
Two Signals Are Required for B Cell Activation

1. Crosslinking of the BCR
2. Signal from T helper Cells

1. Extensive cross linking of BCR (IgM)
2. Activation of TLR



Immunoglobulin Diversification 
Diversification mechanism Effect

Somatic hypermutation Antigen specificity

Class switching Effector activity

Irreversible changes at the DNA level



C-U Switch at Single-Stranded DNA 



Outline
• Biological Functions of antibodies

• Neutralization
• Opsonization
• Complement activation
• Mast cell activation
• Antibody dependent toxicity

• Application of antibodies
• Biomedical
• Technical



Functions of Ig Classes



Distribution of Ig Classes

IgM: 
Pentamor, circulation

IgG: 
Monomer, Circulation, extravascular Spaces
Penetrates the placenta

IgA:
Dimer, gut lumen, exocrine organ
Monomer, extravascular Spaces

IgE:
Fixed on cell surface, underneath epithelium



Distribution I g M I g D I g G 1 I g G 2 I g G 3 I g G 4 I g A I g E

Transport 
across 
epithelium Plus Minus Minus Minus Minus Minus

Plus 
Plus 
Plus 
(dimer) Minus

Transport 
across 
placenta Minus Minus

Plus 
Plus 
Plus Plus

Plus 
Plus

Plus or 
minus Minus Minus

Diffusion into
extravascular 
sites

Plus or 
minus Minus

Plus 
Plus 
Plus

Plus 
Plus 
Plus

Plus 
Plus 
Plus

Plus 
Plus 
Plus

Plus 
Plus 
(monom
er) Plus

Mean serum 
level (m g m l 
power minus 
1) 1.5 0.04 9 3 1 0.5 2.1

3 
multiply 
10 
power 
minus 
5

Distribution of Ig Classes



Dimers
Higher levels in mucous membranes (gut, etc.)

Longer t1/2 when fixed to mast cells

Pentamer in plasma

IgM and IgA Form Multimers



IgM and IgA Form Multimers



Dimeric IgA is transported into the gut Lumen

Polymeric immunoglobulin receptor and J chain



Neutralization - Prevent Binding
IgA=IgG>IgM



Disease Organism Toxin Effects in vivo
Tetanus Clostridium tetani Tetanus toxin Blocks inhibitory 

neuron action, 
leading to chronic 
muscle contraction

Diphtheria Corynebacterium 
diphtheriae

Diphtheria toxin Inhibits protein 
synthesis, leading 
to epithelial cell 
damage and 
myocarditis

Gas gangrene Clostridium 
perfringens 

Clostridial toxin Phospholipase 
activation, leading 
to cell death

Cholera Vibrio cholerae Cholera toxin Activates 
adenylate cyclase, 
elevates c A M P in 
cells, leading to 
changes in 
intestinal epithelial 
cells that result in 
loss of water and 
electrolytes

Anthrax Bacillus anthracis Anthrax toxic 
complex

Increases vascular 
permeability, 
leading to edema, 
hemorrhage, and 
circulatory collapse

Botulism Clostridium 
botulinum 

Botulinum toxin Blocks release of 
acetylcholine, 
leading to paralysis

Neutralization - Prevent Binding



Disease Organism Toxin Effects in vivo
Whooping cough Bordetella pertussis Pertussis toxin 

Tracheal cytotoxin 
ADP-ribosylation of 
G proteins, leading 
to 
lymphoproliferation 
Inhibits cilia and 
causes epithelial cell 
loss

Scarlet fever Streptococcus 
pyogenes

Erythrogenic toxin, 
Leukocidin 
Streptolysins

Vasodilation, leading 
to scarlet fever rash 
Kill phagocytes, 
allowing bacterial 
survival 

Food poisoning Staphylococcus 
aureus 

Staphylococcal 
enterotoxin

Acts on intestinal 
neurons to induce 
vomiting. Also a 
potent T-cell mitogen 
(S E superantigen)

Toxic-shock 
syndrome

Staphylococcus 
aureus

Toxic-shock 
syndrome toxin

Causes hypotension 
and skin loss. Also a 
potent T-cell mitogen 
(T S S T-1 
superantigen)

Neutralization - Prevent Binding



Neutralization - Prevent Binding



Neutralization - Prevent Binding



Complement Activation
IgM=IgG>IgA, 



Complement Activation
Complement is activated when antibodies bind to 
the pathogen surface



