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Abstract

AHAROENG , MBOLS ZHNMMEOZEMTEUSIBENBENEZRISROA AT I VA%
, HHER , BEFEMMR , BRONMIVORBEOTNA RAZAVTEAENICBETZ O
@{7»« ADEE +Eﬁt§$§§%h§?6 ETHD . . BRFETHIAFER  FFE
ETICBEZHORTEREEREREZSSICRRETE , MNET , BLTFLRRETOL.
HEEXETILRIBZXOBENERISORFRRTE , BENICHRIESRNRERFTTI LD
:,Eﬁ%%uﬁwé$ﬁ,ﬁﬂ,m@twﬁJ;EﬁDT&&E%Eb,&&EEL?EW
FEERONZAREHBERBENNTRENICRODCENTEL . TITEREFER , COBREL
RIBDCET, RSO TBERE, CHTIMAREEEL TESS %@%E%LE FTED
K5ICL , BEGAZAVTERORIEZT L . 510, BRULBERBELEHRRAERESH
2 ﬁﬂ’fﬁﬁb = E kD FEEFRIEEEE (Mol. Syst. Biol., 2016, 12(5), 869) MERFHICKHAL |, RER%E%®
AVTHEREERO/NT X RZE HEQ$M#Ow%MLf§LT%“®&ﬁ ﬁt?@%%

STCEBELERLE.

T EFEETICBELLE £S48 FRIBANOABA D ZREB THEATEZN A VORBE
BRI LY "TREZWSIFECAEZROYZLY b (HPRE ) o FMEAD FEEORTIC
BFRATHDCEZKRIALTAH-HIC, "TANDEEE, X "DNARE ) ZEOERO LSS FEED
AHORE (BNBRBADCHTDEXEDEE ) ZEBETHELL . EXORET—2%
AVTRIBROBEETINEZBEL , ETFIOEIZRRBEREEBRIZDCET , BRENET
ILORE , BLRUTETFTIAR— Zo)iﬁi T FEIBEFICEATHhAEETRLE .

The objective of this research is to develop theoretical and experimental platforms to analyze and
design the dynamics of stochastic biomolecular reactions (stochastic biomolecular circuits) by
combining feedback control theory, genetic engineering and microfluidic devices. In FY 2018,
which is the last year of the grant, we continued developing circuit design theory and an
experimental platform and published a journal paper summarizing these results.

The design theory that we developed by last year enabled optimization-based synthesis of
stochastic biomolecular circuits based on statistical specifications such as the mean, the variance
and the coefficient of variation. This framework was, however, applicable only to the steady state
reactions. In other words, the method could be applied only to the design of the end point statistics.
In FY 2018, we extended the proposed method and enabled an optimization design of dynamic
(transient) statistics. Using the proposed approach, we demonstrated systematic parameter space
exploration of the temporal logic gate circuit (Mol. Syst. Biol., 2016, 12(5), 869).

We also acquired input-output responses (fluorescence output for dynamic inputs to the circuit) of
biomolecular circuits using the microfluidic and droplet platforms that we developed in FY 2016 and
FY 2017. Using the time-series data of the fluorescence output, we built mathematical models of
multiple biomolecular circuits including AND gate and DNA thermometer. The developed model
showed good agreement with the experimental data.
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Feedback control theory and experimental platform for designing stochastic chemical reactions

1. HIREBRFROBE

AT EDEMIE, HREOISHEHNMIBOER CTELAIHRMTECZRICRDEATIVRE, HHER, SETFHAAMMZ, B&
VRO RBEDTNARERANTRFNICEETZEODETIA—ADRAEAREEREBRFIRETLLTHD. BREE
THHIAFEIL, MEEFETITRERADORTEREEBREBREISICRESY, WX BLUREERRETo-

MEEFCICTREZFADERMIEZRE DR HTIEL, BEMICIRIBIRIGRERETHLOIZ, EBREIZETHEY, o
B CVIEREDHMHAEZRAWVTHEREETEL, tHFEm-TEARL FREBRO/N\SAZHIBRE L TRMMITKROZIENTE. £
CTAREEIL, COBRENIRET LT, RIBONBEIRE 2B T5MHAEFEELTER L FRBEH-ICHRETTESLSIZL,
HEGZEANTEBORIIET o=, 512, BRELE-HEREILEARRRELNUIMEBEL LA S FHERERE (Mol. Syst.
Biol., 2016, 12(5), 869) MEXEHZH AL, REZF AV THHERERRO/NSAFIZEMEZNEMIO DARRMITIERLTAHEDHIHKE
- RRERETTEHILETRLE:.

Fl-, MEEFTITHELENEFR S FRIEBADNEA D ZEREE CHIE AT/ IVORBERRR IS KUT RIGZ TSI H#E LA
BERROYTL vk GHRERE) INER S FRIBORETICERATHSIEFRIET S5-I, TAND [E]EE |X°TDNA BEET IR EDEH
DERZFEFEDO AL DIEE (BIRERIEA DI TIHEAE NEE) ZHEMBECTREL:. EXORET AV TRERD
BEETILEBEL ETILOHAEZEBRERILETEIET, BEENETILORE, BEUETIAR—IADERS FERIFKHR
IZERATHAHEERLT-.

2. MIRERRAEEOBE R

The objective of this research is to develop theoretical and experimental platforms to analyze and design the dynamics of stochastic
biomolecular reactions (stochastic biomolecular circuits) by combining feedback control theory, genetic engineering and microfluidic
devices. In FY 2018, which is the last year of the grant, we continued developing circuit design theory and an experimental platform
and published a journal paper summarizing these results.

The design theory that we developed by last year enabled optimization—based synthesis of stochastic biomolecular circuits based on
statistical specifications such as the mean, the variance and the coefficient of variation. This framework was, however, applicable only
to the steady state reactions. In other words, the method could be applied only to the design of the end point statistics. In FY 2018,
we extended the proposed method and enabled an optimization design of dynamic (transient) statistics. Using the proposed approach,
we demonstrated systematic parameter space exploration of the temporal logic gate circuit (Mol. Syst. Biol., 2016, 12(5), 869).

We also acquired input—output responses (fluorescence output for dynamic inputs to the circuit) of biomolecular circuits using the
microfluidic and droplet platforms that we developed in FY 2016 and FY 2017. Using the time—series data of the fluorescence output,
we built mathematical models of multiple biomolecular circuits including AND gate and DNA thermometer. The developed model
showed good agreement with the experimental data.
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