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1. Experimental Section
1.1. Materials and Methods

Potassium carbonate (K.COz), N,N-dimethylformamide (DMF), acetone, methanol (MeOH), hexane, ethyl
acetate (AcOEt) N,N-diisopropylethylamine (EtN(i-Pr)z), and sodium hydroxide (NaOH) were purchased from
Nacalai Tesque (Japan). Pyridine, dimethylsulfoxide (DMSO), chloroform (CHCls), acetonitrile (MeCN), acetic acid
(AcOH), choline chloride, Dulbecco’s modified Eagle’s medium (DMEM), Dulbecco's Phosphate-Buffer Saline (-)
(D-PBS(-)), trifluoroacetic acid (TFA) and tetra-n-butylammonium hexafluorophosphate were purchased from
FUJIFILM Wako Pure Chemicals Inc. (Japan). Dichloromethane (CH2Cl,) and diethyl ether (Et,O) was purchased
from Kishida Chemical Co., Ltd. (Japan). 1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-
Oxide Hexafluorophosphate (HATU) and 1-hydroxybenzotriazole (HOBt) were purchased from WATANABE
CHEMICAL IND., LTD. (Japan). Silica gel (SiOz, 230-400 mesh) and Al,Os (neutral, 40-160 pwm) for column
chromatography was purchased from Silicycle (Canada) and Oakwood Chemical (USA), respectively. Pyridine and
DMF were distilled over CaH; under Nz before use. MeOH was distilled over Mg under N2 before use. All other
materials were purchased and used without further purification.

Buffer aqueous solutions (pH 2.0-2.2) were prepared by dissolving hydrochloric acid (HCI) and potassium
chloride (KCI) in water (MilliQ). Buffer aqueous solutions (pH 3.1-6.9) were prepared by dissolving citric acid and
sodium dihydrogenphosphate (NaH2PO,) in water (MilliQ). Buffer aqueous solutions (pH 7.5-8.7) were prepared by
dissolving NaH2PO. and disodium hydrogenphosphate (Na;HPO.) in water (MilliQ). Buffer aqueous solutions (pH
9.0-11.0) were prepared by dissolving sodium bicarbonate (NaHCO3) and sodium carbonate (Na;COs) in water
(MilliQ). All buffer aqueous solutions were stored in refrigerator and used within one week.

Purification of probes was performed by the instrument equipped with HPLC column oven, UV detector (GL-
7450, GL Sciences Inc., Japan) and HPLC pump (GL-7410, GL Sciences Inc., Japan). Liquid chromatography-mass
spectrometer (LC-MS) was carried out with LCMS-2020 (absorbance at 700 nm) with a reversed-phase column
(Shim-pack XR-ODS I, 150 x 2.0 mm) (Shimadzu Industrial System Co., Ltd., Japan).

UV-vis absorption spectra of dyes were measured by UV-vis-NIR spectrophotometer (UH5300, Hitachi High-
Technologies Co., Japan). Emission spectra of dyes were measured by fluorescence spectrophotometer (RF-6000,
Shimadzu Co., Japan). High-resolution mass spectra were measured by Exactive Plus Orbitrap (ESI, Thermo Fisher
Scientific Inc., USA). NMR spectra were recorded on JEOL JNM-ECZ 400 (400 MHz) or JEOL JNM-ECX 400
spectrometer (400 MHz). LSM 710 (Zeiss, Germany) was used for laser scanning confocal microscopy of SUIT-2
cells.
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1.2. Synthesis
Synthesis of CyCE2 and CyC2

Scheme S1
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To a flame-dried Schlenk flask, 1¢' (1.5 g, 7.5 mmol), S-3-iodopropyl thioacetate (6)* (2.4 g, 9.8 mmol), and
MeCN (8.0 mL) were successively added at room temperature under nitrogen atmosphere. After refluxing for 1 d,
the organic solvent was removed under reduced pressure. The residue was dissolved in a small amount of CH»Cls.
After the solution was added to Et,O, the product was gradually precipitated. The precipitate was washed with Et,O.
The volatiles were removed under reduced pressure to afford indole 2¢b (2.0 g, 4.6 mmol, 61%) as a red solid.
2¢b: mp 135.5-137.0 °C; IR(ATR) 2999, 2869, 2829, 1688, 1622, 1604, 1469, 1417, 1356, 1299, 1205, 1176, 1130,
10333, 958,928, 836, 823,771, 667, 623,552,511 cm™'; '"HNMR (400 MHz, CDCl3, 25 °C) 6 1.70 (s, 6H), 2.21-2.29
(m, 2H), 2.31 (s, 3H), 3.02 (t, J=7.3 Hz, 2H), 3.14 (s, 3H), 4.89 (t, J = 7.3 Hz, 2H), 7.52—7.57 (m, 2H), 7.94 (t, J =
8.7 Hz, 1H). HRMS (ESI) calcd for C16H2CINOS ([M*]) 310.1027, found 310.1027.
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To a solution of indole 1b® (0.41 g, 1.6 mmol) in MeCN (0.8 mL) was added 4* (0.46 g, 1.8 mmol) at room
temperature. After refluxing for 5 d, the organic solvent was removed under reduced pressure. The residue was
dissolved in a small amount of MeOH. After the solution was added to AcOEt, the product was gradually precipitated.
The precipitate was washed with AcOEt. The volatiles were removed under reduced pressure to afford indole 2ba
(0.62 g, 1.5 mmol, 91%) as a green solid.
2ba: mp 142.5-144.0 °C; IR(ATR) 3450, 3028, 2868, 1721, 1616, 1562, 1439, 1407, 1168, 1120, 1033, 1008, 822,
765, 689, 613, 565 cm™'; "TH NMR (400 MHz, DMSO-ds, 25 °C) 6 0.49-0.60 (m, 1H), 0.68—0.81 (m, 1H), 1.26—1.40
(m, 2H), 1.58 (s, 3H), 2.17 (t, J = 7.3 Hz, 2H), 2.24-2.33 (m, 2H), 2.98 (s, 3H), 5.80 (d, /= 17.0 Hz, 1H), 5.87 (d, J
=15.6 Hz, 1H), 7.37 (d, J = 7.8 Hz, 2H), 7.52—7.64 (m, 4H), 7.77-7.85 (m, 2H). HRMS (ESI) calcd for C2,H,sNOsS
(M + H]") 416.1526, found 416.1530.

