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Development of Fluorescent Probes with Molecular Evolution Engineering
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Up until now, gene-encoded imaging probes were created using known protein
fragments that bind to the molecule of interest to be detected. In this study, we applied molecular
evolution engineering to develop a technology to create a new imaging probe using a peptide aptamer
library or a small molecule antibody with a completely new sequence. In connection with this, we
have developed technology for visualizing biological phenomena and evolutionary engineering
technology such as immuno-PCR method. The developed technology is useful for elucidation of
biological phenomena and medical treatment.



2008 Green Fluorescent Protein(GFP)

GFP
GFP Caz+ G-CaMP
(Nakai Nat Biothchnol 19, 137, 2001) R-CaMP
Ohkura  PL0oS One7,e39933, 2012
Muto Curr Biol 23, 307, 2013 induced
pluripotent stem cell iPS G-
CaMP Caz*
Mascini Angew Chem Int Ed 51, 1316, 2012
GFP
@
ca* G-CaMP PLoS One 7, e51286,
2012 GFP
4 8 16
3 6 IL-
6R 2 (NAR, 37, S4TSY—RHY—=L 5 12k B5ER
€108, 2009) ﬂ%{'/
G-CaliP GFP
N ZRIAT )RR
16 C 22
o o \
cDNA display Yamaguchi NAR 37, }TE?;T—"TW’JTEEEO)%“MJD_j
€108, 2009 cDNA BEILARS
cDNA display / 1

@




@
cDNAdisplay
+ -
PCR DNA
@
IL6
GFP
cDNA
cDNA display
cDNA
in
vitro
cDNA display
120
VHH  variable domain of

heavy chain of heavy chain
antibody
cDNA display

cDNA display
GFP

cDNA display

cDNA display

VHH
cDNA display
immuno-PCR 2
Anzai, H.,
Terai, T. et a. Anal Biochem, 578,
1-6, 2019; Jayathilake, C.,
Kumachi, S. et al. Anal Biochem,
589, 113490, 2020.
VHH in
vitro
VHH
2,3,4 VHH
PCR
in vitro

VHH

error prone PCR
in vitro

PCR

CDR1 CDR2

114 bp 570 bp 18 bp 21bp
B VHH DNA library
- S -7 ~  Transcription
e TN N
=y ElutionandPCR  VHH mRNA

C7 / \ Ligation

W Affinity selection
@ K linker
E ] T

NHS beads In vitro
His tag purification T selection

cycle
E M cDNA display molecule
RNase T1 cleavage

cDNA @
Reverse transcription “_:'/}3

A Rice compounds

. lﬁf\L? ;\:\L?

Photo cross-link

i".'
/ Cell free translation
E’_ mRNA display molecule
Streptavidin bead capture

Gliadin . VHH-cDNA display

Purified

4“:“ h;ﬁ,@h»ﬁ, -\ cDNA 7
) NN =dL LN =
Step 1 Step 2 Step 3 Step 4 Step 5
2 A. VHH DNA B. in vitro
C. gliadin
22 »
25 | wyHHL
VHH2 -
20 VHH3
15
s}
<
10
5 I [ll
i I
0.001 0.01 Gliadin  1gG GFP  Empty

Protein immobilized beads
®VHH1 OAnty-GFP VHH O BDA

Gliadin concentration (pg/mL)

3 4 gliadin
gliadin VHH
VHH VHH1
VHH1 gliadin



VHH

HERRE =2 g - 0
template DNA /\ amplified DNA /\ protruding fragment

1. PCR with 2. endonuclease

inosine primer V treatment
DNA —
5 (Yamamoto, Y., Terai, T., et a. ACS Comb — e
Sci, 22, 165-171, 2020.) e /\ Seamless construction

Y GFP [3. DNA ligase | of DNA library in vitro
fragments
5 DNA

@

in vitro selection

PDOIZ*t 9 BBDAD /2 FI&EH
(PDO/BDA)
7 6.6
IgG IgG :
A(B domain of protein A; BDA) 1gG .
Pou-domain of Oct1(PDO) 2 .
6 10 4 03
IgG 0.3 IgG 6.6 . IR ——
22 Selectionfii Wash5 —IgG +19G
3.7 6
6 6 19G A(BDA)
1

Gengyo-Ando, K.,
Kagawa-Nagamura, Y. et al. J Neurosci Methods, 286, 56-68, 2017.

