(®)
2018 2021

Investigation of vertebrate brain photoreception and its diversity by
characterizing non-visual photoreceptor proteins

Koyanagi, Mitsumasa
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Animals utilize light for vision and non-visual functions. Recently, direct
brain photoreception has been a hot topic In life sciences. In this study, we showed that
photoreceptor proteins expressed in brains indeed serve as light-sensors. In addition, our
investigation of the brain photoreceptor proteins of varied animals revealed their spectral
sensitivities and signal transduction pathways, which uncovered molecular mechanisms of vertebrate
brain photoreception and its diversity.

GPCR



Opn3

Opn3
Opn3
Opn3 Opn3
2013 Opn3
Gi Go G
2016 Opn3
Opn3
Opn3
Opn3
Opn3
Opn3
Opn3
Opn3
Opn3 bPPL
Opn3
Opn3
Opn3
G Opn3
Opn3
20 Opn3 Opn3
Opn3 Opn3
Opn3 ST | DA SR
0.006 + Absorption ' . Emission
wavelength: "‘ \ wavelength: = 75 9
;0'004 410n;n490 ' 486 nm %
E 0.002 é
0
©Opn3 e ™
Opn3
. Wavelength (nm)
Duchatelet et al., 2020 Sci. Rep. 10, 10195 e
. Obn3 - Rep K1 HTATFAOpn3DIRUNART ML
P ERHBORARNY ML

uv



uv

PP-KO

uv

Wada et d., 2018 PNAS 115, 11310-

405 588 0.2
AF/F

L~
—

2 N\SEJTZCORREMCKD
EHHETNDUVIE ERIRATH
I DIEBV RIS

5s
[T~ wr

L~ PP-KO

—— PP-KO
+SWS1

3 MRERRERIHEBD

Lamprey Parspinosh
2 Panetopsin
i
@ (iv)
Teleost

Lizard

#LFET

uv
bistable
GCaMP
uv
«“ ? Wadaeta., 2018 PNAS 115, 11310-11315
uv
11315 2 uv
PP-KO
uv SWS1
uv
2
uv
Shenetal., Zoological
Lett. 20217, 1
2
Wada et al., 2021 BMC
Biol. 19, 188
2 1
3
]
)
uv

uv

113 ”»

Koyanagi et al., 2021 Optogenetics ppl41-151 4

Rel. absorbance Q
5
§I
1

Rel. luminescence ©

401 500
Wavelength (nm)

[0

>l 3]
S 3

Uy

(]

NN

1 1 1 1 1 1 L
0 20 40 60 80 100 120 140

bPPL bPPL , el
uv M4 J(SE/TSEAVNZ
bPPL , SO FIUREDEHITE
Kawano-Yamashita et a., 2020 Sci. Rep. 10,
9669 bPPL M5NS
P bPPL
P Kawano-Yamashita et al., 2020 Sci. Rep.

10, 9669



12 12 5 11

Wada Seiji Kawano-Yamashita Emi Sugihara Tomohiro Tamotsu Satoshi Koyanagi Mitsumasa 19

Terakita Akihisa

Insights into the evolutionary origin of the pineal color discrimination mechanism from the 2021

river lamprey

BMC Biology 188
DOl

10.1186/s12915-021-01121-1

Shen Baoguo Wada Seiji Nishioka Haruka Nagata Takashi Kawano-Yamashita Emi Koyanagi 7

Mitsumasa Terakita Akihisa

Functional identification of an opsin kinase underlying inactivation of the pineal bistable 2021

opsin parapinopsin in zebrafish

Zoological Letters 1
DOl

10.1186/s40851-021-00171-1

Yamaguchi Kazuaki Koyanagi Mitsumasa Kuraku Shigehiro 34

Visual and nonvisual opsin genes of sharks and other nonosteichthyan vertebrates: Genomic 2020

exploration of underwater photoreception

Journal of Evolutionary Biology 968 976
DOl

10.1111/jeb.13730

Duchatelet Laurent Sugihara Tomohiro Delroisse J?r?me Koyanagi Mitsumasa Rezsohazy Ren? 10

Terakita Akihisa Mallefet J?r?me

From extraocular photoreception to pigment movement regulation: a new control mechanism of the 2020

lanternshark luminescence

Scientific Reports 10195

DOl
10.1038/s41598-020-67287-w




Kawano-Yamashita Emi Koyanagi Mitsumasa Wada Seiji Saito Tomoka Sugihara Tomohiro Tamotsu 10

Satoshi Terakita Akihisa

The non-visual opsins expressed in deep brain neurons projecting to the retina in lampreys 2020