Complement Activation



Immune Complex is Removed in the Spleen



Opsonization- Enhance Phagocytosis

IgG>IgM=IgA



Opsonization Requires Aggregation of Ig on Bacterial Surface



Antibody Dependent Cytotoxicity
IgG, killing of antibody coated host cells



Eosinophils Attacking a Schistosome Larva

IgE, IgA and IgG



Mast Cell Activation by IgE
Activates Blood Vessel; Defend against parasites; Allergy



Functional 
activity I g M I g D I g G 1 I g G 2 I g G 3 I g G 4 I g A I g E
Neutralizatio
n Plus Minus

Plus 
Plus

Plus 
Plus

Plus 
Plus

Plus 
Plus

Plus 
Plus Minus

Opsonization Plus Minus
Plus 
Plus star

Plus 
Plus Plus Plus Minus

Sensitization 
for
killing by N K 
cells Minus Minus

Plus 
Plus Minus

Plus 
Plus Minus Minus Minus

Sensitization
of mast cells Minus Minus Plus Minus Plus Minus Minus

Plus 
Plus 
Plus

Activates 
complement
system

Plus 
Plus 
Plus Minus

Plus 
Plus Plus

Plus 
Plus 
Plus Minus Plus Minus

Distribution I g M I g D I g G 1 I g G 2 I g G 3 I g G 4 I g A I g E

Transport 
across 
epithelium Plus Minus Minus Minus Minus Minus

Plus 
Plus 
Plus 
(dimer) Minus

Transport 
across 
placenta Minus Minus

Plus 
Plus 
Plus Plus

Plus 
Plus

Plus or 
minus Minus Minus

Diffusion into
extravascular 
sites

Plus or 
minus Minus

Plus 
Plus 
Plus

Plus 
Plus 
Plus

Plus 
Plus 
Plus

Plus 
Plus 
Plus

Plus 
Plus 
(mono
mer) Plus

Mean serum 
level (m g m l 
power minus 
1) 1.5 0.04 9 3 1 0.5 2.1

3 
multipl
y 10 
power 
minus 
5

Distribution and Function of Ig Classes



Receptor F c gamma R I
(C D 64)

F c gamma R I I A
(C D 32)

F c gamma R I I B 2
(C D 32)

F c gamma R I I B 1
(C D 32)

F c gamma R I I I
(C D 16)

F c epsilon R I F c epsilon R I I
(C D 23)

F c alpha R I
(C D 89)

F c alpha or mu R

Structure The model of alpha 72 k D a (yellow) is 
shown. It looks like three stacked rectangles 
mounted on the thin stalk. Alpha 72 k D a is 
bound to the cell membrane using a thin 
stalk. The receptor beside alpha 72 k D a 
denotes gamma, shown in green. It appears 
as two rectangular boxes sticking with each 
other. Two thin stalks are attached on its top 
surface and these stalks are attached to the 
cell membrane.

The model of alpha 40 k D a 
(yellow) is shown attached to 
the cell membrane. It contains 
two stacked rectangular boxes 
attached to the gamma like 
domain on its bottom surface via 
a thin stalk.

The model of F C gamma R two - B 2 
(yellow) is shown attached to the cell 
membrane. It contains two stacked 
rectangular boxes attached to the I T 
I M domain on its bottom surface via 
a thin stalk.

The model of F C gamma R two 
- B 1 (yellow) is shown attached 
to the cell membrane. It contains 
two stacked rectangular boxes 
attached to the I T I M domain 
on its bottom surface via a thin 
stalk. A rightward traingle is 
found on the thin stalk.

The model of F c gamma R three is 
shown. It consists of three receptors, 
each attached to the cell membrane. 
The first receptor, shown in yellow 
resembles two stacked rectangles 
bound on two thin membrane which is 
bend to its right. The second receptor 
contains two stacked domains, each 
resembling a rectangle. It has a thin 
stalk attached on its bottom surface. 
The third receptor is named alpha or 
epsilon, as indicated in green. It 
appears as two rectangular boxes 
sticking with each other. Two thin 
stalks are attached on its top surface 
and these stalks are attached to the 
cell membrane.

The model of F c epsilon R 
one shows three receptors, 
alpha 45 k D a (yellow), beta 
33 k D a (yellow), and gamma 
9 k D a (green). The strcuture 
of alpha 45 k D a resembles 
two stacked rectangles 
attached to a rectangular 
shaped domain (green) on its 
bottom surface via a thin 
stalk. The structure of beta 33 
k D a looks like a spiral 
attached on the cell 
membrane. The structure of 
gamma 9 k D a appears as 
two rectangular boxes 
sticking with each other. Two 
thin stalks are attached on its 
top surface and these stalks 
are attached to the cell 
membrane.