To asolution of indole 2¢b (1.4 g, 3.2 mmol) in AcOH/Ac.0 (18 mL/7.8 mL) was added malonaldehyde dianilide
hydrochloride (5)° (1.0 g, 3.9 mmol) at room temperature. After stirring at 100 °C for 1 h, the crude solution was
cooled to room temperature. After the solution was added to cold Et,O, and kept it at 0 °C for 12 h. The precipitate
was filtered. The volatile was removed under reduced pressure to afford 3cb (1.4 g) as a purple solid. 3cb was used
for the next step without further purification.

In a flame-dried Schlenk flask, indole 2ba (0.36 g, 0.87 mmol), 3cb (0.64 g, 1.0 mmol), and pyridine (8.5 mL)
were successively added at room temperature under nitrogen atmosphere. After stirring at 40 °C for 2 h, the organic
solvent was removed under reduced pressure and the residue was subjected to column chromatography on SiO;
(eluent: CH2CIl>-MeOH, v:v = 15:1) to afford a crude product. The organic solvents were removed under reduced
pressure and the residue was dissolved in a small amount of MeOH. After adding Et.O slowly, the product was
gradually precipitated. The precipitate was washed with Et,O. The volatiles were removed under reduced pressure to
afford Cy5 derivative proCyC2 (0.12 g, 0.16 mmol, 18%) as a red solid.
proCyC2: mp 120.0—122.0 °C; IR(ATR) 3421, 2972, 2867, 2827, 1683, 1573, 1488, 1455, 1373, 1327, 1212, 1171,
1100, 1033, 1007, 925, 792, 718, 674, 595, 562 cm™'; 'H NMR (400 MHz, CDs0D, 25 °C) 6 0.59-0.70 (m, 1H),
0.91-1.02 (m, 1H), 1.42-1.52 (m, 2H), 1.73 (s, 3H), 1.73 (s, 3H), 1.75 (s, 3H), 2.03 (t, J = 7.3 Hz, 2H), 2.07-2.04
(m, 2H), 2.25 (dt, J = 12.8, 3.2 Hz, 1H), 2.31 (s, 3H), 2.51 (dt, J = 12.4, 3.7 Hz, 1H), 2.95 (t, J = 7.3 Hz, 2H), 4.13
(t, J=7.3 Hz, 2H), 5.41 (s, 2H), 6.28 (d, J = 13.8 Hz, 1H), 6.33 (d, J = 13.8 Hz, 1H), 6.56 (dd, J = 12.4, 12.4 Hz,
1H), 7.26-7.30 (m, 3H), 7.35-7.41 (m, 4H), 7.50 (d, J = 7.3 Hz, 1H), 7.54 (d, J = 2.3 Hz, 1H), 7.83 (d, J = 8.7 Hz,
2H), 8.21-8.29 (m, 2H). 3C NMR (100 MHz, CDs0D, 25 °C) 6 25.9, 26.3, 26.9, 26.9, 27.8, 28.4, 28.8, 30.6, 42.1,
44.1,48.2,50.8,55.3,105.1,105.8, 112.1, 113.2, 123.6, 124.1, 126.5, 127.8, 127.9, 129.8, 130.0, 131.8, 138.5, 140.7,
142.3, 144.6, 144.8, 145.1, 146.2, 155.5, 156.1, 156.2, 174.0, 174.7, 197.0. HRMS (ESI) calcd for C41H44CIN2O6S>
(IM — HJ") 759.2335, found 759.2331.

To a flame-dried Schlenk flask, Cy5 derivative proCyC2 (88 mg, 0.12 mmol) and DMF (1.1 mL) were
successively added at room temperature under nitrogen atmosphere. To this solution were added EtN(i-Pr), (40 pL,
0.23 mmol), HATU (88 mg, 0.23 mmol), HOBt (16 mg, 0.12 mmol) and choline chloride (97 mg, 0.70 mmol) in
order at 0 °C. After stirring at room temperature for 24 h, the reaction mixture was diluted with AcOEt. The precipitate
was subjected to column chromatography on Al,Oj3 (eluent: CH3Cl-MeOH, v:v = 15:1) to afford a crude product. The

organic solvents were removed under reduced pressure and the residue was dissolved in a small amount of a solution
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(CH3CI-MeOH, v:v = 15:1). After adding Et,O slowly, the product was gradually precipitated. The precipitate was
washed with Et,O. The volatiles were removed under reduced pressure to afford Cy5 derivative proCyCE2 (0.35 g,
35 pumol, 30%) as a red solid.
proCyCE2: mp 135.0—137.0 °C; IR(ATR) 3649, 2968, 2867, 2828, 1734, 1685, 1489, 1455, 1374, 1328, 1217, 1100,
1052, 1033, 1007, 926, 794, 718, 685, 595, 563, 552 cm™!; 'H NMR (400 MHz, CD30D, 25 °C) 6 0.43—0.52 (m, 1H),
0.71-0.81 (m, 1H), 1.26—1.40 (m, 2H), 1.64 (s, 6H), 1.66 (s, 3H), 1.91-1.98 (m, 2H), 2.04-2.19 (m, 3H), 2.22 (s,
3H), 2.40 (dt,J=9.1, 4.1 Hz, 1H), 2.86 (t, /= 6.9 Hz, 2H), 3.03 (s, 9H), 3.52 (t, /= 4.6 Hz, 2H), 4.05 (t, /= 6.9 Hz,
2H), 4.29-4.32 (m, 2H), 5.28 (d, /= 16.5 Hz, 1H), 5.34 (d, /= 16.9 Hz, 1H), 6.20 (d, J = 13.7 Hz, 1H), 6.28 (d, /=
13.3 Hz, 1H), 6.48 (dd, J=12.3, 12.3 Hz, 1H), 7.18-7.26 (m, 3H), 7.31 (d, J="7.8 Hz, 4H), 7.41 (d, /= 7.3 Hz, 1H),
7.46 (d, J= 1.8 Hz, 1H), 7.71 (d, J = 8.2 Hz, 2H), 8.15 (dd, J = 13.7, 12.3 Hz, 2H). '*C NMR (100 MHz, CDsOD,
25°C)025.4,26.1,26.9,27.7,28.2,28.8,30.6,34.3,42.5,44.1,48.1,50.8, 54.4, 55.2, 58.7, 66.0, 71.4, 105.1, 105.8,
112.1,113.2, 126.6, 124.1, 126.5, 127.7, 127.8, 128.3, 129.8, 130.0, 131.9, 138.6, 140.7, 142.2, 144.5, 144.8, 146.5,
155.3, 156.0, 173.6, 173.7, 174.8, 197.0. HRMS (ESI) caled for C4sHs7CIN3O6S2 ([M™]) 846.3372, found 846.3379.

