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A Natureza Química dos Anticorpos

Pesquisadores injetavam coelhos com 
diferentes compostos 

proteínas solúveis, bactérias, 
hemácias heterólogas....

No soro obtinham funções de:
• Precipitação de toxinas - Precipitinas
• Lise - Lisinas
• Aglutinação de particulas - Aglutininas
• Fagocitose potenciada - Opsoninas

Perguntas, teorias:
Cada função do soro imune era mediada por: 
• Estruturas ?
• Estruturas = (“teoria unitária”)?



No soro obtinham funções de:
• Precipitação de toxinas - Precipitinas
• Lise - Lisinas
• Aglutinação de particulas -

Aglutininas
• Fagocitose potenciada - Opsoninas

?
?



Desenvolvimento do Modelo da Estrutura da 
Imunoglobulina de Quatro Cadeias 

Rodney Porter tratou anticorpos com a 
enzima papaína e obteve três fragmentos, 
dois dos quais se ligavam a antígenos, cada 
um contendo um único sítio de ligação, e o 
outro fragmento se cristalizou

George Edelman tratou anticorpos com 
agente redutor que quebra pontes de 
dissulfeto e obteve indícios 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 sítios de ligação com antígenos e vários 
peptídeos pequenos



Proteolytic fragments of an IgG molecule
Unraveling structure and function

Tirando um pedaço da IgG sobra qual função?



Structure of an antibody molecule.



The hinge region of the immunoglobulin molecule allows flexibility in binding to 
multiple antigens. 

Adiante: Classes e subclasses de Igs



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



A região variável dos anticorpos

O sítio de ligação com antígenos



Hypervariable regions in Ig molecules

Wu-Kabat Plots

The interaction of the antibody molecule with specific antigen.

1914 – June 16, 2000



The hypervariable regions lie in discrete loops of the folded structure.



Structure of an Ig domain

Binding of an antigen by an antibody



A região constante dos anticorpos

Funções efetoras



The constant region confers functional 
specialization on the antibody.





Human Antibody Isotypes





Human Antibody Isotypes



aDepends onallotype. 
bForA/Aisomer. 
cMultivalent binding to transfected cells. Adapted from Bruhnsetal.(2). 
dAssociation constant  (X 106 M-1) for monovalent binding (2). 
eAfter repeated encounters with protein antigens, often allergens. 

*





FcRn contributes to the long half-life of IgG molecules



Flexibility of antibody molecules



Membrane and secreted forms of Ig heavy chains



Idiotype network: a form 
of immunoregulation?



Antibodies bind to conformational shapes on the surfaces 
of antigens using a variety of noncovalent forces.



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



Variantes  de estrutura de Igs na natureza e 
aplicações tecnológicas



Effector functions of antibodies



Propriedades de Igs dependem do tipo e quantidade 
de glicosilação

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)



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

IgG antibodies present distinct profiles of N-glycans

Residue Asn 297 
of CH2 domain

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



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

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

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

• Terminal galactose or sialic residues (N-acetylneuraminic acid) act 
mainly anti-inflammatory

Dashed line indicates conserved 
heptasaccharide core with possible 

extensions.

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

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

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



• 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)

• IgG 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.

University of Texas Southwestern Medical Center, Dallas, Texas, USA



N-acetil-D-manosamina (ManNAc) 
é precursor de ácido siálico



Propriedades das Igs dependem do tipo e nível de glicosilação



Obesity-induced inflammation activates the adaptive immune systemby
altering immunoglobulin G (IgG) glycosylation in a way to produce more 
proinflammatory antibodies.



Antígenos

Interações 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 



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
Exogenous antigens

Autoantigens
Viral antigens, microbial antigens, etc

Tumor antigens Neoantigens

Endogenous antigens

Glossary



The nature of antigenic determinants







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.



Valency and avidity of antibody-antigen interactions



Antigen-antibody complexes
The basis of immunopathology of immune-mediated diseases



Changes in antibody structure during humoral immune 
responses



Como detectar e medir Anticorpos e 
suas interações com Antigenos?



Antígenos particulados - Aglutinação

The Ouchterlony reaction: 
• Detect, identify, and quantify 

antibody and antigen
• Test the similarity between antigens

• For disease diagnosis

Antígenos solúveis - Precipitação
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