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学歴

1997年4月　東京大学　理科II類入学 

1999年4月　東京大学教養学部生命認知科学科進学 

2001年4月　東京大学大学院総合文化研究科修士課程進学 

2003年4月　東京大学大学院総合文化研究科博士課程進学 

2006年3月　東京大学大学院総合文化研究科博士課程修了 

　　　　　　博士（学術）



大学で学ぶ、研究するということ

知的好奇心の追求、特定の職種に就くための専門知識の習得 

受動から能動へ 

答えの“ある”ものから答えの“ない”ものへ 

（答えはあるはずだが、誰も答えを知らない） 

重要なのは体系だった知識 

「知識のゴミ箱になるな！」 

こ
の
事
実
を
知
っ
て
い
る
の
は

黒田硫黄 

「セクシーボイスアンドロボ」より引用



職歴

2005年4月～2006年3月　学振DC2（受入教員：池内昌彦教授） 

2006年4月～2007年3月　学振PD（受入教員：池内昌彦教授） 

2007年4月～2014年3月　東京大学大学院総合文化研究科　助教 

2014年4月～2021年3月　静岡大学学術院理学専攻　講師 

2021年4月～現在　東京都立大学大学院理学研究科　准教授 

1997年4月から2014年3月まで17年間、東大駒場キャンパスに通い続
けたことになる
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理学という学問
純粋・基礎科学 

（Pure/Basic science） 

（虚学）

応用科学 

（Applied science） 

（実学）

教養学 

理学

医学 

薬学 

工学 

農学

数理科学（数学） 

物理学 

化学 

生命科学（生物学） 

地球科学（地学）

個人的見解として

純粋科学寄り

応用科学寄り：物理・化学現象を基盤とする



生命科学という学問領域

高遠頼さんのTwitterより引用 

（https://twitter.com/takatoh_life/status/1260510093981872133）



光生物学

第3回日本光生物学協会奨励賞日本光生物学協会

日本光生物学協会HPより引用 

「生命は地球上に誕生して以来、光により育まれてきた。生物は生命
を維持していくためのエネルギー源として、また適切な生育環境の情
報を得るための情報源として光を用いてきた。こうした光と生物との
係わりを明らかにしようとするのが光生物学である。」



仮説駆動型研究

共同研究セレンディピティ
Original Route

No Entry Unexpected Route

研究スタンス
新規なものを発見したい



研究モチベーション

普遍性と多様性

分子から生態まで

分子
細胞
細胞集団
生態

基礎と応用の両輪

O

OHOH

HH

HH

HO

生命　VS　環境



光は厳密に制御可能なツール
さまざまな光強度

高い時間分解能

さまざまな光質

高い空間分解能



光合成微生物の巧みな光利用戦略　～光を見て、光を食べる～



光はさまざまな色の光が混ざっている

日本では「赤橙黄緑青藍紫」として七色に認識されることが多いが、実際は、連続的
に異なる色の光が続いているものを、人間の目が恣意的に区分けしている。 

例えば・・・ 

現在のアメリカ: 赤、橙、黄、緑、青、紫の六色。

基礎生物学研究所　大型スペクトログラフ 

https://www.nibb.ac.jp/lspectro/
equipment/ols.html



光はさまざまな色の光が混ざっている



葉っぱはなぜ緑色に見える？
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・「反射した光の色」が「物質の色」として認識される 

・葉緑素は紫～青色と黄～赤色の光をより吸収し、緑色光をあまり吸収しない



葉っぱはなぜ緑色に見える？
・「反射した光の色」が「物質の色」として認識される 

・葉緑素は紫～青色と黄～赤色の光をより吸収し、緑色光をあまり吸収しない



光の吸収の度合いを測定する方法



光合成生物

P680

P700

P*700P*680

Photoresponse Photosynthesis

Signal Energy
情報 エネルギー

光感知 光合成



光合成生物は全て緑色か？

日本植物学会ホームーページより 

(http://bsj.or.jp/topics/02/)

