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Antibodies and antigens

Antibody A

Epitopes (antigenic determinants)
on antigen

Antigens:
components
of cell wall

Antibody B
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Antigens (Ag):

- Proteins or large polysaccharide
- Small molecules called haptens
combine with carriers to be antigenic
Each antigen contains multiple
epitopes that are recognized
by...

Antibodies (Ab):

- “Immuno- Globulin” proteins (Ig)
- Specific for 1 Ag epitope

Figure 17.1
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Antibody classes

TABLE 17.1 A Summary of Inmunoglobulin Classes

Characteristics IgM IgE

Structure

Percentage of total
serum antibody

Location

Molecular weight
Half-life in serum
Complement fixation
Placental transfer

Known functions

Monomer

80%

Blood, lymph,
intestine

150,000
23 days
Yes
Yes

Enhances
phagocytosis;
neutralizes
toxins and
viruses;
protects fetus
and newborn

~(\\\/¢1 Disulfide
{ bond
@ 4
__X\\\ /L /4/{
== —=
\/EQJ chain
V/ A
= =
W W

Pentamer

5-10%

Blood, lymph, B
cell surface
(as monomer)

970,000
5 days
Yes

No

Especially effective

against microor-

ganisms and agglu-

tinating antigens;

first antibodies pro-
duced in response

to initial infection

D
&

Secretory component
Dimer (with

secrefory
component)

10-15%*

Secretions
(tears, saliva,
mucus, intestine,

milk), blood,
lymph

405,000
6 days
No'

No

Localized
protection on
mucosal
surfaces

Monomer

0.2%

B cell surface,
blood, lymph

175,000
3 days
No

No

Serum function
not known;
presence on B
cells functions in
initiation of
immune
response

*Percentage in serum only; if mucous membranes and body secretions are included, percentage is much higher.
T May be yes via alternate pathway.

Monomer

0.002%

Bound to mast
and basophil
cells through-
out body, blood

190,000
2 days
No

No

Allergic
reactions;
possibly lysis
of parasitic
worms
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The two arms of adaptive immunity

HUMORAL (ANTIBODY-MEDIATED) CELLULAR (CELL-MEDIATED) IMMUNE SYSTEM
IMMUNE SYSTEM Control of intracellular pathogens

Control of freely circulating pathogens *—rr: > Exposure to antigen.

o & ‘v Intracellular antigens
Extracellular < @ { ¥ expressed on the surface
antigens e = & of a cell infected by a virus,
bacterium, or parasite.
(Also may be expressed
on surface of an APC.)

J

€D AT cell binds to
MHC-antigen

i lexes on the
€) ABcellbinds to Cvickinos. | TP
the antigen for v §uﬂace of the
which it is specific. Y mf:ctat:.d otil'l‘,
A T-dependent activating the
B cell r'::wires Activates T cell (with its
cooperation with ‘/{ \}0 helper cytokine receptors).
aTycell. B cell %7 L T cell o
proliferates and 9 Activation of
i = % ' h
::::“[2'0?: ::n a ,l o Cytokines transform (r:::::‘;::;ge
B B cells into antibody- 3
cells or memory B cell i phagocytic
cells providing plasma cells activity).
’ (see Figure 17.4).

e The B cell, often with
stimulation from a
helper T cell, differen-

tiates into a plasma cell. e CD8 T cell
becomes
Cytotoxic cytotoxic

Memory cell Tlymphocyte [ T lymphocyte
P (CTL) able to

(o o
/ ( Some T and B cells w2 A '“d“‘ie -
Plasma cell k differentiate into / fapoptOSI: o
= memory cells that re- g @Y ) rget cell (see

spond rapidly to any Figure 17.10).

o Plasma cells ﬂ\ secondary encounter
proliferate and =4 Y \l:lth an1a7n:lgen (see
produce antibodies }, igure 17.15).

against the antigen. ’& }»O
S
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Lysed target cell




Humoral immunity: control of freely circulating
pathogens

®
[l ©—— Extracellular
= ® antigens

MHC class II with
Ag fragment  Ag fragment

Immunoglobulins 4 K MHC class 11 Plasma Antibodies
coating with Ag P cell
B cell surface fragment Ty cell—£ 2
displayed on -
surface . Cytokines

Immunoglobulins on e MHC class e Receptor on the helper T cell (Ty) o B cell is activated by

B cell surface recognize II-antigen-fragment recognizes complex of MHC class cytokines and begins
and attach to antigen, complex is displayed 1I and antigen fragment and is clonal expansion. Some
which is then internalized on B cell surface. activated—producing cytokines, of the progeny become
and processed. Within which activate the B cell. antibody-producing

the B cell a fragment of plasma cells.

the antigen combines

with MHC class II.
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Figure 17.4 - Overview




T-dependent antigens

T- dependent antigens
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T-independent vs. T-dependent antigens

T- independent
antigens

Repeating subunits such
as polysaccharides,
lipopolysaccharides,
and capsules

T- independent antigens T- dependent antigens
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Clonal selection

Stem cell

o Stem cells differentiate
into mature B cells, each
bearing surface immuno-

i dplinains Clonal selection outcomes

specific antigen.

