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Studies on diel changes in metabolic pathways for safe cell growth and division
in photosynthetic eukaryotes
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Photosynthetic eukaryotes have enabled highly efficient energ¥ conversion
through the acquisition of chloroplasts. However, if the supply of substrates and utilization of its
products in photosynthesis (metabolic flow) are not rotated properly, reactive oxygen species are

generated from the photosystem and damage the host cell. In this study, we produced the cell cycle
mutants of unicellular red algae and conducted transcriptome analysis in order to clearly assess and
understand the effects of diurnal and cell cycle on metabolism. The results showed that many major
metabolic pathways fluctuate diurnally in a cell cycle-independent manner, while only limited
metabolic pathways, such as dNTP synthesis, depend on the cell cycle. This gene expression

information will lead to the elucidation of the mechanism for the safe growth of photosynthetic
eukaryotes.



pH
DNA HAE
[_12hiight  [EERENENS
meamey ¥
|_
=
G1/S
CDKA g
(CDKA-cKD ) o
>
[m]
O
G1/S 1. Cyanidioschyzon merolae
WT
Retinoblastoma-family protein(RB) * CDKA-cKD
(RB-KO )
CDKA-cKD « 2
T 12
1979 4775 42%

24
KEGG(Kyoto Encyclopedia of Genes and Genomes)

(carbohydrate, energy, lipid, amino acid, vitamin
metabolism )

dNTP



WT CDKA-cKD RB-KO
0 4 81216202428 0 4 81216202428 0 4 81216202428 (h)

_| — ] w— .

CDKA-cKD RB-KO WT

12
DNA
454
1525 (
3)
-2 mmmm 2 log2 (expression ratio)

KEGG 2. 12 24

dNTP CDKA-cKD RB-KO

dNTP DNA
38
— ~24-h periodic genes 1,979
/ Cell cycle-dependent 454 \
(CDKA- and RBR-dependent)
1

Plant Physiology
Fujiwara et al. 2020)

CDKA ggge"de”t RBR-dependent
635

CDKA-independent

and RBR-independent 1,102

454
1525




11 10 0 7

Fujiwara Takayuki Hirooka Shunsuke Mukai Mizuna Ohbayashi Ryudo kanesaki Yu Watanabe 3

Satoru Miyagishima Shin-ya

Integration of a Galdieria plasma membrane sugar transporter enables heterotrophic growth of 2019

the obligate photoautotrophic red alga Cynanidioschyzon merolae

Plant Direct e00134
DOl

10.1002/pld3.134

Yagisawa Fumi Fujiwara Takayuki Takemura Tokiaki Kobayashi Yuki Sumiya Nobuko Miyagishima 8

Shin-ya Nakamura Soichi Imoto Yuuta Misumi Osami Tanaka Kan Kuroiwa Haruko Kuroiwa

Tsuneyoshi

ESCRT Machinery Mediates Cytokinetic Abscission in the Unicellular Red Alga Cyanidioschyzon 2020

merolae

Frontiers in Cell and Developmental Biology 8:169
DOl

10.3389/fcel1.2020.00169

Ohbayashi Ryudo Nakamachi Ai Hatakeyama Tetsuhiro S. Watanabe Satoru Kanesaki Yu 10

Chibazakura Taku Yoshikawa Hirofumi Miyagishima Shin-ya

Coordination of Polyploid Chromosome Replication with Cell Size and Growth in a Cyanobacterium 2019

mBio e00510-19
DOl

10.1128/mBio.00510-19

Fujiwara Takayuki Hirooka Shunsuke Mukai Mizuna Ohbayashi Ryudo kanesaki Yu Watanabe 3

Satoru Miyagishima Shin-ya

Integration of aGaldieriaplasma membrane sugar transporter enables heterotrophic growth of the 2019

obligate photoautotrophic red algaCynanidioschyzon merolae

Plant Direct

00134 00134

DOl
10.1002/pld3.134




Jong Lin Wei Fujiwara Takayuki Hirooka Shunsuke Miyagishima Shin-ya

Online ahead of print

Cell size for commitment to cell division and number of successive cell divisions in 2021
cyanidialean red algae
Protoplasma -
DOl
10.1007/s00709-021-01628-y
Hirooka Shunsuke Tomita Reiko Fujiwara Takayuki Ohnuma Mio Kuroiwa Haruko Kuroiwa 10
Tsuneyoshi Miyagishima Shin-ya
Efficient open cultivation of cyanidialean red algae in acidified seawater 2020
Scientific Reports 13794
DOl
10.1038/s41598-020-70398-2
Fujiwara Takayuki Hirooka Shunsuke Ohbayashi Ryudo Onuma Ryo Miyagishima Shin-ya 183
Relationship between Cell Cycle and Diel Transcriptomic Changes in Metabolism in a Unicellular 2020
Red Alga
Plant Physiology 1484 1501
DOl
10.1104/pp.20.00469
Onuma Ryo Hirooka Shunsuke Kanesaki Yu Fujiwara Takayuki Yoshikawa Hirofumi Miyagishima 14
Shin-ya
Changes in the transcriptome, ploidy, and optimal light intensity of a cryptomonad upon 2020
integration into a kleptoplastic dinoflagellate
The ISME Journal 2407 2423

DOl
10.1038/s41396-020-0693-4




Miyagishima Shin-ya Fujiwara Takayuki

85

An Inducible and Repressible Gene Expression System in the Unicellular Red Alga 2020

<i>Cyanidioschyzon merolae</i>

CYTOLOGIA 91 92
DOl

10.1508/cytologia.85.91

Kuroiwa Tsuneyoshi Yagisawa Fumi Fujiwara Takayuki Inui Yayoi M. Matsunaga Tomoko Katoi 85

Shoichi Matsunaga Sachihiro Nagata Noriko Imoto Yuuta Kuroiwa Haruko

Mitotic Karyotype of the Primitive Red Alga <i>Cyanidioschyzon merolae</i> 10D 2020

CYTOLOGIA 107 113
DOl

10.1508/cytologia.85.107

Kuroiwa Tsuneyoshi Yagisawa Fumi Fujiwara Takayuki Misumi Osami Nagata Noriko Imoto 86

Yuuta Yoshida Yamato Mogi Yuko Miyagishima Shin-ya Kuroiwa Haruko

Smooth Loop-Like Mitochondrial Nucleus in the Primitive Red Alga <i>Cyanidioschyzon merolae</i> 2021

Revealed by Drying Treatment

CYTOLOGIA 89 96
DOl

10.1508/cytologia.86.89

82

2018




83

2019

27

2020

Takayuki Fujiwara, Shunsuke Hirooka, Shin-ya Miyagishima

Temporal arrangement of metabolic pathways and cell cycle progression in eukaryotic algae.

2nd International Symposium “ Cyanidioschyzon merolae as an arising model for unicellular eukaryotes”

2018







