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Sumire  Sirius  moxBFP mTurquoise2 mTFP1  EGFP  Venus  Achiles  T203Y mScanerlet mRaspberry
#xavioE BB

AA Fluorescence count
BB Fluorescent proteins

(57) Abstract: The present invention addresses the problem of providing: a protein that acts as a scintillator; and a method
for designing a protein that acts as a scintillator. According to the present invention, a use of a B-barrel-type fluorescent
protein as a scintillator is provided, wherein the p-barrel-type fluorescent protein has a fluorescence peak at 500 nm or
less. According to the present invention, a method for designing a protein that acts as a scintillator is also provided, the
method comprising (A) a step for identifying a specific amino acid residue in an amino acid sequence for a B-barrel-type
fluorescent protein being mutated and (B) a step for constructing, on the basis of the amino acid sequence for the protein
being mutated, an amino acid sequence having a structure such that the amino acid residue identified in the step (A) is

substituted by another specific amino acid residue.
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B FHEE(RTDEWRY, 2 TOEHAOERNRF
EAATRE) - AE, AG, AL, AM, AO, AT, AU, AZ, BA,
BB, BG, BH, BN, BR, BW,BY,BZ, CA, CH, CL, CN,
CO, CR, CU, CV, CZ,DE, DJ, DK, DM, DO, DZ, EC,
EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
HU, ID, IL, IN, IQ, IR, IS, IT, M, JO, KE, KG, KH,
KN, KP, KR, KW,KZ, LA, LC,LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT,
QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL,
ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG,
US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) IEEE (RTDLRWVWRY, 2TOEBEDEER
ENHAE) : ARIPO (BW, CV, GH, GM,KE, LR, LS,
MW, MZ, NA, RW, SC, SD, SL, ST, SZ, TZ, UG,
ZM, ZW), 2—5 < 7 (AM, AZ, BY, KG, KZ, RU,
TJ,TM), 3 —H v /% (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS,
IT,LT, LU, LV, MC, ME, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF,
CG, CL, CM, GA, GN, GQ, GW, KM, ML, MR, NE,
SN, TD, TG).

RPN
— ERFEERES (RHE8215%0))

— BMEZEOREDED & LT&RLAERSN Y X b
(#2R15.2(a))

G EH : AFEBAEE, PVFL—F9—E L THETEZIIVNIRIBE, DUFL—9—ELTHRETZY Y
NRIBORFAFTEORMEBRNE TS, ARBICENIE, YV FL—9—ELTORNLIEIENS VXY
BOFERATH T, pALLBEEIVRIBAS 00 nmUTICHNAE—VEBTIRNIVIRIET
HLEAISRBEEIN S, AEBFICEINIEEZ, PV FL Y- L THETEIIVIRIBORTTETH
2T, (A) BEWNKRTHBPNNLIEERY VY NRIBEDOT I /BEREINICEVWT, BEDT7 I/ BARKET
3Tf&E, (B) BENKIVNIVEOT7I /BENCEIWT, I (A) THEIhAET7I/BEM
DREDTI/BICBHLEZT I /BEENAEBET 2 TREAZATLS, HETAESREINS,
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Bl =

FRADRZI : FVNRNIBOUFL—H—
B HEEDSR

[0001] AFRIE. kT T2HAELETHIHFE2023-105343 (HEH
:2023%F6H27H) OBEECIBEZEZTZEDOTHY. ZOFHN
NELEIFEIBT 2 EICLYARBHIEZEDO—IREIND,
g o3 BF

[0002] AFBRYVRIESVFL—9—ILET D, AREBIEEAL Vv FL—
H—E L THEET 29 /N VEDRETAES L CHERZE. WTITHAHRIC
LBHEXRGEICEEAT 2,
B Rl

[0003] CHETICEARNDTFAA—SVITDFEDI DELTELEYV/INIEN
MAINTE L, ATV S VRROBFBENYV/INIE (avGFP) &
FTOERRLUFK, RERESICHUBRILRIN, HRAEADIRINTE AR
HYVIN)ETHD, avGFPILKRABEREEATSEI&ICEL>T R
ROIEE., p HRESM, HMEEELRY., MENFBEL LAERKLY V/IIEN
"TONTEL, BRICDWTIE, SBIOLHRBETREVIELEZFHET S
DHAFONTETCHY, SBEBTRLIYEBWEROHAEEZETIEDHET
LHNTW3 GERFFFXE 1 84L0°2)

[0004] LA LAAS, B (aff vk BIR. XiR EFRE) ThEXh
 BAEERTDBZIVNRNVERINETHREDN BRI >,
FoATHAT SRR
FFEIF TR

[0005] 3E4FEF>CHR1 - Sugiura K. and Nagai T., Communications Biology 5, 1172
(2022)
JE4FEFCER2 : Tomosugi W. et al., Nature Methods 6(5), 351-353 (2009)

FEEA DR E
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[0006] AFERELSIESHK. BNALIBEEHXSI VIR IEDD BEERRICEAE—S
ZET2EDNY U FL—F—& LTHETSIIEEZRE Lk, ARRAIEZ
DRRICEDLCEDTH %,

[0007] AFBRIE. >V FL—9—& L THETZI VNN IEEREBTZZE%EE
MET 25, AFERIEEL, PVFL—49—& LTHET 59 /NI EDERET
FEBLVEERE BCICHIIRTY VN VEERIEIEDIEICHEDIE
MORGE~DOHBRNARZERH®TZIZEEENET 2,

[0008] AFEBBICLINIELULTORBAI/REEINDS,

[1] SV FL—9—ELTDORNLVIEEALY VIRVEDOFERTH > T,
BINLIVEIEH Y v BAB 00 nmUUTICHKIE— V58T 328H*I Y
NOETHD. EH,

[2] RUEEB/NLIVBIEN Y VR0 EH, T (a) . (b) LU (c)

(a) BIES1~4DOVWTIIDOT I/ BEINLMDY VINIE,

(b) BEIES1~4D0VWTIhHIDT I/ BEIICH LT O0%ULOE—
MEBETZ7I/BEREINLARY., HhD, BRELEFRICLYRKLT S
SVRJE, BLV

(c) BIBES1~40VWThHOT I /BEIICSVWT. 1 £LIFERE
DT I /BEIRK. B, BABIV / FTLEMMINLT I /BEFNS
BY, DD, BIRFLRBEFRICLIYRENTEZIVINIE
DNORDENSBIRINZ Y V/INVETH S, L&E [1] ICEREHDEA,
[3] RUEBB/SLIBIRKEY /R JEN, Sumire, Sirius, m
oxBFP, mTurquoise2, mTurquoise, SCFPI1
. SCFP2, SCFP3A. mTFP18LUVoxBFPALADEMND
BREINS, LB [1] A& [2] ICEREOFER.

