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K+Z Na*=° Cazt & if A CAKNIC L BITIFHET 2B A 4 Th Y MfaSHE T 5 mM,
HMIFINIEC 150 mM FREAAET 5 1, 2 OMIaEEZ R T 7z KrOWREABL DAL & AERHE
MR IEAE T D K+ F ¥ % /L=° Nat/K+ ATPase. K*-Cl cotransporter 72 & Offx 72 % o
NRIBIZE > TThbITE Y (Figure 1-1-1(a)), 2 b0 X X7 EIZL 5 KrOfaist
DOBENTMILOBLENCMIBANN DA L RT VA EBET 5 Z & T, MRIBESCHAO
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ARSI ARG 2 & BV CREMKA KT v V03Bl 0 L, Kesiifast~ii 4% 2 &
THINARIE M 5, T 0%, Nat/K*ATPase 2SI~ L 7= K+ & MR ~FA L

7= Nat+% ifi W@k L, A A DM EIHIREE~LE R LTS (Figure 1-1-1 (b)),
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Figure 1-1-1. (a) K+ distribution across cellular membrane is generated by K+ channels

and transporters. (b) The mechanism of action potential generation.
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Figure 1-1-2. Relaxation of smooth muscle cells in blood vessel is regulated by

endothelial cells.
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Figure 1-2-1. Images of patch clamp technique.
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Figure 1-2-2. Images of Rb* assay.
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Figure 1-2-3. Membrane potential fluorescent probes. (a) Mechanism of
fast-response type membrane potential fluorescent probes. (b) Structure of
DI-4-ANEPPS, a representative example of fast-response type membrane potential
fluorescent probes. (¢) Mechanism of slow-response type membrane potential
fluorescent probes. (d) Structure of DiBAC4(3), a representative example of

slow-response type membrane potential fluorescent probes.
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Verkman & 12 & » TH % & L7z TAC-Red X° TAC-Limeaex 1% % ® — il T %

2430 31(Figurel-2-6), = ® TAC & L — X — (3 K& 2 U A — & — O S CREA - il L.



i BEEEE 20 mM Fifk & . 5-20 mM FE & I o Mifest KNEE OB b2 i35 0l
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Figure 1-2-5. Schematic image of G-quadruplex based K* probe.
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Figure 1-2-6. Structure and optical properties of TAC-Limedex®. (a) The structure of
TAC-Limedex. (b) Fluorescent excitation and emission spectra of TAC-Limedex in HEPES
buffer containing K* with the combined K* and Na* concentration equal to 200 mM.
Reprinted with permission from (J. Am. Chem. Soc., 2008, 130 (25), 7794-7795).
Copyright (2008) American Chemical Society. (¢c) Confocal microscopic image of HeLa
cells loaded with 10 uM TAC-Limedex.
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Figure 1-3-1. Design of K+ probe working on cellular membrane.

10



O,

AR REM Ky e —>7 0
Xt & B

11



I
L

AR AER K~ v — 7 Ok af & B %S

MU JEE S 2D K7 1 —7 D4R

|
o

AT BN THEEEMO A & L THWS K m—712iE, mWKENE, syt

e

T, 5-20 mM O EERIZ 31T 5 KNEIRAY a0t A MRS SRS ATRE 7R 5 /01818 & Fr
DI LR EDEHENRRDEND, F—ETHERIL IV 200 K e —7 B"iESh
TWLbOD, ERROFEFE W T LRV L, EFTINEHEE LT,

K+ OFERRERNL & L Cld, Je T30 T KA d 2 2 U B A —F — D RSB & @O gk

MRS STV S triazacryptand (TAC) L —& —i&E 288 L 72 25 (Figure 2-1-1),

Fluorophore

Figure 2-1-1. The structure of triazacryptand (TAC) chelator.
HOLOHIEFEIZIL, @R A Uit 7 e —7ICB W T &5 Photo induced

electron Transfer (PeT) B4 A+ L7= 32, Figure 2-1-2 (274 K 912, BAHITHSL L
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Figure 2-1-2. Schematic illustration of the mechanism of PeT (Photo-induced electron

Transfer) regulation. 19



HOEREZIZ1E BODIPY 6 L U fluorescein Z £k L7z (Figure 2-1-3), BODIPY i3
WEAROEAREL & AR IR, pH IERAAME, S bRV EME 2R EORFRIZ K - THOEA
A=V 7DV =L LTRHASNTWLEFETH D 3334, SO OZFAL~DILFRE
i, ZHITHED EFPREDOZELFEICBE L THRAICHFEINTE Y | ERIEHALOEA
HATWRF W & 27, £z fluorescein (ZFRERIZ @\ B A IOERRE & AL BFIRZ R L,
Tx /=i Fud AR o TLBUKIEDOBERTH Y 9N B UERO DNV RF Ve

Efid 25 2 & CRREMIZEATE D EF AT,

Figure 2-1-3. The structure of BODIPY (a) and fluorescein (b).

HARENTIZLLT O 3 FIZHOWTHE L7, &4 DEMAF— L8 JUEREZ LTI
79, 723 TAC-Lime |FETRSUTHBNTT F R b T UHEGIRD KNSEMED B HRE S
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Scheme 2-1-1. Synthesis of TFL. (a) HNOs aq., H2SO4saq., AcOH y. 43% (b) He, 10%
Pd/C, CH2Cls y. 54% (c) 2°,7-dichloro-5-carboxyfluorescein, HATU, DIEA, DMF y.
14%
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TAC-Lime (7)

Scheme 2-1-2. Synthesis of TAC-Lime. (a) (1)Hs, 10% Pd/C, acetone (ii) TFA, 74%
(POCls, DMF y. quant. (¢) () methyl 3-(2,4-dimethyl-1H-pyrrol-3-yl)propanoate,
TFA, CH2Cl: (i1) p-chloranil, CH2Cls (iii) BFs + OEts, DIEA, toluene y. 18% (d) NaOH,

CH2Clz, MeOH, H:20 y. 86%

OO
8
JOUEEN O
[©] [e] a
N
0\/\0/
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H™ ~O
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Scheme 2-1-3. Synthesis of TBEs. (a) (1) 2-(benzyloxy)-2-oxoethyl
2,4-dimethyl-2 H-pyrrole-3-carboxylate, TFA, CH:Cl: (ii) DDQ, CH:Cl: (iii) BFs *
OEtz, DIEA, toluene y. 31% (d) NaOH, MeOH y. 40%
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EWBUKMEZ BIFRF L CH R L7z fluorescein 4 #tHIZ#-D TFL (3, HEPES #Ef#iik & 7
t b= N U LVOREEE T CII BRI 72 KNS A7 (Figure 2-1-1(a-c), Table 2-1-1),
L L7ed B, BRI L TRER~ DRI . 003 2 OICIRREEE 20%7
FEOTE = I VELES L (Figure 2-1-1 (d) . MEEKF TIXRIL « #kIIZ AT K
ANZEET, K e —7 L LTOMBIIRETH -7z, FL—F =0 DOBUKMER W
Z e, T mEEE A ED fluorescein O GHNIZEF O EICIIK T THME Lo
KRDAREMEN B2 biILD, BICTHAKRMEEWLL TH 5 0 VARF VLRI & OREE
WCHWTLE Y &, BEIRF o K 7e—7 L LTORMAIERES ZE 2 bnl--H, Zh

LU EDBEHIAT DR T2,

a b
0.04 5800
. — [K*] = 150 mM
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5] 7] [K]= 20 mM
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Figure 2-1-1. (a) Absorption and (b) emission spectra of 1 uM TFL in 5 mM HEPES
buffer (pH 7.0) / MeCN = 60 / 40 containing 1% DMSO as a cosolvent and indicated
concentrations of K+ as the ClO4 salt. Ionic strength was maintained at 150 mM by
addition of NaClOs. (c¢) Fluorescence intensity of TFL as a function of Kt
concentration. (d) Absorption spectra of 1 pM TFL in 5 mM HEPES buffer (pH 7.0)
containing 8 mM K+ as the ClOs4 salt and indicated percentages of MeCN. The

solutions contained 1% DMSO as a cosolvent.
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Table 2-1-1. Optical properties of TFL.

K'] Abs Em Quantum
Amax (NM)  Anax (NM) Yield
TFL 0 mM 511 535 0.10
150 mM 511 535 0.84

fEV T, BODIPY % @ EHIZFF> TAC-Lime ¥ XU TBEs Ot 2 =7,

a b c
0.04 ~
3 500 — [K'] =150 mM ~ 500
0.03 S — [K*] =100 mM g
03} — [K]= 80mM &
3 2 400 K= 40 bty > 400
S § 300 K= oem | 5
] | 9= 8m
-g 0.02 % — K= 4mM g
— [K]= 2mM @
§ % 200} \ — K= T i % 200 | 4
0.01 \N | — K= omM 8 Ky&=24 mM
g 100| ~ 2 100l d
8 \ 3
0 = L r 0 . [T S S E—
400 450 500 550 600 500 550 60 650 0 20 40 60 80 100 120 140 160
Wavelength (nm) Wavelength (nm) [K*] (mM)

Figure 2-1-2. (a) Absorption and (b) emission (hex= 522 nm) spectra of 1 puM
TAC-Lime in 5 mM HEPES buffer (pH 7.0) containing indicated [K*] and 1% DMSO
as a cosolvent. Ionic strength was maintained at 150 mM by addition of NaCl. (c)

Fluorescence intensity of TAC-Lime as a function of K* concentration.

a b

0.05 1400 50
0.04 1200 “
B =—— 0.1 N HCI 3
— [ 150 my 1000 | 2
= [Na‘|= 150 mM . =
0.03 | =]
. 800 L w
§ S 10
002l — 800t ,
[V 450 500 550 800 850
400 + Wavelength (nm)
0.01
200
0 f L — ol . .
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Wavelength (nm) Wavelength (nm)

Figure 2-1-3. (a) Absorption and (b) emission (Lex= 522 nm) spectra of 1 uM TBEs in
0.1 N HCI or 5 mM HEPES buffer (pH 7.0) containing indicated [Na*] or [K*] and 1%
DMSO as a cosolvent.

Table 2-1-1. Optical properties of K* probe.

Abs Em Quantum
Amax (NM) Amax (NM)  Yield

TAC-Lime [Na']=150mM| 522 538  0.049
[K'1=150mM| 522 535  0.28

TBEs [Na]=150mM| 495 508  0.003
[K'1=150mM| 497 509  0.009
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AR LTz 2 D07 —713 & b1 HEPES FEEIRIC K L C BAFeiafittE 2R L, KHRE
DOEIMIIG CTHEIEAH A L7z (Figure 2-1-2, 2-1-3, Table 2-1-1), BODIPY @ 2,6 /7127
it 5 propionic acid #i& 2 #5-> TAC-Lime 1%, HEPES &k o C B A7 KM
EIR 6 R OEE FH AR L, REEEE 24 mM &, fIRRBLIB TR > T L&
5 5-20 mM O COMITIHE L 7= % 2 TV /2, TAC-Lime BRI THcRK# L&
TFULRD 0.28 & BAF72afli %k L7223 (Table 2-1-1), CHKICHE-> CTTF A F 7 v LA &+
7o & ZARREIETIEEN 0.054 & KE WD LT,

—. Ny 770 ROMBNZ L HMIERED EA 28I L, LD PeT 1T Xk 51HE0
BT VWE D 2,6 (VACEFRIMEDOZ AT UFES ZEA 35 L7z TBEs Ak L7228,
25 Bl KM PE 9 6B FICROZEEAY 0.003 735 0.009 &3y 7 75 7w R
Ml SNz b OO KARINE S 3 HFRED EFICEE -7, 0.1 N HCl KK+ Tl ot
PERLTZZ e, KON TIE 512 PeT 2MEE STV RN Z E RN & & 2 T
% (Figure 2-1-3),

PLEOFER LY, A% OfET Tl TAC-Lime ZHME U CARERTHZ & LT,
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B8 AERED T2 D D FEEDREIR

feW T, K m — 7 il f ~ R E S D FIEICOWTHRE 21T o 72, BRI T

Ta—FE LT, UFTOEIRbDONREZI LD,

1. MEREIEFE R PED 7 r — 7%t U CHRIEEOE (U U RE, 2 VAT r—L, RHE
WHlESE) ZFEA S, Z O OMBLiE~OB v 2R A U Rl E 22345,
2. MRS 0D & o R 7 B RORE & FPRACERR T 2 & v N0 B (HikR L) (oS m—T
Zina S, ZDOF 7 B OMBAE~OERME 2RI U ClllafikRm 2 i Ed 5,
3. MRS I HBL D R 2 NV BIRFEA L, 2R RENICRIST 2T e —T
EAMT D,
B DOFEFIEIC OV TEBICRF 21TV, K¥ 7 —7 L L CONFRENHERF TE |

ORI~ D BAF DL E IR R R T FEE R LT,

—IH JREREIC £ D AR LR

RWIRFEH T & OIREREE L BUKIEORBE 87 v — T I ZA T Z & T, Iy
P A MRREICEBRSE L LN TED, FEREIC, ZhbOMIEDOEAIC X - Tl
SR 31T 2 Ca2re Zn2r DR FEAAV A i rTREIC L 7oA/ Ny 730 7 — 7 SO
HEENTWD 6373839 [AFEOFRE LTI, BETERIEL LI &P ERENTER 2
&L O &K O FEFRICE VT HREHI AR 2 B2 S A AT 2 &
M LICZBO 70— T BN FETE LD RERV T TANMEONDL Z LR ERBIT S
N5, LnL—HT, IRE#ELZH S0 — 7 OBEENEWE & MlE~EE L
OB—7 by R b= 2T Y v 7 71y FIC k- THEFE TN~V AL
952 &, MRRFEICIS Clo iR MEDN HE RN Z & BEEHRIEIC L > TR T NI &7

ENBE SN D,
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MIFFE O KI5 1%, fluorescein ZH [ & L THROFE LA I, E. UV UIR
'® (DPPE, L-a-Dipalmitoylphosphatidylethanolamine) #Z#&& &H7-H DMK BEF72

AR E 2 BT S LT g 40, ZomEIZHE-S3%, TAC-Lime % DPPE (Zf5 &

SHL KT u—7 10 ZaE - ALz,
VAR
O/‘\Ox

TAC-Lime

o}'Cﬁst

(o)
Scheme 2-2-1-1. Synthesis of 10. (a) i) DMT-MM, DMF (i) L-a-Phosphatidylethanolamine
dipalmitoyl, DIEA, dichloromethane:MeOH = 1:1, y. 15%

Z 10 % HeLa fifi@lcxf LART L7 & 2 A, FE LIClaBE~DOREX R LT, &
% - IHBBRICHENT 510 pm BREOKRE IO (FRAaEXtd ) NELILE
(Figure2-2-1-1), K*rOEIMIC L > TH BN o 2 Z LI olz, ZHIEREE LTz
TACLime & K+ L — & —¥0m M2 DAF 5056 & b X TEWBUKE 2 FF> 2 & T,
KEEFH TR TEREL T LE om0 s B bNG, BELZHE, Mk ~a
e o LaEAME LT IEA A MREIEMA O pluronic F-127 % 0.03%#%1. 10% FBS
Zate DMEM 2 W5, IREZ 3uM IO TR EDRIETA A= T HAIT 72D W
THHREEOFERTH -7z,
ZOEoT, AEIO K7u—T7 %2/ E LIGEIiE, IBEMEEEOWIED TR - 64

WL < BB R TIETITRWZ LRI T,
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Figure 2-2-1-1. Confocal microscopic images of HeLa cells incubated with 15 uM 10 at
25 °C for 10 min. Imaging was performed in HBSS. Green: Agx= 522 nm, Agm= 530-600
nm, HyD, gain= 100. BF: gain= 500. Scale bar: 25 um
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I MaERS AR 2 o7 ORI

TR H 0D & o X 7 OB A e IR 2 2 v X B L LT, Bl 21 EGFR
(ZRPRICHE AT 5 Herceptin 72 EOHUAS, MAMILO R ORESERR S /37 ' Lk
AT DR A R ICEF avidin 72 EOFIA STV D (Figure 2-2-2-1), 25 Z240%
R pH & oY — TR L MR SRS S TR S 2 2 & TH AMIIERE
IRENA A=V T AT T L WO RED 7RI TN D 41424344 [A] F4EIT H Y O ML
KT D mOBIIE L RO NGO D BIn FEEIC X b FICHIRFE OIS &
NAREDRRNBEZNDN, KL X7 EORERIZ > T r—7 O Rk 23
fELTLE Dt bH 2, £ 2T, ERITEHEGEREZER L., £ ONFRIEDO L OFRE

WZOWTRRET LTz,

-+ N _/-_( ER R /‘____{4\
BNDE “

(k. Avidin &)

Figure 2-2-2-1. Schematic image of membranelocalization of K* probe-protein complex.

—RIZHURIZE VIR E RS 12 RO — F CIERICEMTH » T 72t 2179
WEEZ, 22Tl avidin 27X X 7EF E LTHRIA Lz, FEEIZ TACLime @
mono succinimide K% Gk L, avidin Z#Ei%9 5 Z & THIRBEO YN FTHE Th 2 &

At L7z, MlafE avidin 365635 LW O WD H 2 HT29 & A7z 43,

N\ VA
S 90

TAC-Lime 11 0 Avidin
Scheme 2-2-2-1. Synthesis of Avidin-TAC-Lime conjugate. (a) NHS, WSCD, DIEA,

DMF y. 24% (b) avidin, 0.1N Na:HPOusaq., DMSO
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Table 2-2-2-1 Optical properties of avidin-TAC-Lime conjugate

Abs Em Quantum
Amax (NM)  Amax (NM) Yield
Avidin-TAC-Lime [Na'] = 150 mM 525 537 0.003
conjugate [K']7=150mM| 525 539 0.011

W ATk u(Figure 2-2-2-D X W faEZ b 72 L 2 A, Avidinl 23F1Zx L T,
V¥ 1.4 4310 TAC-Lime 23454 LTz, LAL Avidin ~OHEi#iZ X - C TAC-Lime
DERRESEFIRIT 25 53D 1 FRELF LA L (Table 2-2-2-1), A A=Y 7128
W H MR DA R e BT BIEE SN D o T, T DK D a0 Zix, Yr—7
DIFFRACESEDOT X R B KD RES, fx o7 e U fIER I s e —7
BOBENREIERT L EEZX N0, BRLMEHER - HE7 I/ BalnsZ L
TRHESNDARMEIRETE R, LOLARRL, ZOXICH I EREDT 2/
SEFELERALE L TR 256, eF 02 b o TR G ORIEIZE L <. B
I WE DA E L E L TESD Z L IZNEE S e 5,

KD & 9 I B IRY 721 5 2B LB R D 7 S RERESLIRBLT L O L
BRSO ERER LT HHEITT, WFFHEOE IR OMG EA®mOTLEI LERDH
ND, ZOI2D, 237 BOESFHOBFHIPE L, 7'n —7 OfFEHNOM A 2

KV EEE T2 2 DR 2 72 X7 EORMIC O THRFT L2 & & L,
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B IH MR FEEL T 5 Z 7 X NI EICKET S in situ £k

RFECIE, TEBROBE A (5278 "8 MR 45 s & L CRIA
T2, X752 NI E EITRE DAL ARG B o ooy 7 LIRS R G T DR L & v
NRIBETHY, L NI ELEORAEa A N7 MEFIAL, B (LS 2 EA
L7ch 7 2L N0 F2FMT 52 LT, IAFT T A RAEMRIZE T 2R
FRRP a0t R E R e L T DMWY — N ThH D 45464748, Z DX 75 /37 G & ffl
RS I R & B, MIMEEE YLD K7 1 — 7 CRMRANICEE 2 2 & T, M
IR K7 v — 7 CIE# T 2 2 L0’ kD L& 2 T,

[l TR TAE AR~ OBE T E A L > TH 74 VX7 BORBSAT, Bie X % Eic
FIECTE, 77 v —T & X RXTENFEIC 111 OFS A TREDENLIZHE AT D72,
FRVEOMFFA IR T DA TEA TS EEX BN D, EBEIZ, 20X T2 NI BEx
T Zn2+%° Ca2t, H202 72 E O HOE 7 v — 7 & k4 2ol M ~ R S5 2 &

IR L7z & W 9 323 e ST U5 49,50 51 52

BARMNZIZ, #2752 7B L LT HaloTag # v /"7 B & MWz 47, Ziid 2005 i
Promega fEIZ X > CTHIF SN DT, v Fa v RAEME (Rhodococcus rhodochrous)
i >k @ haloalkane dehalogenase OB WA Y T 5 HaloTag # /"7 E & /7mn 7y
VA VFHRERTH D HaloTag U T REDIERESZRM L& v "7 BESEINCH 5
(Figure 2-2-3-1), M1IZ L &% % 7 4 o 32 FCib 5 SNAP-tagh %> CLIP-tag & H
% &, HaloTag i% 1 A — & —FREREGHE N < . F£7- HaloTag 25 MilaEsMAllZZ& 55
KD 7etfx7e GPCR & DG Z > 7 BSTIRE FL, 73S DNA WFFEFTIN b FITAD 2
ELERVT Y PRECEREESL N DX 78 R LS TEEREORN B LY

KO THDHZ LR EORFERDHY, ARIOBMICEIVEL TS EZEX THEIRL,

23



@ H .
106 O o N K* probe
Asp—_cl ~0
P 8

HaloTag ligand

HaloTag
Figure 2-2-3-1. Schematic image of HaloTag technology.