7  Kagawa-
Nagamura, Y., Gengyo-Ando, K. et a. Zoological Lett, 4, 19, 2018.

forward initial phase of omega turn
\
WT pedrawT
Q ¢
"x

SER-2

h
GABA ¢
GABA & o

stretch Jl TQ stretchﬂ*ﬁ

RME RIM SMB — SAA SMB —i SAA

G-CaMP

RME

— gap junctions

disinhibition 7



33 31 2 20

Terada Shin-Ichiro Kobayashi Kenta Ohkura Masamichi Nakai Junichi Matsuzaki Masanori 9

Super-wide-field two-photon imaging with a micro-optical device moving in post-objective space 2018

Nature Communications 3550
DOl

10.1038/s41467-018-06058-8

Kagawa-Nagamura Yuko Gengyo-Ando Keiko Ohkura Masamichi Nakai Junichi 4

Role of tyramine in calcium dynamics of GABAergic neurons and escape behavior in Caenorhabditis 2018

elegans

Zoological Letters 19
DOl

10.1186/s40851-018-0103-1

Nishio Nana Tsukano Hiroaki Hishida Ryuichi Abe Manabu Nakai Junichi Kawamura Meiko Aiba 8

Atsushi Sakimura Kenji Shibuki Katsuei

Higher visual responses in the temporal cortex of mice 2018

Scientific Reports 11136
DOl

10.1038/s41598-018-29530-3

Yoshida Eriko Terada Shin-Ichiro Tanaka Yasuyo H. Kobayashi Kenta Ohkura Masamichi Nakai 8

Junichi Matsuzaki Masanori

In vivo wide-field calcium imaging of mouse thalamocortical synapses with an 8?K ultra-high- 2018

definition camera

Scientific Reports 8324

DOl
10.1038/s41598-018-26566-3




Kamijo Satoshi Ishii Yuichiro Horigane Shin-ichiro Suzuki Kanzo Ohkura Masamichi Nakai 38

Junichi Fujii Hajime Takemoto-Kimura Sayaka Bito Haruhiko

A Critical Neurodevelopmental Role for L-Type Voltage-Gated Calcium Channels in Neurite 2018

Extension and Radial Migration

The Journal of Neuroscience 5551 5566
DOl

10.1523/JINEUROSCI .2357-17.2018

Nakai Nobuhiro Takumi Toru Nakai Junichi Sato Masaaki 12

Common Defects of Spine Dynamics and Circuit Function in Neurodevelopmental Disorders: A 2018

Systematic Review of Findings From in Vivo Optical Imaging of Mouse Models

Frontiers in Neuroscience 412
DOl

10.3389/fnins.2018.00412

Suzuki Takeru Mochizuki Yuki Kimura Shinnosuke Akazawa-Ogawa Yoko Hagihara Yoshihisa 503

Nemoto Naoto

Anti-survivin single-domain antibodies derived from an artificial library including three 2018

synthetic random regions by in vitro selection using cDNA display

Biochemical and Biophysical Research Communications 2054 2060
DOl

10.1016/j .bbrc.2018.07.158

Nemoto Naoto Kumachi Shigefumi Arai Hidenao 1827

In Vitro Selection of Single-Domain Antibody (VHH) Using cDNA Display 2018

Methods Mol Biol. 269 285

DOl
10.1007/978-1-4939-8648-4_14




Sato Masaaki Motegi Yuki Yagi Shogo Gengyo-ando Keiko Ohkura Masamichi Nakai Junichi 8

Fast varifocal two-photon microendoscope for imaging neuronal activity in the deep brain 2017

Biomedical Optics Express 4049 4049
DOl

10.1364/BOE.8.004049

Kondo Masashi Kobayashi Kenta Ohkura Masamichi Nakai Junichi Matsuzaki Masanori 6

Two-photon calcium imaging of the medial prefrontal cortex and hippocampus without cortical 2017

invasion

eLife €26839
DOl

10.7554/eLife.26839

Bethge Philipp Carta Stefano Lorenzo Dayra A. Egolf Ladan Goniotaki Despoina Madisen 12

Linda Voigt Fabian F. Chen Jerry L. Schneider Bernard Ohkura Masamichi Nakai Junichi Zeng

Hongkui Aguzzi Adriano Helmchen Fritjof

An R-CaMP1.07 reporter mouse for cell-type-specific expression of a sensitive red fluorescent 2017

calcium indicator

PLOS ONE e0179460
DOl

10.1371/journal .pone.0179460

Tanimoto Yuki Yamazoe-Umemoto Akiko Fujita Kosuke Kawazoe Yuya Miyanishi Yosuke Yamazaki 6

