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Abstract
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Although biofuel cells using oxidoreductases have attracted attention as a power generation
system with a small environmental burden, they have not been put into practical use yet due to
problems of low output and lifetime. As means for increasing the activity and stability of enzymes,
we focused on an evolutionary engineering approach through the development of microfluidic
devices for high-throughput screening of oxidoreductases. Our uyTAS are composed by three
microfluidic devices. First, the encapsulating device makes compartments. One microbeads is
encapsulated in each droplet, in which the enzyme reaction occurs. Second, the quantity of NADH
in each droplet are detected by the NAD(P)H-measuring device that includes boron-doped
diamond (BDD) electrodes. Third, we developed the dielectrophoretic sorting device for whole
droplets that contained microbeads. In this study, we applied our screening system to directed
evolution of isocitrate dehydrogenase (IDH) consisting of TCA cycle.

First, we constructed the IDH enzyme- and DNA-immobilized microbeads by in vitro transcription
and translation in emulsion, and confirmed the activity of IDH that immobilized on microbeads by
using microfluidic devices having BDD electrodes. Next, we tested the sorting device by PCR
amplification of DNA that immobilized on microbeads after selection and collection. We succeeded
in sorting droplets including the enzyme- and DNA-immobilized microbeads using the
dielectrophoretic sorting device. Finally, we performed screening of a randomly-mutated IDH library
constructed by error-prone PCR. The activity of almost mutant enzymes in the initial library was
decreased by random mutation in comparison with the wild-type IDH. After dielectrophoretic
sorting, the collected DNA in 'High' fraction was amplified by PCR and was used as a template for
protein synthesis. The activity of the resulted enzyme library was recovered to the wild-type level,
indicating that active enzyme genes in the library were successfully enriched by our uTAS. When
we analyzed the sequence and the enzyme activity of randomly-chosen IDH clones, some mutants
have higher activity than the wild-type.
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Construction of highly efficient multi—step reaction systems using artificial enzymes and their application for effective utilization of
unused biomass
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Bt ETEREZAWNV - M EHEBREAFTNDLENIRILF—EESATLELTEESINTLSA, HANBEEHLEN =
FERIEICIFELOTULVEWL, ZC T EEITRICKIIBEDFESIVCREEOELEIZAITT, YAERETIEL, uTAS ANV -EELE
TEEOHRBDORI)— VT RORENEDHONTE, CORTI—ZV T VAT LIEBDDRAIORETINA ANDSE D, &
F.IREIEATNARIZEY  NADPHEFHE L ETBRLTDEGFFREEL-EEE —XZ1EBIT DEL LS KEL L=
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Although biofuel cells using oxidoreductases have attracted attention as a power generation system with a small environmental
burden, they have not been put into practical use yet due to problems of low output and lifetime. As means for increasing the activity
and stability of enzymes, we focused on an evolutionary engineering approach through the development of microfluidic devices for
high—throughput screening of oxidoreductases. Our uTAS are composed by three microfluidic devices. First, the encapsulating device
makes compartments. One microbeads is encapsulated in each droplet, in which the enzyme reaction occurs. Second, the quantity of
NADH in each droplet are detected by the NAD(P)H-measuring device that includes boron—-doped diamond (BDD) electrodes. Third,
we developed the dielectrophoretic sorting device for whole droplets that contained microbeads. In this study, we applied our
screening system to directed evolution of isocitrate dehydrogenase (IDH) consisting of TCA cycle.

First, we constructed the IDH enzyme— and DNA-immobilized microbeads by in vitro transcription and translation in emulsion, and
confirmed the activity of IDH that immobilized on microbeads by using microfluidic devices having BDD electrodes. Next, we tested
the sorting device by PCR amplification of DNA that immobilized on microbeads after selection and collection. We succeeded in
sorting droplets including the enzyme— and DNA-immobilized microbeads using the dielectrophoretic sorting device. Finally, we
performed screening of a randomly—mutated IDH library constructed by error-prone PCR. The activity of almost mutant enzymes in
the initial library was decreased by random mutation in comparison with the wild—type IDH. After dielectrophoretic sorting, the
collected DNA in 'High' fraction was amplified by PCR and was used as a template for protein synthesis. The activity of the resulted
enzyme library was recovered to the wild—type level, indicating that active enzyme genes in the library were successfully enriched by
our uTAS. When we analyzed the sequence and the enzyme activity of randomly—chosen IDH clones, some mutants have higher
activity than the wild—type.
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