
Production of 
therapeutic interest biomolecules 

Development of Drugs and Heath Products Master
TU08 Biotechnology

isabelle.turbica@universite-paris-saclay.fr October 2023



2

Agenda

• Introduction: Health and Biotechnologies 
• Production process for therapeutic 

bioproducts: USP/DSP

• Example for Antibiotics production
• Example for Recombinant Proteins



Introduction: Biotechnology Concept

Pharmaceutical biotechnolgy: process using mirobial factories, plants or 
animals for the production of pharmaceutical products

Biodrug:

• Drug substance produced by or extratcted from a biological source 

• Well characterized & described  manufacturing and purification process 

• Characterization and quality assessment need a combination of physical, 

chemical and biological assays

Bioproduction is the production of biologics-based therapeutic drugs

EU definition of Biologic (Directive 2001/83/EC as amended, Annex 1 Active substance 3.2.1.1.b) 
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The CONCEPTION and the PRODUCTION are biotechnological 
process

Biodrug classification

Biological drug products

Natural/bioproducts Recombinant/DNA/
technology

vaccines Toxins
Antibiotics

Enzymes/
Hormones
Polyclonal
antibodies

Drugs from
blood
extraction

Cell
&/tissue/
therapies

Nucleic
acids

Recombinant/
proteins

Oligonucleotids
&/plasmids

DNA
vaccines

Gene/
therapies

Therapeutic
proteins

Monoclonal/
antibodies

Recombinant
&/thérapeutic vaccines

Industrial Production Non/industrial production
=/Innovative medicine

Protéins
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Biodrugs origin

1- Extraction: human or animal tissues or fluids (Blood, urine, milk, 
cells…)

2- Cell substrates: procaryotic (bacteria) ou eucaroytic (fungi, 
insects, mammals...) àCulture production systems
• Natural secretions: toxins ou bacterial enzymes (botulism toxin, 

tetanus toxin, streptokinase...) 
• Recombinant secretions after genetic engineering

3- From transgenic animals or plants
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Biogrugs and micro-organisms
• Proteins:

• Recombinant: hormones, antibodies and derivates, cytokines…
• Bacteria, yeast, insect cells, mammal cells

• Natural production: enzymes, hormones, antibodies, albumin, 
collagen…
• Bacteria, yeats, fungi, mammal cells 

• Nucleic acids
• DNA vaccines: bacteria
• Plasmids, oligonucleotides: bacteria
• Viral vectors: viruses (gene therapy)

• Antibiotics: fungi, bacteria
• Lipids, polysaccharids, organic complex molecules: Yeast, 

bacteria

• Vaccines
• Microbial: virus, bacteria
• Recombinants: bacteria, yeast, mammal cells, insect cells6



The production process: an overview
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ü Biological materials isolation
üModification
ümultiplication

ü  Characterization & 
sequencing

ü  Cloning
ü  Expression 

ü Simple and robust process 

üEnergy balance, raw 
materials, waste treatments

üRegulatory environment

ü Industrial production

ü Purification and 
characterization

ü Quality control

ü Conditionning

Bioproducts need complex industrial biological mastered process  

Genetic 
engineering
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From research to commercialization

1 2 3 4 5 6 7 8 11 12 13 1410 159

Research

Development

Pre;clinical Phase=I Phase=II Phase=III Commercialization

Aproval

Micrograms

Milligrams

Grams

Dozen=Kg

Hundred
Grams

Hundred=Kg

Identity
Activity
Safety
Purity

Years

Pilot scales
Studies
GLP: good laboratory
practice
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Process scale 
GMP: good manufacturing 
practice



General scheme of a production process

Upstream processing: biomass production  
Initial culture

Expansion 
Production

Extraction
Concentration/
Primary
Purification 

Purification 
Resolutive 
Chromatography

Downstream 
processing:
Purification 

steps

FormulationConditioning
Labelling
Packaging
Storage

Drug 
Substance

Drug 
Product10



Microbial Culture parameters

Physical,  chemical:
pH, pO2, T°, osmotic pressure

Kinetics:
Dilution, nutrients, culture length…

Nutrient composition :
Nitrogen, carbon, growth factors, 
lipids, oligoéléments (Mn, Fe, Co, Ni, Cu, 
Zn, Mo)…

Metabolit accumulation

Process modelisation and automation

Productive cell-strain choice

Rusticity: adaptability to industrial 
conditions

Performances: growth speed, production 
speed, production yield…

Genetic stability

Bioreactors, required 
functions: 
• Confining 
• Sterility 
• Mixing
• Aeration + air filtration
• Nutrient and fluid supply
• Cleaning procedures

