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Imunologia: os anticorpos. 
Utilização de anticorpos: investigação científica e prática clínica. 
Exemplo: determinação da tipologia sanguínea. 
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ANTIBODIES 

What are they? 

• Antibodies are: 
 

– Proteins 

 

– Protective agents of the immune system  
• Neutralize foreign agents called antigens 

 

– Essential part of the Adaptive Immune System (AIS) 
• AIS learns to respond to invading pathogens 

 



ANTIBODIES 

What are they? 

• Antibodies are: 

 

- “Y”-shaped Immunoglobulins (Ig) 

• Comprised of 2 heavy and 2 light chains 

– 5 different types: IgA, IgD, IgE, IgG, IgM 

• Each have a specific role 

– Contain Variable Regions which recognize and 

bind antigen via “lock and key” method 





How Antibodies are Generated 

• Antibodies occur in 2 forms 

 

– Soluble: secreted in blood and tissue 

 

– Membrane-bound: found on surface of B-cell, 
also known as a B-cell receptor (BCR) 

 

- BCR binds circulating antigen, activating the B-
cell and forming plasma cells or memory B-cells  



The Immunoglobulin Superfamily 

a few examples 



How Antibodies are Generated 

• Activation of a B cell and Clonal Expansion 
 

1) Antigen binds the 

BCR on a B-cell,  

activating it 

 

2) B-cell begins to  

divide (Clonal  

Expansion), forming  

either plasma cells 

(antigen factories)  

or memory B-cells. 

 



Antibody Structure 

• Antibodies are globular 

proteins called 

Immunoglobulins (Ig) 

 

• “Y”-shaped 

 

• Made up of 4 polypeptide 

chains 

– 2 identical heavy 

– 2 identical light 

– connected by disulfide 

bonds (-S-S-) 

 

 



Antibody Structure 

• Antibodies can also be 

divided into two regions 

based on their function 

 

– Fab (fragment, antigen 

binding) region.  

• Tip of the antibody  

• Binds the antigen 

 

– Fc (fragment, crystallizable) 

region 

• Base of the antibody 

• Can bind cell receptors, 

complement proteins and 

other molecules 



Antibody Structure 

• Each heavy and light chain has a constant and variable 

region 

• The variable region binds the antigen in a “lock-and-key” 

manner 



Antibody Isotype 

• Mammals express 5 
different isotypes of 
antibodies (IgA, IgD, IgE, 
IgG and IgM) with 
different functions and 
locations 

 

• Class of antibody is 
defined by the heavy 
chain 



Antibody Isotype 

• Basic antibody is 
composed of 1 Ig unit, i.e. 
is a monomer 

 

• Some are dimeric (IgA) or 
pentameric (IgM) 

 

• Isotype changes during 
development of B-cell 

 



Antibody Isotype 

• Immature B-cells only express surface IgM 

 

• As it matures, it expressed both IgM and IgD 

 

• After reaching maturity, the B-cell is ready to interact 

with antigen and produce antibody 

 

• As antibodies are formed, some undergo isotype 

switching and produce IgE, IgA or IgG 

 



Antibody Isotype 

• IgM  – 1st class of circulating antibody 

   - found in pentameric form 
 

• IgG  - most abundant antibody 
 

• IgA  - located in the mucous membranes 

   - found in dimeric form 
 

• IgD  - found on surface of B-cells 

   - probably involved in memory cell formation 
 

• IgE  - involved in allergies, i.e. trigger release of  

     histamine 
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Antibody Function 

• Antibodies are the main component of the Humoral 

Immune System 

• They bind antigen and flag them for elimination via 1 

of 3 ways: 



Neutralization:  

Viruses and intracellular bacteria require a 

host cell in order to replicate  

Antibodies prevent their entry into the cell  

by binding the antigen, making it harder 

for it to pass through the cell membrane.  

