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Construction of copper-coordinated artificial metalloenzyme chemically modified with a
pyridyl group for asymmetric reactions (‘Graduate School of Agriculture, Osaka Metropolitan
University, *Graduate School of Life and Environmental Sciences, Osaka Prefecture
University) OHiroki Kubo,' Ryusei Matsumoto,' Yoshitsugu Morita,' Nobutaka Fujieda'*

Artificial metalloenzymes, which combine

a metal complex with a protein have attracted » A ¢ Q)‘\AQ
much attention since they can catalyze highly ~ '\

. . CH3NO,
stereoselective reactions.” We have constructed N "

an artificial metalloenzyme that catalyzes
stereoselective reactions by mutagenesis of
TM1459, a protein with a metal-binding site
consisting of a 4-His motif.?’ On the other hand,
chemical modifications can modulate chemical : Z

. . . . o Fig. 1 Chemlcal modified TM1459 mutant and
environment beside amino acid substitutions. In ;7 ioselective Michael addition reaction.
this study, we report artificial metalloenzymes in
which the vicinity of the active site of TM 1459 are chemically modified with a pyridyl group
and its enantioselectivity in Michael addition reaction (Fig. 1).

First, an amino acid residue near the active center was replaced with cysteine and reacted
with 4,4-dithiodipyridine (4-PDS). The chemical modification inversed the enantioselectivity
of 3-His motif mutant. The chemically modified 2-His motif-bearing mutant showed excellent
enantioselectivity (ee = 98%). X-ray crystallography revealed a structure of the chemically
modified mutant.

Keywords : Artificial Metalloenzymes, Chemical modification, Asymmetric Reaction

EIBEIR L Z TG %fﬂ&/\bﬁtkl/i\)ﬁﬁ%?% ESRVALSE NI AT S SRR E
HZEMDIEREED TS D, HIFIEE TIE, 4-His EF— 7 O&BEA TN % Fr
O&VN?ETme®T‘/M%%@#é;&f\ﬁ%@ﬁ%@ﬁﬁﬁm%%ﬁ?
HNTABEER O ZZER LT Y, —FH, LFHEMILT XV BOEW L 130725 K
ISR T HZ LN TE D, £ 2T TAMZETIZ, TM1459 OIEMHH.LIEFEZE Y &
NWIEETILHER LT N T A BRER 2R L, T 2 ~ o 7 VAN O SR
BHIPEIZOWTHRET D (Fig. 1),

FP EEROIEEOT I VBBEA VAT A VICEBL, 44-OF AT Vv
(4-PDS) & s EH 7o, 3-His £F — 7 B EARITALAHERMIC L 0 STAREIRMED KiiE L
720 2-His T — 7 OERILE W NARERIRME: (ee=98%) #Rd Z ENRH LN E/2 -
Too DI, X MRS MHRERRITIC X 0 | ASIIEDOSTEMEE 2 B 52N LTz,

1) F. Schwizer, T. R. Ward, et al., Chem. Rev. 2018, 118, 142. 2) (a) N. Fujieda, S. Itoh, et al., Angew.
Chem. Int. Ed., 2020, 59, 7717. (b) N. Fujieda, et al. Chem. Sci., 2023, 14, 3932.

© The Chemical Society of Japan - H936-2vn-01 -



H936-2vn-02

BAREESR B104E5FER (2024)

MREIRMT b ERTRICEMET 2ATERERORIE

(BRFRAEf - KR KRR %) ORARIAD | KW ? - FRIEEY * - R
=

Creation of artificial metalloenzymes for stereoselective asymmetric reduction of a
ketone compound

(!Graduate School of Life and Environmental Sciences, Osaka Prefecture University,
*Graduate School of Agriculture, Osaka Metropolitan University) OMatsumoto Koki,!
Ryusei Matsumoto,? Yoshitsugu Morita,> Nobutaka Fujieda?