Upstream processing (USP)
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BioBanking

Goal: to store and securize the well characterized  inicial cell culture

Initial cell culture

X Vials 

Master Cell Bank 
(MCB) 

Working Cell Bank 
N°1 (WBC)

Y Vials

Cryopreservatives: PEG, DMSO…

ü Repetability of cell growth
ü Quality control procedures and cell bank 

viability

Cell bank 
characterization tests

Culture purity
Species identity
DNA sequencing
Plasmid identity and 
integrity
Host strain identity
Viable count
Specific productivity
Plasmid retention
Restriction 
endonuclease mapping
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UPSTREAM PROCESSING

Thaw of
the MCB:
40 million cells

2L Wavebag:
10 billion cells

20L Wavebag 200L Wavebag
3 000L Bioreactor

10 000L Bioreactor

500ml Flask

The scale-up

The« Wave » technology

Fresh Media 
Feed

Dissolve O2 Sensor

Thermocouple

Inlet Air Flow
Exit Gas Flow

Acid/base

pH Sensor

Level Sensor Agitator

Sparser

Exit Liquid Flow

Antifoam

Stirred-tank bioreactor
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3 production modes

üVariable 
medium 
composition
üToxic 
metabolite 
accumulation

üIncrease cell 
density
üEasy 
automation
üBioproduct 
accumulation

üMetabolite 
elimination
üStable medium 
composition
üReduced 
degradation risk

Batch Fed-
batch

Continuous/
 Perfusion

feed feed

Harvest

Continuous: 
removal of cells 
at the same rate

Perfusion: cells 
are retained or 
recycled
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Process development USP – cell growth optimization

Bioreactor comparison Cell growth media comparison

Critical issues by regulatory authorities:
ü safety, 
ü genetic and phenotypic stability, 
ü monoclonality of the production cell line 

è Rigorous cell line development:
Full documentation
Full characterization of the final production 
cell line



Downstream processing (DSP)

Fermentation
Intracellular molecule Extracellular molecule

Cell pellet
centrifugation/filtration

Supernatant
centrifugation/filtration

Cell disruption

Debris elimination
Centrifugation/filtration

Concentration 

Resolutive purification steps

Stabilisation

Activity adjustment Formulation
17



Centrifuge

Filtration installation

Chromatography18



Example 1:

Antibiotic production
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PRODUCTION D’ANTIBIOTIQUES PAR BIOTECHNOLOGIES   ______________________________________________________________________________________

Toute reproduction sans autorisation du Centre français d’exploitation du droit de copie est strictement interdite.
J 6 008 − 4 © Techniques de l’Ingénieur, traité Génie des procédés

(adénine + cytosine + guanine + thymine). Ce coefficient caractérise une espèce d’orga-
nisme donnée.

Les actinomycètes ont la capacité d’excréter de nombreuses enzy-
mes hydrolytiques (protéases, lipases, amylases, cellulases), et ainsi
de se développer à partir de substrats complexes polymérisés.

La classification des actinomycètes se fait à partir de critères mor-
phologiques et biochimiques. Dans ce groupe bactérien, le genre
Streptomyces est le plus abondant et il est responsable de la
majeure partie de la production actuelle des antibiotiques. Le
tableau 2 illustre quelques exemples d’antibiotiques produits par
les Streptomyces avec cibles et spectres d’action. De nombreuses
recherches se sont récemment développées en vue de trouver de
nouveaux antibiotiques produits par des actinomycètes « rares »,
n’appartenant pas au genre Streptomyces.

● En dehors des actinomycètes, des bactéries du genre Bacillus
produisent des antibiotiques de nature essentiellement peptidique.
Ces bactéries à Gram positif, mobiles, aérobies, anaérobies ou aéro-
anaérobies, se caractérisent par une différenciation prononcée, et
leur production d’antibiotiques est en relation avec cette différencia-
tion. Leurs spores sont extrêmement résistantes aux conditions
défavorables.

● Il convient cependant de signaler que certains Pseudomonas,
bactéries à Gram négatif, aérobies strictes, non filamenteuses, non
sporogènes, sans différenciation significative, produisent quelques
antibiotiques. Les Pseudomonas producteurs, comme les Bacillus et
les actinomycètes, se caractérisent par l’excrétion d’enzymes exo-
cellulaires hydrolytiques.

