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Development of far-red absorbing fluorescent probes and photoconvertible
switches for organ-level bio-imaging and optogenetics
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In this project, we focused on cyanobacterial photoreceptors,
cyanobacteriochromes (CBCRs), to develop small photo-switches and fluorescent probes that bind
biliverdin (BV) and absorb far-red light. Because BV is an intrinsic chromophore in mammalian cells
and far-red light can penetrate into deep animal tissues, BV-binding ones are beneficial for
optogenetics and bio-imaging tools. We succeeded in discovering novel BV-binding CBCRs showing
far-red/orange reversible photoconversion and in developing BV-binding CBCRs based on non-BV-binding

ones to introduce several mutations. Further, we also identified dark-reversion type CBCRs and a
CBCR with large spectral shift. Based on these molecules, we succeeded in light regulation of cAMP
synthesis in vitro and far-red fluorescence detection from mammalian cells.

CAMP



¥ X C—19, F-19—1,7Z—19, CK—19 ()

1. WFERMA YYD R

JEVTHER] « 22 RRE N IEF IS m Y — LT
B, HHEEBEL VD) ODIRT A—H—
TREBEICHIBEITX 5720, Jtx Wil
HET AT NP 2R T 4 7 AR DR
TExM L~V TR T D0 A4 A —
VLT /AN A VG el VAT T =
T v, GFP RN R BERIERT D
Z LT, BEAREERTCWD, &R
SRR E LT, IR L~V TR D L% <
DM 2 B La 23 5121,
650 7% 900 nm DN HWIN T LT X 3
BEERT2ZENEETHS, LnL, k
FLO K VR EHREIZIE, 650 nm L W RIEED
YW N3 2D % R O ITEA TY
AN

ZTOEWT, BEEEONEZRINT 505 -
YLy (BY) AT AT VAT
4 N7 ANZEADBEESTWVD, £/, BV
X, WAL ONTERAE TH LD, B
FAWBOEARLBIEORME T 5 HLERN
RWELREREFERD, LDLARENRDL,
NIFVUFT7 4 Moo, ZOOEKSHE
WARKEZLSFHALSILWNEWVWSI KA D D,
— . EE, YT ORI T Y F s aLE NS
WZBKN ST ) R TUTHLE¥EREN
o T NI TF Y AT u OGBS EE
.74 Fo AL TR T/HhE < GFP
ERREETH Y . SRR NE 2T 5%
KENFEESHTWD, BITHFZETIE, v 7T
VAV AN /=N = Ol 6 NSNS b Y
ZWINT DT a7 Y v R
RN R E-EETDHDHLOLNEE SN
TWEhotl-, ZDXoRRoFf T, Fx
L Z< |ilt. BY 256 LIS T 2 RNT T
VA7 ma bz BWiZd 2 Lokt Lz,

2. WMEOHEM

RRICTFET DT )N T V47 a it
MEDAT ) —= v 7o EFRIcE I
T-HAFRA IR ERE ALY, BV 2&E%ERT
A L, BAREKIZIGET DAL v FRom
REE AW LIE RIS E R T 2867 =
— 7 EBR L. TS I E SRR
WTHEB S ¥ 5 Z L2 ARFFEOEME LT,

3. WOk

(1) BV AR LT /) R T 4o n
AEIITHRET L2 RKIBEZH W, RERNDL
BV Z&ERIIEET DT /NI T VLD
o AEREETLHE LI, BBFOVT /N7
TIVA 7 v MIEREEANTHZ L TBV G
BREE AT HT 5,

(2) cAMP &kEH I TTF=NEEY 7 7 —
PRALSEST I RITUF 70 LED
XFATZHZ NI EEEH L, cAMP A RHL
ko THIE SR D0 E I 0, Ky oy
BERWTHERT 5,

