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Analysis of cellular dynamics driving the directional rotation of epithelial
tube using 3D vertex model
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In invertebrates, the left-right (LR) asymmetry of their body structures is
formed by the chirality of cells (cell chirality). An object is chiral if it is distinguishable from
its mirror image. However, it has not been understood how cell chirality drives the LR asymmetric
morphological changes of organs. To address this, we analyzed the 3-demensional structure of cells
that comprise the Drosophila embryonic gut during its left-handed rotation. As a novel chirality of

cells, we found that these cells twist, which seems to couple with the tissue rotation. Our
3-demensional vertex model of the gut tube demonstrated that the cell twisting can be a driving
force of the tissue rotation. Thus, our results demonstrated that cell twisting is a novel dynamics
of cells drives the LR asymmetric organ morphogenesis.



)

invivo

)

©)

90

3D
2B

3D

2D

*"'
30 0do
Sa0e sl

2030

\_" ‘I
BEEOZE

BEAOXSVTs BERISFSUT/
oYYy ol LTS
A
B
invivo
2D
2A
3D

BEx
ADT
=ot
e

3D

Basal

”
Apical Lateral

ik
FFetol Y
1238 -7

=)




1
3D
3D
(1)
20
4
@) 3D
3D
2B
2B
1) 3D
3D
2B
3D

3D

2D

2D

mNeoGreen

GAL4/UAS

E-cadherin

Imaris

2B

3D

GAP43

3D
Discslarge

3D

2B

ERE L7
3

3D

JERT—4D
Eiicles]

nlho
Fa=(d

2C

3D




2D

2D

invivo
D
2
3D
3D
3
ImagelJ
3D
3 4
3
3D
3D
4
D
- 4
4
4
3 4
MyosinlD MyolD MyolD
MyolD
MyolD
MyolD
D
3D
3 3D
D
WE L7 WELAE
fmpEE%E7:3 M2 % 5:5
DEET DEET @
EEED Bstm v 3D
(232 - 7= (232 - 7=
=y =y
3D
] -
in vivo

in vivo



3D
2

3D

3D

55

MyolD
MyolD

MyolD
invivo

invivo
3D



13 12 0 6

Utsunomiya Sosuke Sakamura So Sasamura Takeshi Ishibashi Tomoki Maeda Chinami Inaki 11

Mikiko Matsuno Kenji

Cells with Broken Left-Right Symmetry: Roles of Intrinsic Cell Chirality in Left-Right 2019

Asymmetric Epithelial Morphogenesis

Symmetry 505 505
DOl

10.3390/sym11040505

Ishibashi Tomoki Hatori Ryo Maeda Reo Nakamura Mitsutoshi Taguchi Tomohiro Matsuyama 24

Yoko Matsuno Kenji

E and ID proteins regulate cell chirality and left-right asymmetric development in 2019

Drosophila

Genes to Cells 214-230
DOl

10.1111/gtc.12669

Inatomi Momoko Shin Dongsun Lai Yi-Ting Matsuno Kenji 9

Proper direction of male genitalia is prerequisite for copulation in Drosophila, implying 2019

cooperative evolution between genitalia rotation and mating behavior

Scientific Reports 210
DOl

10.1038/s41598-018-36301-7

Lai Yi-Ting Maeda Chinami Matsuno Kenji 23

Drosophila flies high over the Asia-Pacific: Report on the Fourth Asia-Pacific Drosophila 2018

Research Conference

Genes to Cells 512 516

DOl
10.1111/gtc.12601




Inaki Mikiko Hatori Ryo Nakazawa Naotaka Okumura Takashi Ishibashi Tomoki Kikuta Junichi
Ishii Masaru Matsuno Kenji Honda Hisao

Chiral cell sliding drives left-right asymmetric organ twisting 2018
eLife €32506
DOI
10.7554/eLife.32506
Inaki Mikiko Sasamura Takeshi Matsuno Kenji 6
Cell Chirality Drives Left-Right Asymmetric Morphogenesis 2018
Frontiers in Cell and Developmental Biology 34
DOI
10.3389/fcel1.2018.00034
Inaki, M., Yang L. J., and Matsuno K. -
Left-right asymmetric morphogenesis in Drosophila and other invertebrates: the discovery of 2017
intrinsic cell chirality and its functions
Reviews in Cell Biology and Molecular Medicine -
DOI
Inaki, M., Yang L. J., and Matsuno K. 371
Cell chirality: its origin and roles in left-right asymmetric development. 2016
20150403

Phil Trans B

DOl
10.1098/rstb.2015.0403.




Matsumoto, K., Ayukawa, T., Ishio, A., Sasamura, T., Yamakawa, T. and Matsuno, K.

291

Dual roles of 0-glucose glycans redundant with monosaccharide O-fucose on Notch in Notch
Trafficking.

2016

J. Biol. Chem.

13743-13752

DOl
10.1074/jbc.M115.710483.