■ Les champignons ont été à l’origine de la découverte et de la pro-
duction industrielle d’antibiotiques. Le lecteur se reportera à
l’article « Pénicilline » de cette revue [J 6 470] (référence [16]). Plu-
sieurs milliers d’antibiotiques produits par ces organismes sont
connus, mais un petit nombre seulement est commercialisé. Une

dizaine d’organismes fongiques est exploitée industriellement. Ils
appartiennent aux genres Aspergillus, Penicillium, Cephalosporium,
Helminthosporium, Fusidium. Ce sont des champignons imparfaits
qui se reproduisent végétativement en formant des spores exogè-
nes bourgeonnées (ou conidies). Selon les genres, ces conidies peu-
vent être isolées, disposées en chaînettes ou en glomérules.

2. Physiologie 
des souches productrices

Ce paragraphe concerne la presque totalité des souches produc-
trices, à l’exception des Pseudomonas. L’accent sera essentielle-
ment mis sur les Streptomyces. S. coelicolor est considéré comme
un modèle d’études pour la différenciation morphologique et phy-
siologique [3] [4].

2.1 Différenciation morphologique

2.1.1 Cycles de développement

■ Sur milieu solide, le cycle de développement des actinomycètes
est très similaire à celui des champignons, à la différence essentielle
que ces bactéries demeurent haploïdes durant tout le cycle. Sur
milieu nutritif, la germination d’une spore à partir de laquelle croît

Tableau 2 – Exemples d’antibiotiques produits par le genre Streptomyces

Classification Antibiotique Organisme producteur Cible et spectre d’activité

Aminoglycosides

Streptomycine S. griseus
Synthèse protéique ; spectre large, inactifs sur les 
streptocoques et anaérobies strictsSpectinomycine S. spectabilis

Néomycine B S. fradiae

Tétracyclines
Chlortétracycline S. aureofaciens Synthèse protéique ; large spectre, mycobactéries, 

mycoplasmesOxytétracycline S. rimosus

Polyènes
Nystatine S. noursei Membrane cytoplasmique ; fongicides : levures, 

champignonsAmphotéricine S. nodosus

Macrolides

Spiramycine S. ambofaciens

Synthèse protéique ; spectre étroit, bacilles Gram+ 
et −, anaérobies stricts

Érythromycine S. erythreus

Rapamycine S. hygroscopicus

Natamycine S. natalensis

Avermectine S. avermitilis

Tylosine S. fradiae

Oléandomycine S. hygroscopicus

Streptogramines
Pristinamycine S. pristinaespiralis

Synthèse protéique ; Gram+, staphylocoques
Virginiamycine S. virginiae

Glycopeptides Vancomycine S. orientalis Synthèse pariétale ; Gram+, mycobactéries

Lincosamides Lincomycine S. lincolnensis Synthèse protéique ; Gram+ (staphylocoques, an-
aérobies)

Autres Chloramphénicol S. venezuela
Synthèse protéique ; utilisé contre la fièvre 
typhoïde, les méningites cérébro-spinales (Neisse-
ria meningitidis)
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Fungi
 Aspergillus, Penicillium, 
Cephalosporium, 
Heminthosporium, Fusidium

Secondary metabolites: 
stationnary phase 
synthesis

80% Bacteria, steptomyces

 Bacillus

Main AB producers
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General Scheme for antibiotic production
Cryoconservati
on (Nitogen -
196°C)

Lyophilisate
Spores

Pre-
culture Well controled 

USP

Polyphasic 
mixture: cells + 
metabolites + 
medium

Concentration

Use of ideal solvent
Solubilisation 
Neutrality
Selectivity
Moderate cost
Elimination

Filtration 

Continuous centrifuge

Solvent 
extraction

Pellet discardSolvent recovery

Additional 
extraction 
wash

Effluent
elimination

Drying

Formulation Quality control and
conditioning

Additional
purification

Purified product
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• Penicillin 
example

ü Production pH≈7
ü Penicillin excretion at 

early stationnary phase; 
ü Organic solvent 

extraction
ü Aqueous phase
ü Penicillin cristallisation
ü  Hémisynthesis: 

transformation into 
derivates AB: ampicillin 
amoxicillin…

volume. Il a été rapidement clair que Penicillium notatum ne permettrait pas ce changement de technologie. 
En effet, l'approvisionnement en oxygène est plus faible dans une culture en volume que dans une culture en 
surface et le rendement en pénicilline de Penicillium notatum devient alors très faible. Après un criblage 
d'échantillons de moisissure en provenance de tout le globe, c'est un champignon trouvé sur un melon dans 
la région du laboratoire de recherche qui permettra la migration vers le procédé volumique : Penicillium 
chrysogenum permettra de produire 80 unités / mL de culture en volume, avec une capacité de production 
accrue par rapport à la variété notatum. En effet, le passage en cuves de fermentation permet un changement 
d'échelle. La sélection génétique d'un mutant a rapidement permis d'atteindre 250 unités / mL de culture puis 
900 puis 2500 unités / mL. Aujourd'hui, les sélections successives ont abouti à des souches qui produisent 
plus de 60000 unités / mL de culture en 200 heures, soit plus de quinze mille fois plus que la souche de 
départ (cf figure 5).

