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LECTURE-9 

STRUCTURE AND FUNCTIONS OF MHC 

MAJOR HISTOCOMPATIBILITY COMPLEX 

 The major histocompatibility complex (MHC) is a set of cell surface glycoprotein receptors 

essential for the acquired immune system to recognize foreign molecules in vertebrates, which in 

turn determine histocompatibility. 

 The main function of MHC molecules is to bind to antigens derived from pathogens and display 

them on the cell surface for recognition by appropriate T-Cells. 

Properties of MHC 

Following propertied of MHC make it difficult for pathogens to escape from immune responses. 

1. MHC is polygenic: 

It contains several different MHC class I and MHC class II genes, so that every individual 

possesses a set of MHC molecules with different ranges of peptide binding specificities. 

2. MHC is highly polymorphic 

There are a large number of alleles for each gene within the population as a whole. The MHC genes 

are the most polymorphic genes known. 

 

Organization of MHC 

 Located on chromosome 6 in humans AND 17 in the mouse 

 MHC extends over four centimorgans of DNA, about 4x106 base pairs 

 In humans, it contains more than 200 genes 

 In humans MHC genes are called Human Leukocyte Antigen (HLA genes). In the mouse, they are 

known as H-2 genes. 

 MHC molecule consists of peptide binding groove, an immunoglobulin like domain, 

transmembrane domain, and a cytoplasmic domain.  

 MHC class I molecule is made up of one MHC encoded and one non-MHC encoded chain. MHC 

class II molecule is made up of two MHC encoded chains.  

 The peptide binding groove is located at the adjacent to polymorphic amino acid residue.  

 Because of the variability in the region, different MHC molecule binds and displays different 

peptides and are recognized by different T cells.  

 An immunoglobulin like domains contains the binding site for CD4 and CD8 cells. 
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Figure 1: Basic Structure of MHC I and MHC II 

 

 

Figure 2: Organization of MHC on Human and Mouse Chromosome 
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Classes of MHC Molecules 

 The MHC genes are organized into three classes I, II and III. 

Table 1: Classes of MHC 

Class Class I Class II Class III 

Regions A B C DP DQ DR C4, C2 factor B 

Gene Product HLA-C HLA-B HLC-C 
DP 

αβ 

DQ 

αβ 

DR 

αβ 
C Protein TNF-α, β 

MHC CLASS-I: 

 Class-I MHC gene encodes glycoprotein molecule which expressed on the surface of all nucleated 

cells and platelets. 

 MHC-I molecule contains a 45KDa α-chain associated non-covalently with a 12KDa β2 

microglobulin molecule. 

 MHC Class I gene spans about 2,000 Kb ( about 20 genes) at the telomeric end of the HLA 

complex 

 Association of α-chain and β2 microglobulin is required for expression of class-I MHC molecule on 

cell membrane. 

α-chain of MHC-I: 

 The α-chain is a transmembrane glycoprotein encoded by polymorphic gene within A, B and C 

region of Human HLA complex 

 The α-chain is anchored in the plasma membrane by its hydrophobic trans-membrane segment and 

hydrophilic cytoplasmic tail. 

 α-chain is made up of 3 domains (α1, α2 and α3). Each domain containing approximately 90 amino 

acids, a transmembrane domain of about 25 hydrophobic amino acids followed by short stretch of 

charged (hydrophilic) amino acids of cytoplasmic tails of 3o amino acids. 

 α1 and α2 domains interacts to form a deep groove on the top which is a peptide binding cleft. It 

can binds antigen of 8-10 animo acids long. 

 α3 and β2 are organized into β-pleated sheets, each formed by anti parallel β-strand of amino acids, 

this structure is known as immunoglobulin fold. Because of this structure α-chain and β2 

microglobulin are classified as member of immunoglobulin super-family receptor. 
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β2 microglobulin of MHC-I: 

 β2 microglobulin is a protein encoded by a highly conserved gene located on different chromosome 

 β2 microglobulin is similar in size and organization to α3 domain. 

 β2 subunit can only be recognized by CD8 co-receptors. 

 β2 microglobulin does not contain transmembrane region and is non-covalently linked with α-chain. 

Functions of MHC class I: 

 Major function of MHC-I is to bind peptide antigens and present to CD8+ T cells (T helper cells) 

 CD8 T cells are specific for MHC-I antigen 

 Identifies mostly all the cells of the body as self 

 Induce the production of antibodies which introduced into host with different class I molecules.  

 MHC-I binds endogenous antigen and present to T helper cells. 

