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Sonme notes are provided here to help with the lecture on Antigen
Presentati on

Protein Trafficking/ The Secretory Pat hway:

From an i mmune perspective the secretory conpartnent and
structures encl osed by vesicles are “seen” in different ways from
proteins that reside in the cytosol or the nucleus. W wll
briefly review the secretory and endocyti c pat hways and di scuss
t he bi ogenesis of menbrane proteins. Sonme of the issues that
w Il be discussed are summarized in Figures 1-3.
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Figure 1. An overview of the secretory pathway
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Figure 2. Protein degradation occurs mainly in |ysosonmes and proteasones

Proteins that enter the cell fromthe environment are
primarily degraded in |ysosones. Most cytosolic and nucl ear
proteins are degraded in organelles called proteasones.
Intriguingly these two sites of degradation are each functionally
linked to distinct antigen presentation pathways, different Kkinds
of IHC nol ecul es and the activation of different categories of T
cells.

| nt egral menbrane proteins maybe inserted into the nmenbrane
in a nunber of ways, the two nbst common of these ways bei ng
considered in Figure 3.
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Figure 3. The orientation of Type |I and Type Il menbrane proteins.

Anti gen presentation pathways

Recept or nedi at ed endocytosis wll be discussed briefly in
this Il ecture both in the context of the function of nenbrane
bound i nmunogl obulins and in the context of antigen presentation
pat hways.

T cells co-evolved with B cells. They have the ability to
| ook “into” and destroy other host cells if the latter are
i nfected. The basic design of T cell recognition depends on an
intrinsic ability to ignore free or soluble antigens. T cel
receptors can only recogni ze antigenic peptides that are
appropriately exhibited on cell surfaces. The nol ecul es that
bring these peptides to the cell surface, and then exhibit them
so that they nmay be scanned by passing T cells, are known as
Maj or Hi stoconpatibility Conplex (MHC) proteins. These are the
nost pol ynor phi ¢ protei ns known, encoded in nost vertebrate
species by a very large nunber of alleles.

The antigen receptor on T cells is made up of two
t ransnmenbr ane pol ypepti des of the i mmunogl obulin superfamly,

the T Cell receptor (TCR)) a and B chains. Receptor diversity is
generated by the rearrangenent, in devel oping thynocytes, of gene
segnments that encode these pol ypeptides. The variabl e domai ns of
the TCRa and B chains contribute to the antigen binding site.

TCRs recogni ze cell surface MHC nol ecul es which are conpl exed

wi th peptides of either exogenous or endogenous origin. It is now



believed that all TCRs initially generated in the thynus are
capabl e of recognizing MHC |i ke shapes. W will return to this

i ssue when we discuss why a relatively large proportion of T
cells in any one individual have the potential to be alloreactive
in later lectures on transplantation. The antigen recognizing

TCRa and B chains associate wth proteins of the CD3 conpl ex,

(CD3 vy, o, & and ) which are required for the initiation of
signaling fromthe anti gen receptor.

IVHC proteins evolved at the sanme tine as B and T cells, to
provide a mechanismfor T cell receptors to focus exclusively on
antigenic fragnents that are held on the cell surface. Since T
cell receptors recogni ze only MHC- pepti de conpl exes, free viruses
or viral antigens are totally ignored by T | ynphocytes. Although
t he physiol ogical function of MHC nol ecules relates to antigen
recognition by T cells, they acquired their nane because they
were discovered in the context of transplant rejection. They were
originally referred to as Major Hi stoconpatibility Conpl ex
Anti gens because they were identified as the nost prom nent
antigens involved in experinental graft rejection. Elegant
genetic studies, which hel ped create the field of i munogenetics,
established that these antigens map to a single chronosone in the
nouse, to a set of genes that came to be known as the H 2 | ocus.
The corresponding locus in man is on chronosone 6 and is referred
to as the Human Leukocyte Antigen or HLA | ocus. IVHC nol ecules in
man are called HLA nol ecules and the terms MHC and HLA will be
used i nterchangeably. HLA nol ecul es are found on | eukocytes but
their expression is not restricted to white cells. MHC cl ass |
nol ecul es are expressed on all nucleated cells and are recogni zed
by T cell receptors on cytotoxic or CD8" T cells (Cytotoxic T
Lynphocytes or CTLs). They generally present peptides derived
from proteins synthesized “endogenously” in the cell expressing
the MHC class | nolecule of interest. MAC class Il nol ecules are
primarily expressed on B cells and other professional antigen
presenting cells (mainly macrophages and dendritic cells). Their
expression may be induced on endothelial and epithelial cells

exposed to cytokines such as y-interferon. WMHC class Il nol ecul es
general ly present peptides derived from exogenous proteins which
nmust be internalized by the antigen presenting cell. These
protei ns are broken down or “processed” into peptides
intracellularly. MHC class Il-peptide conpl exes are recogni zed by
antigen receptors on helper or CD4 * T cells.

