
In 2022, approximately 1.48 trillion U.S. dollars had been spent on medicines

That number is expected to increase to over 1.9 trillion by the year 2027. 

Spending on medicines has increased everywhere globally.



























Monoclonal and polyclonal Antibodies:

- What They Are

- How They Are Made

- Where They Are Used

- How Much They Cost



How are they used in research?

Immuno- fluorescence

Flow cytometry

Immunoblotting



ELISA

Immuno-histochemistry

Immuno-precipitation

How are they used in research?



Glossary

Antibody 
(anti-foreign body) is a protein produced by a white cell (B lymphocyte).

Antigen 
(antibody generating substance) is any agent, such as a chemical or microorganism 
that is recognized by the antibody.  Not all antigens are immunogens  (e.g hapten).

Immunogen: 
Any substance to which an animal responds by making antibodies. All immunogens 
are antigens.

Epitope : the part of a target to which an antibody binds, also known as an antigenic 
determinant

Antigen binding site - relatively small region of an antibody that binds to the antigen.  



Immunogenicity

Ability of a molecule to induce an immune response

Proteins, peptides, carbohydrates, nucleic acids, lipids

Must be larger than 3000-5000 daltons - 

Antigen

(hapten)

Carrier protein

e.g. BSA Thyroglobulin, KHL

Carbodiimide

     Glutaraldehyde

     MBS–Heterobifunctional reagents



Glossary

Antibody (anti-foreign body) is a protein produced by a white cell (B lymphocyte).

Antigen (antibody generating substance) is any agent, such as a chemical or 
microorganism that is recognized by the antibody.  Not all antigens are 
immunogens  (e.g hapten).

Immunogen : Any substance to which an animal responds by making antibodies. 
All immunogens are antigens.

Epitope : 
the part of a target to which an antibody binds, also known as an antigenic 
determinant

Antigen binding site 
 relatively small region of an antibody that binds to the antigen.  



What are epitopes?

Different portions of a target that can be 
recognized by different antibodies

Each individual antibody only recognizes a 
single epitope

Antigen binding site - relatively small region of an antibody 
that binds to the antigen.  





Polyclonal antibodies



Polyclonal antibodies

Mouse/ rat

Rabbit 

Goat/Sheep

Horse/donkey 

Animals immmunized

Llama 





- non-metabolizable oils (paraffin oil and mannide monooleate). 

- The complete form, Freund's Complete Adjuvant,(CFA or FCA) is composed of inactivated and dried 
mycobacteria (usually M. tuberculosis);

- the incomplete form (IFA or FIA) lacks the mycobacterial components (hence just the water in oil 
emulsion). 

- It is named after Jules T. Freund.

Freund’s Adjuvant is designed to 

1- provide continuous release of antigens necessary for stimulating a strong, persistent immune 
response. 

2- The mycobacteria in Complete Freund’s attracts macrophages and other cells to the injection site which 
enhances the immune response. 

For this reason, the Complete Freund’s Adjuvant is used for the initial injections.

Freund's adjuvant

is a solution of antigen emulsified in mineral oil and used as 
an immunopotentiator (booster). 





Advantages of 
Polyclonal Antisera

• Antiserum recognizes many different epitopes on the target

• Can usually be used for many different research procedures

Immunohistochemistry,  immunofluorescence, immunoprecipitation,        
ELISA, precipitation assays

• Can be affinity purified to eliminate the non-specific binding antibodies



Disadvantages of 
Polyclonal Antisera

• Antiserum is composed of a mixture of antibodies with different 
specificities - not all recognize the target of interest

• Antiserum is composed of a mixture of high and low affinity antibody 
populations

• Quantity of antiserum is limited by amount of serum and life of 
immunised animal.



A Perspective of Monoclonal Antibodies

1. What are monoclonal antibodies?

2. What are the principles involved in their production?

3. How do they differ from conventional antisera?



&
Georges Köhler

(1946-1995)

Cesar Milstein
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Definition of A Monoclonal Antibody

1. Mabs comprise identical antibody 
molecules.

2. They only recognise a single 
antigenic determinant.

3. They are secreted by a clone of 
hybrid cells in culture.



How to make a monoclonal antibody

• Immunize mice
• Test the serum
• Perform a fusion

• Screen the fusion for 
the right cells

• Grow the 
hybridomas

• Harvest the antibody
• Concentrate and 

purify the product



Outline Of Monoclonal Antibody Production



How to make a monoclonal antibody

• Immunize mice
• Test the serum
• Perform a fusion

• Screen the fusion for 
the right cells

• Grow the 
hybridomas

• Harvest the antibody
• Concentrate and 

purify the product



Immunize the mice





Immunize the mice - Inoculation

• The mice are aseptically inoculated with the antigen 
combined with an adjuvant.

• Normal dose per mouse is between  50 and 100 micrograms 
of protein.

