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Abbreviations

AcOEt, ethyl acetate; Boc, tert-butoxycarbonyl; DCM, dichloromethane; DIPEA,
diisopropylethylamine; DMEM, Dulbecco’s modified Eagle’s medium; DMF, N N-
dimethylformamide; DMSO, dimethyl sulfoxide; ESI, electrospray ionization; ¢, molar extinction
coefficient; EtOH, ethanol; FAB, fast atom bombardment; FBS, fetal bovine serum; f.c., final
concentration; @y, fluorescence quantum yield; Fmoc, 9-fluorenylmethyloxycarbonyl; GLUT4,
glucose transporter type 4; H,O, water; HBSS, Hanks' Balanced Salt Solution; HPLC, high-
performance liquid chromatography; HRMS, high-resolution mass spectrometer; KRB, Krebs-
Ringer bicarbonate; MeCN, acetonitrile; MeOH, methanol; NaHCO3, sodium hydrogen
carbonate; NLS, nuclear localization signal; NMR, nuclear magnetic resonance; Na,SO,4, sodium
sulfate; PBS, phosphate-buffered saline; PS, penicillin-streptomycin; PYP, photoactive yellow
protein; TEA, triethylamine; TFA, trifluoroacetic acid; THF, tetrahydrofuran TLC, thin layer
chromatography; TMS, tetramethylsilane, Ts, p-toluenesulfonyl

Materials and Instruments

General chemicals were supplied by Tokyo Chemical Industries, Wako Pure Chemical
Industries, Sigma-Aldrich Chemical Co., and Kishida Chemical Co., and used without further
purification. NMR spectra were recorded on a BRUKER AscendTM 500 instrument at 500
MHz for '"H NMR and at 125 MHz for 3C NMR or on a JEOL JNM-ECA 600 spectrometer
using TMS as an internal standard. FAB-High-resolution mass spectra (HRMS) were recorded
using a JEOL JMS-700 instrument. ESI-HRMS was performed using a MicrOTOF II-BC
instrument (Bruker). Silica gel chromatography was performed using BW-300 silica (Fuji
Silysia Chemical Ltd.) or a Biotage® IsoleraTM One instrument with a pre-packed Biotage®
SNAP HC D column or Sfir C18 column. HPLC purification was performed using an Inertsil
ODS-3 column (4.6 or 10.0 mm x 250 mm, GL-Science, Inc.) and a TSKgel ODS-80Ts (4.6
or 20.0 mm x 250 mm, TOSOH Co.). Size exclusion chromatography was performed using a
SuperdexTM 75 10/300 GL column (GE Healthcare Life Science) connected to an NGC
Chromatography System (Bio-Rad). Fluorescence spectra were measured using an F7000
spectrometer (Hitachi) fitted with a photomultiplier at a voltage of 700 V. UV-vis absorption
spectra were obtained using a V-650 spectrometer (Jasco). Live fluorescent cell images were
acquired using a confocal laser-scanning microscope (Zeiss, LSM-880 or Olympus, Fv10i) or

a fluorescence microscope (Keyence, BZ-X710) with a 63x or 60% lens, respectively.
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1. Synthetic Procedures

1.1 Linker moiety synthesis
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1

Hexaethylene glycol (20.0 g, 70.8 mmol) and TEA (19.8 mL, 142 mmol) were dissolved in
DCM (42 mL) and cooled to 0 °C. TsCl (3.38 mg, 17.7 mmol) dissolved in DCM (10 mL) was
added dropwise to the reaction mixture, which was then stirred at room temperature for 3 h.
The reaction mixture was washed with water and brine. The organic layer was dried over
Na,S0O,, filtered, and evaporated under reduced pressure. The residual material underwent
purification through silica gel column chromatography (DCM/MeOH = 95/5 to 90/10 as eluent)
to yield compound 1 (4.86 g, 11.2 mmol) with a 63% overall yield.

'TH NMR (500 MHz, CDCl;): 6 7.80 (d, J = 8.0 Hz, 2H), 7.34 (d, /= 8.0 Hz, 2H), 4.16 (t, J =
5.0 Hz, 2H), 3.72-3.58 (m, 22H), 2.77 (br, 1H), 2.45 (s, 3H). *C NMR (125 MHz, CDCl;):
5 144.8,133.0, 129.8, 128.0, 72.7, 72.6, 70.7, 70.6, 70.6, 70.5, 70.5, 70.5, 70.3, 70.2, 69.3, 68.7
61.7,61.7,21.6. HRMS (ESI+): Calcd for [M+Na]* 459.1659, found 459.1670

Compound 2

Na/\—(’ 0\/};0H

2

NaNj; (1.95 g, 30.0 mmol), compound 1 (2.65 g, 6.00 mmol), and DMF (6 mL) were stirred at 50
°C overnight. The white precipitate was removed by filtration and the residue was washed with
AcOEt. The filtrate was concentrated in vacuo, then the resultant was purified by silica gel column
chromatography (Hexane/AcOEt = 50/50 to 20/80 as eluent) to yield compound 2 (740 mg, 2.44

mmol) with a 41% overall yield.
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'H NMR (500 MHz, CDCl,): & 3.73-3.60 (m, 22H), 3.39 (t, J = 5.0 Hz, 2H), 2.20 (br, 1H), 3C
NMR (125 MHz, CDCl,): § 72.6, 70.7, 70.6, 70.6, 70.6, 70.5, 70.3, 70.0, 61.7, 50.7, 36.5, 31.4.
HRMS (ESI+): Calcd for [M+Na]* 330.1636, found 330.1652

Compound 3

N3/\—(’ 0\/.};0Ts
3

TsCl(4.51 g, 23.7 mmol) in DCM (72 mL) was added dropwise to a stirred solution of compound
2 (2.43 g, 7.89 mmol) and TEA (3.30 mL, 23.7 mmol) in DCM (40 mL) at room temperature.
Subsequently, the solution was stirred overnight at room temperature. The reaction mixture was
washed with water and brine. The solution was dried over Na,SO,, filtered, and evaporated. The
residue was purified by silica gel column chromatography (DCM/MeOH = 99/1 to 90/10 as
eluent) to obtain compound 3 (2.68 g, 5.80 mmol) with a 73% overall yield.

'H NMR (500 MHz, CDCl;): 6 7.80 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 4.16 (t, J =
5.0 Hz, 2H), 3.70-3.38 (m, 22H), 2.45 (s, 3H). *C NMR (125 MHz, CDCl;): 6 114.8, 133.0,
129.8, 128.0, 70.8, 70.7, 70.7, 70.6, 70.6, 70.6, 70.5, 70.0, 69.3, 68.7. 21.5. HRMS (ESI+): Calcd for
[M+Na]* 484.1724, found 484.1705

Compound 4

N3/\(’ 0\/“};37.1
4

NaOH (391 mg, 9.95 mmol) in H,O (4.4 mL) was added to a solution of triphenylmethanethiol
(2.19 g, 7.94 mmol) in ethanol/toluene (1/1) (30 mL). After the addition, compound 3 (3.00 g,
6.50 mmol) in ethanol/toluene (1/1) (30 mL) was added to the solution at room temperature,
then the solution was stirred at room temperature for 5 h. The reaction mixture was then washed
with sat. NaHCO; aq. and brine. The solution was dried over Na,SO,, filtered, and evaporated.
The residue was purified by flash column chromatography on silica gel (Hexane/ethyl acetate
=10/90 to 30/70 as eluent) to obtain compound 4 (3.49 g, 6.16 mmol) with a 95% overall yield.
TH NMR (500 MHz, CDCly): 6 7.41 (m, 6H), 7.27 (m, 6H), 7.20 (m, 3H), 3.65-3.44 (m, 24H),
3.38 (t, /= 5.0 Hz, 2H), 3.30 (t, J = 7.0 Hz, 2H). 3C NMR (125 MHz, CDCl;): 5 44.8, 129.6,
1279, 126.7, 70.7, 70.7, 70.6, 70.6, 70.6, 70.6, 70.5, 70.2, 70.0, 69.6, 66.6, 50.7, 31.6. HRMS (ESI+):
Calcd for [M+Na]* 588.2503, found 588.2489

Compound 5
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N3/\(’ o\/);ém

]
TFA (18 mL) was added dropwise to a stirred solution of compound 4 (1.05 g, 1.77 mmol) and
triethylsilane (246 mg, 2.21 mmol) in DCM (110 mL) at room temperature and the solution was
stirred at room temperature for 2 h. The reaction mixture was concentrated in vacuo. The residue
was purified by flash column chromatography on silica gel (DCM to DCM/MeOH = 90/10 as
eluent) to obtain compound 5 (455 mg, 1.41 mmol) with an 80% overall yield.
'H NMR (500 MHz, DMSO-dg): 4 3.61-3.49 (m, 20H), 3.40 (t, J = 5.0 Hz, 2H), 2.64-2.59 (m,
2H), 2.28 (t, J= 8.0 Hz, 1H). 3C NMR (125 MHz, DMSO-d;): 5 72.6, 70.3, 70.3, 70.2, 70.2,
69.9, 69.7, 50.5, 23.9. HRMS (FAB+): Calcd for [M]*367.2380, found 367.2390.

Synthesis of compound 6
N
N7
| N
NH
OH
FmocHN

0
6

A solution of Fmoc-Ala(3-CN)-OH (336 mg, 1.00 mmol), TMSN; (460 mg, 4.00 mmol) and
Bu,SnO (224 mg, 0.900 mmol) in toluene (5 mL) was stirred at 100 °C for 2 h. The reaction
mixture was concentrated in vacuo. The residue was purified by silica gel column
chromatography (DCM/MeOH = 10/1 to MeOH as eluent) to obtain compound 6 (226 mg, 0.596
mmol) with a 60% overall yield.

'H NMR (500 MHz, DMSO-dy): 6 7.88 (d, J= 7.5 Hz, 2H), 7.83 (d, J= 8.5 Hz, 1H), 7.67-
7.30 (m, 6H), 4.49 (ddd, J=15.0, 8.5, 7.5 Hz, 1H), 4.27-4.19 (m, 3H), 3.40 (dd, 2 J=15.0, 6.0
Hz), 3.27 (dd, 2 J= 15.0, 6.0 Hz). ¥*C NMR (125 MHz, DMSO-dg) 3 172.5, 156.3, 154.1,
144.2, 141.2, 128.1, 127.6, 125.7, 125.6, 120.6, 66.2, 52.7, 47.0, 25.9. HRMS (FAB-): Calcd
for [M]-378.1208, found 378.1207.

Synthesis of compound 7

N
N~

N
N_
H
N N3

FmocHN [o] 3
(o]

7
DIPEA (306 mg, 2.37 mmol) and compound 6 (300 mg, 0.790 mmol) were dissolved in DMF
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(7.5 mL). HBTU (299 mg, 0.790 mmol) was added to the resulting solution and was stirred at
0 °C for 45 min. 11-Azido-3, 6, 9-trioxaundecan-1-amine (205 mg, 0.940 mmol) was added to
the reaction mixture, warmed to room temperature, and stirred overnight. The reaction solution
was concentrated in vacuo, then the residue was purified by column chromatography
(DCM/MeOH = 99/1 to 1/1 as eluent) to yield the title compound (239 mg, 0.410 mmol) as a
colorless oil with a 52% overall yield.

'H NMR (600 MHz, DMSO-dy): 6 8.02-7.31 (m, 9H) 4.49-4.46 (m, 1H) 4.29-4.19 (m, 3H),
4.49 (ddd, J=15.0, 8.5, 7.5 Hz, 1H), 4.27-4.19 (m, 3H), 3.58-3.14 (m, 18H). HRMS (ESI-):
Calcd for [M-H] 578.2481, found 578.2457
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1.2 Synthesis of cationic dye scaffolds (RB and SP)
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Synthesis of compound 8

Rhodamine B (479 r_ng, 1.00 mmol), tert-butyl 1-piperazinecarboxylate (668 mg, 1.89 mmol),
and DIPEA (194 mg, 1.50 mmol) were dissolved in DMF (6.5 mL). COMU (514 mg, 1.20 mmol)
was added to the resulting solution at 0 °C and stirred at 0 °C for 45 min. The reaction mixture
was heated to room temperature and stirred overnight. The reaction solution was concentrated in
vacuo, and then 10% TFA in DCM was added to the residue and stirred at room temperature
overnight. The reaction solution was concentrated in vacuo, and Adipic Anhydride (128 mg, 1.00
mmol) and DIPEA (258 mg, 2.00 mmol) were added to the residue and stirred at 40 °C for 6 h.
The reaction solution was concentrated in vacuo and the residue was purified by silica gel column
chromatography (DCM/MeOH = 99/1 to 90/10 as eluent) to yield compound 8 (405 mg, 0.63
mmol) with a 63% overall yield.

TH NMR (600 MHz, Acetone-dg) 8 7.80-7.74 (m, 3H), 7.59-7.57 (m, 1H), 7.34 (d, J = 9.6 Hz,
2H), 6.96 (d, J = 3.0 Hz, 2H), 3.78 (q, J = 3.0 Hz, 8H), 3.60-3.31 (m, 8H), 2.33-2.29 (m, 3H),
1.59-1.57 (m, 4H), 1.33 (t, J = 7.2 Hz, 12H). 3C NMR (125 MHz, MeOD-d,) 177.2, 174.0, 169.7,
1594, 157.3,157.1,136.6, 133.2,132.3, 131.8, 131.3, 129.0, 114.5, 114.9,97.4,46.9,43.2, 42.8, 34.6, 33.6,
25.8,25.6,12.8. HRMS (FAB+): Calcd for [M]* 639.3541, found 639.3545.