The structure of IMHC proteins

IVHC nol ecul es are cell surface gl ycoproteins which contain
two nenbrane-proxi mal i nmunogl obulin |ike domains as well as two
nmore distal specialized domai ns which together forma peptide
bi ndi ng groove enbedded between two a-helical ridges. MHC cl ass
| nol ecul es are made up of two pol ypeptide chains and a tightly
associ ated peptide nmoiety (Figure 4). The MHC class | heavy chain



is a transnenbrane gl ycoprotein of about 40-45 kDa which
associates tightly with a snmall non-anchored 12 kDa

i mmunogl obul i n superfamly protein known as 2 m croglobulin. MC

class Il nolecules are heterodi ners which consist of an o and a f
chain, both of which are transnenbrane gl ycoproteins (Figure 5).
Qur current understanding of MHC function owes a lot to the
know edge of the structure of MHC nol ecul es obtai ned by X-ray
crystal |l ography. Crystal structures are available for a range of
HLA class | and class Il nol ecul es conplexed with specific
pepti des and al so, nore recently for HLA class | -peptide -T cel
receptor conpl exes. The MHC class | heavy chain is nade up of
three domains. The al and o2 domai ns conbine to contribute to
two a-helical ridges which surround a | ong, narrow, groove whose
floor has a p-pleated structure. This groove is where specific
pepti des are snugly bound and presented to appropriate T cel
receptors. The surface contains distinct crevices into which
specific side-chains of a highly specific peptide may fit.
Peptides that are presented by MHC class | nol ecul es are usually

peptide
a2
al
Heavy chain
o . .
B2-microglobulin
\ } Transmembrane domain

8 or 9 amno acids in length. For a particular MHC class |

nol ecul e, the specific crevices in the groove dictate that
certain invariant amno acid side-chains nust be present in
peptides that bind specifically to it. These residues on the
peptide are referred to as anchor residues since they are
critical for the tight binding of a set of peptides to individua
cl ass |

heavy chai ns



Figure 4. A schematic view of an MHC class | nol ecul e.

The a3 domain of the MHC class | heavy chain has a typi cal
i mrunogl obulin fold structure, consisting of ap sandwi ch where
adj acent B sheets are held together by a disulfide bridge. This

domain interacts withp2 mcroglobulin, a non-anchored protein
whi ch al so has a simlar inmunogl obulin domain |ike structure.

The o3 domain is also involved in the interaction of MHC cl ass-|
nol ecules with the CD8 nol ecul e on cytotoxic T cells.

The anti gen bindi ng groove on MHC class ||l nol ecul es broadly
resenbles that found in MHC class | nol ecul es. This groove is

contributed to by the al domain of the a chain and the B1 donain

of the B chain. The WMHC class | groove is approximtely 25A° | ong
and is closed at both ends; it can therefore only accommobdate

relatively short peptides. The MHC class Il groove is open-ended
and can acconmodate | arger peptides. Non-pol ynorphic portions of

the a2 and B2 i nmunogl obulin |ike domains contribute to the
interaction with CD4 on T cells.

peptide

Figure 5. A schematic view of an MHC class Il nol ecul e

The MHC cl ass | pat hway

MHC class | nol ecul es are designed to conplete their folding
and assenbly processes in the endoplasmc reticulum (ER). Egress
fromthe ER and subsequent transport to the cell surface requires
that the conplete trinol ecular conplex of heavy chain, B2

m crogl obulin, and peptide be properly assenbled (Figure 6). The
MHC class | heavy chain is translocated into the ER by a classic



si gnal peptide dependent nechani smthrough the Sec 61 channel.
Sec6l is an ER protein whose subunits forma channel through