[4] SV FL—4—ELTHETEIVNIVEDRETAETH>T. Tid
T# (A) LT (B)

(A) ZENRTHDBNVIVBEREY VINVEDT I /BEREIICEWT,

i
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T2 (1) ~ (3) MOA2BEILBRIND TBAZAFE2E@ULDOT X
BARET IR :

(1) BAUES1~40VWThHDT
TEHT7I/EE;

(2) BAUES1~400WThHDT
TEHT7I/EE;

(3) BEINES1~40VWTIHDDT I /EBREFTID203[DT
YIBTI/B

(B) ZEWNKRSI VNN VEDOT7 I /BEREINICEDOWT, IR (A) TRES
NETEFAEF2EUEDOT7I /VBEETRT7I/BICER LT I /BEES
BRI HIR

(1) BEINES1~40VWTIDDT I /EBEEFID6 SMDT I /ERICHEY
$HRT7I/B Y)Y (S) . TV (G) FLEITLYITY (Q) ;
(2) BEINES1~40VWTIDDT I /EEEFID6 6 (LD T I /ERICHEY
TH7I/B:MN)TNT7Y (W), EXFYY (H) . FaY Y (Y)
7z 753=v (F) ;

(3) BEINES1~40V\WITIDDT I /EREFID20 3O T7 I /ERICHE
LUIBTI/B: bLA=ZY (T) £EEND)Y (V)
EZATIRD, RETH .

[B] UFL—4—E LTHETZIVVEDREBAETH>T, L5
[B] ICEEEINAREIAEICIYBRINALTI/VBEINEZI—RTSHR
DX OLAFREBEICBWTRREIGRTIRESATRS, AEAE,
[6] BANUVIWBEIEKSI VN IEZ BRI EFIRICLYRENRIES. K
FIRICL DENY VINTEDORNAAETH>T. B/NLVILBRNSIVIINIE
NS00 NmUTICEAE—VEFT2HNEI V/INVETHD. RHAHE
[7] B/NLIWBIENY VN EDF L NEMIDERNICEET S, L£iE [6
1 ICEREOREL S E,

[8]1 B/NUVIWEIEHK S VNI B % BIRELIIEFRICLYRNIE, AR

i

JEEERHID 6 5D T

i

JEBICHEY

i

JERECSID 6 6 RID T X/ BRICHEY

i

JB8ICHE
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FUNJEDNRTIENICIYAEREEENT 5, WHRICE 2HEHRAE
TH>T. BALIWEERNXYVINIENSE OO0 nmlUTFICHNAE—VZET
DEHHIIVINJETHD. REKAE,

[9] B/ANUVIWBIERKS VINIEE, RIS VN VBEDRRTDEAMICLY N
ERD’REINDIAERENDE ZEAHEREBETH>T. B/NLILER
HYVIRJEDNBE 00 nmlUTICENAE—V%2BTI2RAEIVINVETHD
. HEREE,

[10] BIFLEEFHRALREZILICEAKL, L5 [9] ICRBEDALE
RERE,

[11] BARULNBERAY VNI BEERIRARIRE T 2HERENTH -
T, BIRBY V/NVEDNRETH2RHAICLY AEGHOSREI N, DL B/ALIL
BEHIVINIENLE 00 nmlUTICEAE—VZBTI2HENYV/INIET
Hb. KEKEM,

[12] EBREMDZT/NIFYTTH3. LB [11] ICBHOAE
YD,

[0009] AFEBIEINFIFTHREIQINTVWARWIVNRIEL VFL—4—%IZH
TEHR2EDTHD, YVNVEIVFL—F—I3EBGCTFIREEICLIYRIRIES
ENTEZD, AERBITHEBIRFICKL 2 EFRREEDRERCH - AEEA
EORRBICEMT 2& & HIC. BMERICK 2HERZMICHEEMT 25D T
HB5
AT oD 88 7 Ei B

[0010] [B1]™ 14k, Sumire, Sirius, moxBFP, mTurquo
i se2DFNEFNDOT7I/BEIERLEKTHS,

[H2]K 2 1, BEHAYVNRIBEICH T Z3° SHEOHIHRTORNERTH
THd, FYVNJEDIRELYDEXADY MENGNY I TZD VR
(VRO ERLDBARTOAY Y MBE) #ZLEIWEE 7Oy b LT,
INLFOTIVT 7Ry NIEFBETERENHD & %2nd (p<0. O

5) (Tukey#&7E)
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[0011]

[0012]

[0013]

[K31K 3 1d. FEA;AY VAT EICRA LARIRBEE/ONIESEHY
NeDBERERTIHTH D, KYVNNTEDAVY MEDNLNY I TSI
K (9VROERLDBBRTDAD Y ME) #ZL3IWEETOY LA
[E4]K41E, mTurquoisel2BLUmTurquoise2®7X3
JEEEEFI203FEBEDO LAY (T) 2FO2 Y (Y) KEEIELDHOD
(UF. T203YZEERK) O (A) MEERRARYI MBIV (B) #H
BRARY MV ERTHTH %,
[B15]85iF, mTurquoise2BLUT203YERFDENENIL
FEESLVILABETFNEZRIENTHSD, (A) IE. mTurgquois
e 2DIAEE (PDB ID:3ZTF) #5579, HEIZ203FBD7
I /BRECRERAEOEEERYT, (B) ET203 YEEFDIIFEE
FlERT, BEIF203FBO7I /EBEEEREFEEOREMEZRTHT
HB5
FEHA D B ArYER A
<BNUNBRS S VNG E>

AEBICBWTEBNVIVEEHY VY RIEE VY FL—4—& LTHER
THIENTES, B/NVIEENY V/INIEIR, BNV ILEFIENSEE
DIFBEEZRL. REDRROAZRINULAEBRICLY RIBRRORAEZHET
29 VINVEEREKRT B,

BINVIVBEZRTH2ENAY VI VERUXZEICAMTHY., FT7V0 5
7' (Aequorea victoria) HRDIFBEENY /NI E (avGFP) Fkida
VGFPEBEUHIYEAEEZRTZTOFEEFRZRT,
REBFICBWTBNLIERNSY U RIEELTIE, 500 nmlUTFICE
HE—VZBTHHERHAEIVNIVENETLON, FFELLLIF480nmldTF,
450 nmlF. FLF420nmUTICERAE—DIZET2EHNY /D
BABFOND, BB, ARBICBWVWT IHAEE—7] SRENFROE—
VERBKT B,
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[0014] avGFPALBEINLBNVIEBEEETZIEALEYIVIRIEDI B,
500 nmUTICHAE—TVEZRTIRAEIVANVEE LT, BIZIE &
BRI VNV E, BERRAYVNIE, BRI/ E (BFP)
YT VBEEREYVINIE (CFP) AEIFLND,

[0015] AFEBICEWTHIVYNRIBEIVFL—H—E L THERTZIENTEZH
KRN IBELTIETER (a) . (b)) LT (c)

(a) BHIBES1~40VWTIhHDT I/ BEIHNOLDEYVINTE,

(b) BEIES1~4D0VWTIhHIDT I/ BEIICH LT O0%ULOE—
MAEETZT7I/BEIHNSRY, MDD, BRELIGEFRICLYRNTS
SVRVE BLT

(c) BIES1~40VWTIhHIDTI/BEIICSWT, 1 FLIFEHE
DT I /BIRK. B, BABIV / FENMMINLT I/ BEIIHDS
BY, DD, BIRFLRBEFRICLIYRENTEZIVINIE
NORZENLBERINDIVNIEDIZBETFOLND, BBINES1~40D7 X
JEBEHIIEE T ICREINDEY TH D,

