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Comprehensive Study of the Redox Regulation System for Supporting Chloroplast
Functions

YOSHIDA, Keisuke
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This study aimed to clarify the redox regulation system for supporting
chloroplast functions in plants. Comprehensive research in vitro and in vivo has led to the
discovery of new aspects of the redox regulation system. 1) We identified new redox pathways for
oxidizing and thereby deactivating chloroplast proteins. We further elucidated the mechanism in
which some protein-oxidation pathways work in concert. 2) We identified new target enzymes of the
redox regulation. Using biochemical procedures, we further elucidated their redox regulation

mechanisms in detail. 3) Using the gene editing technology, we elucidated physiological role of the
redox regulation system in planta.



Trx

¥ Eﬂﬁi

FZILRFS/

FIlL RE> 7"5!';5‘;;}}' FAL RFS> Eﬂ.’.&‘
- GETR) > @ > ( (RiEHER)
aBFEER |
Fd/Trx 4285 oy
Fori e iadm) (Red) smmm (Eim)
Fd Trx
Fd/Trx Fd/Trx 1970
BTHEEETS B IREGFHEEICEADS
HIfHE T B ETERE
T I7=U— O (e )

T O (AEER)

HO T O (EEFR)

(Eﬁ@ﬁin*whg—a?

invitro



2018

Light P 2'e
TrxL2/2CP Fd/Trx s—s
Yoshida et al. PNAS pathway (Inactive)
2018 _7/ H.O
2-Cys Prx 252
H H Trx-like2
S S = @ —— @ —>
TrxL2/2CP ey
4»‘: (Active) l TrxL2/2CP path , 2H0
G6PDH v rXx pathway
Yoshida et al.
Biochem J. 2019  TrxL2
ACHT Trx Yokochi et al. J. Biol. Chem. 2019
TrxL2 ACHT Yokochi et al. PNAS 2021b
ATP TrxL2 ACHT
Sekiguchi etal. J. Biol. Chem. 2022  ACHT
Fukushi et a. J. Plant Res. 2024
PGDH; Yoshidaet al. J. Biol. Chem. 2020
PFK; Yoshida and Hisabori Plant Cell
Physiol. 2021
PFK 2023 PCP Best Paper Award
invitro
Fukui et al. Plant Cell Physiol. 2022; Akiyama et a.
PNAS 2023
CRISPR/Cas9
MDH
Yokochi et al.
PNAS2021a
Fd/Trx
Fd/Trx Yoshida et al. J.
Biol. Chem. 2022 Fd/Trx
A - R— c e TES
' HEE o8 o008
jsae (uE/m?,) © — ® D O — ® D
BER - — B
’ FBPase | e  w s v oo | — {7
— S
SISEEE N PSR —
TR
PRE |emi O e — 570
Fd/Trx Yoshida et al. (2022)
A Fd/Trx
B
C FBPase, SBPase, PRK

Yoshida and Hisabori Plant Cell Physiol. 2023



28 28 1 26

Yoshida Keisuke Hisabori Toru 65
Divergent Protein Redox Dynamics and Their Relationship with Electron Transport Efficiency 2024
during Photosynthesis Induction
Plant And Cell Physiology 737 747
DOl
10.1093/pcp/pcae0l3
Fukushi Yuka Yokochi Yuichi Hisabori Toru Yoshida Keisuke 137
Overexpression of thioredoxin-like protein ACHT2 leads to negative feedback control of 2024
photosynthesis in Arabidopsis thaliana
Journal of Plant Research 445 453
DOl
10.1007/s10265-024-01519-2
Wang Mengyao Tabeta Hiromitsu Ohtaka Kinuka Kuwahara Ayuko Nishihama Ryuichi Ishikawa 7
Toshiki Toyooka Kiminori Sato Mayuko Wakazaki Mayumi Akashi Hiromichi Tsugawa Hiroshi
Shoji Tsubasa Okazaki Yozo Yoshida Keisuke Sato Ryoichi Ferjani Ali Kohchi Takayuki Hirai
Masami Yokota
The phosphorylated pathway of serine biosynthesis affects sperm, embryo, and sporophyte 2024
development, and metabolism in Marchantia polymorpha
Communications Biology 102
DOl
10.1038/s42003-023-05746-6
Yoshida Keisuke Hisabori Toru 64
Current Insights into the Redox Regulation Network in Plant Chloroplasts 2023
Plant And Cell Physiology 704 715

