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In this study, we analyzed the biosynthetic systems of iron-sulfur (Fe-S)
clusters and clarified the following key points. (1) We clarified the reaction and inhibition
mechanisms of cysteine desulfurase that supplies sulfur to the Fe-S clusters. (2) We captured the
structure of IscU, a core component of the I1SC machinery, in a state that retains the labile
biosynthetic intermediate of the Fe-S cluster, and also clarified the significance of the
conformational change of IscU induced by HscA-HscB. (3) We identified the SufB*2C2 type, which is
distributed in anaerobic archaea and bacteria, as a prototype of the SUF machinery, and clarified
the path and factors of the evolutionary changes of the biosynthetic systems.



Fe-S
DNA RNA
Fe-S
2000
ISC SUF
Fe-S
Fe-S
in vivo
®
Fe-S
ISC IscU
invivo
X EPR
Fe-S IspG  IspH
MEP Fe-S
Fe-S
Asuf

[2Fe-2S] [4Fe-49] Fe-S

Fe-S
Fe-S
invitro
in vivo
Fe-S
SufBC,D SufB*,C,
Fe-S
Fe-S
MEP
Fe-S
®
Fe-S
Aisc
in vivo

in vivo

in vitro



Fe-S SUF ISC NIF

Fe-S
PLP
I:1scS  NifS Il: SufS
@) NifS
© (i) X
I NifS I SufS
@ ® (i)
D- L-
SufS
SufS
@
ISC IscU Fe-S
HscA-HscB  IscU Hsp70
HscA-HscB
IscU IscU
native IscU
structured
denatured
HscA-HscB  IscU denatured Fe-S
®
IscU FeS
Methanothrix thermoacetophilalscU  Fe-S
H106A
X [2Fe-29)
[2Fe-25] [4Fe-49] EPR
IscU 1 [2Fe-29]
2 2 [2Fe-29]
2 [4Fe-4]
® IscU  D40A/H106A
[2Fe-29]

IscU FeS



IscU

SUF SufB  SufC  SufD

SufBC:D Fe-S
SufB*  SufC
Methanocaldococcusjannaschii -~ M;j
SufB*C SufB*2C>
SufBC;D Mj sufB*-sufC
Fe-S NaS
Methanothrix thermoacetophila  Archaeoglobusfulgidus sufB*C
SufB*,Cs S HS
Fe-S SUF
@
M. jannaschii ~ SufB*  SufC
Ec SufBC.D Mj SufC Ec SufC ATPase
Walker A/B Mj SufB*  Ec SufB
Cys Glu Mj SufB*  Ec SufD His
Fe-S
Cys Glu His Ec SufBC.D SufB-SufD Mj SufB*,C
SufB*-SufB* Mj sufB* 2
Ec SufB His Ala Ec SufD Cys
Glu Ala —
Mj sufB*

Mj SufB*-SufB*
SufB*>C> SufB*>C>

SufB* SufB SufD
@ Fe-S
S
SufB*C ~ SufB*C (minimal SUF)

(gene duplication) e.g. Methanocaldococcus jannaschii

\ » SufBCD (intermediate SUF)
SufsSu e.g. Thermoplasma acidophilum
SufgE SufBCD+SU (SUF-like)
e.g. Bacillus subtilis

SufA SufU

SufBCD+SE+A (SUF)
e.g. Escherichia coli



Tanaka N, Kanazawa M, Tonosaki K, Yokoyama N, Kuzuyama T and Takahashi Y (2016) “Novel
features of the ISC machinery revealed by characterization of Escherichia coli mutants that survive
without iron-sulfur clusters” Mol. Microbiol. 99(50): 835-848.

Nakamura R, Hikita M, Ogawa S, Takahashi Y, Fujishiro T. (2020) “Snapshots of PLP-substrate and
PLP-product external aldimines as intermediatesin two types of cysteine desulfurase enzymes.” FEBS
J. 287(6):1138-1154.

Fujishiro T, Nakamura R, Kunichika K, Takahashi Y (2022) "Structural diversity of cysteine
desulfurases involved in iron-sulfur cluster biosynthesis' Biophys. Physicobiol.19, e190001.

Nakamura R, Ogawa S, Takahashi Y, Fujishiro T (2022) "Cycloserine enantiomers inhibit PLP-
dependent cysteine desulfurase SufS via distinct mechanisms® FEBS J. 289(19): 5947-5970.

Sato S, Matsushima Y, Kanazawa M, Tanaka N, Fujishiro T, Kunichika K, Nakamura R, Tomioka H,
Wada K, Takahashi Y (2021) “Evidence for dynamic in vivo interconversion of the conformational

states of IscU during iron-sulfur cluster biosynthesis.” Mol. Microbiol. 115:807-818. .

KunichikaK, NakamuraR, Fujishiro T, Takahashi Y (2021) “The structure of the dimeric state of IscU
harboring two adjacent [2Fe-2S] clusters provides mechanistic insightsinto cluster conversion to [4Fe-
4S].” Biochemistry. 60(20):1569-1572.