Figure 5. Évolution du rendement en pénicilline en fonction des souches de Penicillium utilisées.

À partir de 1942, les grandes firmes pharmaceutiques américaines (Merck, Pfizer...) sont associées au projet 
dans le but de permettre un changement d'échelle de la production. La pénicilline est alors considérée 
comme une substance stratégique par les pouvoirs publics américains et sa production devient un effort de 
guerre : les quantités obtenues sont prioritairement allouées aux forces armées. En 1944, Pfizer inaugure sa 
première usine de production de la pénicilline et les soldats alliés disposent de pénicilline le jour du 
débarquement en normandie. Dès 1945, la production est suffisante pour que les restrictions sur sa 
distribution soient levées; elle est bientôt disponible dans toutes les pharmacies du pays. Fleming, Florey et 
Chain recevront le prix Nobel de physiologie-médecine pour « la découverte de la pénicilline et ses effets 
curatifs de nombreuses maladies infectieuses » en 1945 [7].

Il est intéressant de remarquer que la pénicilline est devenue un médicament produit en quantité industrielle 
alors même que sa structure chimique n'était pas encore complètement élucidée et son mode d'action 
totalement inconnu. Cette structure, donnée à la figure 6, est relativement inattendue car elle fait apparaître 
un bicycle assez tendu. Elle est étudiée de manière plus détaillée dans l'article suivant, « détermination de la 
structure et synthèse d'un antibiotique ».

Penicillium
 notatum

Penicillium
 chrysogenum

Discovery
1897 (E Duchesne) 
1928 (A. Fleming)

Nutritional 
medium 
enrichment

Microorganism 
change

Mutation/Selection

Penicillin production

1000 U/mL
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Example 2:

Recombinant protein production

23 https://xtalks.com/top-30-drugs-to-watch-in-2024-insights-from-2023-sales-data-3908/



Genetic 
development

Production
Process

20 L wavebag

10 000 L Bioreactor

200mL roll bottle

Plasmid cDNA

Host cell Expression vector

Stable expression system

Cell Banking

Cell culture
Bioreactors

Purification Process

DRUG SUBSTANCE

Formulation

DRUG PRODUCT

Recombinant Protein production, an overview
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Recombinant Protein technology, the cell line development 

• GMO choice

• Protein expression level

• Protein properties

13/02/15'

10'

Culture cellulaire = générer le clone producteur 
Etape-clé 1: Cell line development = activité recherche 

Séquence cDNA) vecteur sauvage)

vecteur d�expression)

protéine 
d�intérêt)

Inser&on)

Transforma&on)
Transfec&on)

Organisme génétiquement 
modifié exprimant la protéine 

d�intérêt)

!  'Travail'sur'la'séquence'à'exprimer:'
'séquence'signal,'humanisaHon'des'
anHcorps,'format'de'l’anHcorps,'mutaHons'
dirigées''
Ex:$Darbepoïé3ne:$muta3ons$insers3onnelles$
pour$créer$2$sites$de$glycosyla3on$
supplémentaires$
!  Ciblage'de'l’inserHon'du'transgène'
!  OpHmisaHon'du'vecteur'd’expression'

(séquences'régulatrices,'inducHble...'
!  Co@expression'de'protéines''

bactérie'

levure'

CHO'

!  SélecHon'des'cellules'transfectées'
!  SélecHon'des'clones'hautement'

producHfs'(lignée'productrice'stable'
≈'40'semaines)'

!  CaractérisaHon'généHque'de'la'
lignée'établie'

!  OpHmisaHon'des'condiHons'de'
culture'(milieu'sans'élément'
d’origine'animale,'cellules'en'
suspension,'définiHon'des'
paramètres'de'culture:'pH,'
agitaHon,'aéraHon...)'

hCp://www.gene3x.com$

Browne$et$al.$Trends$in$Biotechnology.$2007$

SélecHon'des'clones'les'plus'producteurs,'un'exemple'

CHO' TransfecHon' Croissance'sans'sélecHon'

SélecHon'(G418)'Picking'Croissance'

Culture'en'milieu'sans'sérum'

SélecHon'des'clones'
producteurs'

Expansion'cellulaire'

CaractérisaHon'des'clones'
sélecHonnés:'
!  Copies'du'gène'(PCR'

quanHtaHve)'
!  Profil'de'mRNA'