http://bsj.or.jp/topics/02/


http://www.haru-design.jp/led/led_experiment_1.php 

光合成生物は全て緑色か？



おにぎりやお寿司で活躍する「焼海苔」は紅藻なので、焼く前は赤黒い

焼く前 焼いた後

光合成生物毎に、光の色の好みが異なる



光合成生物毎に、光の色の好みが異なる
お味噌汁などで活躍する「わかめ」は褐藻なので、湯通し前は茶色い



海洋性シアノバクテリアは、光環境に従ったニッチを形成

Six et al. (2007) Genome Biol. 
Fig. 1より引用

光合成に利用する光の「棲み分け」をしている

クロロフィル PCB PEB PUB

Scanlan et al. (2009) Microb. Mol. Biol. Rev. 
Fig. 5より引用



どうやって光エネルギーを伝達するか？



光合成生物によって光の色の好みが異なる

日本植物学会ホームーページより引用 

(https://bsj.or.jp/jpn/general/research/
02.php)



高度な光応答戦略



タンパク質は可視光を吸収できない
タンパク質（卵白）

ビタミンB2 

(フラビン)

開環テトラピロール 

(ビリン)

ビタミンA 

(レチナール)



生物は光をどうやって感知するか？

・光合成生物由来の光を感知するタンパク質の溶液 

・赤色光を照射すると、青色からピンク色に変換 

・緑色光を照射すると、ピンク色から青色に変換 

・このような変換する性質により、赤色光と緑色光
の量比を感知することができる！



照射される光の色に合わせて、体を作り変える！

広瀬侑博士より提供



光合成のための“葉緑体”は、光が強すぎると逃げる！

Wada (2016) Proc. Jpn. Acad. Ser. B
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多彩な光受容体の機能を分子レベルで解明



オプトジェネティクス：光で生物を制御する

Gradinaru et al. (2007) J. Neurosci.

変異体

ずっと 

走り続ける

影響なし

野生型



オプトジェネティクス：光で生物を制御する

Fushimi et al. (2020) PNAS

cAMPという分子の合成を光で制御



オプトジェネティクス：光で生物を制御する

Kuwasaki et al. (2022) Nat. Biotechnol.
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interest recently as computational approaches continue to identify 
new split positions in a diverse array of proteins44,45. These com-
putational approaches to designing split-proteins and the present 
MagRed technology synergistically work to expand the range of 
optogenetic applications in mammalian deep tissues.

In addition to its versatility, MagRed has high regulatability 
and shows only minimal leak activation in the dark, as opposed to 
RpBphP1-PpsR2/QPAS1. For an optogenetic tool, the leakage of 
protein activity in the dark is the most serious and unacceptable 
shortcoming because it causes unintentional protein function before 
light stimulation, which impairs the accuracy of optogenetic con-
trol and leads to misinterpretation35. MagRed offers tight regulat-
ability, thereby enabling more precise optogenetic manipulation of 
protein activities. In addition, MagRed also has useful regulatability 
that can repeatedly control its association and dissociation by the 
660-nm and 800-nm pulsed illuminations and can maintain the 
association form for a long period even after turning off the red light 
illumination. This regulatability of MagRed, derived from preferable 
switching properties of DrBphP, enables mutually independent ON/
OFF switching with two-colored light illuminations and sustain-
able ON-switching even with pulsed illumination. Taking advantage 
of the useful regulatability of MagRed, we can manipulate protein 

activity more flexibly than with other existing tools. For example, 
we can terminate optogenetic manipulation at any time we intend. 
Additionally, we can reduce phototoxicity on biological samples 
using pulsed red light illuminations. Notably, these advantages can 
be obtained without additional chromophore supplementation. 
Overall, among the existing photoswitches, its high versatility and 
regulatability makes MagRed a unique optogenetic core technology.