H 5972 O & X % Figure2-2-3-2 (12777,

@ K; channel @ K* channel

closed) (open)

Figure 2-2-3-2. Design of the system for detecting K+ channel activity.

Figure2-3-2-2 O X 5 e RO FEBUIT LU N O Z R 2 72 K¥ 70— 7 OB B LE L 12 5,

A BT, KACERIRICISE L THERAEZ T T D
B. HaloTag # > /"7 & L #EA T i 2 £
C. Z VB L DOREGHR b HNFFEDHERF SN D

D. mWKEMEZ b B MR 2 ZiE L 72w
A IZOWTiE, TAC-Lime DY FFEZHDR DRV fEFr CE XXV, £ 2 TE T,

TAC-Lime ZR:£% & LT, HaloTagligand #i& 2 FH (B), o X XV E L OfEEHR D

HFHEZMEFFTE 5 (C) Kt m—T7 ORFEZRAA T,

24



= KHUSZM: HaloTag lisand D% EF - &5k & T4l

TACLime (Z HaloTag ligand #§i& % 1 5- L 7= K¥7'1n—=>7 TLHalo # &5t - &K L. £ D
HARR X OKRIGHE 2 AW CREL - K5 L7 HaloTag # > /37 & & OB A RO RHE A Fa

#L72 (Scheme 2-3-1, Figure 2-3-1, 2-3-2, Table 2-3-1),

SR N g—o
O )

TAC-Lime TLHalo (12)

Scheme 2-3-1. Synthesis of TLHalo. (a) DMT-MM, DIEA, HaloTag® Amine (02)
Ligand, DMF y. 8.8%

a b c
0.03 -
=200
2 —~200
0.025 - e = [K*] = 150 mM 2
> — [K]= 80mM & o
£ 150 e > )
@ [K']= 40 mM 2150} _—
g 0.02 5 (K= 20mM 2 5
c [K7= 10mM -]
g 0.015 g 100 —K]= 5mM 00l o
Qo c — K']= 3mM 8
< 001 ? — [K]= O0mM s 9
2 50f » 50 |d Ky=22mM
0.005 5 o
= E] e
0 ' . S0 - oot L
450 500 550 600 500 550 600 650 0 20 40 60 80 100120140160
Wavelength (nm) Wavelength (nm) (K] (mM)

Figure 2-3-1. (a) Absorption and (b) emission (lex= 515 nm) spectra of 1 uM TLHalo
in 5 mM HEPES buffer (pH 7.0) containing indicated [K*] and 1% DMSO as a
cosolvent. Ionic strength was maintained at 150 mM by addition of NaCl. (c)

Fluorescence intensity as a function of K+ concentration.
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a b

~ 4x10'

2 Tasx10t

g — [K*] = 160 mM s } -

2 axio'f — [K]= 80mM = w0 o 5

= K= 40 mM I3 , )

'E K= 20mM ézfmo

= 210 K — [K]= 10mM = s

g K= 5mM g 2x10 #

g — K> omM 815010 | ¢ K=19mM

@ w0t a3 /

i} jod "

o o 10 |p

= = I

w 0 % 5000 L . '
520 540 560 580 600 620 640 0 000 150 200

Wavelength (nm) (KT (mM)

Figure 2-3-2. (a) Emission (Lex= 490 nm) spectra of 1 uM HaloTag-TLHalo complex
in PBS containing indicated [K*]. (b) Fluorescence intensity as a function of K*

concentration.

Table 2-3-1. Optical properties of TLHalo and HaloTag -TLHalo conjugate.

Abs Em Quantum
Amax (NM)  Amax (NM) Yield
TLHalo [Na']=150 mM| 525 538 0.015
[K'] = 150 mM 525 535 0.28
HaloTag-TLHalo [Na'1 =150 mM| 525 538 0.033
conjugate [K'] = 150 mM 525 535 0.22

TLHalo % TAC-Lime & 1 FIXEFRDOIF R 2R LT-, £7= HaloTag % > /X7 & L OfEA
|2 & > T TLhalo DR IROF AL 20%RERD LIz b DD, avidin OB
DYy & AT RAF a0t | PR 2R L Tz, LA XY | TLHalo (AR 722 564
T ZUoRIBEEORAEH S KNOBRIEE L THIEEZRET DLV 450K DS 5
A-CDO3 D&+l d K m—7Thd LRI NT, TZ T EKLIFMHTHD [

WAREMEZ b B, MR Ly (D)) 2 & a2ille i on TR 21T o 7,
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FIRHE R & LT, MufEEEIC HaloTag % > /)7 B 2R B L=l ERL 21T - 7=,
2 S DNA WFFEFT ORWEPEILE L TEW 2 7 R ES RO G Z 23 7 BRI 5K
ToH D b rhodopsin @ N Kl IL-6 HROAMIEEFETTS 211 (sp; signaling peptide)
L HaloTag # > /N7 B HMAIANTERBE 2 237 (sp-HT-Rhod), ¥ X1 GPCR #%5 %
TR VRAEKR 2 (B2R) LT TN A VRFRO—FETH D CXCR4 (THLAHEE 2
7= sp-HT-B2R. sp-HT-CXCR4 # HeLa MIJAICBUEFEA L, Zi b 3 EOFKIE & RTE

Z 3 L 7= (Figure 2-3-3, 2-3-4),

. : . HaloTag Anchor membrane protein
N | IL-6 Signaling peptide 297 a3 (GPCR) C

Figure 2-3-3. Construct of plasma membrane-localized HaloTag protein.

sp-HT-B2R sp-HT-CXCR4 sp-HT-Rhody < sp-HT-Rhod (Mag

Figure 2-3-4. Confocal microscopic images of HeLa cells transfected with
sp-HT-B2R (a), CXCR4 (b) or Rhodopsin (c, d). The cells were labeled with 1 uM

Alexa488halo. %= 488 nm, __= 500-600 nm.
HRRSE 23 E4 . MRS R BL L 7= HaloTag & > /37 B DA% Yetid % HaloTag
U A K& LT Promega fH L 0 BGE STV % Alexa 488 halo Ligand % fV T Z O
Y LTz L 2 ARG FEA SN MR OMARE E Tk ah 2 BlE2 S iu7z (Figure
2-3-8), T7bbH, Zb 3 D HaloTag @l ¥ v /37 B34 THERE IZ MRl Z AT
FREFRBELTWDLZLBDND, 2055, KbHEBEDELN) -7 sp-HT-Rhod %414

DOBFHZHWS Z & & LT,
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T, TLHalo Z AW Tt x21T-7- (Figure 2-3-5), 72%. sp-HT-Rhod FHAME D

~—7#—& LT mCherry Z[FIFFICEEFEAL TS,

Figure 2-3-5. Confocal microscopic images of HeLa cells transfected with SP-HT-Rhod
and mCherry. The cells were labeled with 10 uM TLHalo. (a) TLHalo, (b) mCherry, (c)
Merge. Aex= 514 nm, 561 nm : Aex= 530-560 nm, 580-680 nm. Scale bar: 50 um

Z OfER, TLHalo (Z#IFHZ K L CRIRIR A %18 L, HaloTag ¥ > /37 B DR BLOA I
B0 & PRI 2 IR RIS L C LE 570, EMIIR%E 4% PFA CREE LA mETEIEA

CHIFUE DB A fi L 7= & 2 A, Z OHIRaN Ok v I 3TH e LRI - T3k sk
ST S e o T2, I K¥ 7' —7 78 HaloTag % > /37 & LSS LT, dimil
%12 mCherry DRV 2 7R 3 HER O NS & 72 13 | TRkt Bl s s L& 2 6
N5, ZoZ & Xy, TLHalo i3 HaloTag # > /{7 H & OFAIGEIFE A LR 3,
MIEPRICER STV 2 EFRBR SN,

PLEOFER I, BIEETHIEEOFEBL O DIZ1%, TLHalo OMifuEIEEEMEZ M X
HMBENRD D, Fio, WHHINY R EOREEFAFET 556, H_HTHLNE
L9 REBERECBRTFIEROE FITMA, PeT 12X DWEIEOMERDLRZ v %0 712 X DI
AT NV ERR A RN D ZENMBNTN D, EDTeH, YR A—Y
—HEIEDE AL, TLHalo THEMAN O R ONT K SR F XV E~DIERIC L2 7 e —

TONFERHEOZALE LV 5 Z LICBR L EEZLND,
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VI EDEBEREREE 2T, T2 oBKMEOR EIC X0 MRBEIESEEN T2 L &
Z N7 EREE ORBEZID Z & TRFRHEDOEMS L VERICINZ 6D 2 & IZHIfF
L T. TAC-Lime & HaloTagligand ®REic=F Lo 7 ) o — LG £ 7215 2 DD ALk K

RO T T REEED AN — Y — 28 A LT 2t - Ak L, B8R KX OV HaloTag

BRI BEDORERIZ L DB R KA L= (Scheme 2-3-2, 3, Figure 2-3-6, 7, 8, 9, Table
2-3-2, 3),
b H
NSO 0n a > BocHN >"on T BocHN/\/o\/\o/YN\/\o/\/OV‘ém
13 14
(o3 H
HzN/\/o\/\O/YN\/\O/\/O(\/\}SCI
e}
15
d
—_—
N/\/O\/\O/EH\/\O/\/O(\/}SCI

Scheme 2-3-2. Synthesis of TLPegHalo (16). (a) Boc20, EtOH y. 93% (b) (i) Sodium
2-iodoacetate, NaH, DMF (@ii) NHS, DCC, CH2Cl: (iii) HaloTag® Amine (02) Ligand,
DIEA, DMF y. 21% (c) TFA, CH2Clz y. 84% (d) TAC-Lime (15), TSTU, DIEA, DMF y.

a b c
0.08 R
; — [K*] =150 mM
0.07 > — [K*] =100 mM 35
o 800 — [K)= 75mM ]
8 0.06 g — [K]= 40mM = 800 | —
c = [K]= 20 mM -
o 0.05 | 2 600 K= 8mM %
2 [} — [K]= 4mM g 600
) 0.04 € — K= 2mM €
"o 400 | —[K]= 1mM =
Kol Q = 400
£003 § omM § Ks=20mM
0.02 2 200 qg) 200 (¢
0.01 o o 4
e} S
0 = 3 0 L - .
[T w 0 20 40 60 80 100120140160

500 550 600 650
400 450 500 550 600 K (mM
Wavelength (nm) Wavelength (nm) [K'T (mM)

Figure 2-3-6. (a) Absorption and (b) emission (hex= 522 nm) spectra of 1 uM
TLPegHalo in 5 mM HEPES buffer (pH 7.0) containing indicated [K*] and 1.5%
DMSO as a cosolvent. Ionic strength was maintained at 150 mM by addition of NaCl.

(c) Fluorescence intensity as a function of K* concentration.



= 4x10° = 3.6x10
4 g 4
©3.5x10° | &
- . — [K*] = 160 mM > 10 .
g 3x10 —[K:]= 80 mM -225”04 O
52.5x10 [K7] = 40 mM &
2 K= 20 mM £ o0
£ a0t —[K]= 10mM -
3 . — K= SmM 8 1500t b
£1.5x10 —K]= omM g et L K,=25mM
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520 540 560 580 600 620 640 0 50 100 150 200
Wavelength (nm) [K™] (mM)

Figure 2-3-7. (a) Emission (Aex=490 nm) spectra of 1 uM HaloTag-TLPegHalo complex
in PBS (pH 7.4) containing indicated [K*]. (b) Fluorescence intensity as a function of
K* concentration.

g 303H

HN A~ —_— 4> ,
COOH HN A ’ c ooH

SOsH, SOaH SOgHH SOaHH
—» —>
N COOH N\Ao/\/owm
3

SOH,  SOsH, f

4> Jw/ J\WN\AO/\/O{/\)C' -
21

TLSHalo (22)

Scheme 2-3-3. Synthesis of TLSHalo. (a) Oleum (30% SOs3), y. 62% (b) Fmoc-OSu, 8.5%
Na2COsaq, 1,4-diocane, y. 83% (c) (i) NHS, DCC, DMF (i) 17, DMF, 6.8% Na2COsaq. y.
64% (d) HaloTag® Amine (02) Ligand, TSTU, DIEA, DMF y. 20% (e) piperidine, DMF y.
14% (f) TAC-Lime, DMT-MM, DIEA, DMF y. 41%
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Figure 2-3-8. (a) Absorption and (b) emission (hex= 522 nm) spectra of 1 pM TLSHalo
in 5 mM HEPES buffer (pH 7.0) containing indicated [K*] and 1% DMSO as a
cosolvent. Ionic strength was maintained at 150 mM by addition of NaCl. (c)

Fluorescence intensity of TLSHalo as a function of K+ concentration.

QL
o

E)
5 6000 © 6000
! — [K] =160 mM g S

< 5000 — K= 80mM £'5000 o °
= [K*]= 40mM c o
g 4000 | [K*]= 20mM g 4000 | p
z — K= 10mM = £
g 3000 | — K= 5mM b 3000

— K= 0mM c
& 2000 ¥)> om 2 2000 7
2 @ b Kg&=19mM
2 4000 2 1000
S <]
=] 5
w e 0 . L L 1

520 540 560 580 600 620 640 0 50 100 150 200
Wavelength (nm) [K*] (mM)

Figure 2-3-9. (a) Emission (Lex=490 nm) spectra of 1 uM HaloTag-TLSHalo complex
in PBS (pH 7.4) containing indicated [K*]. (b) Fluorescence intensity as a function of

K+ concentration.

Table 2-3-3. Optical properties of TLPegHalo and TLSHalo.

Abs Em Quantum
Amax (NM)  Apax (NM) Yield
K] without / with HaloTag
TLPegHalo 0 mM 522 538 0.049 / 0.029
150 mM 522 535 0.41/0.33
TLSHalo 0mM 522 537 0.040 / 0.031
150 mM 522 535 0.41/0.36

FEARZR BRI IR TS, AN —EIE OB AT K o THOLDMOSRIIR T £ R
B UCEN TAC-Lime @ 1.3 {52 ER L7z, F£7- HaloTag # /X7 EH L OfiAH S
R SERAIER . KAIINSPE 5 s OO & 612 TAC-Lime & [FI% 2L E OB Rtk

%7~ L7z (Table 2-1-1 for TAC-Lime, Table 2-3-3 for TLPegHalo and TLSHalo) .,
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%\ C, TLHalo (Figure 2-3-5) & [F4£1Z sp-HT-Rhod % %&¥l L 7= HeLa fifEiZxt L,

TLPegHalo 3 X O TLSHalo % W T¥%fa L7= (Figure 2-3-10, 2-3-11),

TLPegHalo mCherry | C

100 150

Figure 2-3-10. Confocal microscopic images of HeLa cells transfected with
SP-HT-Rhod and mCherry. The cells were labeled with 10 uM TLPegHalo. (a)
TLPegHalo, (b) mCherry, (c) Merge. Lex= 522 nm, 586 nm : Lex= 530-560 nm, 600-695

nm. Scale bar: 50 pm

TLPegHalo I3 #7525 L CHIMAR 3% L, HaloTag % > /37 EORBOAEICE D5
PHRIKEN &2 HER R AIC Yt LT L - 72 (Figure 2-3-10), #lfa% 4% PFA TEE L, fM
TEPERC AR 2 i AL 9~ 5 & Z O Ofk e RIE A LU, MR Ecidik st
TSN o722 &b, TLPegHalo 13 TLHalo & [Fl#£1C HaloTag % > /37 & & D
BRISEIFE AR EF, MENICER STV ZERR ST,

Figure2-3-11. Confocal microscopic

mCherry,"BF

images of Hela cells transfected
with SP-HT-Rhod and mCherry.
The cells were labeled with 10 uM
TLSHalo. (a)TLSHalo, (b) mCherry
and bright field. (c,d) Images after
fixed with 4% PFA and

Live cell

permeabilized by PBS including
0.03% TritonX. [K*] was 40 mM. (c)
TLSHalo, (d) mCherry and bright
field. Aex= 522 nm, 586 nm : A=
530-580 nm, 600-695 nm. Scale
bar: 20 um

Fixed and washed




—J5. TLSHalo & fif L7235& T3 EInFEA S 7z HeLa flaOMIfaE F o230
ThrEaE B S 47z, PFA EES £ O TritonX (2 & 2 ARG 0O 35 8 ALEE 0> 1% & il fa 5
B EaOEAMELZE S, TLSHalo 25 HaloTag # /37 B L IAREA 2 LTV 5D =
ERENT (Figure 2-3-10), 723%. DMEM ' 37°CC 30 4y TLSHalo % f1h14 2% Litd
T TITMBRN ONESR & DI A OT R BEORGOMENBIE I, £722
ORI FEASNTOZRWAIR THBIR SNz, ZOMBBNIZZ LS RIE 25C

(2R1E) DA F. DMEM 1 30 5 D&M TF n—7 Ak LIZBRITIZA 2 o TEY |
T RYA F—=3 AR L > TREMICRY AT TWD Z LRI, FEIRUT
ORE TR 5 Z & TR LI W T 7edt e #li g S, 3l X O A
(2 & Tz > TR R AV Y MM TR Z 2RI 72 B 7y & & 2 TLSHalo % HW T

S bR EED T,

fe T, TLSHalo 2MMiflaRm Co A UV v AT a—7 & L THEIET 2 NI oW TR L7z

(Figure 2-3-12), 72IHE A A — 2 7128\ T TLSHalo OHOEIREZ(LD A2 JIE L
EoET 5L KNEEOEHLSMIAMILT & D HaloTag % > /37 B DI L& OE O CIFH]
PRI PE S MO MifE, HBRALE O T e E ORI X - T b BRI O 8 LR 134
EL D27, DI NREBREOE{LEZHRET 2 L3 LVWEEXbND, £ T,
HE OEHENMEA B E S 572, TLSHalo OARRHC KIEEKFIE DU AR & £
HaloTag ligand T# % Alexa660halo % 3677 S+, I 10> HaloTag % > /37 B % 4
Iz Yets L7-, HaloTag # > /37 &% HaloTag ligand & 1:1 TS EZEMT D720,
153 L1 Cld TLSHalo 7)» Alexa660halo @ &6 &7 —J5 L& LTV D Z &IT7 578,
WO~ 7 0 R EAGSE T TR B2 —E D #E o TLSHalo & Alexa660halo TYeth
SNDHZ LI/ Alexa660halo DHOEZFEREL LT TLSHalo D0t E DibA2 & 5 Z &

THRICHRARIZE IR T —F 7 77 bORBEMAERS Z ENA[RRIZR S, ZOFEEZHN
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T, MIRESME D KA 2 280 S TR OO R L 2 JE Lz & 2 A, flashio Kt
TREEZEABITAE O Ml E OOt O Z e Bl sz Z &b, TLSHalo (3l

HIZBNTE K n—7 & UTHRRET 5 2 L DN DO b LT,

=y

TLSHalo

e o & o :
o N B O O O N
T 1

Py

F.l. ratio (FTLSHaIOIFAGGUHaIO)

0 10 20 30 40 50 60 70
[K'] (mM)

A660halo

Figure 2-3-12. Confocal microscopic images of HeLa cells transfected with
sp-HT-Rhod and labeled with 2 uM TLSHalo and 10 uM Alexa660halo. The images
were taken in HBSS containing indicated concentration of K*. (a-c) Fluorescence
images of TLSHalo in HBSS containing indicated amount of K+. (d-f) Fluorescence
images of Alexa660halo in HBSS containing indicated amount of K*. (g) The ratio of
fluorescence intensity (FrisHalo/Fassonalo) as a function of K* concentration. The values
were calculated by taking three ROIs on the images. Error bar: S.D. Green: Aex= 522
nm, Aem= 535-570 nm, gain= 800. Red: Aex= 660 nm, Aem= 680-800 nm, gain= 800
Scale bar: 100 pm
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TLSHalo O4xJ& A 4 L &R VEE fEt L7z (Figure 2-3-13),

O without K*
700 B with 150 mM K*

600 |
500 |
400 |
300 |
200 |

100 |

Fluorescence Intensity (a.u.)