Recently, artificial metalloenzymes which synthesized metal complexes are
incorporated into biomolecules have attracted attention as a new approach to green
chemistry. TM 1459 protein from Thermotoga maritima has highly thermal stability and
a metal binding site consisting of four histidines. In this study, we attempted to create an
artificial ketone reductase with not only high reactivity but also high stereoselectivity by
mutating three of the four histidines to alanine at this metal binding site. By combining
these mutants with organometallic complexes, we screened the asymmetric
hydrogenation of ketones and choose several mutants that showed high selectivity.
Keywords : Artificial Metalloenzyme; Macromolecular ligand; Asymmetric
hydrogenation

VTR, @SSR E 2 L X ICEAN LT N LEREEE D WEA RO T2 7
Tu—F L LTHEINTWS, YHF5E= Tl e E kD TM1459 & o
TBEHN, TOXURIENRES4 OO AF I UBENS R AL BREST
Mz, B, &AM 48Rk EfaIEs 28T, LA TER
PR AT 2 FIEEHB L C&E 7z, ? AT, BB EICHD 4 5D
ERAFUUERIED OB 30T T = NIER I ERR LM L Ru(p-cym)
PEIR, Ir(Cp*)E8EIR., Rh(CpHSERAZEAT D Z & T, SFRIEIR 7 DOARFF
KFARKIED A7 V—=2 T EiTo, TETI/VEE L LTI 2.2.2-
trifluoroacetophenone % fV 7= (IX] 1), Ru(p-cym)$& K & & 4 12 H5S4A/H58A/H2A
ERARZTIM LT BRI T o FAREIRIL 52% % 7~ U SRR B ST,
X5, EERDIEHC I NVR VR R OT R JBREEANT L ETEDRD
IEMEA BB Sz, AFEETIR. 2O OfE S EART O f5 ol JE
VORI B b EREZEAN L T-ERIRIZONTEmT 5,

Q [TM1459] =0.3 mM

[Ru(Cl,)] =0.3 mM

200 mM formic acid
CF3 -
>

40 °C, 48 hours
under anaerobic condition
2,2 2-Trifluoroacetophenone (17mM) R form S form

Fig 1. Aryl ketone reduction as a model reaction.

1) (a) F. Schwizer, T. R. Ward, et al., Chem. Rev. 2018, 118, 142. (b) M. Hoarau, P. Faller, et al.,
Coord. Chem. Rev. 2016, 308, 445. 2) (a) N. Fujieda, S. Itoh, et al., J. Am. Chem. Soc., 2017,
139, 5149. (b) N. Fujieda, S. Itoh, et al., Angew. Chem. Int. Ed., 2020, 59, 7717.
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Preparation and characterization of a cupin protein with native N-terminal on

heterologous expression system
(' Osaka Prefecture University, * Osaka Metropolitan University) OMorikawa Saito,’
Ryusei Matsumoto,” Yoshitsugu Morita,” Nobutaka Fujieda'~

Recently, enzyme-based reaction systems have attracted much attention because
stereo- or regio-selective chemical reactions can be achieved under mild conditions. In
particular, metalloenzymes have achieved high selectivity in chemically difficult
reactions. Thus, much research has been conducted on artificial metalloenzymes. " In
our laboratory, artificial non-heme metalloenzymes using the TM1459 protein from
hyperthermophile have been developed that catalyze Michael addition reactions. During
this research, it was suggested that the residual non-native sequence at the N-terminal
side of the protein may affect the structure and reactivity. ¥ In this study, we fused SUMO
protein to N-terminal TM1459 and generated TM1459 with its native N-terminal
sequence by SUMO cleavage reaction with Ulpl, a SUMO-specific protease. In this
presentation, we will discuss the structure and reactivity of the native N-terminal
TM1459.

