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Real-world modeling of life: From DNA to Organoid
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Studies have been carried out to uncover the essentials of life, by
combining experiments and theoretical analysis. 1) Transitions of higher-order structure of
genome-sized DNA were systematically investigated. For example, environmental substances such as
polyamines and alcohols cause bimodal effect, promotion and inhibition, on genetic activity
depending on their concentrations. Specific changes on the higher-order structure of DNA were
clarified through single molecule observations. 2) Self-emergence of cell-like structure were
successfully demonstrated through simple experimental procedure by mixing various biomacromolecules
such as DNA and skeletal proteins under the solution condition to undergo micro phase-separation. 3)

By adapting crowding aqueous solution, it was found that differentiated cells are localized in a
specific manner, either in the interior or at the periphery, for micro phase-separated water/water
droplets.

DNA
/ DNA



(Systems Biology)

DNA ATP
/
depletion effect
D DNA
100kbp DNA
DNA GC DNA
1))
_ DNA
Actin-
myosin  microtubule-kinesin
11D
(3D) 3
3D
D DNA
DNA
Rb>K>Cs>Na Li (T. Nishio,et al., Adv.
Biol. (2022).) ethanol
DNA
K. Fujino, et al., Polymers (2023). Daunomycin
DNA (T. Nishio, et al.,
Inter. J. Mol. Sci.(2023).) DNA
(T. Nishio, et al., Sci. Rep. (2022).)
Luciferase DNA
DNA 1 1.7kbp  DNA 25_7kbp
DNA DNA
AFM 1.7kbp  DNA stiff
conformation 25.7kbp  DNA DNA RNA polymerase
DNA DNA

polyamine
(T. Kitagawa, et al., Inter. J. Mol. Sci.(2021).)
0.1mM polyamine polyamine control 4-5



1.2 001 ) _luct. Tk : _ lucd.3k : 1uc25.7k
g 10r | |
2 0.005- —
£ 0.8f b -
c |
2 o6F O . s
o : = -
% 0.4f - D P S (2
g . & .. 3 2 Vst DNA
8 0.2 - DR & { ‘;“'(\ .; ::;Polymemse
I 2
DNA DNA
Luciferase AFM
1mM polyamine
AFM DNA
0.1mM polyamine DNA 1mM
1))
DNA DNA
H. Sakuta, et al., ChemBioChem /
( H. Sakuta, et
al., Comm. Chem. (2023).) /

(M. Kuroda, et al., J. Phys. Soc. Japan (2023); C.-Y. Shew and KY, Chem.
Phys. Lett. (2023).)

c 0-10 min 10 - 20 min 20 - 30 min

Elapsed time (min)

PEG/Dextran

1 (3D)

(K. Tsumoto, et al.,
Biophys. Rev. (2020).)
DNA

(M. Shono, et al., Sci. Rep.(2021); Small (2023);
ACS Macro Lett. (2024).)
(M. Tsuchiya, et al., Inter.
J. Mol. Sci.(2020).)



43 43 16 35

Nishio Takashi Yoshikawa Yuko Yoshikawa Kenichi Sato Shin-ichi 1

Longer DNA exhibits greater potential for cell-free gene expression 2021

Scientific Reports 11739/1-7
DOl

10.1038/s41598-021-91243-x

Ma Yue Ishihara Kazuya Yoshida Kenji Akiyama lwaki Yoshikawa Kenichi 150

Double-strand breaks in genome-sized DNA caused by megahertz ultrasound 2021

The Journal of the Acoustical Society of America 241 247
DOl

10.1121/10.0005539

Waizumi Tatsuyuki Sakuta Hiroki Hayashi Masahito Tsumoto Kanta Takiguchi Kingo Yoshikawa 155

Kenichi

Polymerization/depolymerization of actin cooperates with the morphology and stability of cell- 2021

sized droplets generated in a polymer solution under a depletion effect

The Journal of Chemical Physics

075101/1-15

DOl
10.1063/5.0055460

Shono Mayu Ito Ritsuki Fujita Fumika Sakuta Hiroki Yoshikawa Kenichi 11
Emergence of uniform linearly-arranged micro-droplets entrapping DNA and living cells through 2021
water/water phase-separation

