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Figure 2. Structure of HLA Class I and Class II Molecules.
Beta2-microglobulin (b2m) is the light chain of the class I molecule. The a chain of the class I molecule has two peptide-binding domains (a1 and a2), an immunoglobulin-like domain (a3),
the transmembrane region (TM), and the cytoplasmic tail. Each
of the class II a and b chains has four domains: the peptidebinding domain (a1 or b1), the immunoglobulin-like domain
(a2 or b2), the transmembrane region, and the cytoplasmic tail.

proteins interact to form a channel for transporting
peptides across the membrane of the endoplasmic
reticulum. Peptides released by proteasomes bind to
the cytosolic surface of the TAP molecule and are ferried through this channel. On the luminal surface of
the endoplasmic reticulum, queuing up like trucks
waiting to be loaded with cargo, are the class I molecules (Fig. 3A). The two polypeptide chains of the
class I molecules, the a chain and the beta2-microglobulin, are manufactured separately on ribosomes
attached to the cytosolic surface of the endoplasmic
reticulum, but as they come off the assembly line,
they thread through special channels to make their

way to the luminal surface of the endoplasmic reticulum. There, the emerging chains are attended by a
suite of molecular chaperones — calnexin, calreticulin, endoplasmic reticulum p57, TAP-binding protein (also referred to as tapasin), and perhaps others
— which ensure that the polypeptides do not fold
prematurely, that they are properly glycosylated, that
the a chain meets beta2-microglobulin at the appropriate time, and that when this moment comes, the
union proceeds without a hitch. A class I molecule
is then pinioned by the TAP-binding protein to the
TAP molecule for loading. When a suitable peptide
emerges from the TAP channel, the peptide-binding
groove (Fig. 2) of the waiting class I molecule snags
it. The loaded molecule then undocks from the complex of TAP-binding protein and TAP and sets off
on a journey to the surface of the cell. There, the
class I molecule remains anchored in the plasma membrane by the transmembrane region of the a chain.
In this position, it displays the bulk of the a chain
(the a1, a 2, and a3 domains shown in Fig. 2), the
peptide, and the associated beta2-microglobulin to
other cells.
In the meantime, the class II molecules are also
preparing to receive peptides generated by the endocytic protein-processing pathway (Fig. 3B).5 Like
the two chains of class I molecules, those of class II
molecules are manufactured separately on the cytosolic surface of the endoplasmic reticulum and then
brought together, folded, and assembled on the luminal surface of the structure with the assistance of
chaperones. Unlike class I molecules, however, class
II molecules are not loaded with peptides in the endoplasmic reticulum. Instead, they associate with a
protein produced in the endoplasmic reticulum, the
invariant chain, part of which acts as a stopper for
the peptide-binding groove and thereby precludes
premature loading of peptides. Enclosed in membranous vesicles, the complexes of class II molecules and
invariant chains journey to the region of the cytoplasm
in which they intersect with endosomes with their cargo of exogenous proteins.5 The transporting vesicles
and the endosomes fuse to form the MHC class II
compartment, in which proteases degrade the exog-

Figure 3 (facing page). Antigen Processing.
Panel A shows the principal pathways of generating peptides for loading onto HLA class I molecules. Worn-out or defective proteins
in the cytosol are degraded into peptides in proteasomes. Selected peptides are then transported into the endoplasmic reticulum,
where they are loaded onto newly synthesized class I molecules. The HLA–peptide complexes are exported by way of the Golgi
apparatus to the surface of the cell. In tissues infected with a virus, viral particles are taken up by cells and uncoated. The viral DNA
or RNA enters the nucleus and replicates within it. The viral messenger RNA (mRNA) then enters the cytosol and is transcribed
into proteins. Some of the proteins are subsequently degraded in proteasomes, and the peptides are delivered into the endoplasmic
reticulum, where they are loaded onto class I molecules for export to the surface of the cell. Panel B shows the processing of extracellular proteins. Self or foreign proteins are taken up by endocytosis (or phagocytosis) and sequestered into endosomes. Class
II molecules synthesized in the endoplasmic reticulum are delivered by way of the Golgi apparatus into primary lysosomes, which
fuse with the early endosomes to form the major-histocompatibility-complex (MHC) class II compartment. Enzymes brought into
this compartment by the lysosomes degrade the engulfed proteins into peptides. HLA-DM molecules synthesized in the endoplasmic
reticulum and delivered into the MHC class II compartment by transport vesicles help load the peptides onto the class II molecules.
The HLA–peptide complexes are then exported to the surface of the cell.
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