(3) 77TV F 7o bZ WA EEE
AR B L, mAR A~ TR D HOE & 5
T HE D PELBEMBE I L Bl5T 5,

4. WFFERRE

(1) BFEOLT /RN FVTE, Zua7
4V a ZIERD S F AT AN TN D 235,
Acaryochloris marina L5 L =—7 27T
NI T Y TERHISNIC, Jaer T 4 va K
DL REFEEOEROEERINT S 7007
4d EVWOIBREHNTND, ZD®H,
A. marina XM o> T ) X7 T U TR T,
FOVREEONEEBRMT D AT LER
LTWArAREMEEM L, £Z T, 4. mar
ina DT )N T VAT 0 O &2t D
& A, BV ZERICHES L, BARGK
LD THERETRT oD T
Ny FUF 7 (AM1_1557g2. AM1_C00
23g2) BFERTDHZ LITRII LT (GRS
@, ®), =Bz, —DOEIHEANIZLY,
ZOBVEEGHNFEEM EIESEZ LIZHEY
LTWs (MEEmxX@), bz, BV Al
(AM1_1557g. AM1_C0023g2) & BV FEfEE
A (AnPixJg2 - fhfnfE R EF A) & E A
HE RT3 5 Z & T, AFED
BV #E AR RN EZRET D & PHREND 8 O
T BEEEMEL, 0T I Rk
% BV EMEAITEAT HEREZED T,
FDFER. BRI T2 2507 X ) Wik
EOENZLY, BY AL E5T52 L
R L TWD, 2o TiE, BifE, &
Fram L& HEfiFH CTd 5,

EN [ =R i e SN S A R
b L RO, @), 26
OORKERIZB LT, RERICIER KRR
L ORLHILEIIZ LV . BERKERIZEER 6 DD
7 X BRI OREICEKE L TWD ik im
@), ZhbHoEER L, JSAFATS R
T, HONXBEOARTHIERETHY . A7
N xR TF 4w 7Y — e LTENENE
EROLHIFEIND,

S HIC, Bl K5 7o & HLT U7z b
TR, BaABGonER Ik T ) 0T
VA7 v AZBWT R EL BY 26548 L.
HEREEHFENRTEBRT L2023 AT
L2 I Lz (Bfaam U ), =
Lo L HERLIEREANEET Z & T, BV f§
EMFEER ETHIENTETNAS,

(2) RELEHFAILOMTHREWRT S
AnPix]Jg2 WO T ORI TV u bk
TTFoNVBy 7 T —VERAE LA TH
VR EERL, REET T, MREXTX
Dt 3EREE, cAMP Ak EFET 5 Z LT
L7 GRS C@), S HIT, KA
2OV T b [RIBRIC cAMP A % O S il 11 SR A 42
W L7 GEsEaa X @), maR ot &gt
WD CTEMT DT /NI T VA7 m Ak
EDOXATHUNRITELEHERL, Z0I%
PEZRIE LS, SLhHlE I gE/ e XA T #



7B, ASEEREHIRNICIESE S Z ik T
Xphote, EK TR OISR LR
BOHTECTHD, £l2. ZORXAAL v T %0
HIELE R MIRIE A L, SR A EEI3 5
MEIDERGET HERLETHTTH S,

(3) FEJeEWIN L, mARAIEOE 2 F
THLT )R T VAT v SRR
BB AT D Z & T, NS IERG
W AT 2 L lokEh L sk
@), ZHbobEkIC, RUFZEREHMNIC
WX, IR T e — T OBFRIZITES e
ST, BlEfEHBEEED TN,

5. FREERmIE
(WFFEIRFRAE . WFIE T S ONEEERFEH (1
T T#HL)

CdERERm 30 (7 1)

D  Fushimi K, Ikeuchi M, Narikawa R. The
expanded red/green cyanobacteriochrome
lineage: An evolutionary hot spot.
Photochem. Photobiol., 2017, 93 (3):
903-906. EHA Y

@ Fushimi K, Enomoto G, Ikeuchi M,
Narikawa R. Distinctive properties of dark
reversion kinetics between two
red/green-type cyanobacteriochromes and
their application in the photoregulation of
cAMP synthesis. Photochem. Photobiol.,
2017, 93 (3): 681-691. FFHA Y

