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DHAVCEFRDOBIZFARNOSRCHF BER. >2HR—I. PAUHOERIERHAR

BREEXFET A0 HE (b5 & L) TSN R TEAY RIFRIMEIRAFFDIL
OEW (F<ETOY) EHE GRdasinly, RPRaHEAFE RS FREEIATRRERIR) SDMFR
F—AlF. RRAZFRZFRGBEUEATRL = > HR—)LEZKRZE, /\—/\—- RRKZEHET. HEOH
DIFIIF—RETHONREEZRIZLTWDTFT /2= (ATP) ZEHET D, 7R - & -

(RGB) BBDEYE ATP Y —DRR(CKRINLE U,

ik E DB SDDEN L. RERDDHRZEL TR/ UIZIRILFT—%&, ATP OFZ(CEH - RIFL. &
E(THUT, ATP SIRIIF—ZEMDET ZET. Ltk zZiEnk I DHROTORL IMEFERIGZ
DIXEITSEED. WERGRICHERNEZINXT D AT LZEBHLIED ULTVET, 2D ATP
DOIFRARDO D MZIRRE T DIzH(C(E. HERD ATP EEDZLDIEHRZENS T IV (BENDIEDED
0R95) (CEMATDEN ATP Y —ZHiledR(CEA L., BXEMIREZAVWCESCHRZHE T =
HAR=Z D IRMNREBNIRFED L DTY,

ARARF— A, ENETD ATP (THFENICHEE T DY /OB (ATP &kEEZRO—E) &, HXZ
HKIDERESVHERNAI/IN\DEZRTFRUH— (X 1) TRSE, TORSOUSH—&EKR T DT
= JBOBEZIMBOFECTREILT DI LT, T - #& - KRBOEX ATPZ> P — (MaLionB, G, R)
ZRFELFURL. SERFEUZEE ATP T2 —2BRE(CHAEDED T ET. RO T (FREN
(CHlsh CHREETIH D1z (R CHIRBRDRIRDIZAID ATP DOENREDFRIRFERSEZ] t°. [ATP LSt 23
NG 2 JNOBOERE L DREFERER | IREMTIREIC/RDFE UL,

SEIORFEUZ—EDEY ATP T>Y—(d. INAMOSUMARY —ILE LT, BIE - ERBAMBEFRIC
ATP (CRADD ST FHIURERBOEZ 1 7IILIEFT X EVWDSFHUWARZINR. BFHAFTEILRER
([CHEDHDZENEIFFENE T . AAK(E. XERZEARZHREMIE. KU, BAREEAFHEFEES

(AMED) ZEFHICintAFRSIEEZE (PRIME) [ X/ /)4 AO>—#480DAZEA (C K 2 31 Bk
B NUERRAMORIL | FAFRMAFEERS(CH 1T DAFTARRE [ ALAILSRS IRV DR
EHIE ] (PARERARE IR OMTRE(CL>TITHONELE. AFRKRIE. RO YVIEEREE

FAngewandte Chemie International Edition] A > 5 > h(C 2018 &£ 6 A 27 HIC#B#E =N, aH
RICHREBBNDIFECTY .
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> HRBOROIFRIF—HRHHOPLTHS ATPEEOS2ITS, K- #& -5 (RGB) BOHNX
ATP 29 —DRFE(CKIh

> RO TR TH O, A—HRADRRSIEFMO ATP EiEORRERFHAIEE(C

> BHCHZAERDSK - BB/ AYAIORS O HR—IVIREMR (WABIOS) ZHibh&U
fzo BER. S2HR—IV. PAVUHOERIERTAR

(1) SNFETOMRRTHAD>TLWECE

IR EDHSWDEME. HE. BBE. V= HBREDRERONHRZB LU CTESLZIRILF—%,
> )22 =V (ATP) OZICEIL. #FUET. TUTREICSU T, ATP ASIRILF—Z2ED
HITET, EamihziBk g DHMROPORL MEFERIGEFDIRETSBZED .. BEBIIGRICRE
B ZEEIR T DI AT LAZENUIED U TVET, ATP (& EDE. EaEBIOREI T D, HliD
BERECER M ZHRI T D L TS CTEERD F CHDIEERFT.