[0016] (a) OBINES1OTI/BEBINSRZHV/INVEIR, Sumire
THY., 414 nmIlESE—TV%EFT 2 GEEFHXT) . JOEEI Y
NUElFavGFPOLLFEEINKREBENXI VINVETH D,

[0017] (a) OBINBES20DT I /BEBINGRZIVNIER, Sirius
THY., 424 nmIZEASE—V%EEBT 2 GEEFHFX2) . JOELI Y
NUEIZavGFPALBEINLEEERNLIVINIETH D,

[0018] (a) OBINESIOT I /BERINSRDZH /U EIF, moxBFP
THhHY., 445 nmIlENE—V%EFTS (HeimR. & Tsien R Y, Current
Biology, 6(2), pp178-182(1996)) ., CDO=EHNY /XU ElZavGFPHML
BEINBTRENIVNIE (BFP) THD,

[0019] (a) OBINES4DOT I /BEBINGRZYVNIER mTurqgu
oise2 (RAMESIUVHEICEVWT, ImTQ2] &WHTe&bHhd
) THY, 474 nmIlHNE—V%FT S (J. Goedhart et al., Nature
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[0020]

[0021]

[0022]

Communications Vol. 3, Article number: 751 (2012)) ., ZDHEWEY /85
BidavGFPALBEINLIYTVvERNEYV/INVE (CFP) TH?,
AFERICEWTIE, BEINES1~4D07 I /BENICHITZT7I /O
BORKR. B2HFEBOV (N) V) Z2HATICRETDIH0ET 3, Th
FEHERCGFPOT7 I/ BUBESICMoLUXATERAINDIRETHS
o BIZIE, Sumire (BHIES10O7I/HBES) D656, 66uH
FU203MOTI/BIZ, ZhENG (FUPY) . Y (FAYY) .V
(IN)v) THBZH, BIES 1 OEEDOT I /BES (B2FBOVEZH
A%) TIE66fHI, 67HMNBLTV204[DT I /BBICNIET %,
AREBICEWT IBIBFLREFRICLYRNL TS &3, BIRFLIE
FHRRICE Y BRRED SMERREICER L. ERRBICESBRICEEE BT
THIEEWVND,

aise (b) IKHBWT, TA—MX & HEBEMKL] Z22TERTHRVWLNDS,
22T IE—H] & BIZE LY SEINR LT Z@EDICES (754 XY
N SEALEETOR—MOEETHY., RIGCEINEDYT I /BOERLR—H
DHIRER (%) 2BKY 25, B—MHOBEHICHZ>TL, BIAIE EIICE
F2Xvy 7OBESLTT IV BROMENERINS (Wilbur, Natl. Aca
d. Sci. U.S.A, 80:726-730 (1983) ) , RIEET 24 X b, A, =R
OF7INVIT) ZLDORBICEYTS ZENTE, BEAFEMIC. BLAST (Basic
local alignment search tool) (Altschul et al., J. Mol. Biol. 215:403
-410 (1990) ) . FASTA (Peasron et al., Methods in Enzymology 183
:63-69 (1990) ). Smith—Waterman (Meth. Enzym., 164, 765
(1988) ) REDRICFIBARAEBMUERRY I bV 27 &2FERT &N
TE3, . A—MHOEHIE. FIAIE FIEEO L D ARICF AR ER
MRRIOTSLEAVTITI ZEHNTE, I, KEEILEMTEZIER
84— (NCB 1) OoEEME7ILT)XLBLAST (https://blast.nch
i.nlm.nih.gov/Blast.cgi) ICHEWVWT, TIAINPDNRNSA—F—%2FVDT
EILE>TERT B ENTES,
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[0023] #iEE (b) ICHBIFZE—MEE. AIZIE 80%ULE, FHELIE85%L
B FYHFLKIF90%LUE, ISHICHFFLLIE 1%EULE 9 2% E
c93%BUE 94%LLE, 95%BIE. 96%LELE, 97 %UUE, 98%
ME, 99%LEFLIFO9. BRLULETHS,

[0024] @iEE (c) D VRV EIR, BIBES1~40WThHOT I /BEIC
BWT, RE, B, FABLTENISLRZ2HENLRRIND 1 EBF LI
BHEDOHZEZBE L TWTHELW, REIND 7 I /BEROBEEE. BIZIE,
1T~4 7@ FELET~35M@E, FYBFFLIET~2 3@, ILICHF
FLKRET~21@ 1T~1T9@, 1T~16M@. 1~14@E, 1~114E.
1T~9M@ 1~7@ 1~6Mf@ 1~5@F/kiF1~4@E. FICHFFLIE
T~%E 1~3@, 1~2@FLE1ETHZ, KEINDT I /BOME
BidFre, BARAREEFZRELCEDOANOFEICLYELZEEDOEERK
BB RARICELCLPEBEDREHETEIENTED, DL T®
Z| BZEEZRUCEBEERTHWONZEDET S, RIS 7 I /BEIICBEWT
. AIREHREIF. ERLTELTEL WL, FERICELTE LW, FIERHE
EE, BRORBOHE BIAIE. BEHOER) THo-THLWL, BH
DEBORE BIZIE, TEUEORKE 1 EULOEHLROMEESE) TH-
THLW,

[0025] F7/., HiIEE (c) ICBFBT7I/BROFBAL LT BIXIE 73 /EBEE
DIDOREBANDEADNZETFOND, TSI, I /JBOMME. FIAE 73
JBERIDONKIES L PCRIMDWTNDIADMIMTH>TH, NRinH £
VCRImDEARIADMINTH > TH LU,

[0026] HIEE7 X /EROBERREFEHNHE FIXIX. FRENEE) THLo-THLWL
o MREHHRZE] FiE MRENEE] 3. SV EDOHEZRENICH
ZLRBWEDIL, 1TEFERBERBEOT7TI/VBEREL., TLEBEEIED
lEERRT D, RIS 7 I /BOBHRITT L, RENEBRTH>TH L,

MREFHE®R] (&, S VNN VEOHEZRENICHELBVWEL DI, 1EZX
IREBREDOT7TI/B%E, IOT7I/BELV/ FTLRET7 I/ BFERICE

cu

i



WO 2025/005196 9 PCT/JP2024/023407

BY2EEBRT S, RENBRICBVWT, BRESNhET7I/BEBHRE
D7 I/BEE. B, HESLV/ FIEEENELL TWD Z &A%
F LW, BEEMICE. BUKES L OEKEDRE, B, SRS 02N
ME, H2WETRBELGEOENMENFRLUL TWS I EAFE L,
ZDEIIC. MEBSLV/ TLITBENBLTZ2T7I/BELET I/ BE
BHFIE, EERMIBFICBWTRANTH S, FIZE, EBmET7I /B (BRK
MTI/E) SLTE B TSy, Ny 4vAMY Y, O4Y
v, 7YYy, NUTRNT 7Y, JIZNT SV, AFFZVBRENES
bhd, BME7I/ B (FE7IV/B) 3. )y, v v, ALF =
 VATFAVREDRBETFONG, [
BRZETLT7I /B (REMTI TILFZV, EZAFTIV, Y
DVREDNETLNh, BEREZEBTATI /B (BETI /BB &K TARNA
SEVE. TV IVBRENESFLND,
[0027] AHEBRICSWTTI/HIZ. HERATAMOLTOIXFREXIZ1XF
REEIWLIYBETZIENTE D,

