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Outline 

Production of proteins in yeast 
 Engineering strategies 
 
 
Production of isoprenoids as fine chemicals 
 Artemisinin as example 



Protein production in yeast interesting for 
 
 
• pharmaceuticals 

 
• consolidated bioprocessing 
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Protein drugs 

S. cerevisiae used for production of 15% of biopharmaceutical proteins 
 
 
Examples of protein drugs produced in S. cerevisiae: 
 
• Insulin 

 
• Glucagon 

 
• Human growth hormone 

 
• Vaccines against hepatitis (A, B), diphteria, tatanus,  
 pertussis, polio, HPV 

 
• Lepirudin (anticoagulant, equivalent to huridin) 
 
 
intracellular vs. extracellular production 
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Protein secretion 

Specific challenges 
 
Expression levels 
-> Codon optimisation 
 

Codon usage table: 



Specific challenges 
 
Expression levels 
-> Codon optimisation 
 

Expression of codon-optimised and  
non-optimised HPV L1 in yeast 
(Biotechnol Lett 35:413-421) 

Codon usage table: 

Protein secretion 



Specific challenges 
 
Expression levels 
-> Codon optimisation 
 
Protein folding 
-> Overexpression of chaperones 
 

Overexpression of chaperone-inducing transcription 
factor (Hac1) in yeast (Appl Environ Microbiol 
69:2065-2072) 
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Specific challenges 
 
Expression levels 
-> Codon optimisation 
 
Protein folding 
-> Overexpression of chaperones 
 
Post-translational modifications 
-> Yeast with human-like glycosylation 
 
Efficient secretion 
-> Up-regulation of protein trafficking 
-> Elimination of proteases 
 
However: Strategies often only successful for specific proteins 
=> Need for universal approaches 
 
 

Protein secretion 
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Production of proteins in yeast 
 Engineering strategies 
 
 
Production of isoprenoids as fine chemicals 
 Artemisinin as example 



Isoprenoids 

Very large group of secondary metabolites (>50.000 identified) 
 
Mainly found in plants 
 
Many with application as fragrances, pigments, vitamins, pharmaceuticals etc. 
 
Often produced in small amounts 
⇒ Extraction from plants not feasible or expensive 

 
Chemical synthesis may be complicated  
 
Only few biosynthetic pathways elucidated 

OH
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