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Binding of bacteria to phagocytic receptors on macrophages induces
their engulfment and degradation

Binding of bacterial components to signaling receptors on
macrophages induces the synthesis of inflammatory cytokines

receptor for
bactenal surface
constituents ™.,

bacterium ‘ @ bacterial component

JAN
Tﬁ?g inflammatory cytokines

Figure 1.16 Macrophages respond

to pathogens by using different
receptors to stimulate phagocytosis
and cytokine secretion. The |eft panel
shows receptor-mediated phagocytosis of
bacteria by a macrophage. The bacterium
(red) binds to cell-surface receptors
(blue) on the macrophage, inducing
engulfment of the bacterium into an
internal vesicle called a phagosome
within the macrophage cytoplasm. Fusion
of the phagosome with lysosomes forms
an acidic vesicle called a phagolysosome,
which contains toxic small molecules

and hydrolytic enzymes that kill and
degrade the bacterium. The right panel
shows how a bacterial component
binding to a different type of cell-
surface receptor sends a signal to the
macrophage's nucleus that initiates the
transcription of genes for inflammatory
cytokines. The cytokines are synthesized
in the cytoplasm and secreted into the
extracellular fluid.
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Figure 1 (a) Neutrophils roll on activated endothelial cells, with their attachment being provided by selectins and their ligands (defective in leuko-
cyte adhesion deficiencies (LAD) 11). (b) Neutrophils adhere firmly to endothelial cells and migrate toward tight junctions (defective in LAD 1 and I11).
(c) Neutrophils phagocytize microorganisms, and (blow-up) use NADPH oxidase (defective in chronic granulomatous disease (CGD)) to drive forma-
tion of hypochlorous acid for killing of microbes and fusion of granules that empty their contents of bactericidal peptides 7% to kill microbes.
(d) neutrophil extracellular traps (NETs), strands of extracellular DNA with antimicrobial proteins attached, which capture and possibly kill microbes.
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mechanisms establish a state of
inflammation at sites of infection.
lMustrated here are the events following

an abrasion of the skin. Bacteria
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the underlying connective tissue and
stimulate the innate immune response.
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Figure 1-24 Immunobiology, 7ed. (© Garland Science 2008)

1073 4

Memory: The property of the@daptive immune system
to respondnore rapidly with greater magnitudeand
more effectivelyto a repeated exposure to an antigen
compared with the response to the first exposure.
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Memory: The property of the@daptive immune system
to respond more rapidly, with greater magnitude, and
more effectively to a repeated exposure to an antigen
compared with the response to the first exposure.
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TABLE 5.2 Human Antibody Isotypes
Plasma
Isotype of Subtypes Concentration Half-Life
Antibody (H chain) (mg/mL) (days) Secreted Form Functions
lgA IgAl2 (1 35 ] Mainly dimer; - Mucosal immunity
or c2) also (]
monamer,
trimer Qf}‘hm.__-: i Vo
OQ_N‘U‘U' \CaS
Jl chain
IgD None (&) Trace 3 Monomer B cell antigen receptor
IgE None (g) 0.05 2 Monomer Defense against
helminthic parasites,
immediate
hypersensitivity
lgG lgG1-4{y1, 135 23 Monomer VH Opsonization, complement
¥2, 3, Gyl activation, antibody-
or ) VL dependent cell-
Gu o mediated cytotoxicity,
ca neonatal immunity,
feedback inhibition of
B cells
IlgM None (p) 1.5 5 Pentamer MNaive B cell antigen :
e CELLULAR Avo MOLECULAR
Abul K. Abbas « Andrew H. Lichtman « Shiv Pillai
J chain el
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TABLE 13.2 Functions of Antibody |sotypes

Antibody
Isotype Isotype-Specific Effector Functions

lgG Opsonization of antigens for phagocytosis by

macrophages and neutrophils

Activation of the classical pathway of
complement

Antibody-dependent cell-mediated cytotoxicity
mediated by natural killer cells

Meonatal immunity: transfer of maternal
antibody across the placenta and gut

Feedback inhibition of B cell activation

Neutralization of microbes and toxins

lgM Activation of the classical pathway of
complement
lgA Mucosal immunity: secretion of lgA into the

lumens of the gastrointestinal and
respiratory tracts

Meutralization of microbes and toxins in lumens
of mucosal organs

CELLULAR Ao MOLECULAR
\'[e]Kelc)'d

P ‘QQ"J

Eosinophil-mediated defense against helminths T e e

EISEVIER

IgE Mast cell degranulation (immediate
hypersensitivity reactions)
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Figure 8.14 Five functional classes
of effector CD4 T cell are produced
by activation and differentiation in
different cytokine environments.
Summarized here are the cytokines