@ Fushimi K, Rockwell NC, Enomoto G,
Ni-Ni-Win, Martin SS, Gan F, Bryant DA,
Ikeuchi M, Lagarias JC, Narikawa R.
Cyanobacteriochrome Photoreceptors
Lacking the Canonical Cys Residue.
Biochemistry, 2016, 55 (50): 6981-6995.
Eoe el

@ Fushimi K, Nakajima T, Aono Y,
Yamamoto T, Ni-Ni-Win, Ikeuchi M, Sato
M, Narikawa R. Photoconversion and
Fluorescence Properties of a
Red/Green-Type Cyanobacteriochrome
AM1 C0023g2 That Binds Not Only
Phycocyanobilin But Also Biliverdin. Front.
Microbiol., 2016, 7: 588. FE#ifi V

® Narikawa R, Fushimi K, Ni-Ni-Win,
Ikeuchi M. Red-shifted red/green-type
cyanobacteriochrome AM1 1870g3 from
the chlorophyll d-bearing cyanobacterium
Acaryochloris marina. Biochem Biophys
Res Commun. 2015, 461 (2): 390-5. i
AY

® Narikawa R, Nakajima T, Aono Y, Fushimi
K, Enomoto G, Ni-Ni-Win, Itoh S, Sato M,
Ikeuchi M. A biliverdin-binding
cyanobacteriochrome from the chlorophyll
d-bearing cyanobacterium Acaryochloris
marina. Sci. Rep., 2015, 5: 7950. ZH¢
n

@ Narikawa R, Enomoto G, Ni-Ni-Win,
Fushimi K, Ikeuchi M. A new type of

dual-Cys  cyanobacteriochrome = GAF
domain  found in  cyanobacterium
Acaryochloris  marina, which has an
unusual red/blue reversible

photoconversion cycle. Biochemistry, 2014,
53 (31): 5051-9. HHAH Y

(F=¥E) Gt e )

O BJIHL = 7 7 N7 7V 7 ik R
EEFMMLIEAT =T 4 7 AV —
IVOBSE. 39 [0l AR FAEM P RS,
N7 4 AR (M) IRAREET) | 2016
F12H2H

@ BIIAL : JeB R & O E
Y—OFRR L X OIS, 2015 HEH
2 [\IANA FH IR, WD E AR
ROHO (BEROWDEH) ., 2016 43
H30H

@ I : 7er 74 d XY EHEED
HTCHERETH T /) NI T VT
Acaryochloris marina 1%, BT 5N HE
KEONION? BB AEWY
2015, T STHTIT AN (TEER
AREHTT), 201545 11 H 16 H

@ Narikawa R, Fushimi K, Enomoto G,
Ni-Ni-Win, Ikeuchi M :
Cyanobacteriochromes with unique spectral
properties from the chlorophyll d-bearing
cyanobacterium Acaryochloris marina. 15"
International Symposium on Phototrophic
Prokaryotes, University of Tuebingen
(Tuebingen, Germany), 2015 4= 8 A 5 H

(® Narikawa R : Trial to develop light switches
that work in photosynthetic organisms. The
German-Japanese Binational Seminar 2015,
“Harvesting  Light: From  light to
biotechnological products”, Kampo no Yado
(Atami, Japan), 2015 /£ 3 H 25 H

© FIIAL : JeB RRAY O 6N A s iR B &
ZOIHFA. % 4 BDEHSEE S BRI
HIEETZES /NI B (I BB R = 7fT) L 2014
F8A3HA

(E) Grof)
L

(PE € M PEAE)
oHEIRTL (Bt 1 14)

LW A AT A EANR
FEE - BJIAL, ST, N EZ
MERIFT + [l K

FHXH « HyEF

&5 1 P2014-202984
HREEA B 2014410 A 1 H
EWNsAOR] . EN



oK IL (Bt 0 )

LAY
HUE
MR E
F¥HE -
Ha

iy g ey =
E N DB

(£ Dfih)
TR Bt

6. AFFEHERR
(OAFgEREE
)l 4L (NARIKAWA, Rei)
FRli s « BREEE - ST
geE &5 - 30456181

QWS

EEE
Q)EHEN T E

EEE
(DI FE S



