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A Natureza Quimica dos Anticorpos

Pesquisadores injetavam coelhos com
diferentes compostos

proteinas soldveis, bactérias,
hemdcias heterdlogas....

No soro obtinham func¢des de:

* Precipitagdo de toxinas - Precipitinas
« Lise - Lisinas

« Aglutinagdo de particulas - Aglutininas
« Fagocitose potenciada - Opsoninas

Perguntas, teorias:
Cada fungdo do soro imune era mediada por:
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FIGURE 11.2 Electrophoretic patterns of serum from a rabbit
injected with egg albumin containing cvalbumin-specific antibodies.
Serum could be separated into four fractions based on elecirophoretic
mckrility: alburmbn, alpha globailins, beta globulins, and gamma globia-
lims. From §iselius and Kabal (79338)



No soro obtinham funcgoes de:
Precipitagdo de toxinas - Precipitinas
Lise - Lisinas

Aglutinagdo de particulas -
Aglutininas

Fagocitose potenciada - Opsoninas
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Desenvolvimento do Modelo da Estrutura da
Imunoglobulina de Quatro Cadeias

Rodney Porter tratou anticorpos com a
enzima papaina e obteve trés fragmentos, @
dois dos quais se ligavam a antigenos, cada
um contendo um Unico sitio de ligagdo, e o
outro fragmento se cristalizou

George Edelman tratou anticorpos com
agente redutor que quebra pontes de
dissulfeto e obteve indicios de que os
anticorpos continham ao menos dois tipos de
cadeia

Nisonoff tratou tratou anticorpos com a
enzima pepsina e obteve um fragmento com
dois sitios de ligagdo com antigenos e vdrios
peptideos pequenos

FIGURE 11.3 Crystals of fraction Il of gamma globulin treated
with papain, From Porter (1959)



Proteolytic fragments of an IgG molecule
Unraveling structure and function
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Structure of an antibody molecule.
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The hinge region of the immunoglobulin molecule allows flexibility in binding to
multiple antigens.

Adiante: Classes e subclasses de Igs
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immunoglobulin-like domains: present in many proteins of the immune system (KIRs of NK cells; involved in cell—cell
recognition and adhesion. Together with the immunoglobulins and the T-cell receptors, these proteins make up the
extensive immunoglobulin superfamily

Fig. 4.3 The structure of
immunoglobulin constant and variable
Light-chain C domain Light-chain V domain domains. The upper panels show
schematically the folding pattern of the
constant (C) and variable (V) domains of an
immunoglobulin light chain. Each domain is
a barrel-shaped structure in which strands
of polypeptide chain (B strands) running

in opposite directions (antiparallel) pack
together to form two B sheets (shown in
yellow and green for the C domain and

red and blue for the V domain), which are
held together by a disulfide bond. The way
in which the polypeptide chain folds to
give the final structure can be seen more
clearly when the sheets are opened out, as
shown in the lower panels. The [ strands
are lettered sequentially with respect to the
order of their occurrence in the amino acid
sequence of the domains; the order in each
< = N B sheet is characteristic of immunoglobulin
N domains. The B strands C’" and C" that

are found in the V domains but not in the

amino
terminus

carboxy
terminus

background. The characteristic four-strand
plus three-strand (C-region type domain)
or four-strand plus five-strand (V-region
type domain) arrangements are typical
immunoglobulin superfamily domain
building blocks, found in a whole range of
other proteins as well as antibodies and
T-cell receptors.
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A regido variavel dos anticorpos

O sitio de ligagdo com antigenos



The interaction of the antibody molecule with specific antigen.

Hypervariable regions in Ig molecules
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The hypervariable regions lie in discrete loops of the folded structure.
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Antigen

Complementarity-
determining region
(CDR) loops

B strands

Structure of an Ig domain



A regido constante dos anticorpos

Fungoes efetoras



Light chains

The constant region confers functional
specialization on the antibody.
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Dimeric IgA

Pentameric IgM

J chain

Fig. 5.23 The IgM and IgA molecules
can form multimers. IgM and IgA

are usually synthesized as multimers in
association with an additional polypeptide
chain, the J chain. In dimeric IgA (left
panel), the monomers have disulfide bonds
to the J chain as well as to each other. In
pentameric IgM (right panel), the monomers
are cross-linked by disulfide bonds to each
other and to the J chain. IgM can also form
hexamers that lack a J chain (not shown).