Synthesis of compound 9
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4-methylpyridine (2.10 g, 21.5 mmol) and ethyl 6-bromohexanoate (4.60 mL, 25.8 mmol) were
dissolved in CH3CN (40 mL) and the mixture was then heated up to 95 °C under reflux for 18 h.
The reaction solution was concentrated in vacuo and cold ether/hexane (1/1). After removing the
supernatant by decantation, the residue was concentrated in vacuo to obtain compound 9 (6.5 g,
27.5 mmol) with a 78% overall yield.

'H NMR (500 MHz, CDCl;): 6 9.37 (d, J = 6.5 Hz, 2H), 7.90 (d, J = 6.5 Hz, 2H), 4.94 (t, J =
7.5 Hz, 2H), 4.10 (q, J = 6.5 Hz, 2H), 2.68 (s, 3H), 2.30 (t, /= 6.5 Hz, 2H), 2.07 (dd, J= 6.5 Hz,
2H), 1.67 (dd, J =6.5 Hz, 2H, d), 1.45-1.42 (m, 2H), 1.24 (t, J = 6.5 Hz, 3H). ¥C NMR (125
MHz, CDCls): 6 173.4, 158.9, 144.3, 128.9, 60.8, 60.4, 33.8, 31.5, 254, 24.1, 22.3, 14.2.
HRMS (FAB+): Calcd for [M]* 236.1645, found 236.1659.

Synthesis of compound 10

4-Diethylaminobenzaldehyde (200 mg, 1.13 mmol) and 1-(6-ethoxy-6-oxohexyl)-4-
methylpyridin-1-ium (214 mg, 0.910 mmol) were dissolved in EtOH (7 mL) in a microwave
reaction vessel and pyrrolidine (55.8 uL, 0.910 mmol) was added to the solution. The mixture
was heated to 120 °C under microwave irradiation for 30 min. The solution was concentrated in
vacuo, then the residue was purified by flash column chromatography on silica gel (DCM/MeOH
=97/3 as eluent) to yield compound 10 (336 mg, 0.850 mmol) with a 93% overall yield.

'H NMR (500 MHz; CDCL): 6 8.94 (d,J="7.0 Hz, 2H), 7.80 (d,J= 7.0 Hz, 2H), 7.59 (d,J= 16 Hz, 1H),
7.51 (d,J=9 Hz, 2H), 6.83 (d,J= 16 Hz, 1H, 6.67 (d, /=9 Hz, 2H), 4.69 (t, 2H), 4.10 (q, 2H), 3.44 (t, 4H),
2.31 (t, 2H), 2.02 (it, 2H), 1.67 (m, 2H), 1.44 (m, 2H), 1.23 (m, 9H) ; 3C NMR (125 MHz, CDCl,): 6 173.4,
1543, 1503, 1433, 1432, 131.1, 1224, 121.5, 115.6, 111.5, 60.4, 59.8, 44.7, 33.7, 31.3, 25.4, 24.1, 14.2,
12.5. HRMS (FAB+): Calcd for [M]"395.2693, found 395.2698.

Synthesis of compound 11
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THF (4 mL) and EtOH (2 mL) were added to compound 10 (174 mg, 0.477 mmol), mixed with
LiOH (100 mg, 2.38 mmol) in water (2 mL), and stirred for 24 h at room temperature. The solution
was concentrated in vacuo, then the residue was purified by flash column chromatography on
silica gel (DCM/MeOH = 80/20 as eluent) to yield compound 11 (130 mg, 0.354 mmol) with a
74% overall yield.

'H NMR (500 MHz; MeOD-d,): 5 8.56 (d, /= 7.0 Hz, 2H), 7.94 (d, /= 7.0 Hz, 2H), 7.81 (d, J
=16 Hz, 1H), 7.58 (d, /=9 Hz, 2H,), 7.05 (d, /= 16 Hz, 1H), 6.75 (d, /=9 Hz, 2H), 4.41 (t, 2H),
3.48 (q, 4H), 2.18 (t, 2H), 1.97 (tt, 2H), 1.66 (tt, 2H), 1.67 (m, 2H), 1.39 (tt, 2H), 1.20 (t, 6H); 3C
NMR (125 MHz, CDCly): 6 182.3,156.4, 151.6, 144.5,144.3,132.0, 123.6,123.5,117.2,112.7,60.9, 45.5,
38.6,31.9,26.9,26.7,12.9. HRMS (FAB+): Calcd for [M]*367.2380, found 367.2390.
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1.3 Synthesis of PCAF-RB and PCAF-SP
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Synthesis of fert-butyl (2-(bromomethyl)-4-(trifluoromethyl)phenyl)carbamate
Br

NHBoc

F3C

This compound was synthesized following a reported procedure.S!

Compound 12

N
(fo/\,), 3
s 5
NHBoc

FsC
12
tert-Butyl (2-(bromomethyl)-4-(trifluoromethyl)phenyl)carbamate (668 mg, 1.89 mmol),

compound 5 (610 mg, 1.89 mmol), and TEA (0.520 mL, 3.77 mmol) were dissolved in THF (60
mL) at room temperature overnight. The reaction solution was concentrated in vacuo, then the
residue was purified by flash column chromatography on silica gel (Hexane/ethyl acetate = 70/30
to 30/70 as eluent) to yield compound 12 (303 mg, 507 pmol) with a 27% overall yield.

'H NMR (500 MHz, CDCl,): 6 8.07 (d, J= 8.5 Hz, 1H), 7.64 (s, 1H), 7.51 (dd, /= 8.5, 2.0 Hz,
1H), 7.44 (d, J=2.0 Hz, 1H), 3.89 (s ,2H), 3.71 (t, J = 6.0 Hz, 2H), 3.67-3.62 (m, 18H), 3.38 (4,
J=5.0 Hz, 2H), 2.58 (t, J = 6.0 Hz, 2H), 1.54 (s, 9H). 13C NMR (125 MHz, CDCl;): 6 152.8,
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140.5, 127.6 (q, *Jer = 3.8 Hz), 126.3, 125.4 (q, 3Jer = 3.8 Hz), 124. 8 (q, 2es = 32.5 Hz), 124.1
(q, ey = 268.8 Hz), 121.3, 81.1, 71.9, 70.7, 70.6, 70.6, 70.6, 70.6, 70.4, 70.0, 50.7, 33.6, 30.4,
28.3. HRMS (FAB+): Calcd for [M+Na]* 619.2384, found 619.2394.

Compound 13

(\60 ,\9, NH_

s 5

NHBoc
FsC
13

Triphenylphosphine (52.8 mg, 201 umol) and compound 12 (99.4 mg, 168 umol) were dissolved
in THF (5 mL) and the mixture was then heated up to 60 °C for 2 h. After stirring, the solution
was cooled at room temperature and water was added to it (500 pL). The resulting solution was
stirred at room temperature for 5 h. The reaction solution was concentrated in vacuo, then the
residue was purified by silica gel column chromatography (DCM/MeOH = 10/1 to MeOH as
eluent) to yield compound 13 (73.3 mg, 128 umol) with a 77% overall yield.
'H NMR (500 MHz; CDCl;): 8 8.07 (d, J = 8.5 Hz, 1H), 7.63 (br, 1H), 7.51 (dd, /= 8.5, 2.0 Hz,
1H, d), 7.44 (d, /= 2.0 Hz, 1H), 3.90 (s, 2H), 3.71 (t, /= 6.0 Hz, 2H), 3.67-3.61 (m, 16H), 3.50
(t,J=5.0 Hz, 2H) , 2.85 (t, /= 5.0 Hz, 2H), 2.58 (t, J = 6.0 Hz, 2H), 1.54 (s, 9H). BC NMR (125
MHz, CDCl3): 8 152.8,140.5,127.6 (q, 3Jcr = 3.8 Hz), 1264, 1253 (q, *Jc.r = 3.8 Hz), 124.5 (q, 2Jcr
= 32.5 Hz), 124.1 (q, *Jcr = 270.0 Hz), 1214, 81.1, 72.7, 71.7, 70.6, 70.5, 70.5, 70.3, 70.3, 41.6, 33.6,
304,28.3. HRMS (ESI+): Calcd for [M+H]" 571.2659, found 571.2652.

Synthesis of PCAF-RB
o}

H
K\ONOWONO\/\ONNM

-] 0
H
N
i
o
Fi;C

DIPEA (6.0 mg, 46 umol) and compound 8 (10 mg, 16 umol) were dissolved in DMF (2 mL).
HBTU (9.0 mg, 23 umol) was added to the resulting solution at 0 °C and stirred at 0 °C for 45

PCAF-RB

min. Compound 13 was added to the reaction mixture (15 mg, 23 umol) that was warmed to room
temperature and stirred overnight. The reaction solution was concentrated in vacuo, then 10%
TFA in DCM was added to the residue at 0 °C and stirred for 2 h at 0 °C. The reaction solution

was concentrated in vacuo, and the residue was dissolved in DMF. Chloroacetyl chloride (23 mg,
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200 pumol) was added to the reaction solution at 0 °C and stirred for 1 h at 0 °C. The reaction
solution was concentrated in vacuo, then the residue was purified by reversed-phase HPLC using
ODS-3 column and eluted with H,O/CH;CN containing 0.1% TFA to yield the title compound
(3.1 mg, 2.7 umol) with a 12% overall yield.

'H NMR (600 MHz; MeOD-d,): & 7.89 (d, /= 7.8 Hz, 1H), 7.78-7.71 (m, 4H), 7.06 (d, J= 7.8
Hz, 1H), 7.52 (br, 1H), 7.28 (d, J = 9.0 Hz, 2H), 7.07 (dd, /= 9.0, 1.8 Hz, 1H), 6.96 (d, /= 1.8
Hz, 2H), 4.34 (s, 2H), 3.97 (s, 2H), 3.68 (q, J = 7.2 Hz, 8H), 3.66-3.38 (m, 22H), 3.21 (q,J=7.2
Hz, 2H), 2.56 (t,J = 6.0 Hz, 2H), 2.35 (t, /= 7.2 Hz, 2H), 2.19 (br, 1H), 1.59-1.27 (m, 4H), 1.32-
1.29 (m, 12H). 3C NMR (125 MHz, MeOD-d,): 175.9, 167.8, 159.3, 157.3, 157.1, 140.3, 136.6, 133.6,
133.3,131.8,131.4,128.9(q, 2Jc.r = 31.0 Hz), 128.8 (q, *Jc.r = 3.5 Hz), 126.4,126.4,1259 (q, *Jcr = 3.5
Hz), 126.4, 124.4,123.5 (q, 'Jcr =270 Hz), 115.5,107.5,97.4,72.7,71.6,71.3,71.3,70.6,48.0,47.0,40.4,
36.6,33.5,31.8,25.8,12.9,9.3. HRMS (ESI+): Calcd for [M+H]* 1167.5214, found 1167.5267.

Synthesis of PCAF-SP
H
(\ONOV\ONO\/\O/\/NW\AﬁI ™
s o NF
N
Y\m NS
0 N

PCAF-SP

FiC

TSTU (5.7 mg, 19 umol), compound 13 (57 pmol), compound 11 (7.0 mg, 1.9 umol), and DIPEA
(9.9 pL, 57 pmol) were dissolved in DMF (10 mL) and stirred for 12 h at 0 °C under a N,
atmosphere. The reaction solution was concentrated in vacuo and the residue was dissolved in
DCM (5 mL) and TFA (1 mL) at room temperature and stirred for 1 h at room temperature. The
reaction solution was concentrated in vacuo, and the residue was dissolved in DCM (5 mL).
Chloroacetyl chloride (1.9 puL, 23 umol) was added to the reaction solution at room temperature
and stirred for 1 h at room temperature. The reaction solution was concentrated in vacuo, and the
residue was purified by reverse-phase HPLC using an ODS-3 column and eluted with
H,O/CH;CN containing 0.1% TFA to yield PCAF-SP (4.51 mg) with a 25% overall yield.

TH NMR (500 MHz; CDCly): 68.55 (d, J= 7.0 Hz, 1H), 7.95 (d, /= 7.0 Hz, 1H, H,), 7.88 (d, J
= 8.5 Hz, 1H), 7.83 (d, J=16.0 Hz, 1H,), 7.71 (s, 1H), 7.60-7.58 (m, 3H), 7.06 (d, J= 16.0 Hz,
1H, H,,), 6.79 (d, J = 8.5 Hz, 2H, Hyy),4.41 (t, J = 7.5 Hz, 2H), 4.34 (s, 2H), 3.96 (s, 2H),3.65-
3.33 (m, 24H), 2.59 (t, /= 6.0 Hz, 2H), 2.22 (t, /= 7.0 Hz, 2H), 1.97 (tt, 2H), 1.67 (tt, 2H), 1.36
(tt, 2H), 1.20 (t, /= 7.0 Hz, 6H) ; BC NMR (125 MHz, MeOD-d,): 174.3, 166.4, 155.0, 143.1, 142.9,
138.8, 132.1, 130.6, 127.3, 127. 3, 128.5 (q, *Jc.r = 3.8 Hz),125.0, 124.4, 123.3 (q, 'Jcr = 270 Hz),
71.2,70.2,70.2, 70.2, 70.1, 70.1, 70.1, 70.1, 70.1, 69.9, 69.8, 69.1, 59.5, 44.5, 42.5, 38.9, 34.9, 32.1, 30.3,
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25.0,24.6,11.4. HRMS (ESI+): Calcd for [M]* 895.4053, found 895.4093.
1.4 Synthesis of PCAF-RBis and PCAF-SPis
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Synthesis of compound 14
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S
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14
tert-Butyl (2-(bromomethyl)-4-(trifluoromethyl)phenyl)carbamate (708 mg, 2.00 mmol) was
dissolved in MeOH (4.0 mL) and added to a solution of mercaptoacetic acid (404 mg, 4.40 mmol)
in MeOH (10.0 mL). The reaction mixture was stirred at room temperature. Then, a solution of
NaOH (160 mg, 4.00 mmol) in MeOH (3.0 mL) was slowly added, and the resulting mixture was
stirred at room temperature until benzyl bromide was absent (checked by TLC). The resulting
solution was diluted with 2 M NaOH and extracted with DCM/MeOH. The combined organic
fractions were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was
purified using column chromatography (DCM/MeOH = 95/5 to 50/50 as eluent) to yield the title
compound (518 mg, 1.42 mmol) as a colorless oil with a 71% overall yield.
'H NMR (600 MHz, CDCl;): 6 7.90 (br, 1H), 7.51 (d, /= 9.0 Hz, 1H), 7.44 (s, 1H), 3.88 (br,
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2H), 3.17 (s, 2H), 1.53 (s, 9H) 3C NMR (150 MHz, CDCly): 8 175.7, 153.8, 140.1, 127.5, 125.6,
125.3, 123.9 (q, Jer = 270 Hz), 122.1, 82.3, 33.2, 32.1, 28.2. HRMS (ESI-): Caled for [M-H]-
364.0836, found 364.0836.