(2)Okumura, T., Sasamura, T., Inatomi, M., Hozumi, S., Nakamura, M., Hatori, R., Taniguchi, K., 199
Nakazawa,N., Suzuki, E., Maeda, R., Yamakawa, T., and Matsuno, K.
Class I myosins have overlapping and specialized functions in left-right asymmetric development 2015
in Drosophila.
Genetics 1183-1199
DOl
10.1534/genetics.115.174698
Ishio, A., Sasamura, T., Ayukawa, T., Kuroda, J., Ishikawa, H. 0., Aoyama, N., Matsumoto, K., 290
Gushiken, T., Okajima, T., Yamakawa, T., and Matsuno, K.
0-fucose monosaccharide of Drosophila Notch has a temperature-sensitive function and cooperates 2015
with O-glucose glycan in Notch transport and Notch signaling activation.
J. Biol. Chem. 505-519
DOl
10.1074/jbc.M114.616847
34
Notch 2015
390-396

DOl




(€] , Shin Dungsun, Lai Yi-Ting, , 55

2020

23-26

DOl

38 8 9

Mikiko Inaki, Akino Okubo, Takamich Susida, Masakazu Akiyama, Yasuhiro Inoue, Kenji Matsuno

A novel 3D mprphologic change of epithelial cells, cell twisting, may account for left-right directional trissue rotation

2018

Tomoki Ishibashi, Ryo Hatori, Yoka Matsuyama, Kneji Matsuno

Id protein regulates MyosinID and MyosinIC balance via YAP independent Hippo pathway to control the left-right asymmetric
development of the Drosophila hindgut

2018

Takashi Sasamura, Daisuke Kurisu, Masakazu Akiyama, Kohei Otomo, Kaname Nemoto, Hiroaki Mizuno, Naoki Watanabe, Kenji
Matsuno

Chirarity in the dynamic behaviro of bood cell cytoplasm in Drosophila

2018




Yukako Inoue, Takeshi Sasamura, Mikiko Inaki, Kenji Matsuno

A genetic screen based on a mirror-image mutant condition in Drosophila to identify genes required for the formation of
default left-right asymmmetry

2018

Sousuke Utsunomiya, Takeshi Sasamura, Yukihiro Miyamaga, Masahiro Ueda, Kenji Matsuno

Single molecular dynamics of Myosin-ID dictating chiral behaviors of Drosophila cells

2018

2018

2018




2018

Yukako Inoue, Takeshi Sasamura, Mikiko Inaki, Kenji Matsuno

A genetic screen based on a mirror-image mutant condition in Drosophila to identify genes required for the formation of
default left-right asymmmetry

2018

Myosin31DF

2018

Mikiko Inaki, Hisao Honda, Kenji Matsuno

Chiral cell sliding drives left-right asymmetric organ twisting

The 4th Asia-Pacific Drosophila Research Conference

2017




Tomoko Yamakawa, Kenji Matsuno

The cell-type specific functions of an ER modulating factor, Pecanex in Notch and Wnt signaling pathways

The 4th Asia-Pacific Drosophila Research Conference

2017

Momoko Inatomi, Chisako Sakuma, Hirotaka Kanuka, Kenji Matsuno

Evolutionally cooperativity between mating position and rotation of male genitalia in Diptera

The 4th Asia-Pacific Drosophila Research Conference

2017

Tomoko Yamakawa, Kenji Matsuno

The cell-type specific functions of an ER modulating factor, Pecanex in Notch and Wnt signaling pathways

Annual meeting of the Japanese Society of Developmental Biology

2017

2017




Kenji Matsuno

Cell chirality drives left-right asymmetric morphogenesis

2017

Pecanex Notch Wnt

2017

2017

2017




Kenji Matsuno

Cell chirality drives left-right asymmetric development

Annual International Seminar on Trends in Science and Science Education 2017, State University of Medan

2017

Kenji Matsuno

Cell chirality drives left-right asymmetric development

The 3rd International Symposium on Mechanobiology

2017

Notch 0

2017

2017

2017

2017




2017

2017

Notch Pecanex NSF

2017

2017

2017

2017

Inaki M, Honda H, Matsuno K

Chiral cell sliding drives left-right asymmetric organ twisting

Mechanical forces in biology, Heidelberg, Germany

2017




Inaki M, Honda H, Matsuno K

Chiral cell sliding drives left-right asymmetric organ twisting

European Drosophila Research Conference, London, UK

2017

Kenji Matsuno

Discovery of cell chirality, a novel cell polarity, and its functions

2016

Kenji Matsuno

Cell chirality my be an evolutionarily conserved mechanisms that drives twisting of alimentary canal

The 22nd International Congress of Zoology

2016

Kenji Matsuno

Cell chirality is a novel and evolutionarily conserved cell polarity that drives left-right asymmetric morphogenesis

57th annual Drosophila research conference

2016




2016

2015

Tomoki Ishibashi, Katsushi Yamaguchi, Shuji Shigenobu, and Kenji Matsuno

Transciptome analysis to identify genes responding to mechanical force in developing Drosophila embryos

The 5th annual meeting for whole-roganism science society

2015

Momoko Inatomi, Chisako Sakuma, Hiroyuki Kanuka, and Kanji Matsuno

Evolutionary cooperrativity between mating position and rotation of male genitalia in Diptera

The 5th annual meeting for whole-roganism science society

2015




Ami Yamagishi, Tomoko Yamakawa, and Kenjji Matsuno

Functional interaction between Pecanex and NSF2 in Notch signaling

The 5th annual meeting for whole-roganism science society

2015

Yusuke Kamei, Hiroki Okanishi, Takeshi Sasamura, Seiki Kueamitsu, and Kenji Matsuno

BiolD-based identification of proteins interacting with Myosin31DF, which controls left-rihgt asymmetry in Drosophila

The 5th annual meeting for whole-roganism science society

2015

Mikiko Inaki, Hisao Honda, and Kenji Matsuno

Analysis of cellular dynamics in left-right asymmetric rotation of Drosophila hindgut

The 5th annual meeting for whole-roganism science society

2015

http://www.bio.sci.osaka-u.ac.jp/bio_web/lab_page/matsuno/index.html




(Sasamura Takeshi)

(70647487) (14401)
(Yamakawa Tomoko)
(20645402) (14401)