Scientific Reports 23570/1-9

DOl
10.1038/s41598-021-02990-w




Nishio Takashi Yoshikawa Yuko Yoshikawa Kenichi

16

Higher-order structure of DNA determines its positioning in cell-size droplets under crowded 2021
conditions
PLOS ONE e0261736
DOl
10.1371/journal .pone.0261736
14
2022
133 137
DOl
10.11308/tjsst.14.133
Masukawa Marcos K. Sato Yusuke Yu Fujio Tsumoto Kanta Yoshikawa Kenichi Takinoue Masahiro 23
Water- in- Water Droplets Selectively Uptake Self- Assembled DNA Nano/Microstructures: a 2022
Versatile Method for Purification in DNA Nanotechnology
ChemBioChem €202200240
DOl
10.1002/cbic.202200240
Tamanoi Fuyuhiko Yoshikawa Kenichi 51
Overview of DNA damage and double-strand breaks 2022
The Enzymes 2 152

DOl
10.1016/bs.enz.2022.08.001




Nishio Takashi Masaoka Tomoya Yoshikawa Yuko Sadakane Koichiro Kenmotsu Takahiro Schiessel
Helmut Yoshikawa Kenichi

Markedly Different Effects of Monovalent Cations on the Efficiency of Gene Expression

2022

Advanced Biology

2200164 /1-8

DOl
10.1002/adbi . 202200164

Yoshikawa Kenichi 51

Quantitative evaluation of DNA double-strand breaks (DSBs) through single-molecule observation 2022

The Enzymes 7027
DOl

10.1016/bs.enz.2022.08.002

Fujino Kohei Nishio Takashi Fujioka Keita Yoshikawa Yuko Kenmotsu Takahiro Yoshikawa 15

Kenichi

Activation/Inhibition of Gene Expression Caused by Alcohols: Relationship with the Viscoelastic 2022

Property of a DNA Molecule

Polymers 149 149
DOl

10.3390/polym15010149

Erenpreisa Jekaterina Giuliani Alessandro Yoshikawa Kenichi Falk Martin Hildenbrand Georg 24

Salmina Kristine Freivalds Talivaldis Vainshelbaum Ninel Weidner Jonas Sievers Aaron

Pilarczyk G?tz Hausmann Michael

Spatial-Temporal Genome Regulation in Stress-Response and Cell-Fate Change 2023

International Journal of Molecular Sciences 2658 2658

DOl
10.3390/i jms24032658




Nishio Takashi Shimada Yohji Yoshikawa Yuko Kenmotsu Takahiro Schiessel Helmut Yoshikawa 24
Kenichi
The Anticancer Drug Daunomycin Directly Affects Gene Expression and DNA Structure 2023
International Journal of Molecular Sciences 6631 6631
DOl
10.3390/i jms24076631
63
2023
5 11
DOl
10.2142/biophys.63.5
Sakuta Hiroki Nakatani Naoki Torisawa Takayuki Sumino Yutaka Tsumoto Kanta Oiwa Kazuhiro 6
Yoshikawa Kenichi
Self-emergent vortex flow of microtubule and kinesin in cell-sized droplets under water/water 2023
phase separation
Communications Chemistry 80/1-9
DOl
10.1038/s42004-023-00879-5
Shew Chwen-Yang Yoshikawa Kenichi 819
Crowding effect on the alignment of rod molecules confined in a spherical cavity 2023
Chemical Physics Letters 140437/1-7

DOl
10.1016/j .cplett.2023.140437




Ogawa Haruto Nishio Takashi Yoshikawa Yuko Sadakane Koichiro Yoshikawa Kenichi 52

Chlorogenic Acid Protects DNA against Double-strand Breaks: Evidence from Single Molecule 2023

Observation

Chemistry Letters 524 527
DOl

10.1246/cl.230171

Shono Mayu Honda Gen Yanagisawa Miho Yoshikawa Kenichi Shioi Akihisa 19

Spontaneous Formation of Uniform Cell- Sized Microgels through Water/Water Phase Separation 2023

Small

2302193/1-6

DOl
10.1002/smi1.202302193

Kuroda Maho Takatori Satoshi Kenmotsu Takahiro Yoshikawa Kenichi Shew Chwen-Yang 92

Stiffness of Confinement Controls the Localization of an Object under Crowding: Macroscale 2023

Real-World and Microscale Numerical Modelings on the Specificity of Intracellular Positioning

Journal of the Physical Society of Japan 064001/1-9
DOl

10.7566/jpsj -92.064001

Sumino Yutaka Yamashita Ryo Miyaji Kazuki Ishikawa Hiroaki Otani Maho Yamamoto Daigo 13

Okita Erika Okamoto Yasunao Krafft Marie Pierre Yoshikawa Kenichi Shioi Akihisa

Droplet duos on water display pairing, autonomous motion, and periodic eruption 2023

Scientific Reports 12377

DOl
10.1038/s41598-023-39094-6




Shono Mayu Fujita Fumika Yoshikawa Kenichi Shioi Akihisa 52

Stabilization of DNA-encapsulating Droplets through Negative Charge at the Droplet Interface 2023