(Norther@Blot)'
!  Profil'd’intégraHon'du'

gène'(Southern@Blot)'
!  Repérage'du'gène'par'

FISH'

cDNA 
sequence

plasmid

Expression vector

Protein of 
interest

Genetically modified 
organism

= Host cell 

Insertion

Transfection

Industrial production
(cell factory)

ü  Expression vector 
optimization

ü Targetting the insersion site

ü Transfected cells selection
ü High producers selection
ü Cell line genetic optimization
ü Culture condition 

optimization

Objective: 
to generate THE producing 
cell



being hybridoma cells, Chinese hamster ovary (CHO)
cells [11], insect cells [12,13], and yeast cells [14]. Mam-
malian systems like hybridoma and CHO cells clearly
have the highest similarity to human cells, and proteins
produced by these systems are often properly folded and
glycosylated. However, the costs for their cultivation are
high (e.g. expensive media and growth factors, contami-
nations with microorganisms and viruses), they have a
limited secretion capacity and protein yields are usually
low [15]. On the other hand fungal expression systems,
and in particular yeast, can grow in relatively cheap and
defined media, decreasing the production costs. Besides,
they are not so susceptible to contaminations and in
addition, the yeast cells are less sensitive since the wall
makes them more resistant to shear stress during the
production process [10!!]. Yeast expression systems also
provide higher protein titers (>1 g/L) in fermentation
processes that have shorter run times (only few days) than
other systems [16]. On the basis of this, we propose yeast
as an attractive choice, and recent advances in genetic and
metabolic engineering, and tools in genomics and systems
biology could make Saccharomyces cerevisiae a preferred
production platform for a range of pharmaceutical
proteins [17]. However, even though yeasts are eukar-
yotic systems, the glycosylations of proteins may differ

substantially from that performed by mammalian cells, a
difference that can be in some cases detrimental for its
subsequent therapeutic use. N-glycosylation in yeast, for
example, is of the high mannose type whereas human N-
glycans are mainly of the complex or hybrid type. In
addition to N-glycosylation, yeast O-glycosylation charac-
terized by shorter glycan structures, also differs from the
human type, which is mucin-type in contrast to the
oligomannosyl-glycans in yeasts [10!!]. Very promising
attempts have been recently achieved to introduce
human glycosylation patterns in yeast (humanized yeast
platforms). To date, only Pichia species have been suc-
cessfully engineered to produce specific human-like gly-
coforms of proteins; however, recent advances reported in
this field in S. cerevisiae seem to indicate that, with further
development, it may increase the array of strains available
that are able to produce human-type glycosylated
proteins, and these strains will become a valuable plat-
form for the production of glycoproteins for therapeutic
use [10!!,18,19].

How to make S. cerevisiae a better producer
of pharmaceutical proteins?
The technology for industrial production of recombinant
pharmaceutical proteins in S. cerevisiae is well established
and currently applied for production of human insulin,
hepatitis virus vaccines and human papilloma virus

966 Pharmaceutical biotechnology

Figure 1
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Current Opinion in Biotechnology

(a) Global market for recombinant protein drugs and (b) percentage of
protein-based recombinant pharmaceuticals, produced by different
systems [1!!].

Table 1

Examples of recombinant therapeutic proteins successfully
expressed using different production systems, including highest
production levels reported in each organism. CHO = Chinese
hamster ovary cells; BHK = baby hamster kidney cells; NSO =
myeloma cells; (Y) = yeast; (F) = filamentous fungi; (M) = mam-
malian

Protein System Production
level

Refs

Hirudin S. cerevisiae (Y) 60 mg/L [53]
H. polymorpha (Y) – [54]

Interferon a-2b H. polymorpha (Y) 120 mg/L [55]
Hepatitis B vaccine H. polymorpha (Y) – [56]
Angiostatin P. pastoris (Y) 108 mg/L [57]
Anti-HBs Fab P. pastoris (Y) 50 mg/L [58]

Human serum albumin K. lactis (Y) 3 g/L [59]
S. cerevisiae (Y) 3 g/L [60]
P. pastoris (Y) 10 g/L [61]

Human interleukin 6 A. niger (F) 150 mg/L [62]
Human apolipoprotein AI CHO cells (M) 80 mg/mL [63]

Insulin precursor P. pastoris (Y) 3 g/L [64]
S. cerevisiae (Y) 98 mg/L [26!]