To a flame-dried Schlenk flask, Cy5 derivative proCyCE2 (5.2 mg, 5.2 pmol), K,COs (7.5 mg, 54 pmol), choline
chloride (7.3 mg, 52 pumol) and DMF (0.35 mL) were successively added at room temperature under nitrogen
atmosphere. After stirring at 40 °C for 5 h, the crude was purified by HPLC analysis (YMC-Triart Phenyl column
250 x 4.6 mm, acetonitrile/ammonium acetate buffer (pH 4.8)) to afford CyCE2 (Figure S1b). HRMS (ESI) of
CyCE2 calcd for C44Hs4CIN3O5S, ([M + H]") 804.3266, found 804.3263.

The similar deprotection procedure for proCyC2 in MeOH was conducted to afford CyC2. HRMS (ESI) of CyC2
calcd for C39H42CIN2OsS, ([M —HJ]") 717.2222, found 717.2229.

(a) without CyCE2

2
‘0
c
()
E
background signals of the solvent
0 2 4 6 8 10
retention time (min)
(b) with CyCE2 . +
CyCE2 calcd m/z: 804.3266 ([M + H]Y)
/ found m/z: 804.3263
2
c
()
E
0 2 4 6 8 10

retention time (min)
Fig. S1 LC-MS analysis of (a) a blank solution (MeCN-ammonium acetate buffer (pH 4.8), v:v = 1:1) and (b) a
solution of CyCE2 (MeCN-ammonium acetate buffer (pH 4.8), v:v = 1:1). Mobile phase: ammonium acetate buffer
(pH 4.8) (phase A) and MeCN (phase B). The gradient program was set as follows: 0—6 min, 0-95% B; 6—7 min, 95—
100% B; 7-9 min, 100% B; 9-10 min, 100-0% B (0.4 mL/min).
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Synthesis of CyCE1
Scheme S3
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To a flame-dried Schlenk flask, Cy5 derivative proCyC1® (0.13 g, 0.18 mmol) and DMF (0.9 mL) were
successively added at room temperature under nitrogen atmosphere. To this solution were added EtN(i-Pr). (63 uL,
0.36 mmol), HATU (0.14 g, 0.37 mmol), HOBLt (26 mg, 0.19 mmol) and choline chloride (0.16 g, 1.2 mmol) in order
at 0 °C. After stirring at room temperature for 24 h, the reaction mixture was diluted with CH>Cl,. The organic
solutions was washed with saturated NaHCO3 aqueous solution (10 mLx3) and dried over Na;SO4. The organic
solvents were removed under reduced pressure and the residue was subjected to column chromatography on SiO;
(eluent: CH2Cl>-MeOH, v:v = 7:1) to afford a crude product. The organic solvents were removed under reduced
pressure and the residue was dissolved in a small amount of CHCl,. After adding Et,O slowly, the product was
gradually precipitated. The precipitate was washed with Et,O. The volatiles were removed under reduced pressure to
afford Cy5 derivative proCyCE1 (0.17 g, 0.16 mmol, 86%) as a red solid.
proCyCE1: mp 61.0—62.5 °C; IR(ATR) 3670, 2971, 2869, 2826, 1739, 1480, 1448, 1374, 1332, 1228, 1217, 1148,
1103, 1063, 1042, 1016, 998, 924, 833, 772, 708, 626, 555 cm™'; "H NMR (400 MHz, DMSO-dg, 25 °C) 6 0.46—0.56
(m, 1H), 0.79-0.91 (m, 1H), 1.29 (t, J = 6.9 Hz, 3H), 1.34—1.42 (m, 2H), 1.68 (s, 3H), 1.69 (s, 6H), 1.89—1.96 (m,
2H), 2.14-2.21 (m, 3H), 2.34 (s, 3H), 2.42 (t, J = 13.3 Hz, 1H), 2.92 (t, J = 7.3 Hz, 2H), 3.05 (s, 9H), 3.54-3.57 (m,
2H), 4.11-4.20 (m, 4H), 4.32-4.35 (m, 2H), 6.28 (d, J= 13.7 Hz, 1H), 6.37 (d, J= 14.2 Hz, 1H), 6.57 (dd, J = 12.4,
12.4 Hz, 1H), 7.22-7.30 (m, 2H), 7.34—7.44 (m, 4H), 7.56 (d, J = 7.3 Hz, 1H), 7.64 (d, J = 7.3 Hz, 1H), 8.27-8.38
(m, 2H). 3C NMR (100 MHz, DMSO-ds, 25 °C) § 12.2, 23.7, 24.1, 26.7, 26.9, 27.0, 27.3, 27.3, 30.6, 32.9, 42.3,
49.2,52.9, 53.1, 57.6, 63.7,79.2, 103.0, 103.5, 110.5, 111.2, 122.4, 122.6, 124.5, 125.1, 125.7, 128.6, 128.6, 139.0,
141.4,141.5,142.9, 153.1, 154.6, 170.4, 172.0, 173.1, 195.2. HRMS (ESI) calcd for C41Hs7N303S ([M?*]) 335.7055,
found 335.7059.

