mostly as a dimer. IgA is the pre-
dominant immunoglobulin in seromucous secretions
such as saliva, colostrum, milk, and tracheobronchial
and genitourinary secretions.

e e

The basic structure of [gG1

heavy chain
(450 residues)

shown to exist in two c

abundant in seromucous secretions where it is assogig,té :
ed with another protein — the secretory compongnt;;i;i
IgD accounts for less than 1% of the total ;plasn}a
immunoglobulin but is present in large quanFlﬂGSi}Qﬁ
the membrane of many B cells. The precise 'bxolo_gze.al
function of this class is unknown but it may play a role
in antigen-triggered lymphocyte differentiation. t*:z:
fHE
IgE, though scarce in serum, is found on the surface
membrane of basophils and mast-cells in all mdmdﬂwfsf
and also sensitizes cells on mucosal surfaces ,:suctﬁas
the conjunctival, nasal and bronchial mucosa. Thi as
of immunoglobulin may play a role in immunity
helminthic parasites, but in developed countries i
more commonly associated with allergic diseases such
as asthma and hay fever. it anaetal BEE
ANTIBODY STRUCTURE Erseyl
In 1962 Rodney Porter proposed a basic . ]
model for immunoglobulin molecules (Fig. 4.5), bas
on two distinct types of polypeptide chain. The sm:
(light) chain has a molecular weight of 25
common to all classes, whereas the larger (hea
has a molecular weight of 50 000—77 000
turally distinct for each class or subclass.
tide chains are linked toge
non-covalent forces. B sk
In the most abundant immuno

papain to produce two identical fr:
bind antigen — Fab (fragment antiges
third fragment which cannot bind |

F(ab"), and an Fc porti
can bind to antigen si
(see Fig 4.19).
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e variable region,
. heavy chain of IgG, IgA and IgD
, which make up ‘the
and CH3. In both p
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_terminal domains of IgM and IgE heavy

red to as Cp4 and Ce4) are homologous to

. ﬁﬁl?lg ;kjétshgw.s ‘the structure of the IgGi molecule in
a_.»fifonm which corresponds more closely to the actual
molecule than Fig. 4.5. Although Fig. 4.7 is a useful
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teen (IgG3) (Fig- 45 8) S E -
1gM Although usually a pentam

dence that in both mouse and man son
meric. The p chains differ from the <y
acid sequence and have an extra
domain. The subunits are linked by «
between the Cp3 domains and possibly b
bonds between the C-terminal 18-residue

pieces. The complete molecule cons

packed central region with radi
eleciron micrographs. Photographs of
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binding to bacterial flagella show molecules adopting a
staple’ configuration (Fig. 4.10). The latter suggests that
flexion readily occurs between the Cp2 and Cp3
domains although this region is not structurally homol-
ogous to the IgG hinge. The dislocation resulting in the
‘staple’ configuration appears to be related to the acti-
vation of complement by IgM.

Two other features characterize the IgM molecule:
an abundance of oligosaccharide units associated with
the p chain, and an additional peptide chain, the J
(joining) chain, thought to assist the process of poly-
merization » secretion by the AFC. The J chain is

of human lgG subclasses
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a cysteine-rich peptide of 137 amino acid residues. Qne
J chain is incorporated into the IgM structure by disul-
phide bonding to the 18-residue peptide tallp1.ece of the
separate monomers. Binding is to the penultimate cys-
teine residues of the tailpieces. If J chains are not freely
available, hexameric IgM appears to become the pre-
ferred form, rather than pentameric IgM.

Structure of human IgM

1gG3 1gG4

|

Fig. 4.8 Polypeptide chain structure of the four human IgG
Subclasses. The subclasses differ in the number and
arrangement of the interchain disulphide bonds.

Fig. 4.9 IgM heavy chains have five domains with
disulphide bonds cross-linking adjacent C.3 and Cp4
domains. Also shown are the carbohydrate side-chains
(purple) and possible location of the J chain. IgM does not
have extended hinge regions, but flexion can occur about
the Cu2 domains.

Fig. 410 Electron micrographs of IgM molecules.

Left: In free solution, IgM adopts the characteristic star-
shaped configuration. x 5200 000, (Courtesy of Dr R,
Dourmashkin.) Right: IgM bound to a single flagellum has

adopted the crab-like, ‘staple’ configuration. x 5 200 000.
(Courtesy of Dr A. Feinstein.)
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