1. Proliferation of
il Ac-specific B cells and
T, cells

complexes with

2. Differentiation of B cells
proliferate : i - - = = Plasma Ce“S

into long-live

memory cells. /% Memory cells /", _ Memory Ce”S

o Some Bcells -

T 3. Production of Ag-specific
antibody A A A

wnars /N /N /\ /) 1gG and IgM

plasma cells.

e e
Frlni

! lrf
cells ‘-" Q
secrete @ U

antibodies
into
circulation.
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Figure 17.5 - Overview



Clonal selection and immunological
memory

Primary response Secondary response
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Aqgglutination RESULTS: Antibody- Antigen Activation of complement

Reduces number of infectious units to be Bindj g Causes inflammation and
dealt with cell lysis

Complement

Bacteria

L Antibody-dependent
Opsonization cell-mediated cytotoxicity
Coating antigen with antibody enhances Antibodies attached to target cell cause
phagocytosis destruction by macrophages, eosinophils, and
NK cells

Eosinophil

Phagocyte

VO

Large target cell (parasite)
Neutralization

Blocks adhesion of attalilhorﬁzit y
bacteria and :
toxin

viruses to mucosa
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Cellular immunity- control of intracellular

pathogens

Antigen presenting cells (APCs): Antigenic fragments of pathogens

are presented on specific cells (APCs) using MHC Il complexes

- Dendritic cells
- Macrophage

APC (dentritic cell)

PRl e

/

Antigen fragment
(short peptides)

Microorganism
carrying antigens

Cytokines © Arceinthat recognizes

a dendritic cell that is
producing costimulatory
molecules becomes
activated.

Helper T cell

Tycell /
receptor |
ptor } \ Q The cytokines cause the
Ty cell to proliferate and
to develop its effector
functions.

Complex of
MHC class 11
molecule
and antigen

fragment

) A

Costimulatory molecule
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Cellular immunity- APCs and T, cells

Cytoki
yicxines e A T cell that recognizes

a dendritic cell that is
producing costimulatory
molecules becomes
activated.

Helper T cell

APC (dentritic cell) Ty cell

receptor |
plor J \ 0 The cytokines cause the

Ty cell to proliferate and
to develop its effector
functions.
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Helper T cells (T,, or CD 4): recognizes APC and presented Ag 2
activates cells related to cell- mediated immunity, macrophages
NK cells, T, cells, and humoral response (B cells).

-



Cellular immunity: infected host cells and CTLs

Infected host cells: self-cells that have been infected with a
pathogen (or are tumor cells) that present “endogenous antigens”

Processed antigen
Processed MHC presented with T cell
antigen class I MHC class I receptors

Cytotoxic

T lymphocyte
. N (CTL)
Virus-infected Virus-infected cell

cell (example
of endogenous
antigen)

o A normal cell will e The abnormal antigen is e The CTL induces
produce endogenous presented on the cell destruction of the
antigens that will not surface in association with virus-infected cell
trigger a response by a MHC class I molecules. by apoptosis.
cytotoxic T lymphocyte CD8 cells with receptors
(CTL), but a virus- for the antigen are
infected cell or a cancer transformed into CTLs.
cell produces abnormal
endogenous antigens.
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Cellular immunity: infected host cells and CTLs

Processed antigen
Processed MHC presented with T cell
antigen class I MHC class I receptors

Cytotoxic

T lymphocyte
o _ (CTL)
Virus-infected Virus-infected cell

cell (example
of endogenous
antigen)

o A normal cell will e The abnormal antigen is e The CTL induces
produce endogenous presented on the cell destruction of the
antigens that will not surface in association with virus-infected cell
trigger a response by a MHC class I molecules. by apoptosis.
cytotoxic T lymphocyte CD8 cells with receptors
(CTL), but a virus- for the antigen are
infected cell or a cancer transformed into CTLs.
cell produces abnormal
endogenous antigens.
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Cytotoxic T cells (T. or CD8): differentiate into cytotoxic T Lymphocytes (CTLs)
that destroys target cells on contact




Independent study

1. Review humoral and cellular immunity