that induce the different pathways of
differentiation, the transcription factors
uniquely associated with each pathway,
the cytokines made by each type of
effector CDA T cell, and the roles of these
cells in the immune response.
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FIGURE 5.14 Valency and avidity of antibody-antigen interactions. Monovalent antigens,
or epitopes spaced far apart on cell surfaces, will interact with a single binding site of one antibody molecule.
Although the affinity of this interaction may be high, the overall avidity may be relatively low. When repeated
determinants on a cell surface are close enough, both the antigen-binding sites of a single IgG molecule can
bind, leading to a higher avidity bivalent interaction. The hinge region of the IgG molecule accommodates
the shape change needed for simultaneous engagement of both binding sites. IgM molecules have 10
identical antigen-binding sites that can theoretically bind simultaneously with 10 repeating determinants on
a cell surface, resulting in a polyvalent, high-avidity interaction.
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Figure 9.1 Cross-linking of B-cell receptors by antigens initiates

a cascade of intracellular signals. Top panel: the B-cell receptor

on a mature, naive B cell is composed of monomeric IgM that binds

antigen and associated lga and Igp chains, which transduce intracellular

signals. The IgM is shown binding repetitive antigens (Ag) on the surface

of a bacterium. Center panel: on cross-linking and clustering of the

receptors, the receptor-associated tyrosine kinases Blk, Fyn, and Lyn

phosphorylate tyrosine residues in the ITAMs of the cytoplasmic tails

of Iga (blue) and Igp (orange). Bottom panel: subsequently, Syk binds

to the phosphorylated ITAMs of the B-cell receptor Igp chains, which

are in close proximity within the cluster and activate each other by

‘ transphosphorylation, thus initiating further signaling. Ultimately, the
Syk

signals are relayed to the nucleus of the B cell, where they induce the
changes in gene expression that initiate B-cell activation.

Blk, Fyn, or Lyn

= =

v
Syk binds to doubly phosphorylated
ITAMs and is activated on binding

Jeie

‘ Changes in gene expression in nucleus ‘
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FIGURE 5.13 The nature of antigenic determinants. Antigenic determinants (shown in oranga,
red, and blus) may depend on protein folding (conformation) as well as on primary structure. Some dstsr-
minants are accessible in native proteins and are lost on denaturation (A), whereas others are exposed only
Abul K. Abbas + Andrew H. Lichtman + Shiv Pillai on protein unfolding (B). Meodsterminants anse from postsynthetic modifications such as peptide bond
S cleavage (C).
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Figure 1. Molecular mechanisms of CTLA4 and PD-1 attenuation of
T-cell activation. Schematic of the molecular interactions and downstream
signaling induced by ligation of CTLA4 and PD-1 by their respective ligands.
The possibility of additional downstream cell-intrinsic signaling mecha-
nisms is highlighted for both CTLA4 and PD-1.
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Figure 13 Sir £ Macfarlane Burnet, Nobel Laureate in
Medicine, who described the clonal selection theory of
acquired immunity

From: Historical Atlas of Immunology
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Antibody Production by Single Cells

Faoreus! and others®?® have shown that certain
tissues from pre-sensitized animals can form antibody
¢n vitro. This communication describes a technique
whereby antibody production by single cells isolated
in microdroplets can be detected. The technique is
based on specific immobilization of Salmonella sero-
types by anti-flagellar antibody. It was observed
that single cells from a rat, simultaneously stimulated
with two antigens, formed detectable amounts of
one or the other antibody.

Two monophagic Salmonellae were used: 8.
adelaide, flagellar antigen H o, and S. typhi, H 4.
They were maintained at maximum motility by fre-
quent passages through a semi-solid nutrient gelatin