Human tPA CHO cells (M) 34 mg/L [15!]
Human gonadotropin CHO cells (M) 3 g/L [15!]
Erythropoietin (epoetin a) CHO cells (M) – [65]
Monoclonal Ab NSO cells (M) 3 g/L [15!]
HPV vaccine (CervarixTM) Insect cells – [66]
Human proapolipoprotein AI Insect cells 80 mg/L [67]
Clotting factor VIIa BHK cells (M) – [65]

Current Opinion in Biotechnology 2012, 23:965–971 www.sciencedirect.com

Current Opinion in Biotechnology 2012, 23:965–971

E. Coli Yeast Mammalian Insect

Proteolytic clivage ? ? yes yes

Glycosylation No ? yes ?

Secretion ? yes yes yes

Folding ? ? yes yes

Phosphorylation No ? yes ?

Acetylation No yes yes ?

Amidation No yes yes yes

% P / total >50% 1% <1% >30%

MM, quantity 60-70 kDa
100g/L

30kDa
10g/L

<300kDa
1-5g/L

60kDa
200g/L
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Protein production in Bacteria (E.coli)

Intra cellular production

ü Few folding proteins
ü No post-tranpost-translational 

modification
ü Reducing environment

Inclusion bodies
=protein 

precipitation
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270    Current Pharmaceutical Biotechnology, 2011, Vol. 12, No. 2 Mariusz Kamionka 

Macmillan and co-workers [6] describe a quite different ap-
proach to the production of glycoproteins, in particular EPO, 
in E. coli. All three asparagine residues which are N-linked 
glycosylation sites were mutated to cysteine residues 
(Asn24Cys, Asn38Cys and Asn83Cys). This mutant was 
expressed in bacterial cells, refolded and subsequently sub-
jected to a successful site specific glycosylation with �-N-
glycosyl iodoacetamide [6]. 

Proteolytic Protein Maturation 

 Eukaryotic proteins are quite often originally expressed 
as precursors (pro-proteins) which require further proteolytic 
modifications to become fully active. Moreover some protein 
precursors are secreted from the cell. Many of these are syn-
thesized with an N-terminal signal peptide that targets them 
for secretion (pre-pro-proteins). The signal peptide is cleaved 
off in the endoplasmic reticulum. The most notable example 
here is insulin. The gene of human insulin consists of a sig-
nal peptide followed by B-chain, C-peptide and A-chain. In 
vivo the signal peptide is cleaved off after the transport of the 
preproinsulin to endoplasmic reticulum and C-peptide is 
removed by proteolysis leaving B-chain attached to A-chain 
via two disulfide bridges see Fig. (1). These extra proteolytic 
modifications which preproinsulin requires to become bio-
logically active posed a great problem in the design of an 
expression construct for recombinant human insulin. Various 
engineering strategies were tested in this case [7]. Originally 
DNA fragments encoding respectively B-chain and A-chain 
were synthesized artificially and eventually expressed sepa-
rately in bacterial cells. After the purification they were 
mixed, reduced and reoxidized [26]. This procedure ap-
peared to be not very effective. In a different approach, 
which with a few modifications is still used today e.g. by Eli 
Lilly and Aventis, complete proinsulin is produced using a 
single expression construct. After the purification the proin-
sulin is subjected to N-terminal methionine cleavage, disul-
fide bridges formation and proteolytic C-peptide removal to 
eventually yield the biologically active recombinant human 
insulin [7]. This example demonstrates the versatility and 
potential of the E. coli expression system. 
 
 
 
 
 
 
 
 
 
Fig. (1). In spite of being a small molecule, insulin posed a great 
challenge for expression attempts in E. coli due to its complex post-
translational modifications. Mature insulin consists of two separate 
polypeptide chains, B (red) and A (green), interconnected via two 
disulfide bridges (ball and stick representation: carbon atoms in 
grey, sulfur atoms in yellow). The molecule contains also a third 
disulfide bridge which is internal for the chain A. The image was 
prepared from the 1znj PDB file using WebLab Viewer software. 