Na* Li* Rb* Cs* Mg? Ca? Zn? Fe¥ Cu2*

Figure 2-3-13. Ion selectivity of TLSHalo. Emission spectra were measured with
1 uM TLSHalo dissolved in HEPES (pH 7.4) containing 1% DMSO as a cosolvent
(Lex= 522 nm). Concentrations were as follows: Na*, Lit, Mg2* and Ca2+ 150 mM,
Rb* and Cs* 80 mM, Zn2*, Fe3* and Cu2* 100 uM, each as the Cl salt. White bar:
without K*. black bar: with 150 mM K*+.

PBS (pH 7.4) # i, TLSHalo [ZfXFM & E A 4 ioxf L TEN ERAEZ RS o T,
KrERUT AR VAR T KL FEFESZORKE W Rbr, Cstlaxt LTI ER 2R LT
2, T FHET S AEBNORIIERICHFIELRWA 4 ThH LT DRER N L
EZobhb,

F7o, RFEMRZ N7 E LTBSA L 0347 F ¢ TLSHalo & HaloTag % /37 B %
[t &® =& 25, TLSHalo I3 BSA @347 F Tt HaloTag & /37 B L BIMIITHES L

72, (Figure 2-3-14),

CBB FL

BSA
(66 kDa)

HaloTag
(33 kDa)

Figure 2-3-14. SDS-PAGE of HaloTag-TLSHalo conjugate.
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100 mM NaPi buffer % T pH &7 2 #5 L7z (Figure 2-3-15),

F.l.(a.u)

600

500 -

400

300

200

100

® 150 mM K*
® O0mMK*

¢ [

0 . L . . ! . |
5 55 6 65 7 75 8 85 9

pH

Figure 2-3-15. pH dependency of the fluorescence of 1 uM TLSHalo. Spectra

were measured in 100 mM sodium phosphate buffer adjusted to the indicated

pH. The indicated concentration of K* was used. The mixture contained 1%

DMSO as a cosolvent.

pH BEEMEIZ 72 H12o0 T, KMBFAE L7 ThHEen ER Le, ZHUE TAC FL—%
—DEHRFAN T b AL END Z LIk > T PeT IC L BANEE SN TV D Z & D3R
KEBZOBND, BUHFEEOERA S ORFHZ LiuE, BODIPY ICE#HEAL TWLH YT
VT2 )RR U AEEDOERIFAO pKa 13 6.0 Th v 41 L OHETH 5 TLSHalo Th
pH 7 L0 MM CITE RO 7 1 hARIZ L 5T PeT BMEHE S AH TV D, L L7

N5, pH 7.4 ML CRHEEE ZRH G RITA SNz, 7 a—7 0l e I FZES

HIBFEDA A=V TIZBWTUIRE R E 1372 570 Sl L7,
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TLSHalo (3145 22 M EHEE RV 2 2 T2 b D0, REER O Y230 TR IR
(72 EL Y IAFAZ K DMEROEMA RSN 556030 5, 2 CT& 512 TLSHalo O 1 /L AR ¥
VEERSRE LT, B A RORE KSR LR G S8 5 2 & Tl ik
L DHEERDDOICTE 20 Bat 2T o7z, BRIICIET I ECEffishizT ¥ A b7
CEAEKE LTHWE, TEARNT I AN —ADRBa1,4 7Y av RS Loal,6 7
Uay MEGICE o TE B R - T2 HO—FTh 5, = 2 TIHIAR~OBMHE, —401
X D EfATRE 2 7 X ) OB EAEE L, 1-2 mol / mol O I/ Ha KON s

£ 10000 DF ¥ A + 7 & Az (Figure 2-3-16), &% A ¥ — A% Scheme 3-3-1 27k L

77
O-CH,
0.
N -{--0-cH,
OH 0
n OH
OH
a-1,6 o
+ m
a-1.4 o-1,6

Figure 2-3-16. The structure of dextran.

o
SO
N N o

SoH!  SogH! 3

o
N/\gkN/\/O\/\ ONCI
3

SoH!  SoH!
TLSHalo (22) Dex-TLSHalo (23)

Scheme 2-3-4. Synthesis of Dx-TLSHalo. (a) DMT-MM, dextran-amino, 100 mM
borate buffer (pH 7.8)
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4Rk L7z Dx-TLSHalo Y5454 % k54 L 7= (Figure 2-3-17, Table 2-3-4),

a b Cc
0.03 ? 200 g 200 -
0.025 % =i >
£ 150 1 e B 150
q:d 0.02 % ng} %”‘E §
© - e A c
£0.015 Z 400 W = 5 100}
8 8 —[K]= 1mM g
Q A\ — [K]= OmM
0.01 c \ o) -
< § 501 § 5017 Ky=37 mM
0.005 o h N 2
g 0 j&“_ __ § 0 ? L L L L L L " '
0 T T 0 20 40 60 80 100120 140 160
400 450 500 550 600 “- 500 550 600 650

Wavelength (nm) Wavelength (nm) [K'] (mM)

Figure 2-3-17. (a) Absorption and (b) emission (hex= 522 nm) spectra of ~1 uM
Dx-TLSHalo in 5 mM HEPES buffer (pH 7.0) containing indicated [K*]. Ionic
strength was maintained at 150 mM by addition of NaCl. (c) Fluorescence intensity of

Dx-TLSHalo as a function of K* concentration.

Table 2-3-4. Optical properties of Dx-TLSHalo.

Abs Em Quantum
}\'max (nm) x'max (nm) Yield

Dx-TLSHalo [Na']=150 mM| 522 535 0.007
[K'1=150mM| 522 535 0.097
with HaloTag [Na'] =150 mM| 522 535 0.012
[K']=150 mM| 522 535  0.087

KHOERIIGE L THEEZ T 2 LW O BEEIIR b oo b DD, THA LT
VEREARSEILZ LITRY SO E IR K O A ORI THITIZT 455D 1 &7 o
72, Avidin |2 TAC-Lime % EH#E#H L7-FEDO L 912, TF A2~ T U ORI &0
WEZZ T TN EZEZL TS, NS Fa2IHEL 9% tyrosine X° phenylalanine,
tryptophan & \W\\o727 X BRIEEDMNITICHAEL 9 27 7 HEEN, ZSHHTHLT
FAPTUHES L THEAER FIEMET 5, L) 2 & OJRRIFBUR S CIERE TE
TW2RWH DD, TAC-Lime % dextran (ZEHRG A L 72 TAC-Limedex (23T AR DM
ARG Z LG (%), TLSHalo ICRFAZ2BIR Tid7Ze < dextran & OfEG AT
HZHDTHD EEZ TS, —J7, HaloTag # > /37 & & OfEA 1L TLSHalo HAKRDEE & [F]
BRICH R FICRICRE REEL B2 W2 E RSN,

(%) TAC-Limedex ZAE L. OZHIE L7 & = AKH= 150 mM % &7r 5mM HEPES buffer H1C 0.054 Th -7,
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TLSHalo &= 7~
AT 2 31T D KHEREEZ2 LD
g H
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# =% TLSHalo & MW7 MlaETEE 61T 5 KHRFEA L Ok

FH—H KrOFTRINCEE 9 KHE o

B OEFE TITBWC, M Eo HaloTag # > /37 8 LRI S L. KHEEZLE
WAL & L TR TEEZ 2 71—~ TLSHalo OBH%& (2 k%) L 7=, TLSHalo (% KHEE D
fBAZ%E L CRIERIITIRZE L, £ 7 KHEERkEAL Tod D TAC F L — & — T DWW THATRm 3T T
Z DFEG SN EE kon= 0.0020£0.0003 mM-! mst, MRS TH 1L ko= 0.1220.02 ms™?
EHEINTND Z &b 25, MBGEEE ST 2 /T2 — ke 7e KNREZ(Z Y 7
IWEA LTHEICRNTE D Z EDnIIFF LD,

Z 2T, MIRBETEE CORTHIZR KNREZ (b Z S SR 23 ks LT, BNBEMET T
~vAruAf Vs ya CEEE AW EREIT o7, BARMIZIE, Milao Z <GB
BED KCl WikE R L 2REEL, £ CI<MED KCl WK% k4 25

(Figure3-1-1(a)), ZAUZ LV, $OUTEE TIEI RIS ERE D KPR FFE L, R 8
D OREENTZE 3~ KR L TS E W H BT, Kroifiet & & A 7 — L id e 5 6 0
D KT v VOB L S Rt 72 (K] ER 2 U722 0MERD £ B 2 7,

EREC ZNEIT 72 & A, TLSHalo (2 OWTIEE OIS Tlt KAINE &I K X 7ot
EHEPE G, $HED DEENTALER E KN b a0t EA-£ CoORFBIEBERA SV . E5
ORE L /NS ol (Figure 3-1-1(b, ¢, d)), —77, [FIRFCYE L7z KAFEREMEO Ml
IR halo ligand T& % Alexa660halo Tid, AR KCL A Z N L T H —ReAY72
H ERIIEIE SN o 72 (Figure 3-1-1 (e, f)), 723, TLSHalo, Alexa660halo & %
(KRR SEBRE N T8 2 CTE TV AR, ZHILEHRBRIC L 2 0FOBOIZL D L0

LEZTWD,
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Microinjector

Medium N 7

150 mM k-,
KClaq

12 :
15 lrkao 3
3 &Q 1.1 i—ao 4
w | ——Roi
2t 2 1.05 '
needle E 1 1
—0.95
w s
09 1 ]
0.85
0 16

Time ()
Figure 3-1-1. K+ diffusion imaging using microinjector. (a) Schematic image of the
experiment. (b,e) Epifluorescence microscopic images of HeLa cells labeled with 2 pM
TLSHalo (b) and 10 nM Alexa660halo (e). (d) DIC images of labeled HeLa cells and
microinjection needle. (c,f) Normalized fluorescence intensity (F/Fo) of TLSHalo (c) or
Alexa660halo (f) in each ROIs as a function of time. During experiment, 150 mM KCl aq.

was effused every 2.5 seconds from a micro-injector needle for 300 msec each with 1500
hPa.

[l — 3 CHONME 22 2 T, [AkIZ TLSHalo TOAEt DT ROI T KHRINE
B RE a0t EADB R G, $HE0 DEEN 213 E KRNI Haot B F To R [F R
b, EAOEEL/NEL o7 (Figured-1-2(b-c)), 7=, KrORMEITORNZZ0D
RERERY 72 A A —3 2 7 Tld TLSHalo D3¢ EF L7 » 72 (Figure 3-1-2(0), %72, &t
DHOVEIRZ 150 mM O NaCl ¥RIZE 2 TRROE§R 21T > 7241213, TLSHalo,
Alexa660halo & & IZ8# T LITL b /e o 72 (Figure 3-1-3), &

LI XY, TLSHalo @t EAIIHIRLH & OFECA = 7 2= TR D AR

REICHET A HEOTIHAR L, NI KT OBINB I OEHE KR LIZbD L= 2 5,
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Figure 3-1-2. K+ diffusion imaging using microinjector. (a,b) Epifluorescence microscopic
images of HeLa cells labeled with 2 uM TLSHalo (a) and 10 nM Alexa660halo (b). (c) DIC
images of labeled HeLa cells and microinjection needle. (d-f) Normalized fluorescence
intensity (F/Fo) of TLSHalo (d, f) or Alexa660halo (e) in each ROIs as a function of time.

In (d) and (e), 150 mM KCl aq. was effused every 2.5 seconds from a micro-injector needle

for 300 msec each with 1500 hPa during experiment.

ad  TLSHalo

A660halo

- 0)_\
o = L =
a = o N

I. ratio (F/F

-

0.95

F
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©

0

150 mM NaCl aq. injection
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8 12 16
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Figure 3-1-3. Na+ diffusion imaging using microinjector. (a, b) Epifluorescence microscopic
images of HeLa cells labeled with 2 pM TLSHalo (a) and 10 nM Alexa660halo (b). (c) DIC

images of labeled HeLa cells and microinjection needle. (d) Normalized fluorescence

intensity (F/Fo) of TLSHalo in each ROIs as a function of time. 150 mM NaCl aq. was

effused every 2.5 seconds from a microinjector needle for 300 msec each with 1500 hPa

during experiment.
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S 51T, gkt g & U GRS D K7 1 — 7 Td 5 TACLimedexd® & FHV T [AIEE
DFEERE1T-7= (Figure 3-1-5),

8 TacLlime, P DIC c

1.05

-

0.9

Time ()2
Figure 3-1-5. K+ diffusion imaging using microinjector. (a) Epifluorescence microscopic
images of HeLa cells labeled with 2 pM TAC-Limedex. (b) DIC images of labeled HeLa
cells and microinjection needle. (¢c) Normalized fluorescence intensity (F/Fo) in each ROIs
as a function of time. 150 mM KCl aq. was effused every 2.5 seconds from a microinjector

needle for 300 msec each with 1500 hPa during experiment.

TAC-Limedex D% 1. TLSHalo & [RIERICEFE DIFE TIIHB R < K& Ae i A
HY ., BENDIZHONTEIEDNS ERVITELS, hEL< o T WS HHAITH LB D
D, Ny 7 7T 7 REEPBRKEWZOZO L 7 F IV BRI NIEFIC/ NS, £72H
R DTEIL IR 7203 B AT BAMEE ClE a2 R TE e, BOMBaRE D £ Dy T
EORRERDZELDE X T DT TX 72, F72, TAC-Limedex IIZFHTH 2
dextran LA L THEY K& AT FEARE IEBEEIZIZEZR DL OO0, 7'n
— 7 BEGIEEL O D72, EROLERRRETIHEVVBEFLRS2NEEZEZLND,

o, MERETHMBORED > HRHICIER T 280 CORFTRIZ2[KIZE 1 E AN
213 RELDZENTE D) L0 )0k, BIFOMBEARKICHET 241470 K7n

— 7 LHANTENERTH S,
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oK

% _Hi Ktionophore &V 7z Kt DR H

TLSHalo 725N @IN U7e KR EE 2 feme U7z a0 R 28 b 2 A D 2 & D3 DD B
NT=T2 W TR 5O KA PE S MilasNR D KRB LA T 5 2 & 2, £
7 K*® ionophore % F\ N THNE~D Kt &% L7z,

Bl BE e & AARPIZIW T KRB LS B BIR AR ORI C 38U CIIMIas K
OEFEHIR G TEY | fiaL B &=CERLOMAE it T2 KHZ X 5 KHREZENIE S 0TV
%, DL DB A L T, ionophore OIRINEZIZBILERIC I N—HT A %#it5H 2 & T K
DOYEEATREZL AR ME D IRFE 2 [RJR) L7 RRECTA A —V > 7 %47 -7 (Figure 3-2-1~3-24),
TLSHalo & Alexa660halo T AHNZYLta 24T\ KK Alexa660halo DEEE Y 7 7 L
VA L% Z & C TLSHalo ODEHREEZ b BB S0 KHRFE 2R Uz, dOREN SO

KHEEDORHICIE, Figure 2-3-12 O V=,

25
a b N\ c o mock 0.1% DMSO
N~ —_ = 10 uM valinomycin
Lﬁor\( Yo S . K v
WY o I 3
Cover glass N ~NH =
o o 45
1 Q = '3
Medium > 2‘0 O=<O 2
K* 0, -
- Cover glass “""‘fo o ° ﬁ-J__ g 0
3 S . o | -
e e o o f~20pm o*é\l Yot / 2 5 . M
N0 b w : I
- H Ve J
0
Omin  1min  2min  3min  5min uncover

Figure 3-2-1. Detection of K+ efflux induced by K+ ionophore, 10 uM valinomycin under
cover glass. (a) Schematic representation of the experiment. (b) Structure of valinomyecin.
(c) Kt concentration was estimated from 3 ROIs of confocal microscopic images of HeLa

cells labeled with TLSHalo and Alexa660halo.Error bar: S.D.
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A660hala

50 50 1.5

00 0

Figure 3-2-2. Confocal microscopic images of HelLa cells labeled with TLSHalo and
Alexa660halo. Cover glass was mounted just after an addition of K+ ionophore, 10 uM
valinomyecin, to induce K+ efflux. Fluorescence of TLSHalo (a, d), Alexa660halo (b, e)
before or 3 minutes after addition of valinomycin. (c, f) Fluorescence intensity ratio

images before or 3 minutes after addition of valinomycin.

LY
T
&

0 Mock (0.25% EtOH)
| m10uM nigericin

n
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—
o
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Figure 3-2-3. Detection of K+ efflux induced by K* ionophore, 10 uM nigericin under
cover glass. (a) Structure of nigericin. (b) K* concentration was estimated from 3 ROIs
of confocal microscopic images of HeLa cells labeled with TLSHalo and

Alexa660halo.Error bar: S.D.
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TLSHalo |b A660halo|C

0 min

3 min

000

Figure 3-2-4. Confocal microscopic images of HeLa cells labeled with TLSHalo and
Alexa660halo. Cover glass was mounted just after an addition of K+ ionophore, 10 uM
nigericin, to induce K+ efflux. Fluorescence of TLSHalo (a, d), Alexa660halo (b, e) before
or 3 minutes after addition of nigericin. (c, f) Fluorescence intensity ratio images before

or 3 minutes after addition of nigericin.

#1& ionophore AN & > THIFLME LDk d O ORERFRI R R P BIE S e, 0k
valinomycin | 3HfaN T K LfifE L, ZHABlddt~ & EOH S+ U 770 ionophore T 1 |
nigericin | FHIIE 2R T T K2 /lash~ H &2 Hilap~ & k9% antiporter & L COM) 2£F
“ionophore T D, N/ N—H T AZ/NFTIZT TIZ DL S 7280t EFIIA U, e —77
T Aa G T & THOREIR S & OKUEE TR -7, BLEX Y, TLSHalo {35/3—7% 7 A FDIR
JR) S HVTZHAEANE T C donophore (28 - THIEE Z &5 KARED BH-Z . Alai LTl LT

W EFEZBND,
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B Ca2HRIENME KA F ¥ 3L &4 Lz KA o

E BT, LA RO KHRHIZOW T HaEr =< . HIfRICPET A K*F v 1L %
HT 2 = &2 X 5 Kot 2l r-, BARRIZIE, CazikiFtt K ¥ %/ CTdh 5 BK F v

VBT % HT29 Ml Z VT BK F v /L OB D11 5 K7t 27 L7 53 (Figure 3-3-1),

TLSHalo|b A660halo g 3 uM ionomyein
16 50 uM BAPTA

= mock 0.3% EtOH

= 100 nM IBTX

I
lI ’—I
90 120

0 sec
Estimated [K*] (mM)
SIS

o N A O o®

LI ’-'I
30 60
Time (s)

llI
0

30 sec

Figure 3-3-1 Detection of K* efflux through BK channel induced by 3 uM ionomycin
under cover glass. (a-f) Confocal microscopic images of HT29 cells labeled with TLSHalo
and Alexa660halo. Cover glass was mounted just after an addition of Ca2+ ionophore, 10
uM ionomyecin, to induce Ca2+ influx. Fluorescence of TLSHalo (a, d), Alexa660halo (b, e)
before or 3 minutes after addition of ionomyecin. (c, f) Fluorescence intensity ratio images
before or 3 minutes after addition of ionomyecin. (g) K* concentration was estimated from
3 ROIs of confocal microscopic images of HT29 cells labeled with TLSHalo and
Alexa660halo.Error bar: S.D.