Antibodies cannot attack pathogens hidden  

within cells 



Opsonization:  

Upon binding to an  

antigen, antibodies flag the  

foreign agent for destruction  

or elimination by other  

immune cells, such as natural  

killer cells or macrophages 

 



Activation of Complement:  

Similar to opsonisation, antibody will  

flag the antigen for elimination.   

However, elimination is initiated by a  

cascade of proteins which collect on  

the cell membrane and form a hole,  

leading to cell lysis 

 



Affinity and Avidity 

•Affinity:  the strength of binding between a single binding site and 

a single ligand. 

 

             [A][B] 

           [AB] 

 

 

•Avidity:  the strength of binding between a molecule and a 

complex ligand, e.g. if there are multiple binding sites then the 

avidity may be increased by increasing the number of binding sites 

or by increasing the affinity of those binding sites. 

KD = 



Immunoglobulin genes 

Generation of Ig diversity in B cells  

before encounter with antigen (Primary Repertoire) 

 

 

• the body can produce billions of different antibodies (although a 

single B cell produces one specificity only) 

• part of this diversity is produced by the various combinations of H 

and L chain polypeptides 

• no ready made genes in the germ line 

• Ig heavy and light chain loci consist of families of gene segments. 

Some of these segments are rearranged to somatically generate 

the immunoglobulin genes in B lymphocytes (only) 

• the rearrangement process generates the enormous diversity 



ANTIBODIES 
summary 

• Secreted by B lymphocytes 

• Great diversity and specificity: >109 different 

antibodies; can distinguish between very similar 

molecules 

• Tag particles for clearance/destruction 

• Protect against re-infection (vaccines) 



Antibody-based assays 



Cell cycle analysis of cultured newt lung cells 





Polyclonal Antibodies 



Monoclonal  antibodies 

• Single antibody (all same H and L 

chains) 

• Made by fusion of B cells to a 

transformed cell line of the 

plasma cell type and selection for 

“hybridomas” that produce 

antibody with the desired 

properties 

• Standardized, unlimited reagent 

for diagnosis or therapy  (human 

antibodies or “humanized” 

antibodies can be made) 



Polyclonal vs. Monoclonal Antibodies 

Immunize Individual 

Serum 

Polyclonal antibodies 

7+ days 

Purify 

antibodies 

B lymphocytes 

3 days 

Immortalize 

“hybridoma” cDNA cloning 

Monoclonal Antibodies 



Polyclonal vs. Monoclonal antibodies  

Monoclonal Ab (mAb) ----  

        antibody produced from a single clone of B cells  

        in immunized animal (mouse) 

        (against only one specific epitope) 

 

Polyclonal Ab ----  

        antibodies produced from multiple clones of B cells  

        in immunized animal (mouse, rabbit, goat, horse) 

        (against many epitopes) 



Monoclonal antibodies used in medicine 

Standardized, unlimited amounts of reagents for diagnosis or 

therapy 

  (human antibodies or “humanized” antibodies can be made). 



Polyclonal vs. Monoclonal antibodies  



1. Western Blot --- detection of specific antigen in 

tissue/cell extracts 

Cell Extracts SDS-PAGE 

Membrane 

E 

Blotting Detection 



Anti-peptide Ab  

of human GSK3a 

(53 kDa) 

 462-475 

 Pre       Ab 
(-        +) peptide 

WB in A431 cell extracts 



2. ELISA --- detection of specific antibodies in tissue/cell 

extracts 



3- Flow cytometry 



4. Immunofluorescence--- localization of specific 

antigen in tissue/cells 

Cell 

fixation detergent 

1st  Ab 

2nd  Ab 





Mouse mAb  
of human HSP 70 
(70 kDa) 

Heat 
shock 

Control 

HeLa cells 



Anti-peptide Ab  
of active caspase-3 

  Newborn rat brain tissue/transient ischemia 
Double staining with PI (red) and anti-active caspase-3 (green) 



