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VXY GFP DI HL & FHET L GFP 2 % B AEMA~HIHE L T 5D, AJTIEETREE A & H Sz o BN/ S,
YL A DR A WL LTS, KIBEND GFP B 28t L LT 7 e —H% A F A—Z 2LV &
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FEALARICKT LT, FFEDONHEZ BT 5 Z & TRERBOXEMMEZEE L L, TRl > THEH 2 I 2=
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Microorganisms have diverse functions and are responsible for biogeochemical cycles, and human beings
have used the function for substance production and processing from long ago to date. Because of a limitation
of a single kind of microorganism for substance production and processing, microbial ecosystems, in which
the burden on individual kinds of microorganisms can be reduced and the microorganism combinations lead
to further functions, have attracted attention. However, in addition to the fact that individual
microorganisms have fluctuations, combinations of the fluctuated microorganisms make bacterial ecosystems
unpredictable and contingent. In this research, in order to utilize the contingent microbial ecosystems,
we constructed a framework to control it. Specifically, using optical input in our system that is superior
to chemical input in terms of cost, we focused on (1) control of a single kind of microbial population
assuming ecosystem control and (2) assay of controllability using light for microbial ecosystem by
activating specific light-sensing bacteria. (1) In the control of a single kind of microbial population,
we constructed a control system for ecosystem control, and first performed the simple control as system
test. As the testbed, FEscherichia coli including light-sensing Cph8-OmpR system was used and the amount
of gene expression product regulated by light was dynamically controlled. Due to contingency of microbial
ecosystems, feedback control in which output is periodically measured and reflects on current state is
important to correspond to unpredictable situation. So, we constructed a control system by combining model
predictive control and nonlinear Kalman filter. As a result, we succeeded in controlling the protein
concentration output of the Cph8-OmpR system to the dynamic target value. Since the control system has
been constructed, (2) we next assayed the controllability by irradiating microbial ecosystem. This is
an experiment that evaluated how many microorganisms are affected by an activated phototroph in
species—rich natural environment. Targeting microbial mats in hot spring which are purely microbial
ecosystems, we activated three major photosynthetic bacteria separately by irradiating the mats with
specific light wavelength. From the results of the 16S rRNA gene analysis, we confirmed each photosynthetic
bacterium grew individually and the correlation network between the photosynthetic bacteria and the others.
The results tell us what kind of effect each photosynthetic bacterium has. The technologies and findings
will be useful to control microbial ecosystems via photosynthetic/light—sensing bacteria.
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