Disulfide Bridges 

 Formation of disulfide bridges is another problem en-
countered when expressing eukaryotic proteins in bacterial 
cells. Cytoplasm is a reductive environment in which disul-
fide bridges cannot be formed. Eukaryotic cells possess spe-
cial compartments where the proteins intended for secretion 
to the oxidative cell exterior are modified and this includes 
the formation of disulfide bridges. Human proteins which are 
supposed to have disulfide bridges after production in E. coli 
must be therefore reduced and reoxidized as mentioned 
above for the proinsulin case. This procedure adds to the 
complexity of the production of biopharmaceuticals and in-
sulin is an extreme case because the disulfide bridges are 
supposed to connect two, otherwise separate, polypeptide 
chains. In a different engineering strategy a proinsulin ex-
pression construct was designed for the yeast expression 
system (currently used by Novo Nordisk). The construct 
consists of a secretion signal peptide followed by the DNA 
fragment encoding proinsulin, with a shortened C-peptide. 
This construct uses the advantage of yeast cells over pro-
karyotic expression systems, the fact that yeast cells are able 
to engineer disulfide bridges in the proteins intended for se-
cretion. Upon secretion the signal peptide is cleaved off, thus 
this approach eliminates the need for two extra post process-
ing steps in recombinant insulin production. There is no 
more need for N-terminal methionine cleavage and for intro-
duction of disulfide bridges. The only remaining step is the 
removal of the shortened C-peptide via proteolytic cleavage. 
 Escherichia coli do have an oxidative mechanism for 
proteins in their periplasmic space and it was shown that 
they can be employed to produce human proteins which re-
quire disulfide bridges. To enhance the efficiency of the di-
sulfide bridges formation proinsulin gene was fused by 
Rudolph and co-workers to the C-terminus of periplasmic 
disulfide oxidoreductase (DsbA) protein. This fusion allowed 
the production of high amounts of soluble native proinsulin 
in E. coli [9]. 
 Secretion of the protein to the periplasmic space is also 
employed to produce human growth hormone (hGH) in E. 
coli [8]. There are numerous versions of this recombinant 
protein on the market, some produced in yeast or mammalian 
cells [4]. hGH molecule contains two internal disulfide 
bridges and, due to the absence of the signal peptide in the 
mature form, it does not contain the N-terminal methionine 
residue. The periplasmic expression is therefore the most 
elegant approach because it takes care of both of these post-
translational modifications, providing at the same time high-
yield and low cost of the E. coli expression system [8]. 

STABILIZING PRODUCT 

 Protein engineering is quite often employed to stabilize 
recombinant human proteins produced in bacterial cells. One 
of the commonly introduced changes is modification of cys-
teine residues which influences the protein’s ability to create 
disulfide bridges and ultimately impacts protein stability. 
 Protein expressed in inclusion bodies must be solubilised 
and subsequently refolded to its native three dimensional 
structure. The refolding process is sometimes challenging 
especially when a protein has to recreate correct disulfide 

ØFast and inexpensive growth

Ø Well-known genetic system, 

many improved strains

Ø Controllable gene expression

Ø Many expression vectors 

available, ease of transfection 

into host bacteria

Ø Good protein production yields 

(>10 g/L culture)

Ø Cytoplasmic inclusion bodies: 

purification ease

ØNo post-translational 

modification

ØInclusion body: insoluble, 

poorly folded protein 

ØPresence of bacterial 

endotoxins: the purification 

process must include 

elimination and control steps

PROS CONS

A few therapeutic proteins produced in E Coli:

Growth hormone
22kDaInsulin

16kDa

Interferons
20 kDa

Antibody fragments
25 kDa
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PROS

ØSmall,  eukaryotic genome and 

well characterized

Ø Absence of endotoxin

Ø Inexpensive fermentation

Ø Good yields ( grams per liter of 

culture)

Ø Simple post-translational 

modifications 

ØSecretion of the protein of 

interest

INCONVENIENTS

ØHypermannosylations

ØFolding 

Glyco-engineerinf for 
humanization

Protein production in Yeast

Pichia pastoris
Saccaromyces
cerevisiae

GlcNac

Man
Gal
Neu5Ac
Fucose

Proteins produced in yeast:
Insulin
GM-CSF (growth factor)
Vaccine anti-HBV
Vaccine anti-HPV
Glucagon



ØCERVARIX® (EMA, 2007 and FDA, 2009) bivalent vaccine bivalent 
against papillomavirus: prévention of cervical cancer

 HPV-16 L1 protein  + HPV-18 L1 protein
 

ØPROVENGE® (FDA, 2010)
 Autologous product for prostate cancer cell therapy: PSA 
produced in S. frugiperda 

ØFluBlok® (FDA, 2011)
Recombinant influenza vaccineè Time and cost-reduced 
compared to egg production protocol

Proc. Natl. Acad. Sci. USA,  1992

Baculovirus: insect cell virus
èUse of recombinant baculovirus (bearing the cDNA sequence 

of interest) to infect insect cell suspension
èProtein synthesis

Protein production in insect cells

30



31

Mitosis 

Mitosis 

No 
integration: 
plasmid loss

Insert
R

TRANSFECTION

Cell selection

Plasmid 
Integration 

Protein production in mammalian cells

A Non 
transfected 
cells

B-D 
Transfected 
cells with 
selection 
pressure

è Stable cell line for protein 
production

Secretion of the protein

Tight quality control of the cell-line

Vector 
integration in 
the cell 
genome
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Protein production in mammalian cells