Cys5 derivative CyCE1 was synthesized in a similar manner to CyCE2 using Cy5 derivative proCyCEL1 instead
of proCyCE2. HRMS (ESI) of CyCEL1 calcd for CsgHs4N30.S ([M*]) 628.3931, found 628.3931.
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Synthesis of CyCE3

Scheme S4
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In a flame-dried Schlenk flask, indole 2bb® (0.27 g, 0.56 mmol), 3ac’ (0.36 g, 0.78 mmol), and pyridine (6.0 mL)
were successively added at room temperature under nitrogen atmosphere. After stirring at 40 °C for 2 h, the organic
solvent was removed under reduced pressure and the residue was subjected to column chromatography on SiO;
(eluent: CHCIl>-MeOH, v:v = 15:1) to afford a crude product. The organic solvents were removed under reduced
pressure and the residue was dissolved in a small amount of MeOH. After adding Et,O slowly, the product was
gradually precipitated. The precipitate was washed with Et,O. The volatiles were removed under reduced pressure to
afford Cy5 derivative proCyC3 (0.29 g, 0.42 mmol, 75%) as a red solid.
proCyC3: mp 165.0—-166.5 °C; IR(ATR) 3423, 2971, 2907, 2828, 1738, 1685, 1565, 1489, 1449, 1374, 1333, 1216,
1179, 1128, 1101, 1085, 1034, 1016, 924, 796, 750, 708, 603, 553 cm™'; '"H NMR (400 MHz, DMSO-de, 25 °C)
0.42-0.53 (m, 1H), 0.75-0.85 (m, 1H), 1.28—1.36 (m, 2H), 1.63—1.80 (m, 15H), 1.86—1.94 (m, 2H), 1.96-2.06 (m,
2H), 2.14 (t, J = 12.8 Hz, 1H), 2.32 (s, 3H), 2.40 (t, J = 11.9 Hz, 1H), 2.92 (t, J = 7.8 Hz, 2H), 4.09—-4.14 (m, 4H),
6.29 (d,J=13.7 Hz, 1H), 6.44 (d, J=13.7 Hz, 1H), 6.57 (dd, J = 12.4, 12.3 Hz, 1H), 7.19-7.28 (m, 2H), 7.31-7.42
(m, 3H), 7.46 (d, J= 7.8 Hz, 1H), 7.54 (d, J= 6.8 Hz, 1H), 7.62 (d, J= 7.3 Hz, 1H), 8.28 (dd, J= 12.8, 12.3 Hz, 1H),
8.34 (dd, J=13.3, 12.8 Hz, 1H). HRMS (ESI) calcd for C3sHasN>04S2 ([M — H]") 691.2881, found 691.2872.

Cy5 derivative proCyCE3 was obtained in the similar manner to proCyCE2 using Cy5 derivative proCyC3
instead of proCyC2.
proCyCE3: a red solid (85%): mp 88.0—89.5 °C; IR(ATR) 3386, 2969, 2936, 2868, 1735, 1682, 1573, 1479, 1447,
1375, 1332, 1215, 1176, 1127, 1099, 1055, 1033, 999, 923, 840, 794, 752, 707, 600, 557 cm™'; '"H NMR (400 MHz,
CD;0D, 25 °C) § 0.57-0.70 (m, 1H), 0.89—0.98 (m, 1H), 1.46—1.54 (m, 2H), 1.71 (s, 3H), 1.73 (s, 3H), 1.76 (s, 3H),
1.89-1.95 (m, 2H), 1.99-2.08 (m, 4H), 2.16-2.27 (m, 3H), 2.36 (s, 3H), 2.46 (t, J = 13.3 Hz, 1H), 2.83-2.92 (m,
2H), 2.98 (t, J= 7.3 Hz, 2H), 3.15 (s, 9H), 3.63—3.66 (m, 2H), 4.13 (t, J= 7.4 Hz, 2H), 4.18—4.26 (m, 2H), 4.41—4.44
(m, 2H), 6.28 (d, J = 13.7 Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.65 (dd, J = 12.8, 12.4 Hz, 1H), 7.23-7.31 (m, 3H),
7.37-7.46 (m, 4H), 7.51 (d, J = 7.3 Hz, 1H), 8.19 (dd, J = 13.3, 13.3 Hz, 1H), 8.28 (dd, J = 13.3, 12.8 Hz, 1H). 13C
NMR (100 MHz, CDsOD, 25 °C) ¢ 23.5, 25.2, 25.5, 27.1, 27.4, 27.9, 28.0, 28.2, 28.8, 30.7, 30.7, 34.2, 41.8, 43.7,
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45.0, 50.9, 51.8, 54.4, 54.8, 58.8, 66.0, 71.5, 104.2, 105.5, 111.5, 112.6, 123.4, 123.5, 125.9, 126.7, 127.1, 129.8,
129.9, 140.5, 142.9, 143.4, 144.5, 154.3, 156.2, 172.1, 173.7, 175.8, 197.0. HRMS (ESI) calcd for C43HsoN306S>
(IM*]) 778.3918, found 778.3918.

CyS5 derivative CyCE3 was synthesized in a similar manner to CyCE2 using Cy5 derivative proCyCE3 instead
of proCyCE2. HRMS (ESI) of CyCE3 calcd for C41Hs7N30sS, (M + H]¥) 736.3812, found 736.3816.