Keywords : Artificial Metalloenzymes, Macromolecular Ligands, SUMO

WA, IR LA S BRI SR M CERTE DL 2 200, BREEHWE
FOGRPER ZHEO TS, FICBBEERIL, £ < ONITBW T R
ZEMRLTEY Y, ALE&BEERICHOEENET > TVD, YHFEEIZB N T
. AR H RO TM1459 &% 3782V, ~ A T VINRG s & % filidt
THNLIEANLEBEERZHE L CEz, TOHFT, ¥ /X7ED N Kl
FAET D X T GIWTERAL D FAT D& SN C B % B 2 25 FIREME DS RIR E 4,
SRR R PEREAM OO 72 DI R RIELH DO F% 5 720y TM1459 KRR N ML L& % 77,
DORIFZE TR, AEMICEENICHEET 228X F Y VX7 SUMO %
TMI459 \ZFE LT= & "7 E 2 RIGE CHRELSE, & 512 SUMO FrR 72
777 —¥Ths Ulpl 1L > T SUMO YIS E1TH Z & T, RERDN K
HEA B A A5 TM1459 2 HEET A - L 2 BIs L1z, iR/ Yo fsE{tit.,
FEHL L 72 SUMO-TM1459 Fit G & > 737 E 2%t LC Ulpl 2RI 2 & Bl A
b, KIKD N Kihcd 241 5 TM1459 OERSN PR ENT-, A A A35H#ir
n~ hJ77 4 —TCORHMEILY Z7EERO LD LT E LV EBILN o7z
H DD, ESI-MS TEDyFBEA2HERT 5 & 13109 TH Y | FHEE 13109 & —%
L7z, AFRTIE, ZOX L THERL7Z N RKin KN TM1459 O§IEK
JGHEIZSDWTCiERRT D TETH 5,

1) (a) E. Schwizer, T. R. Ward, ef al., Chem. Rev. 2018, 118, 142. (b) M. Hoarau, P. Faller, ef al.,
Coord. Chem. Rev. 2016, 308, 445. 2) N. Fujieda, S. Itoh, et al., Angew. Chem. Int. Ed., 2020,
59, 7717.
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Creation of a cupin protein bearing cross-hnkage between selenocysteine and tyrosine residues

(*Graduate School of Agriculture, Osaka Metropolitan University) OYuki Kinoshita!, Hiroe
Matsumoto', Yoshitsugu Morita ', Nobutaka Fujieda'

Selenocysteine (SeCys) is the selenium analog of cysteine which is seen mainly in the active
site of oxidoreductases such as glutathione peroxidase and thioredoxin reductase. Since its
selenol moiety is more acidic and has lower redox potential than those of the thiol group of
cysteine, it is quite reactive and susceptible to air-oxidation. Although SeCys are incorporated
in specific proteins by a complicated translation machinery in natural system, the
overproduction of several SeCys-containing proteins has been performed in the E. coli
BL21(DE3) cysE mutant. On the other hand, we have created artificial metalloenzyme with a
cross-linked structure between tyrosine and cysteine formed by post-translationally chemical
modification, using cupin protein from hyperthermophiles as a starting point. In our previous
study, we have shown that the 106™ cysteine residue near the active center and the 60™ tyrosine
introduced by site-directed mutagenesis formed a cross-link. In this study, we tried to prepare
a protein in which the 106" cysteine was replaced with selenocysteine. Here, we will report
evaluation of the occurrence of SeCys-Tyr crosslinkage.

Keywords: Selenocysteine; Post-translational chemical modification, Cross-link Formation

YL ) VATA NI, VATA DLy T IR S THY SV EFF LS
FUH =BT AL R U VR TiEHR 72 | B LIRS OIEMETALICHFE L TV 5,
BL ) UATAUDOMETHALEL ) —VEIT, VAT A DT A — VI T,
FefiifE L <9 < D LR ST BEALAME W T2 . FEOKF T KSR EW, D7
O, AR OBERTEEF L7 SICB W TSR LD —o L LT EEL T\ 5, £72, K
RIZBWTUE, BV ) VAT A UDEHMERECH VXV BIEASND Z E0NHD
NTWD, LNLARRG, RIBEDOY AT A R TH 5 BL21(DE3) cysE % H»
HELATAVIFET T, VATA v ORDVICEL ) VAT A U REASNT
B UNRTENERRIND Z ENFmb TS, D

