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1. Supplementary Results
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Fig. S1. CA-Il-inhibitory activity of the synthesized AzPI probes. Measurement conditions: 500 nM

CA-II, 0.03—10 uM probe, 3 mM p-nitrophenyl acetate, 50 mM Tris-HCI buffer (pH 8.0).
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Fig. S2. Competition analysis. Labeling conditions: 1 uM CA-II, 1 uM P1-P3, 1-10 uM compound 1,

20 mM phosphate buffer (pH 7.0), photo-irradiation (365 nm, 5 min, 0 °C) after incubation at 0 °C for 30
min. Comments: Labeling was inhibited by addition of 1. This indicates that all the probes labeled the

target CA-II in response to the ligand—target interactions.
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Fig. S3. Optimization of the photo irradiation time. Labeling conditions: 1 uM CA-I1, 1 uM P3, 20 mM
phosphate buffer (pH 7.0), photo-irradiation (365 nm, 0-30 min, 0 °C) after incubation at 0 °C for 30

min. Comments: Efficient fluorescence labeling proceeded with irradiation at 365 nm for <5 min.
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Fig. S4. Comparison of two irradiation wavelengths (254/365 nm). Labeling conditions: 1 uM CA-II, 1
uM P3, 20 mM phosphate buffer (pH 7.0), photo-irradiation (254 or 365 nm, 5 min, 0 °C) after
incubation at 0 °C for 30 min. Comments: A handy mercury lamp (AS ONE, SLUV-4) was used in this

experiment.

Table S1. Photoreaction of 2 in DMSO-dg

UV (365 nm)
+ Me-—-N
DMSO de

yields (%)
entry conditions recovery of 2 3 4
1 0°C,1h 81 10 -
2 diethylamine (100 equiv.), 0°C, 1 h 18 — 64

Comments: Photo-irradiation of 2 in DMSO-ds gave dimerized azo compound 3 in 10% yield. In the

presence of diethylamine (100 equiv.), 4-amino-N-methylphthalimide (4) was obtained in 64% yield.
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Fig. S5. UV-Vis absorbance (dotted lines) and fluorescence spectra (solid lines) of 4 and

N-methyl-4-(propylamino)phthalimide (5). Measurement conditions: 100 uM compound in methanol.



The molar extinction coefficients (emax) were 2249 (373 nm) for 4 and 2729 (393 nm) for 5. The
fluorescence quantum yields (¢r) were 0.053 (Aex = 373 nm) for 4 and 0.17 (Aex = 393 nm) for 5, based

on fluorescein disodium salt as a standard (Aex = 496.5 nm, ¢¢= 0.93 in MeOH)[Sl].
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Deconvolution [Calculated molecular weight: 29025.6 (intact CA-ll), 29499.7 (labeled CA-Il by P3)]
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Fig. S6. MS analysis of the whole protein. a) MS analysis of CA-II. b) MS analysis of the labeled CA-II.
Labeling conditions: P3 (1 uM), CA-II (1 uM = 0.03 mg/mL), phosphate buffer (pH 7.0), and UV
irradiation at 365 nm (5 min, 0 °C). Deconvolution of the signals corresponding to the multiple charge
states was performed using Compass 1.3 (Bruker).

Comments: Labeling yield was estimated to be 29% based on the peak heights of the intact and the

labeled CA-II after the deconvolution processing.



Table S2. SEQUEST search result (identified amino-P3-immobilized peptides)

sequence position modifications [M+H]* peak area
1.7x107 ([M+2HT*")

SHHWGYGK 2-9 N-term-Acetyl, amino-P3 1487.5796 2.9x107 (M+3H]™)
AVVQDPALKPLALVYGEATSR 37-57 amino-P3 2672.3399 1.5x10° ((M+3H]*")
MVNNGHSFNVEYDDSQDKAVLK 59-80 amino-P3 2984.2826 2.8x10° ([M+4H]*)
VLDALDSIKTK 159-169 amino-P3 1676.8200 4.3x10° (IM+3H]*")

Comments: Labeling occurred mainly on the sequence Ser2—Lys9.

a) Ala37-Arg57 b) Met59-Lys80
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Fig. S7. Mass spectra of the identified amino-P3-immobilized peptide candidates (Ala37-Arg57,
Met59-Lys80, and Vall59-Lys169).
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Fig. S8. Detailed MS/MS results in CID ion-fragmentation mode. See also Figure 6. a) TIC and EIC

chromatograms. b) MS1 of the amino-P3-immobilized Ser2—Lys9 (R, 38.0 min). ¢,d) MS/MS analysis.
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Fig. S9. Detailed MS/MS results in HCD ion-fragmentation mode. a) TIC and EIC chromatograms. b)

MSI1 of the amino-P3-immobilized Ser2—Lys9 (R, 38.8 min). ¢,d) MS/MS analysis.



