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Abstracts

The rapid developments of nanotechnologies have driven the production of molecular-scale devices towards the
functionalizing of materials, directly manipulating of genetic molecules and engineering strains of proteins to possess
novel functionalities. The human body of meter size is an extremely complex adaptive system. The question of how
we will span from the nano-scale molecules to complex systems with much large length scales and eventually will
enable us to enrich human lives is not obvious, but a key task.

Cell fuses genetic informatics with functional molecules to result in the smallest complex system in nature. In this
presentation, we will illustrate the capability of inducing cell toward desired destiny as an example of controlling a
complex system across a wide span of length scales, from nanometer to microns. Part of the challenge is that millions
of functional molecules inside a cell are governed by networks of signal pathways which are still beyond
comprehension. In addition, while a cocktail of cytokines is used to yield cells toward a final desired phenotype,
exploring all of the possible combinations of these stimuli can result in a very large number of trials. The test
covering all the combinations can not be carried out in a realistic time frame to find the most potent combination.
Applying the engineering feedback control concept, we can search and reach the optimum condition with a very small
number of trials. We have demonstrated that optimally designed time-varying stimulations can self-organize and
adjust the functionalities across multiple length scales to efficiently reach the desired state. This may yield new
insight into unlocking and acquiring novel control modalities of the underlying mechanisms that drive the natural
processes of life.
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