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Vision for SynBio 
(RAEng Report)

•  5,10 and 25 year horizons

•  Improving/ reproducing natural 

therapies (artemisinin), 

•  Biosensors

•  Optimisation of biopharmaceutical 

production

•  Personalised therapy, reduced toxicity 

and side effects




Demand: 
The Needs of Pharma






“The pharmaceutical industry will lose nearly $80 
billion in revenue by 2008 due to patent expiration, 
and the current drug pipeline will only replace a small 
fraction of this value. Existing approaches to drug 
discovery are failing to keep up with the demands of 
an industry that experienced 11% average growth per 
year for more than 30 years.” 

Nature Biotechnology (2004) 22 (10): 1215-1217 



The drug discovery pipeline is built 
on reductionist practice


•  “Omics” technologies generate a large amount of data, but 
information ≠ knowledge


•  Reductionist approaches only address individual components of 
a bigger, complex system


•  Animal models tend to be poor representations of human disease

•  Cannot understand or predict how the wider system will behave 

 unanticipated effects seen in man


Data
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 Need step change in science: 
Move from a “guess & pray” 
mentality to adopt “predict & 

test” strategies




Physiology 
1900 -> 

Molecular Biology 
1950 -> 

Systems Biology 
2000 -> 

• Focus: Organ function 
&metabolism 

• Limitation: 
Identification & 
definition of cellular 
components  

• Focus: Identification of individual 
components of systems & study 
of function 

• Limitation: Inability to explain how 
interactions -> phenotype  

• Focus: Convergence 
& Integration of 
previously separate 
areas of science 

• Limitation: Quality, 
and consistency of 
quantitative data; 
computational 
infrastructure & tools  

21st Century 
Physiology 



SynBio: Drug discovery & 
development

•  Current success in area of metabolic 

engineering- artemisinin

•  Extension to target complex physiology 

needs understanding of system 
dynamics

– System responses to interventions


•  SynBio and SysBio are tightly linked in 
context of human biology and medicine




Industry Hurdles & Challenges

•  Building evidence of potential 

utility

–  Credible & reproducible data 

relevant to pharmacology & 
medicine


•  Natural resistance & caution to 
adoption of new technologies/ 
ideas

–  Post genome effect


•  Skills

–  Maths for biology & vice versa

–  Biology with an engineering 

perspective

–  Multidisciplinary thinking
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Hurdles & Challenges 2

•  Key developments in Synthetic & Systems Biology 

will largely be driven out of academia & biotechs

•  Application of the academic learning to meet the 

challenges of improving health and tackling disease 
needs to be driven by pharma & biotechs


•  Industry & Academia have to find ways of working 
together if we are to succeed:

–  Significant economic and regulatory constraint for the 

industry, when the appetite for exploring unproven 
technologies is likely to be low


–  Must find optimal mechanisms to overcome this hurdle

–  Examples of JV/ PPPs in place.. IMI, MMV etc




“It remains to be seen how industry will exploit this novel 
opportunity. Will in house efforts bolstered by academic 
partnerships permit implementation of systems approaches in the 
traditional pharmaceutical houses, or will powerful and effective 
new systems-biology companies emerge to capture the front 
end of the drug discovery market? 

In our view, systems biology will inevitably change the rules that 
govern the selection and development of new therapeutics and 
will catalyze the development of personalized, predictive and 
preventive medicine in the next decade. The fascinating 
question is: who will lead this extraordinary change process? ” 

Nature Biotechnology (2004) 22 (10): 1215-1217 







Concluding points

•  There is no alternative to adopting systems 

approaches to interpret physiological complexity

•  Gathering evidence of utility for human health is 

imperative to demonstrate impact (SysBio & 
SynBio)


•  Loads of effort/ funding- little coordination 
(SysBio… SynBio?)


•  Is true potential and benefit to human health failing 
to be realised because of lack of readiness to study 
application in an industrial setting? (SysBio less so 
for SynBio?)


•  SysBio = 21st C Physiology

•  SynBio = Bioengineering?



