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Elucidation of physics underlying spatiotemporal pattern formation in cell size
spaces
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Nonlinear waves generated by reaction-diffusion coupling (reaction-diffusion
wave) is a mechanism underlying molecular placement within cell. However, analysis of
reaction-diffusion waves in cell-size space is challenging due to its complexity, and therefore,
verification by model experiments was needed. In this study, we used a system that generates
reaction-diffusion waves in artificial cells and investigated the characteristics and principles of
reaction-diffusion waves in cell-size space. Through the 3-year research, We elucidated the
characteristics of the reaction-diffusion wave adjusting its shape according to the spatial size and
the mechanism controlling the motion of the wave.



(intracellular reaction-diffusion, iRD)

iRD
iRD 1-100p m
cm BZ iRD
iRD
iRD
Min
(Min )
Min
( )
( ) _
( ) iRD
MRARGLEGRGRD) T EROMR  BIEEEERR ATHER
[CHBF BRI —BRETS JULOFR(BNR) (I A ZEABET)
Bl) MinEIZ &) OF U POHHEMRE m FHIEG LR
S Wl k-1
Minidh Al 13t ? AL B L .
- O fife - e T, OZERHEGIE. @RI,
BINS A—FETEMHI = 1t ? BRI
1. AROESE TR
iRD
(A) Min
Min iRD (B)
Min (©)
Min
Min
Min 1
Min
Min Min
Min
3 3



Min

Min

A B

i It

| | |

B o [

o4 BLE‘I.O 1.4. [:'.:. 22 s
E2. MinfiDT— R & EROEEKREE
, (Sci. Adv., 8 (23), eabmsasod D51 )
Science Advances
Min
Min
Min
iRD
iRD iRD
Min ATP dATP
ATP  dATP
Min
ACS Nano
iRD
iRD
Science Advances
ACS Nano
iRD

iRD

iRD



3 3 0 1

Takada Sakura Yoshinaga Natsuhiko Doi Nobuhide Fujiwara Kei 8

Mode selection mechanism in traveling and standing waves revealed by Min wave reconstituted in 2022

artificial cells

Science Advances eabm8460
DOl

10.1126/sciadv.abm8460

Takada Sakura Yoshinaga Natsuhiko Doi Nobuhide Fujiwara Kei 16

Controlling the Periodicity of a Reaction?Diffusion Wave in Artificial Cells by a Two-Way 2022

Energy Supplier

ACS Nano

16853-16861

Dol
10.1021/acsnano.2c06756

Kohyama Shunshi, Fujiwara Kei, Yoshinaga Natsuhiko, Doi Nobuhide

12

Conformational equilibrium of MinE regulates allowable concentration ranges of a protein wave
for cell division

2020

Nanoscale

11960-11970

DOl
10.1039/DONR00242A

14 3 1

Sakura Takada, Natsuhiko Yoshinaga, Nobuhide Doi, Kei Fujiwara

Tuning dynamics and period of a reaction-diffusion wave for cell division in artificial cells

60

2022




HiHA ( )

2022

10

2022

Min dATP

18 21

2022

Kei Fujiwara

Reaction-diffusion wave of Min proteins reconstituted in artificial cells by defined elements

Pacifichem2021

2021




21

2021

17

2021

Robustness and plasticity of spatiotemporal patterning by a reaction-diffusion wave entrapped in protocells

59

2021

44

2021




20

2021

2021

Sakura Takada, Natsuhiko Yoshinaga, Nobuhide Doi, Kei Fujiwara

Shaping dynamic and static patterns in artificial cells by modulating reaction-diffusion coupling of Min system

Active Matter Workshop 2022

2022

19

2020




43

2020

(Yoshinaga Natsuhiko)

(90548835)

(11301)