Tonomycin (Z X% CaZ i DERIZ, ionphore DR &[RRI/ N—H T A% TA A—T
TEAToTe L A M EORKEEOE O RDMIER SV, Z OFOEHERKITHITEN Cazt D% L—
4 —T 5 BAPTASSBK 7 v R/ UHEAITH 5 iberiotoxin ODUSINZ L > THIZ BT Z &b,
A A=V TFERD BK F v 3V A9 LT Uiz KHZ XD KR ESAZ KL Tnd 2 & D3

IR ENT,
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VUS4 BE B O B EEEE 2 O 7 MRS T L 38 1 D Kt i O H

R

BT AN—=H T AT THlE BT 2 KrOdOtRIN 21T 72, 23 E B oH
fa R SR T 2 KNS K 2 FHRRREZE L ZRIH L TWD LEZ BN LM, EROF
b R ORI T O/ 2O BIEIINEECTH V| BIME R ISR 2V TR
(78 KNREEAAE T D00, FINERZ DAL DI OV TITHBI TE TV, £
T T KRR 20 B S PTRE 2R AR RIBR DRI D& 7 LR & LT AR IR HO LIRSS (TIRF)
Z - OBEEER & 7 ¢ v 2 2 O OEIC T 5 KNt 2R n7-, B
BREIIZIE, BK 7 % 1* V8 LU sp-HT-Rhod % #&{5 1 A L7 HEK i@l TLSHalo %1%
WL, RNy F I T Ko TG IRNEEZ 5 2T BK F ¥ r/V A BAAKERICH D S &
Do ZHUTHED Krofii s LT, MlaERIZH 1T 2 TLSHalo 75 & D XL 5 et b4
AT ONWT, ERHT M2 IV CBIZE L7z (Figure 3-4-1), BAFED KOV
BLOVyF 27 Z 7k (Whole cell clamp) OEBRIZ DWW TIE, 4 BN KRR PR

FOTIERE, MRS HNART R (B IREIREER) FTIR O (LA B HEBdZ O T 7 & 45

A

b

B A1T > CIHUW T,

N

BK channel
Evanescent field

'O\
)

20-50 nm

Figure 3-4-1 Schematic image of K* imaging at the bottom of cell using TIRF microscopy.
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FMIRERIZIS T D KR EZITR LT TLSHalo 234G E & WAk 5 22T,

ARSI EREE O KMEIR 2RI T 5 2 & “CEEE L7= (Figure 3-4-2),

a TIRF
Transmitted Control 40mM K Washout Transmitted Control 40mM K* Washout
10pm 10pm
] mm ! 1.1 40mM K*
49 O
e 1.2
w |.I.=
=~ 1.14 ~ 1.0+
w .
1.0 ™= w
0.94
0.8
o 1 2 3 'I"" 5 6 7 8 9 10 b T T T i T T 3
ime (min) Time (min)

Figure 3-4-2. Fluorescence changes of TLSHalo or Alexa488halo during the perfusion of
K+ solution at the bottom of labeled HEK cell. (a) TIRF microscopic images of the cell
labeled with Alexa488halo in each timepoint. (b) Fluorescence intensity transition of
TLSHalo during perfusion. (c) TIRF microscopic images of the cell labeled with TLSHalo

in each timepoint. (d) Fluorescence intensity transition of TLSHalo during perfusion.

ZoXHIT, Y U LIEEMED Alexad88halo TYufa L 72354 A LA B B g
—Jj, TLSHalo THett L 72355118 KR O WG RRBNTZ S A DA — /L T
HeD—@ED EFPBES L, T ORBITHIIE T OB BRI~ HETTR D3 R 2 12 A D A

Zy HTWSHFZIMLTND EFZLOND,
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FNT, 2Ny F 7 F7 728D 100 mV OFEE %2 BRI L 7ZFE o TLSHalo @4

R L 2822 L7z (Figure 3-4-3),
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Figure 3-4-3. Fluorescence changes of TLSHalo during depolarization by whole-cell
patchclamp at the bottom of labeled cell. (a) TIRF microscopic images of HEK in each
timepoint. The cell was labeled with TLLSHalo but BK channel current was not observed.
(b) Fluorescence changes of TLSHalo during depolarization at the bottom of HEK shown
in (a). (¢) TIRF microscopic images of HEK in each timepoint. The cell was labeled with
TLSHalo and BK channel current was observed. (d) Fluorescence changes of TLSHalo
during depolarization at the bottom of HEK shown in (c).

TLSHalo ®HGIFBIZ XN D H DD 100 mV O P fBHEREZ BK F v /L RO &
DRZ W, F7205 BK F ¥ RAOFRBL L TWZRWMIIIZ W Tldaot 2 ks 7 i
U (Figure 3-4-3(b))— 7. BK v R /VEFN A S5 Ml 33 Tik TLSHalo O td—
WP BN S - (Figure 3-4-3(d)), FBJEOHIN & B O EFIZH_RTHEDONLD B

DITRORES BRI LA L, BEOHMA LD D & aEBE TR 2 12 & OKEICE -

oo TOX D N KNRRZER S EBEO L0 EFEE LTS
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F 7o, KHFEIGEMED Alexa488halo Tk L 7= HEK @I DWW T b AR DO ER AT - 7=
fE, BIEOICES BK F ¥ R/VERIIBE I NN EE0 EAIER 2o T
(Figure 3-4-5), Alexa488halo & TLSHalo Z L2422 T 4 [l S8R D i Kt L%
DI & ARk % &, TLSHalo Oa0t A1 Alexa488halo Db DIZHRTHEIZK
o7z (Figure 3-4-6),
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Figure 3-4-5. Fluorescence changes of Alexa488halo during depolarization by whole-cell

o o
N Ao ®ooo

——

I(nA) V(mV)

o

o =
® o

patchclamp at the bottom of labeled cell. (a) TIRF microscopic images of HEK in each
timepoint. The cell was labeled with Alexa488halo and BK channel current was
observed. (d) Fluorescence changes of Alexa488halo during depolarization at the bottom

of HEK shown in (c).
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Figure 3-4-6. Average fluorescence intensity changes of Alexa488halo and TLSHalo
during depolarization by whole-cell patchclamp at the bottom of labeled cell.
Alexa488halo: F/Fo = 1.006+0.008 (n=4), TLSHalo: F/Fo = 1.070£0.009 (n=4). The

statistical significance is expressed as p=0.002 vs. control (Alexa488halo).

LI Eo%EER X v | TLSHalo DGR Z(L AN MK 2 31T 2 Koot & BERINZ

158D 7= 7% DA RELE i fH BR 2> & MRS~ D K OJLH A S L T\ D 2 & R S iz,
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F1Ei  Cell sheet T OMILHERIC IS 1T D Kk AL O H

FEIUEE T T, Kr ORI Re 22 AR AN O (R F5 & PR )R L 72 R BB T 0 KHREZL oM
DNWTIRARTz, ZAUFF ZIFAEERNIC IO TRIFRBSE R 0O KR AL R 725 &
Fio LB 2 LD e & Ok RO MAF BED N EHIAE - SEIE AR AL O RIBR 72 & Al 1
DUTHE L, AN DHEE DN DR WEBROET AR E LTEZXDLZENTE, L &ERA
BRI A~DIEHOFREMZ R T LD L VW2 5, L Lans, AR L HESR
TliX HaloTag # v XV E 2B FEATHILERD Y, 2O LD AR T v E v
PEZAT O DIFES TIER, £Z T, L0 ENLDOEMERY T MTEWFHERE LT, 3
WOCEE# Lo il 2 W7o f il 2 it L7z, BARBUICIE, BARANA U — b ik5E S
TWDEMET Y B 3 RITHFEMIRTH 5 Cellbed®% VT — MIROMIERGEZ 1T 72
51, HHAZIZIZA 9 S DNA WFFEFT O RMMEIAE £ L v 753 LTIV 2, N ¥@lZ HaloTag #
YRTBEDONET VFT U N ZR ARSI AT 1 BEFEFKEL TS HEK il
(HT-HEK) %\ 7z, Figure 3-5-1 {2, TLSHalo 35 X W KHEISEEDOEIEY T R TH
% Alexa660halo % FU T cell sheet #4uta, L 7B O #6487~ 7,

000
Figure 3-5-1. Z stack of confocal microscopic images of HEK-HT cell sheet. The cells

were stained by 10 uM Hoechst 33342, 2 uM TLSHalo and 10 nM Alexa660halo in
DMEM at rt, 30min. 30 um height, images were captured in each 1 pm.

HHAATIX, FED 2-3 BREEOMILY — FES 30 um F2ETHER > TV HERT2
BlZ2 s 7z, Hoechst33342 Dat A Bl nl 72 &G & XTI DR S O#EPH T TLSHalo
BB LW Alexa660halo Hikod b s 7z, F7=, TLSHalo (> U 7 7 A /"—¢ Y
BLTLEY LWIHOHEEZA LTV,

A cell sheet (2%t L C., Mg ki KCl ¥k 2 0N 2 T eisE D28 b 2 #8152 L 7= (Figure
3-5-2)
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HBSS + 60mM K*

255100

Figure 3-5-2. Confocal microscopic images of HEK-HT cell sheet labeled with 2
uM TLSHalo and 10 uM Alexa660halo. The images were taken in HBSS
containing indicated concentration of K*. Green: lex= 522 nm, Aem= 535-570 nm,

gain= 800. Red: Aex= 660 nm, Aem= 680-800 nm, gain= 800
Figure 3-5-2 |3/l — FOREN D 10 um FREDIER X O OEIAETH D03, N

L7z K3 (2 25 L, TLSHalo HSROE G N LH- LTz,

TLSHalo DIEEMENHER CTE 72729, [A cell sheet [Z%f L T K* ionophore T® %
valinomycin % 1 L CEIETRE L OBIER 2R AT b OO FRE72 ) s 5 43 T
% 7¢ TLSHalo O ITERD BV o7z, SMRIZHSIN L 72 KHTKF L CTIRINEZ I IG
BELTW=Z &, B =T A TFTOERTIE valinomycin #INC & - TR a8t EF-23
RonizZ 2 EnbE 25 L. valinomyein WEEINIZEE L TRV E WS L0 iX, #
Rl DAL F 0 J5 DS EERHIRE N T2 O i L 72 K OMIRSME A~ OJEER S 7 < . W FTRE 7R B
BAENEE Z > TR WRTEEMER B 2 6 d, Kb a—7 2 WA A=V 0 7 %97 91213,

F 0 ERISMIEE S LT EBRR 2 VWD BERH L LB END,

53



il

K+ v RV D EBEEFHRIZ LD,
K+F v R VIEE) Ot Yk H

54



FE KT ¥ RVOEETRIC LD, KT v RSB O HO
Ffi AR EToO Kt e —7 L KT v RV ONERIRICET T 2 B 5

ZNETOMF T, K7 —7 2/l e S 2K L LT N Kl HaloTag
5 Ry B e ST rhodopsin Z AWV TL Ml EIZI61T 5 KHR AT O H 2 i)
L7z, RIFEISMasAEE D K 7'm—7 L T R T2 MEnRm O £ D5 T,
EDORRED KHREZEICE S LTV DN a8 A A=V 7 0ICH MW E %A T
WHZEaIR LT, LLARRG, ZOMEETS DI, Pl 3@ oA A —
DU TR T T RARERARE L L KN F v X WEHLD U 7L 2 A SR8 & o

AT LD LVWEEXDOND, LT TIDRIZONWTELET D,

FPEMD KF v /L OMIaE BIZBIF 28I O T, #2 1 Florian b33Ny F 7
7 v 7w AWIZEIRRIEIZ X0 RIS A B RO LNCaP #ifaic31F 2 e Fo BK 7
v FLORBL R 1 H/um2 B L A LT\ B 55, £ 7= Volodymyr 6% IK1 5% %1% 1
WHUAK V&Y K> b (Quantum Dot; QD) THE# L 7= 2 RPUA THERR L. BEROE A2
2% Z & TMDCK-F-5BS il D FE BT 5 IK1 T ¥ RO %% 2 fH/um? & AL -
TWD 56, ZHUTHNIZ T, MIEDS LS THREAN L, — B THEED K F ¥ xR 7
T AR —EHT D78 EOZEMNRBIEOR Y 23 572z, MfafE ETo K F v rLo

BEIIZS/NISNEDIZR D,

—7, sp-HT-Rhod % H W\ 72556 ORI Lo Kr7'm — 7 OEEIZONTE 2 D,
sp-HT-Rhod % —i 128 s 78 A L7 HeLa fifd % Alexa660halo T A%, Ein 5 A
REMEOFIMEZME L, MEmPR o8 2 E T 5 2 & CRIFEEE o BT FE Y 7-

D OFREEZHE L7-, 10 cm culture dish 1 #5507 A4 E— F 2 HWTHIEZ T 72, R
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Tk D Alexa660halo TERL L7 &M O HE LR, B EAND 24 FRE% O

S TP sp-HT-Rhod DR B &1 4000-5000 fE/pm2 F2HE & A& Sz,

—~ 8000 ~ 6000 |
3 3 .
-(.2 7000 _ —2g gTM E, 5000 |
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Figure 4-1-1. Estimation of HaloTag-fused membrane protein expression amount in
HeLa cells. (a) Fluorescence emission spectra of Alexa660halo in PBS : lysis buffer =
2 : 1 or cell lysate(hex= 640 nm). HeLa cells expressing HaloTag-fused membrane
protein were labeled by Alexa660halo before lysed and sonicated. (b) Fluorescence

intensity of Alexa660halo as afunction of concentration.

T720H, 1 um2 ORIFEREIZIBW T, 1-5 HFEE D K+ v R LIkt L 1000 % &FRE D
K7 =7 PFELTWD Z Ll D, £z, K F v R0 b Sz KHd 3 oty
HURITHLEL L, 2 ORI A2 DHEBEIEICHAD LT, ZhbaBET 5 L.

F v RO+ nm X VO K 7'e — 713 KEOREZEEICH S T, Z0mtix /A
R Lo TF XY RNVELO T v —7 DG OBBEREZ TP 5 RK LD &EEZ bR
% (Figure 4-1-2(b)), #ZR i ~D FTEZ R S 7 WIS o K7 = — 7 (Figure

4-1-2() L HEA_JUE ) A X REL A ONTND L NZ D HDOD, JIEER KT ¥ RV

TEHERRE I T E LSRR ORMDEH D,

—J7C, HaloTag # > /"7 BRI 24 B OFETMIRRIED T2 OFLE LT
Bex 722 XY EDNEAR, LY S RE A RE e 2 EAREO—DTH D, £ T,

HaloTag # o /"7 B & E#: K*F ¥ 2VCHEG S, K7 e —7 % K+F v * VOB A E
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DORTEEIED Z LN TEUL, K2 LW K e —7ZHkd 53y 7 7
T v REEERS 2 TR EORHEBENSG DL, KT Y 3 EMHAL O 3R A AT
REIC/e D DTIHRW N EE X, KEICHET 21T -7 (Figure 4-1-2(0), 723, ZO X7
WFZEDfF & LT, CazriZB W\ TR CaztT v R /LViFfH D microdomain (Z351F 5 Ca2+
EEZALNER S TE Y | aequorin X° GCaMP 72 ¥ Ok « w7 Cazit 7 n—7
T2 T v RV 8T D RFEAY 7 Ca iR BEA LA MBS & OBSEIZ BT 2 A e
£ 7RI TN D 57,58 59,

a @ K probe (FL off)

@K' probe (FLon) g [ ] [ ] °

° o . o”"" e o 0
. O (6} o

/’ K* channel

Figure 4-1-2. Schematic images of signal-noise level difference in each K+ detection

method with K+ probe. (a) Non-tethering, membrane impermeable K+ probe. (b)
Membrane localizable K+ probe. (¢) K* probe directly labeled to K+ channel.



F_Hf1 BK F ¥ 3/ N EKim~® HaloTag # > /X7 EDEA

K+F v X VIEHEAL O B 72 #O M D F2BL A 117 L T, HaloTag ¥ v /37 B ZjE 4% K+
F ¥ FACFER SEI@EZ VB0 a2 T 7 MEKE LUK R ~DREH AR
77

BARMIZIE, Cazt k(7% Kr T ¥ * /L Th 5 BK F ¥ %D N KiinlZ HaloTag % v /37
BEfGSEs2L e Lz, 2O KT v R/UT 6 BIFRE@RN Tl - T, N A« C AR
& BTN TN TV D23, BK F v F/UEBIAEIIZ SO R A A &S Eoy & Fi -
TEY (Figure 4-2-1), N RS HIRBEIMANC H T D 2 & N RERICHE I Z 287 B
TFRE T IAN TR E ko ToE M RICRBT 52 & EAPRRE L
T CafAFNEZMZ AT L <, BHETORMS LT W &R EnD, ElE LTH
LTWo EE 272, 728, BK F v X/UWTME R SITFEEL, T v Vo
BK channel o subunit ® 4 &K T I, Fix OB subunit EEEIREIES Z & Thix
RPN AR L, BRAOZRBR N3 & LT NS-1619 o~ /LR, [LESK & L C iberiotoxin
X° charybdotoxin, paxillin 72 E23F1 5T 5 60, IL-6 FHRDERITY 7 LB LW
HaloTag # > /X7 /E% a— R L7777 A3 Fizkl L, Z® BK channel a subunit %3 A L

7= (Figure 4-2-2),

COOH
1113

Figure 4-2-1. Topology of human BK channel.
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pFN2tA [ [t SRR | »-HT-8Ko

IL-6 signaling peptide

Figure 4-2-2. Construct of the plasmid coding HaloTag-human BK channel fusion protein
(sp-HT-BKa).

YEpk L7277 2 X F(sp-HT -BKa) % HeLa flaIZ 8 A 8 A L, Ml E M
HaloTag ligand T& % Alexa4488halo % F\CHuth L CHlfafE B sp-HT-BKaA #HL L

TWBD a7 (Figure 4-2-3),

A488halo

5

Figure 4-2-3. Confocal microscopic images of HelLa cells transfected with sp-HT- BKa. The cells
were incubated with 1 uM Alexa488halo at 37 °C for 20 min. Imaging was performed in HBSS.
Green: Aex= 488 nm, Aem= 500-600 nm, HyD, gain= 100. BF: gain= 560. Scale bar: 50 um

— OB OMILAE 23 Alexa488halo THfE I7=Z L2, sp-HT-BKal I HifHim v
AAEME EICHBLL TWAD Z ERFER TE 2, L LN S ZHVE THW TV sp-HT-Rhod
LD ERBBITNR VDR EE STV,

itV T, HaloTag # v /327 B % N RmlZ il S E72RAETH BKad EXEFRY 2kt &
RFEFL TV DG %, BB ORR L R, 4 d RS RFEO IR 7 5 TR O
TWHAEET, Ny F T 71E (Whole cell clamp) % AV THERE L CTEV 7= (Figure

4-2-4),
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250y pCa=6.0 140 4 wT @
_80m\- — HEK293 cells 120 —a—WT + Pax (4)
1004 ~—&—Halo (4)
WT Halo 4— Halo + Pax (4)
frostielits E

o
Control fasrmpiron l%éi

-100-80-60-40-20 0 20 40 60

Voltage (mV)
CF_ 30 D 15
Paxilline [
(1M) 2 259
§ 20 1 '2\10
1nA| ‘g 15 4 __;
200ms & 101 &5
2 54
WT: BKa/pcDNA3.1(+) &
Halo: BKa/pFN21A HaloTag °“WT Halo. " WT Halo

Figure 4-2-4. Electrophysiological properties of HT-BKa. (A) The membrane
currents of cells transfected with BKa or HT-BKa during a series of voltage steps to
+60 or -90 mV from a holding potential of -80 mV with or without paxilline.(B) The
membrane currents as a function of applied voltage. (C) Capacitance of each

transfected cell. (D) Activated time constant ofeach transfected cell.