Using MagRed, we developed RedPA-Cre and Red-CPTS for red 
light optogenetics. RedPA-Cre can efficiently induce DNA recom-
bination with red light illumination, which is the first report on 
the red light–activatable site-specific DNA recombinase based on 
split-protein reassembly, which works in mammalian systems. The 
Cre-loxP system is widely used for gene insertion, deletion, inver-
sion or cassette exchange in various animal models. Combined with 
current recombinase-based biological tools, such as cell lineage 
tracing46,47, genetic circuits48,49 and gene knock-out35 and knock-in50 
analysis, RedPA-Cre with high spatiotemporal controllability could 
address more complicated biological questions and pathophysi-
ological mechanisms for various diseases. Another MagRed-based 
optogenetic tool, Red-CPTS, enables activating the expression of 
multiplexed user-defined endogenous genes using red light illumi-
nation. In addition to transcription control, the Red-CPTS platform  

Split-Cre reassembly

loxP loxP
Recombination

a
1

BphP

BinderNLS
Cre-N

Cre-C

BphPCre-N
Cre-C

2

BphP Cre-N
Cre-C

3

BphP
Cre-N

Cre-C

4

C
on

fig
ur

at
io

n

b

e

f

RedPA-Cre (660 nm)RedPA-Cre (Dark)

B
io

lu
m

in
es

ce
nc

e 
in

te
ns

ity
 (

a.
u.

)
500

1,000

1,500

2,000

2,500

G
F

P
 c

ha
nn

el
(V

en
us

-R
ed

PA
-C

re
)

m
C

he
rr

y 
ch

an
ne

l
(R

ep
or

te
r)

Dark Red light (660 m)

d

C
on

fig
. #1

#2
#3
#4

Split site

59
/60

10
4/1

06

RpB
ph

P1-
Pps

R2

Mag
Red

RpB
ph

P1-
QPA

S1

na
no

ReD
1

na
no

ReD
2

0

10

20

30

40

Li
gh

t/D
ar

k 
co

nt
ra

st

0

25

50

75

100

m
C

he
rr

y-
ch

an
ne

l+ /G
F

P
-c

ha
nn

el
+  c

el
ls

 (
%

) Dark

Red light
(660 nm)

Red light
660 nm

Split-Cre

MagRed

c
Config.

#1

#2

#3

#4

#1

#2

#3

#4

Split site

104/106

59/60

1.9

–0.2

1.5

2.4

4.9

0.2

1.8

4.8

0.1

0.2

0.2

0.1

0.3

0.2

0.2

0.2

0.3

0.1

0.1

0.1

–0.3

0.2

0

0.3

0.2

0.3

0.3

0.6

0.2

–0.1

–0.6

1.5

0.8

0

0.6

0.4

0.1

–0.5

–0.5

0.5
0

1.0

2.0

3.0

4.0

5.0

RpB
ph

P1-
Pps

R2

Mag
Red

RpB
ph

P1-
QPA

S1

na
no

ReD
1

na
no

ReD
2

log
2  (fold change)

Light/Dark
contrast (log

2
)

Ve
nu

s-R
ed

PA
-C

re
Moc

k

EGFP-iC
re

Mock RedPA-Cre
0

3.0 × 107

2.0 × 107

1.0 × 107

T
ot

al
 b

io
lu

m
in

es
ce

nc
e 

in
te

ns
ity

 (
a.

u.
) Dark

Red light
(660 nm)

