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PR %7 Ty b7 — 5L LT, Bia RAERS FICHT 28T e —T Rl S, A&
MR EFRICIGH S CT& 72 g

LR 6 O 2 BLEET 2 T DI LB i s AR RGB 2 BIZ 3 2124720 Bk
R AE G R I, — O R OMBEAIE, BRELB IOHELIC K25y 7 75 0 Ro
HICH 5, EARERBRENZH NADP X° FAD 7t EO#SEVEAERS TR FEEL, 2 bR
HFROMDENEHKT D, BB LI WVEEY T T AR L EE, TOV 728 E

1



LTCLEWBIERREC 22, T aa 7 4 V&I LD ET 52 OaiRNHBAIIC
FEL, BNy 7 770 Rt a R L CLEI D, HRICK s TUIANKNLEA L
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1.1.1 W3 (be3t)
RS &R AR R U T 28R TH D5, (bFEH =RV —E T RV F—

BT BIERIS ORI LTRAET BILERAD 5 BAEMICE 5 bOEIRT.

S, S,
t
> Sy > Sy —
5 | i 5 | kerm
() R34 82 (0] iy : s Ny
o ik O b fesesesr
L s w | TRILF—
A—B
Sy So

1-1 406, (EFRABMBRO Yy T u U AFZ—F AT 7T A

A (b5 FBF T BEOBRBICALENC, #0t & i L 64 (k) 3o
HACTFHI 2B 2 7 i T 5, wot & X, il —EHILRRBICH 290 722 b DO BLG D
TETHhHDH, ZOTREBRE, VX Tl AXF—FAT I T ATREND (K 1-1 ), K
DOWRIUZ LY . 3 FIFFIEIRRE So 22 B —F 72138 B FbEREE (S1or S2) OEALOHR
BENIBR T 5, T O%, RIEIC Sy O bIRWIRBYEN IR 5, i T, /I
AT 52 & CREREBIZES N, b LIFEE LT p L F—2 s E 5 2 & THRIE
RIBIZR D, TN, B RIGERE, BEHGRIGEAE &IN5, LT, 4B (k)
RITIEALELIED TR F =T L > TH 1L So 0B S D ENLORBENIZERE T 5 (K
1-14), TO%OMWEIIHOL & F—OWMBRA R T, o A F 2T 5 2 & TRERIEIC
RO, b LT E LT3 X —2 B s E 5 2 & CAERRBICK S, Zo& Eifs
NDFCEEY (B O LFHTINTWD, 406, BFEFRENTICBN TS, il s
720 DOW, ENL W OEIE THUN IE R 2k Z 92 % & 12)%(Quantum yield. QY) &
FES, 2D QY &EEFE OB RHEE kea (SHDOREN, HALIFRHI Y 72 0 IZ— D DOEER D ik
TOIENTELHFDOEERD  ALFEFRNT T HDOW L S 2 HET D,
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INETICE L OFNAEMBIIE S 4L, LFRRFECHRED I SR> CTE 2 8, BifE
F TIZFAE SN TW D AEMFEIEDOT R TUIMBEIE TH Y | Z O % il 5~ 5 B 73
N7 2T =8, RISEEPNVY 7 =) EFFHENTWD, LT =) AT RTOIRIEAE
WTIBETIE RS, AN —T ZLITEITE ST BT D, —FH, V7 =TF—
PHELDRNEN T/ m—=0 73N T0D %, M7 =7 —BIck iy 7 =l ok

ER#IIEETHY, REOEETII RV 72 ) VERIGSEDLZE (UaR )T 7 v
2 )X TE R HEE DRI AT B F R ISWELPH CT& L > 7 7 ¥ L (coelenterazine)
ERAEELETHLONRZ N, BT T VU EFRNIE LT AW EIEREK 1-2 12
ALY, BL T TR, T BRICEVBERISEZ TaE L . IR EE D LB (b
Wt L7 7 X R(coelenteramide) 34 L %, £ LT, 2O LT T I FRREREIZES
BRICHENZED DTH D, LIeh-> T, FEEIZ St b REL WLkt Ly 77

TR, BLUTTII R TH D,

OH

coelenterazine ‘/i

hv 480 nm o

. m
AT

coelenteramide

X 1-2 BV T T T UREIE O LY RO EE

1.1.2 WIS R L X — B #)
REN, TIRENALRETIIAY T =) =y 7 =T —BKE (L-L K5O THFH

AT D, Thbb, BWEBCMP RO 7 a7 T 2 H L TWDHTeD, L-L SO
THHRIET OB NF O E TR T 5, Lol L-L RSO A TIRIED e L7anE



Wb e, EOREHN T I VA X O—FETH 5 RenillaReinforms TH 5, 7 I~
A2 DEWMFRNIIE TR, KERB WIS 7 Rt x o, LarL, A&7 Renilla
Reinforms DFEEEITHEFKEATH D FOLANERD, ZOERRY T ME, 7=/ A7 —4Li
T R LX—FHE) (Forster resonance energy transfer, FRET)IZJSW T 5, LA FIC FRET B &
O Renilla Reinforms W CHE & TW 2 B4t &3 5%

FRET (L8 L7 o OFREMOM T /L =23 &1 OB L 0 WS EEIT
585 CThs (K1-3a) M, Zokd, —HDsh+ (K —) ThiEshi oz L x—
LoD+ (T 7872 —) Bphie s, 77 B 72 —BNRIEHEOSEITFIC
thans, EWMREXS T HPLHERIESY /N7 H~ FRET ZIE 23 2 & 28I

Bioluminescene Resonance Energy Transfer (BRET) & 253,

a b

S,

¢

=| s FRET Sz .
% RS g
2 | R | e S g
L ot Lo

So ' So 0 i 2 RR,

FF— ToeTE—

1-3 FRET O#E4 X
@ X7 v AX—F AT 7T A, (b) FRET Zh= D MK

FRET 2R E X, FT—&7 77 % —DiEREr © 6 FIZELHIH % (K 1-3b),

1
=TT G/R)S

ZZ T RoIET7 = VA7 —REE & FRITAL, =L F—BENRN 50% L5 R —&T7 7k

TH—DHEECH DL, THPIETIUTEWIEZE FRET ZE 2 LT WART L) FITR D,
Ry = 0.2108[k*®,n~*J]/®

7z )V A —HBEE RO GEE S, ©lIT 7T X —REWNGED R —D 8T

I, R AR T n RO, JIE R —0RERALS L ET 2T E— Dl
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AT MVOELVFEGTH D,

Renilla Reinforms H1CiX, L& /"7 H & ikt It AR 2 K-> GFP S &K & Ak L
T 572, WHEER LW S GFP ~FRET 235 2 0 . R IRRED GFP 2> B Dl Tk 12
Ko TEMBERBEZ > TWVD, ZORFOTRLF—BENRITIZIE 1000 TH L7280,
HWENREED 7 b LEEOEMFICHBII SN D, 1=, VIt s 37 E (QY0.053)
L0 baEZ N (QY 0.30) DT N BTN ENTZDIT, FEICHREN 5.7 f5ITHTR S
D ENHEINTND 12,

KL T ALF =RV F—Z R LR NBRTH L Z L2l T 572012, KEOE
IRCTAEMFITHoThH, fLFRERET DL T 5,

1.1.3 bR s VR B OEEE - Zalbd 2 2 AR

10 4FRTE TIIALFRA OIS, REE S 7B E R h OFEEGE - S5 OBF5E72 E IR
ESNTWe, LNLAaRnb, 22 10 FTRFERNEF N7 BEOMEITRESHREL, K
KRPBRAINTN YT 2 7 —BO@EBELSCZ AR O, 82 v BIib b H
HRA A= T =L E LTRREND L OIZR>TE, LN TEDORBEEIT D,

114 Vo7 = 7 —EORBRE NS TH#LIE

7T A XNy 7 =7 —+E€ Renilla Luciferase (RLuc)ix, 7 I v+ ¥ ®—FE Renilla
reinforms 7> 5 [AE X7z 36kDa OHER Y XV ETh D, T ORERIEVEITITFIRR % & A
BT HIIEN O Mg? =0 ATP IZFESUSAMEAF LRV E W) EE LWL RHEZ A LT
W5, RLuc B L OLEMZ & O RA RLuc8 Tk BT, HHIARZ ALY T 2T —F &
MAEOELT 2T VLR —2 =7 v A IS TS, LarL, RLuc OFIEHRANL
Fi3 481nm T&H Y | ARGEGEENME  DEEIED A A= ZITHIIRSh T e, £ 2
C. Andreas Markus Loening & 1%, RLuc OIEMHER T v NNOT I BRIZX L TT X LZE R
EEHANTH LT, 54Tm ISHEEMRKI R 2 AT 5 28 R RLuc8.6_547, RLuc8 IZxf LT 6
fE OBERTEME A A L 535nm (ZHOEMER I £ 26 % RLuc8.6_535 ZBAJE L7= (M 1-4) 4,
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a Phe286 Lygteg c RLucB (bdc)

. RLuc8 (c)
His285 RLuc8 (v)
Asn53 m18sv RLUC8/A123S/D162L/163V (c)
Glutdd O 12
Phe261 27 RLUC8.6-535 nm (c)
Asp120 I Phe180 o 1] o, ™\ Click beetle green - - -
Phe262 e 7-3“ . RLuc8.6-547 nm (c)
> 08¢} RN S \ RLuc8.6-535 nm (v)
Trp121 | Phe1gt O b N \ RLuc8.6-547 nm (v)
N 06} : A \_ Click beetle red
Val146 NH = £ IO\ \
Trp156 le159 £ 04} §
Trp153 S .
z 02¢ 4
HO™  11e150  jien03 lle163 9
Pro224 le166 0 -
Pro220 400 450 500 550 600 650 700 750
Wavelength (nm)
b Bisdeoxycoelenterazine Coelenterazine Coelenterazine-v
! L A123S/  A123S/ i ?
RLuc8 NS3Q RLucs F181Y F262W F261W D162E/ Di62L/ RLuc8.6 RLuc8.6 RLuc8 RLUCB 6 RLUCS 6 RLUCB 6
neaL 1163V -535 -547

[X] 1-4 RLuc8 il & 24 B
@) EEFRTFy hNO' LTIV BLOELOT X 7 Wi, (b)RLucs i EZ& BikD (il
FROE. () RLuc8 B EZERRDI I AT b [SCHEk ¥ 00551 H ]

ZORERY T NI, BEREORCEEOFMEOENI L VB IN DS (K 1-5),
F Y UL RLUCB IZBWTIX, BEL T IV VP bb A= T nfR szt L o7 7 3
R, Z£2 Db FE (Phenolate Anion) DJEhEDIRTE & 72 5 | & L CHREEIRABIC R % FRIT 480-490nm
DINZEHE T D, %L T, RLuc8.6 547, RLuc8.6 535 TlLiFEM: A7 v FINOLFEREE N 1L
L. koL 77 I FIZA Ok (Pyrazine Anion) DJiffIkiE% & 5, Pyrazine
Anion 1K1, Phenolate Anion & ¥ & ndb R AL SN TR D | REREBIZR 2 BRICREEIC
FHTDEBERINTVD

Phenolate Anion Pyrazine Anion

J

¥ 1-5 3 EERE L T T I RORhEIREE



F72. A4 K=t (Oplophorus gracilirostris) HkD /L 7 = F—+ OLuc % i
B N bk E O TSME L, o FEO/NE 7219 kDa)FE St 4~ > 23 7 & NanoLuc (NLuc)
PPAZE STz B, NLuc 13 RLuc D53 D3R TH VD 7253 5 160 5 5 <\ pH PEA, A&
Perp U~ EMERIEFICEm W (K 1-6), NLuc 1, FMIEE L L TALMICAER ST
U~ ¥ (Furimazine)z W5 Z & T, Fi/pMERE 2 R 9 5,

Furimazine

Luminescence
=

= o

[ =] { =]

Y

1-6 NLuc, RLuc, FLuc ®OFEsRE bl [SCk ¥ 2255 A

FHEFIZH DV NLUue 1L, ZHE TRATRR T o oM/ N E L DA XA —T 0 7 % Al
IZ L7 T, FOLHEIT 460nm TiH v RLuc8 & [RIEEIC, /INEMIEIK TOA A — 0 71
RSN TS, TOEFE L RWERREDTZD, 55 F L)L TOR L SIIHRZ Ly 7
=7 —EBD 10 FTHLHITHEDL LT N ORENE DA A= 72BN TIE, 7
FABREEINS D 2 EPRENTND 18, 22T, NLuc OmEWEERTEM: 2 /R L o030k
ENRBEE Y7 b LEEREOBRFENR RO LTS,

115 @ s R E EACFRN L XTI HEDNAT Y v B
RLuc @ QY (0.053) %, A&7 =T —F (QY0.41) 72 & L it 5 LKV, K. Saito

HiX. RLuc8 @ QY ZHUMEE 5 Z LN EMELICH 5T 5 S G A2 Tz, 1.1.2 Tik~x
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7= Renilla reinforms N Cif2 = » T\ % FRET I X 2 R e iRgh R 4 A TAZ S L, RLuc 3
IR L aot s Ry e G LT mE R LR # 23 7 ' Yellow-Nano-lantern (YNL) &
PHFE L7 Y, YNLIE, 525 nm 2" — 7R 7 F L7z k. RLuc £V % 10 f5LL Lo
AL s&RmLle (K17, YNL Zfing 2 LT, BH—flld L~ r TR/ NGB & rIHAE
L. $EABTE FICB T 208~ U 2N O RO FERFHEIR 2 "TREI 72 o 72,

a C d

Luminescence

S257G
|
1 22814 311
Nano-lantern VenusAC10 RLuc8AN3
b
— Nano-lantern
600 } VRL10.3
— eBAF-Y
—_ — RLuc8_8257G Mitochondria ..
=) = RLuc8 B .
o €
— L — AL \é
= 400 o 4
s ’
c
(0]
<
200
Histone H2B
0
400 500 600

Wavelength (nm)

1-7 Yellow-Nano-lantern (YNL)
(@YNL @ R A A &, HEOBFIIE RAAL > OT 2 W%, (b)YNL &3
% 237’8 (RLuc, RLuc8, RLuc8 S257G. eBAF-Y. VRL10.3) DFNAALT M LD H#E,
(©)YNL DOFN> 7 F T K Dl ds X ORI/ N E O®8lg2, (d)B BATEI L TW S /N8 o
BN OO [SCERY 2255 H]

BT, AT HHNEA LV NIEEEZ D LT, T v, AL VRO ERKREIES
ZEICHLEB L (X 1-8a, b) B, 3EOERKE D Z LT, AN ORI 72 A% OB
eSO s T DB A IR ICE A5 Z L R ATRE L 72 0 . ES H o 5 RetEHER I BB
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3ODBEETDORIOET2RFFICEILZET A 2 LIk L7 (X 1-8c),

& Yalow Nanc-iantom|'  myenusaG1o - | Rluce-sesiaans | C

Cyan Naro-tantern|' mTurquoise2aC10 [ RLUS-SISTGANS. .

Orange Nwlamﬂfﬂl‘ nﬁmﬂaﬂ-qni‘ '.I.‘ mm._fgl

YHL
ChL
oML

o
B

Hormalized luminescence intensity (au.)
o :
=

=]
m

=
F

Wavelangth (nm)

a

[X] 1-8 Nano-lantern <V — X|Z X % Yellow-Nano-lantern (YNL)
(@)Nanol-lantern > U — XD R A A U, H EOEFITH AL 0T I/ BES. (b)
Nanol-lantern &V —X (YNL. CNL. ONL) OFYA~Z kL (c) ES MifiaH o J5REMEAE R
[CEER =ZSOBRFREBLO AL STk ¥ 225 5]

Nano-lantern |2 X 2 —H DT T, WX XIVBEDONA TV "BV T 2T —BD3R

HPRET T P S, mEECSELIRNRFTEL D T ENTRBRE NI,
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http://www.pnas.org/content/112/14/4352/F4.expansion.html
http://www.pnas.org/content/112/14/4352/F1.expansion.html

12 HYY - BF
B3N Z FANTZ S, F A A= 0 TG IL BOEH v 787 TIER Al R 72 38O hiEd S &

—UILE L L7V, L2S-> T, MR - #0k H 0 B Fa0E-0 8L X 2 5H 4 XD
BPELS, N7 7T 0 RMMELS 2D, F7o, A2 LI LR WEMEIT, Bl ~5 %
BN BALL 720 BRSO L CTUEZEO B WEMTEO A A=V TICHEITH D &
HEINTND B, o T HMA A=V 713 L TBENREMEZ A LTS EE X 5.
DR ZRAFFEZ LV . NLuc @ X 9 2/ N E LL DA A —2 0 TN ATRE /R
FEALERN S X BRRRE Sz, L LR S, +07R@EtE & Bl A RKOMm
e FRadig 2 1AL FRNZ X E T 7 I U —IREHE STV, mOLE LR &
VN B OWREREIL, B X Ry EERE, AMBR A R T 5 2 & & AlHe
IZF D72, AMBEF A~ OIREWE TR S D,

Z 2T AR, AT I K SEDLEAL IR Z LR OB RE RAR & AIE
TLZEAHME L,

XGRS
1.14 TR L2 NLuc 1X, LRI RLIEE 7 e —7 L LTEE LWFEZ A LTV D,
1 BERIETEICII R e 2 L3S MIIRN O Mg2 > ATP ICHSESUSAMERTE L7220
2. pHREN, 7R E~DLEMEN I I E
3. RLuc &Hi#Z LT, #9150 f5H1 50,
4. FUMETIE 2R MBNICLZEICHERTE LV 727 —EBDOP TR TFEP/NS
<, HRCHE 7 ELTHEELY,
T T, EOGEARTEROC S N B O RERIKZRIET H5I2HT2 0 . NLuc DI R %
R EBICILRET 2IEN G TH D L& 2T,

NLuc ¢ 7V~ U ORNZREREREY 7 FEEAHZA NI TV —E LT, 114 IR LI L

212 NLuc OIEPER 7 v MIERZEA L, BhIRED BRI DL FIREEEZ 2L S8 5
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ZEMBZBIND, NLuc &7V =P OFIBUSIZEBN T, ik O LEm I LT
? X 5 72 Amide Anion /£ (K11-9) ZHioTW\WHEEXBND, 7 U ~T DL FEHEEDD
O X927 U~ OB IEMIT R RF LT 5 Pyrazine Anion (A Z o Z £ 28 T
T2, > T, NLuc DFNERERKDOBFIC, ZOFHEITAREITE 220,

O o)
v LY
|\

1-9 7 U~ Ui AR O b5 HEE Amide Anion

MOT 7a—FiEE LT 115 TRLEZX D ICEES /37 H & O FRET & Hv T, NLuc
DREMEREZRER Y7 FSEDLTENBZIBND, NLuc NHEF /37 HA~ZhER L <
FRET k&, 72787 ¥ —mMF A\ TENOLREIEP B EN S Z & T, Nue OEEZE
KL LTI, &6, ®EZ /878D QY 78 NLuc @ QY % _EEIFUIE, FEIRE DY
b I CE D,

ZITAMRTIET 7872 — & U ThRkA RADCIEE BT o862 VRV E, R —
& LT NLuc Zfif & SEI@Ee ¥ 7 Baiih Lic, £oReHEE 2 LT IORT,

TR T H—ENF L RNTELE LT, VT A H XY E mTurquoise2?, ik fa s i A
> 237 ' mNeonGreen?, # et % o 37 B Venus®, 4 L v DG 2 L X7 B mKOk23,
TREHOE S 737 B tdTomato® 238U 7o, FOEHR A IR L ¢, FRIICHB W TR b
WETNROENEN S T F 0 ) FHEIZE SN TR L (R 112 B,

WEERKRZAAET D123 BV FRET 2R 2R L EICT 78 72— bR A &
HOMEND D, L1I2ITR L X DI FRET #RI%, FT—& 7 7 7% —o i, AHxRY
RAE.Z LT R —DRHART N T 72T 2 —OWINANY MLVOER D FETITK
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X KAFET D, NLuc &8 Z X7 EORLAIA Fx&2/3 EEL T, FDFE 2-1 12 NLuc &
WHH NI EDT 2 VA —HEHE LT b 02 £ 1-1 IR LT,

# 1-1 NLuc & Flix O X7 B DO NAL TRk

Kr— maERGm SO0 RRER(m EAREEM  HEREOm  JTARS—EHem BT
mTurquoise2 434 31,000 473 3.9 0.92

mNeonGreen 504 116,000 517 ND 0.80

NLuc 460 Venus 515 126,000 526 4.5 0.65
mKOx 551 105,000 565 4.0 0.61

tdTomato 555 92,000 581 4.2 0.55

NLuc LfEix DS NI EO 7 =V A2 —HREfEX, b RKEV Venus-NLue X7 T
45nm TH Y, ZOMIE 4.0 nm Fifg DIRVMEIC /2 > 72, ZhERAIC FRET 2 Z 3121 -
— LT 7T —OHHEE 40 nm DLFISEST A MENRSDH, L, sy R ED
FAAMITELE 3nm OB—NLVICPHENTH Y . BHIC NLuc & a30t& X7 HEfe LT
72T TR FRET 13K T 5 2 SIEREETH 5 & TR D, ZhamikT 2121,
NP —&eT7 7872 —OMOEMZEST, SbICRF—¢T7 2787 % —% FRET O Z Y
RT VAT BRI E ST S5 2 E PN ETH D, L LR b, i TS 57-010H®
Jes N7 B & NLue DREIOFEI A BRI R EE D L X NI EOT 5+ — VT 4 7%
RN, HOCKRME, BESRTRVEZ R O AREMEDN B D, FTo. F XV B OFEX e R A
MENCTHIL, SNEEEOREICELS Z EIIR#ETH S, Dl EESE 2, AR TITE
& 3B & NLue O SEEIC 7 o X DERZBAN LT A 7V —Z2{E L, Zive A
AN—=""y MIAZ V== 735 2 & T, BERIEEOI bR 2 2k 5 2 & 72 < FRET %)
ROBMWERKZFEST D Z L a2l

F7o, HMZRAES 22 @ A T 5078 FRET 2052V ER T & W IGE 13 NLue I~D L2
NI BEDOFEABIT S, NLuc DIEVER 7 v b OBICHE S v R BEFATH 2 LT, i
SR & FE OBEE A D FRET R4 &m0 5 Z & 215, TDDIl, TR T v
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MZITVY NLue DV — 7 ORZ 179, £ LT, REIN=V A Moy v X0 E%
AT 5,

