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Development of optical microscope platform to explore singularity cells
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In order to observe a "sin?ularity phenomenon™ which is an irreversible
biological phenomenon induced by a "singularity cell”™ born or produced in rare cases, we have
developed a non-invasive physiological function imaging method and a whole-cell imaging technique.
The former, based on photoacoustic imaging technology, was developed to measure physiological
functions of individual cells in mice in three dimensions in real time, achieving a spatial
resolution of 1 micrometer and a temporal resolution of 10 seconds in a 1 square millimeter field of
view. The latter, based on light sheet microscopy, we developed structured light-sheet technology
and an incubator for light-sheet microscope, achieving a continuous imaging of all cells every 5
minutes for 24 hours during mouse embryogenesis.



)
/
(6 //:?—17'JT4L%§E
C B SPPR N SN
( ) =70 '?{{ ¢.c§f§o ¢. ‘.‘.¢
ﬂvT/J#J7UT4ﬁWER?
#’Fﬂi&ﬁﬁﬁ’\
ERFRBELGE
(
)

10



1000
300
24

10 24

AR Acoustical Resolution

532
(OR, Optical Resolution
10
MEMS
50 10*r “hRed
. + hRed2
) +NLC1
500 S - 0-GECO1
MEMS i :
»gm"
40
1 500 600 700 800 900 1000 1100 1200 1300
100 1 wavelength [nm]
AR
10
(



H2B

(EGFP-H2B)

(EGFP-H2B)
EGFP
(ES
5.5
90

5.5

6.5

H2B
(R26-H2B-
6.5
10 24
24
5.5

24

Horizontal

Vertical

|m
|3
|m
3
m
12

15:00

epi+ppepi
Lateral

#

Anterior

300

Halo-tag

SNAP-tag

H2B

25
1000
1000



Halo-tag SNAP-tag

H2B

25 mm

NERICMOSH % 5

ES
ES 100
Nanog Oct3/4 (
27,000 )

hiPS

V) cv
( ) Sox2 Oct4
15 24 Nanog cv
24
cv cv

Quantification local heterogeneity

Octi4

Visualization

48h‘

Nanog Sox2

Value

DAPI

B i | | k||

100 (hiPS )




35 14 0 5

Kaneshiro Junichi Shioi Go Okamoto Kazuko Onami Shuichi Watanabe Tomonobu M.

29

Improvement in image quality via the pseudo confocal effect in multidirectional digital scanned
laser light-sheet microscopy

2021

Optics Express

24278 24278

DOl
10.1364/0E.423783

Ichimura T. Kakizuka T. Horikawa K. Seiriki K. Kasai A. Hashimoto H. Fujita K. Watanabe 11
T. M. Nagai T.
Exploring rare cellular activity in more than one million cells by a transscale scope 2021
Scientific Reports 16539
DOl
10.1038/s41598-021-95930-7
Morikawa Takamitsu J Nishiyama Masayoshi Yoshizawa Keiko Fujita Hideaki Watanabe Tomonobu M 18
Glycine insertion modulates the fluorescence properties of Aequorea victoria green fluorescent 2021
protein and its variants in their ambient environment
Biophysics and Physicobiology 145 158
DOl
10.2142/biophysico.bppb-v18.016
tl tl I 16
2022
16-22

DOl




16

2022
23-34
DOI
, , , , 121
2021
18-22
DOI
Kawai Takayuki Mihara Yasuhiro Morita Makiko Ohkubo Masahiko Asami Taiji Watanabe Tomonobu 93
M.
Quantitation of Cell Membrane Permeability of Cyclic Peptides by Single-Cell Cytoplasm Mass 2021
Spectrometry
Analytical Chemistry 3370 3377
DOI
10.1021/acs.analchem.0c03901
Hattori Hiroki Namita Takeshi Kondo Kengo Yamakawa Makoto Shiina Tsuyoshi 11642
Applicability of photoacoustic microscopy to quantitative photoaging evaluation 2021
Proc. SPIE. 2021 116420Q

DOl
10.1117/12.2579085




Takeshima Haruna Namita Takeshi Kondo Kengo Yamakawa Makoto Shiina Tsuyoshi 11642

Quantitative evaluation of skin photoaging mechanisms using multi-wavelength analysis of 2021

photoacoustic images

Proc. SPIE. 2021 116420R
DOl

10.1117/12.2579454

Shiotani Kazuma Namita Takeshi Kondo Kengo Yamakawa Makoto Shiina Tsuyoshi 11642

Detecting and evaluating vulnerable artery plaque with handheld photoacoustic imaging system 2021

Proc. SPIE. 2021 1164241
DOl

10.1117/12.2577632

Yoshida Nao Namita Takeshi Kondo Kengo Yamakawa Makoto Shiina Tsuyoshi 11642

Fundamental study for detection of anisakis by photoacoustic imaging 2021

Proc. SPIE. 2021 1164241
DOl

10.1117/12.2578234

Ding Ning Sano Kohei Kanazaki Kengo Shimizu Yoichi Watanabe Hiroyuki Namita Takeshi 109

