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Abstract 

Living organisms perform and control complex behaviours by using webs of chemical 

reactions organized in precise networks. This powerful system concept, which is at the very 

core of systems biology, has also become a new foundation for bioengineering. It places the 

emphasis of the dynamical and information-processing properties of living organisms, i.e. 

their ability to sense and respond to their environment, make decisions, interact with other 

living things, coordinate and cooperate in larger assemblies, adapt, maintain their integrity, 

memorize bits of information, etc. Strikingly, these system approaches merely overlook the 

actual chemical nature of the compounds involved. One instead focuses on the structure of the 

network of interactions (including topology and dynamics) as the true defining feature of the 

system, because it is necessary and sufficient to define its (informational) function
1
.  

However, the chemical community has devoted very little effort at attempting to build 

on this claim to rationally recreate life-inspired architectures and functions in artificial, non-

living and well-controlled settings, that is, actually substitute the chemicals of a biologically 

relevant network, while maintaining its essential, dynamical behavior. I will discuss a method 

for such a purpose, based on standard DNA biochemistry. Various modular elementary 

interactions (activation, inhibition, degradation) are first designed. We then select an arbitrary 

topology and connect the previous reaction in a tightly regulated network. The system is kept 

out of equilibrium using catalytic resolution of kinetic bottlenecks, but could also in principle 

be embedded in an open system. This approach was initially demonstrated by building de 

novo and in vitro a robust chemical oscillator: we wired together a positive and a delayed 

negative feedback loop, encoded in the sequence of small DNA templates, and obtained the 

predicted dynamics
2
. More recently, we have extended the approach to implement other types 

of biological networks, such as those involved in complex ecosystems. Also, because of the 

simple and well-controlled environment, the chemical network is easily amenable to 

quantitative mathematical analysis so that the approach can be partially automatized. Other 

features of living systems are being integrated. For example many networks, most notably 

morphogenic subsystems, use diffusion as a key functional tool, and I will present initial 

results in this direction. Linearity/non-linearity of the individual interactions is also an 

essential component of the function, and we have worked to make it programmable as well. 

Our results show that the rational cascading of standard elements opens the possibility to 

implement complex behaviours in vitro. These synthetic systems may thus accelerate our 

understanding of the underlying principle of biological dynamic networks and provide 

building blocks for the construction of more integrated emergent behaviours.  
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