Z 2T, FRET Zh=RDFHMI DO 7= OICHFEEZ EFRT Do FNIEEIWIMIFIIG SN LRI AT
FUZEBWT, 727 v 7 Z—I2 kT 55 ©— 7 1R (mNeonGreen: 515 nm, Venus: 525 nm,
mKOxk: 565 nm, tdTomato: 585 nm)DFESEFRE 2. NLuc (ZH K75 450nm DFE 658 TH| -

723 FRET L ¥ A2 ¥ > T FRET ZhER O 2 34 5,

A7V —=2 7%, WO TRRIZHES TTo 72 (K 1-10),

1) BREFGAT IV =% "I T YV TIIRBAI Y an=—%2 Bl IE 5, BN E LIRS
T TCRVHAL D an=—2 'y /T v 7452 LT, BIHREORKE VALK (100
HLARN) Z &R 5,
2)VERNLERRKEZ~NTF U2V T L —FTHEEL, v~/ 77— M) —F—THNK
BEFIMUIEN AL bV ERIE, FRET LU AENRREWVERKE Y v 77 v 745, =
LY, NLue W67 77X —d i Z v R 7 B EHRANC FRET %t 2 9728 R 258 4R
L7,

Mutant library construct

l Transformation

1st step

Screening
based on
brightness

2nd step
Screening
based on

BRET ratio

DNA-sequence and Protein characterization

X 1-10 &Y, & FRET R REBRRKA 7 V== T D AF— I
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RIZ, JFONTZEREKT A7) =T LT O an=—%227 ) —= 7T LR
D, NZDOWTEET L, VIEOEREKEZEL T4 77V —%KE L, ZNENDOEREN
BIINDOMERITIETELLL, AT Y UHMIHED ERET D 2, WOXIE, F47 TV —D
ARV, MELEP LRI ) —=0 T LIEEEREOR T OBRERT O TH D,
T=-Vin(l-P)
Z LT, EADOEHZ NV TEIO, TV IZA— =P 7V TR Qr L EFKRT D, Qrik. Pi
HERT DO, V OMEOREERAKEZ A7 V== T T 50BN B 50O EETH
2o
Q=T/V=—In(1-P)

4 1-1112, Qe & PiOBRERR L=, K S 5% DOMEEREZ ENR T H7-DI, 94771 —
YA XD IEDOEEMR L AT ) —= 0 TFTAENERHDHZ L ERmLTWD,

F—=N—H2T VTR

60 70 80 90 100
BEE (%)

1-11 BEIKT A 7TV —OfFER L A — =37 o T{RE O %

U EDEZEZBEERA T, AETIEITA 77TV —D BNDERKZHEET D720, £

VB TA TV —HA XD 3 EFLU EOREIERAT b ban=—%2 A7 ) —=0 7T 52
Ll Oy
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1.3 JiiE & ME
AW THW=AY X7 AT RDNAL, 2 TIIFES AT AV A = ANLEA S

=bDOTHD, HIREEFEIL. New England Biolabs L < I3 Takara-bio 225 A L, ¥sffo 7
7 ha— Lo T, AL, §XTo DNA FEl4iE, BigDye Terminator vi.1 Cycle
Sequencing kit (Life Technologies) & VN TR E L7z, BAIEE L > 7 7 P2 -h1d, FoLhisk
MHEA LT, BIEE 7 ) ~v i, fiEshTws7'e ha—ifit> Tam L &,
ETOFY AX T VAT FDNA Oz, ~— 98 fFREITR LTz,

PEFE A A PED/RWPCR, 7V a—=

BEOEANZFED72 PCRIZ K D DNA g, HilIREFRUEL, 7T AI FRI7Z—L DT
A= a FLL T O FNEICHE - TIT o T2,

PCR IZ.DNA 7R J * Z —¥ KOD-Plus(Toyobo Life Science) % L. #iAZED FNEIZHE -
TIT o7z, PCR KDL, 2 ng/uL DL DNA2 pL, 3uM D7 4+ U — KK 73—
ADT T A ~<—%4% 2.0 uL, 10X KOD-plus buffer % 4 pL, 2 mM dNTP mixture 4 pL.
25 mM MgS04 1.6 L, ##fi/k 24 uL. ZIEA L. 1 U/ uL @ KOD-plus % 0.4 uL Iz 7= (&
7t 40 pL), PCR ¥ 7 uik, 94°C/2 3% 1 BTV, KRIZ 94°CI130 — (oD T T A ~—
® Tm EOEJT—5C)/30 £, 68°C/(HME DNA Wi 1 Dt K:44/1000) 43 % 30 1 7 )L,
B4\ 68°C/5 43 % 1 E T 72,

Bo PCREMND, 7=/ —M 7ok L HIic k) 2o "B x2EELE,
K 40 pLic 3 M EERR T ~ U 7 A (pH 5.2) 4 L & 100%~ % / —/L 100 uL Z /1 x., Kk
T 5 MEE Lz, RATRE = LDEE (15,000 rpm, 5 43, 4°C) L BiG & B0 B 724,
0% T4 /—/L 200 uL Z Mz 7%, [FEICEL L BEEZIR0 RE, hEEsise, @&
2 L7 DNA TREMICKRT LT, HilREERER A M2 1 K 3TCOMEIRME CTHiE T2 2 & T
HIPREE R AL IR A 1T o 72, HIBREERIRIR O/, B/ Ny 77—k 2 uL, HIREEFR 0.4
uL, EHK 17.6 uL 225725, oD R HHIREESR CAHET HERIC, TNENDOREE TR

WSy 77 —BRIRDGET, F B T RS0 FE|[REF#E Double Digestion FIHELE
17



Universal Buffer —% (http://catalog.takara-bio.co.jp/PDFS/double_digestion.pdf) ¢
ST, Ny 77 —&BIR L7z, HillREESZAER O DNA I8l % 1%7 40— A7 /1 T 30 47 [H
ERIKEI L., HhE Iz DNA OV A X &R L7ct%,. QIAEX II Gel Extraction Kit % H
T DNA FEM O KON R Z . ITOREIZ I VITo72, 10 L727 v QX1 iR
600puL &, LY THD QIAEXI 12 uL #Mz. 50°COHOIEIEMIZ 5 o MEE Lz, TafE
L7 s v iz DoyBE (12,000 rpm, 30 #[H) L, Rig & BUY BRV 2% B0 QX1 #59R 600 pL
EMA, RVT vz AL, mOsyEE (12,000 rpm, 30 BH) L7z, EFZIRY FRO&, L
YUNZ PE R 600 uL 2Nz, AT v 7 A L%, HOm=L7EE (12,000 rpm, 30 £)
L. BEEZERD ROz, ZO#EZ#0IRL, BIEZERY BRWZIEE 2 10 2 MR S 7
#%. TE &K 35 pL [ZHfE S, 50°COMEIRMEIC 5 /rffffeE L7z, =058k (12,000 rpm,
30 ) &4TV . EIED DNA K 30 L #[FUX L 7=, HEtE DNA W 1ul &, 50U sHxt
Jo T HHIREERIC L DA - R AT 5727 T A3 R_X7 ¥ —1 uL, 2xRapid Ligation
Buffer (Promega) 4.0 L, #8ffi/Kk 1.5 uL, T4 DNA Ligase 0.5 uL # /%2, =& T 15 /7
FAT—var&kliole, a7 MEAEZKETRHEL, RIZEDTA T — a VK
ZMA, KET 30 3HA ¥ ax—b L, RIC42CHOERMT 45 WHEe— by a v
TV, KETHpMERE LT, a7y heELE, IA=2U 2 100 ug/mL EH O

1xLB (Lysogeny Broth)Z£ K15l | C—WrssE (37°C) L7,

b IV
NLuc O Tl =&k ekEi&E L. NLuc @ — &k iEiE % I-TASSER # i T — R—2" I A 145 =
ETHELNT, BN S RooEEGE O E X, =7 U 2 7 b UCSF chimera® % W4T

>7,

mNeonGreen-NLuc, Venus-NLuc DBIDT I ) BREERET A 75 Y —DIVER

mNeonGreen @ cDNA FEd %1% Allele Biotechnology (Z#&ff: L TV 7272V 7=, mNeonGreen-NLuc
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LY Venus-NLuc @ia & o /37 MO RREFIROERIT, JATHIZEICHE > TITo72 2, C
Rt % K 2 & 7= mNeonGreen 2 B A (mMNGACO0-10), Venus 25 B A (VenusAC0-12) > DNA Wt
Fa. HIREEHEY A F BamHI # &8t X754 ~— (FHLE-A U IX 7 L FF R F-
BH1-G-gfp_1) &, MlIREERE A b Kpnl 2 @87 > FR AT T4 ~— (LAY X
7 VAT K : R-Kpnl-mNG_235, R-Kpn1-mNG_234, R-Kpn1-mNG_233, R-Kpn1-mNG_232, R-
Kpn1-mNG_231, R-Kpn1-mNG_230, R-Kpn1-mNG_229, R-Kpn1-mNG_228, R-Kpn1l-mNG_227,
R-Kpnl-mNG_226) % F\ T PCR {EIZ &L 0 ZAE4HEhE L, BamHI/Kpnl fill BRE%SE CALEEL L
720 N K& K S+ 7= NLuc ZE AR (NLUCANO-4) % . HIIREEZE A b Kpnl 2 &t 27
TA~— (EHLZAY IXZ7 AT K F-Kpnl-Nluc_2, F-Kpn1-Nluc_3, F-Kpn1-Nluc_4, F-
Kpnl-Nluc_5, F-Kpnl-Nluc_6) & . HlfREESZ 1 k EcoRl 25T > TRV AT T 4 ~— (fli
LAY X7 4T K : R-ER1-x-Nluc_171) % i\ T PCR {EIC X Y N E g L,
Kpnl/EcoRI il [REESE CTULEE L7=, 450 DNA W %2 H U IZIEE A dE. BamHI/EcoRl i

FRE%ESZMLEE L 7= pRSERD (Invitrogen) & & A 7 —3 3 v &47 o 7=,

WWF 2B E NLuc DREIDS VA AT I ) BBRERKS A 75 Y —DER

WIHZ NI NLue OFIOT 2 VIR A~D T VA LT I BREBREROE AN IT, T

FEEENTA Y TX 7 LAF K& f7- inverse PCR ¥EIZ & - TIT - 72 %%, Inverse PCR %
T, 7RI FE2HME LT, $HRICERE L 2 O T T A ~—%2 M\ T PCR Z1T
W7'T A X R A e L, Self-ligation LERIRILT 2, EOER, @t & /X7 H & NLuc @
M OHIBREESE Y4 b Kpnl IZH 3% GGTACC Fl%llZ NNKNNK (N: A, T, G or C; K: G or T)
[CEH LAY X7 LAF REAWD LT, FU X AT X BREHRERZEA LT, L
T D BB R FIAE R T,

FT. AV IAXTVFF RO 5-Kium® Y gk % T4 Polynucleotide Kinase(Takara-bio) - v
TITo 72, VU UBREIEIR OFALIE, 100 uM A Y T X7 4 LF R 2.5 uli, 10X T4 PNK buffer

2.5 uL, 100 mM ATP solution 2.5 uL (pH 7.0), #ffi/k 17.0 uL #{EA L. 10 UL T4
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Polynucleotide Kinase % 0.5 pL Il 2 7= (&5t 25 uL), U »ERLGIE. 37°CotaEEMEIZ 30 4y
MEFET 52 & TITo7e, - Kim Y Vb Sined ) I X7 LA F REHWT, BEREA

ZREDRWPCR, 7 7 u—= 7Tt L= FEICHE > T, PCR #{7-7-, PCRF& T L

T2 BROSIZ . 10 U/l Dpnl 2 ul 200z, 87°COIEIEAEIC 30 /o MIEHE Uiz, SUSIEB 7L
BRUKE, Fit A EIR L= L 91 T2 28T, 7 A REFEIZH Y3 % DNA B %
FEHL L 7=, DNA Wr/ 1 pL, 2xRapid Ligation Buffer 4.0 uL, #@#fi/k 2.5 uL, T4 DNA
Ligase 0.5 uL /1%, |IR T 15 074 7V —va v &2i7-o7-, 27> v (XL10-
Gold)Z K ECRliEL 7 A 7 — a VIEIRE N2, K BT 30 oA ¥ aX— |k L7, KIZ
42°COMERIET 45 Be — ba v 7 2170 K LT 5 IEE L7, WE#kI Lo
BT heAE, HR=3Y 2100 pg/mL A @ 1XLB (Lysogeny Broth)# K%

T—WeE:E B7C) L,

MNGAC10-GT-NLUcAN5 |  VenusAC12-GT-NLucAN4 | mTQ2AC10-GT-AN4NLuc &
tdTomatoAC8-GT-AN4NLuc @ Kpnl BEFNZHIkT % Gly-Thr &I LT, L FD T & A
FVAX T VFF REMWTT X LT I BERERLEAN LT,
MNGAC10-GT-NLuUcANS5: F-XX-Nluc_5, R-mNG_226

VenusAC12-GT-NLucAN4: F-XX-Nluc_4, R-gfp_226

mTQ2AC10-GT-AN4NLuc: F-XX-Nluc_5, F-XX-Nluc_4, F-XX-Nluc_3, R-gfp_229,
tdTomatoAC8-GT-AN4NLuc: F-Nluc, R-Nluc_6-XX-tdTA_467, R-Nluc_6-XX-tdTA 466, R-

Nluc_6-XX-tdTA_465

NLuc NEi~DENXZ VXV ERABRETA T T Y —DEE
BEx 0B SOFHRA Y > 1 —2M I & 72 mKOx A NLuc @ 50/51th OO RIICHEA LT,

F. xRk v —RYE AT 5 mKOk? DNA Wi % . #IREEEY 1 ~ Xhol %

G AT TA~— (HEHA LAY TX 7 LAF R F-Xhol-mKO_2, F-Xhol-G-mKO 2,
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F-Xhol-GG-mKO_2, F-Xhol-GGS-mKO_2, F-Xhol-GGSG-mKO_2, F-Xhol-GGSGG-mKO-2, F-
Xhol-GGSGGS-mKO-2, F-Xhol-GGSGGSG-mKO-2, F-Xhol-GGSGGSGG-mKO-2, F-Xhol-
GGSGGSGGS-mKO-2) &, #IREEHE YA b Sacl 57 v F LV AT T4 ~— (AL
U IAX 7 LFF K R-Sacl-mKO_218, R-Sacl-T-mKO_218, R-Sac1-TL-mKO 218, R-Sacl-
TLG-mKO 218, R-Sacl-TLGM-mKO 218, R-Sacl-TLGMD-mKO_218, R-Sacl-TLGMDE-
mKO_218, R-Sac1-TLGMDEL-mKO_218, R-Sac1-TLGMDELY-mKO_218, R-Sac1-
TLGMDELYK-mKO 218) ZflAAiH T, PCR ¥EIZ XL W 22 UHEE L. Xhol/Sacl il BRE#
R CHRLEL L 72, NLuc @ 50/51 Z HIZxf )3 %34 MIZ Xhol/Sacl flfREFE T A M ZiE A SN
72 DNA I %, inverse PCR 7412 L ¥ 3% L 7= 3%, NLuc-pRSETb Z#4% & L . HIfREEE Y
A kM Xhol & E5tet v AT A4 ~v—LHREER YA b Sacl 57 v FR VAT TA~v—%
MAWT PCRIEICE D 7T A FERZHME L, Xhol/Sacl il[REE3R TRLHEL L 72, mKOk®
DNA Wi & B UVNTIRE Ao, Xhol/Sacl il [REE AL L 72 #44k NLuc-pRSETb & 7 1 77—

valruE{ToT,

NLuc Dz v 7~k

T A -5-% LA X RiZ. Molecularprobes(no. E-118) BN LTz, ¥ —4 v hDOLV—T|Z
FrEL B2 7~ b3 272912, NLuc OWNTENE Cys 7% (166 & H) % Ala I[ZiE#: L7
(NLuc_C166A), = L T, ZDOZEFEIK NLuc_C166A ® 4 fAfTd Gly #%FE(50th, 66th, 97th,
136 FH)ZZNZF4 Cys ([T L7-ERKEIERML 7 (NLuc_G50C_C166A |
NLuc_G66C_C166A. NLuc _G97C C166A. NLuc G136C_C166A), ZHEDE AT, +3C%
inverse PCR{EZ W TiT o7, (BEI L7724 Y X2 L AF K : Nluc_C166A, F-Nluc_G50C,
R-Nluc_49, F-Nluc_G66C, R-Nluc_65, F-Nluc_G97C, R-Nluc_96, F-Nluc_G136C, R-Nluc_135) 20
mM HEPES buffer (p0H=7.4)1 ¢, #l#t %2 NLuc Z > /X7 50uM & 5mM YF 4 AL A F—
JVDTT)% 30 77, IR TG ST, WikzE 7 VAT 7 25 NAP-5 Z FHWC, v 20

mM HEPES buffer (pH=7.4)I223#a L7=, = L C, ##azx % > /X7'H & 100 yM =4+ > -5-+
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LA 2 RZ& 1HRH, |BIR TSIz, REGOT AT -5~ LA 2 RERLS 2O, Bk
%7V AT T I NAP-5 & VT # LU 20 mM HEPES buffer (pH=7.4)IZ3# L 7=, F8¢

AT FMVORGER, ARERIEE 237 B ORI RERME 2 1€ > TTT o 72,

5 {EWVWFRET#EREZ NI EEEDRA IV —=v T
ERIKT A 771U —T IMI09(DE3) Z B st L LB FERIFHICHERE L7, 37°C T 12 K§fH

Begg Uioth, e v X ERICRASEH-OIICEIRIZT 2 AR L, 5L
FRET ZhE N B WA RKERD “BETCA 7 ) —=0 7 Lz, I, 5pM LT T Y
>-h &t PBS I L7 VA A — % —(LAS-1000, GE Healthcare) %z FiV T, F& G4
ARG L7z, \hvwanr=— (100 HLIN) 2y 77 v 7 L, KK LB Bz 5T 96 X
HIAET L— ML, 23°C T3 AR L, BHEAXT MUk, v~/ 77 L—h
Y — % —(SH-9000, =2 v FEX)EHWTHIE Lz, BHEEE LT, KREEESuM L v
FIVvh B, BLNTEENEAT RLZ . NLuc 226 DOFEIEIZH R %5 450nm DR
FETHIMEAL LT,
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1.4 FEBRAER L E55R
141 RF—¢7 2787 % —0DNEFN FRET $hRIZ5 2 5 ZE DK

NLuc EFEx DK LRI L DA » X TBEERET H12H720, 1L HIT NLuc
LN NI B DNEFID FRET 23252 5 B OMET 21T o T, Baticidse s v Ry
' mNeonGreen(mNG) % H\ 7z, PCR £, & ® mNeonGreen 5 J O NLuc @ DNA Wi %
g L7=, £ 50 DNA WA ZRE &b, @bl efilfREEE CUBL SN T T A R
% —pRSETg & 7 A 77— 3 > L, mNG-NLuc 35 £ TV NLuc-mNG Ol & % > R 7 E a5 L
oo Zu—=V BN S T HIBREESR YA b Kpnl ICH2KT 5 Gly-Thr @ 2 IR Y >
A—L LT EBRAOND, ENENDME S NI B RIGEICERSETH I H
ARERL ., FOCEERINT THIE LR AR 2K 1-12 1R T,

1.5

8 — NLuc-GT-mNeonGreen
§ --- mNeonGreen-GT-NLuc
w
g 1.0 |
IS
=
B
N 05}
©
£
[=]
z

O 1 1 1 1 L 1

400 450 500 550 600

Wavelength (nm)
1-12 mNG-NLuc ¥ & TV NLuc-mNG DFEHE AT Kb
MNG I[ZHKT BRI — 7 W RIC K D HRE CTRSL L7127 T 7|
FNIEIREE 25 uM, Z X7 EIREE 5nM

MNG-NLuc 3 X OV NLuc-mNG D3 A7 FoLid, IRIEFE— 722K E. FRET L ¥ 41 (1.2)
LIz, 7005 NLue &HOEY /37 HOESNIE, FRET 2h=RICITRE B2 5278
W ENREE T,

JEFNZ &% FRET Zh R DB/ NS o oy, AHITE I /37 B -NLuc DNIEF| DA
B N B IREUREORGEGICHWD Z L2 2, OB AL FIZFE T, — KA E0L
2 XD C R IR THEEL STV 72 WEIRASFET D, xF LTy N Kl
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THIE(LSN TR, RESED LHOURER SIS BZ 522N 0H 5, 1E- T, #0t
& 37 B -NLuc DNESNDOTFA, i EEZ R SETHBEZT-51) %5 Z & T, FRET %=
Zimed o< o L Lz,

142 RF =777 8 —DOMORRKELRN FRET BHICH 2 5B ORGE

WIZ, WIH L IRTBEDT =T 4 VT EIID LD howy L RIH
NLuc DD Z e/ IMb LT B RKZRR LT, 3. #0737 B C Rumfilds X OV NLue
D N Rl fHIE A BEPE RN KRR ST ERE T A 7T V) —2ER L7z, £DOHib, FRET
DNEPENERKE A7 ) —= T LTz,

PCR V£ TC.C Rimfdlk D 7 X/ fg % BLPERIIZ R K 72 mNeonGreen (MNGACO0-AC10) %
HIBREERY A R Kpnl 260N L7277 T 4 ~—Z AW CENZHEE Lo, AR, N KIR6E
DT X WA B EROIC K Je X872 NLuc (NLUCANI-ANG) % | HI[REEZE Y1 ~ Kpnl Z 400
LIe7 T4~ = W TENEIIEE LTz, 572 5 RE R % £ DNA WA 216 ot
)22 [REE R CUEE SN2 7T A RRT X —pRSETg & 74 7 — 3 > L7z, mNG DK
FARFAR 11 IR & NLuc DR FAR 5 T O G oE T, BFF 55 MDA # /17
BrateT74 77 ) —%87-(X 1-133a), 7A 77 U —H A X 55 {HD 10 f5I2FH49 5 500
EREDan=—%2 R V== L, A7 U —=2 7 Of%, LA 0555 £ TR
JEME Z R T ERRENRE SN2 (K 1-13b), £DOH T, FRET LI A ER KL @7
MNGAC10-GT-NLUCANS % R DELfE D EBRIZ Tz, [FEED FEHR % Venus (VenusAC0-AC12)
THITWV, FRET U Al R S EWERR L LT VenusAC12-GT-NLUcAN4 2345 5 417 (1

1-13c and d),
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a b mNeonGreen-Nluc