11/02/2020
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agar medium® A formalinized broth culture econ-
taining about 10° organisms per ml. was used as the
antigen. Adult Wistar rats were injected with
0-25 ml. of a mixture of equal parts of both antigens
into both hind foot-pads. Usually the animals were
given three pairs of injections at three weekly inter-
vals. Three days after the tertiary injections, they
were killed by exsanguination under anssthesia.
Both popliteal lymph nodes were removed, pooled,
and processed® to give dispersed cell suspensions in
Earle’s saline buffered to pH 7-0 with #ris, and
supplemented with 20 per cent normal rat serum.
The cells were sedimented by gentle centrifugation,
and washed three times to remove free soluble
antibody. Single cells were then isolated in micro-
droplets by a simple modification®.? of de Fonbrune's
oil chamber method’. This consisted essentially of
depositing tiny droplets (volume 10-7-10-% ml.) on
the surface of a coverslip and immersing them in
paraffin oil. The coverslip was then inverted over a
chamber filled with oil. The easiest method for
preparing droplets containing one cell was to dispense
a large number of droplets by free-hand manipulation
from a suspension containing 1 : 400 by volume of
lymph node cells. These droplets contained from
nought to six cells ; each droplet was later recorded
for its cell content. Larger droplets containing up to
100 cells could also be prepared. Alternatively,
droplets containing exactly one cell each could be
prepared by micromanipulation, but this was more
tedious, due to the adhesion of the cells to the miero-
pipette. The oil chamber was then ineubated at
37° C. for 4 hr. At the end of this time, the chaember
was placed on a microscope and the droplets surveyed
at one hundred-fold magnification, dark ground.
With a micropipette controlled by de Fonbrune
micromanipulator, about ten bacteria were intro-
duced into each droplet. Half the droplets were
inoculated with S. adelaide, and the other half with
S. typhi. After twenty minutes at room temperature,
the droplets were observed for motility of the organ-
isms. Total loss of motility of all the organiems was
recorded as ‘inhibition’. If even one organism in the
droplet remained motile, this was recorded 28 ‘no
inhibition’. For control purposes, the suspending
medium, the final supernatant from the washings,
and the whole cell suspension prior to incubation were
all shown to be free of inhibitory activity. Droplets
prepared from the final cell suspension but containing
no cells were also scored and found to lack inhibitory
activity, Cells from several untreated rats were
tested and these failed to elaborate a factor inhibiting
the motility of the bacteria. Antiseras against each
serotype showed negligible cross-reaction with the
other.

A proportion of the cells from immunized animals
developed a factor immobilizing the test bacteria,
and this was presumed to be antibody. All droplets
containing single cells which were seen to immo-
bilize the first serotype were then inoculated with
about ten o i from the second. After a
further twenty minutes at room temperature, they
were again observed for motility. The results of a
typical experiment are recorded in Table 1. They
indieate that none of the single cells was able to
immobilize the organisms of both strains. To date
456 single cells have been tested for antibody produe-
tion, 228 against each of the two organiems. Out of
these, 33 were active against S. adelaide and 29
against S. typhi, but none of the 62 immobilized both
strains.

1420 NAT

Table 1. ANTIBODY PRODUCTION BY ISOLATED CELLS

No. of cells in drop No. of drops No. of drops
inhibitory tested
First tested versus S. adelaide
1 [ 30
2 5 25
3 7 24
4 [} 21
] 6 10
6-10 ) 17 33
Firet tested versus S. typhi
1 3* 18
2 ] 26
3 0 14
4 3 14
5 1 8
6-10 22 42

Ly%?h node cells from rats naitized to S, adelaide plus S. typhi
were in micro droplets and incubated for 4 hr, They were
then tes by the Introduction of motile bacteria.

* These droplets were also tested for activity against the alternative

serotype and were negative.

These results imply that when an animal is stim-
ulated with two contrasting antigens, individual cells
tend to form one species of antibody. We cannot
exelude & residual produetion of other antibodies at
lower rates. The experiments were provoked by
current hypotheses on the role of clonal individuation
in antibody formation®®, with which they are con-
sigtent so far as they go. However, further studies
will be needed to determine whether the assortment
of antibody-forming phenotypes reflects a genotypic
restriction or whether it is more akin to such pheno-
typic effects as interference between related virusos,
or disuxie and competition in enzyme formation.

We are indebted to Sir Macfarlane Burnet for his
interest, encouragement and hospitality. This work
was aided by a grant from the National Health and
Medical Researeh Council, Canberra, Australia. It
was done as part fulfilment of the requirements for
the degree of doctor of philosophy in the University
of Melbourne (G. J. V. N.).

G. J. V. NossaL

JosgUA LEDERBERG*
Walter and Eliza Hall Institute
of Medical Research,
Melbourne .
March 25.

* Fulbright Visiti of Bae ., Universi
Melbow:a?? from Dwgn% Mudleal‘eggg s, %nlverrgi'gr g;
Wisconsin, Madison.

* Fagreus, A.. J. Immunol., 58, 1 (1948).

? Thorbecke, @. J., and Keuoning, F. J., J. Immunol., 70, 128 (1953)
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* Lederberg, J., Genetics, 41, 845 (1956).

* Lederberg, J., J. Bacteriol., 88, 268 (1654).
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Figure 14  Dr Burnet’s famous book describing clonal selec-
tion, for which he was awarded the Nobel Prize in Medicine
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Figure 13 Sir £ Macfarlane Burnet, Nobel Laureate in
Medicine, who described the clonal selection theory of
acquired immunity

From: Historical Atlas of Immunology
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Evidence for somatic rearrangement of immunoglobulin genes
coding for variable and constant regions
(k-chain mRNA /restriction enzymes/RNA*DNA hybridization)

NoBUMICHI HOZUMI AND SUSUMU TONEGAWA
Basel Institute for I logy, 487, Gr herst CH-4058 Basel, Switzerland

Communicated by N. K. Jerne, July 2, 1976
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