Synthesis of PCAF-RBis

F1C

PCAF-RBis
We added 10% Diethyl amine in DMF (5 mL) to compound 7 (321 mg, 0.550 mmol) and the

mixture was stirred at room temperature overnight. The reaction solution was concentrated in
vacuo, and the crude product was used for the next step. To a solution of compound 14 (303
mg, 0.830 mmol) we added DIPEA (214 mg, 1.66 mmol) and HBTU (472 mg, 1.24 mmol) in
DMEF (5 mL) at 0 °C and stirred at 0 °C for 45 min. The crude product was heated to room
temperature, added to the reaction mixture, and stirred overnight. The reaction solution was
concentrated in vacuo, then the residue was purified by column chromatography (H,O/MeCN
containing 0.1% formic acid) to yield the crude product of compound 15 (118 mg) as a colorless
oil. A part of the crude product (43 mg) was dissolved in THF/water (2:1, v/v). 1M
trimethylphosphine in THF (240 pL, 240 umol) and KOH (13 mg, 240 pmol) were added to
the mixture at 0 °C. The reaction solution was stirred at 0 °C overnight. The reaction solution
was concentrated in vacuo, and the crude product was separated by silica gel column
chromatography (DCM/MeOH = 50/50 to 10/90 as eluent)) for the next coupling reaction.
Compound 8 (10 mg, 16 umol) and DIPEA (6 mg, 46 umol) were dissolved in DMF (2 mL).
HBTU (9 mg, 23 umol) was added at 0 °C and stirred at 0 °C for 45 min. The reaction mixture
was added to a crude Staudinger reaction mixture (crude amino derivative), warmed to room
temperature, and stirred overnight. The reaction solution was concentrated in vacuo, and the
crude product was prepared by reverse phase silica gel column chromatography (H,O/MeCN
containing 0.1% formic acid) for the next step. We added 10% TFA in DCM to the residue at
0 °C and stirred the mixture at 0 °C for 3 h. The reaction solution was concentrated in vacuo,
and the residue was dissolved in DMF. Chloroacetyl chloride (23 mg, 200 umol) was added at
0 °C and stirred at 0 °C for 1 h. The reaction solution was concentrated in vacuo, and the residue
was purified by reverse-phase HPLC using an ODS-3 column and eluted with H,O/CH;CN
containing 0.1% TFA to yield the title compound (3.8 mg, 2.9 umol) in 3% yield.
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H NMR (600 MHz; MeOD-d,): 5 8.18 (br, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.77-7.69 (m, 4H),
7.58 (d, J= 9.0 Hz, 1H), 7.52 (br, 1H), 7.28 (d, J = 9.0 Hz, 2H), 7.07 (dd, J = 9.0, 1.8 Hz, 1H),
6.96 (d, J = 1.8 Hz, 2H), 4.38 (s, 2H), 3.91-3.85 (m, 2H), 3.68 (q, /= 7.2 Hz, 8H), 3.66-3.38 (m,
22H),3.21 (q,J = 7.2 Hz, 2H), 3.12 (s, 2H), 2.35 (br, 2H), 2.19 (br, 2H), 1.59-1.57 (m, 4H), 1.32-
1.28 (m, 15H). 3C NMR (150 MHz, MeOD-d,): 5 176.5, 172.5, 172.3, 167.0, 159.4, 157.6,
157.1, 157.0, 136.6, 133.5, 133.2, 132.8, 131.1, 128.9 (q, 2Jcs = 31.5 Hz), 128.0 (q, *Jer = 3.0
Hz), 126.1, 126.0 (q, *Jer = 3.0 Hz), 124.9, 123.7 (q, "Jor = 280 Hz), 101.4, 71.6, 71.2, 71.2,
71.2,70.6, 70.4, 61.0, 53.2, 47.0, 44.2, 40.5, 35.0, 33.3, 25.8, 12.9, 9.25. HRMS (ESI+): Calcd
for [M+H]* 1275.5398, found 1275.5382.

Synthesis of PCAF-SPis
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PCAF-SPis
DIPEA (26 mg, 200 umol) and compound 11 (30 mg, 84 umol) were dissolved in DMF (5 mL).

HBTU (48 mg, 126 umol) was added to the resulting solution and stirred at 0 °C for 45 min. The
crude product 16 was added to the reaction mixture, warmed to room temperature, and stirred
overnight. The reaction solution was concentrated in vacuo. Then, we added 10% TFA in DCM
to the residue and stirred it for 2 h at room temperature. The reaction solution was concentrated
in vacuo, then the residue was dried for several hours, and dissolved in DMF. Chloroacetyl
chloride (23 mg, 200 umol) was added to the solution that was stirred for 1 h at 0 °C. The reaction
solution was concentrated in vacuo, then the residue was purified by reverse-phase HPLC using
ODS-3 column and eluted with H,O/CH;CN containing 0.1% TFA to yield the title compound
(3.1 mg, 2.7 umol) with a 12% overall yield.

'H NMR (600 MHz, DMSO-dy): 5 9.95 (br, 1H), 8.73 (d, J= 6.6 Hz, 2H), 8.53 (d, J= 7.2 Hz,
1H), 8.16 (t, J= 5.4 Hz, 1H), 8.04 (d, J= 7.2 Hz, 2H), 7.95 (d, J= 9.0 Hz, 1H), 7.90 (d, J= 16.8
Hz, 1H), 7.84 (t, J= 5.4 Hz, 1H), 7.71 (d, J= 1.8 Hz, 1H), 7.65 (dd, J= 9.0, 1.8 Hz, 1H), 7.56
(d, /=9.0 Hz, 2H), 7.12 (d, /= 16.8 Hz, 1H), 6.75 (d, /= 9.0 Hz, 2H), 4.76-4.72 (m, 1H), 4.41
(s, 2H), 4.39 (t, J= 7.2 Hz, 2H), 3.88 (dd, J= 34.2, 14.2 Hz, 1H), 3.49-3.15 (m, 22H), 3.11 (s,
2H), 2.07 (t, J= 6.6 Hz, 2H), 1.91-1.84 (m, 2H), 1.55-1.50 (m, 2H), 1.26-1.20 (m, 2H), 1.13 (t,
J=17.2 Hz, 1H),) *C NMR (150 MHz, MeOD-d,): 6 175.8, 172.2, 171.1, 170.9, 168.2, 156.3,
144.4, 140.6, 132.1, 132.0, 128.8 (q, *Jcr = 3.0 Hz), 128.5 (q, 2Jcr = 30.0 Hz), 126.1, 126.0,
124.8 (q, 'Jcr =277 Hz), 101.39,71.6, 71.2,70.6, 70.4, 61.0, 53.2, 44.2, 41.8, 40.6, 40.3, 36.5,
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35.0, 33.2, 31.8, 27.3, 26.6, 26.1, 12.7. HRMS (ESI+): Calcd for [M]" 1003.4237, found
1003.4215.
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1.5 Synthesis of PCAF-SP-s
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Compound 17
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17
TSTU (74.2 mg, 246 umol), compound 14 (60.3 mg, 164 pmol), and DIPEA (21.2 mg, 164 umol)
were dissolved in DMF (11 mL) and stirred at room temperature for 2 h. The reaction solution
was concentrated in vacuo, then the residue was purified by silica gel column chromatography
(hexane/ethyl acetate = 70/30 as eluent) to yield compound 17 (53.2 mg, 115 pmol) with a 70%
overall yield.

H NMR (500 MHz, CDCL): 5 8.07 (d, J = 8.0 Hz, 1H), 7.55-7.54 (m, 2H), 7.31 (br, 1H), 3.99
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(s, 2H), 3.40 (s, 2H), 2.89 (s, 4H), 1.53 (s, 9H). *C NMR (125 MHz, CDCL,): § 168.7, 165.5,
152.7, 140.4, 128.0 (q, *Jer = 3.8 Hz), 126.0 (q, ¥Jer = 3.8 Hz), 125.2 (q, YJer = 33.8 Hz), 124.3,
124.0 (q, YJer =270.0 Hz), 121.7, 81.2, 32.9, 29.6, 28.3, 25.6. HRMS (ESI+): Calcd for [M+Na]*
485.0965, found 485.0985.

Compound 18

BocHN '('\/ °93/\NH2

18

1,11-Diamino-3,6,9-trioxaundecane (100 mg, 520 umol) and Boc,0 (56.2 mg, 260 pumol) were
dissolved in DCM (5 mL) on ice and stirred at room temperature overnight. The reaction
mixture was washed with water and brine. The solution was dried over Na,SO,, filtered, and
evaporated. The residue was purified by flash column chromatography on silica gel
(DCM/MeOH = 99/1 to 70/30 as eluent) to yield compound 18 (27 mg, 92 umol) with a 35%
overall yield.

'H NMR (500 MHz, CDCl;): 6 5.31 (br, 1H), 3.67-3.61 (m, 8H), 3.55-3.49 (m, 4H), 3.32 (m,
2H), 2.87 (m, 9H), 1.44 (s, 9H). 13C NMR (125 MHz, CDCl;): 5 156.1, 79.1, 73.4, 70.6, 70.5,
70.3,70.2, 41,7. 40.4, 28.4. HRMS (FAB+): Calcd for [M+H]* 293.1998, found 293.2079.

Synthesis of compound 19

2CF,C00"

o] z |
H3N ’é\/o\)é/\uj\/\/\/'f \S
19
Styrylpyridinium-NHS (52 mg, 86 umol), compound 18 (25.2 mg, 86.1 umol), and DIPEA (50
uL, 26 umol) were dissolved in DMF (5.7 mL) and stirred at room temperature for 2.5 h. After

X

removing the solvent, DCM was added to the residue, which was then washed with NH,Cl aq.
and brine. The organic layer was dried over Na,SQO,, filtered, and concentrated in vacuo. The
residue was purified by flash column chromatography using silica gel (DCM to DCM/MeOH
= 80/20 as eluent). Then, to the residue (56 mg) we added TFA (590 uL, 7.70 mmol) in DCM
(8 mL), and the solution was stirred at room temperature for 6 h and evaporated to yield the
title compound (58 mg, 86 umol, quant.).

'"H NMR (500 MHz, MeOD-d,): 5 8.66 (d, J= 7.0 Hz, 2H), 8.05 (d, /= 7.0 Hz, 2H), 7.88 (d,
J=16 Hz, 1H), 7.74 (d, /= 8.0 Hz, 2H), 7.24 (d, /= 16 Hz, 1H), 7.09 (d, /= 8.0 Hz, 2H), 4.47
(t, J="7.5 Hz, 2H), 3.71-3.51 (m, 18H), 3.35 (t, /= 5.5 Hz, 2H), 3.12 (t, /= 4.5 Hz, 2H), 2.23
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(t, J = 7.5 Hz, 2H), 2.03-1.97 (m, 2H) ,1.68 (tt, J =7.5 Hz, 2H) ,1.40 (tt, J =7.5 Hz, 2H) ,1.19
(t,J=7.5 Hz, 6H). 3C NMR (125 MHz, MeOD-d): 5 174.5, 155.1, 150.2, 143.2, 142.8, 130.7,
122.1,122.0, 115.6, 111.3, 70.1, 70.1, 69.8, 69.7, 69.2, 44.1, 39.2 38.8, 35.1, 30.5, 25.2, 24.7,
11.5. HRMS (FAB+): Calcd for [M]+ 541.3748, found 541.3775.

Synthesis of compound 20

g
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20

Fmoc-cysteic acid (102 mg, 258 pumol), TSTU (96.3 mg, 310 umol), and DIPEA (135 uL, 775
umol) were dissolved in DMF (8 mL) at room temperature and stirred at room temperature for 5
h. Compound 19 (140 mg) in DMF (9 mL) was added to the reaction solution and stirred at room
temperature overnight. The reaction solution was concentrated in vacuo, then the residue was
purified by flash column chromatography on silica gel (DCM containing 0.1% AcOH/MeOH
containing 0.1% AcOH = 97/3 to 80/20 as eluent) to yield compound 20 (35 mg, 38 umol) with
a 15% overall yield.