Murata M, Murakami T, Yuda E, Mukai N, Zheng X, Kurachi N, Mori S, Ogawa S, Kunichika K,
Fujishiro T, Wada K, and Takahashi Y (2024) " The minima SUF system can subgtitute for the
canonical iron-sulfur cluster biosynthesis systems by using inorganic sulfide as the sulfur source"
bioRxiv. doi: 10.1101/2024.03.20.586028

Yokoyama N, Nonaka C, Ohashi Y, Shioda M, Terahata T, Chen W, Sakamoto K, Maruyama C, Saito
T, Yuda E, Tanaka N, Fujishiro T, Kuzuyama T, Asai K, Takahashi Y. (2018) “Distinct roles for U-type
proteins in iron-sulfur cluster biosynthesis revealed by genetic analysis of the Bacillus subtilis
sufCDSUB operon.” Mol. Microbiol. 107(6):688-703.



Murata Maya Murakami Taichi Yuda Eiki Mukai Nanami Zheng Xintong Kurachi Natsumi Mori
Sachiko Ogawa Shoko Kunichika Kouhei Fujishiro Takashi Wada Kei Takahashi Yasuhiro

The minimal SUF system can substitute for the canonical iron-sulfur cluster biosynthesis 2024

systems by using inorganic sulfide as the sulfur source

bioRxiv -
DOl

10.1101/2024.03.20.586028

Nakamura Ryosuke Ogawa Shoko Takahashi Yasuhiro Fujishiro Takashi 289

Cycloserine enantiomers inhibit PLP- dependent cysteine desulfurase SufS via distinct 2022

mechanisms

The FEBS Journal 5947 5970
DOl

10.1111/febs. 16455

Shinjyo Yu Midorikawa Naoya Matsumoto Takashi Sugaya Yuki Ozawa Yoshiki Oana Ayumi Horie 68

Chiaki Yoshikawa Hirofumi Takahashi Yasuhiro Hasegawa Toshio Asai Kei

Analysis of cell death in Bacillus subtilis caused by sesquiterpenes from Chrysopogon 2022

zizanioides (L.) Roberty

The Journal of General and Applied Microbiology 62 70
DOl

10.2323/jgam.2021.09.005

Kunichika Kouhei Nakamura Ryosuke Fujishiro Takashi Takahashi Yasuhiro 60

The Structure of the Dimeric State of IscU Harboring Two Adjacent [2Fe-2S] Clusters Provides 2021

Mechanistic Insights into Cluster Conversion to [4Fe-4S]

Biochemistry 1569 1572
DOl

10.1021/acs.-biochem.1c00112




Fujishiro Takashi Nakamura Ryosuke Kunichika Kouhei Takahashi Yasuhiro

19

Structural diversity of cysteine desulfurases involved in iron-sulfur cluster biosynthesis. 2022

Biophysics and Physicobiology €190001-1
DOl

10.2142/ biophysico.bppb-v19.0001

Sato Sakiko Matsushima Yumeka Kanazawa Miaki Tanaka Naoyuki Fujishiro Takashi Kunichika 115

Kouhei Nakamura Ryosuke Tomioka Hiroaki Wada Kei Takahashi Yasuhiro

Evidence for dynamic in vivo interconversion of the conformational states of IscU during iron- 2020

sulfur cluster biosynthesis

Molecular Microbiology 807 818
DOl

10.1111/mmi . 14646

Nakamura Ryosuke Hikita Masahide Ogawa Shoko Takahashi Yasuhiro Fujishiro Takashi 287

Snapshots of PLP- substrate and PLP- product external aldimines as intermediates in two types 2020

of cysteine desulfurase enzymes

The FEBS Journal 1138 1154

DOl
10.1111/febs.15081

15 3 2

[4Fe-4S]

2023




Kouhei Kunichika, Ryosuke Nakamura, Takashi Fujishiro, Yasuhiro Takahashi

Structural insights into biosynthesis of a [4Fe-4S] cluster via coupling of two adjacent [2Fe 2S] clusters in the IscU
enzyme.

2022

SUF SUF-like 1ISC

2022

SufB2C2 SUF

2022

2022




Kei Wada, Yoshikazu Tanaka, Yasuhiro Takahashi

Structural and functional analyses of E. coli SufBCD complex involved in iron-sulfur clusters biogenesis.

60

2022

SUF

2022

Kei Wada, Yoshikazu Tanaka, Yasuhiro Takahashi

Molecular mechanism of the SUF system involved in the iron-sulfur cluster biogenesis.

10th Asian Biological Inorganic Chemistry (AsBIC10)

2022

Kouhei Kunichika, Ryosuke Nakamura, Takashi Fujishiro, Yasuhiro Takahashi

Structural basis for biosynthesis of a [4Fe-4S] cluster from two [2Fe-2S] clusters on the IscU enzyme in ISC machinery

10th Asian Biological Inorganic Chemistry (AsBIC10)

2022




PLP

Sufs

47

2021

IscU

[2Fe-25]

[4Fe-45]

21

2021

SufE

Sufu

94

2021

93

2020




IscU [2Fe-2S]

93

2020

93

2020

http://park.saitama-u.ac.jp/~tougyo/Home.html

(Fujishiro Takashi)

(20740450)

(12401)




(Wada Kei)

(80379304)

(17601)