Human Antibody Isotypes

TABLE 5-2 Human Antibody Isotypes

Serum Serum
Isotope of  Subtypes Concentration  Hall-life
Antibody (H Chain) {mg/mlL) (days) Secreted Form Functions
lgA 1gA1,2 35 6 IgA (dimer) ) Bat Mucosal immunity
{e! or a2 Monomer, dimer, 0 (e
trimer £ g&(é:‘:ﬁ -
p(onYeTe= g
_fU \
V4 J chain
gD None Trace 3 None Naive B cell antigen receptor
(8)
IgE None 0.05 2 IgE Defense against helminthic
(e) Monomar N parasites, immadiate
\ hyparsensitivity
lgG 1gG1-4 135 23 lgG1 Opsonization, complement
(1, 72,43, or A) Monomer activation, antibody-
dopendent cell-mediated
cytotoxcity, neonatal
immunity, feadback inhibition
of B cells
IgM None 15 5 IgM CM\{\ Nawve B cell antigen
(u Pentamer < - recoptor, complomant

activation




TABLE 12-1 Functions of Antibody Isotypes

Antibody Isotype

Isotype-Specific Effector Functions

IgG

Opsonization of antigens for phagocytosis by
macrophages and neutrophils

Activation of the classical pathway of
complement
mediated by natural killer cells

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

Feedback inhibition of B cell activation

Activation of the classical pathway of
complement
Antigen receptor of naive B lymphocytes*

IgA

Mucosal immunity: secretion of IgA into the
lumens of the gastrointestinal and
respiratory tracts

Activation of complement by the lectin
pathway or by the alternative pathway

Mast cell degranulation (immediate
hypersensitivity reactions)

Antigen receptor of naive B lymphocytes®

*These functions are mediated by membrane-bound and not secreted

antibodies.




Human Antibody

Isotypes

Immunoglobulin

lgG1 | 1gG2 | 1gG3 | IgG4 | IgM | lgA1 | IgA2 | IgD IgE
Heavy chain b8 Y2 Y3 Y4 H oy oy 5 &
Molecular weight (kDa) 146 146 165 146 970 160 160 184 188
S (o] 9 3 1 | o5 | 15 | 30 | 05 | 003 |5x10°
(mean adult mg/ml) : : : : : x
Half-life in serum (days) 21 20 7 21 10 6 6 3 2
Classical pathway of _ _ _ _ _
complement activation s I
Alternative pathway of I R e 0
complement activation +
Placental transfer + ++ | - - - - -
Binding to macrophage and _ - _ _
phagocyte Fc receptors * * + - * *
High-affinity binding to _ _ _ _ _ _ _ _
mast cells and basophils
Reactivity with - ~ ~ ~ ~ ~
staphylococcal Protein A + + + |t

Fig. 5.20 The physical and

functional properties of the human
immunoglobulin isotypes. IgM is

so called because of its size: although
monomeric IgM is only 190 kDa, it normally
forms pentamers, known as macroglobulin
(hence the M), of very large molecular
weight (see Fig. 5.23). IgA dimerizes to
give an approximate molecular weight

of around 390 kDa in secretions. IgE
antibody is associated with immediate-
type hypersensitivity. When fixed to tissue
mast cells, IgE has a much longer half-life
than its half-life in plasma shown here. The
relative activities of the various isotypes are
compared for several functions, ranging
from inactive (-) to most active (++++).



Table 1 | Properties of human IgG subclasses.

1gG1 IgG2 IgG3 lgG4

General
Molecular mass (kD) 146 146 170 146
Amino acids in hinge region 15 12 g22 12
Interheavy chain disulfide bonds 2 40 12 2
Mean adult serum level (g/l) 6.98 3.8 0.51 0.56
Relative abundance (%) 60 32 4 4
Half-life (days) 21 21 7/~218 21
Placental transfer ++++ ++ ++/+ 4448 +4++
Antibody response to:
Proteins ++ +— ++ 4o
Polysaccharides + +++ +/— +—
Allergens + —) —) +4+
Complement activation
C1qg binding ++ + +++ -
Fc receptors
FcyRI +44C 659 — - ++4+4 61 ++ 34
FcyRllap iz, +++ 5.2 ++ 0.45 +4+++ 0.89 ++ 0.17
FcyRllagias +++ 35 + 0.10 +4+++ 0.91 ++ 0.21
FcyRllbfc + 0.12 - 0.02 ++ 0.17 + 0.20
FcyRlllapisa ++ 1.2 — 0.03 +++4 77 — 0.20
FcyRlllayise ++4 2.0 + 0.07 +++4 9.8 +4+ 0.25
FcyRIb +++ 0.2 - - ++++ 1.1 - -
FcRn (at pH <6.5) +++ +4+4 ++/++48 +44

9Depends onallotype.

bForA/Aisomer.