IH NMR (500 MHz, MeOD-d,): 6 8.53 (d, J = 7.0 Hz, 2H), 7.90 (d, J = 7.0 Hz, 2H), 7.78-
7.75 (m, 3H), 7.64 (t, J = 8.0 Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H), 7.36 (t, /= 7.0 Hz, 2H), 7.28
(td, J=7.0 Hz, 1.0 Hz, 2H), 7.49 (d, J = 16 Hz, 1H), 6.62 (d, J = 8.0 Hz, 2H), 4.53 (m, 1H),
4.38 (t,J=17.5 Hz, 2H), 4.34-4.24 (m, 2H), 4.18 (t, J =7.0 Hz, 1H), 3.57-3.16 (m, 22H), 2.22
(t, J=7.5 Hz, 2H), 1.95 (tt, J=7.5 Hz, 2H), 1.66 (tt, J = 7.5 Hz, 2H), 1.35 (tt, J =7.5 Hz, 2H),
1.19 (t, J=7.0 Hz, 6H). HRMS (FAB+): Calcd for [M]* 914.4368, found 914.4368.

Synthesis of compound 21

C

Sso;

21

Piperidine (320 pL, 3.2 mmol) and compound 20 (37 mg, 40 pmol) were dissolved in DMF (2
mL) and stirred at room temperature for 5 h. The reaction solution was concentrated in vacuo

and the residue was purified by reverse-phase column chromatography on silica gel
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(H,O/CH;CN = 80/20 to CH;CN as eluent) to yield compound 21 (34 mg, quant.).

IH NMR (500 MHz, MeOD-d,): 6 8.56 (d, J=7.0 Hz, 2H), 7.95 (d, J = 7.0 Hz, 2H), 7.81 (d,
J=16 Hz, 1H), 7.58 (d,/=9.0 Hz, 2H), 7.04 (d, /= 16 Hz, 1H), 6.75 (d, /= 9.0 Hz, 2H), 4.42
(t, J=7.5Hz, 2H), 3.64-3.33 (m, 20H), 3.19-3.14 (m, 2H), 2.24 (t, J= 7.5 Hz, 2H), 1.98 (tt, J
=17.5 Hz, 2H), 1.67 (tt, J = 7.5 Hz, 2H), 1.35 (m, 2H), 1.20 (t, /=7.0 Hz, 6H).13C NMR (125
MHz, MeOD-d,): 6 174.5, 155.0, 150.2, 143.1, 142.9, 130.7, 122.2, 122.0, 115.7, 111.3, 70.1,
69.9, 69.8, 691, 68.7, 59.5, 50.7, 50.5, 44.1, 39.4, 38.9, 35.1, 30.4, 25.1, 24.7, 11.5. HRMS
(FAB+): Calcd for [M]* 692.3688, found 692.3696.

Synthesis of PCAF-SP-s

S0;

errg
Beas 0

PCAF-SP-s
DIPEA (19 uL, 110 umol), compound 21 (37 mg, 54 umol), and compound 17 (26 mg, 54 umol)

were dissolved in DMF (3 mL) and stirred at room temperature for 9 h. The reaction solution was
concentrated in vacuo and the residue was purified by flash column chromatography on silica gel
(DCM to DCM/MeOH = 20/80 as eluent) to yield the crude product (35.4 mg). TFA (3 mL) was
added dropwise to the solution of the crude product in DCM (5 mL) at 0 °C. The solution was
stirred for 3.5 h at room temperature and concentrated in vacuo. The resulting residue was
dissolved in DCM (4 mL). Chloroacetyl chloride (6.5 uL, 41 umol) and TEA (14 pL, 100 pmol)
in DCM (65 pL) were added to the solution that was stirred for 3.5 h at room temperature. The
solution was concentrated in vacuo, then the residue was purified by reverse-phase HPLC using
an ODS-3 column and eluted with H,O/CH;CN containing 0.1% TFA to yield PCAF-SP-S (11
mg, 11 pumol) with a 20% overall yield.

'H NMR (500 MHz, MeOD-d,) : 5 8.65 (d, J= 6.5 Hz, 2H), 8.02 (d, J= 6.5 Hz, 2H), 7.94 (d, J
= 8.5 Hz, 1H), 7.85 (d, /= 16.0 Hz, 1H), 7.71-7.68 (m, 3H), 7.54 (dd, /= 8.5, 2.0 Hz, 1H), 7.48
(d, J=16.0 Hz, 1H), 7.01 (br, 2H), 4.77 (dd, J = 4.0 Hz, 1H), 4.46 (t, J = 7.0 Hz, 2H), 4.43 (s,
2H), 3.98 (s, 2H), 3.63-3.20 (m, 22H) , 2.24 (t,J= 7.0 Hz, 2H), 1.99 (tt, J= 7.5 Hz, 2H), 1.68 (it,
J =7.5 Hz, 2H), 1.41-1.35 (m, 2H), 1.19 (t, J= 7.5 Hz, 6H). 3C NMR (125 MHz, MeOD-d,):
8175.9,172.5,171.9, 168.3, 155.7, 144.8, 142.9, 140.6, 132.0, 131.8, 128.6 (q, *Jc.r = 3.8 Hz),
128.3 (q, 2Jcr = 32.5 Hz), 126.0, 125.9 (q, 3Jc.r = 3.8 Hz), 125.4 (q, 'Jcr =270 Hz), 124.5, 120.8,
117.0,71.6,71.5,71.3,71.2,70.5,70.4, 61.2, 52.9, 52.7, 44.4, 40.7, 40.3, 36.4, 35.7,33.2, 31.7,
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26.4,26.0, 12.1. HRMS (FAB+): Calcd for [M]* 1015.3682, found 1015.3692.
1.6 Synthesis of HTL-RBis and HTL-SPis
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Synthesis of compound 22
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22

A solution of Boc,0 (6.35 g, 30.0 mmol) in DCM (35 mL) was slowly added to a solution of 2-
(2-aminoethoxy)-ethanol (3.18 g, 30.0 mmol) in DCM (20 mL) at 0 °C. The reaction solution was

stirred at 0 °C for 30 min and warmed to room temperature overnight. The reaction mixture was

washed with water and the aqueous layer was extracted with DCM (3x 50 mL). The combined

extracts were washed with brine, dried over Na,SQO,, filtered, and concentrated in vacuo to obtain

the title compound as a colorless oil (5.86 g, 28.6 mmol) in 95% yield. The product was

sufficiently pure and used without further purification.

H NMR (600 MHz, CDCL): § 5.08 (br, 1H, H), 3.76-3.73 (m, 2H), 3.58 (t, J= 4.2 Hz, 2H), 3.56
(t, J= 4.2 Hz, 2H), 3.34-3.33 (m, 2H), 2.59 (s, 1H), 1.45 (s, 9H).3C NMR (150 MHz, CDCL):
§156.2,79.5,72.3,70.4, 61.8, 40.4, 28.5. HRMS (ESI+): Calcd for [M+Na]* 228.1206, found

228.1209

Synthesis of compound 23
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A suspension of NaH (60% in oil, 267 mg, 6.5 mmol) in dry hexane was washed with dry hexane
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three times and then the excess hexane was removed. A solution of compound 22 (1.03 g, 5.0
mmol) in dry THF was slowly added to the suspension at 0 °C and stirred for 30 min under N,.
The reaction mixture was warmed to room temperature and stirred overnight. We added 10 mL
of aqueous 10% NH,CI and EtOAc, and the aqueous layer was extracted three times with 100 mL
EtOAc. The organic layers were combined, washed with brine, dried over Na,SO,, filtered, and
concentrated in vacuo. The residue was purified using silica gel column chromatography (hexane/
EtOAc = 55/45 to 30/70 as eluent) to yield compound 23 as a colorless oil (491 mg, 1.52 mmol)
with a 30% overall yield.

'H NMR (600 MHz, CDCl;): 5 5.02 (br, 1H), 3.62-3.53 (m, 8H), 3.47 (t, J= 6.0 Hz, 2H), 3.33-
3.32 (m, 2H), 1.81-1.76 (m, 2H), 1.64-1.59 (m, 2H), 1.49-1.46 (m, 2H), 1.40-1.35 (m, 2H), 1.44
(s, 9H).13C NMR (150 MHz, CDCl;): 8 156.1, 79.2, 71.3, 70.3, 70.1, 45.1, 40.4, 32.6, 29.5, 28.5,
26.8, 25.5. HRMS (ESI+): Calcd for [M+Na]* 346.1756, found 346.1749.

Synthesis of compound 24

TR e e W T Y e
24

TFA (1 mL) was added to a solution of compound 23 in DCM (4 mL) and stirred at room
temperature for 4 h. The reaction mixture was concentrated in vacuo and the resultant solution
was purified by silica gel column chromatography (DCM/MeOH = 99/1 to 20/80 as eluent) to
yield compound 24 (239 mg, 0.709 mmol) with an 82% overall yield.

'H NMR (600 MHz, CDCl;): 6 5.73 (br, 3H), 3.68-3.57 (m, 6H), 3.53 (t, J/= 7.2 Hz, 2H), 3.45
(t, J/=7.2 Hz, 2H), 3.15 (m, 2H), 1.78-1.74 (m, 2H), 1.60-1.55 (m, 2H), 1.46-1.41 (m, 2H), 1.36-
1.30 (m, 2H).13C NMR (150 MHz, CDCl3): 8 162.5 (q, J= 149.4 Hz 3C-F coupling), 116.4 (q,
J= 1160 Hz 3C-F coupling), 71.3, 70.1, 69.7, 66.5, 53.8, 45.2, 39.8, 32.5, 29.1, 26.6, 25.2.
HRMS (ESI+): Caled for [M+H]" 224.1412, found 224.1417.

Synthesis of HTL-RB

(o]
H
CI/\/\/\/0\/\0/\/"‘\n/\/\)L
o
HTL-RB

DIPEA (129 mg, 1.00 mmol) and compound 8 (32 mg, 0.050 mmol) were dissolved in DMF (8
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mL). HBTU (38 mg, 0.10 mmol) was added to the resulting solution, which was stirred at 0 °C
for 45 min. We added compound 24 (86 mg, 0.26 mmol) in DMF (2 mL) to the reaction mixture.
The solution was warmed to room temperature and stirred overnight. After removing the solvent,
the residue was purified by reverse-phase HPLC using an ODS-3 column and eluted with
H,O/CH;CN containing 0.1% TFA to yield the title compound (3.5 mg, 4.2 umol) with an 8%
overall yield.

TH NMR (600 MHz, DMSO-d;): 8 7.82-7.53 (m, 4H), 7.15 (d, J=9.0 Hz, 2H), 7.11 (dd, J=9.0
Hz,J= 1.8 Hz, 2H), 6.95 (d, J = 1.8 Hz, 2H), 3.65 (q, J = 9.6 Hz, 8H), 3.63-3.16 (m, 21H), 2.25
(t,J=9.6 Hz, 2H), 2.07-2.05 (m, 2H), 1.73-1.67 (m, 2H), 1.51-1.26 (m, 10H), 1.20 (t, /= 9.6 Hz,
12H).13C NMR (150 MHz, DMSO-dy): 6 172.6, 171.2, 157.6, 156.1, 155.6, 135.8, 132.3, 131.3,
131.0, 130.3, 128.0, 114.8, 113.6, 96.4, 70.7, 70.1, 70.0, 69.7, 45.9, 45.9, 39.0, 32.5, 29.6, 26.6,
25.5, 13.0. HRMS (FAB+): Calcd for [M]* 844.4774, found 844.4776.

Synthesis of HTL-RBis

P
HTL-RBis )

DIPEA (129 mg, 1.00 mmol) and compound 6 (126 mg, 0.330 mmol) were dissolved in DMF (8
mL). HBTU (150 mg, 0.396 mmol) was added to the resulting solution at 0 °C and stirred at 0 °C
for 45 min. We added compound 24 (134 mg, 0.396 mmol) in DMF (2 mL) to the reaction
mixture, which was warmed to room temperature and stirred overnight. The solution was
concentrated in vacuo. Then we added 10% Diethyl amine in DMF (3 mL) to the residue and
stirred the mixture at room temperature for 4 h. After removing the solvent, we added DIPEA
(129 mg, 1.00 mmol) and HBTU (75 mg, 0.170 mmol) in DMF (2 mL) to the residue, and stirred
the mixture at 0 °C for 45 min. We added compound 24 (86 mg, 0.26 umol) in DMF (2 mL) to
the reaction mixture at 0 °C, warmed the solution to room temperature, and stirred it overnight.
The solution was concentrated in vacuo, and the residue was purified by reverse-phase HPLC
using an ODS-3 column and eluted with HyO/CH;CN containing 0.1% TFA to yield the title
compound (4.3 mg, 4.4 umol) with a 3% overall yield.

TH NMR (600 MHz, DMSO-dg): 6 8.09 (br, 1H), 7.97 (br, 1H), 7.77-7.71 (m, 3H), 7.53 (br, 1H),
7.15(d,J=9.6 Hz, 2H), 7.11 (dd, J=9.6 Hz, /= 1.8 Hz, 2H), 6.95 (d, J= 1.8 Hz, 2H), 4.68-4.67
(m, 2H), 3.65 (q, J=9.6 Hz, 8H), 3.63-3.16 (m, 24H), 2.22 (t, /= 9.6 Hz, 2H), 2.08-2.07 (m, 2H),
1.71-1.66 (m, 2H), 1.51-1.26 (m, 10H), 1.20 (t, /= 9.6 Hz, 12H)."*C NMR (150 MHz, DMSO-
d¢): 6 172.6, 171.2, 170.4, 157.6, 156.1, 155.6, 135.8, 132.3, 131.3, 131.0, 130.3, 128.0, 114.8,
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113.6, 96.4, 70.7, 70.1, 69.9, 69.3, 51.5, 45.9, 45.9, 39.0, 32.5, 29.6, 26.6, 25.5, 13.0. HRMS
(ESI+): Calcd for [M]* 983.5268, found 983.5289.