7
6 |
_ GT = mMNGAC10-GT-NIucAN5
N @ i
[mieonGreenacz ] er @ 5 F mNGACE-GT-NIucANS
£ 4
e X o £ 4 I mNGAC5-GT-NIucANS
| g I
[eonGreenscs ] c =g
GT [0}
[mNeonGreenaC6 ] N,
[mNeonGreenaC7 | T °r
N E i
[mNeonGreenacg | sl
[mNeonGreenaco | S 3 _
[[mNeonGreenaC10] 0 T ' o
pRSET, 400 450 500 550 600
Wavelength (nm)
GT
C VenusACO ] d Venus-Nluc
VenusAC1 |cT 30
VenusAC2 GT

VenusAC3 GT

VenusAC4 IG
[ venusace o1

VenusAC10 IGT
Vemsaciz o1 RSET,

" \enusAC12-GT-NlucAN4 VenusAC11-GT-NIucANG

Normalized luminescence
-
(6]

400 450 500 550 600 650
Wavelength (nm)

1-13 mNeonGreen, Venus ~@zh3 T FRET Z i Z T2 BIK DR
(a) mNeonGreen(ACO- AC10) & NLuc(AN1- ANS)ZflAaBbEi=) v h—F 4 7 F J —Di
. (b) BEREOFEN AL k. (6) Venus(ACO- AC12) & NLUc(AN1- ANS) & #H A&t 7=
VoA—=F477 ) —0OWE, (b) BRIKOFIEAT v

I CBIE SV FRET LY AEEABET HICH- 0 Lk L7z REDOZ{icfE 5 FRET
RO EALLSINIEIE LR T AUT R DRV ATREMEN B 5, Zhud, R ed e # v X7 g
(XD RT LD FRET IRDIE T ThH D, #0067 /37 HIiE, RSB =-> Db
JinE B ORI 29 2 L OB L Te A A R od Ot Z LRI B L T D AT TR
WA R EORENC C RIEHIRAE R SH D & BEME RV RER R H LS
WNIBOEIGNIZ D Z ER SN TND 3, RS /X7 B & NLue DFEe ¥
VN7 BIE, FRET Z#2 Z &9 NLuc S OFENEBBIRIS D, 16> T, EIEH 7 EHD
C RIGTEI D KRR DOBANIT, RAREFZ 7 EORIG NS &, BT Lo
FRET L U AHEDIK F 25 Z 4 Z T AMREMER H 5, Lo L, A1 S 7= fE B X, mNeonGreen,
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Venus & 12 C Rz b L RASHTZERIK L NLuc Ofite % X7 EN R b ED
FRET LU AHEE /R LTz, T7ebb, Wi /37 BT CRIGHEEZ RASHETHLH VXV H
DA IR T I ZITHERHE AR FRET 20N R E 5 2 LRI S L7z, £72. NLuc

BT H N RSO 5 FEFFRE R R ST HIBRIGHEICREREEL 5220 E W) H
TRy

143 RF—LT7 02 —DBOT X LT I ) BERERE AN FRET #hRIZ5 2 55D
Kt
FRET Zh= D a] k& W9 BlaiizkB W\ T, Bt 1 ¢ R —¢&T7 78 7% — %2 FATIC

WODELFICEE ST A Z EDBMETH D, Lo, ¥ o7 BRI ORI 7244 B 2 BERnIIc T
L, CNETEOREICES Z & IXRETHDH, T2 T XUV EMICTVH LT I/
MRS L8 N UK 4 I Mt EE 2 BT DEa 2 v B T7A4 77V —%ER L, ZOHhnb
BRN72 FRET I Z 3 EARKE A7 ) —= 7452 L & LT,

1.4.2 Chob SN ERRIZH LT, U X 24U AX 7 L AT R inverse PCR {E%
AW, Kpnl B A MCHET D 2 5RE-Gly-Thr-io T v F LT 2 JBERZEAN LT (K
1-14a andc), Kpnl %1 MZH¥9 % GGTACC &z %2 NNKNNK (N: A, T,GorC;K: GorT)
ICEHT DAY IX T VAT REH L7, NNK 1%, 32 D= R T 20 T To
T BEEE -T2 EBHKD, o T, ALDERKT AT Y —DHY A XL
32x32=1024 Y L 720 . FA T T U —HFA XD 5 FITAHYS TS 5000 HDOam=—% 27
U—r7 Uiz, £OHF T, mMNGACL0-GF-NLUcAN5 28 FRET L o A 6.4, VenusAC12-AM-
NLucAN4 78 FRET L Al 25 2R L, 1 ZET 7 B 7 X =B DR OHRPEM S 528
BIRZG2 2 L0k (K 1-14 b and d), ZH LI, mNGAC10-GF-NLucAN5 % Green
enhanced Nano-lantern (GeNL). VenusAC12-AM-NLucAN4 % Yellow enhanced Nano-lantern

(YeNL) & FE.5,
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b mNeonGreen-Nluc

7
8 g | mNGAC10-GF-NIucANS
§ I mNGAC10-NF-NIucANS
@5 [ mNGAC10-GT-NIUCANS
a £ 4 | mNGAC10-SV-NIucANS
Resectable region =] I
3
Linker sequence _g I
A0 KAFTDVMGMDELYK GT MVFTLEDFVGD A0 Ezj
AO KAFT - - --«-«--- GT ----- EDFVGD A5 51}t
A0 KAFT-=--------- XX ==--- EDFVGD A5 z |/ et
0 1 '
400 450 500 550 600
c Wavelength (nm)
[ Venus |Resectable region
< d Venus-Nluc
Linker sequence 30
AQ GTMVFTLEDFVGD A0 i
A2 GT----LEDFVGD a4 8 25|
A2 XX ----LEDFVGD A4 < | VenusAC12-AT-NIucAN4
[&]
B 20 |enusaC12-GC-NiucANS
c L
E 15
° i
& 10
E L
E 5
]
2 L
0

400 450 500 550 600 650
Wavelength (nm)

1-14 mNeonGreen, Venus ~@& )3 C FRET Z i Z 28 BARDOEER
(@) MNGAC10-GT-NLUCANSD U o 71 —FEIRIZ K95 T v Z DB RGN (b) A BRAKOFN
AT kb, (c) VenusAC12-GT-NLUCAN4 D Y > 1 —fESRIC k32 7 v 7 LA EE N (b) &
BARDFEI AT bV
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%12, mTurquoise2-NLuc, tdTomato-NLuc X728\ T, EERICFRET 2 24V »h
—DOBRREAT STz, b ZDIZo0WTE, U v I —ROFiEEl & T 2 LERZFRHTAT
>7= (K 1-15), Z vk, e Tar%E0> 5 mTurquoise2 & tdTomato (2D TIFHERE I 272 <
RKTED CRIFEEDEDBH LI/ TN izbTH 2D 302 X512, 142 OFEED
5 NLuc @ N RimfEEk T 6 R £ TIIREA ST THHEREBIC R E 2B T LWV )4
RE/FTND,

mTurquoise2 (MTQ2)IZ DTk, C Kumalk 10 L% KA B X+ 3 NLuc @ N K%
5 FREED 5 3 FRALEE PRI R e & (MTQ2AC10-GT-NLUCANS-5) . 7> Kpnl A ~ZH 3K
T5 2 BWEE-Gly-Thr-iZ T HZ L7 I VAR ZEAN LT (K 1-15a), EEDO T F LAY
IX 7 LAF RE inverse PCR £%4 W T, Kpnl %4 MIHKT %5 GGTACC Hifir %
NNKNNK (N: A, T,GorC;K:GorICEIT 2 LR AL EA LT, > T, ALLHEHEKT A
7 U —DH A XL, 32x32x3=3,072 Y L 72 TA T T U —HA XD 9fEFITHL TS 9,000
fHo=aa=—%x27 1 —>7 L7, mTurquoise2-NLuc, tdTomato-NLuc =7 {Z- D\ T, mTQ2
& NLuc DI — 7 HRPEH L T\ elod AT MVATEICE S A7 ) —=r
TI3AT> T, RIBE 7' L— h ECH O Wan=—2@ L R B L, Witk
M Z1T > 7, & OfER, MTQ2ACL0-LH-NLUCANS 23 & B EE 7R R BAR Chh o 72720, =

AULL#% Cyan enhanced Nano-lantern (CeNL) & FE.5%,

tdTomato (22U Tid C RIMAHIL 8 FRIEE TRARFRETH D Z ENMEINTND %,
tdTomato @ C FRimfEk% 8 725 9 3. NLuc @ N K4 5 MK Je & (tdTomatoAC8-9-
GT-NLuUcAN5) . 7> Kpnl %1 MZHikT 2 2 FBIE-Gly-Thr-lZ T VX LT 2/ R FR A2 A
L7z (¥ 1-15b), DT X L4 ) IX 7 LAF K& inverse PCR %% VT, Kpnl
A MIZHKT 5 GGTACC #iz 2 NNKNNK (N: A, T, Gor C; K: G or TIZ[EH# -+ 58 B 48 A
L7z, #->T, AL DERIKT A7 U —DH A XL, 32x32x2=2,048 @Y L2V, FA4 7T

U—H A XD 3fFITHYT 56,000 HOan=—% A7 YV — 7 LT-, “BEADZZ ) —
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=T HFTo72 96 HOEREKDH L 94 fHY FRET LA fEH 03 A F &R LM,
tdTomatoAC8-PI-NLUcANS5 73 FRET U > A 1K 0.46. tdTomatoAC9-RL-NLucANS5 73 FRET L
ZE 0.80 OfEZE /~r L7z (X 1-15¢), Z ULl . tdTomatoAC9-RL-NLUcANS % Red enhanced

Nano-lantern (ReNL) & FE5%,

| mTurquoise2 | Resectable region {
Linker sequence C tdTomato-Nluc pair

A0 VTAAGITHGMDELYKGTMVFTLEDFVGD A0

1.2 2
MO VTAAG---------- XX - ---- EDFVGD A5
A0 VTAAG- - - - - - - - - - XX ----LEDFVGD M “Cd 1t tdTomatoAC9-RL-NIucANS
MO VTAAGH - XX - - TLEDFVGD 43 8 - tdTomatoAC8-PI-NIucANS
Unstructured mTQ2 residues Unstructured Nluc residues $ 08
£ |
b Eosl
8 -
Resectable region N 04
© L
Linker sequence g 02 f
A0 RHHLFLYGMDELYKGTMVFTLEDFVGD A0 =z
A9 RHHLF--------- XX - - - - - EDFVGD A5 0 PN KU SR S
A8 RHHLFL-------- XX - === EDFVGD A5 400 450 500 550 600 650 700

\ \ /
Unstructured tdTomato residues  Unstructured Nluc residues

Wavelength (nm)

1-15 mTurquoise2, tdTomato ~& %)= T FRET Z i Z & RIAKDIRER
(a) mMTQ2AC10-GT-NLUCAN3-5 @ U > I —fHkicxt 456 7 v ¥ A ERE A (b)
tdTomatoAC8-9-GT-NLUcANS @ U > 1 —fIRIC x5 7 & A8 R (¢) ZZRARDFE A
~7 hv

A2, mKOk-NLuc =7 (2B T, E2heRIC FRET 2 24 U o 1 — DR 217 > 7=, mKOxk
VX RS A E AT ORE RN D 1R Z R E C RIIIHEEL SNB AL IVICHAIAE LT
W53, fEo T, mKOkDARF LU C KimfEz 17K &, NLuc @ N Kz 5 7K
Je &1 (MKOKACO0-1-GT-NLUcANS5) . 72> Kpnl ¥ MZHET 2 2 FEE-Gly-Thr-lo T > &
LT R RERAEA LT (K 1-163), HEEDT o H LAY X7 LAF K& inverse PCR i
T, Kpnl A MMZHSKET 5 GGTACC ¥z 2 NNKNNK (N: A, T, G or C; K: G or T)IZ{&

g DERAEEAN LT, o T, ELDERIKT A7V —DH A X%, 32x32x2=2,048 & Y
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ERD, TGAT TV —HY A XD IEFITHHY TS 6,00 HOan=—2RA7 VU —7 1Lk,
BEEEDA Y ) —= 2 T 5 To - fE 8 FRET L Al 0.55 2 <4 A RAK %155 = L sk

Tehy. B L7 FRET VA lZ R BREKZ1G:5H 2 LIXTE 2h o 7 (1X 1-16b),

a b
1.2
g L
c 10
[ mKOk [ Resectable regiong 3 L
(7]
Q -
Linker sequence 4= 0.6 i
A0 GT MVFTLEDFVGD A0 E; 06 k-
AO XX === EDFVGD a5 B L
A1 XX - ---- EDFVGD a5 N 04}
1 — m =
Unstructured Nluc residues g
o 02
Z -
0 1 1
400 450 500 550 600

Wavelength (nm)

1-16 mMKOk~&Zh=% C FRET % = T8 BIA DR
(a) MKOKACO0-1-GT-NLUCANS DV > 1 —fEIRIZ x5 T o X LAEFE A (b) ZBEIKDFE
YA N v

AHEDOAZ ) —=27 1 b_, mNeonGreen-NLuc ~<7 Tl¥ FRET L A Lt7As 6.5 {2\ k
L. Venus-NLuc <7 Tl 27 £ T L L7 EBEK A5 D Z LAk, E72. tdTomato-NLuc
AT T, ZEEHORA Y Y —=0 7% 7572 96 D 5 6 94 ffHl D28 KA FRET L v Al
0.3 LA N&RT 72T, Too oD HK tdTomatoAC9-RL-NLUCANS 7% FRET L 2 A 0.80
R Uiz, TRHORERIL, FRET 24 mb 501, RF—&7 787 % —oPREkIC
TUHELT I BEREANTLZEDNANTHLZ L ERL TS, xf LT, mKOx-NLuc
ATIZHBNTE, FRET U U AEITM OB R & i U T b IR0 > 72,

mNeonGreen-NLuc, Venus-NLuc, tdTomato-NLuc X7 (28T, HV FRET b & A fE 315
BT ERIZHOWT, B35, mTurquoise2-NLuc X7 {22\ CiE, FRET L v A{EIZ X
HAT N == T xAT > TWRWE O LD D 5 1ZERSN L 72, mNeonGreen-NLuc,
Venus-NLuc, tdTomato-NLuc <7 2BV T, mW L U AELZ R LIEZRIKIZIEL, 13EH O
FZ Gly, Ala, Ser, Arg N BEIZNAHEMAH Y . 2 FH DFLIITIL Phe, Val, lle 72 & D7
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R BNRIENABRECH T, EDO LD BREEE T — 7 FRET 2o m LI Tung
DI TH H05, Gly, Ser RPro lZ#7 —UEZ DTN ENMbNTEY, Z0F
F—T NI HF T EDOIAM & NLue IZHREE L 72 8 O FE 2 AT DT 5 DIT

FHELTWADNE LILR,
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144 Vo7 =T —BRNEA~DHE N HZ X7 B A BRI

WHNZHEH & 7878 & NLue ZA 3 57210 Tl #e% 37 8 % NLuc DNERIC
BATHZ LT, LY FRET #hR&2 5D 5 Z L& B L=, NLuc OIEERE AL DOFHTIZ
HIZ NI B AT D 2 L T AR L OEREZ ST FRET iR %2 & %
&I L7,

7. NLuc DA b L IZH#EZ /X B ORFFAT 5% A Ofgedli 2 #i5t L7z, NLuc @
X B A 1 3R TR WO T, E 9 NLue @ 3 Roti#i& % I-TASSER 7'm 7' F A& H
WTTHRI L7 %, I-TASSER 137 2 /37 B D—R A& L ¥ ab initio (2T =AiEz FHITE
%> —)LTh 0, critical assessment of protein structure prediction (CASP) 10 (2 CThx b AL /=44

EPRIEEL R L TWD, TRISHZ=RooHE 2 X 1-17 1257,

%] 1-17 NanoLuc @ Tl 3 R ItHEED U AR o FKoR
-~Y TR T U B-ARNT U RERETNANAL T4 FSNTWDH, 4D 3k,
ACEHZ % LT 90° [z X726 D Th D, NLuc O—RkAEEZE b &2 I-TASSER 7'u 75
La VT 3WocEEE Pl L7,

NanoLuc @ 3 IKJchEi&EIL, 4 DD o-~Y v 7 AL 11 SDOW AT/ B-A T > Fnvbwp 5 B-
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INUUEIE DN B RS TN e, 0 FOHIEALIZIE, BNk e 30D o~V v 7 AZPE R
TeZEADFAE LTz, T OZHMITIFICIEDNFES T D DIZ o7 K& < RN IR
BARKMEDT X VBB EEITFAEL TV, (8- T, BAEEEORK G A FTho & THIESN
s

S T EOREAL, NLue OFERTEEZRLE L2 L 9 ITEE kS T —
THEMNEE L, S S ke BV — T HEEIC A ET D5 50 B H, 66 FHH, 97 %
H. 136 & H D4 T O Gly FRILZEER /AT A R e Lz,

1.4.4.1 FIIERES Y A MIEHET 50— FHER O R
F9°. NLuc ® 50 %FH. 66 FH. 97 FH. 136 HHD Gly 7FED H b, EorEENILE

AR bW AR LIz, NLuc N 4 SD Gly #2835 T~k LI
BN OEOLEFE~D FRET LU BN O HET 2525 2 & L Le, 7~k d
HEtE L LT, Zfile Ay R ERIN U, R T LD 7=®1Z, NLuc ®
166 & H ONTEME Cys 7% Ala 7RI @ # L 72 2 ARk L C(NLuc_C166A), 4 fEFTdD /L
—7HIICH D Gly kM %A Cys RAEICEM L ERKZZnE/EM L7 (X 1-18a,
NLuc_G50C_C166A., NLuc_G66C_C166A, NLuc_G97C_C166A. NLuc_G136C_C166A), Z i1
SOT R BREHREREOE AL, T Tinverse PCR Z W CTiTo7=, N5 4 FEEORSH]
B UNTED Cys FRIEIZ, v LA I RENLTA LV VERARI TV VAL ST
(X 1-18a), —A ¥ U #EH NLuc ITREATAIZ L > TRARDIFENEANT ML ERL,
NLuc_G50C_C166A 23 b AL 43+ H DFREDOEE (FRET LI AHE 0.7) DN KE o
7= (X 1-18b), ZOFEREMNS, 4 DDNL—TF DN 50 F H OEREEMLE T 50— 7 0 b %
pi% S
SlEFEXBND,

5

RS AENLIZ TN T2 8 ECIRIE D BB B by b =4 > 0 ~D FRET AR L < =
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[ = Nluc_G50C_C166A
1 = Niuc _GB6C_C166A
[ s = Nluc_G97C_C166A
Niuc_G136C_C166A
— Niuc_C166A

[/ A y
o2t / < \
400 450 500 550 800
Wavewlength (nm)

Normalized luminescence
o
()]

[X] 1-18 NLuc DIETER 7~ MZimv W Lr— 7 OERER
(@) NLuc @ T 3 kyckE&EHITHIT 5 Cys FRAETEB L - L—T DR, (b) =4
FEEY A MIRT DHRHEAT M DZ b, NLuc DFIEE — 7 % K TR (L L7,

1.4.42 fEades R O R
ZWRTTHETEIZ X B & (PDB ID: BMGF), mKOk DN & C RifiEp— L st LCR L)

AT TN D 2N BRI 2.4 nm BRERENL TR D 3 fiA Sz NLuc OREZELT B H
%o PE- T, AT D MKOkD ARG A RS DT LR 7N ) o —fs 2L
727477V —%ER L7z, PCRIET, mMKOkDON, C KD M FIZFE#RR Y > F1— % AN
LA T T ) =&MLz, k) o —& LT N Kb Gly U v F72/ddI(-Gly-, -
Gly-Gly-, -Gly-Gly-Ser-, -Gly-Gly-Ser-Gly-, -Gly-Gly-Ser-Gly-Gly-, -Gly-Gly-Ser-Gly-Gly-Ser-, -
Gly-Gly-Ser-Gly-Gly-Ser-Gly-, -Gly-Gly-Ser-Gly-Gly-Ser-Gly-Gly-, -Gly-Gly-Ser-Gly-Gly-Ser-
Gly-Gly-Ser-). C K21 Aequorea victoria GFP (GenBank: L29345.1) C Kinhd41(230-238
% B O 5% K -Thr-His-Gly-Met-, -Thr-His-Gly-Met-Asp-, -Thr-His-Gly-Met-Asp-Glu-, -Thr-His-
Gly-Met-Asp-Glu-Leu-, -Thr-His-Gly-Met-Asp-Glu-Leu-Tyr-, -Thr-His-Gly-Met-Asp-Glu-Leu-Tyr-
Lys-)Z#MH L7z (B 1-19a), N R¥i& C Rim CTERRD U B —ESNE N T=old, Voh
—fSE A= RT AT TA~—LT v F VAT TA~v—[ALTRBEEZFRL
PCR G E SN DD E T2 TH D, mKOkD VU 1 —F 1477 Y —DNA EF % ¥
AWIZIRE A E. NLuc-pRSETe @ 50 #F H & 51 7 H D #IC Xhol/Sacl il [REEFE VA &
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IMLTZBIRDNA & A4 =2 a v &fTolz, U —OMBEIZ 10 HEETHY, 9477
U—HA XD 10 fFIZHYS TS 1000 HOan=—2 27 V=7 LI,

AY V== T OREREIK 1-190 (2" T, FRET LA 0.95 W) b @EVWMEZ /R LT-
2 H KT, mKOk ® N K i lZ GGSGGS 12 x T MIc2Fk L0 7 2 /i
(VSVIKPEMKKVEDAVAHSTLEG) 3 fiA Z41, C REHTIZY U I —MFA SN TV RN G

DThH-oT=, T DK% Orange enhanced Nano-lantern (OeNL) & FE.5,

mKOx«-Nluc pair

1.2
T Nuc 92 mKox 21851 pNue 171 o
o 1
3
LE £ 0.8
LEG T £ L
LEGG TL £
LEGGS LG 506
LEGGSG TLGM 3
LEGGSGG TLGMD N 04 ¢
LEGGSGGS TLGMDE 2
LEGGSGGSG TLGMDEL £02
LEGGSGGSGG TLGMDELY = L
LEGGSGGSGGS TLGMDELYK 0

400 450 500 550 600 650
Wavelength (nm)

1-19 NLuc 49/50 %& H D#E I~ mKOk D AZE B
(@) a2 v —EZ2HT 5 mKOF A NLuc ZBEAKD N A A AEE . A EoBEITs
RAAL DT 2 ) EF. (b) BEKOFEART ML