DOl
10.1093/pcp/pcad049




Tran Chau M. Mihara Shoko Yoshida Keisuke Hisabori Toru 653

Cystathionine-f3 -synthase X proteins negatively regulate NADPH-thioredoxin reductase C activity 2023

Biochemical and Biophysical Research Communications 47 52
DOl

10.1016/j .bbrc.2023.02.055

Toriu Machi Horie Momoka Kumaki Yuka Yoneyama Taku Kore-eda Shin Mitsuyama Susumu Yoshida 480

Keisuke Hisabori Toru Nishiyama Yoshitaka

Chloroplast translation factor EF-Tu of <i>Arabidopsis thaliana</i> can be inactivated via 2023

oxidation of a specific cysteine residue

Biochemical Journal 307 318
DOl

10.1042/BCJ20220609

Akiyama Kentaro Ozawa Shin-Ichiro Takahashi Yuichiro Yoshida Keisuke Suzuki Toshiharu 120

Kondo Kumiko Wakabayashi Ken-ichi Hisabori Toru

Two specific domains of the y subunit of chloroplast FoFl provide redox regulation of the ATP 2023

synthesis through conformational changes

Proceedings of the National Academy of Sciences 2218187120
DOl

10.1073/pnas.2218187120

Yoshida Keisuke Yokochi Yuichi Tanaka Kan Hisabori Toru 298

The ferredoxin/thioredoxin pathway constitutes an indispensable redox-signaling cascade for 2022

light-dependent reduction of chloroplast stromal proteins

Journal of Biological Chemistry

102650 102650

DOl
10.1016/j . jbc.2022.102650




Sekiguchi Takatoshi Yoshida Keisuke Wakabayashi Ken-Ichi Hisabori Toru

298

Dissipation of the proton electrochemical gradient in chloroplasts promotes the oxidation of
ATP synthase by thioredoxin-like proteins

2022

Journal of Biological Chemistry

102541 102541

DOl
10.1016/j . jbc.2022.102541

Fukui K, Yoshida K, Yokochi Y, Sekiguchi T, Wakabayashi KI, Hisabori T, Mihara S. 63
The Importance of the C-terminal Cys pair of Phosphoribulokinase in Phototrophs in Thioredoxin- 2022
Dependent Regulation
Plant Cell Physiol. 855-868
DOl
10.1093/pcp/pcac0s0.
Fukushi Y, Yokochi Y, Wakabayashi KI, Yoshida K, Hisabori T. 11
Verification of the Relationship between Redox Regulation of Thioredoxin Target Proteins and 2022
Their Proximity to Thylakoid Membranes
Antioxidants 773
DOl
10.3390/antiox11040773
Yokochi Y, Fukushi Y, Wakabayashi KI, Yoshida K, Hisabori T. 118
Oxidative regulation of chloroplast enzymes by thioredoxin and thioredoxin-like proteins in 2021
Arabidopsis thaliana.
Proc Natl Acad Sci U S A. 2114952118

DOl
10.1073/pnas.2114952118




Kondo K, lzumi M, Inabe K, Yoshida K, Imashimizu M, Suzuki T, Hisabori T. 297

The phototroph-specific 3 -hairpin structure of the y subunit of FoF1-ATP synthase is 2021

important for efficient ATP synthesis of cyanobacteria.

J Biol Chem. 101027
DOl

10.1016/j . jbc.2021.101027.

