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Reproduction of the evolutionary process of photosynthesis utilizing near
infrared light toward astrobiology
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To understand the evolutionary process of photosynthesis utilizing near
infrared light, we choose chlorophyllide oxidoreductase, COR, as a model system. In this study, we
constructed combinatorial mutation libraries of the genes encoding COR subunits. The designed
mutations included amino acid substitutions close to the predicted substrate binding site. We
attempted to pack a mutated gene or a E. coli cell possessing a mutated gene into a micro-droplet by
the microfluidics technique. We also tested the enzymatic assay conditions for COR in the micro

droplet.




N
(Chlorophyllide-a oxidoreductase: COR)
COR
COR
COR
COR
invitro COR
COR
COR

DPOR COR



COR
COR
4 9
COR
DNA 2
5 In-Fusion
DNA
M 1 2
(bp)
4500 —
3000 — -
2250 =—
— —— 1361F - IDT-R
1500 — e —— IDT-F - mut2-R
1000 — — = 343F - mut2R
750 —
~ -
—— IDT-F - mut1-R
-——

PCR

DNA



Mutation regions-3,4

Mutation regions-1,2

DNA

DNA

Mutation regions #1 and #2

30

l
1

25

20

- =) o
Aungeqoud

<

DNA

COR
BRIC1I~HFRE

COR

COR



Tsukatani, Y., Harada, J., Kurosawa, K., Tanaka, K., and Tamiaki, H. 204

Incomplete hydrogenation by geranylgeranyl reductase from a proteobacterial phototroph 2022

Halorhodospira halochloris, resulting in the production of bacteriochlorophyll with a

tetrahydrogeranylgeranyl tail.

Journal of Bacteriology -
DOl

10.1128/jb.00605-21

Yuki Tsuzuki, Yusuke Tsukatani, Hisanori Yamakawa, Shigeru Itoh, Yuichi Fujita, and Haruki 11

Yamamoto

Effects of light and oxygen on chlorophyll d biosynthesis in a marine cyanobacterium 2022

Acaryochloris marina.

Plants 915
DOl

10.3390/plants11070915

Yamamoto, H., Mizoguchi, T., Tsukatani, Y., Tamiaki, H., Kurisu, G., and Fujita, Y. 21

Chlorophyllide a oxidoreductase preferentially catalyzes 8-vinyl reduction over B-ring 2020

reduction of 8-vinyl chlorophyllide a in late steps of bacteriochlorophyll biosynthesis.

ChemBioChem 1760 1766
DOl

10.1002/cbic.201900785

Tsukatani, Y., Hirose, Y., Harada, J., Yonekawa, C., and Tamiaki, H. 140

Unusual features in the photosynthetic machinery of Halorhodospira halochloris DSM 1059 2019

revealed by complete genome sequencing.

Photosynthesis Research 311 319

DOl
10.1007/s11120-019-00613-0




Teramura, M., Tsukatani, Y., Harada, J., Hirose, M., and Tamiaki, M. 593

Stereoselective C3-substituent modification and substrate channeling by oxidoreductase BchC in 2019

bacteriochlorophyll a biosynthesis.

FEBS Letters 799 809
DOl

10.1002/1873-3468.13372

Madigan, M.T., Resnick, S.M., Kempher, M.L., Dolnalkova, A.C., Takaichi, S., Wang-Otomo, Z., 201

Toyoda, A., Kurokawa, K., Mori, H., and Tsukatani, Y.

Blastochloris tepida, sp. nov., a thermophilic species of the bacteriochlorophyll b-containing 2019

genus Blastochloris.

Archives of Microbiology 1351 1359

DOl
10.1007/s00203-019-01701-4

2021

2019




2019

Halorhodospira halochloris

2020

2020

2020

320




(Fujishima Kosuke)

(00776411) (12608)
(Matsumura Shigeyoshi)
(40619855) (13201)




