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Evolutionary engineering of artificial metalloenzymes for the generation of
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In this study, we carried out evolutionary engineering of artificial
metalloenzymes to develop novel transition metal catalysts with excellent catalytic activities. In
particular, artificial metalloenzymes which possess Cp*Rh complex, Fe-corrole complex, and
Fe-porphycene complex as a synthetic metal cofactor were generated and engineered through the cycle
of directed evolution. Finally, we succeeded in obtaining novel artificial metalloenzymes with
excellent catalytic activities.

C-H



¥ X C—19,. F—19—1, 2—19 (58

1. WFZEBRME Y IO &

FRft TRE 72 AL S OEBUC T, EEN W E A% ATHEIC T 2 @A REME il o B R 1 X RER
METH D, £ CTHEEIL, ERNTOWEERZH 5 R, FrCeBSRE /N LTH
THEREEERO HKTE) & RSB SE ) 5B Lz, &@fERT. Bhoiafs ik
SNT=HZ N7 BIMA OGN B U, ROGE 238 8 AR - 0 SO0 SO 258 O i 7] % il
W45 & T, ENEEREEERET D, Fl2E. ~o BEELT 40U 88K 2R &
L —HONLEAMRIL, TOL=—7 12 SE B ERIE M AL O SOGHE L FEE O FL F % il i 4
52 LT, FEEONAD LRI MGE FEBR L TS, — T, EOFELWAA 4T 7
J B U—OFRBIZHEV, Fox BHEE IR IO RBROMICEE BIEICKET D TFEEEEL
7o o T, BREER ORI SOLH OSBRI L IERRO AR EBISR A GHED Z LN
TEIUX, TERD /Ny TS5 CIXSEBLINEE R AR (A, 7 A7 LA SR, G
) ZHBT 28 LW RS (N T&ERER) BBERAREE 25 Z ERHIRFINS,

2. WIEDEW

LS+ TRl X, BARROEILO T o R MM L, BEROPUR: E o mgierE ¥ v 78
DWEZEIT IS TH D, AL TIL, ZOELD T+ TFEHITEORTH, KR TEmEE
{bi% (directed evolution) | #EBAESEIA LS L, e 2T 2 L2 E T
Do BAREIZIZ  MINF & L CHREEREREZ 2 o R BICE AN LT AT A RS 25 L,
FRmPERELIE 2 BEEE L C 2 DR OO RICE: & BAR T LRI ®E T 5, fRmtkiEkis
WX VBN RR Y AN TETAT TV DOSEMEEZ RIS, IEETLOICFER)SY; % fliE
MICEE(LT 5 2 & T, B O/ A BEEIR CIRER R s e A s BT 28
e B AR T 52 2D L,

3. WD kL

MDOIZ, HENTLEBRERIZONVTANA ANL—Ty NAT V== T REMESL LTz, BARKIZfE
AT A AN—Ty NAZ Y —=0 7% E LT, BIEAEERMAICHRE Lo~ L b— X
A28 (MBP) # 78 L8 Strep-tag I Z AV 7= in vitro &k F TONNA ZA—T» |
AY V== T REERA U, RFEE, MIaAHED) OFFTE L WA T To N L& R B
FOFEL & AGEVERHN 2 S B CERBET LM O TH S5, b e LTHWS BRY
B RO N R 7 %85E LI-fe 2 o 7B L . & AN TLEBEERICHONT A
AN—T" NAT V== TRERES LTz, IRIZ, FESLLTENA AN—Ty NRAZ Y —= TR
ZIEA L, &N TL&REEORMMEE(LE EE Lz, MY ts b o BREKT AT TV %
YERE T B 7291C, site saturation mutagenesis <° error-prone PCR %578 BLE A FiEATEH L
oo ZL T, BONTANLBBBEREOLERIKT A7 7 VIO TIE, FL—h) —#—% GC,
HPLC % N CRRUEETE M O Rl 2 2656 L 7=, F70. famtEE(bofE R, &&iicion-Enx
LR 2 R N T REER AL BIRIZ OV TIE, X B S M O EE GmfiidT 72 E 2 S50E L |
FOSHEAE B 23R/ 72 i R &2 1572,