Scientific Reports 9669
DOl

10.1038/s41598-020-66679-2

Saito Tomoka Koyanagi Mitsumasa Sugihara Tomohiro Nagata Takashi Arikawa Kentaro Terakita 5

Akihisa

Spectral tuning mediated by helix 111 in butterfly long wavelength-sensitive visual opsins 2019

revealed by heterologous action spectroscopy

Zoological Letters 35
DOl

10.1186/s40851-019-0150-2

Matsuo Ryota Koyanagi Mitsumasa Nagata Akane Matsuo Yuko 527

Co- expression of opsins in the eye photoreceptor cells of the terrestrial slug 2019

Limax valentianus

Journal of Comparative Neurology 3073 3086
DOl

10.1002/cne.24732

Nagata Takashi Koyanagi Mitsumasa Tsukamoto Hisao Mutt Eshita Schertler Gebhard F. X. 2

Deupi Xavier Terakita Akihisa

The counterion-retinylidene Schiff base interaction of an invertebrate rhodopsin rearranges 2019

upon light activation

Communications Biology 180

DOl
10.1038/s42003-019-0409-3




Ehrenberg David Varma Niranjan Deupi Xavier Koyanagi Mitsumasa Terakita Akihisa Schertler 116

Gebhard F.X. Heberle Joachim Lesca Elena

The Two-Photon Reversible Reaction of the Bistable Jumping Spider Rhodopsin-1 2019

Biophysical Journal 1248 1258
DOl

10.1016/j .bpj .2019.02.025

Wada Seiji Shen Baoguo Kawano-Yamashita Emi Nagata Takashi Hibi Masahiko Tamotsu Satoshi 115

Koyanagi Mitsumasa Terakita Akihisa

Color opponency with a single kind of bistable opsin in the zebrafish pineal organ 2018

Proceedings of the National Academy of Sciences

11310 11315

DOl
10.1073/pnas.1802592115

Hara Yuichiro Yamaguchi Kazuaki Onimaru Koh Kadota Mitsutaka Koyanagi Mitsumasa Keeley 2

Sean D. Tatsumi Kaori Tanaka Kaori Motone Fumio Kageyama Yuka Nozu Ryo Adachi Noritaka

Nishimura Osamu Nakagawa Reiko Tanegashima Chiharu Kiyatake Itsuki Matsumoto Rui Murakumo

Kiyomi Nishida Kiyonori et al.

Shark genomes provide insights into elasmobranch evolution and the origin of vertebrates 2018

Nature Ecology & Evolution 1761 1771
DOl

10.1038/s41559-018-0673-5

Gerrard Elliot Mutt Eshita Nagata Takashi Koyanagi Mitsumasa Flock Tilman Lesca Elena 115

Schertler Gebhard F. X. Terakita Akihisa Deupi Xavier Lucas Robert J.

Convergent evolution of tertiary structure in rhodopsin visual proteins from vertebrates and 2018

box jellyfish

Proceedings of the National Academy of Sciences 6201 6206

DOl
10.1073/pnas.1721333115




91

11

14

2021

2021

23

2021

92

2021




92

2021
GPCR

92

2021
Opn3 G

92
2021

92

2021




?77?

92
2021
Opn3
92
2021
92
2021
92

2021




Ryota Matsuo, Mitsumasa Koyanagi, Tomohiro Sugihara, Yuko Matsuo, Akihisa Terakita

Five opsins sensitive to blue to green lights are co-expressed in the eye photoreceptors of the terrestrial slug Limax

43

2021

Seiji Wada, Mitsumasa Koyanagi, Akihisa Terakita

Transmission of light information generated in the pineal organ to the midbrain in zebrafish.

43

2021

Naoki Takahashi, Akihisa Terakita, Mitsumasa Koyanagi

Molecular roperties of opsin-like GPCRs identified in a primitive multicellular animal

43

2021

Taishi Shirata, Tomohiro Sugihara, Takashi Nagata, Mitsumasa Koyanagi, Akihisa Terakita

Comparative investigation of G protein activation ability of a non-visual opsin, zebrafish Opn3

43

2021




Momoka Mano, Seiji Wada, Mitsumasa Koyanagi, Akihisa Terakita

A possible regulation of cone light responses by melanopsin distributed to horizontal cells in the larval zebrafish

43

2021

Yuya Namikoshi, Seiji Wada, Mitsumasa Koyanagi, Akihisa Terakita

Toward detection of neural activity changes in the zebrafish brain derived from extraocular photoreceptions.

43

2021

Yusuke Sakai, Mitsumasa Koyanagi, Akihisa Terakita

Spectroscopic characterization of anthozoa-specific opsins found in a reef-building coral.