CDIzsD. EVPFRFTOELVGEICH LT, HIBBDOHPT. EDOKSICATP HADMULTLDDH. £
UTCHEREIICH D TEDERIEL TV DWW ZEIRIET D E(FARSRRED 1 DTI ., D ULREZRR
IBZHICAVSNDDN, BHRAA—Z2TDRAMTY , #lROFP TEEDHAKOE =, BHZTF
JU (FEIC HADIPDSD54ES) (CEHT DHV\DEYET > 5 —THIRRAODEB 7 F OB REZ SRR
TEIRIBFETY, IRIEEXTIC, EDONDHEXATP L H—HIIRESNTULET (ATeam; Imamura
et al., PNAS, 2009. B-Queen; Yaginuma et al., Sci. Rep., 2014) . UM URHS. ERDEEtE>
HY—TF. ERTETDIRICHERNDDZH. B UMRORDOELRDHH (Hig)\EERE) D ATP OF)

AE7 [EIRF (CRRAT S D 2 &X° ATP BSOS T F )L FA2 5 > )\ OBDEREZ Rk CEIER I D 2 (3R
BN (CHZETUT.

(2) SEIDHAFETHIZICHAFEUVEFE

AAFRF—AE. ATP OEREZLICIHEL T, EHERENEILIT IHEEBRDENT >/ UBZAZ
FUWEN ATP U —ZRFELF U, SOBIOEE ATP Y —(d. BN ET D ATP (CHFEN(CHE
B9 DYI\UE (ATP ERERO—EIDeT T 12w ) & BEXAERIDIERZECENT>/\UE
PIRTFRUZH—ZNUTENOTZEEZ L TCVWET (R1ASHR) . ATP BECHE LU THEARE
NARELKEDDEALATP L H—%EBBR(CE. CDOXRTFRUZH—DEEY, BRI D7 /B
FNKSRBRDFT, BRENIC, COUZH—ZIMBOFECRELL. FE(BFP). #&&(Citrine).
7R (mApple)® Turn-on B (3¢ 2 ) MEYE ATP 22— &R, €111, MaLionB, G, R (Monitoring
aTP Level intensity based turn on indicators) &&31F& Uz, MalionB. MalLionG. MaLionR (&,
TNTN. BHAREHN 90%. 390%. 350%IBINLFET ., £, T O—DEEHNTD ATP DREEBE.
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0.1~8 SUEIVIRE T, £ENRMAFD ATPIREEE U TVET, BIC, TOELATP Y —(3
fHReDROIB D T/ N\ GRER LI, BERHBECRETET 5 EEBHRHHTT.

(3) SEIDHRATHESNIEERRUER
SERFELUE—EOHEY ATP 25— (MaLions) ([CKD>T. SETORMTEIBDTHREE TH DI
CENBIEE(CIRDFELIED T, ZDFEH%E 2 DIBMUET .

REBHAS—HXATPE> B — MR DIA S T 18 7R (C ATP

47~ = =
BRSO ATPEAES>) (R LY —ERE CES

HEEDIGPROATPENREZ [5] 15

YYYY/ [CEHAIg B ENtalRE |
& /< (LA g
& }NC, 5

?/ (ARG

00 /%jl 7 Gy MalionG

i/, < \\

GEN

OV osruun-

ATPDE S DD (CHEVENBENEM T 32> Y —

2.0 JNY7
% 7l faBkAN
4 “}
‘ 8 & 4 - ATPIE MalLionB (#)
~  MalionR MalLionB  LATPE MalLionR (¥HEa%5)

1 ATP DREEZALICEL > THAEENZND RGB hS—DENE ATP 2P —

[A] RUMIBRDRDRRDIZFRD ATP DENEZR RIS ICERY 3HH

WBE, BWIMERROEGBS. ATP (& MIREICHITIMERE. = NI RUTZTOELII Y > B{tdi
FHOREBMSEKRSNTNET ., BE(C, sMEUIZHRE. SO RUPTO ATP EERNEERRFIRT
HDDICH U, NAMIEZE (U E UTIBNEEOME T, BIERMNFEL TLD LW D TTEVSETS
NTWEY (J—=JILTHR (x3) ) . BAMAIE (HelLa #i2) SIEFERMERE (1BEAEAGMERT) (. #%
BOEN ATP Z>H— (MaLionG) &Mtz Y — (MaLionR) Z. ZNEH. MREEZ RO R
UP(CEAL. BEMERBIRUELU, BIROFERIC. SO RUTZDOATP EEZAVUINCS > THE
EL2ECB, Helaffifd (% 4) Tl SO RUTZDATPEBERA EEF(C. HRRED ATPIEE
EEMERRENFE Uz, COIRK(E. EBRSFEERZFHONAMAEN. = 3> RUJD ATP EEDHE
ECLDHRBRATOD ATP BEDKTFICHEL. HREED ATP BEO—BNR ERICLDEES LU
TWBREERLUTVET ., —A. =IO RUZD ATP EEMEASRRDOBI & LT, BIRSEERER
e T(E. HRED ATPEELREIRESNFBATURZ. CNSDFERE. HAMIRE IERRMHROE
Wz, BE—HERERID ATP BHEE & WV DRENSIRE U TORIEEXF T, Fz. LR, XS
BR(CKD THEUDHEY (SO XFXF) D ATP EEDIBIIN® (S > HR—)LENM KT EDOERRAR) .
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FRER (CHED TR 3D ATP DR FZMREBETIRAD ZL(CEMRINULTHD (REAFARFEHRAECIAT
B EDHBAR) « MELETD—H 8] - 1Y) DR TIRWSERIOEE(SBRTE SaEEtZ R
LEUTE,.