‘Multivalent binding to transfected cells. Adapted from Bruhnsetal.(2).

dAssociation constant (X 10 M) for monovalent binding (2).
eAfter repeated encounters with protein antigens, often allergens.
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FcRn contributes to the long half-life of Ig6 molecules
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Flexibility of antibody molecules
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Membrane and secreted forms of Ig heavy chains

Secreted IgG
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(a) Isotypic determinants
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Antibodies bind to conformational shapes on the surfaces
of antigens using a variety of noncovalent forces.

Noncovalent forces

Origin

- Attraction between ® ©
Electrostatic forces opposite charges —NH, 00C —
Hydrogen shared SN—H--0=c"
Hydrogen bonds between electronegative < + >
atoms (N, 0) 5 8 B
Fluctuations in electron 5+ 5
clouds around molecules =
Van der Waals forces polarize neighboring atoms 5— T st
oppositely
H_H
Hydrophobic groups interact H 50 \6
unfavorably with water and 5k H
Hydrophoblc forces tend to pack together to o 0< H
exclude water molecules. o
The attraction also involves st
van der Waals forces Q
H™H
Nat
Non-covalent interaction 2 & 5;_
. .. . between a cation and an -4 H
Eor e electron cloud of a nearby 7N
aromatic group 2\ >_ H
A\




Antigens can bind in pockets, or grooves, or on
extended surfaces in the binding sites of antibodies.




Variantes de estrutura de Igs na naturezae
aplicagdes tecnoldgicas
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Effector functions of antibodies

&

Neutralization
of microbes
and toxins

Fog receptor
Antbodles
B cell NK cell

receptor
Complemen\

activation

Opsonization and

phagocytosis
of microbes

Antibody-
dependent cellular
cytotoxicity

Phagocytosis of
microbes opsonized
with complement
fragments (e.g., C3b)

Inflammation l

Lysis of microbes I



Propriedades de Igs dependem do tipo e quantidade
de glicosilagdo

WHEN WE DEGLYCOSYLARTE THIS, T
STRUCTURE COLLARPSES,

W ¢ Sialic acid
O Galactose
m GIcNACc
@ Mannose
>
< Fucose

GOF G1F G2F G2NS

The N-linked glycan found at position 297 can be found as a core structure, common
to all IgG found in human beings and rodents (core structure indicated in red)



IgG antibodies present distinct profiles of N-glycans

Fleur S. van de Bovenkamp et al. J Immunol 2016;196:1435-1441

Residue Asn 297
of CH2 domain

Fc

Fc Fab !Total
1% _di 50l 306
18% "0 40% | 18%
67% - 94% | 67%
10% i 45%I 13%]| ¢ Sialic acid
O Galactose
H Bisecting GIcNAc
| @ Mannose
D4% ) 69%I 92% | m GlcNAc
P Fucose

The majority of IgGs is fucosylated, but.....!

Marked and clinically significant reductions (down to ~10%) in antigen-specific IgG-Fc
fucosylation are seen after alloimmunization against erythrocyte and platelet alloantigens

Alloimmunity: immune response to nonself antigens from members of the same species




Fc N-linked glycan profiles affect the downstream effects of IgG

Dashed line indicates conserved
heptasaccharide core with possible
extensions. 0 N-acetyl neuraminic acid

(Sialic acid)
O—’ B N-acety! glucosamine
Asn o (GIcNAc)
O_‘ © Mannose
V Fucose

A - O Galactose

M mannose A bisecting V fucose Mgalactose Asialic acid

&= &= &= = =
R

Symbols and colors are drawn according to the Consortium for Functional Glycomics.

A: N-glycans attached at position Asn297 of I1gG Fc fragment are
predominantly core-fucosylated bi-antennary structures of the
complex type with the arms terminating either with N-
acetylglucosamine (GIcNAc) or N-acetylglucosamine-galactose (GIcNAc-
Gal).

B: Five representative structures of IgG Fc glycosylation significantly
impact effector functions of the IgGs.

« High-mannose N-glycans, bisecting N-acetyl glucosamine (GIcNAc),
or absence of core fucose, act mainly pro-inflammatory

« Terminal galactose or sialic residues (N-acetylneuraminic acid) act

mainly anti-inflammatory

Sexo, idade, ciclo hormonal, estilo
de vida ... demografia...




JCI The Journal of Clinical Investigation

Hyposialylated IgG activates endothelial iIgG
receptor FcyRIIB to promote obesity-induced
insulin resistance

Keiji Tanigaki, ... , Philip W. Shaul, Chieko Mineo
University of Texas Southwestern Medical Center, Dallas, Texas, USA
J Clin Invest 2018;128(1):309-322. https://doi.org/10.1172/JCI89333.