Shuhei J Fei Xianfeng Busch Karl Emanuel Gengyo-Ando Keiko Nakai Junichi lino Yuichi

Iwasaki Yuishi Hashimoto Koichi Kimura Koutarou D

Calcium dynamics regulating the timing of decision-making in C. elegans 2017

eLife e21629

DOl
10.7554/elLife.21629




Gengyo-Ando Keiko Kagawa-Nagamura Yuko Ohkura Masamichi Fei Xianfeng Chen Min Hashimoto 286
Koichi Nakai Junichi
A new platform for long-term tracking and recording of neural activity and simultaneous 2017
optogenetic control in freely behaving Caenorhabditis elegans
Journal of Neuroscience Methods 56 68
DOl
10.1016/j . jneumeth.2017.05.017
68
— s . Ca2 G- 2017
CaMP
442 443
DOl
10.11477/mf. 2425200685
Gengyo-Ando Keiko Kage-Nakadai Eriko Yoshina Sawako Otori Muneyoshi Kagawa-Nagamura Yuko 17
Nakai Junichi Mitani Shohei
Distinct roles of the two VPS33 proteins in the endolysosomal system inCaenorhabditis elegans 2016
Traffic 1197 1213
DOl
10.1111/tra.12430
Shiba Yuji Gomibuchi Toshihito Seto Tatsuichiro Wada Yuko Ichimura Hajime Tanaka Yuki 538
Ogasawara Tatsuki Okada Kenji Shiba Naoko Sakamoto Kengo Ido Daisuke Shiina Takashi
Ohkura Masamichi Nakai Junichi Uno Narumi Kazuki Yasuhiro Oshimura Mitsuo Minami
Itsunari lkeda Uichi
Allogeneic transplantation of iPS cell-derived cardiomyocytes regenerates primate hearts 2016
Nature 388 391
DOl

10.1038/naturel9815




Inutsuka Ayumu Yamashita Akira Chowdhury Srikanta Nakai Junichi Ohkura Masamichi Taguchi 6

Toru Yamanaka Akihiro

The integrative role of orexin/hypocretin neurons in nociceptive perception and analgesic 2016

regulation

Scientific Reports 1-10
DOl

10.1038/srep29480

Yabuki Yoichi Koide Tetsuya Miyasaka Nobuhiko Wakisaka Noriko Masuda Miwa Ohkura 19

Masamichi Nakai Junichi Tsuge Kyoshiro Tsuchiya Soken Sugimoto Yukihiko Yoshihara

Yoshihiro

Olfactory receptor for prostaglandin F2a mediates male fish courtship behavior 2016

Nature Neuroscience 897 904
DOl

10.1038/nn.4314

Monai Hiromu Ohkura Masamichi Tanaka Mika Oe Yuki Konno Ayumu Hirai Hirokazu Mikoshiba 7

Katsuhiko Itohara Shigeyoshi Nakai Junichi Iwai Youichi Hirase Hajime

Calcium imaging reveals glial involvement in transcranial direct current stimulation-induced 2016

plasticity in mouse brain

Nature Communications

11100 11100

Dol
10.1038/ncomms11100

Takanari Hiroki Miwa Keiko Fu XianMing Nakai Junichi Ito Akira Ino Kousuke Honda 231
Hiroyuki Tonomura Wataru Konishi Satoshi Opthof Tobias van der Heyden Marcel AG Kodama

Itsuo Lee Jong-Kook

A New In Vitro Co-Culture Model Using Magnetic Force-Based Nanotechnology 2016
Journal of Cellular Physiology 2249 2256

DOl
10.1002/jcp. 25342




67

Ca2+ 2016
13-20
DOl
Monai H, Ohkura M, Tanaka M, Oe Y, Konno A, Hirai H, Mikoshiba K, Itohara S, Nakai J, lwai Y, 7
Hirase H
Calcium imaging reveals glial involvement in transcranial direct current stimulation-induced 2016
plasticity in mouse brain.
Nature Communications 1-10
DOl
10.1038/ncomms11100
Sato T, Ishikawa M, Mochizuki M, Ohta M, Ohkura M, Nakai J, Takamatsu N, Yoshioka K 22
JSAP1/J1P3 and JLP regulate kinesin-1-dependent axonal transport to prevent neuronal 2015
degeneration.
Cell Death and Differentiation 1260-1274
DOl
10.1038/cdd.2014.207
Manita S, Suzuki T, Homma C, Matsumoto T, Odagawa M, Yamada K, Ota K, Matsubara C, Inutsuka A, 86
Sato M, Ohkura M, Yamanaka A, Yanagawa Y, Nakai J, Hayashi Y, Larkum ME, Murayama M
A top-down cortical circuit for accurate sensory perception. 2015
Neuron 1304-1316
DOl