1Y AABRATS & DIEFEHED RS DTS
AV j;mf/ ' ATPELDIEN
wEe MaLionR - (FRAERODTUE)
: (EFIYRUP) 121 ¢
fj)l,j— = iy v
p
¥ 1.0
1 # ‘\}M
R
@%J D & 08 \ S ROV RUTD
ﬁﬁfﬁff-\ ATPDIFA
( 0.6 . . .
Q@%m BDY:(4 0 10 20 30
(EF3I>RUP) RS (93)

2 D AMRRDS A F=w Uik ATP DEEZLZIE X 2RI

[B] ATP L ZNBSADS I FILDENEZFEIICERRT SHH

BEREHRE. FNEOKRDT T, [EREUZRDICHICREEZITOEERMIZD 1 DTI . FEE
B E ZORIBRL DMEEE (S 2 HR—ILERIKZE, /\—/\— RRXFEEDHEATR) |
RE(ICHEBDELNDILE DALY —(B-GECO) EEFEBDEN cAMP Z2H—(Flamindo2). €UT=
O RUPICHRBOEN ATP T2 —(MaLionR)ZEAUFE U, TEMIREHRERP(C. B7RLFUFE
BREAVYTOT /=)L (X5) TREBLIZECSS. cAMP I ER (Flamindo2 DEFEEEM R
Flamindo2 (& Turn-off &) | #HuL\C. =~ RUJZD ATP HHEDMNTEA. BIC. RICOEF. B
IWEDLAAZDREN ERITDIHRFNRSNE Uz, BEEBHRE. STHRORIFICEK > TEMEL
SNEHRRE LD 7T ZILEES U5 —t (AC) ' cAMP Z&R L. TN ST FHIUREERD T, cAMP
RIFHD PKA ZEMHELET . =D&, REEEZERE. = b2 KU 7R EDRHES > /(08 UCP1

v V7aT/ -l

Omin 7 24
B-GECO ' 2094v7o7 /-0
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EERULT. SO RUFPELEDEEMDTERDTO N VEEARZHRESE ATP SR ZHEEL.
REIC. SR RUTHISHILEDLAARNE TS DI ERNMSNTWVET (BEBAERFDRE
&) . EMZFOBRIB(CEH SN TNDZOXSRHMRBADS I F)UREDERRIE, (B AlkEFE->
TWET, UM U, ERRICIE Mo, BLR42 ERLRBRFAGTAFIVIICEIELTVWET, S
m. R,GB EWDSHSIILRBtEB—ZHRLUIECET. BRRE U THEMTWD ST F)IURED—
BEARDEEUVUTCRBZENTEIRLSCRDFE U,

(4)ARDBRBHRETE

SE. MREUZ—EOREN ATP Z2U—(F. IRILF—RBROZLCDVTHDZWENDSZ—X
(CHUT, BRICHONOPRTVES 1 T7ILOIET >R &R UET . 1. FRIDMNR A TR (CHRAT
ITDZENEREND. PACREREREDEFBEBRDICODRIERFECSVWTCRHRNEZFRIELFI ., F
oo DR EDOYIERRRICHEDHRDINEZRD ZEE. EREESBRHREODTFICBVWTEFEET
I, DT AAFKRE. BIZE - EEMEIRFRORA DB OMKREREZ IR E DI ED EMAFINE
ER

AIRAFRDERICHNTIE, RO\ T THDS 2 HR—=IL - )14 ARY RCHDERE/ A A
AT RS HR=)UATEAT (WABIOS) M&ARICTEREINE Uz, RBDS > HR—)LEZKFE

(Raghunath 814> Ito {1 5) MSAFEMNZ X ALA—XICZITERD ., dER(C WABIOS (CTERRZIX
TUDD., HEMICER CEEZEN, AMARZTEIT DDICIHFRICEET U, REN(CEAILFEHAT
(F. HRAFAFEHRESULIATRL, )\ —/{—= RKEANELEND ., HRPDARE RS TIAATZERHE
N E U GERSNTLET, F£/z. WABIOS (F. ERE < ERNRHEEARZEM CEZDHTHD
C &R, IRMDARTE - IAFTHEBEIE N SN UTERFFT Ch DTz, FE UM (CRAL TE. B4
DRRENER T ZOEFZEFRTET DI LTI D UIRKFREREN L. HAEATPEU—
MEIOBETHRE LT (E. AFENEET, ZOMMEERELRNS, AREEDDZENTETEL
2o 2D UIBHDRFTMSR(EAFZEDAREITINEBAH TH D, SE—TE. FTMARBRRZREL TL<IHE
DTSy N IA—-LEUTHFENET,