ATHH CEBHNCAE T N KRV U —RNFA S, C KImZidV > —0n A
SN TWRWERKR G FRET LI AEZA L TWHEHICHOWT, BT D, 142 T

AT KT, BT B FRET 2034 50 D \IIEA w2 X 7 B ORIG 2N
HZEMMETHD, £O LT, #hF X7 BORAR & NLue OFERE SN 2 S
THIVERDH D, TNEEEZDE. NKGEORWEHD Y > B —7 mKOkD T & > THE
BREL, D C RKIEIZITY = ASIIT mKOkZ FEME AN OEFICEE L O
D ENHRIZTZD, BOFRET LU AEICER T &2 DD, vk, REZH LA
FEHIRIBADE Z o T DNEIAATH 5, mAS T 225KEDT X/ BRIE. mKOk DN
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DOEANO—EFREFFMERH Y A5 2DOFH T mKOkD —H#AE R 4, NLuc & ORFIZHH

ASNlzEBADBND,
15 ¥
AROEEALTFIO S 7 B RAFKORZE L, 600 nm LL_EDITARAMEIBIZ S

N

ERAEE
DL, EEROZ LT ARE RS EV, L7zA o T, 600 nm DL RO RIZiR < b

KOBRFIZND EEZBIVD, ~EZ 1 E OO 720 600 nm LLEDJEE

AT DX T EIX, TIVE TRABETH - 7o~ v AERO TR b O R L
HHAA—T U T ZARBIZT O THHS I,

ARETRLEL I, #0478 L NLuc O OFEIRIC KK « T 0 &7 NEBRE R 45
AL, 2step DAY J—=2 T %4TH Z & TE\W FRET #3EOERKEEL L TXx7, L
LR D, i O EEREKILIT 7 S =2 R E D DORENTE T TRL,
N7 —=T&®% NLuc 25 DI HEAICBM SN/, Zhid, Nue &7 2787 %—D
tdTomato DI A7 MV DO ER Y B/NS T, FRET ANk, Sk RARK L
LT, ZRIEERLS RO RPN EDRRBIND, 5T, LVRINART MK E
WRACY 7 N UTeli RNV Z v BT 72 72— LTHWD & E 725 RT3
IND, £ ZT.GeNL LrRoaE S " B aEG T 2 Z & TUNLue 2» 6 2 B0 FRET
AL CEIRIVESN 2 VXV~ XX —NBET 5 LHIfF S D,
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B mEOCEARTIEON S N T R AR DO R R A

2.1 %=

—E T2 X DI, IEERTE SN LFIEE Y /37 B NLue Z 5 2 & THll
F/NERE LV DA A= ZNA[RE & 72 o 7o, £ 72  NLuc DR S 47z > 7 ViR B I,
MRS S E A E T D Z 7 B2 T < Ml LinFEE L2, b L3D
BOS T TEEEREZTR L TV OMERZ AL T 2 DI b A< LB b5,
NLuc D FEZERKDBAFE S AU, BRI D Z X7 HEEE, AmBlR A~k

WTHRE L 3

it

=

FT 5 LNTREIC /A B, HEK L HIE, B OREBD G | FRE. §
i 5 2 LTRGBS RMIER LTz, LA T, NLuc & HJH L 5 2BEIERIES 3
BIERAERKIE, A A — Vv ZHRORER 2R & GER ST LHHSND,

22 B - B

ARETIE, 91 ETHIE L2 NLuc IRZRIK eNL OFEAT i KUSEEEE
ZPE L, NLuc D RZEREKE LTI 2289 & Ed 5, £ LT, eNL ZHWT, #i
NN DD D 2 2 7T BBEAR, B IOV in vitro [IZBWTH—51005 DL O/
AT 5, B%IC eNL O RERIKOH AMEE R 3720 WFLIEML O H o Al AR
ERO AU 2R D,

2.3 J7iE LB
(LRI S 3 ERER
BRLFRN L X BORGEBBAN 7 2 —% PNBEFEA SN2 KEE IM109(DE3) % |

0.0OHAEME I N_=V &5 Te LB K5 © 23 °C, 65 FEiREG#R Lz, ¥ LEAE S
HEL L 7= IM109(DE3) %, 4°C. 6000 rpm, 10 43 D SFTls LIEIY L, PBS(-) CE L 7=,

%y L 7= Rosetta2 %, 7 L > F L A (Thermo Fisher Scientific) % F > THAR L 7=, ARE L 7=
WitkZ . 4°C, 8000 rpm, 20 ;3 DOF&METmL L, EEAE 7 4 VX IZHE LT, BEEAED
FEELZIX, Ni-NTA 7T H e —R7 7 4 =7 4 57 . (Qiagen) &= AW TIT-7-, Kk, 7L

A7 7 2 (PD-10 column, GE Healthcare) % N TR FEIE N & /X7 BRI DR IK &
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50 MM HEPES (pH 7.5)~A2HL L 7=, —EH DO EEIX ALFINZ L X7 B O RIEE T2DIZ,

2 TKETITo 7,

LRI Z X7 B DTN A

BT Z R T BRIR., B L OIS ERIEIX. 20 MM HEPES (pH 7.4)8% & ik &2 F v CTAv

WUz, LRI ART PV, <V FF ¥ RV PMA-12 (EFAR b =27 )&
T, BIETITo T, T RV EEK, BLORNEERROBERE X, £hEh 100
nM, 25 uM IZFREE L7, FERE E LT, NLuc BE ReNLIZH L TiE7 U~ v & v,
ZDIEMDZ XTI LT LT TP 0-h W, JIER 3 BTV, D

P U Tl 2 AT I I N 2

HENETHRLEER T A —F—EH
RNEFNRITZ. 006 EaENLDT7 Y vV U BB ICHE LT-BRICAE LA +H bt s

LT, BEETDROBPEIL, ~1 707 b— ) —F—%HTITo70, BRIHEROLEE R
BIv R ) — IV OMLERNEEREL L C, WIEE{To T2, (LR E VXV EB LT U~
DV DORMIREIX, NN 1nM, 500 pM IZFHFE L=, —HEOEROFAEIZIE, 0.1%DH
YA %G Te 50 MM HEPES (pH 7.4)8EM ik 2 V=, i, ALFRE X v B ORIGR
w S OIEFFRINE Z ) T2DTh D,

R/ N7 A= =R, ALFREY RV EORKEEIZ10pM IZEEL, 7V <P
DL % 0.025, 0.051, 0.10, 0.20, 0.41, 0.81, 1.6, 3.3, 6.5, 13 uM IZFR¥& L THIE Z1T -
Too SUSHIEERE L, LR F I H LT )<Y U BRA LT D 12 R OFRIEHRE D
RN DRDTZ, IHZY AR T VEE Kn & RKBISHE Viax 1X, Origin? ¥ 7 h 7 =

7 Z(OriginLab) AW /= I = U AR T VRADIERIE T 4 v T 4 T BTV,
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Ni-NTA BT e — A B X—R Y v FOIER

7T A~ GeNL # > /37 B % EEAT D202, FeATHEIZHE S TNI-NTA 7 T r— %
HN—=2 Y T HgHEL L= 3, 20mL 7 H v — A & — X(Sepharose 4B, Sigma) % /K T
L <WE L. 180 mL OMEHMIAKIZERE Lz, BR¥EH#ZIZ, 1M NaOH & 26 mM NaBH4 % & 1 o¥%8
R 100 mL DR, 20mL O 7' U ¥ R—/L &1z, IR T 18 Kl A > F 2 _X—F L7z, B—
A% MK E 1M NaCl TRAIZHEFL, 7V R— A beE—X&Fl L, RiZ, 207
VR =X EiE I VRSB T T 52 LT, TLT b RTIEME L E N B XA T
L7ze 7V ¥ R—)LE—X% 250 mL OBHI/KICERE L, 70ml ¢ 0.16 M NalOs % i 2 =K
TLEfA v Fa_X—F L7, E—=XZEMKTHESREL, 71T & RIGMELE— XA /ER L
oo BEAT 7L LT, HIARMET o —ATa—7 47 L, AB-NTA (Dojindo)
ERGESEDHZ LT, Ni-NTABHEIT o — AN NN—2 0 v 7 E2ERLLT7-, TAT b R
b7 Ha—A ' — X% BHKICERE L, 100°C T 10 RBINEA L 72, @ L7=7 v7 & Nig
MALT e —A % /X—=R2 Y » 7D EIZ23,000r.ps. 20 bOKRBTAE a— KLz, 22—
TALTINTZIN—=RY v T % 26mgmlt D AB-NTA & 12mgml? ® NaCNBHsz % & e
1M R fE-NaOH /N v 7 7 —(pH 10.5) (2 A T 16 FEIE T 72, NTA BT v — A H N
— 2y T H MK THF L. 1 mM NiSOs 5 HRIC— BT Ni-NTA BT T e — A T /83—

AU FERERLT,

1 55F D GeNL 2> 5 DR

T ARM~OEROFE L, e —X2H\W T {To72, £7. MOPS/KCIEH# (10 mM
MOPS, 100 mM KClI, pH=7.2)|Z 8 & #1728 B — X (FluoSpheres® sulfate microspheres, B2
0.2 um. F8848. Invitrogen)Z Ni-NTAT # 1 — 2 B X—Z U w7 L2 F L4y R L 7-14.
RBIR 2 BR o, IR, 108 2B /L DGeNL ¥ > 737 B % 5 e MOPS/KCIVAHK % Ni-NTA T
Av—=ARN=2AY v 7O LI T L57FkE LT2tk, MOPS/IKCIAHE C3mITE~ 72, BIZD

BERNCIE, 7V~ P B RERENS0 uMIZ 72 5 K D IR L 72, By 1-GeNLD» & D3 e AR

39



HIZIE, 100/ D3 L 2 X(NA 1.4, UPlanSApo, A Y > 7XR), EM-CCD% A7 (ImagEM,
AR =27 R) 2 i 2 7oA B LB MBI (LV-200, AU ") 2 LT, B AT
DFEE, E=r73Ix1, TIERFHI180F) T 21T~ 72,

13 DI EHRITEGARYT Y 7 N U = TRl TR LT, BERDMELE L 7R WWNER S D FREE 22 3
v 77Ty RELTELGIWER, ROy MREAZ32-bIUIAHBL, ©7 L DEZ
JeFBICEBR L. CEEBREES) o /A XZBRET D0, FRIEZEAVDAT 4T
YT ANE =TT, RO, S8k (ROIDFRE) 1%, imageddD 77 7 A 1 Particle
Track Analysis (PTA verl.2) (https://github.com/arayoshipta/projectPTAj) z AV TITV Y, B2 &L
E230.9LL b, ¥ XI5 7 LT OLL b O &R L EFR LI, M SN Enb 0
AT E & AR HEHE L, Origin7Y 7 s o = 7 (OriginLab) HNTE X R 7 Z A2 7 a
L7z

HFLAEFE TN F — DS

LA COLE LT B 2 el 5 72912, Life Technologies (GeneArt® Strings™ DNA
Fragments)?> & == K % b M@ {k L7- mNeonGreen @ DNA Wi ZHE A L. GeNL o
mNeonGreen & &#2 1 7=, eNL U —X® DNA %, #l[REEFEY A F BamHl Z&iet o A7
7 A ~— (F-BH1-koz-hmNG for GeNL, F- BH1-koz-gfp_1 for CeNL, YeNL and ReNL, F-BH1-
Nluc_1for OeNL) & fill[RE% 5841 k EcoRl Z & ieT > F & 2 27T A <~ —(R-ER1-x-Nluc_171)
PCR T L. Ncol/Sacl fill [RE#58 TALEL L7z, Z ¢ DNA i/ %, BamHI/EcoRI fill BRE% &AL
X7 pcDNA3 & T A 7 —3 2§52 & T, eNL-pcDNA3 #1537, <A F vV —AZ
RIESE L7202, HIREEREY A & BamHI 25Tt A7 T4 ~— & HIIREEHE T A K
EcoRIl & Ser-Lyn-Leu (~ VA%V —ARTERS]) 22— RT 25 DNAZEH7 TR
75 A ~—(R- Nluc_171-SKL-x-ERI)% FI\ T PCR %17\, pcDNA3 ([ZH 7/ a—= 7
L7z, eNLZ I bz FU 7 #MifaEE, B~RESE2729DIZ, Nano-lantern O X F = K

U 7 3B % —pcDNA3-CoxVIlIx2-Nano-lantern (B ¥ b7 B b cAF v X —FDH 7=
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= F VIILIZH KT 2 Ry 7 Fv), Mg i~ 27 # —pcDNA3-lyn-Nano-lantern (Lyn
F—BHRD VI P ARSI U R A VBB, BRIEFE LR 7 # —cDNA3-Nano-
lantern-H2B(t A k>~ 2B)? Nano-lantern fil 51 % eNL (@ #2 L7 Y7, /M, /MaE~FRTE S
27212, Phamret D%/ IMAFEH -7 % —pcDNA3-Phamret-fibrillarin, /NEASEH RS 2 —
pcDNA3-Phamret-ER (B /L LT ¢ % = U L HRD U 7 T IVEH, /NasARE S 7 L ERS)).
@ Phamret B % eNL (Z{E#L L7= ¥, eNL & ER f&FFL 7 VEHIORIZIZ, 57 I/ BBh
75U 1 —(GGSGCT)AEENTWD, "XV UFTy, BEAUVFU B-T7F
VICRTE & B 7212, pcDNA3-paxillin-Kohinoor, pcDNA3-zyxin-Kohinoor, pcDNAS3-
vimentin-Kohinoor, pcDNA3-Kohinoor-p-actin @ Kohinoor fit %1% eNL [ZE#i L 7= %, eNL &
NED O BERACTF Y VR OMIZIE LT T OB RDLY U —
(GTGSGGGGSGGGGSGGS)., eNL & B-7 7 F L Dzt 20 7 /@b d U v —
(GGSGGSGGSGGSGGERQIST)NEENT WD, 7 7 AV VZJRfESE 572912, pEGFP-N1-
Kohinoor-clathrin @ Kohinoor Fii%1]% eNL (2@ #2 L 7= 3, eNL &7 7 2 U »OIZIX 12 7 2
BB 5 Y B —(RSRAQASNSAVD) & £ TS, GeNL ZB-F = —7 U NI RTE
SH %712, pEGFP-N1-p-tubulin-Kohinoor @ Kohinoor A% % eNL (2 &4 L 7= 36, eNL &
B—F 2a—7 UV ORIZIE 21 7 V675 Y 1 —(QSTGSGGGGSGGSTVPRARDP) )Y
EGEN TS, CeNL, YeNL, OeNL, ReNL Zp-F = —7 U VNI JGESHH7-9HIZ, PCR T
HEWE X7z B-F = — 7 U U Ed% & pcDNA3-CeNL, pcDNA3-YeNL, pcDNA3-OeNL, pcDNA3-
ReNL @ eNL @ Ejfilicr 77 m—=27 17, eNL £B-F =2—7 VU ORIZIZ 23 7 X /1
N7 % U 2 71 —(QSTVPRARDPGSGGGSGGGSGEF) 3 & £/ TV 5, GeNL Z#E > F =V
NIFRAESE D720, PCR THIEE N/ F 2 VY Vidd %, pcDNA3-GeNL @ GeNL &
FlcHh 77 m—=271L7, GeNL & U ¥V YV —AICRTES 572 HIZ, PCR THiE 417
LAMP B3l (U Y Y — AJgfeE s /X7 'E) %, pcDNA3-eNL @ eNL @ Ll 727 v —
=7 L7z, eNL & LAMP ORI 17T T X /572 % U 71 —(GTGGGGSGGGGSGGSG)

NEFENLTND, LAMP & E K=V 2 ® cDNA E25i%. mRuby2-Lysosomes-20 & pEGFP

41



Vinculin 7 A R&7 7L —hrELTPCRICEKVEIES N, ZNHDOTTAI R
IZ. Michael Davidson & Kenneth Yamada & 11273 5- L T 72720 72, (Addgene plasmid # 55902,

50513)

HeLa AR DFRRL & R E B ORE

HeLa #ifid 2 37°C.5%CO2 51 T T.10% ¥ I IR i (Fetal bovine serum, FBS, Sigma-Aldrich)

% &7 DMEM (Dulbecco’s modified Eagle’s medium, Sigma-Aldrich)is#i ¢ L7z, U 7
VUM ATV A IS L, 27— I Ta— a3/ mm AT AR NLT 4 v
2T 24 WEfEfZIZ 70~80% D 2> TNy o —|Zi B X H TV, T4 v = 1 iz
X, 500 ul OPTI-MEM(Gibco) 2B fm - E AFRIK TH % Lipofectamine 2000 Transfection Reagent
(Life Technologies) 10 ul & 7' F A X R X7 ¥ —4 ug ZIRA LTERIEE Mz 1=, 5O
TAI R Z—%FARHITEAT BRI, ENENDT T A A 0.8 pg T2REG LIAEE
(IR AT LTe, WIRE A T 6 BpfHfR, SRl L, S 512 16 B E &R 21T
Sl 7= /=Ly RELFBS DA - T2 DMEM B AcHA L, BIZZOEATIC 7
U~ T IR E BASIRE 20 uM (2725 KO ICA A—V 7 B -ICIRIN L7z, Rl o
REIZIL, 100 fE0%M L > A(NA L4, UPlanSApo, 4V > /S R), EM-CCD 7 # < (ImagEM,
AR b =2 ) Al AT ALF IO BISLBMEBE(LV-200, AV > R R) &AL, 7T &
U UEgH & CeNL DG % o 37 B OALFHCEE OfRsZ 13, 100 505 L A(NA 1.4,
UPlanSApo, 4V > 3X), EM-CCD # £ 7 (Evolve 512, Photometrics) % fi x. 7= 5t I 758

EE(X83, AV RV EfEH LT,

V=TT oIV THEERVERNT N T —REA A=V T

<~ IVF N T =R NEG ST 5 7Dic, 5 FEOME ¥ 237 E  (miti-NLuc, ER-CeNL,
GeNL-fibrillarin, Lyn-OeNL., ReNL-H2B) 7233:3#i4 % HeLa MlaOF BB A LL D 5

DT 4 VH—% L CTHUAS L 7=, Semrock FF01-447/60 filter, Olympus BA460-510CFP. Semrock
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FF01-525/35, Semrock FF01-562/40, Semrock FF01-593/40 IRIZ, TN ENDFEE X L /X7 E
ZIEET S S FED HeLa il AZ Rl — D7 A NF— AT DY vT 4 v 7 TG LT,
ZDT =6 AT NTLT U IF T T ORBDOERE LI, ZOREERWT, 4
JEHL U= M4 2> 5 NLuc, CeNL, GeNL, OeNL, ReNL ® ¥ 7 F v &5yt LTz, 7 F LD
B, TR RV U MR OBE I PrizMage Y 7 h 7 =7 (Molecular devices) & L

7"/’
—o
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2.4 SEBRRER L5
2.4.1 ECEALSEIRIEH R0 B DI R D AT

BEFE L7z eNL 3 U — X D¥EHL & o R B DRI AT MV EARIE LTz, & DfE 8 CeNL,
GeNL. YeNL., OeNL., ReNL OFEW A7 bLiL, N2 475nm, 520nm, 530 nm, 565
nm, 585nm [ FF e — 7 RAZ 7~ L7 (X 2-1), CeNL, GeNL, YeNL [ZBIL Tix, 12X
T ORI E—ENE XTI EINDORNDOHBDBBR ST, 7o, OeNL, ReNL (Z2W\W T

TR TH =B DFENEED NLuc 225 DFENIRED 4%, 25 ThH o7,
a b

CeNL |7 mTurquoise2acio 2P 3 —
LH §
OO i e
£
GF E
YeNL [T Venusaci2 Zj_ 2 051
AM N
w©
OeNL [ [2 mkox 2] £
B =z o¥ . , ~
400 500 600 700

LEGGSGGSVSVIKPEMKKVEDAVAHSTLEG
Wavelength (nm)

Rent R ueas™|

RL
2-1 ENEALFERN L X7 eNL D K A A A & FBCRHE (@) 10 eNL O,
FERTFTIIE AL DT 2 BES. (b) 7V~ VU RINEET (20 uM) (I281F 53
HART "v, KX NI EORRFENE— 7 THEAL

A EBA%E L7z eNLs DIGE A BEF DO HEZ 37 B L g LT, FIE AT R rdd 350
nm - 800 nm {233 1T 5 I CIREE Zflfihic, B FE BN — I ERE 7oy ML (K
2-2), NLuc IZ%f79 % eNL ¥ U — X DI OV Tilgam 9 D 72912, Milfhix NLuec o4
FEHREE THRRAL L T 5, CeNL & GeNL IZ2WTIE R —T& % NLuc @ 2 %, 1.8 (%D
FEEE AR L, BIETRENHR I N, L2 L7225, YeNL, OeNL, ReNL (&2 TlE NLuc
? 055, 0.7f%, 0.7 fFOME AR L, BICHEOHMIIRONTHIEEL R LTz, eNL TV
— XDV, Nano-lantern & U — X DxtIn T 5 AR L LR L T, 2 {5~8 5272572,
Z DOFERIE . NLuc D FLEAHHEE 2% Nano-lantern > V) — X d K —_ 372> RLuc8_S257G,

RLUc8.6 DFN% Ll ~/-7=dThiHEEZ LN,
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®20F I

Q CeNL

&t ' GeNL{

?

15 F

£ i

£

310 F Nluc e ReNL

D : OeNL!