Chemistry Letters 794 797
DOl

10.1246/cl.230294

Ishida Shusuke Takatori Satoshi Hirano Ken Yamamoto Daigo Oe Yohei Yoshikawa Kenichi 13

Micro-DC rotary-motor working smoothly with neither contact brush nor fixed-axis 2023

AIP Advances 115231/1-6
DOl

10.1063/5.0169304

Shono Mayu Aburatani Koki Yanagisawa Miho Yoshikawa Kenichi Shioi Akihisa 13

Periodic Alignment of Binary Droplets via a Microphase Separation of a Tripolymer Solution 2024

under Tubular Confinement

ACS Macro Letters 207 211
DOl

10.1021/acsmacrolett.3c00689

Fujino Kohei Nishio Takashi Fujioka Keita Yoshikawa Yuko Kenmotsu Takahiro Yoshikawa 15

Kenichi

Activation/Inhibition of Gene Expression Caused by Alcohols: Relationship with the Viscoelastic 2022

Property of a DNA Molecule

Polymers 149/1~13
DOl

10.3390/polym15010149




Erenpreisa Jekaterina Giuliani Alessandro Yoshikawa Kenichi Falk Martin Hildenbrand Georg 24

Salmina Kristine Freivalds Talivaldis Vainshelbaum Ninel Weidner Jonas Sievers Aaron

Pilarczyk G?tz Hausmann Michael

Spatial-Temporal Genome Regulation in Stress-Response and Cell-Fate Change 2023

International Journal of Molecular Sciences 2658/1~40
DOl

10.3390/i jms24032658

Nishio Takashi Shimada Yohji Yoshikawa Yuko Kenmotsu Takahiro Schiessel Helmut Yoshikawa 24

Kenichi

The Anticancer Drug Daunomycin Directly Affects Gene Expression and DNA Structure 2023

International Journal of Molecular Sciences 6631 6631
DOl

10.3390/i jms24076631

Sakuta Hiroki Nakatani Naoki Torisawa Takayuki Sumino Yutaka Tsumoto Kanta Oiwa Kazuhiro 6

Yoshikawa Kenichi

Self-emergent vortex flow of microtubule and kinesin in cell-sized droplets under water/water 2023

phase separation

Communications Chemistry 19
DOl

10.1038/s42004-023-00879-5

Shew Chwen-Yang Yoshikawa Kenichi 819

Crowding effect on the alignment of rod molecules confined in a spherical cavity 2023

Chemical Physics Letters

140437 140437

DOl
10.1016/j .cplett.2023.140437




Ogawa Haruto Nishio Takashi Yoshikawa Yuko Sadakane Koichiro Yoshikawa Kenichi 52

Chlorogenic Acid Protects DNA against Double-strand Breaks: Evidence from Single Molecule 2023

Observation

Chemistry Letters 524/1~7
DOl

10.1246/cl.230171

Shono Mayu Honda Gen Yanagisawa Miho Yoshikawa Kenichi Shioi Akihisa 19

Spontaneous Formation of Uniform Cell- Sized Microgels through Water/Water Phase Separation 2023

Small

23021193/1~6

DOl
10.1002/smi1.202302193

Kuroda Maho Takatori Satoshi Kenmotsu Takahiro Yoshikawa Kenichi Shew Chwen-Yang 92

Stiffness of Confinement Controls the Localization of an Object under Crowding: Macroscale 2023

Real-World and Microscale Numerical Modelings on the Specificity of Intracellular Positioning

Journal of the Physical Society of Japan 064001/1 9
DOl

10.7566/jpsj -92.064001

Sumino Yutaka Yamashita Ryo Miyaji Kazuki Ishikawa Hiroaki Otani Maho Yamamoto Daigo 13

Okita Erika Okamoto Yasunao Krafft Marie Pierre Yoshikawa Kenichi Shioi Akihisa

Droplet duos on water display pairing, autonomous motion, and periodic eruption 2023

Scientific Reports 12377/1~10

DOl
10.1038/s41598-023-39094-6




Shono Mayu Fujita Fumika Yoshikawa Kenichi Shioi Akihisa 52

Stabilization of DNA-encapsulating Droplets through Negative Charge at the Droplet Interface 2023

Chemistry Letters 794 797
DOl

10.1246/cl.230294

Ishida Shusuke Takatori Satoshi Hirano Ken Yamamoto Daigo Oe Yohei Yoshikawa Kenichi 13

Micro-DC rotary-motor working smoothly with neither contact brush nor fixed-axis 2023

