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 Novel routes to make / improve expression systems 

• Looking for an universal expression platform ? 
– Will never exist !!! 

 
• Monoclonal Antibody production 

– The major driver for the definition and improvement of expression systems 
– CHO is dominating the market 

 

• Genomic Engineering 
 
• Regulatory feedback on:  

– acceptance of use of alternative expression systems 
– Alternatives to antibiotic-based selection 

 
• Microbial expression: 

– New genetic tools and concepts to increase solubility of protein production in E. coli 



Any alternative to CHO? 

• Antibody production, the major driver 
 
• Productivity 

– Reaching the physiological limits 
– Different metabolic pathways can be impacted 

 

• Cost of Culture Media 
 
• Other Mammalian Cell line? 
 
• Unicellular Eukaryote? 



Unicellular Eukaryote 

• Yeast & humanized Yeast 
– Enginered glycosylation pathway 

 
• Non conventional hosts 

– Tetrahymena thermophila 
– Leishmania tarentolae 
 

• Others 
– Filamentous fungi 
– Micro-Algae 
 
 

• Regulatory point of view 
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Leishmania tarentolae 
 

Natural Host 

Parasite 

http://www.jenabioscience.com/
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BMC Biotechnol. 2006 Mar 16;6:19.  

Secretion of functional human enzymes by Tetrahymena 
thermophila. 

Weide T, Herrmann L, Bockau U, Niebur N, Aldag I, Laroy W, Contreras R, Tiedtke A, Hartmann MW.  

Cilian AG, Johann-Krane-Weg 42, D-48149 Munster, Germany. weide@cilian.de 

 

The ciliate has the potential to become an excellent 
expression system. However, additional optimisation 
steps including host strain improvement as wells as 

measures to increase the yield of expression are 
necessary to be able to provide an alternative to the 

common E. coli and yeast-based systems 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Weide+T"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Weide+T"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Weide+T"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Herrmann+L"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Bockau+U"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Bockau+U"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Bockau+U"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Niebur+N"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Niebur+N"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Niebur+N"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Aldag+I"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Aldag+I"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Aldag+I"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Laroy+W"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Laroy+W"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Laroy+W"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Contreras+R"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Tiedtke+A"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Tiedtke+A"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Tiedtke+A"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term="Hartmann+MW"[Author]
http://www.cilian.com/
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Données Historiques The Nobel Prize in Chemistry 1989 

The discovery of catalytic RNA, also called ribozyme, has been of great importance to both 
research and industry.  

Professor Sidney Altman, Yale University, New Haven, Connecticut, USA 
Professor Thomas Cech, University of Colorado, Boulder, USA  

 

http://www.oisb.ca/media/profile_pics/pic_members_Sidney_Altman.jpg
http://www.todayinsci.com/C/Cech_Thomas/CechThomasThm.jpg
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- Eeasy handling known from bacterial expression systems  

- Potential of an eukaryotic protein expression / folding / modification system. 

- Cultivation in simple cost effective serum-free or full synthetic media 

- Short doubling time 

- Linear scale-up 

-Transformation by electroporation 

- Capacity for secretion 

- Non pathogenic to mammals (Biosafety level 1)  

Desired features for unicellular eukaryotic systems 
 



Prokaryotic systems 

• Engineering  

– What is expected? 

 

• Solubility / proper folding 

– Codon usage / speed of translation 

 

• Safety / Regulatory compliance 

– Antibiotic-free selection 



TRANSLATIONAL CONTROL 
AND FOLDING 

• Why some recombinant proteins are not properly folded? 

– Intrinsic insolubility 

– Not enough time to be properly folded during translation 

• Translation rate 

– In eukaryotes – 2 amino acids per sec. 

– In prokaryotes – 15 amino acids per sec 

Codon choice is not random, but is highly selected across a broad range of organisms to 
optimize protein production 



11 
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AAS 
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SEQUENCE AND MODULATING THE SPEED OF 
TRANSLATION  

• Reducing the speed 

– Appropriate incorporation of rare or less frequent codons in the 
sequence 

 

• Speed limit is not enough 

– Speed of translation should be modulated according to structure of the 
protein 

– The sequence contains accelerating and speed decreasing signals 



15 
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Messenger RNA sequences set the speed limit 
 
The arrangement of synonymous codons along a gene influences translation speed. Shown is a simple 
example in which two different codons (represented by different shades of blue) encode the same amino 
acid. When the identical codons are consecutively arranged along the mRNA (auto-correlated), translation is 
faster than when they are alternatively arranged (anti-correlated). 
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LISTEN TO THE MUSICAL RHYTHM OF THE SEQUENCE 



SD: AAGGA 

AUG SD: AAGGA 

AUG 

Original Sequence After Modelisation 
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Why do we have to consider alternatives to antibiotic-based 
selection? 

• The Increasing regulatory requirements to which biotherapeutics are subjected will 
have a great impact on industrial protein production. 
– There may be “zero tolerance” towards antibiotic-based selection in production systems. 
 