Nost YeNL | '

g ' I ONL-

= CNL“Riuc8  «YNL

Z O [ [ [ [ 1 [ [ 3 1 Il Il Il Il 1 [ [ [ [ ]
400 450 500 550 600

Peak wavelength / nm
2-2 i x DALFIEN S X ORFICRE L — 7 R OB, NLuc O3 OL5R
a2 W TERgIL, =7 — —3EEREEE RS,

242 FRET IZ X B3R A 1 = X L DR
CeNL & GeNL TH.ONTZFHENHEHRNROER ZHET 572012, eNL UV —XB LW

NLuc D& 1203 QY & FEHIHE ke DHEEIT o7, FEELeNL & /X7 BTN HE
ZBLE IR L7t FOLIEE 2RI S D F TEIIC R OLIRE 2 E Lz, B
ELDDIENIHERT D E TORORRIIREND 7+ b BEFHE L RN LR ERE D
STECERT D2 & T QY BB LZ(X 2-30), £7o. BEx A AVEIRESM FICE TS eNL
OEERBEEOVEELMEL 7 my D& FIHENI DY X X7 L ORUTHE
ST, ERFTHZENBHIESNZ(X 2-3b), 2D 7 r vy e QY MoEHEINZI Y R-

AT VB Kny Vimaxs Keat 238 2-1 1ZR LTz,
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a 2500

— Nluc — CeNL

2000

1500

1000

500

Luminescence intensity
(108 photons)

0 | |
0 50 100 150
Time (second)
b 35
= 3.0
2o
S3 25
g
O
§ € 2.0 3
S 45
Q W
= S 10 —NLuc —CeNL —GeNL
= QO ’
5 05 —YeNL —~OeNL —ReNL
0 L | I | L | L
0 2.5 5.0 7.5 10

Substrate concentration (uM)

2-3eNLs 3 X OV NLuc &2 QY. HEiwm/ T A —X —DOHIE
(a) 7V =T MO EMBR. (b) BIEKISHRED 7 V) ~ 2 R ERIFNE
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# 2-1NLuc B LUV eNL D ETFRR QY LIHEiw/ T A —HF —

oY K. V imax K cat

(%0) (uM) (photon s molecule™) (s
Nhe 28 +£3.0 0.36 + 0.0038 1.9 +0.006 6.6=0.73
CeNL 42+ 1.1 0.37 = 0.0042 3.0=0.010 7.1+0.19
GeNL 45+ 1.8 0.47+0.010 3.3 £0.021 7.3 £0.30
YeNL 33+ 1.1 0.61 = 0.0088 2.0 +£0.088 6.1 +0.34
OeNL 30 £0.48 0.31 = 0.0025 2.1 £0.043 7.0+0.18
ReNL 26+ 1.0 0.49 + 0.0064 1.9 = 0.069 7.3+0.20
Rlucg” 5.8 £ 0.63 2.0 = 0.057 0.22 +0.0018 3.8+0.12

a) 0.1% BSA s & & THIE

eNL > U — XD I A E Kear 13 6.1-7.3 OEZ LY BEE 7B WVIZ A 59, F72 NLuc
HRD Keat (6.6 51 & b RERIEWVIR o7, 72, KnlZOW T HIRIEFEROEZ R LT,
Tbb, WX T EORE F XA LD NLuc S0 OBERIEE~ DR BILIET 1T
IR LRI S LT, % LT, GeNL & CeNL O QY (Z 424 45%, 42%) 13 NLuc(28%)
LW HK&E<, YeNL, OeNL., ReNL @ QY % NLuc EIFIERIZEDEEZ R LT, T72bbH,
GeNL & CeNL DI OER 1L, QY DEWT 7B 7 X —i# s v 37 B ~ZhZFE )l
FNNX—BEHNEE SO QY THELIEZ LT EMNMI RSN, L Laenb,
YeNL, OeNL, ReNL TiX QY D@\ et ¥ > 737 B (Venus 0.65, mKO 0.61, tdTomato 0.55)(Z
TR —=BEPEE TODICHED LY, QY OHABIN S 7piro7z, £72, GeNL T
I G R IR 0.80 @ mNeonGreen (2 FRET iR T F L F—BENRLE T DHICDH
B 59 QY 2 0.8 ([ZHir I EORRED 045 (1272~ 72, 2B DOREEIL. NLuc 205
DI RIE I F X7 HAD =R F =B U OIERE TRV F =N iR L T b 2
EERBTLHHEDTHDL, ZOTFRALXT—HHROS FEBEITS DL ZALRHTH D
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2.4.3 B35 O3 #1 22
HATR X 7= GeNL, CeNL DIRWIEIES 7T, FEFITD N —4 y Ny TR

DECAHM & 72 %, ZEMmARERE L LT LT T "7 ED 1 570 b DFIC A T
XLOMEIDEHFAE LT, Ni-NTA TEM SN T T ARBICE ZAF T Z 7 TTYLES
M7= GeNL # > /X278 (his-GeNL) &= [EHEL LTz, 7V~ WM UERE D A Z % Hn
THRETDZ LI T, 1L FnrbofPstamiti s (K 2-4a), A0 513
75+ 30 fHOYF- BRI S (K 2-4b) . ZOfEIE 24 THE S NI T A—F = BRHE
NofEe (89+057 ) B —FH Lz, £/213, B HOZRBNICBETDE, Ny s )
Z v RIZIEVREE & 75 + 30 D1 % Ft 7 D RBB DM & “MHAICERB T 5 Z L VA L
7z (K 2-4c), ZAUENI-NTA E~FH b 2F 00 DB OfFERE (trus=110 s and Taow=386s) 73
BEROMIZE Z Y % his-GeNL & T A K@D Ni-NTA ORI OFEA « B2 82 LT\ 5D &
ERbND, TNHOT =2, SERH SRR E— GeNL 1 b DR TH D Z
EERBFRT D HDTHD, £, bFFNE AN TH—5F LV ORESARREE 7L
L7 TORITH 5,
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- EEEN
1SRl
]
ML
Bli ki
B
HEIE
| [
HEE

[4)]
[« -}
%

b
I E 100
250 g 5 -
200 c i
> o)
2 T Of
% 150 A Js- L 1 1 1 1 1 1 J
g
T 100 4 100 .
50 4 50F
0 r | . ¥ of
0 50 100 150 200 L L L L L L L !
Photon number 0 2 4 6 8

Frame number

2-4 Hi45+- GeNL 2> 5 O F ek H
(@) HTARMZE TSN GeNL 26 LT, 50uM 7 U~ 23U L 180 B D FEt
P Cse L7ciEig, A OEBIT, £ADOBWHAOHROILREBR, A7 —/L3—(F 10 um
a9, (b) H—0OmrbBEERHNICRE SN FoBoe 2 7T A0 (o) RFE
{72 = SO BH—HRER ORI Z (L, S SIZHE—BES O ORI SRR L,
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2.4.4 K FEMILNAEE D) ~D JSTERE DO A
GeNL EFix DZ X7 B a e, £771% GeNL ISHI/ NS B ~D JR{E S 7 F L &4

HZET, (b) . (¢) 2 bz RU T, (d) /Mafk, (e) MifalE, (f) ~vd% Y —2A (0)
VY Y—Ah, (h)y B/ME, () 77F >, () Fa—T7V, (kN EACF () BEFal
Yo m) xR (n) ANFTY AJRELATRETH DH Z & DT (K 2-5), fid eNL
IZOWNWThH, D EHME, B, 2 b U7, Mk, flEE, Uy y—4a, 77

AR R L L7 (K26, 7, 8, 9), TP eNL L, HEERTHLRMENRD 5
NAETFa2—T VU ATHRER L J(TEE LI272®  eNL TN CTIXEERE LTV TV S
ZEDBRBEINTZ, TILDDOFERIL, eNL BN RV EORHEE BT D700 & 7L LT
B EAL TS Z L ERTHEDOTHD,

(0) 7 7 AV VEREHE CeNL OFE X L )7 B, BEAUROJHTE & BRI~ J/{E % 7=
L7z (¥ 2-10), ZAuE, SEATAaRgE it v 37 8 % Fiv € Wide-field BAfSEE CHIZR S
TRELE—H LB, ZoORAHEEILZs IR va—T v Ry b EFEEIL, 180 D 7
TR VBRHE mEN DA Lo vy =R —VRROBS TEAEKRTH L ¥, Sz s L,
eNL O S 7= R Ye s 7 uid, 180 HREEE D & 2 X0 BBk B 85 18 A 1 % FIAL
L2 L 2EW®T 5,
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2-5 M/ NERE . M EESE IR ~DRES 7 v 2 LT2 GeNL # > 787 B D%t
% (a) MIFE. (b) K. (c) X h=a KU T, (d) /IR, (&) MINRE, (f) A% Y — A,

@ VY YV—2h (h) BuME, () 77F ., () Fa—7 Vv, (k) EAVF () BErFa
Do m) xR (n) RSFT Y (0)7 T AY VEREHE CeNL DREA X v /7 B DOFK,
i, A—/L3—]210 pm &R,
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Fluorescence Luminescence Fluorescence Luminescence

Nucleus Lysosome

Mitochondria

Microtubule &
ﬁ’
—

X 2-6 F/ NERE NS IR ~DRES 7T 2 LT- CeNL # )7 B DO¥E X
OHEOEEfE, . S har KU T, PR, VY Y—ba, TIoF v, Fa—TJ o, A—)L
AN—13 10 um ZRT,
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Fluorescence Luminescence Fluorescence Luminescence

Nucleus

Mitochondria

2-7 HOR/NERE . FRNEE SR A~D JFIES 7 F IV Z AN L7z YeNL Z R 7 B O3k &
O, &, 2 bar R 7 /MK, 727 F 0, Fa—7 Y A7—3—F 10 um
R,
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Fluorescence Luminescence Fluorescence Luminescence

Nucleus Lysosome

Mitochoqdria

. 3 .

2-8 M/ NERE . M EIR~DREY 7V E I LT- OeNL ¥ /)7 ORI
FXOEemEfE, %, T har R 7 NMalk, VY Y—Au TI7F, Fa—TVU 2 A7
— =310 um &R,
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Fluorescence Luminescence Fluorescence Luminescence

Nucleus Lysosome

P

Mitochondria

Microtubule

2-9 MR/ NERE . MR EAR~DJRTE Y 7 F V2N LT ReNL # U /3 7 O tE X
OHOtEg, . S b R M, VY Y —L TI7F0 Fa—TU 0, A7—
L3 —(X 10 pm Z -9,
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2-10 7 5 2 ) UG L CeNL DA % o 37 B OFEHiMg, A—A3—310 pm &%
R
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245 < )VF N T —FENE B EUS

eNL Z M5 Z & C MlaN OB OIEE (R % RIRFIC AL D 2 & 03T & D &Gk L

7=, NLuc. CeNL. GeNL. YeNL, OeNL. ReNL /%, ZNENEEA 7238 AT MLV H

LTWSD, B = R Z2ELEYRTHT 4 VE =2 5 2 & THADILE K

P HEGC IS ARETH D, L LN S, NLuc BELWeNL DFEEART MARHED I

b7 =R THLHD, BETERWEDO L 7T INREET 5T v RUTHILAATLE 9,

FTIZT, HWOF v VRN~ T FVIRANEEEZHEA L TCEDODV 7P raEHT 5

linear unmixing %12 & VATV AT D43 BEE1T - 72 20, LT O Z O PR

Gy
G,
1

Gs

LIRS

0w\ (1) ()
0, Ry [ CH?2
03 R; Iklc | =| cH3 |
1 Ry / Io / CH4 /
0 1 In CH5

Z Z T, CH1. CH2, CH3. CH4., CH5 X NLuc, CeNL. GeNL, OeNL. ReNL D453 Y Hu 5

HF v VTR L7238 658)% 239, NLuc, CeNL, GeNL. OeNL. ReNL DO 4F ¢ /L~

DEGH%, BREY T T NS T _REF v 2/ (B2 1E NLue THE CHL) D3¢

ETHAMALL7Z Now Coy Gny Ony Re (FRDO nIZF ¥ RNVOFZERT) &35, LT,

BRI SR D7 X, NLuc, CeNL, GeNL, OeNL. ReNL Z=#.<Z41® CH1, CH2, CH3,

CH4, CH5 ICBIT D EHOENHEEMTHY, FNENE In o lo. low REFLTWES,

Iy
,C\
I | =
I, /
Ig

In lc. o,

|O\ |R§i\ Nn\ Cn\ Gn\ On\

C; G O0; R\ '/cH1
1 Gz 02 Rz\ CHZ\‘
C; 1 03 R; CH3
C, G, 1 R, CH4 /
Cs Gs O 1 CHS5

RoATHIDMIATHIZ IR L, ENbT 5 2 & TT

HINZIEA = LR A, EEOBMBIE T2 OEELZ 7 L T L1247V, IEMOZR G

B e e 5,
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NLuc B8 X OV eNL # > "7 B 2 BUMUZ BT S/l HE L, 2 TOF v R/ TRIGE
Ba2EAT L(K 2-11a,.b), KX VXV BEDOETF X o RNA~D Y T F IR ANEIG . T2 5 N,
Cn. Gn. On. Ry D178 %1572, N, Cn. Gn, On. Ry DTN 64782 1A L 7=, ¥IZ NLuc,
ER-CeNL, GeNL-fibrillarin, Lyn-OeNL, ReNL-H2B O&ALFEFNZ o 37 B &2 B & H 7
Mz AEL, RICTFHB7 w2 —0ky b TEF ¥ o RV TORKEGEZIRT Lz, Zh
I%. CH1, CH2, CH3, CH4, CH5 DITHIIxIST b D TH D, T HTF ¥ XL DOHHEIZ
KL TEEDOWTHEEHIE S Z LT, ZOFEBOSBELZIT O Z LTI LTZ(H 2-

12).,
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447/60 460-510 525/35 562/40 593/40

Q

mito-Nluc

CeNL-C-ER

GeNL-fibrillarin

Lyn-OeNL

ReNL-H2B

B mito-Nluc CeNL-ER

1.2 B GeNL-fibrillarin [ Lyn-OeNL
1 B ReNL-H2B

Relative luminescence

! ‘ = |
400 500 600 700
447/60 460-510 520/35 562/40  593/40 Wavelength (nm)

2-11 NLuc 38 L WV eNLs & 7 F L DEF ¥ R ~DIE NEIG O E
(@ NLuc B8 EWeNL # /37 EH 2 BMICHIT HMildz 225 5 >OFHT 1 V2 —%
MU TRAEEBELTEE., (b) KX T EDET v FNA~DY T FRNEE, ()
NLuc & eNLs DFH AT hv & SO T T 1 V¥ — DO RFHE,

Normalized luminescence intensity
o o
)
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o 5, mito-Nluc CeNL-ER

GeNL-fibrillarin Lyn-OeNL

ReNL-H2B

X 2-12 FNREIER D~ )V F B T —FE S
HelLa #lifidiZxf L C, mito-NLuc, CeNL-ER. GeNL-fibrillarin, Lyn-OeNL. ReNL-H2B % ft:3%&
B S CTRIEER Z i, (Z2) linearunmixing B2 X0 KO 7 F vz nlE LTz, (F)
DR OB OEREDE®R., A7 —A3—L10 pm ZIRT,

2-11b 1Z/R L7 L 912, OeNL ZBR< eNL v U — R 7 7 8 74 — DR — I KEEZE
LT 7 A NE—DF ¥ VTR BIBNFENREZ /R L TS, ZiUd, eNL U — X3
ML 2 BV T h NLue D BE e v R B~ L FRET M2, 77874
—IPLFEADBEZ S TNDZ L ZRBL TS, xF LT, OeNL (IR Z X7 B Tldaol
B Ry EHROFEE E— 7 38N, NLuc DI E— 7 3RED 4 (5L ETHHDITK LT,
NLuc DR E— 7 FEEZELTW T AV F —DF ¥ VO T BIRNFETRE &R LTz,
ZAUE, OeNL IFMfAFEMAEHIZIB W TR L FRET 3 2 o TWRWI & AR LT
%o IEMERERNIAHTH 525, NLuc DNERIE mKOkZFFALIZZ LN —KTHDH LE X
bivd,

NLuc 3 L OV eNL O BERIR /A G5 Z & ¢, 5 KA O M AR (A % [FIRFIC 7]
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FUbT 2 Z LIS LT, FERD 5 tAAf A= v T as N Z VRV EERHWTITY £ 75
&L M & o THERENIERHF AR L LE L T 5 F a2 v/ 7 E(BFP)., £7-
T T aE s R BE(CFP) 2D S 2 2157, Mlg~5 22 tmEngEashs 4,
® LT, 2NHOIREEIT, hERFALZ2<ATOT IR INTZEDOTH Y | A A
— VTR NIEEREREREOFAAMEZ RTHOTHL EFR D,

25 BH¥
eNL [ZBEfFDALSFE N Z o X7 8 L il 2 & 10~100 {5 DRI 24 L TV 5 D35,

W NI E LD IERES > TV D, 5% biflkist LIALFAFEC 2 o7 B O @i AL DO
METH D, AR TR LTI, ABFHIEZ T HOEFEZ QY X0ty /X
HEDNATY Y RIZEVMESEDZENHEDLN, QY IZ1E2HEA5Z LTy, E-o
T AR VXV EOF e B @I v T = T — B OIERFHEE kea DB 72
LR AR THS I,

AHFFE TR LT L 9 IZeNLOER I T= > 7 i, OS2k d 2% & ZI2hH
< & B2 TDH, T4, CRISPR-Cas9% Hl\ 727/ ARERLR N EE Z e 2. &
GVCNTEED B X B T AL T D 2 E R AlRBIC /e o7z, LocLei s, NIEHED ¥
VR ORI BLEME B E VTR T 5 Z ERREERLONRH D, FEIC
TARRNAFZHNCEAT DA, EBRIIATRTH D, eNLEHWT, ZhET
T TITBEE SN T A h o TN D E U FEE L2 & X7 B OB iR & b
L2 ENIREND,
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—E VT = T — B HEHRRIAIC K DR R OB %

31 &=

B3 R B B A 7 RN BE O 2L 2 T AR E L THL AW ST
5o TDE LT ALFFRN Y NI E EBREZAVITHEWVWE LT AR I L D EER LT o
VT RAAL DA BREDEICL VBRI TWD, RIEE TIX, o ORTREFERNZ

PR ERRITT D,

3.1.1 Hi—& 7 IS <ABFEIEOEMEREREMEFE R
H— & 2R 7 BT LSRR RE M R E O EMEIREII L 7 = 7 — B i kA

(ZHEDNWTND, Vo7 =T —BHEMAIEL 1T Vo7 =T7—EB&2 20X L, ZOMIZ
VT RAAL CETAT D, BV T RAAL COREERIGIC KD RSNV T =
T —E R S, EENREET S 2 & 2RI T %, Nano-lantern(Ca?*)iZ. YNL ¢ RLuc8
DELIZ Ca?* a2 L/ I BEANVEY 2 o (CaM) L ZDfEE# —7 v ALK TH % M13
RTF RPN A SN EZ RO T (X 3-1a), Ca* DFEEIHE D CaM-M13 A ETZAIC &
DOTFRIEN AN Mg LD RSNy T =2 7 —BREM S5, RLuc8
DFFNGFNL 2 ORET L7z R, Ca?' iz L BETREE DY 300% 2 kL7 ¥ (X 3-1b),
Nano-lantern(Ca*") %, & EJEMSHC X D IEEN 2 BB S5 2 M TEX DT v xm R
7L ChR2 &2 T v MRS HROMBMIIZ B S, LIS Ca¥ AR %22 5
LTI LTs, ZOENTHFEERDEE T cAMP #Ei& KA A > EPAC. FoFi-ATPace O
e-subunit x> U RAAL L LTHWS Z & T, (LR cAMP 5773 Nano-
lantern(CAMP)  {L52 38 64 ATP F57~ 3 Nano-lantern(ATP) 23 B % < 417= 1, Nano-lantern(CAMP)
(3. SERSMED m VR ERE B O B PEIREFIRIE T D cAMP IZ X 52 7 T VR O
+ % [ f4k L. Nano-lantern(ATP)IZ A I & D iR T ATP pEA & ATP 1M E O HEhEE
BT LT,

62



a split-RLuc(N) b :
ég’ goelenterazine-h 10 -Caz+---
( ( ,g 2 ?Split-RLuc(C) T +Ca2+—
VenusAC10 M13 g
CaM ;’E I
+Ca2+l l-Ca2+ #R 0.5
. : I
530 nm :!'é
BRET +&
) C/ o
Coelenterazine-n | " _____.

400 500 600
KE (nm)

3-1 H—& Ry I IS AL EPEREREMEFE R 3K Nano-lantern(Ca?") [SCHR Y 725 5]
1 (a) Nano-lantern(Ca?)DEHEFEL, CaM-M13 OFEEZELIZ XL Y RLuc ERALASFEHERL L
FRET 28 & THOLZ U7 ERHNT D (b) Ca*iC LD FIE AT FAVZEA L

WTNDA A= 7 N M L T HHENA A= T TIIBEDNEE LW MBS
Z AL L TR Y AR RENMEF R3S ORI TR LIGR o e A BRI
77 —=FTELAREERWVIRLIZEE R D,

3.1.2 FRET (250 < MRS REMEFR R HK
BRET-based Auto-luminescent Ca®*-indicator (BRAC)IZ CaM & M13 ~X7'F K&, w4 v

R7E Venus B L MEFIEH /7 RLuc8 TH > FA v F LizkELZ 6o 2, Ca®* D
FEEICfE D CaM-M13 HAKTERUIZ L 0 a2k a 3 MNekgiE%a &V . RLuc8-Venus
FIOFEBEAHEE Y FRET 2N Z %, 2RO 728U L7256 FRET ORE X Ca? iR
IG5 Z &b DT Ca?BE %, Venus OREIRE & RLuc8 OFRNLIMEDLFE (L
) O E LCEEIARETH D ([X3-2), BRAC 1X Ca? i L 0 L A7 60%ZE1L L, 13

Ml s v A XFZFIZBNT, FATA A=V TR TH L Z L LT,
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. b 200
480 nm c
o
/ 8
5

Venus +Ca2t g 100
G M13 «— g
;u_;j'__'_':;.w;_’.j"_'f.‘; -Ca2+ 2
CaM

460 560 660
Wavelength (nm)
¥ 3-2 BRAC DENFEFEL & Ca* i &

(8) BRAC OEIMERE DMK, Ca?' iz LV CaM-MI13 s X v /X7 BNz o8y N iptd %z
& V. RLuc8 & Venus NiT#%9 %728 FRET 23 X 5, (b) 4 Ca?iRJEIZ81T % BRAC DX
JEARY hov [SCER Y255 ]

BRAC /&, ZODF ¥ U FNDUREFICHET DL F A M) v 7 2 A4 TOHERETHD
7o BB BEIC L DRNBEDOHESY > TNVOE—2a v T —T 4 777 O
BT DI LR HELTAA—V U TRARETH D, LINLARNG, &7 F/LRENG
< —HDFENEGOLIT 1 EE L TWD Z L b, L EE RO TRERRD SR
2o
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32 HIY - B
RO ATRFEIC B D 5 EBIEMEME DA A — 0 71, TNETHEIEZ VRV E ., A%

O FITED HEREMEfR R Z -V T EDERRE T TiThh T & 7, FrMila -t
FAvEU Yy —Thd C&OIREIL, F M-SR TIXEmEN>H AT I v /I
ZAL LT D72, OERE R AT LT 5 72 DIl 2 TR ZL 22 hiEt Ye I U7e 28 & @l ¢

B EZRGENTE e, £ 5 LA ERENIHE O et 28T 572912, 311, 312 T
TR LTz & 91 P30 CHREN T~ 2 Ca# R DB M TON TE T2, LOLARR L, i
FTO(LFIRIENE Ca?HfE/RIE T, RLue 215 L72 b DICERE STz, L7223 5 T, NLuc
ZIGH L7 b7 5eME Ca? a3k, KV SN ECRERA A=V U VA2 A[RRICT 5 L H)
Ind,