72 :Ala A

l

FANSXEVUEE: Asp D
AFM4v:Cys C
LI :Gln Q

gy :Gly G
EXFY>r:His H
Avaq4sr: 1 le |
AM4>>:Leu L
) :Lys K
AFFZV :Met M
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JxzZ)75=Zv:Phe F
Oy :Pro P

) :Ser S
A=Y :Thr T
N)ZPhT77Y:Trp W
FOY > :Tyr Y
N)yv:Val V

[0028] @i (b) B&LV (c) OF7I/BEEIICEWT, BHIES1~4DFN
TNOF7I/BEND65H. 66ELT FIF203/DTI/EE (
FFIC203MDF7I/B) X, 1 EDEBIDFELZTHEIE (REINTWL
BRWZ &) BEFFE LW,

[0029] ®iUEE (b) BLT (c) IKBWVWT. TRMIELEEFIRICLIYRNT S
VINUE | THZEZHOENME, BB VAN VBORNFEEZIBEICEMT 2 2
ENTE, BIAIE. WRY VAR VEICBBELEBEFRERH L. YV FL
—2avAI VI —FERVWTOVFL—2avhEAET B EICL YT
e 2 &ENTES,

[0030] S 2NIVEOUFL—F—ELTHERTESCFPELTIE mTurq
uoisel2BAI, avGFPALEBEINLETEDY V/INVEIEITL
na,
mTurquoise (AFHEESIVCEAFT ImTQ] WS Z&N
#H>5) (J. Goedhart et al., Nature Methods Vol. 7, 137-139 (2010))

- SCFP3A (GJ Kremers et al., Biochemistry, Vol. 45(21), 6570-65

80 (2006))
- SCFP2 (GJ Kremers et al., Biochemistry, Vol. 45(21), 6570-6580
(2006))
- SCFP1 (GJ Kremers et al., Biochemistry, Vol. 45(21), 6570-6580
(2006))

-mTFP1 (Hui-wang Ai et al., Biochem J. 400(3):531-540(2006))
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[0031] S UNRIVBYVFL—49—ELTHERTESBFPELTIE, moxBF
PUAIC, avGFPHOMOLEEINLTROY V/IAVENEIFLND,

- o xBF P (Costantini Lm et al., Nature Communications, 6(1), 7670
(2015))

[0032] <BHMR Vv FL—9—9 VNI BEDHREHTE>

AERICEINEY VR IES VFL—F —DREIFEDREIND, AF
BADEEt AEIR. (A) BEENRTHDZB/NNLVIIEERSY VIRIVBEDT I/
BEIICHWT, TR (1) ~ (3) DAL BRIND 1EFLIE
2EULEOT7I /VBERETZ2IREE (1) BABES1~400WThdhO7T
T /BEFNO6S5MOTI/BICHETZTI /B

(2) BHIES1~40VWTIhHDT I /BEFID6 6GIDT
57/

(3) BHIBS1~40VWThhDOT7 I/ EREFID203uDT
LIBT7I /B

(B) ZEXNRIVANVEDOT I /BEICEDOVWT, I8/ (A) THES
NETEZER2EULEOTI /VBEZHEOT I /BRICEHR LT I /BE
BRI IIREESATRDIBDTH S,

[0033] T (A) IZ. BEERNKRTHBZBNALINEENY VN IEERINES 1 ~
AQWTNHDT I/ BREEHEEIIE, BIES1~40VWTIhHIDT I
JBRINOFHEMEBEDT I /BICHYETZT7I/BEEETGRTHZ B/ L
WEIBHYVRIBILBWTIEHET DI EICLYERTZIENTES, B
EWRKRTHZB/NVINBEENY N JEERBIIEZEIES1~4D7 2
JBERNIZ. BEENREOB—MIRESVEDEZERTZIENTED,

[0034] T (B) IZHWVWT, BMBOT7I/BIELUTOT7I/BETEIENT
x5,

(1) BAIES1~40WThHOT I /BEIFIDO65MOT I /EBBICHEY
TH5T7I/B:tE)Y (S) . Uy (G) FELEEITLVLEIZTY (Q) ;
(2) BAIBES1~40WThHOT I /BEIIDO6 6O T7 I /EBRICHEY

JEBICHEY

i

JB8ICHE

i

i
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TH7I/B:MN)TNT7Y (W), EXFYY (H) . FaY Y (Y)
7z 753=v (F) ;

(3) BEINES1~40V\WITIDDT I /EREFID20 3O T7 I /ERICHE
LUIBTI/B: bLAZY (T) FEiFNNY Y (V)

[0035] EEE (1) ICBWT, BEFRTHZB/NNVINBENSY VNI B EEHX
727 I VBREIINEINES I ELIE4 D7 I/ BEIDZEICIEK. EBRE
DE6E5MDT7I/BIEEY Y (S) &T2ENTES, EENRTHSB
NWUNWBEERSESY N BEBINI BT I/ BENIENES1OT7 I /B
BIDIZEICIE. BRBOG6SMDTI/BIEZTISY (G) &FB2&EN
TED, RENRTHDZB/NVIEENS VINIEEEINIE LTI /BEE
FAEIES 20T I /BEINDIFEICIE. BREO65MOTI /IS
WEIY (Q) £TBIENTES,

[0036] L& (2) ICBVWT, ZEEXNRTH D B/NLIVEIENY V) B EEFX
BT 3/ BENIEIESLOT I /BESDFEICIE. BiRD6 6141
DODFI/BIEN)TRT7Y (W) &FT22EDNTES, BEFRTHDB
NWNUNWBEERSESY N BEBINI BT I/ BEINIENESIOT I /EE
BEFDFZEICIE. BREDB6MODTI/VBIGERFYY (H) &F52&
NTED, BENRTHZB/NVIBEENY VINJEERIIE LTI /B
BEFUABESIES 1 DT X/ BREFIDOHBEICIE. BERED6 6(IOT7 I /I
FAYY (Y) &F22ENTES, BEENRTH D B/NLILEEN S VN
VEEENIELT I /BRINVEIES 207 I /BEIDFEICIE. B
BEO6O6MNDOTI/BIET7IZLTS=Y (F) &2 ENTES,

[0037] L& (3) ICHWVWT, BEEFTRTH 2 B/NNLIVEENS VN B EEFX
727 I VBREIINEINES I ELIE4 D7 I/ BEIDZEICIEK. EBRE
D203[MOTI/BIEMLAZY (T) &EF22ENTES, BEEWRT
HDBNVINBENSY VN EERIIELT I/ BENIEIES 1 F
2073/ BREINDOBEICIE. BERED203MOTI/EBEIF/N) Y (V
) ETBIENTES,
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[0038] ZEENRTHZB/NLVILEENRSIVNIVEDOFEME (1) ~ (3) OV
TNHDT I /EIEIICEROT7 I /BEAR>TWRHEIITZTDOENICS
WTT I /BEZBIRT 2REIFAW,