• Besides the antibiotic itself, the antibiotic resistance gene is an important 
consideration.  
– The complete absence of antibiotic-resistance gene being the only way to ensure that there is no 

propagation in the environment or transfer of resistance to pathogenic strains.  
– Complete absence is required for DNA immunisation or Gene therapy vectors 

 

• Regulatory status for antibiotic-free selection 
– Preferred  <  Highly Recommended  <  Mandatory 
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Alternatives to antibiotic-based selection 

• Chromosomic insertion 
 

• Complementation of essential genes 
 

• RNA-based Systems 
 

• Post-segregational killing 
 

• Minicircles 



Post-segregational killing 

• Systèmes toxine/Antitoxine 
Plasmid-borne 

Plasmid-borne / modified strain 
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Mode of action 

• Gene ccdB (the poison) ,  

– Insertion into the bacterial genome.  

– Encodes a stable protein (100aa), binding gyrase (essential for cell division) 
inducing cell death 

• Gene ccdA (the antidote)  

– Plasmid-borne  

– Under control of a weak promoter, encodes an instable protein (90aa) 

 
Separate-component-stabilization system for protein and DNA production without the use of antibiotics 

 (Szpirer/Milinkovitch)  
BioTechniques®  May 2005 

Volume 38, Number 5: pp 775-781 

 

 
 

 

• Commercial system from Delphigenetics (Belgium) 

• System already used in Gateway cloning system (Invitrogen) 

 

 



Post-segregational killing 

 

plasmid 

Gene ccdB  

Gene ccdA  

Gene of interest 

Gyrase (target of the poison) 

ccdB gene product (Poison) 

ccdA gene product(Antidote) 
Tranformation 

plasmid plasmid 

Document Confidentiel 
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 Induction at early stage of growth 
Induction at advanced stage of 

growth  

 

 

System based on 

kana resistance 

 

Antibiotic free system 

 

System based on 

kana resistance 

 

Antibiotic free system 

Cell Dry Weight 

(g/L) 
28 23 22 24 

Plasmid retention 

(%) 
5 100 90 98 

Product yield 

(mg/L) 36 350 280 603 

Specific productivity 

(mg product/ g CDW) 1 15 13 25 

 

OD=1 
To mimick 

“High Stress” 
Conditions 

OD=25 
Standard 

Fermentation 
Conditions 

Unexpected increase in yield 
 

Antibiotic-free selection in E. coli: new considerations for optimal design and improved production 
Isabelle Peubez, Nicolas Chaudet,Charlotte Mignon, Géraldine Hild, Stéphanie Husson, Virginie Courtois, Karelle De Luca, Régis Sodoyer  

Microb Cell Fact. 2010 Sep 7;9:65 
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Where to go ? 



What Else ? 

• Plant-based 

 

• Transgenic Animals 

 

• Cell-free translation 

 

• Synthetic Biology applied to protein production 

28 



Réunion PME 17 décembre 2012 
29 

In vitro veritas 

http://www.cfsciences.com/eg/index.html


Incorporation of Non-Natural Amino Acids 

30 

input  
(DNA) 

 

nnAA 

Ribosome  
(Catalyst) 

NNN 

mRNA 
NNN UAA 

Stop 

tRNA 
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MEGANUCLEASES 



METABOLIC ENGINEERING 
NO LIMIT…. 
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Useful readings 
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Antibiotic Resistance (ISBN 979-953-307-855-6) 

Antibiotic-Free Selection for Bio-Production: Moving Towards a New Gold Standard 
Regis Sodoyer, Virginie Courtois, Isabelle Peubez and Charlotte Mignon 

 

ANTIBIOTIC-FREE SELECTION IN BIOTHERAPEUTICS:  « NOW AND FOREVER » 
Charlotte Mignon, Régis Sodoyer & Bettina Werle 

Special Issue "Alternatives to Antibiotics: Current Strategies and Future Prospects“ 
Pathogens. 2015 Apr 3;4(2):157-81 

Antibiotic-free selection in E. coli: new considerations for optimal design and improved production 
Isabelle Peubez, Nicolas Chaudet,Charlotte Mignon, Géraldine Hild, Stéphanie Husson, Virginie Courtois, Karelle De Luca, Régis Sodoyer  

Microb Cell Fact. 2010 Sep 7;9:65 

Characterization and immunogenicity in mice of recombinant influenza haemagglutinins produced in Leishmania tarentolae. 
Pion C, Courtois V, Husson S, Bernard MC, Nicolai MC, Talaga P, Trannoy E, Moste C, Sodoyer R, Legastelois I. 

Vaccine. 2014 Sep 29;32(43):5570-6 

“Non-conventional expression systems for the production of vaccine proteins and biotherapeutic molecules”.  
LEGASTELOIS I, BUFFIN S, PEUBEZ I, MIGNON C, SODOYER R and WERLE B.(2016) 

Human vaccines and Immunotherapeutics (in press). 

http://www.intechopen.com/books/antibiotic-resistant-bacteria-a-continuous-challenge-in-the-new-millennium
http://www.mdpi.com/journal/pathogens


THANK YOUR FOR YOUR ATTENTION  