A ERIFE, EBUIFIINL TWAHEE, PEIXZAUTE U TN 2 ERDO KR E S 277,
FREMIXREE, T B¢ 1% BK channel OEREJFEEH]TH 5 paxilline ## 5 L 72BROEH A
fte BHIZL > TEAPMA LN TVD,

B : EItEERR, sp-HT -BKaD &t (FEH) &4 BK-WT ORI/ > TV D8,
FITFBANR T X —DEWIZ L DT v RADORBED 2% M LTV 5 ATREMED &,
C: MR RE, 1VOBEMAEDHDEZIZ1C (Coulomb) OEMEZEZDZEDTEDLR

#DZ &% 1F (Farad) &\ 9,
D : {EMAEREES, FRESBUTEFIRED 1-e1 (9 63%) ([T 5, EITHIMED e (K

37%) I[CETHET 2 ETORM & ER SN, BEREEAROR L L TRO BN D,

UL EOFER I Y, 1Bk L7 sp-HT-BKal: BK F v /b & L COMBEEA R L TWE Z L
DR TE 72, A, B TWT AT sp-HT-BKaD BN S WA, ZHUEZEH vector D

HEWCEIDRBAEDOEIIHKT I LD EEZ LD,
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55 —ffi TLSHalo (2 £ % H90CAT%

HT-BKoZSfflafe b CF v v & UTHERET 5 Z & ARk DT, ZiE TLSHalo
TYta L, RIS D KR NBIE TE AN O W TS 2 To 72, 9 ESFEMeE T

C TLSHalo (T X 2 AfafEGe B 23 FTRENZ DWW TG L7 (Figure 4-3-1),

a  TLSHalo/HT-BKa,

60mM K*

0 0
Figure 4-3-1. Confocal microscopic images of HeLa cells transfected with sp-HT-BKa and

mCherry. The cells were incubated with 2 uM TLSHalo in DMEM at 25 °C for 30 min.
Imaging was performed in HBSS containing 60 mM K+. (a) TLSHalo, (b) mCherry, (c)
Merge. Green (TLSHalo): Aex= 514 nm Ar laser 30%, Aem= 525-560 nm, HyD, gain= 100..
Red (mCherry): Lex= 543 nm (Ar laser 30%), ALem= 580-700 nm, PMT, gain= 800

Scale bar: 100 um

WRFIC LT, BinFEAOFEICE DO TN TR O DikEA GERFRIYZER
DIABLB L OHFRECHRLEZZbND) A6 51TV T, TLSHalo Z {1l L 7= HeLa
MR F 1T 2 Ml b C okt S e h o 7o, KraMSMRICIRIN L7 9 2 T
L— iR O R E 2 & RE L2 b OO, MK EIZ3s1T 2 B e a0t 38R

N oT,

o] 5722 T TLSHalo % 6 HAEGR STV R W A[REME A & 2, BIZERIC

Alexa660halo # 1% TiBY%ta L7z (Figure 4-3-2),
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mCherry | p Alexa660halo

Figure 4-3-2. Confocal microscopic images of HelLa cells transfected with
HaloTag-hBKa, wildtype hBKa and mCherry. The cells were incubated with 2 uM
TSH in DMEM at 25 °C for 30 min, and then with 1 uM A660halo in HBSS at
37 °C for 30 min . Imaging was performed in HBSS. Green(mCherry): Lex= 543 nm
HeNe laser 40%, Lem= 580-650 nm, PMT, gain= 800. Red (A660halo): Aex= 633 nm
(HeNe laser 40%), hem= 690-780 nm, HyD, gain= 100. Scale bar: 100 pm

X C®N 5 Alexa660halo TYLE L7oE &gV, Ml 12350 T Alexa660halo Hisk
DHITIFE A LBE SN oTe, ZOZ b, A7p< &b TLSHalo (XAl Lo
HT-BKoa & fEAIIL TWD DD Wity 7/ & U TR STV RN 2 & AR STz,
TLSHalo (% HaloTag & 1:1 THiA 9 5728, HaloTag OB EICABROENIHE SN TL
9, SHIZT ¥ RVHEORBEMEN & & TLSHalo OBEEAENZ & AHE - T
BN L < o TWDH EEX BND, MllafEiz HEK, Cos7, U208 & A ® L, iz &

AN ORI % 48 IFf] & K< L > TH RERBITR SR -T2,

—5C. TIRF BMEE CHIE T 5 2 L THREO R & ORERRINBIER ATREIC /2D =
EERWIRE L, ARSI FOIRNZEBUER O 215215, Xy F 2 7 7 (Whole
cell clamp) # AW AE21T 572, —MEIC sp-HT -BKaZ 38 S, TLSHalo THER#% L
7= HEK293 filalZ 3\ T, Ny F 7 T FiEZ AW TEEZ L 7B BK F v x /LD

B T D s e v 7 VORI 72 EH 3 3 50 2 D62 DWW TR L 72 (Figure 4-3-3),
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Figure 4-3-3. Confocal microscopic images and fluorescent intensity transition of HEK 293
cells during voltage application. The cells were transfected with sp-HT-gg-BKa and labeled
with 1 uM Alexa488halo. Dichroic mirror:495 nm Aem= 500-545 nm

AL, MM ISR 5 B Lo oM O EFITBE S P, kBB R S
NIeDHTH Tz, BIROTERE V. BK F ¥ F/WTHENIFEIL L TEB Y EZBEOHIM
(2 U CERIIRN TV A 720 BK F v KOV KBS FEH LT 5 2 & ITREEW 2 &
Ezonbd, LLEOEBREREZEET L L, £ sp HT-BKaD B & D72 & & TLSHalo
DR DK XU & > T, sp-HT-BKal % S 4172 TLSHalo O HEBIZE B ARA BN 7T
IREETH D 2 LAVRIR ST, F v FVIEEE D TLSHalo O£ R & HioT FB & LTI
Bl 21X N Ko tag (2T 2HURIC K 0 —7 2 EUER LIz b D2 W57 EOFIER
ZRONLHbOO, H_ETHR Lz X 9 IR~ DOIEHBIE K 7' v — 7 O PRtk e
bz DRt E < L EPUA S L OB RIS XS BEENDS D, BIFAR

MEAZRTEEER G2 ITITIER 2 BRI LENDH Y | SR OBRRELE LT,
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EIUED NEBEES L O FRET acceptor & L COHIEHZ 237 ORI

5% % Figure2-3-11 T Alexa660halo ® K+IEKIFHI 724 Yt % volume marker & L CFl|
4 2 MEEICHOW TR/, HaloTag # > 77 &% HaloTag ligand & 1:1 D &K%
T D720, FX FNEESE K7 0 —7 CE#HTLHG72 L, L0 MERRER IR
12D B R BT D LV D RCHEMERE L LT+ TiEZR2V, —7%. HaloTag
BRGNS R ERA L TTWIUE, BB 1 DX o3 BT LT N
WLRDENERIEDL I ENTE, BEORTRORELZE) ZE VRS LD, EBIC

B L TEBR I T e —T I nE e X LRV~ FRET (LLFIZEER) 2ER S v,
K7 v —7 I 5 30 2 o 7 BHBROEOE O R Z BT 2 2 & TREOED K =
—THRD ) A XEBHTE, FHRE LTRKIGD T 7 —7 2 Wi ICBlE %2175 2 &
MARE & 72D TAUTWEHEAERR BICHWAERY I ~Di 78 £ 4B 2 T BRITIEIER
BRRR L 72D,

ZOXIRMEROBEBICHI->TE, Fr—T LR F T HEDORTEDORE
FRET N 200N EHEL /0D, £ 2T, REENF /378 mCherry & HaloTag % >
NIBEE R I —TORWE Figure 4-4-1 [T K 9 R F 87 Badkit - B L, =

AT TpHhalo Z 5% L 72 B FRET OF HEIZ SOV TRET L7,

mCherry Linker HaloTag

N | Histag 236 a.a. 12 2.a. 297 a.a.

FLAG-tag | C

Expression in E. Coli ‘

Purification |
N His— mCherry -Linker- Halo "=—FLAG C

\_/ Linker: GGGSLDHRPVAT

FRET?

Figure 4-4-1. Construct of mCherry-HaloTag fused protein.
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728 FRET (Forster Resonance Energy Transfer) &%, —J (Donor &FES) DHOE A
N7 M et (Acceptor &FRS) DML AT MUVICER D Hd D K9 7 2 FEHOHOL
WV DN CAFAET DA, ik &4 7= Donor 23 FF DT %)L F—A Acceptor ~E4 5
Z L2 L 5T Acceptor HRDHESENBILE I NDHBIE A2\ 9, DX Figure 4-4-2 | TR
92 (Forster theory) |2 & - TR &4, Donor & Acceptor D [H D g, B\ 4% . Donor

DESEART Fv & Acceptor DEE A7 MVOERVIEFD 3 DOEFIZ L 5,

kr: =R L X — R 5K
Qb: Donor DHOEEFINE (Acceptor FETETET)
9000 (In10) Qp 2 J W BRI
5 4 6 J: BV
128 i® N n* 15 R N: 7R R r ek
n: O R

tp: Donor O EFH A (Acceptor FEIETE )
R: Donor & Acceptor @ i

ky =

Figure 4-4-2. Forster Theory

TLSHalo L5 b7z & L /37 L OB ERO I FREZ A LT (Figure 4-4-3),

a b c
0.03 = = S 60
3250 B b s
I & — K= 80mM 50
0.025 =200 | : >
[0} D [}
8 o002} 2 2 40
5 8150 g
8 o015 = = 30
[o] [0]
2 oo §100 £ 20
< g 50/ 2
0.005 g g 10f
0 1 N _8 0 h L s 0 L L L ]
400 450 500 550 600 650 700 L 450 500 550 600 650 700 750 L 450 500 550 600 650 700 750

Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 4-4-3. (a) Absorption and (b) emission (Lex=522 nm) spectra of 1 uM
TLSHalo-HaloTag-mCherry complex in PBS (pH 7.4) containing indicated [K*]. (c)
mCherry-derived emission spectra calculated from (b). TLSHalo-derived fluorescence
was subtracted from emission spectra of TLSHalo-HaloTag-mCherry complex (Lex=
522 nm)
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Figure 5-2-1. The design of two-photon K+ probes.
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m SOH, SO,
Fmoc-Gly-OH —————————» HZNM%( v%rN\)J\ r’“O

LN O D
N U S N $ g

Py

Y

o Qe

T
Scheme 5-2-1. Synthesis of 84 and 35. (a) () NaSCN, Brz, MeOH (@ii) 1 N HClagq. y. 27%
(b) ) KOH, H20 (i1) conc. HCl y. 36% (c) Na2S205, CHsNHz -+ HCI, NaOH, H20 y. 50% (d)
CuCN, pyridine y. 38% (e) DIBAL, toluene y. 98% (f) #butyl 3-bromoapropionate,
protone sponge, CHsCN y. 76% (g) 25, DMF y. 28% (h) HNOs aq., H2SO4 aq., AcOH y.
43% (1) 30, Hz, 10% Pd/C, CH2Clz y. 54% ()30, HATU, DIEA (k) TFA, CH2Clz y. 21% (in
two steps) (1) NHS, WSCD, DIEA, DMF (m, n) 2-chlorotrityl resin,

Fmoc-a-sulfo-B-alanine (o) DMT-MM, amino dextran, borate buffer.

R Ay oL
s 36

b SO;;HH 303 HOOC

Fmoc-Gly-OH —————————» HzNJﬁrN\/STN\)k r‘“o ¢
o
. D)J\ 303

70



Scheme 5-2-2. Synthesis of 38. (a) NHS, WSCD, DIEA, DMF, crude (b) Link-amide
resin, Fmoc-a-sulfo-B-alanine, HATU, DIEA, DMF peptide solid-phase synthesis (c) 36,
DIEA, DMF (i) TFA, CH2Cl: y. 21% (2 steps, fluorophore based) (d) HATU, 3, DIEA,

DMFy. 17%

B L. WEZAT> e BLEMOELEZLLTICE LT (Figure 5-2-2), EAEOHF &
LT, B P IR EFIEEME S KR 2 3N L CH M O RITb T 07 o 72,
SETEMER 2 D BRI 5 2 & T KHRERAFRY 30t BRSO 72720, a0k
YR Icx L Caz 7 m—7 AT DBV D 515 T d 5 pluronic F-127 % 0.03% 7N

LCAXY MRS L, ik L7= (Figure 5-2-3),
‘ g%ﬁ ot :Q%ﬁ
HN N © HN N ]
SIa%8 ) e O
"°°°A”J\sfmj\s(o\mk/\ 4 @ (Dexran | Y\"&ﬁ &/\ Jv\ "S\ @
A{O 0

ooz, _ . . -(_\ "
WﬁL L LY S S R et

tBu-37

't bt
Q Q&A OO d o

Figure 5-2-2. Structure of developed probes.
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Figure 5-2-3. Absorption, emission (Aex= 410 nm) spectra and optical properties of 1 uM each
compound in MeOH or 5 mM HEPES (pH 7.0) containing indicated concentration of Na*, K+
and pluronic. The mixture contained 0.5% (without pluronic) or 0.65% (with pluronic) DMSO
as a cosolvent. (a,b) absorption (a) and emission (b) spectra of 34. (d,e) absorption (d) and
emission (e) spectra of 35. (g,h) absorption (g) and emission (h) spectra of 38. (c,f,i) optical
properties of each K+ probe. For determination of the quantum efficiency of fluorescence,

coumarin 307 in MeOH (®= 0.95) was used as a fluorescence standard

HEPES buffer 11, [Na*]= 150 mM & [K+]= 150 mM THEHRE Z i LT\ 5, 34 D
KO ERICHE D B T INERO BT 2.4 5T 0 . BAMED 3.4% &Ko7,
75 . pluronic F-127 f#(£ F TOHEREFINRDO LT 4.8%0°5 20% (4.2 %) &, Ok -
RRESCA E LT, 723 84 % dextran (ave. MW.10000) (Z#&6G X¥7- 85 Tl it

FIURITRD L, POSKFITBNTH 34 D450 1 FREICE EE o7,
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Figure 5-2-4. Confocal microscopic images of HeLa cells loaded with 5 uM 34.
Imaging was performed in HBSS with or without 0.03% pluronic. Green: Aex= 405 nm,
Aem= 450-600 nm, gain= 800. Bright Field: gain= 350. Scale bar: 25 um
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Figure 5-2-5. Confocal microscopic images of HeLa cells loaded with 5 uM 38.
Imaging was performed in HBSS with or without 0.03% pluronic. Green: Aex= 405 nm,
Aem= 450-600 nm, gain= 800. Bright Field: gain= 350. Scale bar: 25 um

34.38 & biZHlla~Afm L7z & 2 A Gl B J ORI P I BERLR (2 2041 L 72, In vitro

DFERN D FRS T L O ITHIANE TOEIEIT KHREIC K 5955 < . E7ofifafE ki X
OAEN T KHREE DL Uz g8 E o 2 bid R o /e o 7=, —J7 . pluronic F-127 %

0.03% 1 2 7254 T CIEMBE ~D /341 23000 ) LU FFIZ 88 CIEHMEAMNE D at Yeis FE NS K+
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BREE)

L L7235 fllash KA A—2 2 7 D712 pluronic F-127 DIRMMABMLETH S Z &
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7 a— 7 OREE L I TORAEOBEIZ OV TN S -, FL—F —ZiEE S50
D 8T B LT D H/NVAKRF I tBu = AT VI TR S LTz tBu-87 il ~&fr L7z
(Figure 5-2-6), 87 134y D Wil /AKME D EHIL 2 FF> b D, tBu-8713% D — 52§
BHEOREIE, M7 B KM EOREE D00 LT Kr 7 e —7 34,38 L [AEOREEDET /L& L

THW=,

Figure 5-2-6. Confocal microscopic images of HeLa cells loaded with 5 uM each
probe. Imaging was performed in HBSS. Green: Aex= 405 nm, Aem= 450-600
nm, gain= 800. Bright Field: gain= 350. Scale bar: 50 um

37 13 HBSS iz TR MIAMERE M Z R Lic, — 77, Bu = A7 L% ifki# L C
W72 Bu-87 MR SR RITE & R, MM — RIS D 1TiE, FRToy IR
DIFRE LTHF O TII7 < EERANITKETEEBEIER ML T0D ZENEE LN
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Figure 5-2-7. Absorption, emission (Lex= 410 nm) spectra and optical properties of 1 uM
compound 37 and tBu-37 in MeOH or 5 mM HEPES (pH 7.0) containing indicated
concentration of Na* and pluronic. The mixture contained 0.5% (without pluronic) or 0.65%
(with pluronic) DMSO as a cosolvent. For determination of the quantum efficiency of

fluorescence, coumarin 307 in MeOH (®= 0.95) was used as a fluorescence standard.
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Figure 5-2-8. Absorption, emission (Aex= 410 nm) spectra and optical properties of 1 uM

compound 34 and 38 in 100 mM NaPi (pH 5.5) containing indicated concentration of K* and
pluronic. The mixture contained 0.5% (without pluronic) or 0.65% (with pluronic) DMSO as
a cosolvent. For determination of the quantum efficiency of fluorescence, coumarin 307

in MeOH (®= 0.95) was used as a fluorescence standard
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Av-TLBiotin (40) Avidin

Scheme 6-1. Synthesis of TLBiotin. (a) TACLimeSE, Biotin-PEG2-NHs, PBS y. 40% (b)

avidin, PBS

82



a b c
= — [K*] = 150 mM =
2 250 — [K]= 80mM & 20y - °
~ — [K*]= 40 mM -~ o °
2200 K= 20mM 220010 ¢
° g [K]= 10mM S o
— [K]= 5mM 2 |
(% £ 150 Tkl A 2 150}
s 8 100 ~ 1= omw 8 100/
[ — K= m 1
2 § § P K;=5.5mM
< ? 50} 8 50p
o <)
0 N S o ‘ g ool
460 480 500 520 540 560 L 500 550 600 650 0 20 40 [6'%]8&1%0120140160
Wavelength (nm) Wavelength (nm)

Figure 6-1. (a) Absorption and (b) emission (Aex= 515 nm) spectra of 1 pM  TLBiotin
in 5 mM HEPES buffer (pH 7.0) containing indicated [K*] and 0.2% DMSO as a
cosolvent. Ionic strength was maintained at 150 mM by addition of NaCl. (c)

Fluorescence intensity of TLBiotin as a function of K* concentration.
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Figure 6-2. (a) Emission (Aex= 490 nm) spectra of 1 pM Av-TLBiotin in PBS (pH 7.4)
containing indicated [K*]. (b) Fluorescence intensity as a function of K+

concentration.

Table 6-1. Optical properties of Av-TLBitin.

Abs Em Quantum
Amax (M) Apax (Nm) Yield
TLBiotin [Na'] =150 mM| 525 536 0.014
[K'T=150mM| 525 536 0.29
Av-TLBiotin  [Na']=150mM| 525 537 0.018
[K'7=150mM| 525 539 0.14
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Materials. General chemicals were of the best grade available, supplied by Tokyo
Chemical Industries, Wako Pure Chemical, Aldrich Chemical Co, Dojindo, Invitrogen
and Promega were used without further purification. All solvents were used after
appropriate distillation or purification. Silica gel column chromatography was
performed by using Silica Gel 60 (spherical; Kanto Chemical, Co., Inc., Tokyo, Japan),
NH silica (chromatorex; Fuji Silysia chemical LTD, Aichi, Japan) or aluminium oxide 90
(Merck, Darmstadt, German). Restriction enzymes, ligation high Ver.2, T4 DNA kinase,
DNA polymerase I, large (Klenow) fragment, £ coli alkaline phosphatase (BAP) and £
coli JM109 were obtained from Toyobo. £ coli BL21 (DE3), pET-3a was obtained from
Novagen. Protein molecular weight standards were obtained from Invitrogen.
pmCherry-C1 was obtained from Clontech. pFN18A and pFN21A was obtained from
Promega. HiTrap Q HP column was obtained from GE Healthcare. BugBuster master
mix was obtained from Novagen. SDS-polyacrylamide (4-20%) gradient gel was

obtained from Cosmobio. PD-10 desalting column was obtained from GE Healthcare.

