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The kinetics of chemical reactions in micro-scale compartments such as biological cells are known
to be highly stochastic due to the low copy nature of molecules in the compartment. The objective
of this research is to develop both theoretical and experimental platforms to analyze and design
the dynamics of stochastic biomolecular reactions by combining feedback control theory and
genetic engineering.

In FY 2017, we developed (1) a mathematical optimization algorithm for model-based design of
stochastic biomolecular reactions, and (2) an experimental platform to measure the dynamics of
genetic circuits in a controlled microfluidic environment.

Specifically, we proposed a computational design tool that systematically scans the parameter
space of reactions and finds the set of parameters with which the copy number of molecules
converges to pre-specified values of the mean, the variance and the coefficient of variation, which
is an extension of a moment computation method that we developed in FY 2016. The proposed
approach allows for the characterization of the parameter space without approximation and/or a
priori knowledge of the underlying stochastic distributions of molecular copy numbers. We
demonstrated the proposed algorithm by designing a negative feedback biomolecular circuit and
revealed the parameter space with which the noise attenuation is achieved. These results are
published in an international conference proceedings and an international journal.

We have also developed a nano-liter scale microreactor that enables dynamic input modulation of
chemicals and demonstrated with fluorescein solution. This technology will potentially enable
frequency response characterization of biomolecular reactions. For this goal, we prepared plasmid
DNAs and confirmed in vitro gene expression using a cell-free protein expression system.
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Feedback control theory and experimental platform for designing stochastic chemical reactions
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The kinetics of chemical reactions in micro—scale compartments such as biological cells are known to be highly stochastic due to the
low copy nature of molecules in the compartment. The objective of this research is to develop both theoretical and experimental
platforms to analyze and desigh the dynamics of stochastic biomolecular reactions by combining feedback control theory and genetic
engineering.

In FY 2017, we developed (1) a mathematical optimization algorithm for model-based design of stochastic biomolecular reactions, and
(2) an experimental platform to measure the dynamics of genetic circuits in a controlled microfluidic environment.

Specifically, we proposed a computational design tool that systematically scans the parameter space of reactions and finds the set of
parameters with which the copy number of molecules converges to pre—specified values of the mean, the variance and the coefficient
of variation, which is an extension of a moment computation method that we developed in FY 2016. The proposed approach allows for
the characterization of the parameter space without approximation and/or a priori knowledge of the underlying stochastic
distributions of molecular copy numbers. We demonstrated the proposed algorithm by designing a negative feedback biomolecular
circuit and revealed the parameter space with which the noise attenuation is achieved. These results are published in an international
conference proceedings and an international journal.

We have also developed a nano-liter scale microreactor that enables dynamic input modulation of chemicals and demonstrated with
fluorescein solution. This technology will potentially enable frequency response characterization of biomolecular reactions. For this
goal, we prepared plasmid DNAs and confirmed in vitro gene expression using a cell-free protein expression system.
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