Despite becoming obese on a high-fat diet, mice lacking FcgRIIB globally or selectively
in endothelium were protected from insulin resistance (insulin delivery to skeletal
muscle and resulting maintenance of muscle glucose disposal)

lgG from T2DM patients was hyposialylated.
In HFD-fed mice, supplementation with a sialic acid precursor restored IgG sialylation

and preserved insulin sensitivity without affecting weight gain.
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Figure 7. ManNAc treatment protects mice from obesity-induced
glucose intolerance and insulin resistance. (A) Male WT mice were
fed a HFD and either regular drinking water (control) or ManNAc-sup-
plemented drinking water for 6 weeks. Plasma IgG was isolated, and
its sialylation was evaluated by SNA-lectin blotting. Graph depicts the
relative sialylation. n = 5. (B) BW and (C) fasting plasma glucose levels
were measured, and (D) a GTT was performed. (E) Mice were continued
on the HFD, and an ITT was performed 1 week later. n = 9. (A-E) Values
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ANOVA with Tukey's post-hoc test.
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Propriedades das Igs dependem do tipo e nivel de glicosilagdo




& frontiers ‘ Frontiers in Immunology

@ Check for updates
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Obesity-induced

proinflammatory antibodies.

inflammation activates the adaptive immune systemby
altering immunoglobulin G (IgG) glycosylation in a way to produce more



Antigenos

Interagoes com anticorpos



ANTIGEN (Ag)
A molecule or molecular structure or
any foreign particulate matter or a
pollen grain that can bind to a
specific antibody or T-cell receptor

IMMUNOGEN
Antigens that are capable of inducing
a humoral (antibody) or cellular
Immune response



Glossary

Epitopes - The distinct surface features of an antigen; antigenic
determinants

Allergen - A substance capable of causing an allergic reaction

Superantigen - Antigens that cause non-specific activation of T-cells,
resulting in polyclonal T-cell activation and massive cytokine release

Tolerogen - A substance that invokes a specific immune non-
responsiveness due to its molecular form

Immunoglobulin-binding protein - Proteins that are capable of binding to
antibodies at positions outside of the antigen-binding site

T-dependent antigen - Antigens that require the assistance of T cells
to induce the formation of specific antibodies

T-independent antigen - Antigens that stimulate B cells directly.

Immunodominant antigens - Antigens that dominate (over all others from
a pathogen) in their ability to produce an immune response.

Haptens are small molecules that elicit an immune response only when
attached to a large carrier such as a protein

Exogenous antigens Autoantigens
Exogenous antigens Viral antigens, microbial antigens, etc

Tumor antigens Neoantigens
Endogenous antigens



The nature of antigenic determinants
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epitope |
- antigen

antibody

Figure 1-15 Immunobiology, 7ed. (© Garland Science 2008)



Antibody response (arbitrary units)
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The dose of antigen used in an
initial immunization affects the
primary and the secondary
antibody response.

Antibodies can be elicited by
small chemical groups called
haptens only when the
hapten is linked to an
immunogenic protein carrier.
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Valency and avidity of antibody-antigen
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Antigen-antibody complexes
The basis of immunopathology of immune-mediated diseases
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Changes in antibody structure during humoral immune
responses

Functional significance:

Original ' Changes in ) Antigen Effector
antibody antibody structure recognition functions
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Como detectar e medir Anticorpos e
suas interagoes com Antigenos?



Antigenos particulados - Aglutinacao

Exemplo: Reacao de Widal para o diagnéstico da febre tiféide

Antigenos sollveis - Precipitacao

FPrecapitin line

The Ouchterlony reaction:

* Detect, identify, and quantify
antibody and antigen

Test the similarity between antigens
* For disease diagnosis




Transferéncia para
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| Ac primario especifico |

Gel de separagio = /k ’({
E Nl ke

bandas marcadas

Diagnéstico de HIV

| _
i

)

’ !

1 perT
3 I :
I
o4

s 20—

p17

il

NC PC DO D2 D3 DS D7 D12 D22 D30

auséncio total de bandas.

presengc de pelo menos duas
bondos gp 160/120, gpdl e
bandas.

s quaiquer outro padr@o
descritos anteriormente.

Pacientes



Add anti-A antibody
covalently linked to enzyme

— —

=
Ade P

sample 1 sample 2
(antigen A) (antigen B)
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N _
Wash away unbound antibody
- —
N

Enzyme makes colored
product from added
colorless substrate

Measure absorbance of light
by colored product

Fig. A.5 The principle of the enzyme-
linked immunosorbent assay (ELISA).
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