PCAF-Me
H
N
'
(0]
Fs;C
PCAF-Me

We prepared PCAF-Me as structurally similar model compounds of PCAF probes (PCAF-RB,
PCAF-RBis, PCAF-SP, PCAF-SPis, PCAF-SP-s) for the determination of the C-F coupling
constants in '3C NMR of the PCAF probes.

'H NMR (600 MHz, MeOD-d,): 6 7.70 (d, J = 8.4 Hz, 1H), 7.55 (s, 1H), 7.50 (d, J = 8.4 Hz,
1H), 4.28 (s, 2H), 2.35 (s, 3H). *C NMR (150 MHz, MeOD-d,): 6168.0, 140.1, 134.4, 129.1 (q,
2Jer=31.5Hz), 128.5 (q,*/=3.0 Hz), 126.3, 126.0 (q, '/ =270 Hz), 124.4 (q, 3J= 3.0 Hz), 43.7,
17.9.
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2. Chemical Biology Procedures

Plasmid construction

pcDNA3.1(+)-MBP-PYPWT

Plasmid construction was performed as previously described.S?

pcDNA3.1(+)-PYPWT-EGFR

Plasmid construction was performed as previously described.S?

pcDNA3.1(+)-HA-PYPWVI-NLS

Plasmid construction was performed as previously described.5*

pcDNA3.1(+)-HA-PYPNON-NLS

Plasmid construction was performed as previously described.S>

pcDNA3.1(+)-HA-Halo-NLS

Plasmid construction was performed as previously described.S>

Preparation of recombinant proteins (PYP-tag)

Escherichia coli cells [BL21 (DE3) (Novagen)] transformed with plasmids encoding the PYP-tag
(PYPWT, PYPN®N) were cultivated in Luria-Bertani medium containing 100 ug/mL of ampicillin
at 37 °C until the ODgy value of the culture medium reached 0.6—0.8. At this point, the
temperature was lowered to 20 °C with the addition of IPTG (Isopropyl [-D-1-
thiogalactopyranoside). Then, overnight protein expression was induced overnight to afford a
final protein concentration of 100 uM. The cells were harvested by centrifugation at 5,000 rpm
for 15 min, resuspended in binding buffer (50 mM sodium phosphate, 300 mM NaCl, I mM DTT,
pH 8.0), and lysed by sonication. The cell lysate supernatant was obtained by centrifugation at
15,000 rpm for 20 min and passed through a Ni column (Roche). The resin was washed with a
wash buffer (50 mM sodium phosphate, 300 mM NaCl, 5 mM imidazole, and 1 mM DTT; pH
8.0) and eluted with a second buffer (50 mM sodium phosphate, 300 mM NaCl, 250 mM
imidazole, and 1 mM DTT; pH 8.0) in accordance with the manufacturer’s protocol. The eluted
fraction was further purified through size exclusion chromatography (SuperdexTM 75 10/300
GL, GE Healthcare) using a running buffer (20 mM HEPES and 150 mM NaCl; pH 7.4) and the
purity and molecular weight of proteins were assessed by SDS-PAGE. The purified protein was
dissolved in the assay buffer (20 mM HEPES and 150 mM NaCl; pH 7.4) and then flash-frozen
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with liquid nitrogen for storage at —80 °C

Protein labeling reactions in vitro for SDS-PAGE analysis

PYP-tag (1.0 uM) and the probes (2.0 uM) were incubated in the assay buffer (20 mM HEPES,
pH 7.4, containing 150 mM NacCl) at 37 °C for 30 min. The reaction was then quenched with N-
ethylmaleimide (f.c. 25 mM) at room temperature for 5 min. The reaction solutions were heated
at 103 °C for 5 min and subsequently analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. Fluorescence images were obtained using Gel mie-ru mini470 (Wako Pure
Chemical Industries). The gel was stained with Coomassie Brilliant Blue. The excitation

wavelength used for fluorescence imaging was 470 nm.

Absorption spectroscopy
Absorption spectra were measured after the probe (5.0 uM) was incubated with or without PYP-
tag (10 uM) in the assay buffer (20 mM HEPES, pH 7.4, containing 150 mM NacCl) at 37 °C for

30 min.

Fluorescence spectroscopy

Fluorescence spectra were measured after the probe (5.0 uM) was incubated with or without PYP-
tag (10 uM) in the assay buffer at 37 °C for 30 min. The fluorescence spectra of the mixtures
were recorded at an excitation wavelength of 484 nm (PCAF-SP, PCAF-SPis, and PCAF-SP-s)
or 535 nm (PCAF-RB and PCAF-RBis), with a slit width of 5.0 nm for both excitation and
emission. Relative fluorescence quantum yields were determined using fluorescein in 0.1 M
NaOH aq. (Ex: 470 nm, @5 = 91%)5% and Rhodamine B in water (Ex: 535 nm, @3 = 36%)% as a

reference.

Kinetic analyses of protein labeling reactions

The fluorescence half-life #;, and second-order rate constant &, of the labeling reaction of each

probe were obtained from time-course experiments. Each probe (1.0 uM) was reacted with PYP-

tag (2.0 uM) in the assay buffer (20 mM HEPES, pH 7.4, containing 150 mM NaCl) at 37 °C and

the fluorescence intensity was monitored with the slit width of 5.0 nm. The fluorescence half-

lives and second-order rate constants were calculated using the following equations:

Fi= ((exp(kz tip([Alo — [Blo) — 1) / (exp(ka t1([Alo — [Blo)) — [Blo / [Alo)) (Fimax — Fo) + For

Equation 1

[A]o and [B], represent the initial concentrations of [PYP-tag] and [Probe], respectively. F; and

F, represent the observed fluorescence intensity at time ¢ and at the initial point, respectively. Fi.x
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was determined using the Equation 1.

Cell cultures
HEK293T cells were cultured in DMEM containing 10% fetal bovine serum and PS as antibiotics
(100 U/mL penicillin and 0.1 mg/mL streptomycin). Transfected cells were maintained in a 5%

CO, atmosphere at 37 °C throughout the experiments.

Fluorescence imaging of proteins in living cells using PCAF-RB or PCAF-RBis

HEK293T cells were transfected with pcDNA3.1(+)-PYPNN-NLS using Lipofectamine 3000
(Invitrogen), according to the manufacturer’s protocol. After incubating the transfected cells in
5% CO, at 37 °C for 24 h, the cells were washed with HBSS buffer three times. Then, the cells
were incubated with 5.0 uM probe in DMEM for 30 min. The cells were incubated for an
additional 10 min after replacing the medium with DMEM. Cell images were acquired with a cell
washing step (three times with HBSS buffer) using a confocal laser scanning microscope. All
images were captured at an excitation frequency of 561 nm with an emission range of 566—685
nm using a 63x lens (Zeiss LSM 880).

Localization analysis of PCAF-RB in living cells using MitoTracker Green FM

HEK293T cells were washed thrice with HBSS buffer. The cells were incubated with 100 nM
PCAF-RB and 100 nM MitoTracker Green FM in DMEM for 60 min. Cell images were acquired
using a washing step (three times with HBSS buffer). All images were captured at excitation
frequencies of 470/40 nm and 560/40 nm with emission ranges of 525/50 and 560/40 nm,
respectively, using a 60% lens (Keyence BZ-X710).

Fluorescence imaging of proteins in living cells using PCAF-SP and PCAF-SPis

HEK293T cells were transfected with pcDNA3.1(+)-PYPYT-NLS using Lipofectamine 3000
(Invitrogen), according to the manufacturer’s protocol. After incubation of the transfected cells
in 5% CO, at 37 °C for 24 h, the cells were washed with HBSS buffer three times. Then, the cells
were incubated with 1.25 uM probe in DMEM for 60 min. Cell images were acquired without the
cell washing step using a confocal laser scanning microscope. All images were captured at an
excitation frequency of 488 nm and an emission range of 550—650 nm using a 63x lens (Zeiss
LSM 880).

Fluorescence imaging of proteins in living cells using PCAF-SP-s and PCAFred
HEK293T cells were transfected with pcDNA3.1(+)-PYPYT-NLS and PYPWT-EGFR or empty
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vector using Lipofectamine 3000 (Invitrogen), according to the manufacturer’s protocol. After
incubation of the transfected cells in 5% CO, at 37 °C for 24 h, the cells were washed with HBSS
buffer three times. Then, the cells were incubated with 1.0 uM PCAF-SP-s and 1.0 uM PCAFred
in DMEM for 30 min. Cell images were acquired without the cell washing step using a confocal
laser scanning microscope. All images were obtained with excitation at 488 nm and 633 nm by
detecting 500-600 (green) and 660-710 (magenta) nm emissions, respectively, using a 63x lens
(Zeiss LSM 880).

Fluorescence imaging of proteins in living cells using PCAF-SP-s

HEK293T cells were transfected with pcDNA3.1(+)-MBP-PYPWVT, PYPWT-NLS, PYPVT-EGFR,
or empty vector using Lipofectamine 3000 (Invitrogen) according to the manufacturer’s protocol.
After incubating the transfected cells in 5% CO, at 37 °C for 24 h, the cells were washed with
HBSS buffer three times. Then, the cells were incubated with 1.0 uM PCAF-SP-s in DMEM for
30 min. Cell images were acquired without the cell washing step using a confocal laser scanning
microscope. All images were captured at an excitation frequency of 473 nm with an emission

range of 490-590 nm using a 60x lens (Olympus, Fv10i).

Comparative labeling efficiency of PYP-tag with PCAF-SP and PCAF-SPis

HEK293T cells were transfected with pcDNA3.1(+)-PYPYT-NLS using Lipofectamine 3000
(Invitrogen) according to the manufacturer’s protocol. After incubation of the cells at 37 °C for
24 h, the cells were washed with HBSS three times. The cells were incubated with 10 uM PCAF-
SP and PCAF-SPis, respectively, in DMEM for 4 h. After the incubation, the cells were
centrifuged at 500 g for 5 min at 4 °C and removed the supernatant. The resultant cells were lysed
in the lysis buffer (20 mM Tris-HCI pH 7.5, 150 mM NaCl, 5 mM EDTA, 1% (v/v) Triton X-
100) on ice for 15 min. The cell lysate was centrifuged at 15000 g for 15 min at 4 °C. The HA-
PYP fusion protein was isolated from the supernatant using the HA-tagged Protein Purification
Kit (Medical & Biological Laboratories Co., Ltd.) according to the manufacturer’s protocol. The
sample was heated at 95 °C for 5 min and subsequently analyzed by SDS—PAGE. Fluorescence
images were obtained using Gel mie-ru mini470 (Wako Pure Chemical Industries). The gel was
stained with Coomassie Brilliant Blue. The excitation wavelength used for fluorescence imaging

was 470 nm.

Live-cell imaging of GLUT4 with insulin stimulation using PCAF-SP-s

Stable HeLa cell lines expressing PYP-GLUT4W"T were cultured in DMEM supplemented with
10% FBS. The medium was replaced with Krebs-Ringer bicarbonate (KRB) buffer, and the cells
were incubated for 3 h. Following incubation with KRB buffer, insulin (100 nM) was added to
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the cells and incubated for 20 min. After insulin stimulation, PCAF-SP-s (1.5 uM) was added to
the cells and incubated for 10 minutes. After washing the cells with KRB buffer three times, the
medium was replaced with FluoroBrite DMEM and all images were captured at an excitation

frequency of 488 nm with an emission range of 500—630 nm using a 63 lens (Zeiss LSM 880).

Live-cell imaging of intracellular GLUT4 using PCAF-RBis

Stable HeLa cell lines expressing PYP-GLUT4W"T were cultured in DMEM supplemented with
10% FBS. The medium was replaced with Krebs-Ringer bicarbonate (KRB) buffer, then the cells
were incubated for 3 h. Following the incubation of KRB buffer, PCAF-RBis (1.25 uM) was
added to the cells and incubated for 20 min. After washing the cells three times with KRB buffer,
the medium was replaced with FluoroBrite DMEM, and all images were captured at an excitation

frequency of 561 nm with an emission range of 635-705 (red), using a 63 lens (Zeiss LSM 880).

Immunostaining of intracellular PYP-GLUT4"T using anti-FLAG and labeling with PCAF-
RBis

Stable HeLa cell lines expressing PYP-GLUT4WT were incubated in KRB buffer for three hours,
and then incubated with PCAF-RBis (1.25 uM) for 20 min. After washing the cells three times
with PBS, and then incubated with formaldehyde solution on ice for 15 min. The cells were
washed three times with PBS, incubated with 0.1% Triton for 5 minutes at room temperature, and
then washed with PBS. The cells were treated with 5% BSA for 30 minutes, and then incubated
with anti-FLAG antibody as primary antibody in PBS with 3% BSA for an hour at room
temperature. After washing with PBS for 5 min (3x), the cells were incubated with secondary
antibody (anti-mouse conjugated Alexa647) in PBS with 3% BSA for an hour at room
temperature. All images were captured using excitation frequencies of 561 nm and 633 nm with
emission ranges of 570-620 nm (orange) and 640-700 nm (magenta), respectively, using 63x lens
(Zeiss LSM 880).

Immunostaining of PYP-GLUT4%T using anti-FLAG and labeling with PCAF-SP-s

Stable HeLa cell lines expressing PYP-GLUT4W"T were cultured in DMEM supplemented with
10% FBS. The medium was replaced with Krebs-Ringer bicarbonate (KRB) buffer, and the cells
were incubated for 3 h. Following incubation with KRB buffer, insulin (100 nM) was added to
the cells and incubated for 20 min. After insulin stimulation, PCAF-SP-s (2.5 uM) was added to
the cells and incubated for 10 minutes. After washing the cells three times with PBS, and then
incubated with formaldehyde solution on ice for 15 min. The cells were washed three times with

PBS, incubated with 0.1% Triton for 5 minutes at room temperature, and then washed with PBS.
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The cells were treated with 5% BSA for 30 minutes, and then incubated with anti-FLAG antibody
as primary antibody in PBS with 3% BSA for an hour at room temperature. After washing with
PBS for 5 min (3x), the cells were incubated with secondary antibody (anti-mouse conjugated
Alexa647) in PBS with 3% BSA for an hour at room temperature. All images were captured using
excitation frequencies of 561 nm and 633 nm with emission ranges of 500-620 nm (green) and

640-700 nm (magenta), respectively, using 63x lens (Zeiss LSM 880).