43

2021

91

2020




91

2020

91
2020

91
2020

91

2020




Yusuke Sakai, Hisao Tsukamoto, Naoto Ueno, Mitsumasa Koyanagi, Akihisa Terakita

Investigation of opsins in the reef-building coral, Acropora tenuis, exhibiting a light-response behavior at the larval
stage

42

2020

Functional analysis of melaonpsin expressed in retinal horizontal cells of zebrafish

42

2020

Investigation of opsin-like GPCRs identified in a primitive multicellular animal.

42

2020

Taishi Shirata, Tomohiro Sugihara, Mitsumasa Koyanagi, Akihisa Terakita

Comparative investigation of G protein activation ability of members of a non-visual opsin, Opsin3 group.

42

2020




Makoto Iwasaki, Tomohiro Sugihara, Seiji Wada, Mitsumasa Koyanagi, Akihisa Terakita

Toward a new method for selective activation of a non-visual opsin

42nd Annual Meeting of The Japanese Society for Comparative Physiology and Biochemistry

2020

Emi Kawano-Yamashita, Nanaho Yura, Mitsumasa Koyanagi, Seiji Wada, Akihisa Terakita, Satoshi Tamotsu

Histological investigation of deep brain photoreceptors in the larval and adult lampreys

42

2020

22

2020

Alyson Kuba Andrew Negri Andrew Baird

Acropora tenuis

22

2020




Seiji Wada, Mitsumasa Koyanagi, Akihisa Terakita

Chromatic response with a single kind of opsin in the zebrafish pineal organ

FASEB SRC The Biology & Chemistry of Vision

2019

Tomoka Saito, Mitsumasa Koyanagi, Tomohiro Sugihara, Takashi Nagata, Kentaro Arikawa, Akihisa Terakita

Spectral tuning in butterfly long wavelength-sensitive visual opsins

FASEB SRC The Biology & Chemistry of Vision

2019

GPCR

21

2019

Mitsumasa Koyanagi, Seiji Wada, Baoguo Shen, Takashi Nagata, Akihisa Terakita

Color dependent light regulation of cell responses by a non-visual bistable opsin parapinopsin

2019 ESP-1UPB World Congress

2019




Eshita Mutt

Gebhard F. X. Schertler Xavier Deupi

1SSP
2019

90
2019

90
2019

90

2019




90

2019

90
2019

90
2019

90

2019




90

2019

Mitsumasa Koyanagi

Light regulation of cell responses by animal rhodopsins

9th Asia and Oceania Conference on Photobiology

2019

2019

2019




2019

2019

2019

Seiji Wada, Baoguo Shen, Mitsumasa Koyanagi, Akihisa Terakita

A signaling pathway of “ color information” generated in parapinopsin-expressing pineal photoreceptor cells to brain
neurons in zebrafish

41

2019




Mitsumasa Koyanagi, Seiji Wada, Baoguo Shen, Takashi Nagata, Akihisa Terakita

Optical regulation of intracellular signaling using bistable animal opsins

41

2019

Tomoka Saito, Seiji Wada, Baoguo Shen, Genki Nakata , Mitsumasa Koyanagi, Akihisa Terakita

Evaluating contribution of pineal opsin, parapinopsin-based color opponency to preference for dark and light in zebrafish
larvae

41

2019

GPCR

Promega Dynamic Connection 2019

2019

Akihisa Terakita, Mitsumasa Koyanagi, Tomohiro Sugihara, Takashi Nagata

Jumping spider Rh-1 as a possible model of bistable rhodopsins for structural, functional and optogenetic studies

CREST 4

2020




Eshita Mutt Gebhard F. X. Schertler Xavier Deupi

2020

FBS 189

2018

Robert Lucas

GPCR

20

2018

20

2018




20

2018

20

2018

Seiji Wada, Baoguo Shen, Emi Kawano-Yamashita, Takashi Nagata, Masahiko Hibi, Satoshi Tamotsu, Mitsumasa Koyanagi, Akihisa
Terakita

Analyses of pineal photoresponses using opsin-deficient and -replaced zebrafish mutants

24

2018

89

2018




89

2018

89
2018

89
2018

89

2018




89

2018

89

2018

Takashi Nagata, Mitsumasa Koyanagi Robert Lucas and Akihisa Terakita

Dark-active and light-inactivated G protein-coupled receptors based on an animal opsin, peropsin

56

2018

Mitsumasa Koyanagi

Functionality of bistable animal opsins for optogenetic regulation of cellular signal transductions