The model of F c epsilon R two 
displays lectin domain and trimer, each 
attached to the cell membrane. The 
lectin domain resembles a c-shaped 
domain attached to a thin stalk labeled 
N. The trimer resembles a rose with 
three petals and each petal appears 
likes a c-shape. There are three thin 
stalks attached to the cell membrane.

The model of F c alpha R one 
consists of two structures, alpha 55-
75 k D a and gamma 9 k D a. The 
first structure resembles two stacked 
rectangles attached on a thin 
membrane. The structure of gamma 9 
k D a appears as two rectangular 
boxes sticking with each other. Two 
thin stalks are attached on its top 
surface and these stalks are attached 
to the cell membrane.

The model of F c alpha slash mu R 
bound to the cell membrane. It 
resembles a rectangle attached on a 
thin membrane.

Binding
Order of
affinity

I g G 1
10 power 8 M power minus 1
1) I g G 1 equals I g G 3
2) I g G 4
3) I g G 2

I g G 1
2 multiply 10 power 6 M power 
minus 1
1) I g G 1 
2) I g G 3 equals I g G 2 asterisk
3) I g G 4

I g G 1
2 multiply 10 power 6 M power minus 
1
1) I g G 1 equals I g G 3 
2) I g G 4
3) I g G 2

I g G 1
2 multiply 10 power 6 M power 
minus 1
1) I g G 1 equals I g G 3 
2) I g G 4
3) I g G 2

I g G 1
5 multiply 10 power 5 M power minus 
1

I g G 1 equals I g G 3 

I g E
10 power 10 M power minus 
1

I g E

2 to 7 multiply 10 power 7 M power 
minus 1 (trimer)
2 to 7 multiply 10 power 6 M power 
minus 1 (monomer)

I g A 1, I g A 2
10 power 7 M power -1

I g A 1 equals I g A 2

I g A, I g M

3 multiple 10 power 9 M power minus 
1

1)I g M
2)I g A

Cell type Macrophages
Neutrophils
Eosinophils

Macrophages
Neutrophils
Eosinophils
Platelets
Langerhans
cells

Macrophages
Neutrophils
Eosinophils

B cells
Mast cells

N K cells
Eosinophils
Macrophages
Neutrophils
Mast cells

Mast cells
Basophils

Eosinophils
B cells

Macrophages
Eosinophils plus
Neutrophils

Macrophages
B cells

Effect of
ligation

Uptake
Stimulation
Activation of
respiratory burst
Induction
of killing

Uptake
Granule
release
(eosinophils)

Uptake
Inhibition
of
stimulation

No uptake
Inhibition
of
stimulation

Induction
of killing
(N K cells)

Secretion Uptake
of granules

Degranulation Uptake
Induction of
killing

Uptake

Fc Receptors



Question

• What are the three major biological 
functions of antibodies?

• Which type of antibody performs the most 
functions?
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Antibody in Therapy

http://www.nature.com/nrc/journal/v2/n10/fig_tab/nrc903_F2.html



Monoclonal and Polyclonal Antibodies



Production of Monoclonal Antibodies

http://www.immunosome.com/antibodies/polyclonal-and-monoclonal-antibodies/



Therapeutic Applications of Antibodies



IgG Infusion

Intravenous Immunoglobulin (IVIG): 
IgG antibodies extracted from the plasma of 
over one thousand blood donors. 

•Primary Immune deficiencies

•Acquired compromised immunity conditions

•Autoimmune diseases

•Acute infections



2014 The return of Ebola

http://www.johnstonsarchive.net/policy/westafrica-ebola.html



Ebola

http://gamisbaru.com/article/what-is-ebola-symptoms



Passive Transfer of Ebola Antibody



Science 08/16/2019





Antiserum-passive Immunity

http://en.wikipedia.org/wiki/Antivenom#/media/File:Snake_Milking.jpg

Diluted venom is used to produce antibodies in animals



Therapeutic Application of Monoclonal Antibodies

https://www.mdpi.com/2072-6694/13/8/1781/htm



Antibody-Based Cancer Immunotherapy

https://www.nature.com/articles/s41467-021-21497-6



Other Applications: Flow Cytometry



Surface IgM and IgD



ImmunoFluoresence

http://php.med.unsw.edu.au/cellbiology/index.php?title=File:Primary-secondary_antibody.png

http://www.cellsignal.com/common/content/content.jsp?id=apps-immunofluorescence



Question

• Is it a good idea to isolate breast cancer 
cells from a patient and develop that into a 
vaccine to protect a general population?

• A) Yes
• B) No
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