Multicolor imaging for visualization of multiple localization of GLUT4 labeled with PCAF-
SP-s and PCAF-RBis

Stable HeLa cell lines expressing PYP-GLUT4W"T were cultured in DMEM supplemented with
10% FBS. The medium was replaced with Krebs-Ringer bicarbonate (KRB) buffer, and the cells
were incubated for 3 h. Following incubation with KRB buffer, insulin (100 nM) was added to
the cells and incubated for 20 min. After insulin stimulation, PCAF-SP-s (1.5 uM) was added to
the cells and incubated for 10 min. The medium was replaced with KRB buffer without insulin
and the cells were incubated for 20 min. PCAF-RBis (1.25 pM) was added to the cells and
incubated for 20 min. After washing the cells with KRB buffer three times, the medium was
replaced with FluoroBrite DMEM, and all images were captured using excitation frequencies of
488 nm and 561 nm with emission ranges of 500—630 (green) and 635-705 (red) nm, respectively,
using a 63x lens (Zeiss LSM 880).

Fluorescence imaging of proteins in living cells using HTL-RB or HTL-RBis

HEK293T cells were transfected with pcDNA3.1(+)-PYPNN-NLS using Lipofectamine 3000
(Invitrogen), according to the manufacturer’s protocol. After incubation of the transfected cells
in 5% CO, at 37 °C for 24 h, the cells were washed with HBSS buffer three times. Then, the cells
were incubated with 2.5 uM probe in DMEM for 60 min. After replacing the medium with
DMEM, the cells were incubated for an additional 30 min and then rinsed 3 X 5 min in DMEM
before image acquisition. All images were captured at an excitation frequency of 561 nm with an

emission range of 566—685 nm using a 63x lens (Zeiss LSM 880).
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Supplementary Text S1

To evaluate labeling efficiency, we modified a method that we previously reported.S! In this method,
HA-tag fused PYP-NLS was labeled with probe (in this work; PCAF-SP or PCAF-SPis), and purified
using anti-HA tag conjugated beads. Then, the samples were subjected to SDS-PAGE. Since the band
mobility of labeled proteins shifts compared to that of unlabeled proteins, labeling efficiency can be
estimated by the degree of band shift. In the absence of the probes, we observed intense and weak
CBB bands, one detected in the lower position and the other in the upper, respectively (Fig. S4a lane
1). One probable reason for this phenomenon is the presence of posttranslational processing such as
N-terminal deletion, since labeling reactions also gave two fluorescent bands, which indicate that both
are derived from PYP proteins. The CBB band was shifted from the lower position to the upper upon
labeling reactions and was overlapped with the unlabeled band in the upper position (Fig. S4a lane 3
and 5). We thus decided to determine the intensity ratio (the upper band to the lower) of both the CBB
bands, whose increment is the estimated efficiency of the labeling reactions (Fig. S4b). The ratio
increased by approximately 10% and 20% upon the addition of PCAF-SPis and PCAF-SP,
respectively, compared to unlabeled protein (SPis: 0.44—0.53, SP: 0.44—0.62). These results
indicate that the labeling efficiency of PCAF-SP is higher than that of PCAF-SPis, likely due to the
higher cell membrane permeability of PCAF-SP compared to PCAF-SPis.
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Supplementary Text S2

According to a previous GLUT4 imaging study,S' HeLa cells stably expressing PYPVT-GLUT4,
which was fused to FLAG-tag, can be observed with immunostaining using anti-FLAG antibody. We
thus analyzed the localization of GLUT4 not only by fluorescence labeling with the probes but also
by immunostaining with the antibodies (primary antibody: anti-FLAG mouse antibody, secondary
antibody: Alexa Fluor 647 conjugated anti-mouse antibody). As shown in the 1strow in Fig. S8, the
fluorescence derived from GLUT4 labeled with PCAF-SP-s in the cell membrane overlaps with that
obtained using the antibodies. As a control experiment, we conducted single labeling or staining
experiments (PCAF-SP-s or antibody) (the 2nd and the 3rd row in Fig. S7) to confirm clean separation
of each emission channel. The fluorescence of PCAF-SP-s was not observed in the image of HeLa
cells that do not express PYP-tag (the 4th row in Fig. S7), indicating that PCAF-SP-s can be applied
for specific labeling and imaging of membrane-localized GLUT4.

Meanwhile, to examine whether PCAF-RBis successfully labeled intracellular GLUT4 imaging
without off-target effects, we conducted the localization analysis of intracellular GLUT4 without
insulin stimulation by dual color imaging using PCAF-RBis labeling and immunostaining (Fig. S8).
As shown in the 1st row in Fig. S8, the localization of GLUT4 labeled with PCAF-RBis overlaps with
that observed using the antibodies. We also confirmed that each fluorescence channel was fully
separated through the control experiment (the 2nd and the 3rd row in Fig. S8), showing that no bleed-
through was observed in each channel.

In HeLa cells expressing PYP-GLUTA4, the fluorescence signals from PCAF-SP-s were observed
not only at the cell membrane but also in the cytoplasm of a few cells. This result suggested that
GLUT4 internalization occurred between the insulin wash-out process and fixation, following the
labeling of membrane-localized GLUT4 under insulin stimulation with PCAF-SP-s that can
selectively label cell surface proteins. In contrast, fluorescence signals by immunostaining were not
clearly observed in the cytoplasm (Fig. S7), while intracellular GLUT4 was stained by
immunostaining in the cells without insulin stimulation (Fig. S8). These results may indicate that
insulin stimulation could restrain the recognition of the FLAG-tag by the antibody, possibly because
the GLUT4 internalization may cause the interaction of some biomolecules with the intracellular
domain of GLUT4 near the epitope sequence. To fully understand these results, further studies are

required but beyond the scope of this research.
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3. Supplementary Figures
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Fig. S1 (a and b) Absorption spectra of 5.0 uM (a) PCAF-RB and (b) PCAF-RBis in the absence
and presence of 10.0 uM PYPWT or PYPNN in a solution of 20 mM HEPES, 150 mM NaCl, and
0.1% DMSO buffered to pH 7.4 at 37 °C. (c and d) Fluorescence spectra of 0.5 uM (c) PCAF-RB
or (d) PCAF-RBis in the absence and presence of 1.0 uM PYPWT or PYPNQN in a solution of 20
mM HEPES, 150 mM NacCl, and 0.1% DMSO buffered to pH 7.4 at 37 °C. The spectra were

obtained with an excitation of 535 nm.
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Fig. S2 (a-c) Absorption spectra of 5.0 uM (a) PCAF-SP, (b) PCAF-SPis, and (c) PCAF-SP-s in
the absence and presence of 10.0 uM PYPYT in an aqueous solution of 20 mM HEPES, 150 mM
NaCl, and 0.1% DMSO buffered to pH 7.4 at 37 °C.
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Fig. S3 Localization analysis of PCAF-RB (100 nM) in HEK293T cells with MitoTracker Green (100

nM). The images were measured at 560/40 (green) and 630/75 (red) nm emission with the excitation at
470/40 and 525/50 nm, respectively. FL and BF denote the fluorescence image and bright field image,
respectively. FL Merge indicates the FL Red image merged with the FL green image. Scale bars, 10
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Fig. S4 SDS-PAGE analysis of the probe labeling efficiency in live cells. (a) The CBB and

fluorescence images were shown in the left and the right, respectively. The latter was obtained with
the excitation at 470 nm. Lane 1: sample of cells expressing HA-PYP-NLS incubated without the
probes, Lane 2: sample of non-transfected cells incubated with 10 uM PCAF-SP, Lane 3: sample of
cells expressing HA-PYP-NLS incubated with 10 uM PCAF-SP, Lane 4: sample of non-transfected
cells incubated with 10 uM PCAF-SPis, Lane 5: sample of cells expressing HA-PYP-NLS incubated
with 10 uM PCAF-SPis (b) CBB band intensity ratio (upper band/upper and lower bands) in lanes
1,3,and 5
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Fig. S5 Fluorescence images of HEK293T cells co-expressing HA-PYPWT-NLS and HA-PYPWT-
EGFR or mock cells (transfected with empty vector) labeled with PCAF-SP-s (1.0 uM) and
PCAFred®' (1.0 uM). The images were obtained with the excitation at 488 nm and 633 nm by
detecting 500—600 (green) and 660—710 (magenta) nm emissions, respectively. Scale bars, 10 pm.
FL denotes fluorescence image. FL Merge and Merge denote the magenta fluorescence images
merged with that of the green and FL Merge overlayed with phase contrast images, respectively.

Experiments were performed twice, giving similar results.
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Fig. S6 Fluorescence images and phase contrast images of HEK293T cells expressing HA-PYPWT-

NLS, HA-PYPWYT-NLS, HA-PYPWT-EGFR, or mock cells (transfected with an empty vector)
stained with PCAF-SP-s (1.0 pM). The images were measured at a 490-590 nm emission with

the excitation at 473 nm. Scale bars, 10 pum. FL denotes the fluorescence image.
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Fig. S7 Multicolor imaging of HeLa cells stably expressing PYPWT-GLUT4 or HeLa cells stained
with PCAF-SP-s (2.5 uM) and Alexa Fluor 647 conjugated antibody for visualization of GLUT4.
All images were obtained with the excitation at 488 and 633 nm and detection at 500—-620 (green)
and 640-700 (magenta) nm emission, respectively. Scale bars, 20um. FL and PC denote fluorescence
image and phase contrast images, respectively. FL. Merge denotes FL green image merged with FL

magenta image. Experiments were performed twice, giving similar results.
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Fig. S8 Multicolor imaging of HeLa cells stably expressing PYPWT-GLUT4 or HeLa cells stained with
PCAF-RBis (1.25 uM) and Alexa Fluor 647 conjugated antibody for visualization of GLUT4. All
images were obtained with the excitation at 561 and 633 nm and detection at 570—620 (orange) and 640—
700 (magenta) nm emission, respectively. Scale bars, 20 um. FL and PC denote fluorescence image
and phase contrast image, respectively. FL Merge denotes FL orange image merged with FL magenta

image. Experiments were performed twice, giving similar results.
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Fig. S9 Multicolor imaging of HeLa cells stably expressing PYPVT-GLUT4 stained with PCAF-
RBis (1.25 uM) and PCAF-SP-s (1.5 uM) for visualization of GLUTA4. All images were obtained
with the excitation at 488 and 561 nm and detection at 500-630 (green) and 635-705 (red) nm
emission, respectively. Scale bars, 10 um. FL and PC denote fluorescence image and phase
contrast image, respectively. FL Merge denotes FL orange image merged with FL magenta

image. Experiments were performed twice, giving similar results.
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Fig. S10 (a) Absorption spectra of 5.0 uM HTL-RBis and HTL-RBis. (b) Fluorescence spectra of
5.0 uM HTL-RBis and HTL-RBis. These spectra were measured in aqueous solution (20 mM
HEPES, 150 mM NaCl, and 0.1% DMSO) buffered to pH 7.4 at 37 °C. The spectra were obtained

with the excitation at 567 nm.
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4. Supplementary Table

Table S1. Photophysical properties and labeling kinetics of PYP-tag labeling probes

Probe Aabs [nm] AT M7 em™) Aem [NM) @ kP M s
PCAF-RBis 568 92000 591 0.29 -
PCAF-RBis+PYP"' 571 100000 587 0.61 3.4 (£0.5)x10°
PCAF-RBis+PYPN 570 110000 587 0.70 7.0(%£0.7)x 10°
PCAF-RB 568 70000 590 0.28 -
PCAF-RB+PYPWT 570 72000 587 0.54 6.3(£0.7)x10°
PCAF-RB+PYPNN 570 76000 586 0.69 57 (£0.9)x 10°
PCAF-SPis 484 35000 610 0.01 -
PCAF-SPis+PYPW' 487 380001 578 0.28 9.1(%£0.9)x10°
PCAF-SPis+PYPNaN 487 30000 579 0.29 4.1(%£0.4)x10°
PCAF-SP-s 484 31000 609 0.01 -
PCAF-SP-s+PYPYT 487 34000 579 0.29 4.4(%£02)x10°
PCAF-SP-s+PYPNN 486 34000 578 0.30 3.8(*0.1)x10°
PCAF-SP 484 31000 608 0.01 -
PCAF-SP+PYPWT 486 31000 578 0.27 59 (+0.4)x10°
PCAF-SP+PYPNN 481 30000 576 0.25 21(£1.0)x10°

All the experiments were conducted in the solution of 20 mM HEPES, 150 mM, and 0.1%

containing DMSO buffered to pH 7.4 at 37 °C.
[@l ¢ is extinction coefficient at A,ps.
[b] All data were obtained in triplicate experiments.

[cl Data obtained after labeling reactions of PYP-tag proteins with probes were complete.

Table S2. Photophysical properties of Halo tag labeling probes

Probe Aabs [NM] £ [M ' em™] Aem [NM] o
HTL-RBis 567 50000 590 0.24
HTL-RB 567 45000 590 0.20

[@ £ is extinction coefficient at 1.

