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TYPICADRUGSUBSTANQBOLECULES
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Figure 1 Product approvals profile. (a) Annual product approval numbers (by product trade name)

by individual region. (b) Number of product approvals in one or both regions over the indicated
periods.
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Figure 2 Overview of mAb approvals. (a) mAbs approved for the first time in the indicated periods,
expressed as a percentage of total biopharmaceuticals approved for the first time in the same time
period. (b) mAbs global annual sales value expressed as a percentage of total biopharmaceutical global
sales for the indicated years. Financial data from La Merie Business Intelligance.
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Figure 3 Relative use of mammalian- versus nonmammalian-based production cell lines in the

manufacture of biopharmaceuticals approved over the indicated periods. Each dataset is expressed as a
percentage of total biopharmaceutical product approvals for the period in question.



Taskof antibodiesin the nature (polyclonals:
Recognitiorand neutralizationof foreignobjectssuchas
MBacteria
Aliruses
Marasites
AToxins

Howthey are prepared?
B-cellsof the Immunesystem
10 billion different antibodiescanbe produced
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Monoclonalantibodiesg
therateuticapplications

Immunology | | .
A OveractiveammunesystemA Antibodybindsandblocksspecificcomponents
A Autoimmundeseases

Organrejection

A
Oncology _ L -

ﬁ CancerellshavehighO2demandA antibodiesaffecton bloodvessebrowthandformationfactors
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CancedevelopgesistanceovertreatmentA antibodiescanblock O |y Oésisiihadactors
Her-2 binding

A Falledvisionby damagedvessebystemA antibodiesaffectangiogenidactors
A Wetagerelatédmaculardegeneration
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iscellaneous

A Hypercholesterolaemia
A Migrain

A Haemophilia

A Asthma



BASIGTEP®F MANUFACTURING

Upstream

i Inoculum train

i Cultivation

i Separation, clarification filtration
Downstream

i Chromatography steps (Affinity, IEX)

i Membrane filtration

i Virus inactivation, filtration

i Bulk filtration and filling
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TRENDS in Biotechnology
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Main goalsof atypicalmAbproduction

AUpstreamc Biosynthesi®f the productby cultivationof CHOcells
AMidstream¢ Removabf cellsand celldebris

ADownstreamc, Recovenand purification of the product by removalof
AProcesselatedimpurities
AProductrelatedimpuritiesor variants
A Contaminant®or adventitiousagents




Techniguesisedin the upstreamprocess

ABatchcultivation L
AFedbatchcultivation e 8 ;I =1~
AContinuouscultivation o) Y T
ACellretention methods o

A Perfusioncultivation
A Concentrateded-batchcultivation

Typical configuration of the 200L BieSep acouslic perfusion syslam,



Alternating TangentiaFlow

Figure 1: The ATF System

[ evel |
Control
Fluid Inlet [& A
Addition J = f
Pump o [ Icd Filtrate
t | Pump
' Filtrate

HF or Screen Module

Housing

Diaphragm
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Midstream depthfiltration

Mominal Retention Rating of Seitz P-series, HP-series and Bio-series Depth Filter Sheet Media
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Typicalunit operationsof the downstreanprocess

A Capturechromatography
AVirusinactivation
Alntermediatepurificationchromatography
APolishingchromatography

AViralfiltration

AUltrafiltration and diafiltration (concentrationand buffer
exchangé

A Sterilefiltration
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Chromatography techniques

TOLTES

BIOLOGIAI
AKTIVITAS

Separation by SIZE:
Gel permeation
Chromatography, SEC

Separation by CHARGE:
lon exchange
chromatography

Separation by SOLUBILITY:
partitioning,
adsorption, HIC

Separation by BIOLOGICAL
ACTIVITY:
Affinity chromatography



Capture step

A Selectivebindingof antibodiesto a chromatographymedium

AMain goals
A Concentratethe target antibody
A Reducesamplevolume
A Removabf mediumcomponents
A Removabf hostcell proteinsand DNA

A Suitablechromatographianethods
A Affinity ChromatographyAC)
A HydrophobidnteractionChromatographyHIC)
A HydrophobicChargeinduction ChromatograhyfHCIC)
A CationExchange€hromatographyCEX)



Affinity chromatography

A Proteins are separated and Purified using techniques that exploits the
unique biological property of the proteins to bind to ligands specifically
and reversibly.

A The technigue offers high selectivity , hence high resolution and usually
high capacity for protein of interest.

A l'I_'he ﬂlrst step involves the determination of the availability of a suitable
igan

A The ligand is applied to the matrix chromatographicesincreating the
affinity medium.

A Sample is applied under conditions tHavour specific binding of the
target protein or protein of interest to the ligand. The protein of interest
binds specifically but reversibly to thegand

A The protein of interest is removed by a processlafion using buffers.
Thg (te_ltuttl_on process involves the breaking of the ligaratein bond or
substitution



Protein A

Protein Ais a 42kDa proteinanchoredin the cellwall of StaphylococcuaureusX

Immunoglobulin
Constant domain

(Fc)
in complex with
protein A
Fab Heayy minimized domain
Chain

X with the ability to selectivelyinteract with immunoglobulins(IgG9



Protein A and G

Another affinity ligand, alsousedfor IgGpurification and originatingfrom a bacterialspecies,
is the streptococcabrotein G.

Heavy chain
Protein L
Despite the widespread use of Light chain
protein A and protein G in antibody
purification, the ligand stability is
an issue that has limited their use. - _—
rotein G an




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.

Species Immunogiobulin Binding to Protein A Binding to Protein G  Binding to Protein L
Human IgG1 Strong Strong Strong
IgG2 Strong Strong Strong
1gG3 Negligible Strong Strong
However, affinity purification — == = =% S
. . . gG1 Weak Strong Strong
using protein G is normally the \gG2a St P e
first choice for the purification of lgG2b Medium Medium strong
serum and human IgG subclass Lo M [ i
. . Rat lgG1 Negligible Weak Strong
3’ due to prOteIn A S lOW lgG2a Negligible Strong Strong
affinity towards that subclass. lgG2b Negligible Medium Strog
lgG2c Negligible Medium Strong

Goat IgG Weak Medium Negligible

Rabbit IgG Strong Medium Weak

Sheep IgG Weak Medium Negligible






