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Efforts to develop biocatalysts with new chemical reactivity and selectivity

different from that found in nature indicate that promising strategies involve incorporation of a
metal-containing moiety into protein scaffolds. In this project, to generate biohybrid catalysts
with improved activity and selectivity, we develop key methods in high-throughput screening
technology for directed evolution of biohybrid catalysts containing a transition metal complex. The
rhodium complex active for the wide range of C-H bond functionalization is able to be linked with
the scaffold protein expressed on the cell surface of the bacteria. In addition, the activity toward
C-H bond functionalization producing isoquinoline from phenyloxime and alkynes was screened by the
fluorescence measurements. We demonstrated that the catalytic activity of the rhodium complex-linked

biohybrid catalyst is improved using these methods that enables directed evolution of the biohybrid

catalysts.
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conjugation activation Reaction conditions: 4 (0.25 mM), 5 (5.0 mM), NB-1 (25
uM) and AgNOs3 (1.0 mM) in AcOH buffer (100 mM
AcOH, 20% THF, pH 4.0). Yields were calculated by
GC-MS. [a] 0 mM AgNO:s [b] 10 mM AgNO:s.

Figure 2. Activation of a latent Cp*Rh complex
linked with nitrobindin.
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Figure 3. (a) Schematic illustration of
csdNB in a whole cell catalyst. (b)
Chemical structure of a
Cp*Rh(III)-dithiophosphate complex.

b, v YU LR E X R BT D FE £ CHEAHREBLIC L VGO DAY

ZEGAIC K VIR T 2 FED HOE TR Lz, LR,

NAFANALTY R

fl i 2 HERE A 2D = I S ERB ATRE R BB DT O O BRI ER TH Y . 4%IT. 2D
B 23E M LT ERICIT WAL EE IR « FREHEIRE - IREDEIWE 2 (4 5 Lo A Ao

7 v FMfEOBRRZ D T <,



3 3 1 0

T. Himiyama, N. Taniguchi, S. Kato, A. Onoda,T. Hayashi

56

A Pyrene-linked Cavity within a beta-Barrel Protein Promotes an Asymmetric Diels-Alder Reaction

2017

Angew. Chem. Int. Ed.

13618-13622

DOl
10.1002/anie.201704524

A. R. Grimm, D. F. Sauer, M. D. Davari, L. Zhu, M. Bocola, S. Kato, A. Onoda, T. Hayashi, 8

J.Okuda, U. Schwaneberg

Cavity Size Engineering of a B -Barrel Protein Generates Efficient Biohybrid Catalysts for 2018

Olefin Metathesis

ACS Catal. 3358-3364
DOl

10.1021/acscatal . 7b03652

K. Oohora, A. Onoda, T. Hayashi 52

Hemoproteins Reconstituted with Artificial Metal Complexes as Biohybrid Catalysts 2019

Acc. Chem. Res. 3358-3364

Dol
10.1021/acs.accounts.8b00676

15 5 8

Shunsuke Kato, Kengo Tachikawa, Akira Onoda, Takashi Hayashi

Synthesis of Isoquinoline Derivatives from Oxime and Alkyne Catalyzed by a RhCp*-Linked beta-Barrel Protein

14th International Symposium on Applied Bioinorganic Chemistry

2017




Akira Onoda

SHUTLLING PROTONS: Hydrogen Evolution Catalyzed by a Synthetic Diiron Azadithiolate Complex Embedded within a Protein Matrix

Japan-China Joint Interdisciplinary Symposium on Coordination-based Hybrid Materials

2017
Diels-Alder
34 84 , 104
2017
B Diels-Alder
11
2017

Akira Onoda

Biohybrid Catalysts Harboring a Synthetic Catalyst within an Asymmetric Protein Environment

67

2017




67

2017

Akira Onoda

Biohybrid Catalysts Harboring a Synthetic Metal Complex within a Barrel Protein

98

2017

Shunsuke Kato, Alexander Grimm, Akira Onoda, Ulrich Schwaneberg, Takashi Hayashi

Construction of Cp*Rh(111)-linked Biohybrid Catalyst for the synthesis of isoquinolines

Aachen Protein Engineering Symposium (ACES) 2018

2018

Akira Onoda

Tailored Protein Assemblies for Hybrid Biomaterials

Aachen Protein Engineering Symposium (ACES) 2018

2018




B Diels-Alder

98

2018

Akira Onoda

Biohybrid Catalysts Harboring a Synthetic Metal Complex within a Barrel Protein

Biotechnology and Chemistry for Green Growth 2018

2018

Shunsuke Kato, Alexander Grimm, Akira Onoda, Ulrich Schwaneberg, Takashi Hayashi

Biotechnology and Chemistry for Green Growth 2018: “ Synthesis of Isoquinoline Derivatives via C H Bond Activation
Catalyzed by Cp*Rh(l111)-linked Biohybrid Catalysts.

Biotechnology and Chemistry for Green Growth 2018

2018

Akira Onoda

Designing Biohybrid Catalyst and Biohybrid Materials: Covalent Protein Modification Case Study

Designer Biology Symposium

2019




Shunsuke Kato, Akira Onoda, Alexander Grimm, Ulrich Schwaneberg, Takashi Hayashi

A Catalytically Latent Rh(111) Complex for a Cell Surface Displayed Biohybrid Catalyst

15th International Symposium on Applied Bioinorganic Chemistry

2019

Shunsuke Kato, Akira Onoda, Ulrich Schwaneberg, Takashi Hayashi

Directed Evolution of a Rh(l1l1l)-linked Biohybrid Catalyst for Isoquinoline Synthesis via Cycloaddition of Oximes and Alkynes

100

2020

http://www.chem.eng.osaka-u.ac.jp/~hayashiken/index.html

(Ulrich Schwaneberg)




