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I recettori che legano l’antigene nell’immunità adattativa



ANTIGEN RECOGNITION:

-B cells and Ig Native antigen
(sugars, lipids, hormones, 
carbohydrates, phospholipids, nucleic 
acids and proteins)

-T cells Antigen processed by 
Antigen presenting cells: 
Only peptides







T cells are needed to control intracellular pathogens 
and to activate B cell responses



MHC/HLA



Inbred strains of mice

• By inter-crossing mice between brother and sister for at
least 20 generations, mice homozygous at more than 98% 
of loci are obtained. They are  named syngeneic.

• Two distinct syngeneic strains are defined allogenic if
expressing different alleles.

• Two distinct strains are defined as congenic if they differ
for the alleles at one single locus.

• Generando ceppi congenici di topi che rigettavano trapianti da altri ceppi, ma 
che erano identici per tutti gli altri geni, i ricercatori hanno dimostrato che una 
singola regione genica collocata sul cromosoma 17 è responsabile del rigetto 
rapido dei trapianti di tessuto. 

• Questa regione è stata chiamata locus maggiore di istocompatibilità.



MHC genes and proteins



POLIMORFISMO DELLE MOLECOLE MHC

•La maggior parte dei geni sono rappresentati da una sequenza unica di 
DNA in tutti i membri di una specie: tali geni sono definiti non polimorfi
e la loro sequenza è presente è generalmente presente su entrambi i 
cromosomi di ogni individuo di quella specie.

•Un allele ad un locus genetico che abbia una frequenza  0.01 è 
denominato “rara variante allelica”.

• Un allele con una frequenza  0.01 (ma  1) è definito come 
polimorfico”.

• Gli alleli ai loci MHC sono polimorfici poichè presentano sempre 
frequenze elevate nella popolazione.

• Il polimorfismo è concentrato negli esoni che codificano per i domini 
che legano il peptide e il TCR.







Schematic maps of human and mouse MHC loci







Major Histocompatibility Complex (MHC; Human Leukocyte Antigens [HLA])

Class I , II and III MHC genetic loci (short arm of chromosome 6)

Major Class I genes: HLA-A, B, C
Minor Class I-like genes: HLA-E, F, G, H, J, X

Major Class II genes: HLA-D region
DP, DQ, DR

Major Class III genes: Diverse (non-antigen presenting functions)
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LKJHGFECBAGene

5 6 3 12 23 21 9 266 830 489 Alleles

0 0 0 0 6 4 3 210 711 390 Proteins

0 0 0 0 1 0 0 6 28 37 Nulls

HLA Class II

DOBDOADMBDMADPB1
DPA

1
DQB

1
DQA

1
DRB

DR
A

Gene

9 12 7 4 125 23 78 34 545 3 Alleles

4 3 7 4 112 14 57 25 451 2 Proteins

0 1 0 0 2 0 1 1 7 0 Nulls

MHC loci and numbers of alleles:



MHC loci and numbers of alleles:

nelle popolazioni





• In any mating, four possible 
combinations of haplotypes can be 
found in the offspring; thus siblings 
are also likely to differ in the MHC 
allele they express.

• Haplotype: The particular 
combination of MHC alleles found 
on a given chromosome 6.



Important aspects of MHC

• Individuals have a limited number of MHC 
alleles for each class

• High polymorphism in MHC for a species
• Alleles for MHC genes are co-dominant

– Each MHC gene product is expressed on surface of 
individual cell



MHC: things to remember
• MHC molecules in humans is also called HLA (human leukocyte 

antigen)
• Class I and II locus.
• HLA-DR alpha chain is monomorphic
• HLA-DRB1 is most polymorphic in MHC II genes
• HLA-DRB1 is always present in any individual
• HLA-DRB3/4/5 is present in some but not all people.
• A heterozygote person (most people) expresses two haplotypes.
• A person can express 3-6 class I and 3-8 class II isoforms.
• 2406 possible class II isoforms in the human population.
• 753 MHC I isoforms in the human population.



MHC: protein structure





Class I:Peptide Binding





Figure 3-15
The peptide-binding groove of MHC molecules



Figure 3-13 part 1 of 2



Important aspects of MHC

• Each MHC has ONE peptide binding site
– But each MHC can bind many different peptides
– Only one at a time
– Peptide binding is “degenerate”

• MHC polymorphism is determined in germline
– NO recombination mechanisms for creating diversity in 

MHC
• Peptide must bind with individual’s MHC to 

induce immune response





Allelic variation occurs at specific sites within the MHC molecule.



Figure 3-29

Degenerate binding allows each MHC molecule handles many peptides.



Figure 3-23

Present Ag to
CD4 T cells

Present Ag to
CD8 T cells



Figure 3-22
• Almost all cells express MHC I for 

comprehensive surveillance by 
CD8 T cells

• Only some cells express high 
levels of  MHC II and MHC I

• These are B cells, macrophages, 
dendritic cells and thymic 
epithelial cells.

• B cells, macrophages and dendritic 
cells are called professional 
antigen- presenting cells (APC).

• IFN- increases the expression of 
MHC II in APC and induces the 
expression in non-APC cells at 
sites of infection

Different cell distribution of MHC class I and II



MHC & Antigens

• MHC Class I
– present endogenously

derived peptides.
– these can be either self or 

derived from viruses
– because MHC Class I is 

present on all cells any cell 
can interact with  T cells if 
infected by a virus

• MHC Class II
– present exogenous 

antigen which has been 
phagocytosed and 
processed.eg. Bacteria

– This is performed by 
professional antigen 
presenting cells eg
macrophages



Peptide Binding by Major Histocompatibility 
Complex (MHC) Antigen-presenting Proteins

• Peptides of intracellular 
origin

• Peptides 9-10 residues 
long

• Deep pockets bind peptide 
side-chains

• Deep pockets bind peptide 
N- and C-termini

• Peptides of extracellular
origin

• Peptides 15 residues or 
longer

• Shallow pockets bind 
peptide sidechains

• Peptide termini free
• H-bonds to peptide 

backbone

MHC I MHC II


