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Development of automated numerical methods for analysis of morphogenesis and
their application to chiral structure and motion

Tamada, Atsushi
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For investigating the mechanism of morphogenesis, it is necessary to
qguantitatively analyze the structure and motion of the cells. Here, in this study, we developed
automated methods for imaging and analyzing of 3D structure and 4D motion of the cells. We developed

three fundamental techniques including 1) Riesz transform-differential interference contrast
microscopy for label-free 4D live imaging, 2) automated analysis of 3D cellular structure by the
structure tensor and 3) automated analysis of 4D morphological changes by the multi-scale optical
flow. By applying these techniques to neurons and cellular slime mold, we demonstrated that neuronal
growth cones, growing neurites and migrating cellular slime mold show 3D chiral morphology and 4D
spiral motion.



(Tamada et al ., J.Cell Biol., 188,429,2010
)

MATLAB IMAGEJ

3D

3D

3D

BIEE 4 migzeie
¥
(( —

o\ | N

ﬁ??\\*lrgg ~ 4

R
$k%:¢//§;//

(RT-DIC)
3D
@
(V) ()b
@
a Cc
(exd




3D

RET VI S=Gyy*(grad (grad 1) =(R; +4; +1;)(C, S+, S+C,55)

BF UL Ss w7 Sl mTVIL Sp

2D

a DS TAA—SY
16.5 um

d AR OEERS

(74 0KT 1 70EE - #BEE)

b ) —RERBS T BB C EESH (EFROHE)

) — AT

206%81.8nms"

n=

3D
@

2.12x107 B

(D

105.5%77.8 nm s*
n = 2.12x107 Bk

e WED Y OEEEE
(74 0RF 4 70E - k1 LEE)

DRSS 3.1-3

¥
F
B
1.78454.31°s"

n = 5.36x10° B

O]

©

€
e, e,
L 3% L _ 2(aha) L Mk
RIE C= M+t T o= Mttty
I S
e3
3D
t t+ 8t
Je /r /:
’ / /|
/ 1
/ O |
/ / bt |
) /
J

<
<

WEX xyzt) =1x+8xy+8yz+8zt+6)
V = (8x/6t, 8y /5t 52/50)

RT-DIC

3D

2D

3D

2D




é ilopodium
:

2 retrograde
) actin flow
(J‘ 2 \) right-screw
rotation
ethered

myosin V

filopodium CW trajectory

rightward turning of neurite
detached filopodia
by right-screw rotation

asymmetric
location of
filopodia

rightward shift of
growth cone body

neuronal

extension cell body

neurite

é filopodium
g
&
&

\ right-screw
rotation

Pl

CW cell migration

I‘ CW trajectory
protrusion »

LD\ / right-screw rotation
i 9

migration

RT-DIC
3D

ImageJ
MATLAB
RT-DIC

3

Asami Kawasaki, Masayasu Okada, Atsushi
Tamada, Shujiro Okuda, Motohiro Nozumi,
Yasuyuki Ito, Daiki Kobayashi, Tokiwa
Yamasaki, Ryo Yokoyama, Takeshi Shibata,
Hiroshi Nishina, Yutaka Yoshida, Yukihiko
Fujii, Kosei Takeuchi and Michihiro
lgarashi (2018)

Growth cone phosphoproteomics reveals that
GAP-43 phosphorylated by IJNK is a marker of
axon growth and regeneration.

iScience 4, in press.
https://doi.org/10.1016/j .1sci.2018.05.0
19

Atsushi Tamada and Michihiro lgarashi
(2017)
Revealing chiral cell motility by 3D Riesz
transform-differential interference
contrast microscopy and computational
kinematic analysis.
Nat Commun 8, 2194.
https://www._nature.com/articles/s41467-0
17-02193-w

Nozomu Yoshioka, Shinji Miyata, Atsushi
Tamada, Yumi Watanabe, Asami Kawasaki,
Hiroshi Kitagawa, Keizo Takao, Tsuyoshi
Miyakawa, Kosei Takeuchi and Michihiro
lgarashi (2017)

Abnormalities in perineuronal nets and
behavior in mice lacking CSGalNAcT1, a key
enzyme in chondroitin sulfate synthesis.
Mol Brain 10, 47.
https://molecularbrain.biomedcentral .com
/articles/10.1186/s13041-017-0328-5

7

Atsushi Tamada, Michihiro lgarashi
Automated multidimensional image analysis
for structures and functions of the



nervous systems

2018

http://www.med.niigata-u.ac. jp/bc2/
39 2017

@

TAMADA, Atsushi

40 2017 60270576

@
58 2017

Atsushi Tamada
Imaging and quantitative analysis of
chiral cell motility and left-right |
asymmetry. Symposium: Catching a glimpse
of cell chirality: its roles and origin
69 2017

Atsushi Tamada 4
Formation of left-right brain asymmetry by
molecular chirality
Symposium: Discovery of cell chirality, a
novel cell polarity, and its functions

39 2016

121 2016