General instruments. 'H NMR and !3C NMR spectra were recorded on a JEOL
JNM-LA300 instrument (300 MHz for 'H NMR and 75 MHz for 13C NMR) or a JEOL
JNM-LA400 instrument (400 MHz for 'H NMR and 100 MHz for 13C NMR); & values are
in ppm relative to tetramethylsilane (TMS). Mass spectra (MS) were measured with a
JEOL JMS-T100LC AccuTOF (ESI). Photoimages of gels, mCherry, and probe
fluorescence were captured with a digital camera (HS EX-FC1000, Casio). HPLC
analyses were performed on an Inertsil ODS-3 (4.6 X250 mm) column (GL Sciences,
Inc.) by using a HPLC system composed of a pump (PU-980, Jasco) and a detector
(MD-2015 or FP-2025, Jasco) or a HPLC system composed of a pump (PU-2080, Jasco)
and a detector (MD-2018 or FP-2025, Jasco). Preparative HPLC was performed on an
Inertsil ODS-3 (10X 250 mm) column (GL Sciences, Inc.) by using a HPLC system
composed of a pump (PU-2080, Jasco) and a detector (MD-2015 or FP-2025, Jasco) or a
HPLC system composed of a pump (PU-2086, Jasco) and a detector (MD-2018, Jasco).
DNA sequence analyses were performed on an ABI PRISM 3100 genetic analyzer
(Applied Biosystems).
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Fluorometric analysis. In general, UV-vis spectra were obtained on a UV-1600
(Shimadzu). Fluorescence spectroscopic measurements were performed on an F4500
(Hitachi). The slit width was 2.5 nm for both excitation and emission. The
photomultiplier voltage was 700 V. For Alexa660halo, fluorescence spectroscopic
measurements were performed on F7000 (HITACHI). The slit width was 10 nm for both
excitation and emission. The photomultiplier voltage was 950 V. For avidin or HaloTag
labeled with developed K+ probe, fluorescence spectroscopic measurements were
performed on SH-9000 (CORONA ELECTRIC Co.,Ltd.). All experiments were carried
out at 298 K. Dyes were dissolved in DMSO as stock solutions. Dx-TLSHalo was
dissolved in distilled water as stock solution. Avidin, HaloTag and those labeled with
developed K+ probe were dissolved in PBS (K* free) as stock solutions. Photochemical
properties of compounds were examined in HEPES buffer (5 mM, pH 7.0), sodium
phosphate buffer (100 mM, various pH), PBS or HEPES buffer (5 mM, pH 7.0, 40%
acetonitrile) containing less than 2% (v/v) DMSO as a co-solvent. The final

concentrations of dyes, DMSO, Na* and K* are given in each Figure legend.

Quantum yield measurements. For determination of the relative fluorescence quantum
yields (®n), fluorescein in 0.1N NaOH aq. (®a= 0.85) or coumarin 307 in MeOH (dg=
0.95) was used as a standardé5 66, Calculations were carried out according to Equation
(1), where @ is the quantum yield (subscript “st” stands for the reference and “x” for the
sample), A is the absorbance at the excitation wavelength, n is the refractive index, and
D is the area (on an energy scale) of the fluorescence spectra. The sample and the
reference were excited at the same wavelength (492 nm for fluorescein or 361 nm for

coumarin 307).

cI)X/cl)st = [Ast/AX] [n)z(/ngt] [DX/Dst] @
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Ky fitting. The value of Kia was obtained by nonlinear least-squares fitting to Equation
(2) based on ref.67 Ki value was calculated by using a Kaleida Graph (Synergy
software, Reading, PA, USA).

Equation (2);

F = Fy + o = Fon) [0 one) 4 11+ K, ) —{(probel, +[K 1+ K, )? — 4 probel [K T#2]  (2)
2[ probe],

where F, Fmax, and Fmin represents the observed, maximum and minimum
fluorescence intensity respectively, [probelo represents total concentration of probe (1
uM here) and [K*] represents concentration of potassium ion. Ki represents dessociation

constant.

Plasmid construction for HaloTag-His: HaloTag cDNA was amplified from pFN18A by
using the following primers: 5-GATGGCA GAAATC GGTACT GGCTTT CCATTC
GACCCC-3 and 5&5-TGCCGG AAATCT CGAGCG TCGACA GCCAGC-3.
C-Histag-pET3a (a kind gift from Dr. Shimonishi, University of Tokyo, Japan) was
digested with Xhol, blunt-ended with the Klenow fragment and dephosphorylated with
BAP. The purified PCR product was ligated into the blunt-ended C-His-pET3a. The

obtained plasmid was checked by sequence analysis.

Plasmid construction for mCherry-HaloTag fused protein. Linker (HRPVAT) -Halo
cDNA was amplified from pFN18A by using the following primers: 5-TCATAGA
CCTGTA GCAACT ATGGCA GAAATC GGTACT GGCTTT CCATTC GACCCC-3’ and
5-TTCAGCCGG AAATCT CGAGCG TCGACA GCCAGC-3'. N-Histag-pET3a (a kind
gift from Dr. Shimonishi, University of Tokyo, Japan) was digested with Xhol,
blunt-ended with the Klenow fragment and dephosphorylated with BAP. Purified PCR
product was ligated into the blunt-ended N-Histag-pET3a. This plasmid was digested
with Xhol, blunt-ended with the Klenow fragment and dephosphorylated with BAP.
mCherry-Linker (GGGS) cDNA was amplified from pmCherry-C1 by using the following
primers: 5-TATGGTGAGC AAGGGC GAGGAG GATAAC ATGGCC-3 and 5
GTGAACCTCCA CCCTTG TACAGC TCGTCC ATGCCG CCGGTG-3. The purified PCR
product was ligated into the blunt-ended Histag-Halo-HRPVAT-pET3a.
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Histag-mCherry-Linker-Halo fragment was amplified from the plasmid by using the
following primers: 5-AATACG ACTCAC TATAGG GAGACC ACAACG GTTTCC
CTCTAG-3 and 5-TGCCGG AAATCT CGAGCG TCGACA GCCAGC-3'. C-FLAG-pET3a
(a kind gift from Dr. Shimonishi, University of Tokyo, Japan) was digested with Xhol,
blunt-ended with the Klenow fragment and digested again with Xbal. The purified PCR
product was ligated into the digested N-FLAG-pET3a. The obtained plasmid was

checked by sequence analysis.

Expression and purification of Halo-Histag and Histag-Halo-Linker-mCherry-FLAG:
The constructed Halo-Histag-pET3a and Histag-Halo-Linker-mCherry-FLAG-pET3a
plasmids were transformed into £ coli BL21 (DE3) competent cells. Transformed £ coli
cells were added to LB medium (150 mL) and cultured at 25 °C in a shaking incubator
until the turbidity at 600 nm reached 0.5. Then, IPTG (45 uL of 1 M) was added. The
cells were cultured at 25 °C for 8 h, harvested by centrifugation (2150 g, 4 °C) for 10 min
and resuspended in PBS (0.5 mL). Then, Bugbuster master mix (7.5 mL, Novagen) was
added to lyse the cells, and proteins were extracted. After 30 min at 0 °C, the
supernatant was loaded onto Ni-NTA agarose gel for purification by metal-ion affinity
chromatography through the His-tag. The gel was washed with PBS (20 mM imidazole,
0.04% Tween20), then each Histag-conjugated protein was eluted with PBS (300 mM
imidazole, 0.04% Tween20). For Halo-Histag, the buffer was changed to PBS by dialysis
to remove excess imidazole. For Histag-Halo-Linker-mCherry-FLAG, the collected
fractions were diluted with Tris-HCI buffer (50 mM, pH 7.7, 0.04% Tween20) and
successively purified by HiTrap Q HP (GE healthcare). The column was washed with
Tris-HCI buffer (50 mM, pH 7.7, 100 mM NaCl, 0.04% Tween20) and the target protein
was eluted with Tris-HCI buffer (50 mM, pH 7.7, 350 mM NaCl, 0.04% Tween20). The
buffer of collected solution was changed to PBS (K+ free) by PD-10 desalting column.
The obtained protein solution was analyzed by SDS-PAGE (4-20% gradient

acrylamide).
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Protein labeling with developed K* probe. (a) Without BSA; To the PBS solution of
protein (90-100 uM, 40 pL) was added each debeloped K* probe (as 1 mM stock solution,
1 eq) and incubated at 37 °C for 1 hour. The reaction mixture was purified by PD-10
desalting column to remove unlabeled K* probe. (b) with BSA; To the 40 uL of PBS
containing recombinant protein (45-50 uM) and BSA (90-100 pM) was added each
debeloped K* probe (as 1 mM stock solution, 1 eq for recombinant protein) and
incubated at 37 °C for 1 hour. The reaction mixture was purified by PD-10 desalting

column to remove unlabeled K* probe.

SDS-PAGE. Electrophoresis (4—20% gradient acrylamide) was performed under
denaturing conditions in the presence of 2-mercaptoethanol. Protein molecular weight
standards (Invitrogen) were used as molecular markers. Proteins were visualized by

staining with Coomassie Brilliant Blue R-250 (Cosmobio).

Determination of protein concentrations. The concentrations of Halo-Histag and
Histag-Halo-mCherry-FLAG were determined by measuring absorbance at 280 nm with
NanoDrop ND-1000 (Thermo Fisher Scientific). The concentration of
Histag-Halo-mCherry-FLAG was also determined by measuring absorbance at 586 nm

of solution. Absorption coefficient €586=72000 cm M was used for calculation.

The plasmid construction for sp-HT-Rhod. The plasmid was a kind gift from Dr.
Nagase (Kazusa DNA Res. Inst. Chiba, Japan).

The plasmid construction for sp-HT-B2R and sp-HT-CXCRA4.

pFN21A coding HT-B2R or HT-CXCR4 (Kazusa DNA Res. Inst. Chiba, Japan) was
digested with BssHII and Pmel. The fragment was purified and ligated into pFN21A
coding sp-HT-Rhod which was also digested with BssHII and Pmel.

Preparation of HEK293 stably expressing HaloTag-AGTR1. The cell line was a kind gift
from Dr. Nagase (Kazusa DNA Res. Inst. Chiba, Japan).
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Estimation of the amount of sp-HT-Rhod on cellular membrane.

In this experiment, cell cytosol was obtained by means of a procedure shown below. At
approximately 80% confluence, HeLa cell monolayers (cultured in 100 mm dish) were
transfected with sp-HT-Rhod plasmid by lipofectamine LTX. After 26 hours incubation,
the cells were stained with 1 uM Alexa660halo in HBSS at 37 °C for 30 min. The cells
were washed twice with HBSS (2 mL). Fluorescence microscopic images of 5 fields were
captured by IX-71 to count percentage of transfected cells.

The cells were washed twice with PBS (2 mL), scraped off and suspended in PBS (1.5
mL), then centrifuged for 1 min at 15000 rpm. The supernatant was removed and the
cells were gently resuspended in 200 uL. PBS. The cells were sonicated to fracture the
cellular membrane. To the solution was added 100 uL of lysis buffer containing 50 mM
Tris, 150 mM NaCl and 1% triton, incubated on ice for 1 h and centrifuged for 1 min at
15000 rpm. The fluorescence intensity of the supernatant was measured by F7000
(HITACHI). The amount of sp-HT-Rhod labeled with Alexa660halo was estimated from
free Alexa660halo fluorescence in PBS:lysis buffer = 2:1 (v/v) solution..

Plasmid construction for sp-HT-BKa.

HaloTag was amplified from pFN18A by wusing the following primers: 5-
ATGCTAGCATGGCAGAAATCGGTACTGGCTTTCCATTCGACCCC-3 and 5
ATAAGCTTCCGCCGGAAATCTCGAGCGTCGACAGCCAGC-3. The fragment was
digested with Nhel and HindIII. BKo-pcDNAS3.1 (a kind gift from Dr. Hisao Yamamura,
Nagoya City University, Japan) was digested with Nhel and HindIII. Purified PCR
product was ligated into the plasmid. This plasmid was digested again with BssHII and
Pmel. The digested fragment was ligated into the vector pFN21A coding sp-HT-Rhod
which was also digested with BssHII and Pmel. The obtained plasmid was checked by

sequence analysis.

General methods of experiments using living cells. HeLa cells (RIKEN BioResource
Center, Japan), Cos7 (RIKEN BioResource Center, Japan) cells and U208 cells (RIKEN
BioResource Center, Japan) were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Invitrogen Corp., Carlsbad, CA), supplemented with 10% fetal bovine serum
(Invitrogen Corp., Carlsbad, CA) and penicillin (100 units/mL)-streptomycin (100
pug/mL) liquid (Invitrogen Corp., Carlsbad, CA) at 37 °C in a humidified incubator
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containing 5% COz in air. For fluorescent microscopy, HeLa cells were plated in a 35 mm
glass-bottomed dish (MatTek Corporation) and caltured overnight in DMEM.
HEK293-HT-AGTR1 were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
(Invitrogen Corp., Carlsbad, CA), supplemented with 10% fetal bovine serum
(Invitrogen Corp., Carlsbad, CA), puromycin (50 pg/mL) and penicillin (100
units/mL)-streptomycin (100 pg/mL) liquid (Invitrogen Corp., Carlsbad, CA) at 37 °C in
a humidified incubator containing 5% COz in air. For fluorescent microscopy, HeLa cells
were plated in a 35 mm glass-bottomed dish (MatTek Corporation) and cultured
overnight in DMEM. HT29 cells (stabley expressing luciferase, RIKEN BioResource
Center, Japan ) were cultured in McCoy's 5a Medium (Invitrogen Corp., Carlsbad, CA),
supplemented with 10% fetal bovine serum (Invitrogen Corp., Carlsbad, CA) and
penicillin (100 units/mL)-streptomycin (100 pg/mL) liquid (Invitrogen Corp., Carlsbad,
CA) at 37 °C in a humidified incubator containing 5% COz in air.

Transient transfection of cultured cells. Transient transfection of cultured cells was
done with Lipofectamine LTX (Invitrogen) according to the manufacturer’s protocols.
Briefly, plasmid coding each protein was mixed with Plus reagent and Lipofectamine
LTX in Opti-MEM (Invitrogen) and added to cells at 60-70% confluency in a 35 mm
glass bottom dish coated with poly d-lysine of fibronection. Cells were used for imaging

at 18-24 hours post-transfection.

General procedure for confocal microscopic imaging. Cells seeded on 35 mm
glass-bottomed dishes were washed once with 1 mL of medium, then incubated in
medium containing each probe and 0, 0.5 or 1% (v/v) DMSO as a cosolvent for 10-30 min
at 25 or 37 °C. Fluorescence images were captured using a Leica Application Suite
Advanced Fluorescence (LAS-AF) with a TCS SP5 and a 63 x objective lens. Appropriate
excitation wavelengths and emission windows were chosen for the acquisition of
fluorescence images in sequential scanning mode. Light source was a white-light laser,

405 nm diode laser, Ar laser or HeNe laser.
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General procedure for conventional fluorescence imaging.

The imaging system comprised an inverted microscope (IX 71; Olympus) and cooled
CCD camera (Coolsnap HQ, Olympus). The microscope was equipped with a xenon lamp
(AH2RX-T; Olympus), a 40 x objective lens (UplanFL, N. A. 1.30 Oil; Olympus). The
used fluorescence mirror units were Cy5-4040C (BP608-648 excitation filter, BA672-712
emission filter, DM660, Opto-line) for Alexa660halo and U-MNIBA3 (BP470-495
excitation filter, BA510-550 emission filter, DM505 Olympus) for TLSHalo and
TAC-Limedex. The whole system was controlled with Metamorph software (Molecular

Devices Inc.).

Fluorescence imaging of K* diffusion. Femtodet (Eppendorf) was used as a
microinjector. InjectMan (Eppendorf) was used as a manipulator. During experiment,
150 mM KCl aq. was effused every 2.5 seconds from a microinjector needle for 300 msec

each with 1500 hPa.

Fluorescence imaging of K* efflux under cover glass.

HeLa cells transfected with sp-HT-Rhod were washed once with 1 mL of DMEM, loaded
with 100 uLL DMEM containing 2 uM TLSHalo and 10 nM Alexa660halo. The cells were
incubated for 30 min at 25 °C. Dyes were removed and cells were washed once with
HBSS. In HBSS, confocal microscopic images were captured by sp5 confocal microscope
(Leica). Immediately after addition of ionophore, cover glass was mounted in close
contact with the cells.

HT29 cells transfected with sp-HT-Rhod were washed once with 1 mL of HBSS
(incruding Ca2* and Mg?2*, invitrogen), loaded with 100 uL. HBSS (incruding Ca2+ and
Mg?+, invitrogen) containing 2 pM TLSHalo, 10 nM Alexa660halo and 0.03% pluronic
F-127. then incubated for 15 min at 25°C. Dyes were removed and cells were washed
once with HBSS (no Ca2+, no Mg2*, invitrogen). In HBSS with or without each inhibitor,
confocal microscopic images were captured by sp5 confocal microscope. Immediately

after addition of ionomycin, cover glass was mounted in close contact with the cells.
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Procedure for total internal reflection fluorescence (TIRF) imaging.

Solutions: The HEPES-buffered solution had an ionic composition of 137 mM NacCl, 5.9
mM KCI, 2.2 mM CaClz, 1.2 mM MgClz, 14 mM glucose, and 10 mM HEPES. High K+
solution had an ionic composition of 102.9 mM NaCl, 40 mM KCl, 2.2 mM CaClg, 1.2
mM MgCls, 14 mM glucose, and 10 mM HEPES. The pH of these external solutions was
adjusted to 7.4 with 10 N NaOH. The pipette solution for electrophysiological recording
contained 140 mM KCl, 4.2 CaClsg, 2.8 mM MgCls, 10 mM HEPES, 5 EGTA and 2 mM
Na2ATP (pCa 6.0). The pH was adjusted to 7.2 with 1 N KOH.

Transtection: HEK293 cells (Health Science Research Resources Bank, Osaka, Japan)
were transiently transfected with cDNAs coding sp-HT-Rhod and hBKa (0.5 and 2 pg,
respectively, for coexpression) using LipofectAmine 2000 (Invitrogen, Carlsbad, USA).

Experiments were preformed 48~72 h after transfection.

FElectrophysiological recording: Electrophysiological experiments were performed using
whole-cell patch-clamp configuration with a CEZ-2400 amplifier (Nihon Kohden, Tokyo,
Japan), an analog—digital converter (Digidata 1440A; Molecular Devices-Axon
Instruments, Foster City, USA), and pCLAMP software (ver. 10.2; Molecular
Devices-Axon Instruments), as described previously®®. Single HEK293 cells were
clamped at -80 mV and depolarized to +100 mV for 10 s. Electrophysiological recordings

were performed at room temperature (24+1 °C).

TIRF imaging for [K*] measurement: Two-dimensional fluorescence images were
obtained by a TIRF imaging system (Nikon, Tokyo, Japan), which consisted of a
fluorescent microscope (ECLIPSE TE2000-U; Nikon), an objective lens (CFI Plan Apo
TIRF 60x/1.45, oil immersion; Nikon), an EM-CCD camera (C9100-12; Hamamatsu
Photonics, Hamamatsu, Japan), and Aquacosmos software (ver. 2.6, Hamamatsu
Photonics), as described previously [ref]. Alexa488halo and TLSHalo were excited with
a 488-nm argon laser (Coherent, Santa Clara, USA), and the emission was collected
using filter cubes (DM495/BA500~545 and DM510/BA520~560, respectively; Nikon).
Fluorescent signal is expressed as F/Fo, where F is the averaged fluorescence intensity
in the TIRF area during measurement and Fo is that before the start of depolarizing
stimulus. TIRF images with the resolution of 178 nm per pixel (x-y) and less than 200

nm (z) were scanned every 1.041 s.
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3D culture with Cellbed®. 3D culture of HEK stably expressing HaloTag-AGTR1 was

performed according to the manufacturer’s protocols (Japan Vilene Company, Ltd.).