10.1016/j -neuron.2015.05.006




Sato M, Kawano M, Ohkura M, Gengyo-Ando K, Nakai J, Hayashi Y

10(5): 0125354

Generation and imaging of transgenic mice that express G-CaMP7 under a tetracycline response 2015

element.

PLoS One 1-13
DOl

10.1371/journal .pone.0125354

Podor B, Hu Y, Ohkura M, Nakai J, Croll R, Fine A

2(2):021014

Comparison of genetically encoded calcium indicators for monitoring action potentials in 2015
mammalian brain by two-photon excitation fluorescence microscopy.
Neurophotonics 1-7
DOl
10.1117/1.NPh.2.2.021014
Mizuta Kotaro Nakai Junichi Hayashi Yasunori Sato Masaaki 31
Multiple coordinated cellular dynamics mediate CA1 map plasticity 2021
Hippocampus 235 243
DOl
10.1002/hipo.23300
Jayathilake Chathuni Nemoto Naoto 2261
cDNA Display-Mediated Immuno-PCR (cD-IPCR): An Ultrasensitive Immunoassay for Biomolecular 2021
Detection
Methods in Molecular Biology "Proteomic Profiling" 307 321

DOl
10.1007/978-1-0716-1186-9_19




Sato Masaaki Sano Shotaro Watanabe Hiroki Kudo Yoko Nakai Junichi 527

An aspherical microlens assembly for deep brain fluorescence microendoscopy 2020

Biochemical and Biophysical Research Communications 447 452
DOl

10.1016/j .bbrc.2020.04.009

Yamamoto Yasuhide Terai Takuya Kumachi Shigefumi Nemoto Naoto 22

In Vitro Construction of Large-scale DNA Libraries from Fragments Containing Random Regions 2020

using Deoxyinosine-containing Oligonucleotides and Endonuclease V

ACS Combinatorial Science 165 171
DOl

10.1021/acscombsci .9b00167

Jayathilake Chathuni Kumachi Shigefumi Arai Hidenao Motohashi Maiko Terai Takuya Murakami 589

Akikazu Nemoto Naoto

In vitro selection of anti-gliadin single-domain antibodies from a naive library for cDNA- 2020

display mediated immuno-PCR

Analytical Biochemistry

113490 113490

DOl
10.1016/j .ab.2019.113490

Jayathilake Chathuni Terai Takuya Nemoto Naoto 9
cDNA Display Mediated Immuno-PCR (cD-IPCR): A Novel PCR-based Antigen Detection Method 2019
BI10-PROTOCOL e3457

DOl
10.21769/BioProtoc. 3457




Anzai Hiroki Terai Takuya Jayathilake Chathuni Suzuki Takeru Nemoto Naoto 578

A novel immuno-PCR method using cDNA display 2019
Analytical Biochemistry 16
DOl

10.1016/j .ab.2019.04.017

77 7 58

2018

Nakai J

in vivo calcium imaging with genetically encoded calcium indicator

The 13th International Workshop on Biomaterials in Interface Science Innovative Research for Biosis-Abiosis Intelligent
Interface Summer Seminar 2018

2018

Nakai J

in vivo calcium imaging and behavior.

Symposium on Systems Science of Bio-Navigation 2018

2018




2018

2018

2018

2018




2018

Ghandour K, Ohkawa N, Alan Fung C C, Asai H, Saitoh Y, Takekawa T, Okubo-Suzuki R, Soya S, Nishizono H, Matsuo M, Sato M,
Ohkura M, Nakai J, Hayashi Y, Sakurai T, Osanai M, Kitamura T, Fukai T, Inokuchi K

Integrating Neuronal Ensembles Constitute and Replay Hippocampal Engram

2018

, , Alessandro L, Tanvir I, , , ,

2018

In vivo

2018




gnrh

2018

G-CaMP6

in vivo

2018

Ghandour K, Ohkawa N, Fung C A, Asai H, Saitoh Y, Takekawa T, Okubo-Suzuki R, Soya S, Nishizono H, Matsuo M, Osanai M, Sato
M, Ohkurfa M, Nakai J, Hayashi Y, Sakurai T, Kitamura T, Fukai T, Inokuchi, K