P < 0.0001

NS
P = 0.0670

P > 0.9999
NS

P = 0.9999
NS

P < 0.0001

****

Fig. 5 | A photoactivatable Cre-loxP recombination system based on the MagRed system. a, Schematic representation of RedPA-Cre. Upon 660-nm 
light illumination, split-Cre fragment reassembly is induced by the light-inducible association of MagRed, leading to recombination of DNA sequences 
flanked by two loxP sites. b, Comprehensive RedPA-Cre designs with combination of four configurations and the two split positions of Cre. c,d, Mean 
Light/Dark contrasts of all tested combinations are plotted with real number scale in c and are shown as a heat map with log2 scale in d. These Light/
Dark contrasts were calculated based on bioluminescence intensity of HEK293T cells transfected with different RedPA-Cre designs and a bioluminescence 
reporter plasmid. See Supplementary Fig. 17 for detailed results of each combination (mean from n!=!4 biological replicates). e, Fluorescence reporter 
(mCherry) assay with RedPA-Cre tagged with yellow fluorescent protein Venus. mCherry and Venus fluorescence were detected using mCherry channel 
and GFP channel of fluorescence microscopy, respectively. The percentage of mCherry-channel+ cells among GFP-channel+ cells (mCherry-channel+/
GFP-channel+) was estimated from >1,000 cells of three independent experiments. P values are indicated above the bars. (NS, not significant P!>!0.05; 
****P!<!0.0001; dark versus light using two-tailed unpaired t-test, mean ± s.d.). Scale bars, 20 μm. f, Left, representative bioluminescence images of mice 
transfected with the bioluminescent reporter and RedPA-Cre of which configuration is NLS-DrBphP-CreC106-IRES-NLS-CreN104-Aff6_V18FΔN at a 
4:1 ratio. The mice were maintained in the dark and subjected to the illumination with 660-nm light. The fluc expression was measured using 200!µl of 
100!mM D-luciferin 25!hours after transfection. Right, gray and red bars represent the mean ± s.d., and black dots represent the total bioluminescence 
intensity of each mouse (n!=!3 mice per group). No difference can be observed in the appearance between the mice maintained in the dark and the ones 
illuminated with red light at 660!nm for 16!hours. P values are indicated above the bars. (NS, not significant P!>!0.05; ****P!<!0.0001; two-way ANOVA with 
multiple comparisons, n!=!3 biologically independent samples, mean ± s.d.). a.u., arbitrary units.
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interest recently as computational approaches continue to identify 
new split positions in a diverse array of proteins44,45. These com-
putational approaches to designing split-proteins and the present 
MagRed technology synergistically work to expand the range of 
optogenetic applications in mammalian deep tissues.

In addition to its versatility, MagRed has high regulatability 
and shows only minimal leak activation in the dark, as opposed to 
RpBphP1-PpsR2/QPAS1. For an optogenetic tool, the leakage of 
protein activity in the dark is the most serious and unacceptable 
shortcoming because it causes unintentional protein function before 
light stimulation, which impairs the accuracy of optogenetic con-
trol and leads to misinterpretation35. MagRed offers tight regulat-
ability, thereby enabling more precise optogenetic manipulation of 
protein activities. In addition, MagRed also has useful regulatability 
that can repeatedly control its association and dissociation by the 
660-nm and 800-nm pulsed illuminations and can maintain the 
association form for a long period even after turning off the red light 
illumination. This regulatability of MagRed, derived from preferable 
switching properties of DrBphP, enables mutually independent ON/
OFF switching with two-colored light illuminations and sustain-
able ON-switching even with pulsed illumination. Taking advantage 
of the useful regulatability of MagRed, we can manipulate protein 

activity more flexibly than with other existing tools. For example, 
we can terminate optogenetic manipulation at any time we intend. 
Additionally, we can reduce phototoxicity on biological samples 
using pulsed red light illuminations. Notably, these advantages can 
be obtained without additional chromophore supplementation. 
Overall, among the existing photoswitches, its high versatility and 
regulatability makes MagRed a unique optogenetic core technology.