—J5. M5 %fiﬁ%ﬁ-m%myt/5/ﬂﬁg%iAkLfmm TR %
LHEM 2 Z T TR ENTZTF oL v eV AT A v L ORIERE A OB AL
SBEFHORBREIToTE, TMI459 7 B 2 NI ED 4D AFI D5 H
1929%7 7= NIERIEL L LB, TfHICTF ‘//%%AL?‘_/}? VR TE B AERK
LTC&E, YFEEDOEITHZETIL, ZOX I BICHA LT ZROAEELZ L
TAEMEFLIEFIZAFATET S 106 EFHO VAT A /57‘3%% E R R RIZ KL v EA
L7260 ZHDOT v U REEEZRKTHZ E2HLNIL TS, £ 2 TANIT
T, BV VAT A UVICER L, 106 BEDV AT A2V L ) VAT A CERRL
o2 N EERBL . EORERIEIZ OV OB Z1T > 7=,

1) (a) Sabine Miiller et al., Biochem., 1994, 33, 3404. (b) Marie-Paule Strub et al., Structure, 2003, 11,
1359.
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Synthesis and reactivity evaluation of PEGylated artificial metalloenzymes (' Graduate School
of Life and Environmental Sciences, Osaka Prefecture University, *Graduate School of
Agriculture, Osaka Metropolitan University) O Shogo Iwabuchi,! Ryusei Matsumoto,’
Yoshitsugu Morita,” Nobutaka Fujieda’

Artificial metalloenzymes are bio-hybrid catalysts that combine proteins and metal
complexes.” We have developed an artificial metalloenzyme using TM1459, a protein from
hyperthermophiles.”? On the other hand, modification of a protein with polyethylene glycol
(PEG) stabilized the protein structure but reduced the activity.? In this study, we report
preparation of artificial metalloenzymes with PEG site-specifically bound near the interface of
the dimer or at a highly fluctuating position of TM1459 and reactivity in a stereoselective
Michael addition catalyzed by the PEGylated artificial metalloenzyme (Scheme. 1).

First, the amino acid residue of TM1459(H52A/C106D) was replaced with cysteine and
reacted with maleimide-terminated PEG. The PEGylated mutants were identified by SDS-
PAGE analysis and size exclusion chromatography. The Michael addition reaction was
performed using the PEGylated mutants. The PEGylation at K31C or E114C position in the
TM1459 mutants enhanced the stereoselectivity.

Keywords : Artificial Metalloenzymes, Polyethylene Glycol, Stereoselective Michael Addition
Reaction

NTAREERIT Y R L BRIEREMAG DT A A7V > Rfiliit©
HHY, TNFE KL TG B SED & X7 TM1459 % VW= N T REE %
B L C&722, —FH, "V =FL o7 Ya—) (PEG) ¥ "V EIIHET D E
B R BEOREEIIZEILSNDD, EEMET T ZEnNETHD Y, £Z TK
WFSECIE. TM1459 O " BEARO FE TR D £ O KR X WALE ISEALRF R A)IZ PEG %
EESEIEANTEBEEREE AR Lz, 0 2l VW C, SURE-R e~ A 7L
MBS BT ARG HEEZH ST A2 L2 HE L= (Scheme. 1),

F 9. TMI1459(H52A/C106D)D Eikd 7 X J BRfkia v AT A4 ZEBR L, ~ LA
2 REZERIZH D PEG & M S W72, SDS-PAGE B LA Xk n~ 75
7 4 —IZX Y, PEG B’HEA LT RAKZFE LTz, £ 5ive PEG EffifkzZ W C,
<A AN % 3205 U7z, BUBRIEWZ & 10, TM1459 ZERIKD K31C & DT
E114C O T PEG ZHEGT 5 &, SRERIRMER\ L5252 EBW ootz

NO.
o 3 mol% Cuso, o 2 o) NO:
N = 3 mol% TM1459 N ;
X ° N
+ — =
| P CH;NO, Phosphate buffer (pH6.5) ‘ | o
CH,CN, 20 °C P

Scheme 1. Michael addition reaction as a model reaction.