Synthesis of CyCE4
Scheme S5
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Indole 2aa was obtained in the similar manner to 2ba using indole 1a8 instead of 1b.
2aa: a green solid (90%): mp 258.0—260.0 °C; IR(ATR) 3133, 3039, 1606, 1453, 1405, 1175, 1121, 1034, 1009, 826,
764, 687, 657, 612, 600, 553 com!; 'H NMR (400 MHz, DMSO-ds, 25 °C) 6, 1.59 (s, 6H), 2.97 (s, 3H), 5.82 (s, 2H),
7.36-7.41 (m, 2H), 7.52-7.63 (m, 4H), 7.78-7.87 (m, 2H). HRMS (ESI) calcd for C1sH;sNOsS ([M + H]") 330.1158,
found 330.1162.

To a solution of indole 2aa (0.61 g, 1.9 mmol) in AcOH/Ac,0 (3.6 mL/8.1 mL) was added 5 (0.57 g, 2.2 mmol)
at room temperature. After stirring at 100 °C for 1 h, the crude solution was cooled to room temperature. After the
solution was added to cold Et,0, and kept it at 0 °C for 12 h. The precipitate was filtered. The volatile was removed
under reduced pressure to afford 3aa (0.69 g) as a red solid. 3aa was used for the next step without further purification.

In a flame-dried Schlenk flask, indole 2bb (0.22 g, 0.45 mmol), 3aa (0.31 g, 0.62 mmol), and pyridine (4.8 mL)
were successively added at room temperature under nitrogen atmosphere. After stirring at 40 °C for 3 h, the organic
solvent was removed under reduced pressure and the residue was subjected to column chromatography on SiO;
(eluent: CH3CI-MeOH, v:v = 15:1) to afford a crude product. The organic solvents were removed under reduced

pressure and the residue was dissolved in a small amount of MeOH. After adding Et,O slowly, the product was
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gradually precipitated. The precipitate was washed with Et,O. The volatiles were removed under reduced pressure to
afford Cy5 derivative proCyC4 (80 mg, 0.11 mmol, 25%) as a red solid.
proCyC4: mp 113.0—115.0 °C; IR(ATR) 3427, 2973, 2868, 2827, 1681, 1628, 1561, 1449, 1374, 1331, 1212, 1129,
1101, 1034, 1006, 919, 790, 750, 708, 681, 595, 553 cm™%; *H NMR (400 MHz, CD30D, 25 °C) § 0.62—0.70 (m, 1H),
0.94-1.02 (m, 1H), 1.40—1.53 (m, 2H), 1.73 (s, 3H), 1.73 (s, 3H), 1.74 (s, 3H), 2.01-2.04 (m, 4H), 2.21 (dt, J = 13.3,
3.6 Hz, 1H), 2.31 (s, 3H), 2.50 (dt, J = 12.3, 4.1 Hz, 1H), 2.96 (t, J = 7.3 Hz, 2H), 4.18 (t, J = 7.3 Hz, 2H), 5.32-5.41
(m, 2H), 6.24 (d, J = 13.8 Hz, 1H), 6.34 (d, J = 13.7 Hz, 1H), 6.53 (dd, J = 12.3, 12.3 Hz, 1H), 7.24 (dd, J = 7.8, 6.4
Hz, 2H), 7.28 (d, J = 8.2 Hz, 1H), 7.32 (d, J = 5.9 Hz, 1H), 7.36 (d, J = 8.2 Hz, 2H), 7.38-7.44 (m, 2H) 7.49 (d, J =
7.3 Hz, 1H), 7.51 (d, J = 7.3 Hz, 1H), 7.83 (d, J = 8.2 Hz, 2H), 8.18-8.29 (m, 2H). HRMS (ESI) calcd for
Ca1H16N206S, ([M — H]") 725.2725, found 725.2723.

CyS5 derivative proCyCE4 was obtained in the similar manner to proCyCE2 using Cy5 derivative proCyC4
instead of proCyC2.
proCyCE4: a red solid (44%): mp 125.0—127.0 °C; IR(ATR) 3417, 2948, 2868, 2827, 1735, 1685, 1573, 1480, 1449,
1375, 1331, 1216, 1174, 1130, 1100, 1033, 1006, 920, 790, 750, 707, 681, 589, 555, 564 cm™'; 'H NMR (400 MHz,
CDs;0D, 25 °C) 0 0.41-0.52 (m, 1H), 0.72—0.83 (m, 1H), 1.29-1.39 (m, 2H), 1.60 (s, 3H), 1.66 (s, 6H), 1.89-1.96
(m, 2H), 2.02—2.14 (m, 3H), 2.21 (s, 3H), 2.33 (t, /= 12.8 Hz, 1H), 2.85 (t, J= 7.3 Hz, 2H), 3.02 (s, 9H), 3.50-3.52
(m, 2H), 4.07 (t, J = 7.3 Hz, 2H), 4.26—4.31 (m, 2H), 5.24 (d, J=16.9 Hz, 1H), 5.36 (d, /= 16.9 Hz, 1H), 6.10 (d, J
=13.7 Hz, 1H), 6.26 (d, J= 13.7 Hz, 1H), 6.44 (dd, J = 12.3, 12.3 Hz, 1H), 7.13—7.35 (m, 8H), 7.38 (d, /= 7.3 Hz,
1H), 7.43 (d, J=7.7 Hz, 1H), 7.71 (d, J = 9.2 Hz, 2H), 8.08—8.16 (m, 2H). 3C NMR (100 MHz, CDs0D, 25 °C) ¢
25.2,25.4,27.0,27.9, 28.0, 28.2, 28.9, 30.6, 34.2,41.9, 44.1, 47.7, 50.5, 54.4, 55.3, 58.7, 65.9, 71.3, 104.9, 105.7,
111.8, 112.1, 123.5, 123.6, 126.2, 126.7, 127.4, 127.6, 127.8, 129.9, 129.9, 138.6, 140.9, 142.2, 144.0, 144.2, 146.3,
155.3, 155.6, 173.7, 174.0, 174.3, 197.0. HRMS (ESI) calcd for C4sHssN306S: ([M*]) 812.3762, found 812.3758.

Cys5 derivative CyCE4 was synthesized in a similar manner to CyCE2 using Cy5 derivative proCyCE4 instead
of proCyCE2. HRMS (ESI) of CyCE4 calcd for C44HssN3OsS, ([M + H]¥) 770.3656, found 770.3638.