whi ch pol ypepti de chains that contain signal peptides are
translocated into the ER The MHC class | heavy chain proteinis
anchored in the ER nenbrane and folds partially in conjunction
with a resident transnmenbrane ER chaperone known as cal nexin. In

this conpartnment it associates with the B2 mcrogl obulin
conmponent, which is also translocated into the lunen of the ER in

a signal -peptide dependent manner. B2-m croglobulin is not an
integral nenbrane protein; it is initially translocated into the

| umen of the ER, and can be secreted. The heavy chain- 2

m crogl obulin heterodi mer renmai ns associated in a conplex with a
protein known as tapaisin until it receives a peptide which is
either 8 or 9 amino acids in length and which can fit into its
specific groove. A growi ng nunber of N-term nal am nopepti dases
that include but are not limted to Leucine Am nopeptidase (LAP)
and ER am nopeptidase | (ERAP1l) appear to participate in the N
terminal trimm ng of peptides so that they can optimally fit in

t he groove. Tapaisin forns a bridge between MHC class | nol ecul es
and the TAP (Transporter associated with Antigen Processing)

het er odi mer s whi ch punp peptides into the ER fromthe cytosol.

The TAP transporter is a punp nade up of two transnenbrane
ATPases, TAPl and TAP2, that form a peptide-translocation channe
in the ER nenbrane. TAP1 and TAP2 are encoded by genes that are a
part of the MHC conpl ex (di scussed bel ow).
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Figure 6. An outline of the MHC class | pathway.

Cel lul ar proteins which [ack signal peptides are generally
destined for the cytosol and the nucl eus. Mdst of these proteins
are degraded in the cytosol in proteasones. As a prelude to being
degraded in proteasones, nmany proteins are covalently tagged in
the cell wth tandemrepeats of a peptide known as ubiquitin.

Pr ot easones are highly organi zed cylindrical protein-degradation

machi nes made up of 4 circular segnents of 7a, 78, 7B, and 7a
protein subunits respectively, which together make up the 20S

pr ot easone. The 20S proteasone core contains a nunber of
proteolytic activities. At either end of the core is a “cap”
structure which conbines with the 20S proteasone to generate the
26S proteasone. The cap contains proteins that can contribute to
t he unfol di ng and deubi quitination of target proteins. Three
subunits of the proteasone, LMP-2, LMP-7, and MECL-1 may be

i nduced by interferon-y. LMP-2 and LMP-7, |ike TAP-1 and TAP- 2,
are encoded within the class Il region of the HLA conpl ex on
chronosone 6.

Al t hough proteins that are targeted to proteasones are
primarily cytosolic or nuclear polypeptides, proteins retained
within the ER as well as cl eaved signal peptides may be



transl ocated out of the ER lunen via the Sec 61 channel.

Transl ocated proteins are ubiquitinated and targeted for

prot easomal degradation. Proteins fromthe secretory pathway,

i ncluding m sfol ded ER retai ned MHC nol ecul es, may al so therefore
be targeted to the cytosol and to the MHC class | antigen
present ati on pat hway.

The MHC class Il pat hway

Unli ke the MHC class | pathway which is designed to
eventual |y present cytosolically derived peptides to CD8
cytotoxic T cells, the MHC class Il pathway is explicitly
designed to present peptides derived fromproteins that are
sanpl ed fromthe environnment by professional antigen presenting
cells. Even though MHC class Il nol ecul es are synthesized on ER
bound ri bosones and assenble initially in the ER, they are
designed NOT to sanple peptides in the ER lunmen itself (these

pepti des nust be presented by MHC class | nolecules). The a and B
chains of MHC class Il nol ecul es assenble in the ER nenbrane and
associate immediately with a third conmponent known as the
invariant chain (li). The invariant chain is a Type |
transnmenbrane protein (in Type Il proteins the carboxy-term nus
protrudes into the lunmen of the ER whereas in Type | proteins the
N-term nus is exposed to the lunen). The C-term nus of the
invariant chain folds into and occl udes the antigen binding
groove of the WHC class Il nolecule. Cccupancy of the peptide-

bi ndi ng groove by the invariant chain prevents endogenous

pepti des that enter the ER from occupying the groove. This

permts the efficient |oading of MHC class Il grooves with
exogenously derived peptides in a post-Colgi conpartnment. The N
termnus of |Ii protrudes into the cytosol and provides targeting

signals to direct (apli)s nonamers through the Golgi stacks to a
speci ali zed acidic | ate endosomal /| ysosonal conpartnent known as
the MIc conpartment. The invariant chain is proteolytically
cleaved to yield a peptide called CLIP which remains tightly
bound to the MHC class Il groove.