1) F. Schwizer, T. R. Ward, et al., Chem. Rev. 2018, 118, 142. 2) N. Fujieda, et al., Chem. Sci., 2023, 14,
3932.3) A. Zaghmi et al. Mater. Today Chem. 2019, 12, 121.
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Creation of artificial hyperaccumulator using molybdenum binding proteins (' Graduate School
of Life and Environmental Sciences, Osaka Prefecture University, *Graduate School of
Agriculture, Osaka Metropolitan University) OKengo Kakiuchi', Keita Shimizu?, Yoshitsugu
Morita?, Nobutaka Fujieda'*

Molybdenum is a rare metal with a high melting point and large electrical resistance. It is
used in a variety of fields. However, the estimated amount of molybdenum deposits is highly
limited. The methods of their recovery and collection are still required. The molybdenum
storage protein from a nitrogen-fixing bacterium has heterohexameric structure consisting of a,
[ subunits. This protein has a large central cavity where molybdenum is incorporated and stored
in the form of polyoxometalate, a polymerized form of molybdate. In this study, to create
artificial hyperaccumulator, we co-expressed this protein and the ABC transporter that takes up
molybdate simulataneously in E. coli strain BL21(DE3). We will discuss the cell membrane
permeability of molybdate and the storage of molybdenum in the E. coli cell.

Keywords . Hyperaccumulator , Molybdenum storage protein, ABC transporter

EY 7T Mok, RIEAMERGRBICETOILT AXZLO—FTHY | @mUVER
BLOREREBXIENAZFFOLO, A EREER EICHWON L HERE
BThsd, LnL, Y 7T TSP OFEEN DR ARIEED TS, %3 L
LELTBRIRHNCH D L 13 E 272\, F B FE TIT 5 I L D REAW b
RERMETH D, TOH, KEREAM - (K2 X N TL 7 XA Z V& - FREIY
THHENRRDLNTWD, —FHT, BRFIZEZRAT THDL ENA /=T F 2 A
L—S — L MEEN DR ED SR EEMT 2AEMPGEIET D, TIH0oEHROE &
AWFETIE, TV 7T UBEMoONN 2 E XD Z LNAIRERTE ) 7T VT A VNI E
(Mosto)lZEH LTz, ZDOFYV 77 VAT S 37 81E, HOERsr 2 K & 2228 % Fr
STEY, ZOZEMZEY 7T PRV IAEN, IFRSND, BITHFEICEN T,
Azotbacter vinelandii i3 Mosto 73, ) 150+ Mo ZlTET A Z E N LIV TV 5
HOD, ZAHORFEABFRIZBE T D FEMI 72 A 1 = X AT STV, AR
T, ZOX /X7 E Mosto &, EV T T &Y iIATe ABC b7 U AKR—F—%K
M BL2I(DERICHREH I, ALONA =T a2 AL —F—AlEZ B LT,
Mosto DA &R IB7-MIET ) 77 VB E D AT Z LN TE o203,
V77 0iATe ABC b7 2 AKR—4—To 5D ModABC Bl S 25 L 10uM D
TV TTFUBMBP40uM ETHA L, SIS ES L 024uM E THA LT,
AFER T AL 72 L2 am T o TETH D,

1) Ulrich, E., & Klaus, S., 2012. JACS, 134, 9768
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Synthetic Studies on Photoimmunotherapeutic Agents (V1):
Synthesis of Bifunctional Silicon Phthalocyanines and Evaluation
of Binding Activity for streptavidin

(‘Grad. Sci.&Engin. Saitama University, *Adv. Inst. Innov. Tech. Saitama University,
3Strategic Res. Ctr. Saitama University) O Kanna Saito!, Takahiko Matsushita!23,
Tetsuo Koyama', Ken Hatano'?3, Koji Matsuoka'23

Keywords: Silicon phthalocyanine; Photoimmunotherapy; Streptavidin; VHH antibody;
Multivalent

Photoimmunotherapy is a cancer treatment for head and neck cancers. In this treatment,
a drug called IR700, which has a silicon phthalocyanine (SiPc), is combined with IgG
antibodies and administered to cancer patients. The drug then binds to EGFR on the surface
of cancer cells, and irradiation of 690 nm light causes a photochemical reaction”. This
reaction reduces the hydrophilicity of the drug and promotes partial cell breakdown and
disappearance due to degeneration of antibody or aggregation of the drug?. The advantage
of this treatment is that it suppresses side reactions because of causing a photochemical reaction
at the side of cancer cells, and research is being conducted as a new cancer treatment.
However, the difficulty of preparation of the drug and its low water solubility are problems.
In this study, use of selective reactions and synthesis of protein-containing silicon
phthalocyanine (SiPc) derivatives were performed in order to solve above problems.