KL, TE TR LI EEE LRI Z 7 GeNL %5 L L CrathRE A8 etk
CaZ i R¥E & BH%E L. Ml O @iE 7 Ca Bl 2 el L CHIZI X 2 Z L %57 %,

aREtfadt

Ca® FatH Tk L LT, 3.1.1 THI L7z Nano-lantern(Ca?*) & [EAEIC /L Y 7 = T — ¥ MR 1A
ERAWSHZ L L L, ZOHEE, RISy 7 FVEED FRET ZROEKIZHES< b
DLW L TEL . EA YT 2T —FBNTEU V> THENRERIZH LTV 5 DT, GeNL
72 Tl K B IO A BARITHLEFRE T 5, FLME Ca2HER¥ED Ca#-t v v/ K

A A > & LT Nano-lantern(Ca?*) & [f] U < CaM-M13 Z8&4R L 7=,

N7 = T —BEERIED SATIIE D b  E (LS TRV — T OfEIcE v v 7
AL EATDHZ LT AT T 2T —BOMRELHLR S 2L R<IERELLTEHI Z L
WA ST D 8, %] 1-17 O NLuc O Tl =R oot b — 7 il % TRl 25 2 & A3a]
RECHY ., MEHRICESS GHEMRRFNRETH D, xF LT, GFP O MIEFIZ # K
(CpGFP)IZFES < # etk Ca? e ndiThH D GCaMP 1, B vV 7 RAAL VEBA R TV RD

WIIZELE X% 2 & T, Ca?' B lcfEo B v v 7 R AL L OfgER b K& 7pdky 7
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FTNUEACEIZEIST T D, 165 T, NLuc NOREEL S - FEIRNIC b, IBTERIICH A 7o ff
AT A SR HDHEFH X T, £ 2T, AUFZETIIL— 7l X OREEL S U7 8IS AT
HIFAYA S A MERANIRE T D 12D EEH BRI LSO TITHAY A MR T 52 &
L7,

CaM-M13 %, Ca®*F5AHEIE N Kifi & C RO EEREN T < . Ca?iFBERFIXBEN 2 & B 2 &
NTWo, £Z T, FWRTF & Neuc ONEHICIHRA LT2ERIKT A7) —ZE L, 2
& CaHfE A RED CaM-M13 DT T V& LTc, ZORETHL D EREKEZ R ) —
=TT H LT, CPEATRICHRTEE 2 R B D WERKAZRE T2 L MfF Lz, £
L CHELNTIFAYT A R OB LT, EBEIC CaM-M13 Z#f A L 7= B RR 25T 5 =
L& LT,

HWARTF Rz Nluc ONENICIRA LTZERE T A 77 U —OMEIL, b T ARy U %
AW o AEAEREZRA L %, NLuc DT U LOMMEIZS T 2 BRI D
TF REASNIERET AT 7Y =2 L, ZOTNEH 5 ALPRIET DA REE
27 Y —=r 7 Li=(2 3-3),

Nluc

~

5 73/B ul Transposon

N I\

l Transformation

o o o

oooooo

© oo ©o o o © ©

S oo © © o
o

3357 X VNI DHNTTF ROMAZTHET D NLuc D~ v &7
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3.3 HiEEME
NLuc ® CaM-M13 AV A kDR

NLuc DIFALER T A4 7 F U —OMHELL, Mutation Generation System™ Kit (Thermo Scieitific)
FHAWTIThbE, M 34 IZ2EROBEKEZRT, 3, b F~A vV BRTERETHT Y
FTURARY & invitro BT U RARY URISERWT NIue BT T A R 2 —D T
Y HLIREFTNCHAT D, £ LT, NLuc OMisa DN ES 2 I REEE Y A F T 21TV,
NLuc &> F T VARV OAFORESD DNA Wi 24t L, Frizcffs& Uik 7 7
AI R Z =Y T ru—=0 735, ZHRICED, T7TAI RRI X =Dy JR—

B R T ARY UBFHASNTZT T AI RERETE D, ®EIZ, = T AR

N

N

" RO W IALE D T E PO R ORIREERE YA BT, =2 b T RRY xR
ELlth, 7TAI R Z—2HORILEE S, ZHUTED . NLuc O 7 > & L7 T
53 RUnb7% DNABSIDMEAS T ERIKT AT T ) —%2B52 L0nTE D,

invitro kb 7 AR Y UL, 280 ng @ pRSETe-NLuc & 4+~ A v ViitEEs %2 &t
M1-KanR =2 T 2 AR YV EHWTITo 72, BUNMEEY TRIGE XL-10Gold % 2 & fin
L. INWR=v b~ A 2025 ngml H)EETe 2 0 10 cm LB 2RI EICHEE L
72, 37°C TLR2EFEIFEE LI-th, 7 _XTCOS L —Frhban=—%2nh& L, 77 AI V%
FEEl L7z, 7T A 2 RZ2HI[RR:FE BamHI/EcoRl THLEL L, 7 4 v — R VERKEI T A X
T Lo LT, 1.6-kb DA XD, K% (0.5 kb NLuc + Entranceposon) % [E14¥, DNA % #
L. BamHI/EcoRI fl|[REEFEMEE X7 pRSETs & 74 7 — a3 v Uiz, MULEMT XL-
10Gold ZJEEfisHa L, W A_=v o &2 ETe LBEHIC—HIRE S 58 Lz, 77 A I K&
MU, BT ~A VUG T 2R ET D OIS HIBREESE Notl TULEEL 7 Hu—A7 VE
RIKENTH A X L2 LT, 3.4-kb DY+ XD/ K% (NLuc+pRSETg) % [m]L, DNA
A L7z, i &7 DNA BRRILSE 5 2 & T, 7 X ARAMEIT 15 s A3 A
SNTT7A4 77 ) —%HT,
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NLuc

BamHlI EcoRlI
pRSETg

MuA Entranceposon
Transposase

Karf

1. BamHI / EcoRlI
2. Size selection
BamHlI

EcoRlI
[ |
[ | I

] .
Ligation
Notl Notl Notl
\ / \
o k
. Notl
2. Self-ligation

Notl Notl

O Q.

3-4 NLuc fi ANEFAK T 4 75 U —#EE O
“Kan™lI B F~ A > itiEfsE S, “BamHI”, “EcoRI”, “NotI”IXHI[REESE 1 b ZRFkAC
. b L ITHIREEZ £,



COERIKT AT T U —%H T, IMI109(DE3) % I & #inffs L LBFE K ES Al L 7=, 37°C
TI12ME/], 23°CC0MEMEEE%. 5uME L > T T VU -hZ2ETePBSE IR L7 VA A —T
—(LAS-1000. GE Healthcare)z T, FLEGE G L7z, O \Wan=—304 > 7
Ty 7L, IRISLBESHI CL2WF[EIEE 2 L 77 A I AR, DNABLY 2R E L7z,

Ca*" iz L W K&y VPN % 5 %2 5 NLuc DAY A R EZRLRETH720
IZ, TorA protein export plasmid (pTorPE)ZfiH L7z, ZHUT LD, Z /X7 HIZ KGR O~
U 77 X LOFEIZ#E S CaZ A FE A SNTRIBIZ /2 5, 7o, XY 7T X AFERICH B
TLHUNIEIR, RBEY a v ZICRVES T T2 2L TE D ®, NLue DEIEF
% Sall, Hindlll #IpREEZE YA R & LT, pTorPE X7 ¥ —cH 7/ n—=17 17, CaM-
M13 ¥ > /X7 g % 22— K3 % DNA Wi i %, pRSETs-Nano-lantern(Ca®*) 600 77 A I K%
Ncol/Sacl fillfRE#%sE CRLELT 2% = & T L7, pTorPE-NLuc O AW A T, inverse
PCR 7£% v T, Ncol/Sacl HlfREEZ YA R & H A L7=, pTorPE-NLuc Z &8 & LT, HlfR
EEEY A b Sacl Z G Tet L A7 T A ~— (F-Sacl-Nluc_38, F-Sacl-Nluc_64 F-Sacl-
Nluc_70, F-Sacl-Nluc_98, F-Sacl-Nluc 104, F-Sacl-Nluc_108, , F-Sacl-Nluc 122, F-Sacl-
Nluc_149) & Hi[REESEH 1 & Neol 25 Te T > F & A7 F A ~— (R-Ncol-Nluc_37, R-Ncol-
Nluc_63, R-Ncol-Nluc 66, R-Ncol-Nluc 69, R-Ncol-Nluc 97, R-Ncol-Nluc 103, R-Ncol-
Nluc_107, R-Ncol-Nluc_121, R-Ncol-Nluc_148) % H\ T PCR {EIZ LD 7T A I ReR %1
i L. Ncol/Sacl il pRE%sE CHLEL L 7=, Z ® DNA Wi f % . Ncol/Sacl il [RE% R ALEE X f17= CaM-
MI3WifT & T A 77— a9 22 & T, NLu OFFAERY A HIZ CaM-M13 23 A Zdv7= 28
BARE G2, ZNUOEREKEZ T XTRES DY, KIHE DH10 [OJBE# L 0.02%L-7 7 &
) — A gte LB EREEHIZHERE L7-, 37°C T 12 B ##%. suM Lo TV -h 25
ie PBS ZWsI L7 /LA A —3 v —(LAS-1000, GE Healthcare) % H\ T, LMWk 2 s L
o DV an=—%2t vy 77 v 7L, #IK LB HHT 12 FRIFE L 77 A I REHRL
7o RIGHBREHRO—IL, 2BBEHO A7V —=v 7 nbitlc, REEO~RY 7F X

I DIRBIEY a v VIETHZ R E e L, CaMRIFRI R B E LA L 2T~ T2,
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CaP KAEMI 7R R TREZALIE. “GeNL(Ca2)® in vitro BefEE-M” T1T - 72D & [FEk D HiET
AT,

GeNL(Ca*) D%

PRSETb-GeNLDNLUCHZ0>66/67,69/70% HIZxtid 5 A MIZNcol/SaclfilfREER Y1 %
HAIHILT-DNAK %, inverse PCRYEIZ &L V3% L7=, pRSETb-GeNL#A#i#! & LT, flfR
B#EY A FSaclx&tert s A7 F A ~— (F-Sacl-Nluc_67, F-Sac1-Nluc_70) & HilfRE#E YA
NSaclz&de7 v F v 275 4 ~— (R-Ncol-Nluc_66, R-Ncol-Nluc_69) % U TPCR ik
(2R 7T A FERZHEE L, Neol/SaclfilfREE THLEE L 72, Z ODNAW %, Ncol/Sacl
HFREE B LI S 7= CaM-M13WT f & Z A 7F—3 3 35 2 & T, GeNLONLUciHB{Z0>66/67
HRALIZ CaM-M13 723 i A & 1172 GeNL(Ca?h) @673 L 1YGeNL ™D NLucHB % 7 69/70 B |- CaM-

M13753# A X 4172GeNL(Ca?")@70% 1572,

GeNL(Ca?"DZE BB DIERL

GeNL(Ca*")@67DCa?"IRRED A 5 X # BT % 7=, CaM-M13 & NLucD CA il i ioxt LT,

T T —FHPCRIEAHNTT U F LIERAZFEAN LT, HIIREEHED A FNeolZEde | HilBR
%Y A FECORIZE LTV F LV AT T A ~v—%HW\ T T —i¥PCRIEEITV, CaM-
M13 & NLuc CoR i lr i % #liE L 7=, #5DNA T & % pRSETB-GeNL(Ca?")@67 (200 ng/uL)
05puL, 10 pM &> 2 7FF A =— (F-Sacl-Nluc_67) K7 > F & A7 T A ~—(R-ER1-x-
Nluc_171)Z451.5 L, 10xdNTPIE#E (dATP2.5mM. dGTP2.5mM. dCTP9mM, dTTP9mM)
5 uL, 10xPCR bufferixi% 5puL, 8 MM MnCl,2.5 uL, 5mM MgSOs2 pLZ B8, #BHiKIC X
D A&FH49.5 pLic 72 5 X 5 IZFR%¥E L 7=, Takara Taq (rTaq polymerase, ROO1A) 0.5 uL& #shi L,
T T —#EHPCREIT -T2, PCRY A 7L, 94°CI35y & 1EI{TV >, KIZ94°C/30R—60°C/305)
—T2°CIN53 %300 A 7 ATV, 4 IZT72°CI553 & 1T - 72,

ZEH DNA Wiz, ZREREAZEDARW PCR, VY77 u—= 7 LREREEDFET,
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GeNL(Ca*")@67 ® CaM-M13 & NLuc @ C Ky L BT 52 & T, BRKT AT TV —
e, TOERIKT A 7T U —ZHT, IMI09(DE3) % JEE s L LB J& KEFHICHEFE L
72 37°C T 12 FFHIEEE%Z. SuM B L VT TV -h 2G5 PBS ZIRINM LT VA A — ¢ —
(LAS-1000, GE Healthcare)z T, FNHEBEZEG L7z, lo\Wwar=—Z2t vy 77T v 7
L. iR LB 55T 12 RFRIER L7 7 A RERK#R L7, Hb#ALL, #1433y 71y
UMK EWARIKE GeNL(Ca?) L 41T T,

70 DB & FFoGeNL(Ca?) & B {K % | inverse PCR{% % A1\ TCaM & M13fH i
HarrBEE0) U —B I UCaMD102%F H O ILICE R A28 AT 5 - & TIE L=, PCR
7. GeNL(Ca*")-pRSETe 77 A X R&#AI L L C, W MICERE LI 2O 7 74 ~—%
FWTPCREATWS T A3 RefElZHE0E L, Self-ligation LERIRIL L7=, 12FHD =2 K%
TNEI Vg a— RT5a RAGAANCEMR LAY A X7 LAF REHWLZ LT 7
S MBERERAEAN LT (BHLEZAY X7 AT R F-CaM_102Q, R-CaM_102), %
7=. -Gly-Gly-Ser-, -Gly-Gly-Gly-Ser-, -Gly-Gly-Gly-Gly-Ser-% =— K3~ %5 DNABLYI Z$F A L
oAV IX T LAF REANDZ LT, CaMEMI3DB DY w1 —I27 X/ BRff N R %8

AL WERH LAY IX 7 LAF R R-4GS-CaM, R-3GS-CaM, R-2GS-CaM, F-C-M13_1),
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3.4 FEBFER LB
341 W7 =T —PERERIEDT- O DM EY A~ DR

T U AREB =R LW BERIT, —xt Dfin & AR 2785k LR O RES %2 7 ) LD
T B LILEIE ST HMEREE A LTS, 20 b7 U ARE— ARG E W T, NLuc
Za— RT577AI NIZR LT invitro TEEEAZEZSET, 5 7/ BrbR b7 F
RAYNLuc D7 o ¥ LIEITHIA S NIZERIKT A 75 U —%Epl L7z (X 3-4) ¥, ZD
FAT IV —2ANT, KIGEZPEE#R L, TR L —h hicar=—%Z2{Ff LT, BL
YT TV RN LT RRICARRIICIA S < D R e =—2 By 7 7T v 7 LTz,

DNA-L—% V ZADFER, LR O 10 fEFTIZ T F ROMEA SN B RENE L L2
L W5yino 7=, 37138, 49/50, 63/64, 69/70, 85/86, 97/98, 103/104, 107/108, 121/122, 148/149
(X 3-4a, 7R/ THNA T4 F) 10 FEATETIZONT, CaM-M13 ZFfiA L7z A N
7 MEERL, BRY L7 BIZ K D Ca? BN A Tl L7 R &2 <7 (X 3-5b), 10 T
DM, 37/38, 49/50, 69/70, 85/86 2N A E /LI TR L. T DIINDOLERARIIEAENE 2
FERIT R 5Tz, 49/50, 69/70, 85/86 7% Ca*™{KAFHIZRFNIRE (XA F I v 7 Ly 22%,
66%. 53%)D 2%~ L= (X 3-5b), &t Ca?™ {KTFMI7e s 7 F IVEAL B K& )y - 7= 69/70
ZHERY 7 CaM-M13 i A YA b OfEEsdi & L7= (NLuc(Ca?h)@70 & FES), HEH v 7 B~
O FRET IZ X 256820 3 & 0F 8 TRIH 3 5 7212, GeNL @ NLuc HAzo %3 % 69/70
FHIZCaM-MI3 A L7 v A N T 7 M &ERk L= (GeNL(Ca?")@70), THIL7= &30 |
GeNL(Ca?")@70 1T ENRERE T 7 L, C'c L 5 v 728 b &I% NLuc(Ca?h)@70
CIRIEFE L 60% Th o7 (K3-50), T7hbb, V7 =7 —BRHMEMRIZES Carry
> ZIE NLuc DHF TR LT TB Y, 77 '8~ % —® mNeonGreen D& &)X FRET 7 7 &
TE—L LTRNEES VT P IERARE LR IE L2 T, Caer v 7S
Lo iz,

NLuc @ 69/70 & H Dk, X 3-5b /R L2 X HICpA b T v R &v— T HEIk D55 i aEIEk

WAL LTV, 7. fihod Ca? sk % 7~ L7~ 49/50, 85/86 & H DAL & 4T /L— 7 Hal
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A& LT Y, L— T~ CaM-M13 DFF AN Ca?' B Elc & > T, HETHD Z &R
BIhic, 22T, KOVRERITINVENEEL G X DAY A NERT D720, 69/70 &
H OFRENLES 20— N D 66/67 & H 28 /- 72t AH A F & LT H L. GeNL @ NLuc
ERALD 66/67 FHIZ CaM-M13 ZffFA L7222 b T 7 bk b 1ERK L 72 (GeNL(Ca?h)@67), *
DOFEF, GeNL(Ca?")@67 1L 180% &\ 9 GeNL(Ca?")@70 LV b K& XA FIvr Ly

Fos LTz,

Cly /Leu,,
v

Gly,/

1.00 - m Ca*-saturated
0.90 h H Ca*-free 1 | —GenLca®) 2(4)
| ===GeNL(Ca®)_70+Ca?(-)
i (Ca?")_67+Ca®(+)
(Ca?)_6T+Caz(-)

(
020 (
(
(

0.6 | ~=eGeNL

o

—

o
T

Normalized luminescence

......

Relative luminescence intensity

400 450 500 550 600
Wavelength (nm)

3-5 NLuc ~® CaM-M13 i AW+ kDR
(@) NLuc @ FH| 3 R ICIEEHFICRBIT D 5T X VNS5 X7 F ROMWAZHFET DA
b GRS EHOTAA T4 b)) A& GeNL(Ca?h)DFFAY 1 b 66/67 &k, & T/HNA T4 k.
(b) CaM-M13 ## A NLuc Z ¥4k Ca?* 7 U — « fAFNGE T CORNME, Ca¥ it T

@ NLuc OFEICHREE THM L L=, (c) CaM-M13 ##i A GeNL Z (kD Ca*~7 U — - fAfnss
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T TORNEART MV y
Ak, FRHR:GeNL(Ca?)@70, Hi: . o
Sefb. g T ) — ( )@70. & #%.GGNL(CaZ )@67. FHL-Ca2 i fn
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3.4.2 ALZEFELME Ca* FiR 3 GeNL(Ca™) DRBRE N /3 1Efb

GeNL(Ca?")@67 DX A FT I v/ Lo Va1 #{LIETRICED D ZEZHE LR,
GeNL(Ca?")@67 DI NIRE X Ca FEAIRETH > TH, GeNL DFNIRE D 20%FEE TH
ST, I T, CaPIEAIRIETRIEHME N K E LV GeNL(Ca?)@67 BRIk E A7V —=2 )
THZET, XA FI v 7 L YonbIcFHET D ARG E Tz,

LNLBRS, 5RO TV T 2N AZ V== ZIIRMES NS 5, X7 T VT
OB D Ca?*PRELIE 100 nM FREE LK< | BRIKT A 7 U —1% Ca A IRRBIZ 2 » T
W, FIT, BEREEEZARITVTORY 7T XALERICRASELZE2E27-% R
T R LFEBI TS BREE BB TR T DO TWD A, Ca2 72 E DA A IR S S LA
GhETRICA AV BREICENND Z 227D, £ LT, LB §5#io Ca?BEIIuM L > U Th
HDT, BERED CaM-M13 |2 C'ZH5E LTRBIC I DL Z ERHRD EWIFRF L7,
GeNL(Ca?")@67 & TorA # v /X7 E & @&+ 5 Z & T, GeNL(Ca*)@67 % /X7 7 U 7 DY
7T AL ST, COREBTHLS BT HEREKE Y Y I T v 7 T5HZ LT,
CaZ"#iE R HE TRl e B BUR DG H AL, Ca?™ 7 U —IRBBOFMTREE D/ N ST AUTZ A T 3
v 7 LY om b iR LT,

TorA-GeNL(Ca?")@67 ® NLuc-CaM-M13-NLuc 5712 =T —#53E PCR # W\ T Z ¥ AT
BHREEN UK x e BRREER LTz, 2O TorA-GeNL(Ca?h@67 R T A 77 U —% "7
TUTIWREAIET, av=—%2FERIETCIVHLI K2 D2y 7 T v Lz, 2D
LI UL TRIBENTY 7 FAVE(LEDR A Lo ERK (CaM NIZ 3 DD ZE 5L K30R,E114V,
V142E) %#[EETAHZLENTE, ZOar AT 7 h&a5H%IL GeNL(Ca?h) & FE5,

LEZERPNE AN STz CaM @ 30, 114, 142 FHY, Ca*'f5iH D CaM-M13 HA KD =
WICHEED & ZANLET D D0 %X 3-6 IZR LT-, CaM-M13 &KX, a~V v 7 A Th 5D
M13 73, CaM OWHE A Bl L7z X 5 ZefiE &2 o T %, 30, 142 & B ORI, SMIlZ 1)
SHOMBOBREEIZEEH L T, & LT, 114 3% H OFFEIIPRI D M13 ~[A1 TRISH Z i L

Tz, 14 FZBHOEEN I NV I VERE) LAY (VICER S CaM & M13 OFF AAE
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F3i8R < 720 73] NLuc O Rk 223 2 & C, Ca?*fE &R GeNL(Ca?") DI LR % i
SHZEWEIND,

3-6 CaM-M13 AR 3 kot D U AR &= (PDB: 2BBM)
CaM ZLfa. M13 ZHEBTHA T4 IR TW5D, FFRADOEKIL Ca¥v#*K 4, Ca¥2F 1L —
FLTWARRE, BIXOAEIZENEASL7- 30, 114, 142 & H OO S AI8E 2 £ R,
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3.4.3 Ca?" HlFn {28 BAR DRk

X 512, GeNL(Ca?")DFFEDEATICA R A B AT 5 Z LT, Ca? " Ioxt L Thkx 728t %
H3 5 GeNL(Ca*) &2 ER L7z, SEATHIE/ D, CaM @ Ca® &1 MMZdhi=d 104 FH D
PRIEE TN I UNOET ANRT X UBRICT HZ LT, CITHRT HBFMER R LT 52 &M
HOHILTWD %, F/o, CaM & MIB DD Y v 1 —%E< T5Z & TH Car ~DFFPEN
M 3%, GeNL(Ca*)® CaM-M13 IZ*f LT, TN HDOEREZHA LI TDO4 DDA K
77 MEERLTE (K3-7),

M13
GF

GeNL(Ca?)_60 GGGGS—

E104Q
GGGS—

|

GeNL(Ca?*)_250
E104Q

]

GeNL(Ca?)_480 GGS—
E104Q

GeNL(Ca?*)_520

!

