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Creation of an artificial hydrogenase enzyme with high activity using in vitro
metal cofactor biosynthesis
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[FeFe]-hydrogenase is an attractive metalloenzyme, because it can use
molecular hydrogen, which is an eco-friendly energy carrier. To increase its activity, the metal
cofactor as the active site was modified with artificial metal ions using apo-[FeFe]-hydrogenase and

its three biosynthetic enzymes. As a result, the hydrogenases activity was not increased, whereas
the other metal cofactor, iron-sulfur cluster might be decomposed. Therefore, for further study,
iron-sulfur cluster biosynthetic proteins should be also mixed in the reaction mixture in order to
avoid decomposition of the iron-sulfur cluster toward increasing the hydrogenase activity.



[FeFe]-

[FeFe]-
H-

HydE, HydF, HydG

[FeFe]-
H-
[FeFe]-

Cys

/ r—NH
[4Fe-4S] —S ‘{
\ -

Fe‘s“

oc/\/ \CN

HydA (PDB. 1HFE) H-clluster
. [FeFe]-
[FeFe]-
(HydA H-

P EERETER

o 6@

€O Fe(CO),(CN),
A=IrDER

([4Fe-4S1U5RA—&HT2) RIGHE DR

. [FeFe]-

Ru
Pd

[FeFe]- H-

[FeFe]-

[FeFe]-

[FeFe]- H-
His-tag
Ni

SDS-PAGE [FeFe]-

@  Pprotein
marker
(kDa)

Hisg-HydA frac.
—_—

66
45

Hisg-HydA
(66kDa)

29

20

(®) Protein Hisg-HydE and Hisg-
marker HydF co-expressed

(kDa)
97
66 Hisg-HydF
45 (48kDa)
29 Hisg-HydE
(40kDa)
20

Hisg-HydG frac.
l_‘_l

©) protein
marker
(kDa)
97

66

45

Hisg-HydG
(55kDa)

29

20

(a)[FeFe]-

(b)HydE  HydF, (C)HydG



Ru Pt Re

H-
[FeFe]-
(in vivo)
[FeFe]-
in vitro
in vivo
I1SC SUF
[FeFe]-
1SC SUF
1SC

PRKiscSUA-hscBA-fdx
(pRKISC)5

E coil C41(DE3) with E coil C41(DE3) with hydAEFG

hydAEFG genes genes
+ Fe-S cluster biogenesis system

i

[FeFe]-
hydE hydF hydG isc
. 1Isc

(hydh)

[FeFe]-

Fe-S cluster biosynthesis

S iscU iscA hscB hscA fdx iscX Another ferredoxin?

) I | DD »
-

Electron supply? . Ferredoxin

ist

cR isc:
isc operon X

1SC machinery

| Fe-S clusters (de novo
s > | synthesized)

[aFe-a yd H-cluster

[FeFe]-hydrogenase hydG hydE  hydF hydA

genes

in our E. coll-based > B >

expression system [FeFe]-hydrogenase H-cluster
biosynthesis

[FeFe]-
(hydh)
H-cluster hydE  hydF hydG
isc
HydA, HydE,
HydF, HydG
100%
isc
hydA, hydE, hydF, hydG
6
1. Liping Bai, Takashi Fujishiro, Gangfeng
Huang, Jirgen Koch, Atsushi Takabayashi,

Makio Yokono, Ayumi Tanaka, Tao Xu, Xile Hu,
Ulrich Ermler, Seigo Shima, “Towards artificial
methanogenesis: biosynthesis of the
[Fe]-hydrogenase cofactor and characterization
of the semisynthetic hydrogenase”, Faraday
Discuss. accepted.

2. Takashi Fujishiro, Liping Bai, Tao Xu, Xiulan
Xie, Michael Schick, Jorg Kahnt, Michael Rother,
Xile Hu, Ulrich Ermler, Seigo Shima,
“Identification of HcgC as SAM-dependent
pyridinol methyltransferase in [Fe]-hydrogenase
cofactor biosynthesis” Angew. Chem. Int. Ed.,
2016, vol.55, pp.9648-9651.



3. Seigo Shima, Dafa Chen, Tao Xu, Matthew D.
Wodrich, Takashi Fujishiro, Katherine M.
Schultz, Jorg Kahnt, Kenichi Ataka, and Xile Hu,
“Reconstitution of [Fe]-hydrogenase using model
complexes” Nat. Chem., 2015,7, 995-1002.

4. Takashi Fujishiro, Kenichi Ataka, Ulrich
Ermler, and Seigo Shima, “Towards a functional
identification of catalytically inactive
[Fe]-hydrogenase paralogs” FEBS J., 2015,282,
3412-3423.

5. Takashi Fujishiro, Jorg Kahnt, Ulrich Ermler,
and Seigo Shima, “Protein-pyridinol thioester
precursor for biosynthesis of the organometallic
acyl-iron ligand in [Fe]-hydrogenase cofactor”
Nat. Commun., 2015, 6, article number:6895.

6. , [Fel-
. , 2016
10 , 76, 25-29
8
1.
IscA FdxN

FEI3H16-19H, BIERFHEx Y

NIF
NifS

174€3H16-19H, B KRFEHEFx v

NIF
NifS -

28 6 24 -6
25

5.
[FeFel-

FEOGREFEFES, 20164FE3H24-2

6. KAHNT Jorg, XIE Xiulan,
ERMLER Ulrich,
[Fel-
Hceg
27 12
1 -4

7. T. Fujishiro, J. Kahnt, X. Xie, U. Ermler, S.
Shima, “Identification of Hcg enzymes in
biosynthesis of [Fe]-hydrogenase cofactor”,
ICBIC17, 20-24 Jul. 2015, Beijing, China.

8. T. Fujishiro, J. Kahnt, X. Xie, U. Ermler, S.
Shima, “Structure genomics-based functional
identification of Hcg enzymes involved in the
biosynthesis of the FeGP cofactor of
[Fe]-hydrogenase” RIKEN Symposium series:
“Metals in Biology” in Wako, 16-17 Jun. 2015,

http://s-read.saitama-u.ac.jp/researche
rs/pages/researcher/aZweQB1X?1491312390

o
FUJISHIRO, Takashi

20740450