ECACC : European Colection of Cell Culture www.ecacc.org.uk

Cell line Culture medium Culture conditions
BHK21 Syrian hamster 

kidney cells
GMEM + 2mM Glutamine + 5% 
Tryptose phosphate broth + 
10% Fœtal veal serum (FVS)

2-9 105 cells/ml
37°C, 5% CO2
Suspension
Agitation

CHO Chineese hamster 
ovarian cells

Ham F12 + 2mM Glutamine + 
10% FVS

0.3 105 Cells/ml
37°C, 5% CO2
Adherence, 
suspension

NSO Murine myelome
 No IgG secretions

RPMI + 2mM Glutamine + 10% 
FVS
Selection in HAT medium

3-9 105 cells/ml
37°C, 5% CO2
suspension



http://www.genetix.com

Browne et al. Trends in Biotechnology. 
2007

Best producing clones selection

CHO Transfection selection Clonality

Cell growth
Serum-free medium

Clones selection

Clone characterization :
ü Transgene copy 

number (qPCR)
ü Cell identity
ü Cell viability
ü Cell purity…

ü Master Cell Bank
ü Working Cell Bank

ü End of Production
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Cell identity

Microbiological tests

Viral 
security

Quality control of the producing cell cultures

Bulk harvest
End of 
production 
cells

Casademunt et al., European Journal of Haematology. 2012; 89 (165–176)



Production in mammalian cell lines

Erythropoïétin (EPO) 
165 aa, MM : 30,6 kDa ; 40% glycosylation

Full antibodies (mAb): 1200 aa
MM:150kDa, 1 glycosylation site35

✅ Full antibodies and High molecular weigth proteins
✅ Optimal glycosylation 
✅ Best fuctionnal activity
✅ Optimized expression vectors

❌ Culture media costs
❌ Time consuming procedures : construction of the cell 
line, cell banking, characterizatiosn…
❌ Weak production yields,
❌ Viral  security (human cell lines)



What substances to eliminate during the purification 
process?

ü Host impurities:
Cell debris, nucleic acids, lipids
Host-cell proteins (HCP)

ü Microorganisms: 
 Viral particles, Bacteria, 
 Pyrogen substances

ü Process-related impurities: 
 Remaining buffer, chromatography resin, Metals, polymers 
 «extractibles and leachables »…

ü Product-related impurities:
Aggregated, truncated, unfolded…protein of interest forms

Source: Bio3, 
IMT Editions

36
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Removal of cells, cell debris and particles (virus)
Concentration of cell-free culture, fluid 
and diafiltration

Removal of proteins, lipids, DNA and virus

Virus removal by 40 nm microfiltration

Concentration: adjustment of physical 
conditions

Cell culture fluid

centrifugation

UF

Anion Exchange 
Chromatography

F

UF

Cation Exchange 
Chromatography Removal of BSA and transferrin

UF

UF

Adsoption

Hydrophobic
interaction

Chromatography

Gel permeation  
Chromatography

F

Filling
Labeling Final dosage form

Virus inactivation

Removal of precipitates and virus by ultrafiltration

Concentration: adjustment of physical 
conditions

Removal of remaining contaminating proteins

Separation from aggregates

Sterile filtration

28 kDa, glycosylatedIndustrial production of interferon alpha

Steps that ensure 
impurities elimination

Steps that ensure or 
contribute to viral 
security



Therapeutic protein characterization, A battery of validation tests

§  Purity: 

ü Host cell impurities 
(DNA, proteins, 
lipids…)

ü Fabrication process 
imurities: leachates 
and extractables

ü Product-related 
impurities: unfolded, 
truncated , 
aggregated, 
chemically 
degradated mAbs

§ Identity / structure

ü Primary structure 
(AA composition)

ü Secondary structure

ü Glycosylation 
analysis

ü Physical parameters: 
Molecular weigth, 
isoelectic point…

§ Activity: 
 
ü Target binding 

(affinity 
measurement)

ü In vitro assays

ü In vivo assays

§ Security:
Virus particles or genome

Endotoxin detection

Cell 
culture

Raw 
materials

Production/
Purification

steps 

Purified 
product

Drug 
product

Which level?
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Conclusion 

Regulatory Quality

Security & Efficacy

Economical concerns

Pre-clinical trials

Good Laboratory Practice
Good Clinical Practice

Good Manufacturing Practice

« Good Distribution Practice »

Clinical trials: I To IV

Bioproduct production is under pharmaceutical regulatory concepts that are adapted to living material use

Define critical points at early development stages (MCB conception): 
Process complexity
Quality controls
Equipment costs, Staff costs, time consuming

« DEVELOPING A PROCESS 
WITH THE END IN MIND »