2. Chemistry

2-1. General information

Chemicals were purchased from Sigma-Aldrich Co. LLC, Kanto Chemical Co. Inc., Tokyo Chemical
Industry Co. Ltd., Acros Organics or Wako Pure Chemical Industries, Ltd., and used without further
purification. Reactions were monitored by thin-layer chromatography (TLC, Merck silica gel 60 Fs4)
plate. Bands were visualized using UV light or appropriate reagents followed by heating. Flash
chromatography was carried out with silica gel (Silica gel 60N, 40-50 mm particle size) purchased from
Kanto Chemical Co. Inc. IR spectra were recorded on a JASCO FT/IR-470 spectrometer. NMR spectra
were recorded on a JEOL JINM-ECAS500 spectrometer, operating at 500 MHz for 'H-NMR and at 125
MHz for *C-NMR. Proton and carbon chemical shifts are expressed in  values (ppm) relative to
internal CHCl; (7.24 ppm), CHD,OD (3.30 ppm), C,HDsSO (2.49 ppm) for 'H-NMR, and internal
CDCl; (77.00 ppm), methanol-d4 (49.00 ppm), dimethylsulfoxide-ds (39.50 ppm) for BC-NMR. Data are
reported as follows: chemical shift, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet;
br, broad), coupling constants (Hz), integration. High-resolution mass spectra were obtained using a

BRUKER micrOTOF II mass spectrometer.

2-2. Synthetic Procedures
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Scheme S1. Synthesis of AzPI 2 and 4-aminophthalimide derivatives 4 and 5.

Synthesis of 4-amino-N-methylphthalimide (4) (Compound 4 was prepared by a reported procedure.[sz])

10% Pd/C (50 mg) was added to a solution of N-methyl-4-nitrophthalimide (500 mg, 2.4 mmol) in

MeOH (16 mL), and the mixture was stirred for 3 h at room temperature under a hydrogen atmosphere.



The mixture was then filtrated through Celite pad and washed with MeOH. The solvent was removed
under reduced pressure to afford the product 4 (405 mg, 2.3 mmol, 95%) as a yellow solid. 4: 'H-NMR
(DMSO-dy) 8 2.93 (s, 3H), 6.42 (br s, 2H), 6.76 (dd, J = 2.0, 8.3 Hz, 1H), 6.89 (d, J= 1.7 Hz, 1H), 7.46
(d, J= 8.1 Hz, 1H); "C-NMR (DMSO-dy) & 23.4, 106.9, 116.4, 116.8, 124.7, 134.6, 154.8, 168.1, 168.4;
HRMS (ESI) Calcd. for CoHgN,O,Na: 199.0478, Found 199.0470.

Synthesis of 4-azido-1-methylphthalimide (2)

—N
N3

o

Sodium nitrate (59 mg, 0.85 mmol) in water (0.5 mL) was added to a solution of 4 (100 mg, 0.57 mmol)
in 1,4-dioxane (5.0 mL) and 6 N HCI aq (4.0 mL) at 0 °C. Sodium azide (55 mg, 0.85 mmol) in water
(0.5 mL) was then added to the reaction mixture at 0 °C, and the resulting mixture was stirred for 1 h at
room temperature. The reaction was quenched by an addition of saturated NaHCO; aq. and extracted
with AcOEt. The combined organic layer was dried over Na,SO,, and the solvent was removed under
reduced pressure. The residue was purified by silica-gel column chromatography (AcOEt/n-hexane =
1/6) to afford 2 (95 mg, 0.47 mmol, 82%) as a white solid. 2: 'H-NMR (CDCly) 6: 3.15 (s, 3H), 7.26 (dd,
J =23, 8.0 Hz, 1H), 7.46 (d, J = 1.7 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H); "C-NMR (CDCl;) &: 24.1,
113.7,123.8, 124.9, 128.1, 134.5, 146.5, 167.5, 167.6; HR-MS (ESI) Calcd. for CoH¢N4,O,Na: 225.0383,
Found 225.0372.

Synthesis of N-methyl-4-(propylamino)phthalimide (5)

0}
—N
N/\/
e} H

Propionaldehyde (41 uL, 0.57 mmol) was added to a solution of 4 (100 mg, 0.57 mmol) in
1,2-dichloroethane (4.0 mL) at 0 °C, and the mixture was stirred for 1.5 h at room temperature. Sodium
triacetoxyborohydride (181 mg, 0.86 mmol) was added to the mixture, and the resulting mixture was
further stirred for 3 h at room temperature. Saturated NaHCO3 aq. was added, and the mixture was
extracted with AcOEt. The combined organic layer was dried over Na,SOy, and the solvent was removed

under reduced pressure. The residue was purified by Chromatorex NH column chromatography



(AcOEt/n-hexane = 1/3) to afford 5 (70 mg, 0.32 mmol, 56%) as a yellow solid. 5: 'H-NMR (CDCly)
5:0.97 (t,J="7.5 Hz, 3H), 1.64 (tq, J = 7.2, 7.2 Hz, 2H), 3.06 (s, 3H), 3.18 (td, /= 5.0, 7.5 Hz, 2H), 4.61
(br s, 1H), 6.65 (dd, J = 2.0, 8.5 Hz, 1H), 6.92 (d, J = 3.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H); "C-NMR
(CDCl3) 6: 11.4, 22.2, 23.6,45.2, 105.9, 115.4, 118.7, 124.8, 135.0, 153.3, 168.8, 169.1; HR-MS (ESI)
Calcd. for C;H4N,O,Na: 241.0947, Found 241.0944.
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Scheme S2. Synthesis of the AzPI unit of probe molecules.
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Scheme S3. Synthesis of the linker unit of P2.
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Scheme S4. Synthesis of the linker units of P1 and P3.