Compound Pc8 was synthesized by amide condensation reaction of Pc2 with Biotin
linker containing PEG spacer”. Subsequent condensation with an azide linker containing
PEG spacer” with Pc8 gave Pc9. In addition, the azide linker was condensed with Pc2 to
afford the corresponding bivalent azides. Furthermore, the synthesized compound (P¢8 and
Pc9) was reacted with streptavidin in buffer. The details of the results will be presented.
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1) Y. Nakamura, et al., Molecular Cancer Therapeutics, 2017, 16, 408-414.
2) M. Kobayashi, et al., ChemPlusChem, 2020, 85, 1959-1963.
3) D. Li, et al., ACS Applied Materials & Interfaces, 2019, 11, 36435-36443.
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Visible-light controlled hydrogen production from formic acid with catalytic system of enzyme
and platinum nanoparticles (!Osaka City University, *Osaka Metropolitan University)
OShintaro Yoshikawa,' Yutaka Amao?®

Hydrogen has been considered as a next-generation energy. However, it is gas under ambient
conditions and has problems in terms of storage and transportation. Therefore, studies of
hydrogen carriers, useful for hydrogen storage and shipping, have been widely developed.
Especially, formic acid, synthesized from hydrogen and carbon dioxide and decomposed easily
by using catalysts, is recognized as a promising hydrogen carrier. According to a previous study,
hydrogen production based on formic acid decomposition catalyzed by platinum nanoparticles
dispersed with polyvinylpyrrolidone (Pt-PVP) has difficulty controlling hydrogen production.
Additionally, it needs strong acidic solution to produce hydrogen with efficiency". In this study,
we suggested hybrid catalytic system containing formate dehydrogenase (FDH), zinc meso-
tetra(4-sulfonatophenyl)porphyrin (ZnTPPS) and Pt-PVP (Fig. 1), and visible-light controlled
hydrogen production from formic acid with this system in neutral pH region was accomplished.
Keywords : Hybrid catalysis; Biocatalysis; Formic acid; Photoreaction; Hydrogen release

KR F LT =L U THER SN TWDKEIL, FERFEETRKIKRTH D720, (K
TRNAX—EEN/NE | IFECERICGREEN H D, £ 2T, KBEZRBE- R L ¥ —
BEOREVKEF v U 7ICEHR L LWERBRICHUOUKELZTD M3l s i
T& 7o, FrlC, SMITKEL BILRENOARATRETH Y | il a2 2 & fiEIC
KEEBHET D20, BN KEXF YV TD1LHOTHLHEEZLND, L LINE
TOWETIE, AV e=rerl) RoCoiLiz-auaa MIRAE4&T ki1 (Pt-PVP)
DN 2 R RIS < KRB IZ OV T, MEAMEO FMIRIR 2 FIAT 2 Z L
fRIERINtE O SOSHIEINREECH L Z EAFEE L TETF LT D D, £ 2 TARIF
ZETIX, FEEMKERESRE (FDH), KB T N7 7 ==L RN 7 4 VT T A
V7 4F— bk (ZnTPPS), Pt-PVP THERK SN HEAAER (K1) ZHWT, HFHHE
WUZ 31T D TR RIS < RIHDGHHI R oD 7k 8 A 1Rk L7z,

..'6’. NAD: Nicotinamide adenine dinucleotide

o] MV: Methyl viologen
H/U\O_ NAD* 27nTPPS —’2 ZnTPPS’ 2 Mv2+
Formate M X x W
CO, NADH 2 ZnTPPS™* 2 MV* 2 H
1 FDH & ZnTPPS KX U Pt-PVP 7> B AR S 40 2 #H G AlEER 2 72 R 3 I 5D < ATl
IR K 5

1) Y. Minami, Y. Amao, Sustainable Energy & Fuels, 2020, 4, 3458.
2) S. Ikeyama, et al., Photochem. Photobiol. Sci., 2019, 18, 2673.
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