Figure 7. An overview of the MHC class Il pathway

Proteins fromoutside the cell are sanpled and internalized
by endocytic receptors on the antigen presenting cell. In the
case of a B | ynphocyte the antigen receptor functions as the
endocytic receptor as shown in Figure 7.
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Internalized proteins are cleaved into peptides by proteases
such as cathepsin-L and cathepsin-S. A distinct type of HLA
nol ecul e, a heterodi ner known as HLA-DM perforns a uni que
function in the MIc conpartnent. This nolecule serves as a
pepti de -exchanger, displacing CLIP fromthe MHC groove and
permtting exogenously derived peptides to slide into the groove.
MHC class |1- peptide conplexes are then transported to the cel
surface. In general, peptides that bind the class Il groove tend
to be longer than those that bind to the correspondi ng groove in
class | nolecules - the average |length of MHC class Il binding
pepti des ranges from 14 to 18 anmi no acids, but since peptides can
spill out of both ends of the non-occluded MHC class Il groove
t hey can even be considerably |onger.

Summary

B Proteins that contain hydrophobic N-term nal or interna
signal or |eader peptides are co-translationally or post-
translationally translocated into the endoplasm c reticul um



These proteins may either reside wthin the secretory

pat hway, nay be destined for |ysosones or nay be transported
to the cell surface by vesicular transport.

The Maj or Histoconpatibility Conplex Antigens were initially
identified as prom nent antigens involved in graft
rejection. The nmurine MHC locus is called the H 2 conpl ex.
The syntenic human chronosomal region is called the Hunman
Leukocyte Antigen (HLA) | ocus.

T-cell recognition of antigen requires that antigenic

pepti des be displayed within the cleft of a self-MC

nol ecul e at the cell surface. This requirenent is called
self-MHC restriction. CD4" helper T cells are class Il MAC
restricted, and CD8" cytotoxic T cells are class | MiC
restricted.

MHC Class | proteins are expressed on all nucleated cells
and present antigenic peptides derived endogenously w thin
the cell. Endogenous antigens are degraded into peptides
within the cytosol by the proteasone (containing severa
pepti dase activities). The resulting antigenic peptides are
transported into the |unen of the rough endopl asmc
reticulum (RER) by TAP, an ATP-dependent peptide

transl ocator. MHC Class | proteins consist of two subunits:
t he nenbrane-anchored heavy chain protein and the sol uble

B2-m croglobulin (B2M protein. The protein tapaisin fornms a
bri dge between MHC | and TAP and aids in the formation of

t he WVHC- pepti de conpl ex. Once peptide is bound, the MHC
conplex is stable and noves fromthe RER through the ol gi
out to the plasma nenbrane.

MHC Class |l proteins are expressed by B cells and ot her
prof essi onal antigen presenting cells (i.e., macrophages and
dendritic cells) and present exogenous peptides. Exogenous
antigens, internalized by phagocytosis or endocytosis, are
degraded by various hydrolytic enzynes wthin | ysosones. In



the ER, newly synthesized and translocated WHC C ass |1

nol ecul es associate with the invariant chain, which bl ocks
bi ndi ng of cellular peptides. The MHC Il nol ecul es then
nmove through the Golgi into endocytic vesicles, where the
invariant chain is degraded by proteases, |eaving the CLIP
fragnment bound to the MHC. As the MHC-CLIP noves to | ower-
pH conpartnments, antigenic peptides displace CLIP. The MHC
pepti de conpl ex then noves to the plasm nenbrane.

bj ectives/ Study questi ons

1. Wiat is the secretory pathway? Wiat is a signal or a |eader
pepti de?

2. What are the nmjor sites of protein degradation in the cell?
3. What is receptor nedi ated endocyt osi s?

4. Trace the path of a newy synthesized i munogl obul i n heavy
chain protein of the nenbrane form fromthe initiation of
translation to the cell surface. |Is the pathway by which this
protein makes its way to the cell surface the sanme route taken by
an VHC class Il o or B chain? Expl ain.

5. Describe the MHC O ass | pat hway.

6. What role does the invariant chain play during antigen
pesent ati on?