• Inoculations are performed every 21 to 28 days.

sub-cutaneously 

https://researchanimaltraining.com/articles/subcutaneous-injection-in-the-mouse/



Immunize the mice - Inoculation
Intraperitoneal (IP) Injection
Definition: Delivery of a substance directly into the peritoneal cavity — 

Peritoneal cavity: 
Potential space in abdomen between visceral and parietal peritoneum, usually 
containing only small amount of peritoneal fluid (for lubrication)

https://researchanimaltraining.com/articles/intraperitoneal-injection-in-the-mouse/



Peritoneal cavity: 
Potential space in abdomen between visceral and 
parietal peritoneum, usually containing only small 
amount of peritoneal fluid (for lubrication)



IMMUNIZE THE MICE



How to make a monoclonal antibody

• Immunize mice
• Test the serum
• Perform a fusion

• Screen the fusion for 
the right cells

• Grow the 
hybridomas

• Harvest the antibody
• Concentrate and 

purify the product



Test the serum - Bleeding the mice

• Blood is drawn into the tube.

• A capillary tube is applied to nicked vein





Test the serum - In the Lab

• Whole blood from the immunized mice is transported 
to the lab.

• The whole blood is spun down in a centrifuge to 
separate the serum.

• The serum is diluted in a series from 1:300 
to 1:300,000. and tested by ELISA



Test the serum - Decision time

When the serum titer of the mice has reached a plateau, an additional ELISA test 
is performed to determine the predominant isotype present.  
The two isotypes that are most common in mouse serum are IgG and IgM.

The mouse with the strongest, most specific response is chosen for the fusion.

A fusion is done when 
- the IgG level is high 
- and the IgM level is low.



How to make a monoclonal antibody

• Immunize mice
• Test the serum
• Perform a fusion

• Screen the fusion for 
the right cells

• Grow the 
hybridomas

• Harvest the antibody
• Concentrate and 

purify the product







Cell line –myeloma

P3– NSI/I – Ag4 – 1

X63 – Ag8 - 653

Spleen 

suspension

Fusion with

 polyethylene glycol (PEG)



Die in HAT because 
they have a limited life 

span

Die in HAT because 
they lack HGPRTSurvive in HAT 

because they have 
HGPRT and contain 

the unlimited potential 
of cancer cells



What does HAT do?

• HAT contains:

– Hypoxanthine

– Aminopterin

– Thymidine

• Myeloma cell fusion partners were selected for the loss of the ability to synthesize hypoxanthine-guanine 

phosphoribosyl transferase (HGPRT)

• HGPRT enables cells to synthesize purines using an extracellular source of hypoxanthine as a precursor. 

• Normally, the absence of HGPRT is not a problem because cells have an alternate biochemical pathway (termed the rescue 

pathway) they use to synthesize purines. The rescue pathway allows myeloma cells to divide normally.

• The rescue pathway is inhibited by aminopterin. In the presence of aminopterin, HGPRT is essential for survival.

• HAT is selective for fused, (hydridoma) cells because: 

– Unfused myeloma cells cannot grow because they lack HGPRT

– Unfused normal spleen cells cannot grow indefinitely because of their limited life span. 

• In hybridomas the spleen cell partner supplies HGPRT and the myeloma partner is immortal because it is a cancer cell, 

overcoming the growth block of spleen cells. 



How to make a monoclonal antibody

• Immunize mice
• Test the serum
• Perform a fusion

• Screen the fusion 
for the right cells

• Grow the 
hybridomas

• Harvest the antibody
• Concentrate and 

purify the product



Hybridomas selection 

More than 24.000 

hybridomas

10 days in the 

incubator



Perform a fusion - Growing the cells (hybridomas)

• Cells are grown in a 37o C 
incubator.

• Cells are kept in an atmosphere 
of about 6% CO2.

• The cells are fed after 7 days of 
incubation.

• The cells are checked for growth 
after 10 days of incubation.



Hybridomas selection 

More than 

24.000 

hybridomas

10 days in the 

incubator
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S
C
R
E
E
N
I

N
G



Is this really a MONO (single) clone ?



Limiting dilution
is a technique used to isolate single cell clones from a population, based on statistical 

probability.

It involves diluting cells to a concentration where, on average, each well contains only one cell.





How to make a monoclonal antibody

• Immunize mice
• Test the serum
• Perform a fusion

• Screen the fusion for 
the right cells

• Grow the hybridomas
• Harvest the antibody
• Concentrate and 

purify the product



Monoclonal Ab

Freezing and supernatant production 

Monoclonal Ab

Supernatant

Freezing down the hybridomas

Ab production



Advantages

1. Possible to select Mabs with the required 
specificity.

2. Large quantities of antibodies can be 
obtained easily.

3. Pure antibodies can be obtained more 
easily.

4. Indefinite supply.



Disadvantages of Monoclonal Antibodies

1. Labour intensive.

2. Costly.

3. Longer time span.
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