Synthesis of CyCES
Scheme S6
ltl/ = N,Ph EtN(i-Pr), (2.0 equiv)
( COOH I B\ 2/_\\ HATU (2.0 equiv)
4 3ab (hsne  A° HOBt (1.0 equiv)
i a (1.2 equiv) N N choline chloride (6.0 equiv)
N
pyridine, 40 °C, 2 h (%SAC K@\ DMF, rt, 24 h
proCyC5 -
2ba [j\sos’ Y SO3
/
\'\i\
Q OH PFs

( )4 K,CO3 (10.0 equiv)
O O choline chloride (10.0 equiv)
N L 4
N > N N
( 5\ DMF, 40 °C,5h
3SAc
SOz

proCyCES 3
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Cy5 derivatives proCyC5 was obtained in the similar manner to proCyC3 using indole 2ba and 3ab® instead of
2bb and 3ac, respectively.
proCyCS5: a red solid (19%): mp 115.0—116.0 °C; IR(ATR) 3435, 2972, 2907, 2828, 1724, 1626, 1479, 1452, 1376,
1331, 1212, 1171, 1132, 1102, 1037, 1008, 925, 791, 752, 709, 596, 553 cm’!; 'H NMR (400 MHz, CD;0D, 25 °C)
0 0.60-0.71 (m, 1H), 0.93—1.02 (m, 1H), 1.40—1.52 (m, 2H), 1.73 (s, 9H), 2.01-2.10 (m, 4H), 2.22 (t, J = 14.1 Hz,
1H), 2.30 (s, 3H), 2.49 (t, J=12.3 Hz, 1H), 2.96 (t, /= 6.4 Hz, 2H), 4.18 (t, J= 6.9 Hz, 2H), 5.36 (s, 2H), 6.24 (d, J
=13.3 Hz, 1H), 6.33 (d, /= 13.3 Hz, 1H), 6.52 (dd, J=11.9, 11.8 Hz, 1H), 7.21-7.29 (m, 3H), 7.31-7.44 (m, 5H),
7.47-7.52 (m, 2H), 7.83 (d, J =8.2 Hz, 2H), 8.17-8.28 (m, 2H). HRMS (ESI) calcd for C41H4sN>06S> ([M — H]")
725.2725, found 725.2728.

Cy5 derivative proCyCES was obtained in the similar manner to proCyCE2 using Cy5 derivative proCyC5
instead of proCyC2.
proCyCES: ared solid (36%): mp 131.0—133.0 °C; IR(ATR) 3425, 2965, 2927, 2861, 1734, 1683, 1574, 1479, 1451,
1375, 1331, 1215, 1130, 1099, 1033, 1006, 923, 790, 752, 708, 684, 595, 553 cm’!; 'H NMR (400 MHz, CDsOD,
25°C) 6 0.55—0.65 (m, 1H), 0.83—0.94 (m, 1H), 1.38—1.51 (m, 2H), 1.73 (s, 3H), 1.74 (s, 3H), 1.74 (s, 3H), 2.02—2.09
(m, 2H), 2.14-2.25 (m, 3H), 2.31 (s, 3H), 2.50 (dt, J= 8.2, 5.0 Hz, 1H), 2.97 (t, J = 7.3 Hz, 2H), 3.12 (s, 9H), 3.61
(t, J=4.6 Hz, 2H), 4.20 (t, J= 7.3 Hz, 2H), 4.38—4.41 (m, 2H), 5.33 (d, /= 16.5 Hz, 1H), 5.39 (d, /= 16.9 Hz, 1H),
6.30 (d, J=13.7 Hz, 1H), 6.37 (d, J= 13.7 Hz, 1H), 6.56 (dd, J=12.3, 12.3 Hz, 1H), 7.24—7.45 (m, 8H), 7.49 (d, J
=7.8 Hz, 1H), 7.52 (d, J= 7.3 Hz, 1H), 7.81 (d, J= 8.3 Hz, 2H), 8.17-8.30 (m, 2H). '*C NMR (100 MHz, CDsOD,
25°C)§254,26.1,26.9,27.8,28.3,28.9, 30.6,30.8, 34.3,42.5,44.1,47.9, 51.0, 54.4, 54.8, 58.7, 66.0, 71.3, 104.9,
105.6, 111.6, 112.4,123.5, 126.1, 126.8, 127.3, 127.6, 127.8, 128.3, 129.8, 129.9, 138.8, 140.4, 142.9, 143.3, 145.0,
146.4, 154.5, 156.4, 172.4, 173.6, 176.0, 196.9. HRMS (ESI) calcd for CssHssN306S: ([M*]) 812.3762, found
812.3762.

Cys5 derivative CyCES was synthesized in a similar manner to CyCE2 using Cy5 derivative proCyCES5 instead
of proCyCE2. HRMS (ESI) of CyCES calcd for C44HssN3OsS, ([M + H]¥) 770.3656, found: 770.3641.
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1.3. UV-vis and Fluorescence Spectra
For UV-vis and fluorescence spectra measurements, the sample solutions (5.0x107¢ M) were prepared by mixing
a solution of probes in DMSO (30 pL, 5.0x10* M) with deoxygenated buffer aqueous solution (2970 pL). To estimate
Rc of probes, the normalized absorbance of the open-ring structure (A = 640 nm) was fitted to sigmoid curve (Figure
S3). Since it is assumed that the equilibrium shifts to the open-ring form under acidic conditions, the maximum
absorbance of each probe in an acidic solution is defined as 1. R. was calculated by using the following equation,
Re=1—Ae40

where Ag4o is the normalized absorbance of open-ring structure of a probe at pH 7.4 estimated by utilizing the sigmoid

