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OurOur scenarioscenario ……



Accessing the catabolic landscape Repsol - YPF Oil Refinery. Puertollano (Spain)
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Engineered Biological agents for 
environmental application

• In situ biodegradation

• Bio‐transformation

• Detection

• Immobilization



Service Molecular Biology
(hypothesis-driven experimentation)

Partnership Systems Biology
(data-driven information mining;
model-driven experimentation)

Leadership? Synthetic Biology
(forward design of biological properties)

Physics, Computation and Engineering

From servants to Masters of the (biotech) House?



Proposition #1

The criterion for identifying new
scenarios associated to the 
application of Synthetic Biosystems
is not the way the agent is
engineered, but the divide between
familiar and non‐familiar Biology.
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Synthetic Biology

Genetic Engineering

The roadmap from Genetic Engineering to Synthetic/Non‐natural MO 



E. E. colicoli NissleNissle 1917 1917 





Natural bacterium

Streamlined genome

Genome-less cells

Synthetic DNA
fragments

Synthetic
Genomes

Viral vectors

Yeast vectors

Plasmid &
Transposon
vectors



Vesicles/artificial cellsXeno-Nucleic acids (XNAs)

Orthogonal cellsAlternative information-bearing
molecules / genomes

Streamlined genome

• Orthogonal ribosomes
• Alternative/expanded genetic codes
• Proteins with non-natural amino acids
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The 10 questions on environmental risks borne by 
Engineered/synthetic/non-natural microorganisms (SEMs)

1. Can SEMs colonize and eventually takeover natural microbial communities?

2. Is there a chance that SEMs enter new niches that natural bacteria cannot?

3. Might  SEMs go into a stage of uncontrolled growth? 

4. What are the chances of horizontal transfer of the synthetic genes to novel recipients?

5. Is there a tradeoff between safety and biotechnological efficacy of SEMs?

6. Could traits engineered in SEMs evolve towards virulence or other deleterious behavior?

7. Are there scenarios of SEMs capable of damaging life or property?

8. What is the environmental fate of synthetic genes? 

9. Are there chances of malicious misuse of SEMs

10. Should SEMs be endowed with traits to increase their safety and predictability?



Proposition #2

The biggest challenge of SB re. 
Environmental applications is the 
projection of stochastic behaviour of
individuals into population
performance.



Projection of stochastic-single cell events into
population behaviour



The Complexity Pyramid
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Proposition #3

For the next 10 year (at least), 
frontline Environmental Biotech
research will rely the combination of
Metagenomics with Synthetic
Biology.
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Proposition #4

Synthetic Biology will bring about a 
transition from a Geno‐centric
Environmental Biotech to a Chemo‐
centric discipline



The geno-centric syndrome

DNA
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Proteins



The geno-centric syndrome

Metabolism
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The ongoing shift in understanding live systems

The selfish metabolism



Proposition #5

Adress public debates with a 
historical perspective:

• Learn from past controversies
• Study mistakes and try better
• Do not alarm the public
• Find societal allies



Boston 1846
William Morton



Questions raised by every new groundbreaking
Technology related to Life Siences

• What is the Science behind?

• Is it safe? ¿Risks?

• Who owns intellectual property? 

• Who benefits?

• Should it be regulated / controlled? By whom?

• Natural vs. Non‐natural: Are we playing God? 



and by all means…

Do not play the arsonist fireman!





Paris, 1800 Knoxville, 1990
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THANKS!THANKS!



Proposition #5

Think BIG!  For the first time we
can entertain scenarios for
engineering global biocatalysis
interventions



Artificial cells
(Semi) Synthetic cells
Refactored cells
Engineered microorganisms
Mutant strains
Natural isolates

Added value products
Industrial biotransformations

Waste treatment
in situ Bioremediation

Global Catalysis

CATALYST 
TYPE

CONTAINMENT OUTCOME

Uncontained d
Physically contained d

Genetically contained d 
Conditional viability y

Free release d                       
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Proposition #6

Look at societal/ethical debates 
with a historical perspective –
do not re-invent the wheel by 
over-emphasizing issues that
were tackled time ago



Boston 1846
William Morton



Questions raised by every new groundbreaking
Technology related to Life Siences

• What is the Science behind?

• Is it safe? ¿Risks?

• Who owns intellectual property? 

• Who benefits?

• Should it be regulated / controlled? By whom?

• Natural vs. Non-natural: Are we playing God? 





Proposition #7

Pursue societal allies and
identify end-users beyond
lobbing/impressing/entertaining
the powerful



Paris, 1800 Knoxville, 1990



This paper was produced for a meeting organized Health 
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