18th International Conference on Retinal Proteins

2018




Takashi Nagata, Mitsumasa Koyanagi, Robert Lucas, Akihisa Terakita

Peropsin as a potential light-inactivated G protein-coupled receptor

18th International Conference on Retinal Proteins

2018

Seiji Wada, Baoguo Shen, Emi Kawano-Yamashita, Takashi Nagata, Masahiko Hibi, Satoshi Tamotsu, Mitsumasa Koyanagi, Akihisa
Terakita

Color opponency with a bistable pigment parapinopsin in the zebrafish pineal organ

18th International Conference on Retinal Proteins

2018

Mitsumasa Koyanagi, Takashi Nagata, Tomoka Saito, Yu Maekawa, Gen Suwa, Akihisa Terakita

Relationship between absorption spectra of spider rhodopsins and evolution of depth perception mechanism

40

2018

Seiji Wada, Baoguo Shen, Emi Kawano-Yamashita, Takashi Nagata, Masahiko Hibi, Satoshi Tamotsu, Mitsumasa Koyanagi, Akihisa
Terakita

Relationship between pineal wavelength discrimination involving parapinopsin and natural light conditions in the zebrafish

40

2018




Baoguo Shen, Seiji Wada, Emi Kawano-Yamashita, Mitsumasa Koyanagi, Akihisa Terakita

Comparative investigation of light responses of pineal photoreceptor cells containing different types of opsins with
transgenic zebrafish

40

2018

Haruka Nishioka, Takashi Nagata, Seiji Wada, Mitsumasa Koyanagi, Akihisa Terakita

Histochemical investigation of phototransduction-related gene expression in zebrafish pineal photoreceptor cells

40

2018

Genki Nakata, Seiji Wada, Mitsumasa Koyanagi, Akihisa Terakita

Contribution of a pineal opsin to light-suppressed melatonin secretion and light-regulated locomotor activity in zebrafish
pineal organ

40

2018

Emi Kawano-Yamashita, Satoshi Tamotsu, Mitsumasa Koyanagi, Seiji Wada, Akihisa Terakita

Histochemical investigation of non-visual opsin-expressing photoreceptor cells in the larval and adult lamprey brains

40

2018




Ryota Matsuo, Mitsumasa Koyanagi, Tomohiro Sugihara, Akihisa Terakita, Haruka Hishiyama, Yuko Matsuo

Opsins involved in the visual function of the terrestrial slug Limax

40

2018

2018

2018

13 &

2019

Mitsumasa Koyanagi

Optical regulation of GPCR signalings using bistable animal opsins

1st International Symposium on Interdisciplinary Approaches to Integrative Understanding of Biological Signaling Networks

2019




Akihisa Terakita, Mitsumasa Koyanagi

Animal opsins: non-visual functions and optogenetic applications

10th OCARINA International Symposium

2019

Takashi Nagata, Mitsumasa Koyanagi, Robert Lucas, Akihisa Terakita

A nobel type of opsin with optogenetic potential: animal opsin-based photopigment as a potential dark-active and light-
Inactivated G protein-coupled receptor

10th OCARINA International Symposium

2019

Seiji Wada, Baoguo Shen, Emi Kawano-Yamashita, Takashi Nagata, Masahiro Hibi, Satoshi Tamotsu, Mitsumasa Koyanagi, Akihisa
Terakita

Detection of “ color changes” with a single kind of opsin in the zebrafish pineal organ

10th OCARINA International Symposium

2019

Baoguo Shen, Seiji Wada, Emi Kawano-Yamashita, Mitsumasa Koyanagi, Akihisa Terakita

Contribution of parapinopsin molecular property to cellular light responses in the zebrafish pineal organ

10th OCARINA International Symposium

2019




Tomoka Saito, Seiji wada, Baoguo Shen, Takashi Nagata, Mitsumasa Koyanagi and Akihisa Terakita

Evaluation of the pineal wavelength discrimination based on a pineal-specific opsin parapinopsin in the zebrafish behaviours

10th OCARINA International Symposium

2019

Genki Nakata, Seiji Wada, Mitsumasa Koyanagi and Akihisa Terakita

Behavioral investigation of non-visual photoreception with pineal-specific opsin- knockout zebrafish

10th OCARINA International Symposium

2019
3

31

2019
1

Mitsumasa Koyanagi, Tomoka Saito, Seiji Wada, Takashi Nagata, Emi Kawano-Yamashita, Akihisa 2020
Terakita
Springer 675

Optogenetics




https://ww.omu.ac.jp/sci/biol-mphys/

http://www.sci.osaka-cu.ac. jp/biol/mphys/index.html

The University of Manchester

Paul Scherrer Institute

Institut de la Vision

The University of Toledo




