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E. coli

Generallyappliedhost cells

CHO

2 mm 20 mm
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GCSF

20 kDa

~3000 atoms

Rituximab

150 kDa

~25000 atoms

Cariprazine

(RGH-188)

29 atoms

TYPICALDRUGSUBSTANCEMOLECULES









Taskof antibodiesin the nature (polyclonals):
Recognitionand neutralizationof foreignobjectssuchas
ÅBacteria
ÅViruses
ÅParasites
ÅToxins

How they areprepared?
B-cellsof the immunesystem
10 billion different antibodiescanbe produced





Immunology
Å OveractiveimmunesystemĄ Antibodybindsand blocksspecificcomponents
Å Autoimmun deseases
Å Organrejection

Oncology
Å CancercellshavehighO2 demandĄ antibodiesaffecton bloodvesselgrowthand formationfactors
Å Cancerdevelopsresistanceover treatmentĄ antibodiescanblock ŎŀƴŎŜǊΩǎresistancefactors
Å Her-2 binding

Elderlyblindness
Å Failedvisionby damagedvesselsystemĄ antibodiesaffectangiogenicfactors
Å Wet agerelatedmaculardegeneration

Miscellaneous
Å Hypercholesterolaemia
Å Migrain
Å Haemophilia
Å Asthma

Monoclonalantibodiesς
therateuticapplications
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¸ Upstream

ü Inoculum train

ü Cultivation

ü Separation, clarification filtration

¸ Downstream

ü Chromatography steps (Affinity, IEX)

üMembrane filtration

ü Virus inactivation, filtration

ü Bulk filtration and filling

BASIC STEPSOF MANUFACTURING







Main goalsof a typicalmAbproduction

ÅUpstreamςBiosynthesisof the productby cultivationof CHO cells

ÅMidstreamςRemovalof cellsand celldebris

ÅDownstreamςRecoveryand purificationof the productby removalof
ÅProcessrelatedimpurities

ÅProductrelatedimpuritiesor variants

ÅContaminantsor adventitiousagents



Techniquesusedin the upstreamprocess

ÅBatch cultivation

ÅFed-batchcultivation

ÅContinuouscultivation

ÅCellretention methods
ÅPerfusioncultivation

ÅConcentratedfed-batchcultivation



AlternatingTangentialFlow



Midstream: depthfiltration



Typicalunit operationsof the downstreamprocess

ÅCapturechromatography

ÅVirusinactivation

ÅIntermediatepurificationchromatography

ÅPolishingchromatography

ÅViralfiltration

ÅUltrafiltration and diafiltration (concentrationandbuffer
exchange)

ÅSterilefiltration



Chromatography techniques

Separation by SIZE:

Gel permeation

Chromatography, SEC

Separation by CHARGE:

Ion exchange

chromatography

Separation by SOLUBILITY:

partitioning,

adsorption, HIC

Separation by BIOLOGICAL

ACTIVITY: 

Affinity chromatography



Capture step

ÅSelectivebindingof antibodiesto a chromatographymedium

ÅMain goals
ÅConcentratethe target antibody
ÅReducesamplevolume
ÅRemovalof mediumcomponents
ÅRemovalof hostcellproteinsand DNA

ÅSuitablechromatographicmethods:
ÅAffinity Chromatography(AC)
ÅHydrophobicInteractionChromatography(HIC)
ÅHydrophobicCharge-inductionChromatograhy(HCIC)
ÅCationExchange Chromatography(CEX)



Affinitychromatography

ÅProteins are separated and purified using techniques that exploits the 
unique biological property of the proteins to bind to ligands specifically 
and reversibly.

ÅThe technique offers high selectivity , hence high resolution and usually 
high capacity for protein of interest.

ÅThe first step involves the determination of the availability of a suitable 
ligand. 

ÅThe ligand is applied to the matrix of chromatographic resincreating the 
affinity medium.

ÅSample is applied under conditions that favour specific binding of the 
target protein or protein of interest to the ligand. The protein of interest 
bindsspecifically but reversibly to the ligand.

ÅThe protein of interest is removed by a process of elution using buffers. 
The elution process involves the breaking of the ligand-protein bond or 
substitution



Protein A
Protein A is a 42-kDa protein anchoredin the cellwall of StaphylococcusaureusΧ

Χ with the ability to selectivelyinteract with immunoglobulins(IgGs)



Protein A and G
Anotheraffinity ligand, alsousedfor IgG-purification and originatingfrom a bacterialspecies,
is the streptococcalprotein G. 

Despite the widespread use of 

protein A and protein G in antibody

purification, the ligand stability is 

an issue that has limited their use.



Protein A and G
Due to the superior stability of protein A compared to protein G, 

the use of protein G in industrial purifications is very restricted.

However, affinity purification

using protein G is normally the

first choice for the purification of 

serum and human IgG subclass

3, due to protein A's low

affinity towards that subclass.