5. Immunohistochemistry--- localization of specific 

antigen in tissues 

Anti-peptide Abs  

of FGF receptor 1-4 



6. Immunoprecipitation--- quickly isolation of specific 

antigen from tissue/cell extracts (1) 

Cell Extracts 

Protein A/G-Beads 

cfg 
b-ME/heating 

SDS-PAGE 

ppt   sup  

H 

L 



6- Immunoprecipitation (2) 



To identify proteins that interact with a specific gene product X in cells 

A431 cell extracts (10 mg proteins) 

 

5 mg of mAb against X (32 kDa) 

 

incubation at 4oC for 1.5 h  

 

incubation with protein A-beads at 4oC for 1.5 h 

 

cfg, wash, collect IP 

 

12.5 % SDS-PAGE, Comassie blue stain  

 

MALDI-TOF MS analysis of bands of interest 

M            IP     Sup   

H 

L 

X 

36 

31 

55 

66 

21 

97 
116 

200 



7. Identification of pathway-involving proteins by 

specific Abs 

Phospho-specific antibodies ------ P-Tyr Ab 

P-Thr Ab 

etc. 

(Cell Signaling Tech.) 

----Tyr---------- 

PO4 



Phospho-specific antibodies ------ P-Tyr Ab 

P-Thr Ab 

etc. 

----Thr---------- 

PO4 



Nitro-Tyrosine specific antibodies --- NO pathway 

3T3     C6     A431  HeLa 3T3 

----Tyr---------- 

NO 



Acetylated-Lysine specific antibodies --- Acetylation pathway 

----Lys-------- 

C2H5 



Phospho-(Thr) MAPK/CDK Substrate Antibody ---  

MAPK/CDK pathway 

----Thr-Pro------- 

PO4 



7- BLOOD TYPING 

Another example of the use of antibodies  



In Human red blood cells, the oligosaccharides responsible for the four major 

blood groups, 0, A, B, and AB System (ABH (0)) have been intensively 

studied, isolated and identified. 

 

A- The group 0 red blood cells contain a trisaccharide formed by L-fucose, D-

galactose and N-acetyl-D-glucosamine (designated by substance H). 

B- The type A red blood cells contain the substance A, which is a 

tetrasaccharide formed by substance H and N-acetyl-D-galactosamine. 

C- Red blood cells of type B contain the tetrasaccharide formed by substance 

H and D-galactose (substance B). 

D- The AB type red blood cells contain both substances A and B. 

These oligosaccharides bind glycosphingolipids of the red blood cell 

membrane by N-acetyl-D-glucosamine. 

Besides the system ABH (0), other blood groups have been described, for 

example, the groups HS and MN, which are associated with other 

oligosaccharides membrane surface of the erythrocyte. The system MN, the 

most important after the system ABH (0) in man is due to the antigenic action 

of the glycoprotein glycophorin, abundant on the red blood cell membrane. 

CHARACTERISTIC  BLOOD GROUP OLIGOSACCHARIDES 



Oligosaccharides 

determining the 

antigenic action of 

human blood group ABH 

(0). FUC: L-fucose, Gal: 

D-galactose, N-acetyl 

GLU: N-acetyl-D-

glucosamine, N-acetyl 

LAG: N-Acetyl-D-

galactosamine. 

Illustration of the linkage pattern in ABH(0) histo-blood 

group tri- and tetrasaccharides. The core H(O)-

trisaccharide (type I: α-1,2-fucosylated Galpβ1-3GlcNAcp), 

whose L-fucose part is freely accessible to the eel lectin, 

can be extended in α-l,3-linkage by either N-acetyl-D-

galactosamine (A epitope) or galactose (B epitope). A 

branched structure is generated. 



A           B          AB         0 

How do we find our blood type? 



Why is it important to know? 

--- Blood transfusion 

--- Organ transplant 

--- Pregnant woman 

- Paternity test 

- Crime scene analysis 



Blood compability 

Universal donor 

Universal receptor 