Synthesis of compound 1. Compound 1 was synthesized as previously described in ref23,

Synthesis of compound 2. Compound 1 ( 32.7 mg, 47.1 pmol) was dissolved in 0.5 mL of
glacial acetic acid. HNOs3(2.5 pL, 39.3 pmol, 0.8 eq) and H2S04 (6.2 pL, 112 umol, 2.4
eq) were added and heated to 100 °C, until the mixture turned dark yellow. Then
stirring was continued for 5 min at ambient temperature. The reaction mixture was
poured into 30 mL sat. NaHCOs aq, extracted with dichloromethane, dried over sodium
sulfate, filtered and evaporated. The crude compound was purified with column
chromatography over NH silica using dichloromethane, yielding compound 2 (15.0 mg,
43%) as yellow oil. TH-NMR (400 MHz, CDCls) &: 2.18 (s, 6H), 3.27-3.32 (m, 4H),
3.41-3.45 (m, 7TH), 3.63 (s, 8H), 3.69 (m, 8H), 3.81 (t, 2H, J= 4.4 Hz), 4.16 (s, 8H), 4.23 (t,
2H, J~ 4.4 Hz), 6.61 (s, 2H), 6.68 (d, 2H, = 7.2 Hz), 6.87 (d, 2H, J= 7.2 Hz), 7.00 (d, 1H,
J=8.8Hz), 7.72 (d, 1H, = 2.4 Hz), 7.80 (dd, 1H, J= 8.8 Hz, 2.4 Hz). 13C-NMR (100 MHz,
CDCls) & 21.0, 53.2, 53.7, 59.0, 67.1, 68.1, 70.0, 70.7, 71.2, 76.5, 108.5, 114.3, 116.1,
118.9, 121.5, 121.7, 132.8, 138.3, 139.4, 144.8, 148.3, 152.9. HRMS (ESI¥): calcd
739.3918 for [M+H]+,; found 739.3882 (-3.6 mmu)

Synthesis of compound 3. Compound 2 (15.0 mg, 20.3 umol) was dissolved in 10 mL of
dichloromethane containing 10% Pd/C. The reaction mixture was stirred under a
hydrogen atmosphere for 17 h. The reaction mixture was filtered and evaporated. The
crude compound was purified with column chromatography over NH silica using
dichloromethane, yielding compound 15 (7.7 mg, 54%) as colorless oil. TH-NMR (400
MHz, CDCls) &: 2.23 (s, 6H), 3.40-3.77 (m, 33H), 3.96 (t, 4H, J= 6.0 Hz), 4.14 (t, 2H, J~
4.8 Hz), 6.21 (dd, 1H, /= 8.4 Hz, 2.4 Hz), 6.32 (d, 1H, = 2.4 Hz), 6.56 (s, 2H), 6.63 (d, 2H,
J=8.0 Hz), 6.86 (d, 2H, J~= 8.0 Hz), 6.96 (d, 2H, J=8.4 Hz). 13C-NMR (100 MHz, CDCls)
8 21.1, 53.6, 53.9, 59.1, 67.3, 67.7, 70.0, 71.1, 71.2, 102.2, 107.8, 114.0, 120.8, 121.3,
125.1,129.7, 132.6, 138.1, 143.1, 153.3, 154.5. HRMS (ESI"): caled 709.4176 for [M+H]*,;
found 709.4180 (0.4 mmu)
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Synthesis of compound 4. Compound 38 (4.1 mg, 9.2 pmol) and 2,
7-dichloro-5-carboxyfluorescein® (6.2 mg, 8.8 umol) was dissolved in 100 pL of
anhydrous DMF. N,N-diisopropylethyl amine (DIEA) (3.2 pL, 18.3 umol, 2.1 eq) and
2-(1 H-7-azabenzotriazol-1-y1)-1,1,3,3-tetra-methyl uronium hexafluorophosphate
methanaminium (HATU) (3.8 mg, 10.1 pmol, 1.2 eq) were added, stirred at ambient
temperature under argon atmosphere for 5 h. The reaction mixture was purified by
means of semi-preparative HPLC under the following conditions: A/B = 50/50-0/100 (30
min). (solvent A: H20 with 0.1% TFA, solvent B; acetonitrile/H20= 80/20 with 0.1% TFA).
The fractions containing the desired product were collected, evaporated and lyophilized
to afford compound 17 (1.4 mg, 14%) as red solid. 'H-NMR (300 MHz, CDsCN) &: 2.36 (s,
6H), 3.38 (s, 3H), 3.41 (m, 2H), 3.62 (s, 8H), 3.69-3.76 (m, 8H), 3.85-3.88 (m, 8H), 3.95 (t,
4H, J= 7.2 Hz), 4.13 (t, 4H, J= 7.2 Hz), 4.20 (m, 2H), 6.79 (s, 2H), 6.94 (s, 2H), 7.01 (s,
2H), 7.03 (s, 1H), 7.21 (d, 1H, J= 9.0 Hz), 7.32-7.43 (m, 4H), 7.48 (s, 1H), 8.28 (dd, 1H,
8.1 Hz, 1.5 Hz), 851 (s, 1H), 8.94 (s, 1H). HRMS (ESI*): caled 1135.3874 for [M+HI*};
found 1135.3828 (-4.6 mmu). HPLC analysis was

I

performed by monitoring absorbance at 280 nm,

£l
using linear gradient 60/40-0/100 (15 min), solvent é ,
A: H20 with 0.1% TFA, solvent B; acetonitrile/H20= g I
80/20 with 0.1% TFA. Rt was 10.2 min. Purity of the %
compound was confirmed by HPLC. < o : 5 1‘0L 5 2
time (min)

Synthesis of compound 5. Compound 5 was synthesized as previously described in
ref.23 A solution of 134 mg (0.193 mmol) of 1 in 1.4 ml DMF was cooled to =5 — 0 °C. 610
mg (3.98 mmol, 20 eq) POCls was added, while the temperature was kept below 0 °C.
The ice bath was removed when the addition was complete. The solution was stirred at
ambient temperature for 18 h, then warmed to 70 °C for 1 h, and poured into 40 mL of
icy water, neutralized with sat. NasCOs aq to pH 7. The aqueous solution was extracted
3 X 30 mL dichloromethane, dried over sodium sulfate and evaporated, resulting 5 (143
mg, quant. ) as light yellow oil. This oil, may still contain small amount of DMF, was

used directly for next step reaction without further purification.
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Synthesis of compound 6. Compound 6 and 7 was synthesized as previously
described in ref?3. (a) Methyl 5-(benzyloxycarbonyl)-2,4-dimethyl-3-pyrrolepropionate
(250 mg, 0.793 mmol) was dissolved in 50 mL of acetone containing 10% Pd/C. The
reaction mixture was stirred under a hydrogen atmosphere for 12 h. The reaction
mixture was filtered and evaporated. The residue was then dissolved in TFA (2 mL)
under argon and stirred at ambient temperature for 15 min. The reaction mixture was
diluted with dichloromethane. The solution was washed with water and 1 M NaHCOs
aq, dried over sodium sulfate, filtered and evaporated, resulting in
methyl-3-(2,4-dimethyl-1H-pyrrole-3-yl)-propanoate (106 mg, 74%) as a brown oil.
TH-NMR (300 MHz, CDCls) &: 2.03 (s, 3H), 2.18 (s, 3H), 2.45 (m, 2H), 2.72 (m, 2H), 3.67
(s, 3H), 6.38 (s, 1H), 7.51 (br, 1H). 13C-NMR (100 MHz, CDCls) &: 10.3, 11.2, 19.9, 35.1,
51.4,113.0, 116.7, 117.9, 124.3, 173.9. LRMS (ESI*): 182 [M+H]*.

(b) Compound 1 (143 mg, 0.193 mmol) and methyl-3-(2,4-dimethyl-1H-pyrrole-3-yl)-
propanoate (72.8 mg, 0.402 mmol, 2.1 eq) were dissolved in 36 mL of anhydrous
dichloromethane in an argon atmosphere. Trifluoroacetic acid (0.08 mL) was added and
the solution was stirred at room temperature for 20 hr. p-chloranil (47.9 mg, 0.195
mmol, 1 eq) was then added and stirred for 15 min. The reaction mixture was washed
with water, dried over sodium sulfate, and evaporated. The residue was purified by
column chromatography over neutral aluminum oxide using
dichloromethane/methanol/triethylamine = 100:0:1 — 100:2:1, yielding brown solid. The
solid was dissolved in anhydrous toluene (15 mL) under argon atmosphere.
N, N-diisopropylethylamine (0.50 mL, 2.87 mmol) was added and the reaction mixture
was stirred for 10 min. BFs-etherate (0.5 mL, 3.98 mmol) was added and stirring was
continued for 30 min. The reaction mixture was diluted with dichloromethane and
washed with water. The dichloromethane extract was dried over sodium sulfate and
evaporated. The crude product was purified by repeated column chromatography over
NH silica using dichloromethane, yielding compound 6 (37.6 mg, 18%) as red solid.
IH-NMR (400 MHz, CDCls) §: 1.34 (s, 6H), 2.25 (s, 6H), 2.34 (t, 4H, = 5.9 Hz), 2.53 (s,
6H), 2.62 (t, 4H, J= 5.9 Hz), 3.30 - 3.46 (m, 11H), 3.61 - 3.80 (m, 24H), 4.03 - 4.13 (m,
10H), 6.56 (s, 2H), 6.66 (d, 2H, J= 5.9 Hz), 6.71 (d, 1H, J= 5.9 Hz), 6.75 (s, 2H), 6.87 (d,
2H, J= 5.9 Hz), 7.27 (m, 1H). 13C-NMR (100 MHz, CDCls) &: 11.8, 12.6, 19.3, 21.1, 34.2,
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51.7, 52.8, 53.8, 59.2, 66.7, 68.1, 70.0, 71.1, 71.2, 113.3, 113.7, 121.0, 121.3, 121.3, 121.8,
128.6, 129.0, 131.1, 132.5, 138.1, 138.8, 139.3, 140.9, 152.4, 153.1, 153.8, 173.1. HRMS
(ESI*): caled for [M+Nal+, 1134.5762; found 34.5712 (4.6 mmu).

Synthesis of compound 7 (TAC-Lime). Compound 6 (37.6 mg, 33.8 umol) was dissolved
in the mixture of 1.2 mL dichloromethane, 8 mL methanol and 2 ml of 1 N NaOH agq.
The solution was stirred at ambient temperature for 4.5 h. The solution was diluted
with water, washed with dichloromethane. Then the aqueous solution was acidified
with 1N HCI aq and repeatedly extracted with dichloromethane until the aqueous layer
turned colorless. The combined dichloromethane extract was dried over magnesium
sulfate and purified by preparative TLC over silica 60 using dichloromethane/methanol
= 5:1) to afford compound 5 (31.5 mg, 86%) as red solid. 'H-NMR (400 MHz, CDs0D) &:
1.32 (s, 6H), 2.16 (t, 4H, = 8.3 Hz), 2.29 (s, 6H), 2.48 (s, 6H), 2.59 (t, 4H, = 8.3 Hz), 3.30
- 3.72 (m, 31H), 4.12 (s, 2H), 4.58 (s, 4H), 4.90 (m, 2H), 6.65 (d, 1H, J= 7.8 Hz), 6.83 -
6.85 (m, 5H), 7.04 (d, 1H, J= 7.8 Hz), 7.26 (d, 2H, J= 8.3 Hz). 13C-NMR (100 MHz,
CDs0D) &: 12.2, 12.7, 39.1, 53.1, 54.5, 59.1, 67.9, 69.0, 69.4, 69.9, 72.1, 114.2, 114.5,
121.8, 123.4, 125.9, 130.3, 131.9, 132.2, 137.0, 138.3, 140.2, 142.0, 142.6, 154.0, 154.7,
155.0, 181.1. HRMS (ESI*): caled for [M+H]*, 1084.5630; found 1084.5582 (-4.8 mmu)

Synthesis of compound 8. Compound 5 (359 mg, 0.050 mmol) and
2-(benzyloxy)-2-oxoethyl 2,4-dimethyl-2 H-pyrrole-3-carboxylate (29.5 mg, 0.103 mmol, 2
eq) were dissolved in 8 mL of anhydrous dichloromethane in an argon atmosphere.
Trifluoroacetic acid (0.1 mL) was added and the solution was stirred at room
temperature for 19 hr. 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (11.3 mg, 0.050
mmol, 1 eq) was then added and stirred for 30 min. The reaction mixture was washed
with water, dried over sodium sulfate, and evaporated. The residue was purified by
column chromatography over neutral aluminum oxide using dichloromethane/methanol
= 100:0-100:2-100:3, yielding brown solid. The solid was dissolved in anhydrous
dichloromethane (10 mL) under argon atmosphere. N,N-diisopropylethylamine (0.10
mL, 0.57 mmol) and BFs-etherate (0.15 mL, 1.20 mmol) was added and stirring

continued for 1.5 h. The reaction mixture was diluted with dichloromethane and washed
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with water. The dichloromethane extract was dried over sodium sulfate and evaporated.
The crude product was purified by column chromatography over NH silica using
dichloromethane, yielding compound 6 (20.2 mg, 31%) as brown solid. 'H-NMR (400
MHz, CDCls) &: 1.76 (s, 6H), 2.24 (s, 6H), 2.84 (s, 6H), 3.30-3.34 (m, 4H), 3.41-3.45 (m,
5H), 3.64 (s, 8H), 3.70-3.74 (m, 8H), 3.77-3.80 (m, 4H), 4.01-4.15 (m, 10H), 4.80 (s, 4H),
5.20 (s, 4H), 6.57 (s, 2H), 6.65 (d, 2H, J= 11 Hz), 6.70-6.73 (m, 2H), 6.86 (d, 2H, J= 11 Hz),
7.35-7.38 (m, 11H). 13C-NMR (100 MHz, CDCls) &: 13.8, 15.0, 21.1, 52.7, 53.8, 59.1, 60.4,
66.7, 67.2, 68.2, 70.0, 71.0, 71.2, 112.9, 113.8, 121.1, 121.1, 121.4, 121.7, 126.7, 127.0,
128.4, 128.6, 128.7, 131.9, 132..6, 135.0, 138.2, 139.9, 146.6, 148.5, 152.5, 153.1, 159.8,
163.4, 167.7. HRMS (ESI*): calcd 1324.6052 for [M+H]*,; found 1324.6041 (-1.1 mmu)

Synthesis of compound 9 (TBEs). Compound 8 (7.9 mg, 5.97 umol) was dissolved in 2
mL of methanol. NaOH (287 mg, 7.18 mmol) in 2 mL of methanol was added slowly at
0 °C, and the solution was stirred for 1.5 h. The solution was acidified with 2 N HCI aq
and extracted with dichloromethane. The organic layer was washed with brine twice,
dried over sodium sulfate, filtered, and evaporated. The crude product was purified by
means of semi-preparative HPLC under the following conditions: A/B = 60/40-0/100 (20
min). (solvent A: H2O with 0.1 M triethylammonium acetate (TEAA), solvent B;
acetonitrile/H2O (with 0.1 M TEAA) = 80/20). The fractions containing the desired
product were collected, desalted with sep-pak (GE healthcare) and lyophilized to afford
compound 9 (2.7 mg, 40%) as brown solid.

TH-NMR (300 MHz, CDsOD) &: 1.77 (s, 6H), 2.27 (s, 6H), 2.80 (s, 6H), 3.40 (s, 3H), 3.3
(6H, masked by MeOH), 3.54-3.75 (m, 20H), 4.01-4.19 (m, 10H), 4.62 (s, 4H), 6.71-6.80
(m, 5H), 6.99 (m, 3H), 7.38 (s, 1H). HRMS (ESI*): caled 1144.5113 for [M+H]*,; found
1144.5068 (-4.5 mmu). HPLC analysis was performed

by monitoring absorbance at 495 nm, using linear e 5

gradient 60/40-0/100 (20 min), solvent A: H2O with 0.1 ?;

M triethylammonium acetate (TEAA), solvent B; E

acetonitrile/HzO (with 0.1 M TEAA) = 80/20. Rt was E

16.9 min. T e

time (min)

99



Synthesis of compound 10.
TAC-Lime (2.6 mg, 2.40 pmol) was dissolved in 760 uL of anhydrous DMF. DMT-MM
(336 pL of 10 mM DMF solution, 3.36 umol, 1.4 eq) was added, purged by Ar and stirred
at ambient temperature for 2 h (Solution A). L-o-phosphatidylethanolamine,
dipalmitoyl (1.6 mg, 2.31 umol, 1 eq) and N, N-diisopropylethyl amine (DIEA) (0.74 uL,
2.84 umol, 1.2 eq) were dissolved in 1 mL of CH2Cla:MeOH = 1:1 solvent. The solution
were added to solution A, stirred at ambient temperature for 2 h. The reaction mixture
was dissolved in CH2Clz, washed with 0.1 M triethylammonium acetate (TEAA) buffer
and evaporated. The residue was purified by column chromatography over silica gel
using dichloromethane/methanol = 100:0-55:45 to afford compound 10 (0.64 mg, 15%) as
red solid. HRMS (ESI): caled 1756.0520 for [M-HI; 10

found 1756.0515 (-0.5 mmu) HPLC analysis was _
performed by monitoring absorbance at 522 nm, using

linear gradient 60/40-0/100 (20 min), solvent A:

Absorbance@522 nm

acetonitrile/H20 (with 0.1 M TEAA) = 80/20, solvent B;

. 0 5 10 15 20 25 30 35 40
methanol. Rt was 14.6 min. Time (min)

Synthesis of compound 11. TAC-Lime (0.89 mg, 0.82 umol) was dissolved in 0.3 mL of
anhydrous DMF. N-hydroxy succinimide (NHS) (12.3 uL of 100 mM DMTF solution, 1.23 umol,
1.5 e, WSCD (12.3 pL of 100 mM DMF solution, 1.23 pmol, 1.5 eg) and
N, N-diisopropylethyl amine (DIEA) (16.4 uL of 1 M DMF solution, 1.64 umol, 2 eq) were
added, stirred at ambient temperature for 17 h. For complete consumption of TAC-Lime,
NHS (0.89 umol, 1 eq), WSCD (0.89 umol, 1 eq) and DIEA (1.19 umol, 1.3 eq) were added and
stirred for another 19 h. The reaction mixture was purified by means of semi-preparative
HPLC under the following conditions: A/B = 50/50-0/100 (20 min). (solvent A: H20 with 0.1%
TFA, solvent B; acetonitrile/H2O= 80/20 with 0.1% TFA). The fractions containing the desired
product were collected and lyophilized to afford compound 11 (200 nmol, 24%) as a red solid.
HRMS (ESI*): caled 1181.5794 for [M+H]*,; found 1181.5777 (-1.6 mmu)

Synthesis of Av-TAC-Lime. To the 0.1 N NasHPOys aq. solution of avidin (36.5 uM, 200
pL) was added compound 11 (as 1 mM DMSO solution, 3 eq) and incubated at 25 °C for
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1 hour. The reaction mixture was purified by PD-10 desalting column to remove

unlabeled compound 11.

Synthesis of compound 12 (TLHalo).

TAC-Lime (9.3 mg, 8.59 pmol) was dissolved in 3.7 mL of anhydrous DMF. DMT-MM
(1.29 mL of 10 mM DMF solution, 12.9 pmol, 1.5 eq) and N, N-diisopropylethyl amine
(DIEA) (4.3 pL, 25.8 umol, 3 eq) was added, purged by Ar and stirred at ambient
temperature for 3 h. N, N-diisopropylethyl amine (DIEA) (2.2 uL, 13.2 pmol, 1.5 eq) and
HaloTag® Amine (02) Ligand (9.14 umol, 1.1 eq) were added to the reaction mixture,
purged by Ar and stirred at ambient temperature for 15 h. The reaction mixture was
purified by means of semi-preparative HPLC under the following conditions: A/B =
80/20-0/100 (15 min). (solvent A: H2O with 0.1 M triethylammonium acetate (TEAA),
solvent B; acetonitrile/H20 (with 0.1 M TEAA) = 80/20). The fractions containing the
desired product were collected, desalted with sep-pak (GE healthcare) and lyophilized to
afford compound 12 (2.13 mg, 1.65 pmol, 19%) as red solid, triethylamine salt. 1H-NMR
(300 MHz, CD:Cl) &: 1.26-1.39 (m, 19H), 1.53 (t, &~ 7.0 Hz), 1.71 (t, & 7.3 Ha),
2.28-2.64 (m, 20H), 3.08-3.17 (m, 6H), 3.37-3.73 (m, 35H), 3.90-4.14 (m, 16H), 6.58 (br,
1H), 6.79-6.88 (m, 4H), 7.01 (d, 2H, = 8.4 Hz), 7.27 (d, 1H,

12
J= 7.3 Hz), 7.33 (d, 2H, = 8.4 Hz). HRMS (ESI*): calcd c
1289.6863 for [M+H]*,; found 1289.6820 (-4.3 mmu). HPLC %
analysis was performed by monitoring absorbance at 520 §
<1
nm, using linear gradient 80/20-0/100 (10 min), solvent A: 2 R
0 5 10 15 20 256 30
H20 with 0.1% TFA, solvent B; acetonitrile/H2O= 80/20 Time (min)

with 0.1% TFA. Rt was 17.2 min.