GG—

- CaM_K30R_E114V_V142E

3-7 Ca?*#E8/ 3K GeNL(Ca?) D K A A UM, A FEFIIE RAAL D07 IV BE S

3.5 R

SHORTFHOCME CPHERERS T, BRI E B bh—ommERk e v Z oD H i
[73o> TV EFAREIND, A HIBIF L7z GeNL(Ca*) D Ca? f Hikt#E 23 . NLuc O T8
RIIALTWDH Z EZRLTE, - T, 1 ETREH L7ZD L[RERDFIET, R, B
BRI BEENAT Y » BT 52 LT, AERFERED I Ca® fe /R FEB %
DELND EHIfFsD, Fio. AFIBA% L7z GeNL(Ca*")ix Ca? fi Gz VT,
CaM-M13 DFf A LT 720 GeNL & Hhi LT 30%FEE DI 5 S L L TV Rd o7z,
> T, 342 TR LTz Ca¥fEEIEICI D WERK A X 7 U — =0 79 2 4y 1L FEBR & i

DIRLER Dt —DEtEalb 2R A D MLER D 5,
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WWE AL IEE N T B A F LRI O YR AN

4.1 &

RO ABLREEIC B b B A BIEEME DA A=V 713, ZhE THEZ VI E, A
HOGEARITHD HERBMEF R 32 VT hEDLRRSE T TiThn T & 7o, FRcHiflaN & >
FAYE Py —Thd C&OIREIL, FHRM-CHRME TITEmENr>F AT I v /I
AL TV D72l E OEREA AT b3 5 7o DI 2 SR ZLZRhE IR L7223 & & T

g2 TG SN TE 72, ZORFEMEDTD, #7 v —7 % AV TEngZ Ca®#iiE 4 R IRFfH
B LIINEETH o 7,

42 B - B
ARETIL, 9 3 FETHF L7238 Ca? H5/~r3K GeNL(Ca?h) @ invitro 331F 2 R 2 5l

o WIT, Ca™IRED LR-Z5I &K Z A Z MM L, GeNL(Ca?*) 3 FLlAd Iz I v T <
L EMENPD D, DNWT, TNETHASN TE 8y VRV B AkEOkEFE Ca¥ fir
L GeNL(Ca?")DIEHE & il 95, Z. GeNL(Ca*") D @ B A A —Y v 7 ~DHFH
YA RT 720, iPS MR RO OFIRIZ 31T 2 B 7e Ca? IREN & FI LT 5 2 & 2
LOR

4.3 ik AR
GeNL(Ca?"DIFFLIANR 7 ¥ — DG

GeNL(Ca?" ) DM LA — BB 7 ¥ — 2 HE T 5 72D 12, GeNL(Ca*")-pRSETb %
BamHI/EcoRIfHIPRESE CTALEE L. GeNL(Ca?")dDNAWT /i ZpcDNA3IZ 7 o —=2 7 L 7=,

7T ERE T 4V AERRIC L Xy r— 3 77T A 2 RpHelper, pAAV-DIiZ, Cell
Biolabs, Inc*’ 7> SR A L7-, GeNL(Ca?*)_5200>DNAWTF % . fHIlREE#E YA FBamHI, =4 v
IEAE G AT T A~ —(EH LAY X7 LA F RN :F-BH1-koz-hmNG) & . il BRE#
FHA FECORIZELT VTV AT FTA~—fH LAY X7 L4F K : R-ER1-x-
Nluc_171)% FHV N TPCR JEIZ K W £ Z 4L 8EE L. BamHI/EcoRIH| [REEFE TUIL L 7=, 55
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N 7-DNAKT | % . pAAV-CAG-ArchT-GFP-X 7 % — D ArchT-GFPELHI| & E#ad~5 Z & T, pAAV-
CAG- GeNL(Ca?") 520X 7 # —Z%A{E L 7=, pAAV-CAG-ArchT-GFP~' 7 A 3 K|%. Edward

Boydenf#i =75 753 5- L T\ /=72 7=, (Addgene plasmid # 29777).

GeNL(Ca?")® in vitro %14 3848

Ca?iElE, v~ 77 L —h) —=F—ZHNTITo7-, BNIEEL LT, KEEE 5uM
DELVT T Vrh EBRAW, BIETREOREIL, & Ca2REIZ OV TR 3 BTV, )
il % R B E S DO FRATIC N 2, Tl A OJRFE O Ca? Vil Ca? fafniaik (10mM MOPS, 100
mMKCI, 10mMEGTA, 10mM CaCOsatpH7.2) & Ca*~ VU —i&j#Z (10 mM MOPS, 100 mM
KCI. 10 mM EGTA at pH 7.2) Z—EDEIG TIREFAR L7z, 7V —Ca®" RE[Ca* e 1L,
EGTA OB ES Ko O 0.15 pM Z > TLL R ORISR Lz,

1
—-D + (4 X Kd X [Ca2+]t0tal + DZ)E]
2

[Ca2+]free =

D= [EGTA]total - [Ca2+]t0tal - Kd
% CaM B 2B 1T 23 IIRE O EE % Origin? ~ 7 b 7 = 7 (OriginLab) & AW T, —hak4y
Hil DX TH—T 7 4 v T 47352 LT, REEEH Ka 215372,

[Ca2+]1’l
[Ca?*]" + K7

T YT FAEALEAR 1T, AR CatREEIZIS T D FONTREE A |, Catt NS DR TR

AR =

E Imax, Ca** 7 U — (D FESIREL Imin Z VT FO LIRS, 0026 1 DfEE L D,

AR = I_Imin

Imax - Imin

GH3Mijanfl s LV Ca* M A=Y 7

Z v b FEARHIE GH3 (ATCC CCL-82.1) % 37°C., 5%CO0, 54 FC. 2.5% FBS & 15% HS
(horse serum)% &1 DMEM/F12(Sigma-Aldrich)5 i Tl L=, ~ U 73 ALERIC K 0 i

ZIINL, RUV-D-VTP o TCa—bhINEZHTARNLT 4 v =l 24 FFEH#%IZ 70~80%
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DALy INTr—|25 X HICF W=, GCaMP3 & GeNL(Ca?")DiEfnEAIFZLL T D X
AT -T2 T4 v = 1 IS &, 500 pl OPTI-MEM(Gibco) 2 fm E AR TH 5
Lipofectamine 2000 Transfection Reagent (Life Technologies) 10 pl & —i@MERBLH 2 % —4 ng
ZIRG LTICRIR A N Z 1o WERZ AT 6 RFfEfR, BT/ ic gL, S 51T 16 FEf#EE
ExIT> 72, Fura-2 OMIfE~DE AL, iz FRrE . 1x PowerLoad (Invitrogen), 5.0 uM Fura-
2-AM ([F] AL, FO16) % & ¢ Hanks' Balanced Salt solution (HBSS, Sigma)iZ@&#i L. 37°C,
5%CO, 5F T C 1 KRG L7,

ZLT, 7=/ =Ly ROEGEN TV DMEM/F12 TE# L 72, GeNL(Ca?)#EZE D=
DIZ, A A=V T OERNCT Y~V ZRfEIRE 20 pM 12725 X 9 IR L7, iR
¥1X. EM-CCD # # 7 (Evolve 512, Photometrics) % i 7= ‘8 AR ST BB (1X83, AV >3
AVEfER LTz, Fura-2 OA A— 7020, Jibi#d 7 ¢ /L4 —Semrock FF01-340/26, FF01-
387/11, ¥ A 7 vA v 7 I T —FF409-Di02, #t7 /L% —FF01-510/84 % M\ /=, 4L
v R FAMREOE A AR K < EmE T D 40 fE O L X(NA=1.35, UApo/340, F U /X
)& Wz, Fura-2 O LA ESEEBRIRGIE, oD 7 4 V2 —EZEIZYY B X
WL, TNZENOTF v o RV OFBIERERIL 100 2 U RICERE LT, BRIk e
Yo =% U T, MEPKICBINZNE HIC LT, GeNL(CP)DA A —T 7%, 3
TOT7 4B —%5 L A S TTNAT o 7o, B EFIE I A 7 B =2 T OREN X2,
13Hz 7 L— A LA N THREEITo 72,

GCaMP3 DA A — Y ZIZiL, e 7 4 /v % —0mega 475AF20, A4 7 aA v 7 27—
Omega 475AF20, #7:~7 ¢ /L% —FF01-525/45 %\ 7=, xfL v Xk, 60 fFoxm L X
(. AV RRA)EAW, BEBRERT, I AT = T OREN X2, 30Hz D7 L—A LA
N CHREE2IToTm, A A=Y T HOV T id, A7 —Y b v 7 EZEZRN(Tokai Hit,

Fujinomiya, Japan)|Z & &, 37 °C (Zfr > 7=,
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TT )REEY 4 VADOFTREL

HEK293T #ifil (RIKEN BRC Cell Bank RCB2202)% 37°C. 5%CO02 & F T, 10% 7 VHhIR
1% (Fetal bovine serum, FBS, Sigma-Aldrich) % & #» DMEM (Dulbecco’s modified Eagle’s medium,
Sigma-Aldrich)t5Hi T8 L7z, 10ecm 7 1 v ¥ = 1 K22 %, 600 ul OPTI-MEM(Gibco)iZ
BIGFEAGRITH D FUuGENERD transfection reagent (Roche)18 ul & pHelper. pAAV-DJ.

PAAV_CAG_GeNL(Ca®**) 520 D 3FEED 7T A I REZNEN 2 ug TOEIRAE LRk %
Mz 7z, 3 HiE., U A /VAZFELL TS HEK293T Mifidz, 4°C. 1,000 rpm, 5 73 DEMFT
ol L _REIEZEBRV=%, 200 pl PBS(-) TR L7-, % L7 HEK293T Mifld %, ikikaERF
(2 8 4y MHIE & BifG . 37°C DIHIRIE T 2 /3l A v FaX— K, AT v 7 Z&FNT 155
WMLIEA LTz, 2O rtER% 40 IKTZ & THMBRARBR L7, MRAIFIRIZ 1 ul
benzonase nuclease (Sigma-Aldrich, E1014)Z il x.. 42°C OEIREE T 15 45 A > F2X— kL
72, 4°C, 15,000rpm, 10 53 OFKMAFTEL L, EEEZHLWTF 2 —712B L, UL EEE

1To7-, FiEZEUL. 457 L-80°C OEGEHEICARTE LT,

iPS MDD DRI D Car* A A—T v 7

N HE iPS #ifi (hiPS, 201B7, RIKEN BRC)iZ, 37°C. 5%CO, 51 F T 4 ng/mL Rk 240
fral %5 [K] - (Fetal bovine serum, FBS, Sigma-Aldrich) %z & o532 K58 ES/iPS e H £5 i (primate
ES medium, Reprocell Inc.) T~ 7 A 7 + — % —SNL #iiz(CBA-316, Cell Biolabs, Inc.)?> T
B3 L7, hiPS a2k D AR (hIPS-CM)DIER IR TX, B TR D 7' 1 b a2 — st > TE
S 7z %, CTK ik (Reprocell Inc)Z AW T~ 1 27 ¢ — 4 —SNL M7 2 B0 B,
6cm T o > 2 nb, 80-90% 1 7L v —D hiPS Ml 2 v =—% 15mL E O F B L
7o 28T 1,000 rpm, 30 #» T B L. RIS A HY BrE 1 mL L5 (L HEF HI(RPMI+PVA)
I L, 1mL @ F » 7 (WATSON,BIOLAB) T 20 [BIE" X w7 ¢ 7 %45 Z & THEE 150
um FEEE O IERIR 24572, RPMI+PVA E5:HiiZ, RPMI Media 1640 (with L-Glutamine) (Sigma-

Aldrich)iIZEL T o7 U A v RTINS N7z I Th 5 (& 4-1),
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7 4-1 RPMI+PVA £33 71U A 2 K

A4 A =T — U IR
polyvinyl alcohol Sigma-Aldrich P8136 4 mg mL*
1-thioglycerol Sigma-Aldrich M6145 400 uM
chemically defined lipid concentrate Thermo Fisher Scientific | 11905-031 1%
recombinant human insulin Sigma-Aldrich 19278 10 pg mL—1
human BMP4 R&D systems 25ng mL
human FGF2 R&D systems 5ngmL™
Y-27632 Wako Chemical 253-00513 10 uM

R L 7= hiPS i 2. 35 mm 7 ¢ » ¥ = (Ultra Low Attachment Culture Dish, Corning)(Z#%
fE L, 37C., 5%C02, 5%0, M F TR L7-, —H#%., Bz RPMI+FBS BiHIZAcH#a L
37°C. 5%CO0, &1 F Ths# L7=, RPMI+FBS 55X, RPMI Media 1640 (with L-Glutamine)

(Sigma-Aldrich)iIcLL F D% 7 U 2 v RSN S VT2 T 5 (5K 4-2),

7% 4-2 RPMI+FBS 57U A 2 |

AL A= — RS B
Fetal bovine serum Biowest S1820 20%
1-thioglycerol Sigma-Aldrich M6145 400 uM

“H#. 805 10 HOMEKE 0.1%DETF o Ta— SN TARMNLAT 4 v a

[ZHEfE L, 37°C. 5%CO - FCEDOFE £ 5 HREHE LA SH/-, £ LT, 10uLAAV %

WIMUEGSHE, 4 HRIZA A=V U T2 ToT,
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E&4h % Tyrode solution (Sigma)lZ2&2#a L, BUEOERNIZ Y U ~ ¥ K & i fi& I 40
UM (272D X D10 A=V v 7 FEEHICESIN Uz, BEEG ORI, 100 fFox 1L
A(NA 1.4, UPlanSApo, AV > /3R), EM-CCD # A% (ImagEM, ik h=27 &) %fif
ZTAEFEFE A BISL BRI (LV-200, 4V U S EER L, A A=Y TR T v

1T, A7 — U b v RSP (Tokai Hit, Fujinomiya, Japan)(Z & & 37 °C (ZPk - 72,
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4.4 FEBRRE R & 55
4.4.1 Ca?*¥5, =3 ™ in vitro 2E4f

FEEL L 72 GeNL(Ca?h) % v /X7 B2 W TE bR R 21T - 72 (K 4-1), 3_C
O GeNL(Ca?")iZ, Ca®HEKIFMICTATREN EH Lz, WEFERD S, Ca2HTkI¥ 2 gl &4k
Kda 72360 nM 72°5 520 nM TH D Z &R boo7= (K 4-1b, F 4-1), 4 >D GeNL(Ca?")#H Fr
PEERIRZREO T D 72 ARl D% A fRBEE SO % 1T THESS, GeNL(Ca*)_480 I,
BAMEEREOR TR BRED 400%DF A F Iy 7 L YhkmrLic, LnLRBREL, Ca*
fE e REEIZ IS8T 5 GeNL(Ca?")_480 DFHXEAE X, GeNL @ 30%iX & ThH -7, CaM-M13 73

AR FIREEZ RS T DICH D 59, NLue AR STV RN EZZ BND,

a b
>
= 1| GeNL(Ca?)
S 1.0F mCa*-saturate — 60
.CIEJ | m Ca?-free 0s | _ 250
o L —480
(O]
3 04F o 06} —520
(0]
£ N
E 02 04
(0]
= 02
% 0.0 o o S '
Q
A R R REC 9 8 -7 6 -5
<~ O @) O
o PCa
O F & F

4-1 Ca?*#5/~3K GeNL(Ca?") D H M Atk
(@) 4% GeNL(Ca*")BIfnttEZE BARD Ca?* 7 U — - fgfndefh FTORNIEE, GeNL @ Ca?*fig
Fgefth T o NRE THMS (L L=, (b) Ca?YiiEhft, FilH pCa=-loglO[Ca*"]. #tih #i
bS8 7B, =7 — =%, EEREEEERT,
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7% 4-1 GeNL(Ca®") DB R 28 AR D Fri: R A

Dynamic range Relative K,/ nM Hill coefficient

! % luminescence
eNL(Ca*")_520 104Q-2G 280 1 540 1.5
eNL(Ca*")_480 104Q-2GS 490 0.87 480 1.2
eNL(Ca®")_250 104Q-3GS 190 0.79 260 1.2
eNL(Ca*")_60 104E-4GS 270 0.76 56 1.1
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4.4.2 MO EH Ca* A A—D
GeNL(Ca*N N T A TN A A=V U WM T 203 F 57291, HeLa MifiZis T

Histamine HIBIZfE 5 Ca2 B REDBIEL 2 327, Histamine (TR H OS2 BRICHEAS L. M
N D > 7 F v 5 A — K 2 5P L Endoplasmic Reticulum (ER)7> & @ Ca2* O it i & e 1tk
Ml Ca?tiRE 2 LA S22 Enmb T %,

GeNL(Ca?*)_480 % HeLa Ml —iMAVICHELSE T, 7 U~V U 2N L 7= D BfRs % B
th L. 30 FV1% (2 Histamine 10 uM Z RN L 7=, GeNL(Ca®*)_480 %39 % HeLa fifadix, ~
U~V UUSIITCHREZ 7R L, Histamine IRINZ L > TRERIRED A1 7 (V7 F VAL
210 200%) & ZAUSHE < /S AR dRIB O e A8 7 (50%) Z s L7z (X 4-2b, a DA
WROIND Y7 )v), IS, MK CTIIEREE DS O —hin» 1R % 12 b5 Uil 2~
ISR DHEN R L (K 4-2aandc), =0 Ca¥*'v = —7 O&EFFIL, #0EME Ca¥ fend % H
WTHBIEINTEY ¥, GeNL(Ca*) THRIFROBIRZ AL TX 5 Z LB bho Tz,
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26.164 s 26.443 s 26.722 s 27.001s 27.280 s 27.559 s

b G

3.0F l 30 F
i °

2.0} <ol
: : 2.0

10 1.0 p==~ P

0 60 120 180 0 1 ‘ 2 3
Time (s) hmets)

[X14-2 GeNL(Ca®*)_480% F\ 7= Histamine il 2 £ 5 Ca? BhiE DEI 52
(2)GeNL(Ca?*)_480% 3¢ Hi 4 HHela #IIC 7 U~ 20 uMIRIN LGS % #52 L 7= fE
Reo FOEBRELIL, WIHIORRTOEE L CTHAEL STV 5, HEifRIXIMD (intensity
modulated display)®— FIZTHE/RL TW 5, K L ORFFIMREALL279 ms, A 47—/
—X10um. TH %, MfENECa® v = — 7 PEIET DTS ROEIRIE D2 b & L CRIPHE
SNTWD, (byHWUADHOFEHREEZ L, KHIOKE K CHistamine 10 pMZ B0 L 72,
@D DN T T 7 OFITHIET D, fk—oE 7 —=>F L VONAFITHOLIREDN L5
L. ZTOHFMIZC' Y = — T PMEEEINTND Z ERbnd,

4.4.3 HOLME Ca* Hin gk & o LA SR

IIET, MlRNO CaEiiRIXEICH N Cat R aREEE VTR S LT & 7o, EOtE
Cafird¥ix, K& TolpEEShD, —2iF, EhY VI ENLRL BB FIca— R
SN Ca R RETH D, FFIT, GCaMP v U — XX Ca¥ DFEAIZ L » TIHEFIC K&
Ry T FNEACE RS Z LD MRS A OTEE) 2 #O T RIAL S DARERY 2 — L L 7
ST N, ZoFIE, ATHICEBEA R S NGRS T CaHErETh o | RENR L
DN Fura-2 Th D ¥, Fura-2 I Ca¥* DFERIC K-> TENFIEART ML ERE B EH
Do LTz oT, ZODORALZPET (340 nm & 380 nm) Jihitl L2 e oE i O L
REFET D2 LT, MINO CREDEEZRINT 52 Z &N TE 2,

GeNL(Ca?")MMEUER) 72 H0 M Ca? Fa/RIR L bt L €, EOREDMEREEZ A L TV D 07T
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i L7z, & /37 B_X—20HEM Ca?Erdki» b GCaMP3 %, Ay 72 ek Ca* 5
B IX Fura-2 AR HERY e brigsef e & L TR L7,

7 v N O FEREEMAE S 7 S 7 GH3 MlfEIC GeNL(Ca?*) 480, GCaMP3 % [a]— ™
7u b a— L TENENEIEFEA L, GeNL(Ca?") 480 £ 7-1% GCaMP3 Z ¥4 % GH3
Ml Zzm—Da AT =07 YL X 7b—Ab—h (30 Hz) TBIELL, W~7'nm
—7 & HIZ GH3 M DR T B FEM 72 Ca?* A XA 7 2375 Z LIZpkPh L7z (K 4-3 75)
LorL, 7 F e ) A ZDHE (SIN, A/3A 7 REOFEICTREE /IR ILKRREDIOLIREE) 1T,
GeNL(Ca®")_480 (74%3.0, 6 D DAlfu»H DT —#) DA GCaMP3 (590425, F-HfE 45
R, 6 DOMIANL DT —4) LD b4 - Tz,

WIZ, GH3 iz Fura-2 ZiE%ER 7270 ha— L zZHWCTEAL, Ly A A RNY v 7
IR TH D Fura-2 OB A 152 72 0DI21%, 2 DO R E 2 28 AAZY D B2 7208 bt
B 2R T 20 ENH D, Z0D, Hx DA A=V TOEy N7 v 7 ThED 1.3Hz
TL—AL— NCIREEZIToT2, £ LT, Tl &< A UHRESMT GeNL(Ca*")_480 D
WEITol, M7 r—7 L HI2 GH3 Ml R3 BIEM 7 Ca?* A1 7 Z R+ 2 2 L ITHK
L7 (X14-34) ., GeNL(Ca?")_480 @ SIN (12012, ‘F¥fE = ¥ERZE, 6 DO D
DT —4) X Fura-2 ® SIN (9.6£0.71, 6 DOHMfENHDT —4#) Z#RKEL ERl-> Tz, &
512, Fura-2 ZEA L7ZAIfE Tk, 10 ki ioedEE s L IR an72HI2 Ca2t A
A7 BT 52 ENRREEC/e -7, % LT, GeNL(Ca?") 480 TIZ 20 /3Ll LD A A —T
TARETH -7,
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[44-3 % O Ca 73 & V= GHIAE O H 36Ca% 2 /3o 7 DS