[0039] £E (1) ~ (3) OF7I/BD>B (3) OF7I/BRIZB/NLVILEED
WEEMICEEYT 5, (3) OFPI/EBEZLEBOBYRETI/HBETS
ETHVNIEDVFL—9—E LTOKEERRERZ Z &N TE D,

[0040] L5 (1) ~ (3) OF7I/EBOISB (1) 8LV (2) OF7 I /BIEHE
HEICEET S, (1) BLV (2) OT7I/B%= LEDEY ThEThEE
TI/BBETEHIETHIVNRIELDVYFL—9—E LTOBEMIFERS
ENTED,

[0041] <& VIRV ELVFL—4H—DREFE>

AFERICINEY VR IEL Y FL - —DOFEFENREIND, &K
BADARFETIE. AFPAOREFETHERELALT I /BRIICESTWTY
VIRJBEVUFL—Y—ERETDIENTE, BEFEMICIK. (P) KFHA

DOFREAEICIYBRINALTI/BESHNEZEI—-—RTBIZR)XILFTFR%
BEILBVWTRREIEIIRZZATREZLDTH S,

[0042] T# (P) & RYX VL FF NEEBTEICERE L TRBZFEERENI S5 —
CEYBEGHLIEBEETEEET S EICLYERTDIENTES, XK
FADIARAEIE T2, LEBEIRDR. BELUEONELEES LT/ X
ITEEYD SRREY AR L., BEICL > TIARFRY VRV EE B
BEEAIERBRHTITIREILICEATVWTEHLL,

[0043] AFEBBICSWTHRENRSIVNIVEDOT7 I /BEEIZI1—RT3ZRY XY
LAF RIE, ERIZ2BEEICBVWTHEEARET, D, YVNRNIELVFL
— 4 —& L THBEET B9 VNI EAI—RTBI RV TERINZEDTH
NIFRICREIND Z &K, FRTIEEICBVWTHRRARICT 248
HHDWE, REEZENIEZHICARVOEELLEIT>TEHELWL, OK
vEEL, AOFICSVWTEERFERAINTWEIRAMDAEICE > TITD
ENTES,
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[0044] ARBAORAMSEO—ERICEVWTIE., FAENRY VI EDT I /B
Hwd1—RT2RYXILAIFNEEETREICER L TRIZERNI 4 —%
EEL., ChEAVWTHEGR LEBEFZEETSIENTES,

[0045] AFEBRORHEGEICSEWT. RUXILVAFREBATEIIENTEDEH
ARV —EBEICSCTERTZIENTE, APFICBVWTERFERS
NTWBREARI Y —ThHNIE, BICHRIZRVL, fIZE BELCSWTEH
UEEDNFTRERNI Y —CEIREBARICHAATNEDINRI S —2RIENY
H—ELTERTZIENTES, BEE LTAKBEPHERSOE EHWE
MaEBWBHBEICIE, RERIY—ELT, flziE. pET. pBAD, p
UCEZRWRIENTES,

[0046] ARBICBWTHRERIY—ICERTIZ2TOE—Y—EBEKIGLTE
REBENTE, RDFICSVWTERFERAINATWSTOE—49—ThHh
. FICREIR DRV, BIZE, RIBETIRt rp70E—%—. lac”n0O
E—4—, tac7OF—49—, PL7OE—9—-DIILKRBEP T 7 —
VREIKHEXTZ27OE—49—PENLORERE TOE—4—& LTHEHR
THIENTES,

[0047] ARAOHERGEICSWTIHEGRRTZEITE L TR, A9FICBEVWTE
BEAINTWIBEBETHNIE HBICFHRITRV, FIZE HE (KBE.
MEEAY) . BE. RRE. ERiRE. EREREOREY F Lg%
BEELTERTZIENTES,

[0048] ARBAOREESEICSVWIHEGESRINLCBEIL. LB & L
FIEBEHICBWTIEET 2 &N TE S, BART 2IEMIE. BESEETE,
AFPEOFRRRY VNV EAEEL D 2REEMTHNITRHICREI LT
. BREBEMB LOCRAZEHOVWT N TH>TH LV, T, KE, BERE
DIEEZXMHE. BEITIBXICELARGEEETRIRT 2N TE D,

[0049] <H# VRO BEYVFL—9—ELTOFER>
REHFE

AFEBICINIEB/NLIIVEENE Y VR B BIRFLIEETFIRICEL Y HNK

H-l/
S
o
il
[
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IHD, MERICEDEAY VRVBEOENEENREBRIND, KEBOR
HFEICFEAT 2EAY VNV EIR, BIEOB/NNLIIVEENY VNV E %
Wb ENTE S,

[0050] AFEBRBICEWT IBIBFLEEFRICLYRNAIES] &iF. BRELIE
BEFRICELY BNRLIEENY VNV EEERREH) OREREBICER I E
 BERREBICRSIBRICHAZREIES &2 WD,

[0051] AFRBAORAFERICSWVWTEBERERELIEETHRREEEZBWVWTAN
LIVBISRH Y VR BAERIIBEZENTES, BRHBHIRE LTEBIR
ERET 2RAUEMELIEFOND, BREBET RN E IXRFICIRE
INY, SH, 14C, 32P, 358, 908 r, 1311, 37C sFHFEORHMUME
DNEIFOND, FLETHRERERSE LTREFRERET 2B ETHN
%, BEFRERET 2HE (EFHERER) BRICREINAVWA, FIXE
. BENRSEHEITFON B,

[0052] AFRBAORAFERICSVWTE. BBELIEETROZEIFFLIEREFOD
RITEERE AR DB EEEREZER L TR /N IIVEESN Y VNV B & BIgHE
BELIIEFHREREROEBZRET D IENTES, TAabb, AFRPO
RHFEIE. BNVIBEEIY VR VENBIBELIIETRICLIYRIES L
B2ELDICBBBHBRTRLREFHRREFE BANVIINEERN S VNV E &%
BIT2IREZECIENTES,

[0053] AFRBAORKFZEE. FIAIE. AEGCRICSVWTHRTES, ARBOHR
HHERFT, BERICBWTERATE S, LT, TNETNICDOWTEREA
5,

[0054] JE{EFEA~DFIH

AFEBAORATEICSVWTE, BALILEENSY VR EE(VEOD
HMREELIFEBRICEEIEZ2EATES, Thabb, COLDIBRREBRICH
WTIE, ABBO S BIRFIFBFRART L. MEEAElEEZRALLR
BELIFEFRICEYMBEE ZIEERICTEET 2B/ LILESRNESY VNI E
ERIEIEDIENTES, AREAOEAFERICEVWTEE . BV IILE
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MY VINVEEE NI EE NEYMORBBICEEIR DI ENTES,
Tiabb, TOLIARERICEVWTIE., £ MNELGEHDOAD S BIRE/IE
ETREBHL. EFEEBLABRELEIBEFTRICLYFERICELETSA
INUIWBEH Y VRV BERIIEDIENTES, e NEWMIFEBICRE
InWA, e MAEYOIFREMAIE LTE. TDR, v b YL, 7
HXEDI L NEZEOM. BR. EY. HEMHEFSN D,