Synthesis of compound 13. Compound 13-15 were synthesized according to ref 70,

Synthesis of compound 16 (TLPegHalo). TAC-Lime (5.6 mg, 5.2 umol) was dissolved in

0.8 mL of anhydrous DMF. N, N-diisopropylethyl amine (DIEA) (5.2 uL of 1 M DMF
solution, 5.2 umol, 1 eq) and O-(N-succinimidyl) N,N,N,N-tetramethyluronium
tetrafluoroborate (TSTU) (1.9 mg, 6.3 umol, 1.2 eq) were added, stirred at ambient
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temperature for 15 h. Then to the reaction mixture were added compound 15 (2.2 mg,
5.2 umol, 1 eq) and DIEA (62 mL of 100 mM DMF solution, 6.2 umol, 1.2 eq) and stirred
at ambient temperature for 18 h. For complete consumption of TAC-Lime monoSE,
compound 15 (3.7 umol, 0.7 eq) and DIEA (3.7 umol, 0.7 eq) were added and stirred for
another 2.5 h. The reaction mixture was purified by means of semi-preparative HPLC
under the following conditions: A/B = 50/50-0/100 (30 min). (solvent A: H2O with 0.1 M
triethylammonium acetate (TEAA), solvent B; acetonitrile/H20 (with 0.1 M TEAA) =
80/20). The fractions containing the desired product were collected, desalted with
sep-pak (GE healthcare) and lyophilized to afford compound 16 (1.4 mg, 18%) as red
solid. 'H-NMR (400 MHz, CDCl3) &: 1.21 (m, 2H), 1.25 (s, 2H), 1.31 (m,2H), 1.36 (m, 6H),
1.44 (m, 2H), 1.57 (m, 2H), 1.75 (m, 2H), 2.18 - 2.26 (m, 7H), 2.39 (m, 2H), 2.50 (s, 3H),
2.53 (s, 3H), 2.62 - 2.67 (m, 4H), 2.92 - 2.97 (m, 2H), 3.28 - 3.32 (m, 4H), 3.40 - 3.72 (m,
41H), 3.91 (s, 2H), 4.03 (m, 8H), 4.12 - 4.13 (m, 2H), 6.14 (br, 1H), 6.57 - 6.88 (m, 9H).
HRMS (ESI*): caled for [M+H]*, 1434.7602; found

1434.7573 (-2.9 mmu). HPLC analysis was E

performed by monitoring absorbance at 522 nm,
using linear gradient 50/50-0/100 (30 min),
solvent A: H2O with 0.1 M triethylammonium
acetate (TEAA), solvent B; acetonitrile/H20 (with
0.1 M TEAA) = 80/20. Rt was 32.1 min.

Absorbance@522 nm

L —IL L
10 20 30 40
time (min)

o

Synthesis of compound 17-19. Compound 17-19 were synthesized according to ref! .

Synthesis of compound 20. A mixture of 19 (34.8 mg, 64.1 umol), N,N-diisopropyl-
ethyl amine (DIEA) (40 mL, 230 pmol, 3.6 eq) and O-(N-succin-imidyl) N,N,N,N*
tetramethyluronium tetrafluoroborate (TSTU) (40.6 mg, 135 umol, 2 eq) in 0.75 mL
anhydrous DMF was stirred at ambient temperature for 7 hours. Then a mixture of
HaloTag® Amine (02) Ligand (40.3 mg, 180 umol, 2.8 eq) and DIEA (80 uL, 430 umol,
7.2 eq) in 1.25 mL anhydrous DMF was added and stirred at ambient temperature for
24 hours. The reaction mixture was diluted with H20 (0.1% TFA) and purified by means
of semi-preparative HPLC under the following conditions: A/B = 80/20-0/100 (30 min)

102



(solvent A: H20 with 0.1% TFA, solvent B; acetonitrile/H20= 80/20 with 0.1% TFA). The
fractions containing the desired product were collected, evaporated and lyophilized to
afford compound 20 (9.7 mg, 20%, mixture of two diastereomers) as white amorphous
solid. tH-NMR (300 MHz, DMSO) &: 1.30-1.38 (m, 4H), 1.47-1.51 (m, 2H), 1.66-1.73 (m,
2H), 2.93-3.64 (m, 18H), 4.20 (s, 1H), 5.05 (br, 4H), 7.33-7.89 (m, 8H)

13C-NMR (75 MHz, DMSO) &: 24.9, 26.1, 29.0, 32.0, 45.4, 46.6, 64.4, 65.7, 66.7, 68.9, 69.3,
69.4, 69.6, 69.7, 70.2, 70.2, 120.0, 125.4, 127.1, 127.6, 140.6, 143.8, 143.9, 155.7, 166.6
HRMS (ESI): caled 746.1820 for [M-HI",; found 746.1825 (0.5 mmu)

Synthesis of compound 21. Compound 20 (9.7 mg, 13.0 umol) was dissolved in 0.5 mL
DMF containing 20% piperidine and stirred at ambient temperature for 30 min. The
reaction mixture was diluted with HzO (0.1% TFA) and purified by means of
semi-preparative HPLC under the following conditions: A/B = 90/10-0/100 (20 min)
(solvent A: H2O with 0.1% TFA, solvent B; acetonitrile/H20= 80/20 with 0.1% TFA). The
fractions containing the desired product were collected, evaporated and lyophilized to
afford compound 21 (1.0 mg, 14%, mixture of two diastereomers) as white amorphous

solid. HRMS (ESI): calcd 524.1139 for [M-HIJ',; found 524.1104 (-3.5 mmu)

Synthesis of compound 22 (TLSHalo). TAC-Lime (2.1 mg, 2.0 umol, 1.2 eq) and
compound 21 (0.9 mg, 1.6 pmol, 1 eq) was dissolved in 1 mL of anhydrous DMF
containing  4-(4,6-dimethoxy-1,3,5-triazin-2-yl)  -4-methylmorpholinium  chloride
mhydrate (DMT-MM) (10 pmol, 6 eq) and N, N-diisopropylethyl amine (DIEA) (2.6 uL,
15.0 pmol, 9 eq). The solution was stirred at ambient temperature for 4 h. Then to the
reaction mixture was added 1 mL of 0.2 N Na2COs aq and stirred for 30 min. Resulting

mixture was repeatedly purified by means of

semi-preparative HPLC under the following _2—2

conditions: A/B = 80/20-0/100 (30 min), followed Eg

by 60/40-00100 (15 min). (solvent A: H20 with 0.1 “N©’

M triethylammonium acetate (TEAA), solvent B; %ﬁ

acetonitrile/H20 (with 0.1 M TEAA) = 80/20). The g i

fractions containing the desired product were < —r— ‘ / L . ‘
0 5 10 15 20 25

Time (min)
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collected, desalted with sep-pak (GE healthcare) and lyophilized to afford compound 22
(TLSHalo) (1.3 mg, 41%) as red solid. HRMS (ESI): calcd 1589.6585 for [M-H]',; found
1589.6569 (-1.6 mmu). HPLC analysis was performed by monitoring absorbance at 522
nm, using linear gradient 60/40-0/100 (15 min), solvent A: H2O with 0.1 M
triethylammonium acetate (TEAA), solvent B; acetonitrile/H20 (with 0.1 M TEAA) =
80/20. Rt was 15.1 min.

Synthesis of compound 23. Compound 22 (100 uL of 1 mM DMSO solution, 100 nmol)
was added to 400 pL of borate buffer (100 mM, pH 7.8) containing 200 pmol (2 eq) of
dextran-amino (MW. 10000, life technologies) and 1 mmol (100 eq) of
4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride mhydrate
(DMT-MM). The resulting mixture was stirred at ambient temperature for 20 hours.
The mixture was purified by PD-10 desalting column using distilled water, lyophilized
to afford compound 23 (Dx-TLSHalo) as a red powder.

Synthesis of compound 24-28. Compound 24-28 were synthesized according to ref®2,

Synthesis of compound 29 Compound 28 (207 mg, 1.12 mmol),
1,8-bis(dimethylamino)naphthalene (289 mg, 1.35 mmol, 1.2 eq) and tert-butyl
3-bromopropanoate (1.18 g, 5.63 mmol, 5 eq) were refluxed in acetonitrile (8 mL) under
Ar for 18 h. Then the reaction mixture was cooled to room temperature, diluted with
dichloromethane and washed with 0.1 N HCIl aq. The organic layer was dried over
anhydrous sodium sulfate, filtered and evaporated. The residue was purified by column
chromatography on silica gel using hexane:ethyl acetate = 2:1 as the eluent to afford
compound 29 (115.2 mg, 33%). H-NMR (300 MHz, CDCls) &= 1.44 (s, 1H), 2.56 (t, J=
7.2 Hz, 2H), 3.10 (s, 3H), 3.79 (t, J= 7.2 Hz, 2H), 6.88 (d, &= 3.0 Hz, 1H), 7.18 (dd, &~ 8.7
Hz, 3.0 Hz, 1H), 7.65 (d, J= 8.7 Hz, 1H), 7.81-7.84 (m, 2H), 8.14 (s, 1H), 10.00 (s, 1H)
13C-NMR (75 MHz, CDCls) 8= 28.0, 33.3, 38.4, 48.4, 81.0, 105.6, 116.1, 123.5, 125.1,
126.8, 130.7, 130.9, 134.7, 138.6, 149.0, 171.2, 191.8 HRMS (ESI*): calcd 314.1756 for
[M+H]*,; found 314.1794 (3.8 mmu)
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Synthesis of compound 30 Compound 29 (112 mg, 368 pmol), compound 25 (158 mg,
442 pmol, 1.2 eq) and ptoluenesulfonic acid monohydrate (37.1 mg, 184 pmol, 0.5 eq)
were dissolved in DMF (2 mL) and stirred at 90 °C under Ar for 19 h. Then 30 mL icy
water was added to the reaction mixture. The resulting precipitate was filtered and
purified by column chromatography on silica gel using CHz2Clz2:methanol = 100:1 as the
eluent to afford compound 30 (94.3 mg, 55%).

1TH-NMR (300 MHz, DMSO-ds) &= 1.38 (s, 1H), (2.5, 2H, hindered by DMSO -ds solvent
peak), 3.04 (s, 3H), 3.76 (t, = 6.6 Hz, 2H), 7.00 (s, 1H), 7.32 (dd, J= 9.0 Hz, 1.8 Hz, 1H),
7.80 (d, = 9.0 Hz, 1H), 7.97-8.08 (m, 4H), 8.52 (s, 1H), 8.75 (s, 1H)

13C-NMR (100 MHz, DMSO) 8= 27.6, 32.8, 37.9, 47.6, 79.9, 100.1, 105.1, 115.6, 116.7,
121.9, 124.1, 125.2, 125.5, 126.7, 127.4, 127.6, 130.1, 134.2, 136.5, 148.1, 156.4, 166.8,
170.9, 171.3 HRMS (ESI*): caled 359.0136 for [M+Nal+,; found 359.0099 (-3.7 mmu)

Synthesis of compound 31 Compound 30 (8.24 mg, 11.6 umol) and compound 3 (5.34
mg, 11.6 umol, 1 eq) were dissolved in 600 uL of anhydrous DMF. HATU (5.55 mg, 14.6
pumol, 1.3 eq) and DIEA (2.6 uL, 15.1 umol, 1.3 eq) were added, stirred at ambient
temperature under argon atmosphere for 21 h. Then the reaction mixture was diluted
with dichloromethane and washed with water. The organic layer was dried over
anhydrous sodium sulfate, filtered and evaporated. The residue was roughly purified by
column chromatography on silica gel using CH2Cl2:methanol = 100:0-100:4 as the eluent
to afford compound 31. The compound was used directly for next reaction without further

purification. HRMS (ESI*): caled 1153.5684 for [M+H]+; found 1153.5670 (-1.4 mmu)

Synthesis of compound 32 Compound 31 (5.1 mg, 4.41 umol) was dissolved in 1.5 mL
of CH2Cls. 500 uL of TFA was added and stirred at ambient temperature for 1.5 h. The

reaction mixture was evaporated and purified by

means of semi-preparative HPLC under the following 32
conditions: A/B = 80/20-0/100 (10 min). (solvent A: el
H20 with 0.1% TFA, solvent B; acetonitrile/H20= %
ol
80/20 with 0.1% TFA). The fractions containing the gl
£
desired product were collected and lyophilized to g,
afford compound 32 (2.6 mg, 21% in two steps.) as ‘ —“L - ‘
0 5 10 15 20
Time (min)
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yellow solid. HRMS (ESI+): caled 1097.5058 for [M+H]*; found 1097.5087 (2.9 mmu).
HPLC analysis was performed by monitoring absorbance at 380 nm, using linear
gradient 80/20-0/100 (10 min), (solvent A: H20 with 0.1% TFA, solvent B;
acetonitrile/Hz0= 80/20 with 0.1% TFA). Rt was 10.8 min.

Synthesis of compound 33 Compound 32 (2.61 mg, 2.38 pmol) was dissolved in 0.5 mL
of anhydrous DMF. Nhydroxy succinimide (NHS) (1.76 mg, 15.4 umol, 6.5 eq), DCC
(1.42 mg, 6.89 umol, 2.9 eq) and N, N-diisopropylethyl amine (DIEA) (2.7 pL, 15.4 pmol,
6.5 eq) were added, stirred at 30 °C for 24 h. After complete consumption of compound
32 was checked with HPLC and mass spectroscopy, the reaction mixture was used to
next reaction without further purification. HRMS (ESI*): caled 1194.5222 for [M+H]+;
found 1194.5218 (-0.4 mmu)

Synthesis of compound 34 The tripeptide was prepared with an Syrol peptide
synthesizer (Biotage) by using the standard Fmoc solid-phase peptide synthesis protocol.
Briefly, chlorotrityl resin (30 mg, 39 pmol) was placed in a reaction vessel. Subsequently,
Fmoc-protected amino acids were sequentially coupled to the resin-bound amino acid
from the carboxyl to amino terminus. HATU and DIEA were used for each coupling, and
DMF was used as the solvent. For deprotection steps piperidine (40%) in DMF was used.
Before peptide cleavage, compound 33 (2.38 umol) and DIEA (4 uL, 23.8 umol, 10 eq)
dissolved in 400 pL. DMF was added and shaked at 25 °C for 11 h, then the resin was
washed with CH2Cl2 and DMF. Peptide cleavage from the resin was accomplished by
shaking with TFA/ CHzClz (1:99 v/v) for 20 min and DMF elution. The reaction mixture
was evaporated and purified by means of semi-preparative HPLC under the following
conditions: A/B = 80/20-0/100 (15 min). (solvent A: H20

with 0.1% TFA, solvent B; acetonitrile/H20= 80/20 with 34
0.1% TFA). The fractions containing the desired product _
were collected and lyophilized to afford compound 34
(0.5 mg, 14% in two steps) HRMS (ESI): calcd
1454.4995 for [M-HI; found 1454.4937 (-5.8 mmu).

Absorbance@380 nm

b A —

HPLC analysis was performed by monitoring 0 5 10 15 20 25 a0
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absorbance at 380 nm, using linear gradient 80/20-0/100 (10 min), (solvent A: H20 with
0.1% TFA, solvent B; acetonitrile/H2O= 80/20 with 0.1% TFA). Rt was 9.9 min.

Synthesis of compound 35 Compound 34 (100 uL of 1 mM DMSO solution, 100 nmol)
was added to 400 pL of borate buffer (100 mM, pH 7.8) containing 200 umol (2 eq) of
dextran-amino and 1 mmol (100 eq) of DMT-MM. The resulting mixture was stirred at
ambient temperature for 19 hours. The mixture was purified by PD-10 desalting column

using distilled water, lyophilized to afford compound 35 as a yellow powder.

Synthesis of compound 36 Compound 30 (9.33 mg, 20.2 pmol) was dissolved in 1 mL of
anhydrous DMF. N-hydroxy succinimide (NHS) (12.0 mg, 104 umol, 5.1 eq), WSCD - HCI
(11.6 mg, 60.4 umol, 3eq) and N,N-diisopropylethyl amine (DIEA) (18 uL, 110 pmol, 5.4
eq) were added, stirred at 30°C for 48 h. After complete consumption of Compound 36
was checked with HPLC and mass spectroscopy, the reaction mixture was used to next

reaction without further purification.

Synthesis of compound 37 The tripeptide was preparedaccording to the standard Fmoc
solid-phase peptide synthesis protocol. Briefly, Rink amide MBHA resin (83 mg, 50
umol) was placed in a reaction vessel. Subsequently, Fmoc-protected amino acids were
sequentially coupled to the resin-bound amino acid from the carboxyl to amino terminus.
HATU and DIEA were used for each coupling, and DMF was used as the solvent. For
deprotection steps piperidine (20 %) in DMF was used.

Before peptide cleavage, compound 36 (20.2 umol) and DIEA (40 pL, 250 umol, 12 eq)
dissolved in 1.5 mL DMF was added and shaked at 25°C for 48 h, then the resin was
washed with CH2Cl2 and DMF. Peptide cleavage from the resin was accomplished by
shaking with TFA/ CH2Clz (25:75 v/v) for 1.5 h. The reaction mixture was evaporated
and purified by means of semi-preparative HPLC under the following conditions: A/B =
80/20-0/100 (15 min). (solvent A: H20 with 0.1% TFA, solvent B; acetonitrile/H20= 80/20
with 0.1% TFA). The fractions containing the desired product were collected and
lyophilized to afford compound 37 (10.9 mg, 71% in two steps, calculated on the basis of
compound 30.) Trace amount of tBu-37 was obtained. HRMS (ESI"): calcd 763.1162 for
[M-HI;; found 763.1123 (-3.9 mmu) tBu-37 HRMS (ESI): calcd 819.1788 for [M-HI;
found 819.1784 (-0.4 mmu)
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Synthesis of compound 38 Compound 87 (10.9 mg, 14.3 umol) and compound 3 (6.0 mg,
8.46 pmol, 0.6 eq) was dissolved in 1 mL of anhydrous DMF. HATU (12.6 mg, 33.2 umol,
3.9 eq) and DIEA (17.7 pL, 102 pmol, 7 eq) were added, stirred at ambient temperature
under argon atmosphere for 48 h. The reaction mixture was purified by means of
semi-preparative HPLC under the following conditions: A/B = 99/1-0/100 (15 min).
(solvent A: H20O with 0.1% TFA, solvent B; acetonitrile/H20= 80/20 with 0.1% TFA). The
fractions containing the desired product were collected, evaporated and lyophilized to

afford compound 38 (3.5 mg, 17%) as yellow solid.

HRMS (ESI): caled 1453.5155 for [M-H]; found 28
1453.5161 (0.6 mmu) HPLC analysis was performed by é
monitoring absorbance at 380 nm, using linear gradient %
80/20-0/100 (15 min), (solvent A! Hz0 with 0.1% TFA, 5|
solvent B; acetonitrile/H20= 80/20 with 0.1% TFA). Rt :‘,;? | JL
0 5 10 15 20 25

was 9.9 min. Time (min)
Synthesis of compound 39 Compound 11 (100 pL of 1 mM DMSO solution, 100 nmol),
biotin-PEG2-NH2 (120 pL of 1 mM DMSO solution, 120 nmol, 1.2 eq) and DIEA (2 pL of
100 mM DMSO solution, 200 nmol, 2 eq) were mixed and stirred at ambient
temperature for 12 h. Resulting mixture was purified by means of semi-preparative
HPLC under the following conditions: A/B = 70/30-0/100 (20 min). (solvent A: H2O with
0.1% TFA, solvent B; acetonitrile/H2O= 80/20 with 0.1% TFA). The fractions containing
the desired product were collected and lyophilized to afford compound 39 (TLBiotin)
(40 nmol, 40%) as red solid. HRMS (ESI¥): caled

39
710.8764 for [M-F+HI2; found 710.8787 (2.3 mmuw). ¢ |
HPLC analysis was performed by monitoring %
absorbance at 522 nm, using linear gradient é
70/30-0/100 (20 min), (solvent A: HeO with 0.1% TFA, % | 4
solvent B; acetonitrile/H20= 80/20 with 0.1% TFA). Rt C e 0 2

was 12.0 min.
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Synthesis of compound 40 To the PBS solution of avidin (36.5 uM, 100 uL) was added
compound 39 (TLBiotin) (32 pL 0.4 mM DMSO solution, 3.5 eq) and incubated at 25°C
for 4 hour. The reaction mixture was purified by PD-10 desalting column to remove

unlabeled K* probe.
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