(7£) GeNL(Ca?*)_480 F7-1% GCaMP3 % #8195 GH3 Ml 30Hz T L7ofbR, v 7
FOVTREE L ARIRIRRED & 7 VBB EE THIM AL S 41TV %, GeNL(Ca?t)_480 % #8195 GH3
HIFIZ6 LCid 7 U =2 20 uM S, GCaMP3 % J 819~ % GH3 #lIEIZ % LTIk 130 mW
cm? @D 472nm LA U L OB A S L7z,  (F7) GeNL(Ca?*)_480 F7-1% Fura-2 238 A
L7- GH3 ffifiu% 1.3Hz THRE L7-fER, Fura-2 OfitdhiL, 340nm SEHRERE O8G0 EE &
380nm LS IRF O IR E THI 5 72 L v A DA (Fasol Faso) T 5, GeNL(Ca?*)_480 % FHl
T % GH3 Ml L CTIEZ7 U~ 20 uM ¥AN, Fura-2 238 A L7z GH3 Mifaicx L Tl
100 mW cm? @ 384 nm Y35 L 1Y 34 mW cm? @ 340 nm YeZ& A A RS LoD i 2 Hifs L
776
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Fura-2 OFHI &Sy 7T LV OiE2Y ., GeNL(Ca?t)_480 £ 7-1% GCaMP3 L1515
Nlzb DL RRLMHAIT Fura-2 DL A A MY v 7 RPEE— RITERT LB b5,
Fura-2 TiX, = DD R 5 E TRAIZNE LENENOEERE DR EZRET L7201,
OO EOREITIZREM 2 TN T S, Ml CREN, Z O T o
ML d 2 & VRO Ca? B L L IT R D v 7 NI E T 2 A[8eERN S 5, 1t - T,
GH3 fifd D B 1072 Ca?* gEh D L 9 7 fulk /e Ca?* & kizi VT, GeNL(Ca?*) 480 F7-i%
GCaMP3 LN 7O NEED CBEfEE KM L CW\Wb B LD, 4%
%, BB RGN A [FIRF ATV DO OVEEN AL & R L 7o > 7 V2635 6
NTWDZLZHERTOUNEND D,

INHOREE I Y. GeNL(Ca?*)_480 @ Ca?*#i/r3¥k & L COMERBITARMER) 7o AR Sy 12
et Ca?* R R TH D Fura-2 L0 H#E-STWD Z ERbroTz, Lo Lan s, w6k Ca?t
FE/R# GCaMP3 L Vi34, A4 FIv Loy, HAIOR EDOVERS D Z E3bon
72, GCaMP 1Z, MNEFZERIKEZTEH T2 2 L T, EGFP OFEAHITE DR/ S L LD HFIC
B2 N, CRIzE L, CaM & M13 THEZSA A TEaEME Ca? HEndi Ch 5, Ca? i
IZHCC CaM & M13 NEAIRE TR T D Z & T, B/ LIV EARE AR & st JEoRE 3 HE 3l
LI TH D P, CaRBERFIEB/ N LU N ZEN TV DRI 72 D T2 O HOG IR AL I3 FEH 12
K<, Ca®HE G IFIX EGFP IZIEHtT DO 2 /R 2 &2, K& Ry 7T B EDOERF
ThdEREIN TS, GeNL(Ca?)Tid, Ca?fi#fifiliix GeNL ® S%FLE D v 7 F ViR E
EFAHMRN CaREAREIL GeNL @D 30%FEE DB 5 & LAavR S 720y, T D7z, GCaMP
VLT FNEIEN NS o lzDZ B2 b, 6> T, KIEE TITo 7z Ca2fie
RRCRABEDORKENWVERKRORA Y ) ==V T EVIRT LT, X0 7P AEEDOK
EREREOBEBEN SN D,

4.4.4 iPS HiE A S ORI O B Ca?t A A —T v T
212, GeNL(Ca**) % H\ T iPS e fh sl Dl HEfE > Ca? B % i les 9~ 5 2 & A
720 IPS M B 43 bih s S Uz DR - GeNL(Ca®t) 480 %, 77 / BEfE Y 4 L A& L
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THIBLSHT-, 3~4 B, 7 U~V U RN LU TG 2 ERFRRE 55 2 & 2l AT,
GeNL(Ca*")_480 DFESEIREE ML OFENC R L A L5 Lz, Z o2 Ca®
REVZ . 35 4yl . BUIT 2 2 sk, Ca®* kB A4 Z 05kt LT, hERG F v
FNVEHELAERESIER T T AT IV =V ERINLEZE 2 A, CHEBIOEMITAE
HNTE < 72 0 REERAR 2R BIR BRI S Tz,

INHORERNE . ZAE THOE Ca? HindE TMAIZR IS T T TE 7.0
Mo Ca®* A A — 7 % GeNL(Ca®) & 5 Z & ThliE a2 < BEEFIcir > Z &8
TEZEZEWRLTWDS
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b A A=V TBRER., T BARR 35 0tk VU FVRELT, IRIIRAED O 7 LR
THK LS TS, 77U~ TR 40 uM (b) B4R 50 1212 1 uM 7 A7 XY — Ll
o,
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45 hE=E
B2EFOEHE Ca* HRIE OIS L, AR IZEMMERTICIT 5 Ca¥' A A —T v 7 LR

FEOUH EV D oD HIICZH NS T & TEENLS, Nano-lantern [ H HITEIT 5~
TADT RIS DY TV Z A DMEFINA A= T (B0 H2) i LT\ %, A%
TRA%E L7 L5386 Ca?* #5738 GeNL(Ca?")iZ Nano-lantern @ 4 fZB 5\ 7= (Ca?fiE&
), HHEATEI T O~ AL D Ca¥* A A—V FNARRIC2 5 L Miff s 5, Bz, A
HATEN T D~ 7 A DB ERAI & D> 7L ) TV A MBS FREIC 22 5
b LAV, 29 LEFERIL, ~ U ADTE) & flila L ~r o Ca B 4 BB 1T 5
ZEMHKDLID, EGRENRICRESEITE S LHIfF SN D,

72 RN DE S VMBI Cat R R OB IE Y — L E O E FRETH D,
Nano-lantern 23 i3~ 2L FFEH DO/ RT — X, LuyWem?BRETH DL E AL 6T D
ZEMB Y GeNL(CaYD N —BEIL 4 uyW cm? FRETHH L E2 b D, LT, F
RZRGBAR Y — v, Ty v R0 2 D2 EHE LT 5 DIZHE RN U —F [ ICso
(T 19 mW em? Th 25 & REEH DAL 2, W#HORMIZIE 5000 < DIEWRH 5, - T,
GeNL(Ca?")DALFHR NN TF ¥ e K72 2 iR LT Z i3t B2 b, b5
FIME Ca iR L BB FEEMAGDOEDLZ LT, fifkry U= Dar ha—Lk
MR EI DT =4 U > & RIRHICITH 2 LN TE | BRkMRIEE) (Tr8), EE, E) o
H=ALTBDHZ ENRTEH0E LiLRn,
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HE . REE
RGBT, SO lEE Figied,

BWEEEIEEZ FFOL Y 7 = 7 —ENLUCEZFRET R —& LTHWS Z & T, "fitse
BRICH ST DAL RN S X R BAReNLZ A4 LTz,
frta (GeNL) . 7 @ EIK (CeNL) (%, FF—T&HHNLuck LA D8 2R
L., INETHESNTWDOIHFTROADWMLTR N F XTI EThoT-, £12. R
L FARReNLIZ600nm L LD R Tl b A DWMEFFEIE Y X7 Th -T2,
eNLIZ, i~ O/ e, #EREZ kT 2DICEMRZ 7 THY, TDWL I
KV 180fE D & v/ 7 EIN S DRy FAEE IR A AL L7z,
eNLEZRKZ WD Z LT, A< &b 5 EOMIE R Z RIRFICBIZ 2 2 &2
ARE L IR o T2,
H—3F 00N EHO TSRS HZ LTI LT,
BFNREHE R/ NNT A= —ZiBMICRIE - 95 2 & T, wex N H eV
V72T —EDONAT Yy FITKYFLREDHERIND AN =X L2 FHMICFLR L
7o
N7 AR ARNERE NEEIEHT 5 2 & T, GeNLEZ R —R |2 L7=Ca® iR3E
GeNL(Ca*") & A4 L7z,
GeNL(Ca*")i%, IEHER 72 AR/ Ny T-Ca?HfimdiFura2 2 B 2. D MERE 2 A LT\ e,
GeNL(Ca?*) & HIv T, iPSHifa I sk Lo oo B 5 Ca* IR Eh 4 RINFEBILE 95 2 &
DA[RE & TR o T,
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AR 72 THRE 2 TEW T ARGy TAERE R A IR 50 B O K HEbE IR Zd%, T EPHER B, ot
2B EHOBEERLET,

REBILC LW FEZERORIEZ R GIEZIT T IEESWE Lokl / MIEEE, 1%
BRI L BT R

BHEE TV~ OABERIZHTZY, TER TS A2 W2 72V 7o R R E 5k
WIFERHEIRTE R ORI R AT, AN LD B2 LET,

Fura-2 22 Ca? A A= 7DD 7 4V F—k v F &P BE LW W -5 #
RF AR EAFFERR = RAE RHLAE 7 D A FHE EL AR ST T2 L E T,

T BERE T 4 N AOFIRIFIEICE TS 7 a b a— L E TR W4 R R ER
PSRRI R T B 2 O LR B LBER IEH N2 L E T,

B2, BB OMEIZIH N T, BT —~ %2R b0 b bR Em LAV, 7 RN
S

AW T2 WP E O S FITREHN T LE T,

AL ST T DR L O ICESNTEINTZ D TH D,

Kazushi Suzuki, Taichi Kimura, Hajime Shinoda, Guirong Bai, Matthew J. Daniels, Yoshiyuki Arai,
Masahiro Nakano and Takeharu Nagai

Five color variants of bright luminescent protein for real-time multicolor bioimaging

Nat. Commun. 7, 13718 doi: 10.1038/ncomms13718 (2016).
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fHgF 1 FVIXZ7 L AFF RFDNADY X b

Name of primer

Oligonucleotide sequence (5' to 3')

1|F-BH1-G-gfp_1 TTGGATCCGATGGTGAGCAAGGGCGAGGAG
2|R-ER1-Nluc_171 ATGAATTCCGCCAGAATGCGTTCGCACAG
3|F-Kpn1-Nluc_2 GCCGGTACCGTCTTCACACTCGAAGATTTCG
4|F-Kpn1-Nluc_3 GCCGGTACCTTCACACTCGAAGATTTCGTTG
5|F-Kpn1-Nluc_4 GCCGGTACCACACTCGAAGATTTCGTTGGG
6|F-Kpn1-Nluc_5 GCCGGTACCCTCGAAGATTTCGTTGGGGAC
7|F-Kpn1-Nluc_6 GCCGGTACCGAAGATTTCGTTGGGGACTGGC
8|R-Kpn1-mNG_235 GCCGGTACCGTACAGCTCGTCCATGCCCATC

©

R-Kpn1-mNG_234

GCCGGTACCCAGCTCGTCCATGCCCATCAC

-
o

R-Kpn1-mNG_233

GCCGGTACCCTCGTCCATGCCCATCACATCG

N
N

R-Kpn1-mNG_232

GCCGGTACCGTCCATGCCCATCACATCGG

12

R-Kpn1-mNG_231

GCCGGTACCCATGCCCATCACATCGGTAAAG

13

R-Kpn1-mNG_230

GCCGGTACCGCCCATCACATCGGTAAAGGCC

14

R-Kpn1-mNG_229

GCCGGTACCCATCACATCGGTAAAGGCCTTTTGC

15

R-Kpn1-mNG_228

GCCGGTACCCACATCGGTAAAGGCCTTTTGC

16

R-Kpn1-mNG_227

GCCGGTACCATCGGTAAAGGCCTTTTGCCAC

17

R-Kpn1-mNG_226

GCCGGTACCGGTAAAGGCCTTTTGCCACTCC

18|F-XX-Nluc_6 NNKNNKGAAGATTTCGTTGGGGACTGG

19|R-mNG_226 GGTAAAGGCCTTTTGCCACTCC

20|R-Kpn1-gfp_229 ATGGTACCCCCGGCGGCGGTCACGAAC
21|F-XX-Nluc_5 NNKNNKGAAGATTTCGTTGGGGACTG

22|F-XX-Nluc_4 NNKNNKCTCGAAGATTTCGTTGGGG

23|F-XX-Nluc_3 NNKNNKACACTCGAAGATTTCGTTG

24|R-gfp_229 CCCGGCGGCGGTCACGAAC

25|F-Xhol-mKO_2 ATTCTCGAGGTGAGCGTGATCAA

26|F-Xhol-G-mKO_2 ATTCTCGAGGGCGTGAGCGTGATCAAGC
27|F-Xhol-GG-mKO_2 ATTCTCGAGGGCGGTGTGAGCGTGATCAAGC
28|F-Xhol-GGS-mKO_2 ATTCTCGAGGGCGGTAGCGTGAGCGTGATCAAGC
29|F-Xhol-GGSG-mKO_2 ATTCTCGAGGGCGGTAGCGGTGTGAGCGTGATCAAGC
30|F-Xhol-GGSGG-mKO-2 ATTCTCGAGGGCGGTAGCGGTGGCGTGAGCGTGATCAAGCCCGA

3

-

F-Xhol-GGSGGS-mKO-2

ATTCTCGAGGGCGGTAGCGGTGGCAGCGTGAGCGTGATCAAGCCCGA

32

F-Xhol-GGSGGSG-mKO-2

ATTCTCGAGGGCGGTAGCGGTGGCAGCGGAGTGAGCGTGATCAAGCCCGA

33

F-Xhol-GGSGGSGG-mKO-2

ATTCTCGAGGGCGGTAGCGGTGGCAGCGGAGGTGTGAGCGTGATCAAGCCCGA

34

F-Xhol-GGSGGSGGS-mKO-2

ATTCTCGAGGGCGGTAGCGGTGGCAGCGGAGGTAGCGTGAGCGTGATCAAGCCCGA

35

R-Sac1-mKO_218

ATTGAGCTCGGAGTGGGCCACGGCG

36

R-Sac1-T-mKO_218

ATTGAGCTCAGTGGAGTGGGCCACGGCG

37|R-Sac1-TL-mKO_218 ATTGAGCTCGAGAGTGGAGTGGGCCACGGCG
38|R-Sac1-TLG-mKO_218 ATTGAGCTCGCCGAGAGTGGAGTGGGCCACGGCG
39|R-Sac1-TLGM-mKO_218 ATTGAGCTCCATGCCGAGAGTGGAGTGGGCCACGGCG
40|R-Sac1-TLGMD-mKO_218 ATTGAGCTCGTCCATGCCGAGAGTGGAGTGGGCCACGGCG

4

N

R-Sac1-TLGMDE-mKO_218

ATTGAGCTCCTCGTCCATGCCGAGAGTGGAGTGGGCCACGGCG

42

R-Sac1-TLGMDEL-mKO_218

ATTGAGCTCCAGCTCGTCCATGCCGAGAGTGGAGTGGGCCACGGCG

43

R-Sac1-TLGMDELY-mKO_218

ATTGAGCTCGTACAGCTCGTCCATGCCGAGAGTGGAGTGGGCCACGGCG

44

R-Sac1-TLGMDELYK-mKO_218

ATTGAGCTCCTTGTACAGCTCGTCCATGCCGAGAGTGGAGTGGGCCACGGCG

45

R-Kpn1-tdTA_467

GCCGGTACCCAGGAACAGGTGGTGGCGGCC

46

F-Nluc

GGGACTGGCGACAGACAGCCG

47

R-Nluc_6-XX-tdTA_467

CAACGAAATCTTCMNNMNNCAGGAACAGGTGGTG

48

R-Nluc_6-XX-tdTA_466

CAACGAAATCTTCMNNMNNGAACAGGTGGTG

49

R-Nluc_6-XX-tdTA_465

CAACGAAATCTTCMNNMNNCAGGTGGTGGCG

50

F-Sac1-Nluc_38

GCCGAGCTCGTGTCCGTAACTCCGATCCAAAG

5

PN

R-Nco1-Nluc_37

GAACCATGGCCCGAGATTCTGAAACAAACTG

52

F-Sac1-Nluc_64

GCCGAGCTCTATGAAGGTCTGAGCGGCGAC

53

R-Nco1-Nluc_63

GAACCATGGCGGGATGATGACATGGATGTC

54

F-Sac1-Nluc_67

GCCGAGCTCCTGAGCGGCGACCAAATGGGC

55

R-Nco1-Nluc_66

GAACCATGGACCTTCATACGGGATGATGAC
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56

F-Sac1-Nluc_70

GCCGAGCTCGACCAAATGGGCCAGATC

57

R-Nco1-Nluc_69

GAACCATGGGCCGCTCAGACCTTCATACGG

58

F-Sac1-Nluc_98

GCCGAGCTCACACTGGTAATCGACGGGG

59

R-Nco1-Nluc_97

GAACCATGGGCCATAGTGCAGGATCACC

60

F-Sac1-Nluc_104

GCCGAGCTCGTTACGCCGAACATGATC

6

-

R-Nco1-Nluc_103

GAACCATGGCCCGTCGATTACCAGTGTG

62

F-Sac1-Nluc_108

GCCGAGCTCATGATCGACTATTTCGGACGG

63|R-Nco1-Nluc_107 GAACCATGGGTTCGGCGTAACCCCGTC
64|F-Sac1-Nluc_122 GCCGAGCTCTTCGACGGCAAAAAGATCACTG
65|R-Nco1-Nluc_121 GAACCATGGCACGGCGATGCCTTCATAC
66|F-Sac1-Nluc_149 GCCGAGCTCGGCTCCCTGCTGTTCCGAG
67|R-Nco1-Nluc_148 GAACCATGGGTCGGGGTTGATCAGGCGCTC
68|F-BH1-koz-hmNG ATGGATCCCGCCACCATGGTGTCCAAGGGCGAAGAG
69|F-BH1-G-hmNG ATGGATCCGATGGTGTCCAAGGGCGAAG

70

F-BH1-hmNG

ATGGATCCATGGTGTCCAAGGGCGAAGAG

7

=N

F-Kpn1-hmNG_2

ATGGTACCGTGTCCAAGGGCGAAGAG

72

F-Hind3-koz-hmNG_1

ATAAGCTTCGCCACCATGGTGTCCAAGGGCGAAGAG

73

F-Sal1-link-hmNG_1

ATGTCGACGGTACCGCGGGCCCGGGATCCAATGGTGTCCAAGGGCGAAGAG

74

F-Nhe1-koz-hmNG_1

ATGCTAGCCGCCACCATGGTGTCCAAGGGCGAAGAGG

75

R-Xho1-x-Nluc_171

ATCTCGAGTTACGCCAGAATGCGTTCGCACAG

76

R-ER1-x-Nluc_171

ATGAATTCTTACGCCAGAATGCGTTCGCACAG

77

R-Nluc_171-ER1

ATGAATTCCGCCAGAATGCGTTCGCACAG

78

R-Kpn1-Nluc_171

TATGGTACCCGCCAGAATGCGTTCGCACAG

79

R-Kpn1-GGSG-Nluc_171

ATGGTACCGCCTGATCCACCCGCCAGAATGCGTTCGCACAG

80

R-Not1-x-NLuc_171

ATGCGGCCGCTTACGCCAGAATGCGTTCGC

8

-

R-Bgl2-Nluc_171

ATTAGATCTCGCCAGAATGCGTTCGCACAG

82

F-Sal1-GS10 linker

TCGACCGGATCTGGCGGCGGAGGAAGCGGAGGG

83

R-Sal1-GS10 linker

TCGACCCTCCGCTTCCTCCGCCGCCAGATCCGG

84

F- BH1-koz-gfp_1

ATGGATCCCCACCATGGTGAGCAAGGGCGAGGAG

85|F-Hind3-koz-gfp_1 ATAAGCTTCGCCACCATGGTGAGCAAGGGCGAGGAG

86|F- BH1-gfp_1 TTGGATCCATGGTGAGCAAGGGCGAGGAG

87|F-GS-VCL_2 GGAGGCGGAGGATCAGGCGGATCTGGGCCCGTCTTCCACACGCGCAC
88|F-Kpn1-GS ATGGTACCGGCGGCGGAGGAAGCGGAGGCGGAGGATCAGGCGGATC

89|R- Nluc_171-SKL-x-ERI ATGAATTC TTA CAGCTTGGA CTTGTACGATCT CGCCAGAATGCGTTCGCACAG

90

R-ER1-x-VCL_1066

ATGAATTCTTACTGATACCATGGGGTCTTTC

9

-

F-Hind3-koz-LAMP_1

ATAAGCTTCGCCACCATGGCGGCCCCGGGCGCCCGG

92

R-Kpn1-LAMP_407

ATGGTACCGATGGTCTGATAGCCCGCGTGAC

93|F-BH1-Nluc_1 A GGATCC G ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGG
94|F-BH1-NLuc_1 ATGGATCCATGGTCTTCACACTCGAAG
95|F-Hind3-koz-Nluc_1 ATAAGCTTCGCCACCATGGTCTTCACACTCGAAG
96|F-ER1-Nluc_1 AGAATTCATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGG
97|Nluc_C166A GGCTGGCGGCTGGCCGAACGCATTCTG
98|F-Nluc_G50C TGCGAAAATGGGCTGAAGATC
99(R-Nluc_49 GCTCAGGACAATCCTTTG
100|F-Nluc_G66C TGCCTGAGCGGCGACCAAATG
101|R-Nluc_65 TTC ATACGGGATGATGAC
102|F-Nluc_G97C TGCACACTGGTAATCGACGGG
103|R-Nluc_96 ATAGTGCAGGATCACC
104|F-Nluc_G136C TGCAACAAAATTATCGACGAGC
105|R-Nluc_135 GTTCCACAGGGTCCCTG
106|R-4GS-CaM GGAGCCACCTCCCCCCTTTGCTGTCATCATTTGTTC
107|R-3GS-CaM GGAGCCACCTCCCTTTGCTGTCATCATTTGTTC
108|R-2GS-CaM GGAGCCACCCTTTGCTGTCATCATTTGTTC
109|F-C-M13_1 AAGAGGCGCTGGAAGAAAAACTTC
110|F-CaM_102Q GAATTACGTCACGTCATGACAAACC
111|R-CaM_102Q AGCAGCGCTGATGTAGCCG

99
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