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Structure of antibodies 
Four polypeptide chains

Two identical heavy chains
Two identical light chains

Both heavy and light chains 
contains globular domains 
called Ig domain

IgG



Structure of IgG domain 

Two β sheets held 
together by one 
disulphide bond
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Structure of antibodies 

IgG

Variable (V) regions
Antigen binding

VH

VL Each variable region is 
composed by two Ig 
domains, one VH and one VL

Constant (C) regions

CH1

CH2
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Three Ig domains on the 
heavy chain, CH1 CH2 and 
CH3
One Ig domain on the light 
chain, CL

Recognized by immune cells



Structure of antibodies 
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Each antibody has 
two identical antigen 

binding sites



Crystal structure of IgG 



Fc and Fab

Fc region

Fab region
Fragment antigen binding
it contains the antigen 
binding portion

it’s involved in effector 
function

Fragment crystallizable

• Fc receptor binding

• Complement binding



Fc and Fab

Fc region

Fab regionPapain 
digestion

…in the old times, these features were 
discovered thanks to proteolysis

Fragment antigen binding
it contains the antigen 
binding portion

it’s involved in effector 
function 

Fragment crystallizable



F(ab’)2

F(ab’)2 region

Pepsin digestion



Interaction sites in the Fc region 
have now been fully characterised



A closer look to the 
variable regions

In the VL and in the VH, sequence variability is higher in 
three stretches of residues, called complementarity-

determining regions (CDR)

more conserved 
regions are called 

“framework”



The three CDRs 
correspond to the loops

Framework regions 
correspond to β 

sheets 



Heavy and light chain CDRs are 
typically engaged in Ag binding



Our immune system designed 
other creative solutions



4-5 The hinge region of the immunoglobulin molecule allows flexibility in binding to 
multiple antigens



Isotypes
Five distinct classes based on the structure of the heavy chain constant regions 
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Isotypes
Five distinct classes based on the structure of the heavy chain constant regions with 

same sequence  
C regions  for 

 IgM and IgE contain 4 Ig domains 
IgG, IgA and IgD contain 3 Ig domains



Isotypes - summary

In humans and mice more frequent K chain. Ratio can be different in case of lymphomas 



Functions of Isotypes
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FIGURE 5.7 Flexibility of antibody molecules. The two 
antigen-binding sites of an Ig monomer can simultaneously bind to two 
determinants separated by varying distances. In (A) an Ig molecule is 
depicted binding to two widely spaced determinants on a cell surface, 
and in (B) the same antibody is binding to two determinants that are 
close together. This flexibility is mainly due to the hinge regions located 
between the CH1 and CH2 domains, which permit independent move-
ment of antigen-binding sites relative to the rest of the molecule. 

IgM and IgA molecules contain an additional non-Ig 
15-kD polypeptide called the joining (J) chain, which is 
disulfide bonded to the tail pieces of the Ig C regions and 
serves to stabilize the multimeric complexes and to trans-
port multimers across epithelial cells from the basolateral 
to the luminal end. As we will see later, multimeric forms 
of antibodies bind to antigens more avidly than mono-
meric forms.

Antibodies of different species differ from each other 
in the C regions and in framework parts of the V regions. 
Therefore, when Ig molecules from one species are 
introduced into another (e.g., horse serum antibodies 
or mouse monoclonal antibodies injected into humans), 
the recipient sees them as foreign, mounts an immune 
response, and makes antibodies largely against the C 
regions of the introduced Ig. The response sometimes 
results in an illness called serum sickness (see Chapter 
19), which greatly limits the ability to treat individuals 
with antibodies produced in other species. Much effort 
has been devoted to overcoming this problem, especially 
for treating patients with therapeutic monoclonal anti-
bodies, and we will discuss this issue in more detail later 
in the chapter.