 MHC-I molecules are found on surface of all nucleated cells. 

MHC CLASS-II: 

 Class-II MHC is the glycoprotein molecule expressed primarily on antigen presenting cells such as 

macrophages, dendritic cells, epithelium of thymus, some endothelial cells and B-cells. 

 MHC Class II gene spans about 1,000 Kb ( about 20 genes) at the centromeric end of the HLA 

complex 

 MHC-II molecules contains two different polypeptide chains, 35 KDa α-chain and 28KDa β-chain 

which are associated by non-covalent interactions. 

α-chain and β-chain of MHC-II: 

 α-chain and β-chain of MHC-II is a membrane bound glycoprotein that contains external domains, a 

transmembrane segment and acytoplasmic tail. 

 α-chain and β-chain are made up of two domains (α1 and α2) and (β1 and β2) respectively. 

 The peptide biding cleft is a open ended groove formed between α-chain and β-chain at proximal 

end. The cleft can bind antigenic peptide of 13-18 amino acids long. 

Functions of MHC class II: 

 Major function of MHC-II is to bind peptide antigen and present to CD4 T cells. 

 MHC-II are found on surface of Antigen presenting cells (APCs). 

 Stimulate the production of antibodies  

 Required for T cell communication with macrophage and B cells.  
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 Activates B cells for antibody production 

 CD4+T-cells are specific for MHC-II 

 MHC-II plays a significant role in graft versus host response and in mixed lymphocyte reaction 

(MLR) because the immune response gene is identical to MHC-II in human. 

 MHC CLASS-III: 

 MHC-III are diverse group of molecules that serves a wide variety of functions in immune system. 

 MHC-III gene is bound by Class I and Class II regions and encodes molecules critical to immune 

function. 

 MHC Class III gene spans about 10,000 Kb located between the two genes. 

 MHC-III molecules consist of complement components C4, C2, Factor B, Inflammatory cytokines, 

including tumour necrosis factor (TNF) and heat shock proteins. 

 MHC-III are not a marker on cell surface. 

Functions of MHC class-III: 

 Involved in complement activation 

 C2, C4a and C4b : Participate in complement activation through the classical pathway 

 Factor B : Involved in alternate pathway of the immune responses.  

 Involved in inflammation caused by cytokines, tumor necrosis factors etc. 
 

DIFFERENCES BETWEEN MHC I AND MHC II 

 

 

                  Figure 3: Structure of MHC-I and MHC-II 
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S.N. Characteristics MHC-I molecule MHC -II molecule 

1. Distribution Present on almost all nucleated 

cells including platelets. 

Have a restricted tissue distribution 

and expressed on antigen 

presenting ells such as 

macrophages, dendritic cells and B 

cells. 

2. Encoding genes Encoded by the HLA-A, HLA-B, 

and HLA-C genes. 

Encoded by the genes of HLA-D 

region. 

3. Nature of antigen 

presented 

Antigens are of endogenous origin Antigens are derived from 

extracellular proteins 

4. Antigen Sample peptides generated within 

the cell or those that may enter 

cytosol from phagosomes. 

Sample peptides outside the cell 

such as lysosomal proteins mostly 

internalized from extracellular 

environment. 

5. Enzymes involved 

in peptide 

generation 

Cytosolic proteasome Endosomal and lysosomal proteases 

6. Peptide loading of 

MHC 

Endoplasmic reticulum Specialized vesicular compartment 

7. Recognizing co-

receptor 

Recognized by CD8 co-receptors 

through the Class I β2 subunit. 

Recognized by CD4 co-receptors 

through β1 and β2 subunits. 

8. Receptor T cell Present antigens to CD8+ T cells. Present antigens to CD4+ T cells. 

9. Structure Consist of one membrane-

spanning α chain produced by 

MHC genes and one β chain 

produced by β2-microglobulin 

gene. 

Consist of two membrane-spanning 

chains, α and β both produced by 

MHC genes. 

10. Building amino 

acids 

Possess 8-10 amino acids. Possess 13-18 amino acids. 

11. Peptide binding 

domains 

α1 and α2 are peptide binding 

domains. 

α1 and β1 are peptide binding 

domains. 
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S.N. Characteristics MHC-I molecule MHC -II molecule 

12. Invariant chain Has no invariant chain. Has an invariant chain. 

13. Functional effect Presence of abundant antigens 

target cell for destruction. 

Presences of foreign antigens 

induce antibody production. 

14. Detection Method Serology Serology and mixed lymphocyte 

reaction 
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