4. WFFEARR

ARARGEIL., HERROEBEBIER MRS L LTH R BICEA LT TANLEEEESE ] O
gL FRmEEbE (directed evolution) % Bl L 7= 8 o+ LAYk 2 2 3 hE L. B 7= fihfit
PE % F54H T 5 BT R RE AR O BRIE I Eh L7z, BARMIIZIE, 2021 4EFEIZ1E, Cp*Rh S8R A TE
PEFFDMCHT D N T BEERE S U, Rt EIc L DA 2 FEid 5 2 & T, C-HAERE
BERAL S TR U TN - RIS 2 3 B B RAR OIS L7z (S.Kato etal. J. Am. Chem.
Soc. 2023, 145, 8285-8290), F7-. 2022 EFEICIE, B m—AbEAE MK T L LCIA s Y
\EA L7 N TAREER 2R L, fRatEEEIC X B % VR BRI DO SR %+ i L=, <
DFER . ABTS OB SITH L TE W UL A F o X —PiEE 2 R T EBRIK L EES T D 2 L I0k
Lz, 61T, 2023 4FFEIZIE, kAR L7 0 U UK A& LCIA T rEZEALR
ANILEFREZICOWVWTH B LFROREZE R L, 7L R AORIKBIGI T 5 g
PEZm LS5 2 LI Lz, £7-. BIEEIMedk 2z U T, 2R N Te B oM
L& EBLT 572012, Strep-tag Il Z 45 Y 7 ICHNTHT2 A ANV—T v AT J—=2 7
(HTS) FIEOFESLIZ BRI LTV S (S. Kato et al. Angew. Chem. Int. Ed. 2023, 62, €20230376.) ,
A HTS FiEF. ZiisdFohRersa~ 777 0 —fHKE LTHNT, AL&REEZEOR



VAL 2 A S HEAAAE F CEIT LM ARFETH L, BLho X 9, ek 2l
CTHDO Tz a5 R & RpRRMF T,



3 2 1 1

Kato Shunsuke Onoda Akira Schwaneberg Ulrich Hayashi Takashi in press

Evolutionary Engineering of a Cp*Rh(111) Complex-Linked Artificial Metalloenzyme with a 2023

Chimeric B -Barrel Protein Scaffold

Journal of the American Chemical Society in press
DOl

10.1021/jacs.3c00581

Hayashi Takashi Kato Shunsuke 3

Engineering of hemoproteins 2023

Comprehensive Inorganic Chemistry 111 215 230
DOl

10.1016/B978-0-12-823144-9.00142-4

Kato Shunsuke Takeuchi Koki Iwaki Motonao Miyazaki Kentaro Honda Kohsuke Hayashi Takashi 62

Chitin- and Streptavidin- Mediated Affinity Purification Systems: A Screening Platform for 2023

Enzyme Discovery

Angewandte Chemie International Edition 20230376

DOl
10.1002/anie. 202303764

19 5 6

49

2023




Shunsuke Kato

Evolutionary Engineering of Artificial Metalloenzymes for Abiotic Transformations

SPEEDx Bottom-up Biotechx ELSI joint workshop

2023

Shunsuke Kato

Directed Evolution of a Rh(ll1l)-Linked Artificial Metalloenzyme for C-H Bond Functionalization

Gordon Research Conference -Expanding the boundaries of Protein Engineering-

2023

Shunsuke Kato

In vitro High-Throughput Screening Platforms for Protein Engineering and Enzyme Discovery

Vortrag im Rahmen des Organisch-Chemischen 10CB-Kolloquiums

2023

2024




QY 3

2024

Shunsuke Kato

In vitro High-throughput Screening of Hemoprotein Library for Stereodivergent Synthesis of 1,2-Disubstituted Cyclopropanes

1st Unified Catalysis Joint Symposium

2024

2004

2024

144

2024




Ulrich Schwaneberg

C-H

48

2022

34

2022

16

2022

Directed Evolution of an Artificial Metalloenzyme Containing an Iron Corrole Complex Using a High-throughput Screening
Platform Based on an Affinity Purification System

72

2022




Ulrich Schwaneberg

Evolutionary Engineering of a Rh(l11)-linked Artificial Metalloenzyme for Isoquinoline Synthesis via C(sp2)-H Bond
Activation

10th Asian Biological Inorganic Chemistry Conference

2022

Directed Evolution of Myoglobin Reconstituted with an Iron Corrole Complex Base on a Screening Platform Based on an Affinity
Purification System

10th Asian Biological Inorganic Chemistry Conference

2022

Directed Evolution of Myoglobin Reconstituted with an Iron Corrole Complex: Development of Artificial Peroxidase with
Enhanced Catalytic Activity

103

2022

103

2022




Ulrich Schwaneberg

Cp*Rh(II1) C-H

30

2021

Ulrich Schwaneberg

B - C-H

15

2021

2024

2023

2023




2021

2021

10

23

http://www.cfi.eng.osaka-u.ac.jp/seeds/seeds_list_1/kato_shunsuke_assist/

https://miraibook.jp/researcher/sa23009




RWTH Aachen University

Bielefeld University