[0055] HBEZEOHBICEWTIE, ABEZHSIVRIE B2 #72Y) %
MRS, M REARICEEIE, ARHICEL Y MK BT 2Rl
BHISNTWS, REBORNFERICSVTIE, TEAHIER LI WEHE
RICB/NUIBERAE Y VRV EEFEIY, Y VN VEEBIRELIEET
MICEYRAIE, TORKICLYLRZIHEY VAN IEZRIBML. £EROD
MR & VN B DO T ZBMICIRIET 22 &N TE D, ARPORNA
FICBWT BN VBRI VNV B ERRICHEEI ELEBRIE. £6FR
AHTF7AN—ZIERTEIFMOARETH D LIS, B/ISLIVEIENY VXY
BEENEAICBWTRIRI TSI ENTELATEHEINTHS, COLHA
BERRICHE W T, RS VRV ENEET ZEAOEEICB /NI EIE
HYVNRNVEEZFEIEZIENTE, fIZE, EREENRRERMEICL
YIERERAIFEMNICB NV BB VRV EERRI T ENTE D,

[0056] XERKA~DFIH

AFRBOREAFEICEWTL, BBIELRIEFRICLIYRLIE, B/AL
WEIERS G VINJEDRBICIYNREREEHNTHIENTES, T4bS5
 AFEBICENIE. BANLIEENS VRO EE BRELIGEFRICLY F
FHEE, BNLVIBERHIY VY RIVBEOEBICLY HKEREHRET D, BEHR
L& BDHRERFENRBEIND,

[0057] AFEBICSVWTEHEATHERERET S EILIYKXIFRNF—%iTHE
AR I RILF — (BRI RAKIEY) ICEBRT DI ENTE DD,
AFERIIHEIROIRINF—ZEEZLFAAREAIRILF—ICEBTESLR
TENTH S,
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[0058] AFEBOEAFEICSEWVWTIE, BIZIE. HEREMOHEREHET ST
ENTED, AEREMIELIHERRBRBEFATS &, BT RILF—IC
FYRBERIE L TEMYEERT 2N TE D, FHTEDIHEREY
& LT

AENYFEDSTINIFTIT (SVE) ;

HoefR (vOL >, IAVHEE VSIREFRE) . 2—JLF% (3
N LSE) EOEKEE ;

A7, S5BYEDOREY ;
NEF LN,

[0059] AHKBOXESRAERICSWVWTIE, B/NLIEENLEY VIR BEIFE L8
ICEDHRERDEBEEER L TR/NLIEENRY VIRV BENEREDED
HEEVPREBERET DI ENTES, BNNLIEENESIVINIEEHEK
EMEOHEEEIE. BNLVIILERNY VRIVENRET ZRNBEREASRE
MHEZBETDHRERIMDECELEETDLDICERT B ENTES, B
WUIIBRIRIE S VR BENEBRENE OBRBIEX. B/SLILEIEN S VR
BAFETIHANBRETICHAERED (FIX L, AERMEE) OAZEY
B (P, EABRIVNIE) ANEETDIEDICRET DI ENTE,
BHRMICIEBNVIVEENY VRV B EHERENE DIEEREZRET 22 &
NTED,

[0060] AFEBOXEMEEZICEWTIFEL., BRFLIEETFIRORITER L E R
KEZBLTBNUVIEENIY VIR IEE BIBHHBREZIFETFRRERES
DEEBZRETDIENTEDS, BMELEFRICELY BV ILEIENS
VINEDNREIN, AERBREICTRARADEELNDRYICEWT,
BINLIIBEIEN Y VIRV EE BIRREIRF IR ETFRREIRE OMERERE
T IS EERE ICHIRRIZ RN,

[0061] AFEBRICBEWTIK, BNALVNEENSI VNI EE, RIESY VN VEDERS
ICKYHAERDBAINDIHAERENE 2B A HERZENREIN S,
AFEPADOHERZBIEIANRBOENAFTES L CRRBOXERFEICHK>T
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EHT B ENTES,

[0062] AFEBOAEGHEEILBEHREHREFLEEFHRRERZEA TWARLTEH
L. ARBFOLEZ BIERBREZ L ITEFRREROEFEICHE L THER
LTHLEV, TOELIBREBRICEVTIE., BEHFRELR B IBRERSESS
n3, AEAOAXAEHREEIFF L. BBERERFLEEFHRREREZISHIC
BATWTELW, TOLIBREBHRKRE LTE BAIZEE. XEXKFAZENE
LEEREARRHEZFTOERL. ERBRARMBRZ X 5ICHA L AFR

DHEREBI BT SLN D, Ih5DERKRICEVWTIEENRI RS R
REMENXEREB L TERIELTZDIENTE, ILICKBEES®E L TE
RAMRICBEETI2ATHEINTHD, T, BESOREEHOFE LT
THUWR, HEEBESHEET, HTFHFICEERETE, IHILBEETRETHD
RTCHLENTH S,

[0063] ARBOXERFEICSEVWTIEERL, HEREY EICHERMEY) +
WKBNLVIWBIEH S VNI EAGFEIRZIENTE S, TDLDBRERKRIC
BVWTIE, HEREDOHXSEMEDEBICB/NVILERNSY VNI EETE
EIEZIENTE, A2, BEFHAMARMICKYRMEDOERALICB /N
LIVBISRH Y VIR BEARIBIBEENTES, HEREHFICEVTH
SEAMEDEEICBNUVINBEERLY NI EEEEIERZ&ICLY, B
VIVEIER Y VRV BEOBRIEIRILF — 2 NENICHSEYEICKREIE S
ENTEDLIRTENTHS, T7abE. ARBAOROREICLS &, B/
VIVEIESR S VRV B A HIRARRICRE T 2HERENTH > T, 7Ly v
NIBEDOERHSICL Y HERDREIN D AEREMNREIND, KFERBD
HEREMSAFKBEORN A ES L CAFKBPEOXERAEICKE > TERET S
ZENTED, REREYE. BLFHAMARMOBREERT 2&HE
MEEDIFELL, FYBFE LRI TINIT)TFTH5,
== )

[0064] LATOBIUCEDTAFKEPAE LY EEKMNICFRAYT 2. AFEBIE IS DH
ICBREI NS DT,
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[0065] HI1 : MSIRTRIEES N, BHNEHFKT 29 VI IEQREE
(1) &

Sumire, Sirius, moxBFP, mTurquoise?Z2,

mTFP1, EGFP, Venus, Achilles, mScarlet
. MRaspberryDEENIVNRIBEEPETYRATFALATKBATS
REI R, EFEMICIE. TNETROENY VR JEICDWTCRIRIC 6 X
His¥ %5 LEBMESI Y/ VEEZI—RNRTBXILAFNERENZET 7
TOE—49—BRICHFEALELTZSZXINpRSETB (Thermo F i
sher Scientifict) ZFKL. ThEZAVWTKIBEEIMI
09 (DE3) (Promega#t) ZHEHGHE LK HEZABEEZ20
Om | OLBE#MICT22C, IHEATEELL, BHE%R. Ni —NTA
Agarose (QI AGEN#) TEAYVINIVEEZRAE L, KBED
MEGERICER L, ®HAS VNIV EZI—RTSDNARIIGLELTO®EY
TdH>le Sumire BEHESS, Sirius EHIESG6, mox
BFP :EHIES7. mTurquoise? : fiE=8. mTFP1:
B&ES 9., EGFP :BB4EFES10, Venus :BBHEST11, Ach
il les :BEHE=Z12, mScarlet :BBHEFEE13, mRasp
berry: :BNEST4,