Orchestrated ensembles activity constitute hippocampal memory engram

Neuroscience 2018

2018

G-CaMP6

2018




Na a2

2018

G-CaMP6

2018

pH

2018

cDNA display

2018




2018

2018

Jayathilake C, Kumachi S, Motohashi M, Murakami K, Nemoto N

In Vitro Selection of Anti-gliadin Single-domain Antibodies from an Alpaca-Derived VHH Library with cDNA Display

2018

Anzai H, Yamada R, Terai T, Nemoto N

Development of Phenolphtalein Binding Peptide Aptamers Using cDNA Display

2018




2018

Jayathlake C, Kumachi S, Arai H, Motohashi M, Murakami A, Nemoto N

Evolution of high-affinity anti-gliadin antibodies from alpaca-derived VHH library with cDNA display method

The Polymer Society of Japan

2018

CcDNA

2018

Terai T, Anzai H, Yamada R, Nemoto N

In vitro selection of peptide aptamers that recognize a specific conformation of an organic dye

2018




The Polymer Society of Japan

2018

40

2017

40

2017

Nakai J

In vivo calcium imaging with genetically encoded calcium indicator G-CaMP

2017




Nakai J

Development of genetically-encoded calcium indicators

Saitama University Brain and Body System Science Institute International Symposium

2017

2017

95

2017

gnrh

40

2017




Osanai M, Ohkawa N, Kamiya A, Inami C, Sato M, Ohkura M, Kojima T, Kohmura Y, Hayashi Y, Yanagawa Y, Ohsawa M, Nakai J,
Inokuchi K, Homma N, Mushiake H

Ultra-thin fluorescence endoscope imaging system for functional biological imaging

2017

2017

Ghandour K, Ohkawa N, Fung CCA, Saitoh Y, Takekawa T, Asai H, Okubo-Suzuki R, Nomoto M, Soya S, Tsujimura S, Nishizono H,
Matsuo M, Sato M, Ohkura M, Nakai J, Hayashi Y, Sakurai T, Osanai M, Fukai T, Inokuchi K

Unraveling the dynamism of engram cells during contextual memory processing

Society for Neuroscience 2017 Annual Meeting

2017

Kondo M, Kobayashi K, Nakai J, Ohkura M, Matsuzaki M

Two-photon calcium imaging of medial prefrontal cortex and hippocampus without cortical invasion

Society for Neuroscience 2017 Annual Meeting

2017

Takamura R, Mizuta K, Sekine Y, Islam T, Saito T, Takekawa T, Ohkura M, Fukai T, Nakai J, Saido TC, Hayashi Y

Functional breakdown processes of neural circuits in hippocampal CAl region of Alzheimer’ s disease model mice

Society for Neuroscience 2017 Annual Meeting

2017




Sato M, Mizuta K, Islam T, Kawano M, Takekawa T, Gomez-Dominguez D, Yamakawa H, Ohkura M, Fukai T, Nakai J, Hayashi Y

Cellular mechanisms for the formation and plasticity of hippocampal cognitive maps

Society for Neuroscience 2017 Annual Meeting

2017

40

2017

40

2017

CAl

40

2017




40

2017

40

2017

40

2017

40

2017




Ghandour K, Ohkawa N, Fung CCA, Saitoh Y, Takekawa T, Asai H, Okubo-Suzuki R, Nomoto M, Tsujimura S, Nishizono H, Matsuo M,
Sato M, Ohkura M, Nakai J, Hayashi Y, Fukai T, Inokuchi K

Identification of characteristic dynamism of engram cells during learning

40

2017

, , Islam T, , , Gomez-Dominguez D, , , , ,

40

2017

, , , Islam T, , , s , , s

CAl

40

2017

Yabuki Y, Koide T, Miyasaka N, Wakisakal, Masuda M, Ohkura M, Nakai J, Tsuge K, Tsuchiya S, Sugimoto Y, Yoshihara Y

Olfactory receptor for prostaglandin F2alpha mediates courtship behavior of male zebrafish

17

2017




2017

90

2017

CAl

94

2017

Inoue M, Takeuchi A, Horigane S, Fujii H, Kamijo S, Takemoto-Kimura S, Ohkura M, Gengyo-Ando K, Kano M, Nakai J, Kitamura K,
Bito H

Rational design of ultrafast, high-affinity calcium indicators for monitoring neuronal activity.

