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What is the Structure of an Antibody. An antibody, also known as an 

immunoglobulin, is a Y-shaped structure which consists of four polypeptides — two 

heavy chains and two light chains. This structure allows antibody molecules to carry 

out their dual functions: antigen binding and biological activity mediation.

An antibody (Ab), also known as an immunoglobulin (Ig), is a large,

Y-shaped protein produced mainly by plasma cells that is used by the immune system 

to neutralize pathogens such as pathogenic bacteria and viruses. 

The antibody recognizes a unique molecule of the pathogen, called an antigen, via 

the fragment antigen-binding variable region. Each tip of the "Y" of an antibody 

contains a paratope (analogous to a lock) that is specific for one particular epitope 

(analogous to a key) on an antigen, allowing these two structures to bind together with 

precision. Using this binding mechanism, an antibody can tag a microbe or an 

infected cell for attack by other parts of the immune system, or can neutralize its 

target directly (for example, by inhibiting a part of a microbe that is essential for its 

invasion and survival).



Each antibody binds to a specific antigen; an 

interaction similar to a lock and key.



Antibodies are secreted by B cells of the adaptive immune system, mostly by 

differentiated B cells called plasma cells. Antibodies can occur in two physical forms, 

a soluble form that is secreted from the cell to be free in the blood plasma, and a 

membrane-bound form that is attached to the surface of a B cell and is referred to as 

the B-cell receptor (BCR). The BCR is found only on the surface of B cells and 

facilitates the activation of these cells and their subsequent differentiation into either 

antibody factories called plasma cells or memory B cells that will survive in the body 

and remember that same antigen so the B cells can respond faster upon future 

exposure. In most cases, interaction of the B cell with a T helper cell is necessary to 

produce full activation of the B cell and, therefore, antibody generation following 

antigen binding.



Antibodies are glycoproteins belonging to the immunoglobulin superfamily.[4] They 

constitute most of the gamma globulin fraction of the blood proteins. They are typically 

made of basic structural units—each with two large heavy chains and two small light 

chains. There are several different types of antibody heavy chains that define the five 

different types of crystallisable fragments (Fc) that may be attached to the antigen-

binding fragments (Fab)

Though the general structure of all antibodies is very similar, a small region at the tip of 

the protein is extremely variable, allowing millions of antibodies with slightly different 

tip structures, or antigen-binding sites, to exist. This region is known as the 

hypervariable region. Each of these variants can bind to a different antigen.



Structure

Antibodies are heavy (~150 kDa) globular plasma proteins. The size of an antibody molecule is about 10 

nm. They have sugar chains (glycans) added to conserved amino acid residues. In other words, 

antibodies are glycoproteins.The attached glycans are critically important to the structure and function of 

the antibody. Among other things the expressed glycans can modulate an antibody's affinity for its 

corresponding FcR(s).

The basic functional unit of each antibody is an immunoglobulin (Ig) monomer (containing only one Ig 

unit); secreted antibodies can also be dimeric with two Ig units as with IgA, tetrameric with four Ig units 

like teleost fish IgM, or pentameric with five Ig units, like mammalian IgM. The variable parts of an 

antibody are its V regions, and the constant part is its C region.



Several immunoglobulin domains 

make up the two heavy chains (red 

and blue) and the two light chains 

(green and yellow) of an antibody. 

The immunoglobulin domains are 

composed of between 7 (for 

constant domains) and 9 (for 

variable domains) β-strands.
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Immunoglobulin domains

The Ig monomer is a "Y"-shaped molecule that consists of four polypeptide chains; 

two identical heavy chains and two identical light chains connected by disulfide 

bonds. Each chain is composed of structural domains called immunoglobulin 

domains. These domains contain about 70–110 amino acids and are classified into 

different categories (for example, variable or IgV, and constant or IgC) according to 

their size and function. They have a characteristic immunoglobulin fold in which two 

beta sheets create a "sandwich" shape, held together by interactions between 

conserved cysteines and other charged amino acids.



Heavy chain

There are five types of mammalian Ig heavy chain denoted by the Greek letters: α, δ, ε, γ, and μ.

The type of heavy chain present defines the class of antibody; these chains are found in IgA, IgD, IgE, 

IgG, and IgM antibodies, respectively.

Distinct heavy chains differ in size and composition; α and γ contain approximately 450 amino acids, 

whereas μ and ε have approximately 550 amino acids.

Each heavy chain has two regions, the constant region and the variable region. The constant region is 

identical in all antibodies of the same isotype, but differs in antibodies of different isotypes.