curve.
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Fig. S2 UV-vis absorption spectra of (a) CyCEl, (b) CyCE3, (c) CyCE4, (d) CyCES5, (¢) CyCE2, and (f) CyC2
(5.0x10°° M) in buffer solutions.
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Fig. S3 Fluorescence spectra of (a) CyCE1, (b) CyCE3, (c) CyCE4, (d) CyCES5, (e) CyCE2, and (f) CyC2 (5.0x10~
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Table S1. Photophysical properties of CyCE1-CyCES, CyC2 and CyME4 and their band gap estimated from

absorption edge.
buffered solution (pH = 2.0) CH3CN (0.1% TFA)
probe € Amax Eg,abs Amax Eg,avs
(cm™'M™) (nm) (eV) (nm) (eV)
CyCE1 1.5 X103 642 1.87 644 1.86
CyCE2 1.4 x10° 650 1.85 651 1.85
CyCE3 2.4 x10° 644 1.86 646 1.86
CyCE4 7.4 %104 646 1.86 647 1.85
CyCES 9.0 x10* 645 1.86 646 1.86
CyC2 4.3 <104 650 1.84 651 1.84
CyME4 1.8 x10° 652 1.84 644 1.86

The HOMO-LUMO band gap was estimated from the absorption edge. The (hv x a)? values, where a is absorption
coefficient, were plotted against v (eV). The absorption edge (eV) was determined as a cross point (Eg,abs, band gap)

of a tangent line and (hv x a)? = 0, see Fig. S5.
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Fig. S5 Tauc plot of (a) a buffered solution (pH 2.0) and (b) CH3CN solution (0.1% TFA) of CyCEZ2.
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1.4. Electrochemical Measurements

A solution of CyCE1-CyCE5 and CyME4 (30 pL, 1.0x102 M) in DMF and tetra-n-butylammonium
hexafluorophosphate (2970 pL, 0.1 M) in CH3CN (0.1% TFA) was well mixed prior to measurement. Pt electrode
(counter), glassy carbon electrode (working), and Ag/AgCl electrode were used. In order to shift the equilibrium to
their open-ring forms, TFA (0.1%) was added to the sample solution. The cyclic voltammogram and differential
pulse voltammogram were measured at a rate of 25 mV/sec by electrochemical analyzer (610C-S, ALS Co., Ltd.,
Japan) (Fig. S6). The one-electron reduction potential (Erq [V]) of probes was determined by differential pulse
voltammetry because the clear reversible signal was not detected in cyclic voltammetry.

The experimentally determined energy (Erumo [eV]) at the LUMO was estimated according to the reported
equation:

Erumo = — (Ered + Eans(Fc'/Fc))

where the value of Euws(Fc*/Fc): 4.970 V was used.’

The energy (Enomo [eV]) at the HOMO was calculated by using the energy gap (£¢) determined from absorption
edge in CH3CN (Table S1).

Table S2. Experimentally determined energy levels of CyCE1-CyCES5 and CyME4.

dye Ereq Erumo Enomo Eq,a0s
(V vs Fc'/Fc)’ (eV)* (eV) (eV)

CyCEl1l -1.18 -3.79 -5.65 1.86
CyCE2 -1.11 -3.86 -5.71 1.85
CyCE3 -1.15 -3.82 -5.68 1.86
CyCE4 -1.15 -3.82 -5.67 1.85
CyCE5 -1.14 -3.83 -5.69 1.86
CyME4 -1.19 -3.78 —5.64 1.86
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Fig. S6 Cyclic voltammograms and differential pulse voltammograms of (a) CyCEl, (b) CyCE2, (¢) CyCE3, (d)
CyCE4, (e) CyCES5, and (f) CyMEA4.
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1.5. Theoretical Calculation

The density functional theory (DFT) calculation was performed for the geometry optimization of CyCE1-5 at the
B3LYP/6-31G(d,p)'° level by using Gaussian 16 package.!' The energy-minimized structures at the ground state
estimated are summarized in Fig. S7. The ground states of CyCE1-5 were calculated by the time-dependent (TD)
DFT calculations at the CAM-B3LYP/6-31G(d)*? level by using Gaussian 16 package. The optimized structures with
frontier orbitals were visualized by Avogadro software.!3 The cartesian coordinates of the optimized structures are

summarized at the end of the ESI (section 3).

LumMo Lumo (Li'%?) V) 3 5 Lumo LUMO Lumo
(-5.43 eV) (-4.19 eV) (-3.21eV) (-3.99eV) (-4.10 eV)
HOMO & ‘
HOMO HOMO (-8.42 eV), HOMO HOMO
(-9.79 eV) (-8.55 eV) (-7.30eV)  (-8.40eV)
;F
CyCE2 ; CyCE3 g CyCE4 CyCES

CyCE3
(with hydrogen bond)

Fig. S7 Kohn-Sham HOMO and LUMO energy levels for the optimized structures at the ground (So) state (TD-
CAM-B3LYP/6-31G(d)//B3LYP/6-31G(d)) of CyCE1-5. Top: LUMO, middle: HOMO, bottom: without electron

density distribution.
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1.6. Enzyme Assay
Enzyme assay with acetylcholineesterase (AChE)

AChE from Electrophorus electricus (Aldrich) was diluted with 0.1 M phosphate buffer solution to make different
AChE concentrations. AChE solution (200 pL) was diluted with the mixture of a probe (20 uL, dissolved in DMSO)
solution and a phosphate buffer solution (pH 8.0, 1780 pL) at 37 °C. Final concentration of the probes were 1.0 uM.
The AChE concentration was 0-50 U/mL for the assay. Fluorescence intensity excited at 650 nm was recorded for

600 min at 37 °C. The fluorescence intensity at 0 min is defined as 1.

Inhibition assay by using neostigmine

For inhibition assay of enzyme activity, final concentration of probe CyCE2 was fixed to 1.0 pM (Fig. S8) or 5.0
uM (Fig. 2¢). Final concentration of AChE was 10 U/mL (Fig. S8) or 50 U/mL (Fig. 2¢) for the assay. AChE inhibitor,
neostigmine (FUJIFILM Wako Pure Chemicals Inc.), was dissolved in 10 uL DMSO at different concentrations, and
then mixed with the phosphate buffer solution (190 pL) of AChE. The mixed solutions were incubated at 37 °C for
30 min to inhibit enzyme activity. To the inhibitor-treated AChE solution was then added the probe (20 pL, dissolved
in DMSO) solution in the phosphate buffer solution (1780 pL). Enzymatic reaction was performed at 37 °C.

