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PRESENTATION

Yves GENDRAULT

Senior lecturer in microelectronics and specialist in digital 
electronics.

Team : SMH (Mixed Systems and Microsystems) in ICube
laboratory with research topics in advanced device modelling.

Interest in compact modelling and systems design.

Mail : ygendrault@unistra.fr
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MAIN QUESTION

 Is the field of synthetic biology 
mature enough for its industrialization?
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BIOTECHNOLOGIES

 OCDE definition:

"Biotechnologies are the application of science and 
technology to living organisms [...] to modify living or 
non-living materials for the production of knowledge, 
goods and services".

 Subdomains:
 Genetic engineering: mutagenesis, transgenesis ...

 Protein engineering: modeling, purification, mass spectroscopy ...

 Metabolic engineering: cell culture …

Descriptive approach
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SYNTHETIC BIOLOGY

 Definition:

Combine biotechnology with experience in systems engineering to 
build new organisms that fulfill a desired function.

 Application areas :
 Environment: green fuels, biochemical sensors ...

 Agribusiness: veterinary aid, agriculture ...

 Health: smart or low cost drugs, disease detectors ...

 Evolution :
 Early 20th century: appearance of the term.

 1980 to 2000: evolutions in genetics making this science possible.

 After 2000: integration of sciences for the engineer (Endy, Voigt, Knight, Rettberg ...).

 The turnover should represent more than 12 billion euros by 2018.

Rational design



Yves GENDRAULT 6

EXAMPLE OF BIOSYSTEM

 Goal: increase the success of artificial insemination in 
the cow with the control of sperm injection.

 Current insemination: only 60% of success because 
despite the tests the prediction of ovulation can be 
calculated only to 2/3 days (life: ovum: 24h, sperm: 20h).

 Proposed functional and tested system:
 Capsules containing sperm and programmed cells

 Detection of ovulation hormones and dissolution of the capsule.

Equipe Fussenegger de l’ETHZ :

C. Kemmera et al., “A designer network 

coordinating bovine artificial insemination by 

ovulation-triggered release of implanted 

sperms,” Journal of Controlled Release, vol

150, 2011, pp 23–29.
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Design Assembly Integration

3 CHALLENGES IN THE CREATION OF A 
BIOSYSTEM
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BIOSYSTEM DESIGN – DESIGN STAGE

 Need a standardize design flow
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ANALOGIES WITH DIGITAL ELECTRONICS
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DESIGN FLOW FOR SYNTHETIC BIOLOGY

1. Funtional synthesis

2. Biological synthesis

3. Modelling, simulation and optimization

4. Assembly and finalization
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RESULTS

Species regulation
Biological 4-bits CPU
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BIOSYSTEM DESIGN – ASSEMBLY STAGE

 Need standard parts
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BioBrick Part Device Biosystem

Transistor Logic gate Processor

Biology

Electronic

LegoÓ

STANDARD ELEMENTS: BIOBRICKS
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BIOSYSTEM DESIGN – INTEGRATION STAGE

 Need different hosts
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CARLSON’S LAW
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BIOSYSTEM DESIGN – AGE OF INDUSTRY?

 Maybe in 5 to 10 years!