Shiina Tsuyoshi Ono Masahiro Saji Hideo

Sensitive Photoacoustic/Magnetic Resonance Dual Imaging Probe for Detection of Malignant Tumors 2020

Journal of Pharmaceutical Sciences 3153 3159

DOl
10.1016/j .xphs.2020.07.010




Hiroki HATTORI Takeshi NAMITA Kengo KONDO Makoto YAMAKAWA Tsuyoshi SHIINA 109

Quantitative evaluation of photoaging using photoacoustic microscopy 2020

Proc. 14th Pacific Rim Conf. Lasers and Electro-Optics 3153-3159
DOl

10.1364/CLEOPR.2020.P3_5

Hattori Hiroki Namita Takeshi Kondo Kengo Yamakawa Makoto Shiina Tsuyoshi 42

Study for quantitative evaluation of photoaging with photoacoustic microscopy 2020

Proc. 2020 42nd Annu. Int"l Conf. IEEE. Eng. Med. Biol. Soc. 1927-1930
DOl

10.1109/EMBC44109.2020.9176680

Mizushima Ryota Inoue Kanako Fujiwara Hideaki Iwane Atsuko H. Watanabe Tomonobu M. Kimura 2020

Atsuomi

Multiplexed 129Xe HyperCEST MRI Detection of Genetically Reconstituted Bacterial Protein 2020

Nanoparticles in Human Cancer Cells

Contrast Media & Molecular Imaging 1 10
DOl

10.1155/2020/5425934

Kakizuka Taishi Takai Akira Yoshizawa Keiko Okada Yasushi Watanabe Tomonobu M 56

An improved fluorescent protein-based expression reporter system that utilizes bioluminescence 2020

resonance energy transfer and peptide-assisted complementation

Chemical Communications 3625 3628

DOl
10.1039/c9cc08664a




Kaneshiro Junichi Okada Yasushi Shima Tomohiro Tsujii Mika Imada Katsumi Ichimura Taro 16

Watanabe Tomonobu M.

Second harmonic generation polarization microscopy as a tool for protein structure analysis 2019

Biophysics and Physicobiology 147 157
DOl

10.2142/biophysico.16.0_147

Matsumoto Katsuhiko Mitani Tomoki T. Horiguchi Shuhei A. Kaneshiro Junichi Murakami Tatsuya 14

C. Mano Tomoyuki Fujishima Hiroshi Konno Ayumu Watanabe Tomonobu M. Hirai Hirokazu Ueda

Hiroki R.

Advanced CUBIC tissue clearing for whole-organ cell profiling 2019

Nature Protocols 3506 3537
DOl

10.1038/s41596-019-0240-9

Ali Ahmed Abouleila Yasmine Shimizu Yoshihiro Hiyama Eiso Watanabe Tomonobu M. Yanagida 91

Toshio Germond Arno

Single-Cell Screening of Tamoxifen Abundance and Effect Using Mass Spectrometry and Raman- 2019

Spectroscopy

Analytical Chemistry 2710 2718
DOl

10.1021/acs.analchem.8b04393

Nishiyama Misaki Namita Takeshi Kondo Kengo Yamakawa Makoto Shiina Tsuyoshi 24

Ring-array photoacoustic tomography for imaging human finger vasculature 2019

Journal of Biomedical Optics 1 12

DOl
10.1117/1.3B0.24.9.096005




CCD 2020

DOl

2020

24 25

DOl

2020

26 32

DOl

119

2019

35 40

DOl




119

2019
41 45
DOl
tl tl I I 119
2019
47 51
DOl
Germond Arno Ichimura Taro Horinouchi Takaaki Fujita Hideaki Furusawa Chikara Watanabe 1
Tomonobu M.
Raman spectral signature reflects transcriptomic features of antibiotic resistance in 2018
Escherichia coli
Communications Biology 85
DOl
10.1038/s42003-018-0093-8
Okamoto Kazuko Germond Arno Fujita Hideaki Furusawa Chikara Okada Yasushi Watanabe 8
Tomonobu M.
Single cell analysis reveals a biophysical aspect of collective cell-state transition in 2018
embryonic stem cell differentiation
Scientific Reports 11965

DOl
10.1038/s41598-018-30461-2




Germond Arno Ichimura Taro Chiu Liang-da Fujita Katsumasa Watanabe Tomonobu M. Fujita 8
Hideaki

Cell type discrimination based on image features of molecular component distribution 2018
Scientific Reports 11726
DOl

10.1038/s41598-018-30276-1

Nakahata K. Karakawa K. Ogi K. Mizukami K. Ohira K. Maruyama M. Wada S. Namita T. 98

Shiina T.