S39
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EXPNO 10
PROCNO 1
FZ - Acguisition Parameters
| Date_ 20220728
! | Time D.26
INSTRIM spect
PROBHD 5 mm CPPEBO BB
PULPROG zgpg30
D 65536
i 5 | SOLVENT cocl3
4 A NS 1024
Ds 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
T T T T T T T T T T T T T T AQ 1.1010048 sec
RE 197.07
61 ppm 34 32 30 28 26 24 22 20 18 16 ppm B o
DE 1E.00 usec
TE 2098.2 K
DL 2.00000000 sec
D1l 0.03000000 =ec
o0 1
T W CHANNEL f1
) 1 125.7753932 MHz
13c
10.00 usec
77.00000000 W
————— cH L f2 —————
sFo2 500.1520006 MHz
[o) z NuC2 1E
CPDPRE[2 waltzlé
PCPDZ BD. 00 usec
N PINZ 12. 30000019 »
EtO + PIN1Z 0.43241999 W
PIN13 0.27675000 w
9 Fl - Processing parameters
I sI 32768
Ei 125. 7628148 MHz
| | WIW M
558 [+
| 1 LB 1.00 Ez
] J (| (! GB o
| A PC 1.40
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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8.951
8.937

/
3
\

5

7.80
7.791

7.609
7.577
7.51

7.497
7.266

5

6.838
6.806
6,683
6.66

5
5.302
4,722
4,707
4.692
4,123
4,111
4.097
4,082
3,482
3.448
3.433
3.419
2.325
2,310
2,296
2,047
2,032
2,017
2.003
1.987
1.704
1.690
1.674
1.658
1.845
1.436
1.253
1.239
1.223

\&.&\N WW/‘/‘-""”’“

N~
o 7 | X
tOJ\/\/\/'ﬂ\

& Parameters
201B80405_FME
1
1

ion Parameters
20180405
20.07

PROBHD 5 sm CPPEBO EB
1 e 63936
_Q 1 SOLVENT ©oc13
NS 16
DS 2
| ! 1 W 10000.000
1 FIDRES 0.152588
| ] A 3.27671999 sec
REG 69.94
I‘ l L W 50.000 usec
AL Illi 10.00 usec
T 1 T T T 1 T 1 T T I U T 1 T T T T T ;ll‘ l_uuozooéa sec
90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm i 1
g [EY ER O] A
=3 o~ | (e |v= N
ol il | el ] o ol - cil leil |eillcilai 5 = ]naégafg Loy
¥2 - Processing parameters
51 5536
s 500.1500086 MHz
- Wid -0 @ ) ) o > @ OW ~m s on 9 Oh: L% £ Wow ™
20 22 LE2 mg B8 2 02 32 A& 28 G8E I QRS = o
ww K MRS oW ww @ T me SN NS ol A r\'/ﬁ/'—' = ! 1.00
[
: i m 1 |I | \
i " ey e ifle I iy I I
BT IS I S
PP PP p Pl PP ppm; p ppm
g PP P22 ™R PP o g g 2 e e
o - |ed - o i ol o o ol o o
I ” ;I I I ‘ ‘ BE%R
v Tia0a0s. rt 9o e
e 1
B T aoane
( i 1.50
N~
Y
ne
EtOJ]\/\/\/"‘ X 13.00
10 ot 0203000000 200
aron A5 7153932 s
M P
Vi 2 mu.mu"l H
1.00 Hz
N | ’
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 PPmM
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BRUKER
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O FOONT OO O O S O 6D M) D) D D D & D
WD ) ) O O D M) D OV LA~ VIMNOR OO D
NN OMENWNOoOorIr- OO OO \DWWWWS ¢ mmmemo oy el
(== T+ T ol ol ol e el el e = e NA A A A A A A A A A A A A A A A A Current Data Parameters
w \ / V / y‘ \\%%%\.K?‘Q\M Ww— NAME 20180515_FMEZ
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180515
Time 14.52
N INSTRUM spect
~ PROBHD 5 mm CPPBBO BB
\ PULPROG zq30
o Z ™ 65536
J\/\/\/N | SOLVENT MeOD
N
Ho : 03 b
11 SWH 10000. 000 Hz
-_— FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 5.95
oW 50.000 usec
DE 10.00 usec
TE 298.2 K
D1 1. 00000000 sec
™0
———————— CHANNEL f] ===
‘ ! b 5F01 500.1530886 Miz
M NUC1 1
Pl .00 usec
I T T J T 1 T T . I Ll 12. 3oounom W
8 T 6 5 4 3 2 1 0 ppm
F2 - Processing parameters
s1
rs rggsﬂ rgj 3% ﬁ [-]fad rzjr;gw sF 500.1500116 Milz
o =l |- L cilell [edl | eilial ..-’D: 0 EM
58
LB 0.30 Bz
Gn 0
o O @ o MO O® WA Mo inwo e Ly o g BC 1.00
o et s e e e SR ope O gDk O WO INE-OTO0 O ®
Wy ooV~ W oo M~ <pape) =< o)o) Al Y OV WD WD W = 0O
w© [l el el ol ol ~~ WY W MOMEO Mo et
T T T T T T T T T T » T T T
86 8.4 82 80 78 7.6 7.4 7.2 7.0 pp r W ppm3.5 ppm 20 pm
8 &l 8 2 - 8 [z
|l - - ' o o
.\'. ¥ f g ; 5
Current Data Parameters
NAME 20180515_FME2-13C
EXPNO 1
PROCNO 1
( F2 - Acguisition Parameters
N Date_ 20180515
~ Time 19.05
N INSTRUM spect
o Z PROBHD 5 mm CPPBBO BB
| PULPROG zagpg30
HO' NX ™ 65536
SOLVENT MeOD
NS 1024
1 DS 4
SwWil 29761.904 Nz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 197.07
oW 16.800 usec
DE 18.00 usec
TE 298.2 K
D1 2.00000000 sec
p11 0.03000000 sec
i D0 1
CHANNEL £1
5FO1 125.7753932 Milz
Nucl 13¢
P1 10.00 usec
PLA1 17.00000000 W
s 1 —— CHANMNEL £2 =======x
5FO2 500.1520006 Milz
Nucz m
CPDPRG[2 Ltvle
PCPD2 00 usec
PLWZ 12. 30000019 W
PLWI2 0.43241999 W
PLW13 0.27675000 W
' F2 Processing parameters
sI 68
5F 125.7626368 Milz
" S SR " WOW EM
i 588 o
T T T T T T T T T T = o e e
180 160 140 120 100 80 60 40 20 0 ppm ec 1.40
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0 A nNoweTmnmomnmoNoOoOWOWANn—wYWr~oOOo oo
o M WO O FENMOW NS O HOO MWW INWTMON A O @ o O o ~
[=R=N=1 b= s O B = i e [ ol e R - - = L R e v og 2 -
2 2RANTAEQLIT «ofnebevvdooedudionan 222 § BRUKER
w o o * g S O N M o MMM OO merT MMM e M gt 5
\// T TISS [ \\%‘%«NW \V NT/N T (-.X)
! | Current Data Parameters
HAME 20220523
EXPNO 10
| PROCNO 1
L I | F2 - Acguisition Parameters
| ! I | ! Date_ 20220523
i ! Time 10. 00
lE_ il | INSTRUM spect
PROBHD 5 mm CPPBEO BB
‘ : i - T T T T T DULPROG 2q30
1D 65536
Eamaman
81 ppm 76 75 ppm 3.9 38 3.7 36 35 ppm SOLVENT coc13
L 1 ppm PPMuys 16
sl Wl o D :
b4 o
o © - 3 ~  —SHH 10000.000 Hz
S 2 A ] - & b= o 8 rFromes 0.152588 Hz
- o = = L3 i3
L ! @ AQ 3.2767999 sec
FOTFTNMNMOVNAA N ATFNOLTOMOMANOLD AN AVRFOoONOSDONO DN : g% Eaﬁf]ggusec
CTooM N AR TSV AN ORI OOMNAAO O DO W (=3 B
CUDNWEH NV T T HNDM - DO WWDWOW O WDDWDWE DD MmN N . 25 ;g‘sog:ﬁc
Lo o o e e el Sl et ol ot ol T O T T B T T I T s I T T B I O T T T TGN S I 1 D1 1.00000000 sec
-\MZ/;),{_J (S ‘W‘J—#‘Jy ‘ TDO 1
=
------ CHAMNEL £l =mm—mmmm
N SFO1 500.1530886 MHz
0 3 NUC1 1H
P1 15.00 usec
s 5 \ PLH1 12.30000019 W
F2 - Processing parameters
51
NHBoc sF 500.1500092 MHz
| WDH M
558 ]
LB 0.30 H
FsC CE 0 %
PC 1.00
12
1
ro |
A th‘l
T T T T T T T T T
8 7 6 5 3 2 1 ppm
I\ \ ) )
8 883~ 2 8 2
- |els|e|e ] - &
: BRUKER
IR (><)
Current Data Parameters
NAME 20220523_PCAF-N3_13c
EXPNO 10
| PROCHO 1
I} | I
F2 - Acquisition Parameters
pate_ 20220523
Time 11.46
INSTRIM spect
||||||\||||||\|||||\||||||\||||||||||||\|||||\|||||||||||||\||||PROBHD 5 mm CPPEEC BR
T I I I I I I T puLeROG zgpg30
127 126 125 124 123 122 ppm & €5536
SOLVENRT cocl3
/\),N3 NS 1024
[9) Ds 4
5 SWH 29761.904 Hz
S AN FIDRES 0.454131 =z
1)1 AQ 1.1010048 sec
NHBoc BG 197.07
oW 16.800 usec
DE 18.00 usec
= 208.2 K
pi 2.00000000 sec
pi1 0.03000000 sec
D0 1
CHANNEL f1
sFO1 125.7753932 MHz
T T T T T T T T T T T Kol 13c
72.0 71.8 71.6 71.4 712 71.0 70.8 70.6 70.4 70.2 ppm  E1 10.00 usec
PLW1 77.00000000 W
CHANNEL f2
sFO2 500.1520006 MHZ
NUC2 18
g CPDPRG[2 waltzlg
| | | ] FCPD2 80.00 usec
| PLW2 12.30000019 w
PLW1Z 0.43241590 W
PLW13 0.27675000 W

FZ - Processing parameters
81 32768

! S 125.7628174 Mz
WDW EM
| 555 0
| T LE 1.00 Hz
J L L N | = s
I | | PC 1.40

T T T T
160 140 120 100 80 60 40 20 pPpm
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Current Data Farametor:
NRRE

£
20210720-2-3-amine-sul fide
10

1

T T T T T
82 8.0 7.8 7.6 ppm

£

|
O |+
o
(=1-]

“DaB—

092

F2 - Requisition Paramters
ta_

20210720
15.0

H
10000.000
0. 162538
3.2767399

2z

sac

usae
usac

8.059
7.670
7.655
7.518
7.515
7.501
7.498
T.452
7.448
7.276

298.1 K
1.000D0000 sac
1

NNV

CHAMNEL f1 =
500, 1530886 MEx
1

15.00 usec
12.30000019 W

5 FZ - Processing paramcters
S a1 €25
500.1500033 Wiz
=

NHBoc

0.30 &z

1.00

oo -

aid
@
o
Bl
“
[
a
3
g

A2 YA /

3 GEls GEEE  [REY g K

o =Ji=2(-] v [0 |1 | = | (e=ley L= (=1
a

Currant Data Paramaters
HAME 20210720-2- 3-anine-sulfida
=xFNo
EROCHD
F2 - Acguisition Parametars
Data_ 20210720
Time i6.12
INSTRUM spect
EPROBHD 5 mm CPFBEC BB
EULFROC zqpg30

A ™ E553E
SOLVENT mcl3
NS

1023
s I
an 29761, 904 nz
T T T T T T T T T T T T :é’ms 1“‘3?35;
1 o
128 126 124 122 120 ppm 73 T2 ral 70 69 ppm [ 97.07
o 16800 uses
e 13,00 uses
= 298.1 K
ol 2.00000000 sac
D11 2 03000000 sa=
o0 1
| | CHANNEL £1
|| 1257753032

13c
10.00 usac
77.00000000 W

CHANNEL £2
500.1520006
1H
waltzlg
0,00 usec
12.30000019 w
1.03241999 W
0.27675000 W

NHBoc F2 - Processing parametecs
81
sr 125, 762167 Mmz
wWow =
338 ]
Fi;C s 1.00 1z
(=) o

13 FC 1.40

(I J |

T T
180 160 140 120 100 80 60 40 20 ppm
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abundance
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NHBoc

F3;C
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’_\
I

B

e

70 6.0 5.0 40 30 20 10 d

AN | | | |
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= S
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=]
=1
F3C
3 3
14
ER
=1
2]
=1
=]
-]
o]
=1
=]
<
g
g W —
=
' 00 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 300 200 10 '
g g S EEBEREER RS ] H
2 - g ERaonach n8s3 rpeda g
= o = by fn o g fn T
X : parts per Million : 13C

S57




<
o
1 S
3 9
< A
o
o
-
o
o ]
] ]
S ] . J
3] "
5 <7
2 ]
< 4
8.0 7.0 6.0 4.0 1.0 0
‘ “ ‘\H‘ “ \ ///\\ ‘ /\‘H “‘ /N /\
S wve o S+ = S 0w o0 o o wv o> O O v o~ o
0 O © ~ O v ol 00 < — o~ N >~ o (== S Ao oy 0 [ =3
ZaR% a5 3Sa S&a M RN Eo N A = n A dq 33
T O N T o S ) o < e ) o oen —_ == SIS
X : parts per Million : 1H
o]
2]
&7
o]
2]

(thousandths)

T T T T T [ T T [ T [ T T T T

180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 60.0 50.0 40.0 300 200 10.0