Smaller sequence differences are present in antibod-
ies from different individuals even of the same species, 
reflecting inherited polymorphisms in the genes encod-
ing the C regions of Ig heavy and light chains. When 
a polymorphic variant found in some individuals of a 
species can be recognized by an antibody, the variants 
are referred to as allotypes, and the antibody that rec-
ognizes an allotypic determinant is called an antiallotypic 
antibody. The differences between antibody V regions are 

this ratio can occur in patients with B cell tumors because 
the many neoplastic cells, being derived from one B cell 
clone, produce a single species of antibody molecules, all 
with the same light chain. In fact, an abnormal predomi-
nance of either κ-bearing cells or λ-bearing cells is often 
used clinically for the diagnosis of B cell lymphomas. In 
mice, κ-containing antibodies are about 10 times more 
abundant than λ-containing antibodies. Unlike in heavy 
chain isotypes, there are no known differences in func-
tion between κ-containing antibodies and λ-containing 
antibodies.

Secreted and membrane-associated antibodies differ 
in the amino acid sequence of the carboxy-terminal end 
of the heavy chain C region. The secreted form, found in 
blood, mucosal secretions, and other extracellular fluids, 
contains a carboxy-terminal hydrophilic region called the 
tail piece. The membrane-bound form of antibody con-
tains a carboxy-terminal stretch that includes two seg-
ments: a hydrophobic α-helical transmembrane region, 
followed by an intracellular juxtamembrane positively 
charged stretch (Fig. 5.8). The positively charged amino 
acids bind to negatively charged phospholipid head 
groups on the inner leaflet of the plasma membrane and 
help anchor the protein in the membrane. In membrane 
IgM and IgD molecules, the cytoplasmic portion of the 
heavy chain is short (only three amino acid residues in 
length); in membrane IgG and IgE molecules, it is longer 
(up to 30 amino acid residues in length).

Secreted IgG and IgE and all membrane Ig molecules, 
regardless of isotype, are monomeric with respect to the 
basic antibody structural unit (i.e., they contain two 
heavy chains and two light chains). In contrast, the 
secreted forms of IgM and IgA form multimeric com-
plexes in which two or more of the four-chain core 
antibody structural units are covalently joined. IgM is 
secreted mainly as pentamers but also some hexamers of 
the core four-chain structure, whereas IgA is usually 
secreted as a dimer. These complexes are formed by 
interactions between regions called tail pieces that are 
located at the carboxy-terminal ends of the secreted 
forms of μ and α heavy chains (see Table 5.2). Multimeric 
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Cytoplasmic tail 
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FIGURE 5.8 Membrane and secreted forms of Ig heavy 
chains. The membrane forms of the Ig heavy chains, but not the 
secreted forms, contain transmembrane regions made up of hydrophobic 
amino acid residues and cytoplasmic domains that differ significantly 
among the different isotypes. The cytoplasmic portion of the membrane 
form of the μ chain contains only three residues, whereas the cytoplas-
mic region of IgG heavy chains (γ heavy chains) contains 20 to 30 resi-
dues. The secreted forms of the antibodies end in C-terminal tail pieces, 
which also differ among isotypes: μ has a long tail piece (21 residues) 
that is involved in pentamer formation, whereas IgGs have a short tail 
piece (3 residues). 

Secreted and membrane associated antibodies 
differ in the amino acid sequence of the carboxy-

terminal end of the heavy chain C  regions



The recognition of antigen by antibodies involves non covalent reversible binding

Antibody Affinity



Affinity and avidity

IgM have 10 antigen 
binding sites

IgM are the first Ab 
to be made and are 
usually low affinity

IgM can 
“compensate” the 
low affinity with the 

high avidity



Antibody half-life

21-28 days 2 days
4 days

3 days

Te half-life is the mean time before the number of antibody molecules  is 
reduced by half in the blood

More high for IgG1 and IgG2 then IgG3



Why IgGs last longer?

FcRn (Neonatal Fc 
Receptor) recycles 
endocytosed IgGs 

back to the 
extracellular milieu, 
instead of targeting 
them to lysosomal 

degradation  



The FcRn allow the transport 
of IgG through the placenta



Immunoglobuline nel siero e nel feto del neonato

Le IgG del feto e del neonato sono esclusivamente di origine materna, le IgG materne 
scompaiono all'età di 9 mesi, momento in cui il bambino comincia a sintetizzare le 
proprie IgG.



Meccanismo di secrezione delle IgA