Excitation wavelength for measurement was 640 nm.

Michaelis-Menten kinetics

Michaelis constant K, and maximum rate Vmax were determined by monitoring the time-dependent increment of
absorbance of CyCE2. The initial rate V (uM min!) of AChE-mediated reaction was determined from the absorbance
increment ([AChE]o = 25 U/mL, temp.: rt). The absorbance increment was monitored every 1 sec for 3.5 min and the
initial reaction rate V was obtained from the slope of the linear fitting (conc. (uM) vs time (min)). The relationship
between the initial reaction rate V and the concentration of CyCE2 ([S]o, uM) was plotted. From the Lineweaver-

Burk plot (1/V vs 1/[S]o), Michaelis constant Ky, and maximum rate Vmax Were calculated.

9000
Inhibitor (uM)
— 0 (0 min)
7000
Y —— 0(3h)
g 1
§ 5000 7 10
o
=)
Y- 3000
1000 . T
650 675 700 725 750

wavelength (nm)

Fig. S8 Fluorescence spectra (Aex = 640 nm) of CyCE2 solution incubated for 3 h with AChE (10 U/mL) and
neostigmine (0 uM, 1 pM, 10 uM, 100 uM, 1000 pM) as an inhibitor of AChE at 37 °C. AChE was pretreated

with neostigmine for 30 min at 37 °C.

S17-



From the absorbance measurement, the linear relationship of absorbance at 640 nm in CyC2/CyCE2 solution (pH
= 8.0) was confirmed.
AlLs=2.77 x 1072 [uM™]
, in which Al is the absorbance change when 1 uM of CyCE2 converts to 1 uM of CyC2.
Based on this linear relationship, the initial rate Vo (uM min!) of the AChE-mediated reaction was determined.
Vo= (6.60 x 107 x 60) / 0.0277 = 0.143 [uM min-]
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Fig. S9 Time-dependent absorbance change at 640 nm of CyCE2 (5.0 uM) with 50 U/mL AChE. The fitting line is
Lubs = 6.60 x 107 x ¢ [sec] + 0.0533 (R? = 0.9985)
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Fig. S10 (a) Michaelis-Menten kinetics and (b) Lineweaver-Burke plot for AChE-catalyzed reaction of CyCE2.
Conditions: AChE (25 U/mL) with different concentration (1.0 uM, 2.0 uM, 3.0 uM, 5.0 uM, 10.0 uM, 30.0
uM, 50.0 uM, 80.0 uM, 100.0 uM) of CyCE2 in phosphate buffer solution (pH 8.0).
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1.7. In Vitro Cell Experiments
Cell culture

PC-12 cell line was purchased from RIKEN BioResource Research Center (Tsukuba, Japan). PC-12 cells was
cultured in RPMI-1640 with 10% FBS and 1% penicillin/streptomycin. Cells were cultured well-humidified
incubator with 5% CO, and 95% air at 37 °C.

MTT cytotoxicity Assay

PC-12 cells was seeded into a 96-well microtiter plate at a density of 1x10° cells per well. The cells were
incubated for 24 h for cell attachment. PC-12 cells were incubated at 37 °C for an additional 12 h with different
concentrations of CyCE2 (0, 1, 5, 10, 50, 100 and 500 uM). Then the cells were washed with PBS. Subsequently,
MTT (200 pL, 0.5 mg/mL) was added to each well and the cells were incubated at 37 °C. After 4 h, the remaining
MTT solution was removed, and the formazan crystals were dissolved in 200 uL. of DMSO with gentle agitation for
5 min. The absorbance at 550 nm was measured using 800TS™ Absorbance Microplate Reader (BioTek Instruments,
USA).

Confocal fluorescence imaging

PC-12 cells were seeded in a 35 mm dish (u-Dish® ™™ high 'ibidi, Germany) at a density of 8x10° cells. The cells
were incubated for 24 h for cell attachment. CyCE2 dissolved in DMSO (0.2 mM) was diluted in the cell culture
medium without phenol red to have a final concentration of 5 uM. PC-12 cells were incubated with the medium at
37 °C for 90 min. Fluorescence images of the cells were acquired by confocal laser scanning microscope
(63x objective lens). Excitation lasers of 633 nm (emission: 647—759 nm) was used for detecting fluorescence signals.
For positive control, before CyCE2 was added to the medium, PC-12 cells were treated with 10 UM Phorbol 12-
myristate 13-acetate (PMA, Adipogen) for 60 min. For negative control, PC-12 cells were pretreated with
neostigmine (10 uM) for 30 min and also incubated with the inhibitor (10 uM) during the treatment of CyCE2.
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3. Cartesian Coordinates of the Optimized Geometry
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4. NMR spectra
'H NMR of proCyC2 (CD;0D)

S = m3I= 7 % 3 = = -
Gt & - = R eIt .
- ;s - o s I P - — -
[ | ! | \
[ " Uj T l __Jl ] ' nom ﬂ L ] | !
EN. . A A A J LT N O IR LR

A — T | ' o
CNMR of proCyC2 (CD;OD)
Y
|
; ; [ JJ.J,JJ i Ll
I ‘ B L AREREREEN

-S28-



"H NMR of proCyCEZ (CD30D)
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"H NMR of proCyCE1 (DMSO-ds)
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"H NMR of proCyC3 (DMSO-de)
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[ringle pulse decoupled gated NOE
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13C NMR of proCyCE3 (CD;0OD)
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'H NMR of proCyCE4 (CD;0D)
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"H NMR of proCyC5 (CD;0D)
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*C NMR of proCyCES (CD;OD)
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