(5) SEDRE

RIAFRR TIE DAMRED—EE S GEAEHIIE (CERMETOSN TSIz, S (F. tr4IHlieE
D ATP EARRBOFHZARRN (CIEE L TOWKBENDDFT, CDfesd. SETULIC, EFZED
9. ZIRCEDEFMDTFOMFRE EOHBERATRMNRATT . 15(C. BEOEROH AMRORZE ATP
EERDERANSHEFEN (RIS LT, RIEMRICKERA2/IT MeEZADEDOEHFHFLTVE
ER
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(6) 100 FREEDHIE

HRRDPDITRILF—RBDOPLTHD ATPZEZ 20T D, Ii-#& -5 (RGB) BOHEN ATPZ

B —DRFECKIN. RO ATP DY+ FZvoREzeSsEE. BD. BECIRRDMARY—ILE

UCHIS CEET,

(7) FRsERESH

X1 RITIFRUSH—: KRR TEEE~EHEDT = JBEMNEE LIz F (RTFR) B 2D0
HIRDII)I\OBZRITD™E (U>hH—) ZHEBO>TVWET, BRI DT/ BOBECEIOT. R
TFRUZH—DERHRECREENEDDEIN. CONSORAZHELT D ENE T T—D
RARODEZE/LRD 1 DT,

- %2 Turn-on & WREITDINFEREL T, HABEZZRLS IR T T—DIFE. BEE
EMENT 251 Tt HY—%"Turn-on"8, #(C. B 3251 T & Turn-of"BLEIFUET,

- X3 D=JIVIOHE : HiEANT ATP i"EREINDRIEE U T, BRIBER EBERD > B{bd 2 DHYAN
SNTWET, FEREMRETITON. JILO—X 1 3FH5 ATP % 2 DFERT DDICH U,
ERAEE ) BB = N> RUTZTITON. ATP36 BFEERUET . LIZN DT, ATP EEDHHR
DERTIE. FRERL DG B LA NN EE(CENTVETS, [EFERMRE. B >
{GICHFFE U T ATP EEZITD TLBRDICK U T, DAMARIE. IROBOEIER(CEFELTCLD I E
NE<MsHsNTED., D—=JIILIREFENTNET,

- %4 HelLa#iig: & hFESHEAROMID. SFSFAMREMFENHAT CRHLSNDET)LERET
HHD., BT Y —DORFERFRICENTE, MR TER T DN ZIRET I DENTHLSNET,

- X5 AYTOF/)—: 7RLTULRBREHRZERN(CRIEIT 2D FCTHD. Gs BREEHET
BDCETCAMP ZEGA ESHZE T,

(ERSZIRER]
- ¥§&55 1 Angewandte Chemie International Edition
- 3% : RGB-color intensiometric indicators to visualize spatiotemporal dynamics of ATP
in single cells
- E& : Satoshi Arai (FiH#80) , Rokus Kriszt, Kazuki Harada (JREH—£) , Liang-Sheng Looi,
Shogo Matsuda (#AH#IZ&E) , Devina Wongso, Satoshi Suo (EF5E) , Shoichi Ishiura
(&HE—) , Yu-Hua Tseng, Michael Raghunath, Toshiro Ito ({R#&#EA) , Takashi
Tsuboi (FfFHET]) |, Tetsuya Kitaguchi (It H)
- ZEFE - BREHEHAXE (HEF WABIOS). AMED. BRRAZFAZERAEESULIATERL = >HR—)LE
URZE. )\—=)— RRZEFSED
- 8 URL : https://doi.org/10.1002/anie.201804304
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BREARFETZH b HH 8 XEHARE (FAFHkEE)
Tel : +65-9026-2546 E-mail :satoshiarai@aoni.waseda.jp

[AMED FE(CRT I &)
EAFHEFEEANBREERTHAFEEE (AMED)
HAEAFTREEDD AFTEERR
TEL : 03-6870-2224 FAX : 03-6870-2246 E-mail : kenkyuk-ask"AT"amed.go.jp

(#RE(CRIT B BELEDE %]
BPHRERZLIRZELHRER
Tel : 03-3202-5454 E-mail : koho@list.waseda.jp

RRIEKRTF L3R - HEHEARED LIk - MsoEEEbFT
Tel : 03-5734-2975 E-mail : media@jim.titech.ac.jp
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