Heavy chains γ, α and δ have a constant region composed of three tandem (in a line) Ig domains, and a 

hinge region for added flexibility; heavy chains μ and ε have a constant region composed of four 

immunoglobulin domains.

The variable region of the heavy chain differs in antibodies produced by different B cells, but is the same for all 

antibodies produced by a single B cell or B cell clone.

The variable region of each heavy chain is approximately 110 amino acids long and is composed of a single Ig 

domain



Light chain

Immunoglobulin light chain

In mammals there are two types of immunoglobulin light chain, which are called 

lambda (λ) and kappa (κ).

A light chain has two successive domains: one constant domain and one variable 

domain. The approximate length of a light chain is 211 to 217 amino acids.

Each antibody contains two light chains that are always identical; only one type of 

light chain, κ or λ, is present per antibody in mammals. Other types of light chains, 

such as the iota (ι) chain, are found in other vertebrates like sharks (Chondrichthyes) 

and bony fishes (Teleostei). There is no known functional difference between λ and κ 

types of light chains, and both can occur with any of the five major types of heavy 

chains.



CDRs, Fv, Fab and Fc regions

Different parts of an antibody have different functions. Specifically, the "arms" (which 

are generally identical) contain sites that can bind to specific molecules, enabling 

recognition of specific antigens. This region of the antibody is called the Fab 

(fragment, antigen-binding) region. It is composed of one constant and one variable 

domain from each heavy and light chain of the antibody.

The paratope at the amino terminal end of the antibody monomer is shaped by the 

variable domains from the heavy and light chains. The variable domain is also referred 

to as the FV region and is the most important region for binding to antigens. To be 

specific, variable loops of β-strands, three each on the light (VL) and heavy (VH) chains 

are responsible for binding to the antigen. These loops are referred to as the 

complementarity-determining regions



The base of the Y plays a role in modulating immune cell activity. This region is called 

the Fc (Fragment, crystallizable) region, and is composed of two heavy chains that 

contribute two or three constant domains depending on the class of the antibody. 

Thus, the Fc region ensures that each antibody generates an appropriate immune 

response for a given antigen, by binding to a specific class of Fc receptors, and other 

immune molecules, such as complement proteins. By doing this, it mediates different 

physiological effects, including recognition of opsonized particles (binding to FcγR), 

lysis of cells (binding to complement), and degranulation of mast cells, basophils, and 

eosinophils





Neutralisation, in which neutralizing antibodies block parts of the surface of a bacterial cell 

or virion to render its attack ineffective

Agglutination, in which antibodies "glue together" foreign cells into clumps that are attractive 

targets for phagocytosis

Precipitation, in which antibodies "glue together" serum-soluble antigens, forcing them to 

precipitate out of solution in clumps that are attractive targets for phagocytosis

Complement activation (fixation), in which antibodies that are latched onto a foreign cell 

encourage complement to attack it with a membrane attack complex, which leads to the 

following

FUNCTION OF ANTIBODY



Lysis of the foreign cell

Encouragement of inflammation by chemotactically attracting inflammatory cells

Activated B cells differentiate into either antibody-producing cells called plasma cells 

that secrete soluble antibody or memory cells that survive in the body for years 

afterward in order to allow the immune system to remember an antigen and respond 

faster upon future exposures

At the prenatal and neonatal stages of life, the presence of antibodies is provided by 

passive immunization from the mother. Early endogenous antibody production varies 

for different kinds of antibodies, and usually appear within the first years of life. Since 

antibodies exist freely in the bloodstream, they are said to be part of the humoral 

immune system.



Circulating antibodies are produced by clonal B cells that specifically respond to only 

one antigen (an example is a virus capsid protein fragment). Antibodies contribute to 

immunity in three ways: They prevent pathogens from entering or damaging cells by 

binding to them; they stimulate removal of pathogens by macrophages and other cells 

by coating the pathogen; and they trigger destruction of pathogens by stimulating other 

immune responses such as the complement pathway. Antibodies will also trigger 

vasoactive amine degranulation to contribute to immunity against certain types of 

antigens (helminths, allergens).



Antibodies (A) and pathogens 

(B) free roam in the blood. 2) 

The antibodies bind to 

pathogens, and can do so in 

different formations such as: 

opsonization (2a), 

neutralisation (2b), and 

agglutination (2c). 3) A 

phagocyte (C) approaches the 

pathogen, and the Fc region 

(D) of the antibody binds to one 

of the Fc receptors (E) of the 

phagocyte. 4) Phagocytosis 

occurs as the pathogen is 

ingested.