[0066] REHLAZEAIVNRIEBRBEEZIGNTL—MIPEL. TIITHEMH
BAAESSSEMA. BEVYVYFL—Yavhorvdy—MicroBeta2
(R=FVITNT—Tv/"0) ICLYRELE, RIEIK. MicroBe
ta2 ¥4/07L—FRI - JO—FKUES AT ALIZEWT, 1 5EA
E L7

[0067] LtERICHIAZTmTurquoise2 (mTQ2) IZL., 203FED
T (RLAZY) &Y (FOYYV) KBRIDZIEEEZALLENXY VXY
B (LUF. T203Y) ##ERLE, LRAKOFETY VNV EEEHRR
Itk REIVANVEERE L. RAEBAEH LA, T mTQ2
ET203YZENENOMES L VCEAARYT MVERE L, RIBEDH
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BHEICEBLAT203Y42O— K3 2DNABIIEZ mTurquoi
se?2 (BEHES8) ODNAEIMICHEWTB610~612FBDACCHO
BEATATICE#LAEZDNABRIEZFERL <.
[0068] (2) ERBFIUVEER
BELAETNZTNOHEKY VANV EET O uM, REERME5SE80
OBa. / ul. RIKEE1O00u | OFHICTREY Y FL—Vavhoy
H—THELALEZSA, Sumire, Sirius, moxBFP, mT
Urquoisel2THWENXAVY MEABLKELN, mTFPI1, EG
FP. Venus, Achilles, mScarlet, mRaspbe
rry CTIIEBICHVWELDY Y MEXRD LN, mTQ2(ICT203YD
EEEZ ANLEDIEEAPEBOONAI > (B2) , TOEEFRLLEm
TQ2ICMA. mTQ2ICT203YDEREAANEEDEEGFPICDWL
T. BEROBEKREEAARLEIE, mTQ2IFBHINZHEREIIC
ICTHD Y MEDNERIITIEMLZ—AT, T203 YPEGF P4
MEZEMIELTEAY Y MERELhAD > (K3) ., THLDRERM
5. 500 nmlUTICEAE—VEET 2 R/NLIEENS VI EITKRE
ICKYRNETBE, HICSumire, Sirius, moxBFP,
mTurquoise2lFRERICEYBVENERT D ENTINE,
[0069] mTQ2AMIHRTHRALLAZ—FAT. EEEANLT 203 YIEHEHLA
Mot —ATT203YRmTQ2AK BHEEETZIVRIEOESE
TdHol, T203YHMFUEEZENLALER. M. BAOE—VRKRIF
mTQ2ELRTRERAICY 7 MLE (H4) . EFMICIE. BiERRY
MLICBEWTIE, mTQ2TD233nm, 281 nm, 438nm®M3D
DE—JIE, FNFNT203YICHWVWT256nm, 284nm, 455
nm&Rol, £, BHXARIMILOE—IIEmTQ2TIE479nmT
HolETH, T203YTIES515nmTHor, ThhE, CFPTH
Z2mTurquoise2lCHLTT203YZEEAMAEES. BLEE
DREBERIENVERINS, UTOBMICHRINZRTIEAQRWA, T203
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YEERILLDEAE—VORERIENAMTuUurquoise2VFL—
H—BEERTO—RTHZEEZLLND, UENAS, mTurquoise?2
IKHT2T203YEEICDWTOBRERFRIE. Sumire, Siriu
s. MoxBFP, mTurquoise2IlOWTDERIEREEHIC,
BINLIBIENY VIR IENE 00 nmlUTFICHESE—VEETEZIEE.
BEHRICL DRABMREMEELTVWB I EERLTWS,

[0070] &CATC. mTurquosel2&ERABRICB/INLIEIENY VYIRIETH
2EGFPICXLTT203YEEEZMABE. BREROE—I D4 3
Anmhb4d63nmild T MTREEHIC. BAREROE—IH4T76n
mMMAS506nmICY T MBI ENBEINTLWS (Sawano A and Miyawa
ki A, Nucleic Acids Res. 2000 Aug 15;28(16):E78) , Z DfERIZAEMEH
OmTurquoise2llWdAT203YEREEATERINAERSS
IFEF—HT 3, F/. T203YEEZMAKLEGFPTIEO. 4HhofkR
HEFIENEGFPOT 203 YZEEMAKTIEO., 14FTKRBISHD L
TEBHMEINTWDS (Fi#BSawano A and Miyawaki A) , EGF PR T %
T203YZEEZEATHEINCRNAEFNEDHPIEMmTurquose
2THRIYBDZEFEINDG, DD, mTurquoise2lldd
2T203YZESATHEINLBERIE, T203 YEEILLIZRINRER
DRERIBICE YRGB TRHEINICSKAY, D, BAETFIEDET
WKLY BREHIRICL 2RABPIARNBICET LA EE—RATHZEEILND
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[55KIA1]

[55K1R2]

[553KIR3]

[55K1R4]

&a R D&
DUFL—=—I—ELTDBNUVINEERHNYVINIEDFERTH>T
C BRNLIIBIERHIVRIENSE 00 nmUTICHNAE—VE5EFT 3
BB VINJETHD. FR,
RIS B /NLIIVEIEY Y VRV BN, T (a) . (b)) B&LT (c
)
(a) BEEIBES1~40VWTIhDIDT I/ BEINSRZY VINIE

(b) BEIES1~4D0VWTIAIDT I /BEIFICHL T8 0%MULE

OR—%%ZBT27I/BREINLEY, MDD, BIRFLIEIEFIRIC
SYRSETBHIVNNIE, BLT

(c) BHIES1~40WThADT I /BRINICEWNT, 1FEE
BREOT I /BIARK, BHR. MABLIV / TLEMMEINALT I
JBEANSLRY., HD. BRELEEFRICLYRNTZH /8
B
NORBENGEBIRINDS VN VETHD. BERKE1ICEEEDER

BIEEB/SLIILBEIRYEY NIER, Sumire, Sirius,
moxBFP, mTurquoise2, mTurquoise, S
CFP1, SCFP2, SCFP3A, mTFP1B8&LUToxBFP
DORZENLBRBRIND, FRE 1L 2ICEHDER,

SUFL—H—E LTHBET DY VN VEDRETAETH>T, T
gIE’ (A) 8LT (B)

(A) ZENRTHDB/NVIBRNSI VINVEDT I JBEINCS
WT, F&E (1) ~ (3) oA LEERINS 1@ 21E
LEDT7I /BeRHESHIR:

(1) BEBIES1~40VWTIHIDOT I/ BEFIIO6SMOTI /B
ICHET27I /B ;
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[E53KIR5]

[E53KIR6]

[55KIR7]

[E53KIR8]