The 7th International Neural Microcircuit Conference

2016




Horie T, Ohkura M, Shimai K, Horie R, Sasakura Y, Kusakabe TG, Nakai J, Levine MS, Nakagawa M

Calcium imaging and single cell optogenetic analysis of a neural circuit for generate swimming locomotion of the Ciona
intestinalis larva.

The 22nd International Zoological Meeting Symposium

2016

Gengyo-Ando K, Kagawa-Nagamura Y, Ohkura M, Hashimoto K, Nakai J

Tyraminergic regulation of motor neurons: calcium imaging and optogenetic control in freely behaving C. elegans.

The 22nd International Zoological Meeting Symposium

2016

Sugioka T, Toyoda N, Gengyo-Ando K, Nakai J, Takagi S

An optogenetic analysis of forward and backward locomotion in C. elegans.

CeNeuro2016

2016

39

2016




Yabuki Y, Koide T, Miyasaka N, Wakisaka N, Masuda M, Ohkura M, Nakai J, Tsuge K, Tsuchiya S, Sugimoto Y, Yoshihara Y

Olfactory receptor for prostaglandin F2a mediates courtship behavior of male zebrafish.

The 17th International Symposium on Olfaction and Taste

2016
, , Tanvir Islam, , , Daniel Gomez-Dominguez, , , ,
CA1
39
2016
39
2016

Bethge P, Egolf L, Lorenzo DA, Goniotaki D, Madisen L, Voigt FF, Ohkura M, Nakai J, Zeng H, Aguzzi A, Helmchen F

A TIGRE reporter mouse line driving Cre- and tTA-dependent expression of the red calcium indicator R-CaMP1.07.

Society for Neuroscience 2016 Annual Meeting

2016




, , Srikanta Chowdhury, , ,

93

2016

in vivo

93

2016

, Borbala Podor, Yi-ling Hu, Roger Croll, Alan Fine,

89

2016

G-CaMP7 -

38

2015




Masatoshi Inoue, Atsuya Takeuchi, Shin-ichiro Horigane, Hajime Fujii, Satoshi Kamijo, Sayaka Takemoto-Kimura, Masamichi
Ohkura, Keiko Gengyo-Ando, Masanobu Kano, Junichi Nakai, Kazuo Kitamura, Haruhiko Bito

Rational design of a novel high-affinity, ultrafast, red calcium indicator R-CaMP2.

58

2015

Manita S, Suzuki T, Homma C, Matsumoto T, Odagawa M, Yamada K, Ota K, Matsubara C, Inutsuka A, Sato M, Ohkura M, Yamanaka A,
Yanagawa Y, Nakai J, Hayashi Y, Larkum ME, Murayama M

Cortical top-down inputs for precise sensory perception in mice.

38

2015

Matsuoka K, Yoshida M, Asakawa K, Ohkura M, Nakai J, Kawakami K, Hibi M, Shimizu T

Roles of zebrafish cerebellar neural circuitry in classical fear conditioning.

38

2015

Inoue M, Takeuchi A, Horigane S, Ohkura M, Gengyo-Ando K, Fujii H, Kamijo S, Takemoto-Kimura S, Kano M, Nakai J, Kitamura K,
Bito H

Rational design of a novel high-affinity, ultrafast, red calcium indicator R-CaMP2.

38

2015




Mizuta K, Sato M, Sekine Y, Kawano M, Tanvir I, Masumoto T, Ohkura M, Nakai J, Hayashi Y

Selective representation of a valued place in hippocampal CAl.

38

2015

Nakai J, Ohkura M, Kagawa-Nagamura Y, Muto A, Inoue M, Bito H, Kawakami K, Gengyo-Ando K

Real-time visualization of neuronal activity in zebrafish and C. elegans.

38
2015
1
3
2017-80368 2017
2017-26712 2017
0

http://subsi.saitama-u.ac.jp/
http://www.dent.tohoku.ac.jp/field/morphology/02/index.html
http://park.saitama-u.ac.jp/~nemoto/




(NEMOTO Naoto)

(60509727) (12401)
(GENGYO-ANDO Keiko)

(40221741) (11301)
(OHKURA Masamichi)

(70369172) (37604)
(SATO Masaaki)

(90518325) (10101)
(MICHIKAWA Takayuki)

(90282516) (82401)

University of Zurich

Dalhousie University