AIP Advances 115231/1 6
DOl

10.1063/5.0169304

Shono Mayu Aburatani Koki Yanagisawa Miho Yoshikawa Kenichi Shioi Akihisa 13

Periodic Alignment of Binary Droplets via a Microphase Separation of a Tripolymer Solution 2024

under Tubular Confinement

ACS Macro Letters 207 211
DOl

10.1021/acsmacrolett.3c00689

Mayu Shono, Satoshi Takatori, Jose M. Carnerero and Kenichi Yoshikawa 117

Switching between positive and negative movement near an air/water interface through lateral 2020

laser illumination

Applied Physics Letters 073701/1-5

DOl
10.1063/5.0015247




Sakuta Hiroki Fujita Fumika Hamada Tsutomu Hayashi Masahito Takiguchi Kingo Tsumoto 21
Kanta Yoshikawa Kenichi

Self- Emergent Protocells Generated in an Aqueous Solution with Binary Macromolecules through 2020
Liquid- Liquid Phase Separation

ChemBioChem 3323 3328

DOl
10.3390/polym12071607

Ma Yue Yoshikawa Yuko Oana Hidehiro Yoshikawa Kenichi 12

Marked Difference in the Conformational Transition of DNA Caused by Propanol Isomer 2020

Polymers 1607/1-11
DOI

10.3390/i jms21134581

Tsuchiya Masa Giuliani Alessandro Yoshikawa Kenichi 21

Cell-Fate Determination from Embryo to Cancer Development: Genomic Mechanism Elucidated 2020

International Journal of Molecular Sciences 4581/1-36
DOI

10.3390/i jms21134581

69

“ " 2020

141 144

DOl




Ueno Hiroshi Shono Mayu Ogawa Momoko Sadakane Koichiro Yoshikawa Kenichi 3
Emergence of Many Mini-Circles from a Coffee Suspension with Mechanical Rotation 2021
Physics 8 16
DOl
10.3390/i jms22052355
Kitagawa Tomoki Nishio Takashi Yoshikawa Yuko Umezawa Naoki Higuchi Tsunehiko Shew Chwen- 22
Yang Kenmotsu Takahiro Yoshikawa Kenichi
Effects of Structural lIsomers of Spermine on the Higher-Order Structure of DNA and Gene 2021
Expression
International Journal of Molecular Sciences 2355/1-13
DOl
10.1246/cl.210009
Baba Hikari Yoshioka Risa Takatori Satoshi Oe Yohei Yoshikawa Kenichi 50
Transitions among Cracking, Peeling and Homogenization on Drying of an Aqueous Solution 2021
Containing Glucose and Starch
Chemistry Letters 1011 1014

DOl
10.1246/cl.210009

18 13 4

DNA

3 JST CREST 1

2021




Longer DNA enhances the efficiency of cell free-gene expression

59

2021

Longer DNA promotes gene expression through its conformational specificity

44
2021
DNA
44
2021
DNA -
73

2021




2021

Cooperation of Real-World Modeling with Simulation toward the Problem “ What is Life?”

JSST 2021; Annual International Conference on Simulation Technology

2021

DNA Semiflexible Polymer Polyelectrolyte

2021

Low-Tech : Proto Cell

13.0 (

2020




Kenichi Yoshikawa

How to Bridge the Gap between Life and Matter

Moscow Regional University (

2020

DNA

2020

5 EXCELLS (

2021

2022




Kenichi Yoshikawa

Change of the higher-order structure in DNA causes significant effect on genetic activity: a physical view.

Riga International Symposium: "Spatial-temporal genome regulation in stress- response and cell-fate change

2022

Kenichi Yoshikawa

Self-Emergent Structure & Function on Hierarchical Life System: Real-World Modeling

25th Anniversary Symposium of German-Japanese Joint Research Project on Nonequilibrium Statistical Physics Perspectives for
Future Collaboration

2022

Kenichi Yoshikawa

Nonlinear dynamics in life: From higher-order structure of DNA to multicellular system

International Symposium ” Transposons, lamina, genome instability, DNA repair, and cancer”

2023

Kenichi Yoshikawa

How does the aqueous environment on DNA concern the promotion/inhibition of genomic activity?

Workshop “ Physics of Soft and Active Matter in Different Spatio-Temporal Domains”

2023




11

2023
3
2020
212
, CSJ
2023
256
Masa Tsuchiya, Alessandro Giuliani, Giovanna Zimatore, Jekaterina Erenpreisa and Kenichi 2022
Yoshikawa
Springer 35
Nuclear, Chromosomal, and Genomic Architecture in Biology and Medicine, Chap.2

T/JP2020/034976 2020




https://dmpl.doshisha.ac.jp/