(2) BEINES1~40VWTIhHIDT I/ EBEEFID6 6 (DT I /B,
ICHEET2T7I /B,
(3) BEFES1~40WTIhHADT7 I /BEFIO203([OT7T I/
BEICHEET 27 /B8
(B) BEXNKRSIVNNIVEOT7 I /BEINMNEIWT, T (A) T
BEINEZI1BZAE2EUNLO7I /BETR7I/JBEBICERLE
7 XY A EET 5 ITE
(1) BEINES1~40VWThHIDTI/EEFIDE65MDT I /B
WCHEET27I/BE Y)Y (S) . JUPY (G) FLETIVLY X
v (Q) ;
(2) BEINES1~40VWTIhHIDT I/ EBEEFID6 6 (DT I /B,
ICHYET2T7I/BB: NYThT77Y (W), EXRFYY (H) . F
avy (Y) R 707522 (F)
(3) BEFES1~40WTIhHADT7 I /BEFIO203([OT7T I/
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Sumire (FAFES1)

MVSKGEELFT GVVPILVELD GDVNGHKFSY RGEGEGDATN GKLTLKFICT TGKLPVPWPT
LVTTLGYGVA GFSRYPDHMK RHDFFKSAMP EGYVQERTIS FKDDGTYKTR AEVKFEGDTL
VNRIELKGID FKEDGNILGH KLEYNGISGN VYITADKQKN GIKANYKIRH NVEDGSVGLA
DHYQGNTPIG DGPVLLPDNH YLSVQVVLSK DPNEKRDHMV LLEFRTAAGI THGMDELYK

Sirius (BEINEE2)

MVSKGEELFT GVVPILVELD GDVNGHRFSV SGEGEGDATY GKLTLKLICT TGKLPVPWPT
LVTTLOFGVL CFARYPDHWK QHDFFKSAMP EGYVQERTIF FKDDGNYKTR AEVKFEGDTL
VNRIELKGID FKEDGNILGH KLEYNGISSN VYITADKQGKN GIKAHFKIRH NIEDGGVGLA
DHYQONTP1G DGPVLLPDNH YLSVQSKLSK DPNEKRDHMV LLESVTAAGI TLGMDELYK

mo x BF P (FE5I%ES3)

MVSKGEELFT GVVPILVELD GDVNGHKFSV RGEGEGDATN GKLTLKFIST TGKLPVPWPT
LVTTLSHGVQ VFARYPDHMK QHDFFKSAMP EGYVQERTIF FKDDGTYKTR AEVKFEGDTL
VNRIELKGVD FKEDGNILGH KLEYNFNSHN IYIMAVKQKN GIKANFKIRH NVEDGSVQLA
DHYQONTPIG DGPVLLPDSH YLSTQSKLSK DPNEKRDHMV LLEFRTAAGI TLGMDELYK

mTurguoise?2 (BHIBZA)

MVSKGEELFT GVVPILVELD GDVNGHKFSV SGEGEGDATY GKLTLKFIGT TGKLPVPWPT
LVTTLSWGYQ CFARYPDHMK QHDFFKSAMP EGYVGQERTIF FKDDGNYKTR AEVKFEGDTL
VNRIELKGID FKEDGNILGH KLEYNYFSDN VYITADKOKN GIKANFKIRH NIEDGGVQLA
DHYQGNTPIG DGPVLLPDNH YLSTQSKLSK DPNEKRDHMV LLEFVTAAGI TLGMDELYK
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A. CLASSIFICATION OF SUBJECT MATTER

CO7K 14/435(2006.01)i; C12M 1/00(2006.01)i; CI12N 1/13(2006.01)i; C12N 1/15(2006.01)i; C12N 1/19(2006.01)i;

CI2N 1/21(2006.01)i; CI2N 5/10(2006.01)i; CI2N 15/09(2006.01)i; C12N 15/12(2006.01)i; C12P 21/02(2006.01)i

FI.  CO7K14/435; C12N1/13; C12P21/02 C; C12M1/00 Z; C12N1/15; C12N1/19; C12N1/21; C12N5/10; C12N15/12;
C12N15/09 Z ZNA

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C07K1/00-19/00; C12M1/00; C12N1/00-15/90; C12P21/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2024
Registered utility model specifications of Japan 1996-2024
Published registered utility model applications of Japan 1994-2024

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

JSTPlus/IMEDPIus/JST7580 (JDreamlll); CAplus/MEDLINE/EMBASE/BIOSIS (STN); UniProt/GeneSeq; PubMed

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010/0087006 A1 (TRANSALGAE LTD.) 08 April 2010 (2010-04-08) 9,11-12
claims, fig. 1
entire text 1-8, 10
A WO 2021/150937 Al (THE ROCKEFELLER UNIVERSITY) 29 July 2021 (2021-07-29) 1-12
SEQID NO: 2
A WO 2010/150862 A1 (UNIV HOKKAIDO NAT UNIV CORP.) 29 December 2010 1-12
(2010-12-29)
SEQID NO: 6
A WO 2021/226543 A2 (SEATTLE CHILDRENS HOSPITAL D/B/A SEATTLE CHILDRENS 1-12
RES INSTITUTE) 11 November 2021 (2021-11-11)
SEQ ID NO: 174

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
13 August 2024 27 August 2024
Name and mailing address of the [SA/JP Authorized officer

Japan Patent Office (ISA/JP)
3-4-3 Kasumigaseki, Chiyoda-ku, Tokyo 100-8915
Japan

Telephone No.
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C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2023/022176 A1 (PUBLIC UNIVERSITY CORPORATION YOKOHAMA CITY 1-12
UNIVERSITY) 23 February 2023 (2023-02-23)
SEQ ID NO: 69
A SUGIURA, K. et al. Extension of the short wavelength side of fluorescent proteins using 1-12

hydrated chromophores, and its application. Commun Biol. 2022, vol. 5:1172
p- 1, abstract, fig. 1
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.
b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13zer.1(a)),

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the international
application as filed.

2. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence
listing.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The claims are classified into the following inventions.
(Invention 1) Claims 1-3 and 6-8

Claims 1-3 have the special technical feature of a “use of a 3 barrel-type fluorescent protein as a scintillator,
wherein the f3 barrel-type fluorescent protein has a fluorescent peak at a wavelength of at most 500 nm”, and are thus
classified as invention 1.

Moreover, the invention in claims 6-8 is inventively related to claim 1 and is thus classified as invention 1.

(Invention 2) Claims 4-5

Claims 4-5 cannot be said to share a same or corresponding special technical feature with the invention classified
as invention 1.

Moreover, claims 4-5 are not dependent on any of the claims classified as invention 1. Furthermore, claims 4-5 are
not substantially identical to or similarly closely related to any of the claims classified as invention 1.

Accordingly, claims 4-5 cannot be classified as invention 1.

In addition, claims 4-5 have the special technical feature of a “method for designing a protein which functions as
a scintillator”, and are thus classified as invention 2.

(Invention 3) Claims 9-12

Claims 9-12 cannot be said to share a same or corresponding special technical feature with the invention classified
as either invention 1 or invention 2.

Moreover, claims 9-12 are not dependent on any of the claims classified as either invention 1 or invention 2.
Furthermore, claims 9-12 are not substantially identical to or similarly closely related to any of the claims classified
as either invention 1 or invention 2.

Accordingly, claims 9-12 cannot be classified as either invention 1 or invention 2, and are classified as invention

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

N

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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____________________________________________________ SEQIDNO: 2
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____________________________________________________ SEQID NO: 174
WO 2023/022176 Al 23 February 2023 (Family: none)
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