Yoshida K, Hisabori T. 62

Biochemical Basis for Redox Regulation of Chloroplast-Localized Phosphofructokinase from 2021

Arabidopsis thaliana.

Plant Cell Physiol. 401-410
DOl

10.1093/pcp/pcaal7s.

Juniar L, Tanaka H, Yoshida K, Hisabori T, Kurisu G. 29

Structural basis for thioredoxin isoform-based fine-tuning of ferredoxin-thioredoxin reductase 2020

activity

Protein Sci. 2538-2545
DOl

10.1002/pro.3964

Yokochi Y, Yoshida K, Hahn F, Miyagi A, Wakabayashi KI, Kawai-Yamada M, Weber APM, Hisabori T. 118

Redox regulation of NADP-malate dehydrogenase is vital for land plants under fluctuating light 2021

environment

Proc Natl Acad Sci U S A. 2016903118

DOl
10.1073/pnas.2016903118




Yoshida K, Ohtaka K, Hirai MY, Hisabori T.

295

Biochemical insight into redox regulation of plastidial 3-phosphoglycerate dehydrogenase from
Arabidopsis thaliana

2020

J Biol Chem.

14906-14915

DOl
10.1074/jbc.RA120.014263

Hoshino T, Yamabe E, Hawari MA, Tamura M, Kanamaru S, Yoshida K, Koesoema AA, Matsuda T 76

Oxidation of aromatic and aliphatic aldehydes to carboxylic acids by Geotrichum candidum 2020

aldehyde dehydrogenase

Tetrahedron 131387
DOl

10.1016/j . tet.2020.131387

Sekiguchi T, Yoshida K, Okegawa Y, Motohashi K, Wakabayashi KI, Hisabori T. 1861

Chloroplast ATP synthase is reduced by both f-type and m-type thioredoxins 2020

Biochim Biophys Acta Bioenerg 148261
DOl

10.1016/j .bbabio.2020.148261

Mihara S., Sugiura K., Yoshida K., Hisabori T. 71

Thioredoxin targets are regulated in heterocysts of cyanobacterium Anabaena sp. PCC7120 in a 2020

light-independent manner

J. Exp. Bot. 2018-2027
DOl

10.1093/jxb/erz561




Yokochi Y., Sugiura K., Takemura K., Yoshida K., Hara S., Wakabayashi K-1., Kitao A., Hisabori
T.

294

Impact of key residues within chloroplast thioredoxin-f on recognition for reduction and
oxidation of target proteins

2019

J. Biol. Chem.

17437-17450

DOl
10.1074/jbc.RA119.010401

Sugiura K., Yokochi Y., Fu N., Fukaya Y., Yoshida K., Mihara S., Hisabori T.

294

The thioredoxin (Trx) redox-state sensor protein can visualize Trx activities in the light-dark
response in chloroplasts

2019

J. Biol. Chem.

12091-12098

DOl
10.1074/jbc.RA119.007616

Yoshida K., Uchikoshi E., Hara S., Hisabori T. 476

Thioredoxin-l1ike2/2-Cys peroxiredoxin redox cascade acts as oxidative activator of glucose-6- 2019

phosphate dehydrogenase in chloroplasts

Biochem. J. 1781-1790
DOl

10.1042/BCJ20190336

Inabe K., Kondo K., Yoshida K., Wakabayashi K-1., Hisabori T. 204

The N-terminal region of the e subunit from cyanobacterial ATP synthase alone can inhibit 2019

ATPase activity

J. Biol. Chem.

10094-10103

DOl
10.1074/jbc.RA118.007131




Yoshida Keisuke Hisabori Toru 9
Simple Method to Determine Protein Redox State in Arabidopsis thaliana 2019
BI10-PROTOCOL 3250
DOI
10.21769/BioProtoc.3250
Yoshida K., Yokochi Y., Hisabori T. 10
New light on chloroplast redox regulation: Molecular mechanisms of protein thiol oxidation 2019
Front. Plant Sci. 1534
DOI
10.3389/fpls.2019.01534
33
2023
13-20
DOI
32
ATP 2022
131-137