Activation of complement

Antibodies that bind to surface antigens (for example, on bacteria) will attract the first 

component of the complement cascade with their Fc region and initiate activation of 

the "classical" complement system.

This results in the killing of bacteria in two ways.

First, the binding of the antibody and complement molecules marks the microbe for 

ingestion by phagocytes in a process called opsonization; these phagocytes are 

attracted by certain complement molecules generated in the complement cascade.

Second, some complement system components form a membrane attack complex to 

assist antibodies to kill the bacterium directly (bacteriolysis).



The secreted mammalian 

IgM has five Ig units. Each Ig 

unit (labeled 1) has two 

epitope binding Fab regions, 

so IgM is capable of binding 

up to 10 epitopes.



Activation of effector cells

To combat pathogens that replicate outside cells, antibodies bind to pathogens to link them together, 

causing them to agglutinate. Since an antibody has at least two paratopes, it can bind more than one 

antigen by binding identical epitopes carried on the surfaces of these antigens. By coating the pathogen, 

antibodies stimulate effector functions against the pathogen in cells that recognize their Fc region.

Those cells that recognize coated pathogens have Fc receptors, which, as the name suggests, interact 

with the Fc region of IgA, IgG, and IgE antibodies. The engagement of a particular antibody with the Fc 

receptor on a particular cell triggers an effector function of that cell; phagocytes will phagocytose, mast 

cells and neutrophils will degranulate, natural killer cells will release cytokines and cytotoxic molecules; 

that will ultimately result in destruction of the invading microbe. The activation of natural killer cells by 

antibodies initiates a cytotoxic mechanism known as antibody-dependent cell-mediated cytotoxicity 

(ADCC) – this process may explain the efficacy of monoclonal antibodies used in biological therapies 

against cancer. The Fc receptors are isotype-specific, which gives greater flexibility to the immune system, 

invoking only the appropriate immune mechanisms for distinct pathogens



Natural antibodies

Humans and higher primates also produce "natural antibodies" that are present in 

serum before viral infection. Natural antibodies have been defined as antibodies that 

are produced without any previous infection, vaccination, other foreign antigen 

exposure or passive immunization. These antibodies can activate the classical 

complement pathway leading to lysis of enveloped virus particles long before the 

adaptive immune response is activated. Many natural antibodies are directed against 

the disaccharide galactose α(1,3)-galactose (α-Gal), which is found as a terminal sugar 

on glycosylated cell surface proteins, and generated in response to production of this 

sugar by bacteria contained in the human gut. Rejection of xenotransplantated organs 

is thought to be, in part, the result of natural antibodies circulating in the serum of the 

recipient binding to α-Gal antigens expressed on the donor tissue



Immunoglobulin diversity

Virtually all microbes can trigger an antibody response. Successful recognition and 

eradication of many different types of microbes requires diversity among antibodies; 

their amino acid composition varies allowing them to interact with many different 

antigens.

It has been estimated that humans generate about 10 billion different antibodies, 

each capable of binding a distinct epitope of an antigen.

Although a huge repertoire of different antibodies is generated in a single individual, 

the number of genes available to make these proteins is limited by the size of the 

human genome. Several complex genetic mechanisms have evolved that allow 

vertebrate B cells to generate a diverse pool of antibodies from a relatively small 

number of antibody genes.



The complementarity determining regions of the heavy 

chain are shown in red (PDB: 1IGT)

Domain variability
The complementarity determining regions of 

the heavy chain are shown in red (PDB: 

1IGT) .The chromosomal region that 

encodes an antibody is large and contains 

several distinct gene loci for each domain of 

the antibody—the chromosome region 

containing heavy chain genes (IGH@) is 

found on chromosome 14, and the loci 

containing lambda and kappa light chain 

genes (IGL@ and IGK@) are found on 

chromosomes 22 and 2 in humans. One of 

these domains is called the variable 

domain, which is present in each heavy and 

light chain of every antibody, but can differ 

in different antibodies generated from 

distinct B cells. 



Antibody mimetic

Antibody mimetics are organic compounds, like antibodies, that can specifically bind 

antigens. They are usually artificial peptides or proteins with a molar mass of about 3 

to 20 kDa. Nucleic acids and small molecules are sometimes considered antibody 

mimetics, but not artificial antibodies, antibody fragments, and fusion proteins are 

composed from these. Common advantages over antibodies are better solubility, 

tissue penetration, stability towards heat and enzymes, and comparatively low 

production costs. Antibody mimetics such as the Affimer and the DARPin have being 

developed and commercialised as research, diagnostic and therapeutic agents.
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