Three-dimensional SAFT imaging for anisotropic materials using photoacoustic microscopy 2019

Ultrasonics 82 87
DOl

10.1016/j .ultras.2019.05.006

Shiina Tsuyoshi Toi Masakazu Yagi Takayuki 8

Development and clinical translation of photoacoustic mammography 2018

Biomedical Engineering Letters 157 165
DOI

10.1007/s13534-018-0070-7

118

2018

41-45

DOl




118

2018
49-54
DOl
, » » 2
CFRP 2018
51-56
DOl
, » , 2
2018
57-62
DOl

57

18

14

2021




2021

42

2022

60

36

2022

60

36

2021




2020

Web

2020

2020

2020




2020

CCD

2020

2020

2020




H. Hattori, T. Namita, K. Kondo, M. Yamakawa, T. Shiina

Evaluation of skin aging using photoacoustic microscopy

Proc. SPIE, Vol. 11240, Photons Plus Ultrasound: Imaging and Sensing 2020

2020

K. Ogawa, T. Namita, K. Kondo, M. Yamakawa, T. Shiina

Evaluation of inflammatory degree using model rats by multi-wavelength photoacoustic imaging system

Proc. SPIE, Vol. 11240, Photons Plus Ultrasound: Imaging and Sensing 2020

2020

K. Shiotani, T. Namita, K. Kondo, M. Yamakawa, T. Shiina

Detecting and evaluating lipid-rich artery plaque using a handheld photoacoustic imaging system

Proc. SPIE, Vol. 11240, Photons Plus Ultrasound: Imaging and Sensing 2020

2020

40

2020




40

2020

40
2020

40
2020

M. Sakata, M. Yamakawa, K. Kondo, T. Namita, T. Shiina

Photoacoustic imaging for lymphatic vein anastomosis -Examination using small animals

Proc. Ultrason. Sympo. (1US), 2019 IEEE Int*l

2019




2019

2019

2019

Y. Nakao, T. Namita, K. Kondo, M. Yamakawa, T. Shiina

Fundamental study for identification and elimination of reflection artifacts with photoacoustic spectrum

Proc. SPIE, Vol. 11077, Opto-Acoustic Methods and Applications in Biophotonics 1V

2019




K. Ogawa, T. Namita, K. Kondo, M. Yamakawa, T. Shiina

Evaluation of arthritis with model rats using photoacoustic imaging system

Proc. SPIE, Vol. 11077, Opto-Acoustic Methods and Applications in Biophotonics 1V

2019

AMATERAS

19 71

2019

A challenging imaging technology for singularity brain science

NEUR02019 symposium

2019

™ Watanabe

A new way to use of scattering lights in biology - challenge to predict “ intracellular state” from scattering lights -

RIKEN BDR-CCHMC CuSTOM Joint Workshop

2019




™ Watanabe

A challenging deep-imaging technology for Singularity Biology

20th International Conference on Systems Biology

2019

™ Watanabe

Machine learning can predict gene expression from scattering light

The 21th SANKEN International Symposium “ Al Evolution in Science and Technology

2019

T. Namita, K. Asada, K. Kondo, M. Yamakawa, T. Shiina

Photoacoustic imaging for evaluating tissue characterization

Proc. APSCIT 2018 Annual Meeting

2018

T.Shiina

Development of 3D Photoacoustic Imaging System and its Clinical Translation

40th Annual International Conference of the IEEE Engineering in Medicine and Biology Society

2018




31

2019

K. Asada, T. Namita, K. Kondo, M. Yamakawa, T. Shiina

Evaluation of the usefulness of handheld photoacoustic imaging system for quantitative diagnosis of fatty liver

Proc. SPIE, Vol. 10878, Photons Plus Ultrasound: Imaging and Sensing 2019

2019

Y. Uchimoto, T. Namita, K. Kondo, M. Yamakawa, T. Shiina

Usefulness verification of handheld photoacoustic imaging system for evaluating hypodermal tissue

Proc. SPIE, Vol. 10878, Photons Plus Ultrasound: Imaging and Sensing 2019

2019

39

2019




39

2019

39
2019

39
2019

S. Takaoka, K. Kondo, T. Namita, M. Yamakawa, T. Shiina

Simultaneous photoacoustic and ultrasound imaging using a hemispherical sensor array

Proc. Ultrason. Sympo. (IUS), 2018 IEEE Int"l

2018




Optics & Photonics Japan 2018

2018

Optics & Photonics Japan 2018

2018

45

2018

2018




2018

CFRP

2018

2018

91

2018




91

2018

91

2018

37

2018

26

2018




2018

2018

A challenge to use scattering lights for singularity biology

56

2018

2018

2018




2019

6 6
4
2021-166204 2021
2022-0544525 2022
2020-112191 2020
2019-007827 2018
0

(SHIINA TSUYOSHI)

(40192603) (32619)







