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Abstract

BIGETBRE/NA AEMCNA A —BEZLOTTVT—23a > TERAEATVS N,
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EUREBICKVAETS. HREIC, FEXBZMALLE "ERAT/NA AL CKRY, FEHENS
VWBRZEELTWAE—XZ280REZEL . BRTD, ChETIZ, 32074 70RBFN
A A&#HAEDLE T, Error-prone PCRICE > TEREL EIDHO S VA LBEBKTATZ)—DRA
DV—Z2T %25V RITo 1z, TORKR, BRILEBRBKT A7) —TRHRERAELTOEXR
SEMABELLEZELNS, BRYOUTASICE > TERZE T2 ERBBRECZFEZSA1 77U —7H
SEBEITED CENTRBENTE,

SEE, BB RV2TVY REDSATIV—ASEFNThEERACRELL7TDOZEESAYO
—OHEEENADHOBKEELVBEL &R, STV —HmROIO—-2VRFINTE
EEMSEL 2 LEOLLHLT, 25V REDTATISV—EROIO—2 OEHULFERER
FLTWE, TOFTELERANBREEL 2 LEEBKITRICDOVWTRKBETAERR - BRL.
Kinetic/ N7 X —R EREZEMZREL EHR, FERIDHEENTREZERMNIBT IS LBL,
kcat/ KmA 2@ A L@ EL TWE, KITREEZGEOZEIBMLIFSEMIL- NADEEBUAL SBENZ &
CAICNBELTHY ., FUFALERICE > TTFHERIBNOEZERICL D DTN BBEOEAE
EEMICHEEEXDENRBENE, LEOBERN S, ARV —Z2J RN NADP)HEKTF
MBRICETBROEMENLICERATED CENTRENE,

Although oxidoreductases are used for many applications such as biofuel cells and biosensors, the
actual application of NAD(P)-dependent oxidoreductases is relatively limited probably due to their
low activity and stability. As means for improving the enzymes, we focused on an evolutionary
engineering approach through the development of uTAS for high-throughput screening of
NAD(P)-dependent oxidoreductases. Our uTAS are composed by three microfluidic devices. First,
both protein and gene for NAD(P)-dependent oxidoreductase are immobilized on microbeads
which is compartmentalized in droplets by 'encapsulating device'. Second, the quantity of NAD(P)H
produced by the enzyme reaction in each droplet is detected by 'NAD(P)H-measuring device' with
boron-doped diamond electrodes. Third, droplets containing microbeads with highly active
enzymes are screened by 'dielectrophoretic sorting device'. In the previous study, we combined the
three microfluidic devices and performed screening of a randomly-mutated isocitrate
dehydrogenase (IDH) library constructed by error-prone PCR. After two rounds of screening, the
activity of the resulted enzyme library was recovered to the wild-type level, suggesting that active
enzyme genes in the library were successfully enriched by our uTAS.

In the present study, we randomly picked up seven mutant clones from each of the initial library
and the library after 2 rounds of screening, respectively, and measured their specific activity based
on the absorbance of NADH. As a result, the activities of all clones from the initial library were
relatively low, while more than half of clones from the 2nd library retained the enzymatic activity.
Among these 2nd-library clones, a mutant K17R with the highest activity was expressed in E. coli
and purified. Then we measured kinetic parameters and thermal stability of the K17R mutant. As a
result, kcat/Km of the mutant enzyme was higher than that of the wild-type IDH by more than
2-fold, while Tm was retained. The mutation site of the K17R mutant was located far from the
active site and the NAD binding site, suggesting that a slight structural change due to a single
mutation of the unexpected site affected the enzyme activity. These results indicate that our
screening system can be applied to directed evolution of NAD(P)-dependent oxidoreductases.
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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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Although oxidoreductases are used for many applications such as biofuel cells and biosensors, the actual application of NAD(P)—
dependent oxidoreductases is relatively limited probably due to their low activity and stability. As means for improving the enzymes,
we focused on an evolutionary engineering approach through the development of uTAS for high—throughput screening of NAD(P)-
dependent oxidoreductases. Our pTAS are composed by three microfluidic devices. First, both protein and gene for NAD(P)-
dependent oxidoreductase are immobilized on microbeads which is compartmentalized in droplets by 'encapsulating device’. Second,
the quantity of NAD(P)H produced by the enzyme reaction in each droplet is detected by 'NAD(P)H-measuring device’ with boron—
doped diamond electrodes. Third, droplets containing microbeads with highly active enzymes are screened by 'dielectrophoretic
sorting device'. In the previous study, we combined the three microfluidic devices and performed screening of a randomly—mutated
isocitrate dehydrogenase (IDH) library constructed by error—-prone PCR. After two rounds of screening, the activity of the resulted
enzyme library was recovered to the wild—type level, suggesting that active enzyme genes in the library were successfully enriched by
our uTAS.

In the present study, we randomly picked up seven mutant clones from each of the initial library and the library after 2 rounds of
screening, respectively, and measured their specific activity based on the absorbance of NADH. As a result, the activities of all clones
from the initial library were relatively low, while more than half of clones from the 2nd library retained the enzymatic activity. Among
these 2nd-library clones, a mutant K17R with the highest activity was expressed in E. coli and purified. Then we measured kinetic
parameters and thermal stability of the K17R mutant. As a result, kcat/Km of the mutant enzyme was higher than that of the wild—
type IDH by more than 2—fold, while Tm was retained. The mutation site of the K17R mutant was located far from the active site and
the NAD binding site, suggesting that a slight structural change due to a single mutation of the unexpected site affected the enzyme
activity. These results indicate that our screening system can be applied to directed evolution of NAD(P)-dependent oxidoreductases.
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