Using MagRed, we developed RedPA-Cre and Red-CPTS for red 
light optogenetics. RedPA-Cre can efficiently induce DNA recom-
bination with red light illumination, which is the first report on 
the red light–activatable site-specific DNA recombinase based on 
split-protein reassembly, which works in mammalian systems. The 
Cre-loxP system is widely used for gene insertion, deletion, inver-
sion or cassette exchange in various animal models. Combined with 
current recombinase-based biological tools, such as cell lineage 
tracing46,47, genetic circuits48,49 and gene knock-out35 and knock-in50 
analysis, RedPA-Cre with high spatiotemporal controllability could 
address more complicated biological questions and pathophysi-
ological mechanisms for various diseases. Another MagRed-based 
optogenetic tool, Red-CPTS, enables activating the expression of 
multiplexed user-defined endogenous genes using red light illumi-
nation. In addition to transcription control, the Red-CPTS platform  
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Fig. 5 | A photoactivatable Cre-loxP recombination system based on the MagRed system. a, Schematic representation of RedPA-Cre. Upon 660-nm 
light illumination, split-Cre fragment reassembly is induced by the light-inducible association of MagRed, leading to recombination of DNA sequences 
flanked by two loxP sites. b, Comprehensive RedPA-Cre designs with combination of four configurations and the two split positions of Cre. c,d, Mean 
Light/Dark contrasts of all tested combinations are plotted with real number scale in c and are shown as a heat map with log2 scale in d. These Light/
Dark contrasts were calculated based on bioluminescence intensity of HEK293T cells transfected with different RedPA-Cre designs and a bioluminescence 
reporter plasmid. See Supplementary Fig. 17 for detailed results of each combination (mean from n!=!4 biological replicates). e, Fluorescence reporter 
(mCherry) assay with RedPA-Cre tagged with yellow fluorescent protein Venus. mCherry and Venus fluorescence were detected using mCherry channel 
and GFP channel of fluorescence microscopy, respectively. The percentage of mCherry-channel+ cells among GFP-channel+ cells (mCherry-channel+/
GFP-channel+) was estimated from >1,000 cells of three independent experiments. P values are indicated above the bars. (NS, not significant P!>!0.05; 
****P!<!0.0001; dark versus light using two-tailed unpaired t-test, mean ± s.d.). Scale bars, 20 μm. f, Left, representative bioluminescence images of mice 
transfected with the bioluminescent reporter and RedPA-Cre of which configuration is NLS-DrBphP-CreC106-IRES-NLS-CreN104-Aff6_V18FΔN at a 
4:1 ratio. The mice were maintained in the dark and subjected to the illumination with 660-nm light. The fluc expression was measured using 200!µl of 
100!mM D-luciferin 25!hours after transfection. Right, gray and red bars represent the mean ± s.d., and black dots represent the total bioluminescence 
intensity of each mouse (n!=!3 mice per group). No difference can be observed in the appearance between the mice maintained in the dark and the ones 
illuminated with red light at 660!nm for 16!hours. P values are indicated above the bars. (NS, not significant P!>!0.05; ****P!<!0.0001; two-way ANOVA with 
multiple comparisons, n!=!3 biologically independent samples, mean ± s.d.). a.u., arbitrary units.
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バイオイメージング：光で生体内分子を可視化する

エクオリン＋GFP=緑色発光下村脩博士

olet (UV)-violet light illumination results in the conversion of
the protonated chromophore into a mature red form.
This conversion requires cleavage of the protein back-
bone between the C! atom and the amide N of His65
and formation of a double bond between the C! and C"
atoms of His65 (Fig. 6) (294). Kaede-like proteins be-
came very popular as photoactivatable labels (see sect.
VIII).

In addition to the diversity of chemical structures,
crystallographic studies have revealed different confor-
mational states of FP chromophores (Fig. 7). Most often,
chromophores of FPs exist in a cis planar conformation.

However, some red FPs (285, 340) and all nonfluorescent
GFP-like chromoproteins with known three-dimensional
structures (270, 326, 349, 393) carry a trans nonplanar
chromophore.

It is perhaps notable that the overwhelming majority
of natural FPs features GFP-like chromophores in a dep-
rotonated state. Protonated green chromophores are only
rarely found, and the first FP characterized, Aequorea
victoria wild-type GFP, is in fact very unusual in this
regard. Among red-shifted proteins, DsRed-like chro-
mophores are most common, determining spectral prop-
erties of not only red FPs but also most, if not all, chro-

FIG. 6. Chemical structures and pathways of maturation of naturally occurring chromophores within GFP-like proteins.
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←画像は以下のサイトより引用 

https://ja.wikipedia.org/wiki/%E4%B8%8B%E6%9D%91%E8%84%A9 
https://www.cosmobio.co.jp/product/detail/jnc-collection-aequorin-protein-

jnc.asp?entry_id=16355 
http://r1rawd.cocolog-nifty.com/blog/2013/05/2013051912-f931.html
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基礎と応用