DOl




36 9 8

Trx

65

2024

Minh Chau Tran, Keisuke Yoshida

Functional analysis of Trx-like protein CDSP32 in chloroplast redox regulation

65

2024

65

2024

pifi 1 NDH

65

2024




Al Ferjani

65

2024

PGRL1

65

2024

Biochemical Basis for Redox Regulation of Chloroplast-Localized Phosphofructokinase from Arabidopsis thaliana

64

2023

Trx

64

2023




Tran C.M., Mihara S., Yoshida K., Hisabori T.

Cystathionine-beta-synthase X proteins negatively regulate NADPH-thioredoxin reductase C activity

Taiwan-Japan Plant Biology 2023 (TJPB2023)

2023

Fukushi Y., Hisabori T., Yoshida K.

Physiological impacts of Trx-like protein overexpression in Arabidopsis chloroplasts

Taiwan-Japan Plant Biology 2023 (TJPB2023)

2023

Takahashi H., Takayama K., Isu A., Wakabayashi KI., Yoshida K. Hisabori T., Nishiyama Y.

The role of PGRL1 in the photoprotection of photosystem 1 in the green alga Chlamydomonas reinhardtii

Taiwan-Japan Plant Biology 2023 (TJPB2023)

2023

Yoshida K.

Uncovering redox regulation network in plant chloroplasts

Taiwan-Japan Plant Biology 2023 (TJPB2023)

2023




Toru Hisabori, Yuichi Yokochi, Takatoshi Sekiguchi, Yuka Fukushi, Ken-lchi Wakabayashi, Keisuke Yoshida

Redox regulation system in chloroplasts; what we know about reduction and oxidation of target enzymes

International Symposium on Photosynthesis and Chloroplast Regulation

2022

Sekiguchi Takatoshi, Keisuke Yoshida, Ken-lIchi Wakabayashi, Toru Hisabori

Oxidative regulation of chloroplast ATP synthase by thioredoxin-like proteins

International Symposium on Photosynthesis and Chloroplast Regulation

2022

PIFI

63

2022

63

2022




Chris White-Gloria Greg B. Moorhead

63

2022

Trx Trx

63

2022

Trx ATP

63

2022

Mengyao Wang, Hiromitsu Tabeta, Kinuka Ohtaka, Ayuko Kuwahara, Kiminori Toyooka, Mayuko Sato, Mayumi Wakazaki, Hiromichi
Akashi, Takayuki Kohchi, Ryuichi Nishihama, Keisuke Yoshida, Ali Ferjani, Masami Yokota Hirai

Important roles of PGDH-mediated serine synthesis in thallus growth, male gametogenesis and metabolism in Marchantia
polymorpha

63

2022




Minh Chau Tran, Shouko Mihara, Ken-ichi Wakabayashi, Keisuke Yoshida, Toru Hisabori

Functional interaction between Cystathionine-f -synthase X proteins and NADPH-thioredoxin reductase C in Arabidopsis
thaliana

63

2022

ATP

84

2020

36 12

2021

62

2021




62

2021

62

2021

ATP

11

2021

2021




94

2021

Yoshida K.

Thioredoxin-based redox regulatory network in chloroplasts

IRN France-Japan Frontiers in Plant Biology: Webinar

2021

Trx ATP
47

2021

Al Fergani,

61

2020




61

2020

Yoshida K., Yokochi Y., Hisabori T.

Uncovering dark side of chloroplast redox regulation

Japan-US Binational Seminar on Photosynthesis

2019
Trx
83
2019
83

2019




2021

224

http://www.res.titech.ac.jp/~biores/

(Masuda Tatsuru)

(00242305) (12601)
(Kawai Maki)
(10332595) (12401)