N NN

0.000 — <

101.387 —
60.991 —
53245 —
12725 —

~ oo
@ o v
© ]
© ¥ <
v + 3

X : parts per Million : 13C

S58




|

/g

83

i

[\

=
NF

"\/\o/\/"\/\o/\/"\nf\/\/\
o

PCAF-SPis

\
o

wy
=i

-5
)

0000
e~ woo

Il

w1
=] #E11
G 1EC1
lAemm_

-— STE

[ |
- 0T

20

—— LBET
ST
MSnm

ETFE

<
en _ f SEFE
B irre
SLFE
LRFE

PERE
= i8¢

2 TN tewe
WEF
=" e

#iLy

6Lt
] E
ol SELF

6.0

70

\I
E
[

R B B L B o o LALILa B R
0

00l

0
(syipuesnoyy)

Eo — 0000

<
Fo
ppu— At

<

Fs
£90'9¢
_issot
7 orsie
S ogree
s
o T~ oo
FS = 6ze0r

g =

L650F
TN\ serny

<

Fo
Y syTes

S .
S — 16609

1egect

<
Es 290921
- u\ 060921
TSL8TL
E2 st
@ 9£0°TET

N

Fg— L9S°0F1

0}

.0

<
=]
s}

— LEE9ST

o StTson
ES— 8oLl
S =" c691L1

T N
o O\ WL

180,

13C

illion

=

o
o
=9

X : parts

S59



o
(= T N ) [ B R T - ot I e Ty e =] =3
Q0w Mo~ o Wom T RS T O D < =1
S, i ameREnacowe  nw : BRUKER
R g P e i o
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Current Data Darsmeters
20210708Ka6Dcompld Ex2-4
NHBoc EXFNO 10
FROCNO 1
F.C F2 - Acquiziticn Parsmeters
3 Date_ 20210708
Time 11.11
17 INSTRUM spect
| -— | 1 PROBMD & mm CEPEEO HB
| | PULPROG =531
1 Lo 1 o ! S
COe13
T T T T T T T T T 16
8 T 6 5 4 3 2 1 ppm 10000. 000 Hz
0.152588 Hz
2 {'0 aratisls . 3.2767999 s
- -
8| [4[&]& I b= = aes
- olr~la Nio|e/iN|lololw|o o 10.00 usec
236.2 K
1.00000000 sec
1
= CHANNEL f1
500. 1530886 MHz
1n
o o 15.00 us=c
® oo o0 @ N O 0 o
=N v — ® O om - =3 - -HO @ = R $2:30000013: 1
@ 0 o™ — o oo -~ o m — oo © w n - .
oo  uw o . . . . . . . . . o £ B 's% - Processing ):EE;??EH:
s v - m oM o ™ Mmoo~ 3
@ o - - 2 = e s s 500. 1500046 MHz
T VT & .
L N =
1B 0.30 Bz
B [
| | B0 1.00
|
1 ) |
A 1'! 1 ! | | I} !
_M_ = A_ " | i i
—r——
T ; , T T T T T T T T T T T T T T T
m 4.0 39 38 37 36 35 34 33 32 31 30 29 28 ppm ppm
PP ppm  ppm \ ) hige %
o - - )
H (o o [‘! (g = 8 = ".W g F—W ar
= a| g A il |a -] o S < - o
-~ = -]
o
Current Data Parameters
HAME. 20211104_No24_compld_13C
OSu EXPNO 10
s PROCNO 1
F2 - Rcquisition Parameters
Date_ 20211104
NHBoc i 13.58
INSTRIM spect
PROBHD 5 mm CPPEBO BB
PULPROG zapgi0
™o 65536
FsC SOLVENT £or13
N3 1024
17 08 ]
-— B 20761, 904 Hz
FIDRES ©.454131 Hz
AQ 1.1010038 ==c
RG 197.07
o 16. 800 ueec
DE 18.00 usec
TE 258.1 K
D1 2.00000000 sec
D11 0.03000000 =ec
o0 1
= CHANMEL fl =====
T T T T T T T 1757753932 MHz
13¢
128 127 126 125 124 123 122 ppm 10.00 usec
77.00000000 W
CHANNEL £2 — -
500. 1520006 MHz
Huc2 1n
CPIPRE([2 waltzl§
PCRD2 80.00 uzec
| e 12.30000019 W
nyy PLN1Z 0.43241999 W
| W13 0.27675000 W
F2 - Processing parameters
51 32768
SF 125. 7628174 MHz
WO EM
558 o
18 1.00 Hx
| GB [
| I 1.40
|
|
1y
Ll !
|
rT s o
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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PROCHO i

Current Data Parameters
0 NAME 20210911No93
EXPNO 10
BocHN NH,
3

F2 - Acquisition Parameters

Date_ 20210911
18 Time 13.01
—_— INSTRUM spect
PROBHD 5 mm CPPBBEO EB
PULPROG 2930
D 65536
! | | | SOLVENT coela
L e = 1 NS 16
DS 2
T T T T T T T SWH 10000.000 Hz
FIDRES 0.152588 Hr
7 6 5 4 2 1 ppm AQ 3.2767999 sec
| | RG 32.16
DW 50.000 usec
g ﬁ g § DE 10.00 usec
MO NOWH A A NN NG DS o o= 233.2 %
2 BIgfsamsNgNgss - o o = DL £.00000000 sec
= WWW oW WD wmonon s omom @ ga ; :
n L R o o e A o . . . - CHANNEL £l =
o e = SFO1 500.1530886 MHz
| | NUC1 18
Pl 15.00 usec
: PL¥1 12.30000019 W

F2 - Processing parameters
51 £5536

5F 500.1499937 MHz
WDW EM

SEB o

LB 0.30 Hz
GE o

PC 1.00

T T T T T T T T T T 25 2.0 ppm
38 37 36 35 34 33 32 31 30 ppm =5 ]
o = ol (@
____ppm K i b = 19 3| |2
a( = = 2 r—_( - o @
e &S| e b -
Currant Data Parametars
KAME 20210911_Mo33_Hoc-limkar 13C
1
o | | squtsition Faramatars
5 m crrEab @
zapg20
65536
| cocis
RS 102
os
=W 297€1.504 Hz
FIDRES 0.454131 Hz
| : 1'ioi00a8 sic
| G 137.07
oW 16.B00 usac
I 1 oE 18 c
™ 2.2 &
o1 2. onga00tn s
D11 & 03000000 aac
wma 1

CHAMNEL f1 mmemmmee

125.7753932 MHz
13C

10.00 usac

77. 00000000 W

T

L £2 mmemmmm
500. 1520006 MHz
gttt

G2 waltzlé
80.00 usac

12.30000015 W

0.33241335 W

0. 27675000 W

A i
BI 32768
(o) = 1257628153 Mz
Ed ]
BocHN’é\/ 9*/\NH2 i
3

E |

iE 1.00 Bx
= o
BC 190

T T
160 140 120 100 80 60 10 20 ppm
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3.558
8.544
7.9589
7.946
7.811
7.596
7.578
7.069
6.764
6.7486
4,927
4.414
3.705
3.695
3.685
3.659
3.641
3.637
3.634
3.630
3.617
3.613
3.6086
3.527
3.515
3.504
3.501
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2,226
2.211
1Lk )
1.203
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NS S 5

Current D
HAME

ata Parameters

20210923_Nol01_compié
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210923
N Time 12.40
~ INSTRUM spect
- PROEBHD 5 mem CPPEEO EB
2CF3CO0 § PULPROG zg30
o = £5536
| SOLVENT Me0D
+,(\/OV J\/\/\,N S NS 16
H3N N + DS 2
3 H SHH 10000.000 Hz
19 FIDRES 0.152588 Hz
- i) 3.2767999 sec
RG 32.1
oW 50.000 usec
DE 10.00 usec
TE 291.2 K
D1 1.00000000 sec
| TDO 1
———————— CHANMEL £l ———————m
SFO1 500. 1530886 MHz
NUC1 1B
Pl 15.00 usec
1 PLWL 12.30000019 W
FZ - Processing parameters
34 65536
SF 500.1500112 MHz
| WOW EM
| S3E 0
| LE 0.30 Hz
) 1 ca 0
I [ | J BC 1.00
L] '
N
T T T T T T T T T T
9 8 7 6 5 4 3 2 i ppm
4 N =
@ &8 BB )RR GREEs
o ~lol~ (=108 - o0 =T o] ol ol iN|©
| LY YTl
/ \ s
Current Data Paraseters
KAME 20210923_No101_complé_13
EXPNO 10
( BROCND 1
N F2 - Acquisition Parameters
\/ Date_ " 20210923
2CF;C00" Time 14.06
X INSTRUM spect
PROBHD 5 =m CPPBEBD BB
| PULFROG zgpg30
+ D £5536
H3N SOLVENT MeOD
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Ds 4
SWH 20761.304 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 s=c
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] oW 16.800 usec
| I | l u DE 18.00 usec
| i TE 282.6 K
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T T T T T T T T T T TDO 1
180 160 140 120 100 a0 60 40 20 ppm e
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¥, | | 1] | | NuCz
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F? - Processing parameters
51 327
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WOW
S5B ]
LB 1.00 Hz
GB 4]
j l BPC 1.40
T T T T T T T T T T T T T T
70.0 69.5 ppm 44 42 40 38 36 34 32 30 28 26 ppm

S62




R B i i R T S B BRUKER

Currant Data Paramaters
M 20210927_Nol10_compl?_frll-13
10

F2 - hoquisition Parametars
Data_ 20210827
e

2885 K
o1 1.00000000 sac

= CHARNEL ] memmmmm
500.1530886 MH:

15.00 usac
12.30000013 W

F2 - Frocessing parsmatars
1

9 6 5 4 2 1 ppm
L
-

8 7
SRS S

=
-]

=
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20.87
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0.73>=
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3

Curmnt Data Paramatars
20210827_Nol10_compl
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EXPNOD
PROCHO 1
¥2 - Roquisitice Paramatess
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20 HUCL 13¢
En 10.00 usac
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50.00 uac
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¥2 - Procassing paramatars
51 e

ZTER
sF 125. 7628175 Mz
W M
558 o
LE 1.00 Bz
=3 o
13 1.a0

| nlJ Il J||L‘|

T T T T T
180 160 140 120 100 80 60 40 20 0 ppm
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FZ - Proceszing parameters
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Current Data Parameters
NAME 20211104_No2326_compls
EXENO 0

PROCHO 1

FZ - ACQU1S1T10n Farameters
Date_ 2021110«

Time 10.28

INSTRUM spect

FROBHD

PULPROG zg3n
£5536

SOLVENT MeCD

NS 16

DS 2

SWE 10000.000 HE

FIDRES 0.1525BB Hz

AQ 3.2767999 sec

RG 32.16

oW 50.000 usec

DE 10.00 usec

IE 2398.2 K

Dl 1.00000000 sec

D0 1

= CHANNEL Il
500.1530886
hi:|

iz

uszac
w

15.00
12.30000019

F? - Processing parameters
sI

sr 500.1500104 MHz
wWoW M
S5B [

Ls 0.30 Hz
=) [

EC 1.00
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Current D
HNAME

ata Parameters
20211217 PCAF-5P2

EXPNO io0
PROCHNO 1
F2 - Acguisition Parameters
Date_ 20211217
Time 11.21
INSTRUM spect
PROEHD 5 mm CPPEEDC EE
PULPROG zg3l
65536
SOLVENT MeOD
NS 16
Ds 2
SWH 10000. 000 Hz
FIDRES 0.152588 Hz
AD 3.2767999 sec
RG 32.1
oW 50.000 usec
FiC DE 10.00 usec
IE 298.1 K
D1 1.00000000 sec
PCAF-SP-s 00 1
------- CHANNEL £l ==mm=e———
SFO1 500.1530886 MH=z
NUC1 1H
P1 15.00 usec
PLW1 12.30000019 W
F2 - Processing parameters
SI 65536
SF 500.1500098 MHz
WOW EM
| S5B o
1B 0.30 Hz
GB o
1.00

T
6 5 4 3 2 | ppm

Current Data Parameters

NAME 20211216 PCAF-SP2_13C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20211217
Time 7.29
INSTRUM spect
PROBHD 5 mm CPPEEO BE
PULPROG zgpg30
65536
SOLVENT MeCD
NS 10000
Ds 4
EWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 197.07
oW 16.800 usec
F3;C DE 18.00 usec
IE 298.1 K
D1 2.00000000 sec
D1l 0.03000000 sec
PCAF-SP-s ;
CHANKEL 1
SFOL 125.7753932 MHZ
NUC1 13c
P1 10.00 usec
PLW1 77.00000000 W
CHANKEL 2
BFO2 500.1520006 MEz
HUCZ 18
CEOPRG[Z waltzlé
PCPDZ 80.00 usec
| PLW2 12.30000019 w
1 PLW12 0.43241999 w
PLW13 0.27675000 W

1 851

5F
WDW
SS5B
LE
GE

PC

' | L

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters
20211216_PCAF-5P2_13C
10

KAME

EXPNO

PROCND 1

F2 - Acquisition Parameters

Date_ 20211217

Time 7.2

INSTRUM spect
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SOLVENT Me0D
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=WH 29761.904 Hz

FIDRES 0.454131 Hz
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DE 18.00 usec
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PCPDZ 0.00 usec

PLHZ2 12.30000019 W

PLW1Z 0.43241959 W

PLAL3 0.27675000 W

F2 - Processing parameters

51 327

B 125.7626447 MHz

WD El

558 0

L 1.00 Hz

GB 0

rC 1.40
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6. The Raw Images of Electrophoresis Data
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The raw images of electrophoresis data in Fig. S4
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