Synthesis of 4-aminophthalic acid (6)
0}

HO

HO NH,
o

10% Pd/C (50 mg) was added to a solution of 4-nitrophthalic acid (500 mg, 2.4 mmol) in MeOH (15
mL), and the mixture was stirred for 2 h at room temperature under a hydrogen atmosphere. The mixture

was then filtrated through Celite pad and washed with MeOH. The solvent was removed under reduced



pressure to afford the product 6 (401 mg, 2.2 mmol, 93%) as an orange solid. 6: 'H-NMR (DMSO-dy)
8:6.00 (br s, 2H),6.54-6.56 (m, 2H), 7.52 (d, J = 8.6 Hz, 1H); "C-NMR (DMSO-dy)
o: 111.6, 113.0, 114.9, 131.6, 138.2, 152.1, 167.1, 170.6; HRMS (ESI) Calcd. for CsH7NO4Na: 204.0267,
Found 204.0260.

Synthesis of 4-azidophthalic acid (7)
O

HO

HO
N3

o
Sodium nitrate (57 mg, 0.83 mmol) in water (1.0 mL) was added to a solution of 6 (100 mg, 0.55 mmol)

in 1,4-dioxane (8.0 mL) and 6N HCI aq. (6.0 mL) at 0 °C. Sodium azide (54 mg, 0.83 mmol) in water
(1.0 mL) was then added to the mixture at 0 °C, and the resulting mixture was stirred at room
temperature for 1 h and extracted with AcOEt. The combined organic layer was dried over Na,SO4, and
the solvent was removed under reduced pressure to afford 7 (110 mg, 0.53 mmol, 96%) as a white solid.
7: '"H-NMR (CD;OD) &: 7.24 (d, J = 2.3 Hz, 1H), 7.27 (dd, J = 2.0, 7.7 Hz, 1H), 7.83 (d, J = 8.6 Hz,
1H); PC-NMR (CD;0D) &: 119.8, 121.6, 128.9, 132.3, 137.1, 144.8, 169.7, 170.8; HRMS (ESI) Calcd.
for CsH4N3;04Na: 206.0196, Found 206.0184.

Synthesis of 1,5-bis(p-tosyloxy)-3-oxapentane (8) (Compound 8 was prepared by a small modification of
a known procedure. [53])

750" >0

Tosyl chloride (2.9 g, 15 mmol) and triethylamine (1.4 mL, 10 mmol) were added to a solution of
diethyleneglycol (531 mg, 5.0 mmol) in CH,Cl, (20 mL), and the mixture was stirred at room
temperature for 40 h. The resulting mixture was then added H,O, and the whole was extracted with
AcOEt. The combined organic layer was dried over Na,SOy, and the solvent was removed under reduced
pressure. The residue was purified by silica-gel chromatography (AcOEt/n-hexane = 1/3) to afford 8
(942 mg, 2.3 mmol, 45%) as a white solid. 8: 'H-NMR (CDCls) §: 2.43 (s, 6H), 3.59 (t, J= 4.6 Hz, 4H),
4.07 (t, J = 4.6 Hz, 4H), 7.33 (d, J = 8.0 Hz, 4H), 7.76 (d, J = 8.6 Hz, 4H); HRMS (ESI) Calcd. for
C,3H,07S,Na: 437.0699, Found 403.0712.



Synthesis of 1,5-diazido-3-oxapentane (9) (Compound 9 was prepared by a small modification of a
known procedure.[54])

Ns/\/o\/\Ns

Sodium azide (488 mg, 7.5 mmol) was added to a solution of 8 in N, N-dimethylformamide (DMF) (10
mL), and the mixture was stirred at room temperature for 17 h. The resulting mixture was then added
H,0 and extracted with AcOEt. The combined organic layer was washed with brine and dried over
Na,SOy, and the solvent was removed under reduced pressure. The residue was purified by silica-gel
chromatography (AcOEt/n-hexane = 1/6) to afford 9 (416 mg, 2.7 mmol, 89%) as a colorless oil. 9:
'H-NMR (CDCls) &: 3.35 (t, J = 5.2 Hz, 4H), 3.62 (t, J = 5.2 Hz, 4H); "C-NMR (CDCl;) &: 50.5, 69.8;
HRMS (ESI) Calcd. for C4HoNO: 157.0832, Found 157.0820.

Synthesis of 1,5-diamino-3-oxapentane (10) (Compound 10 was prepared by a different method from the
reported procedure.[ss])

HN" 0"\,

10% Pd/C (57 mg) was added to a solution of 9 (381 mg, 2.4 mmol) in MeOH (10 mL), and the mixture
was stirred at room temperature for 18 h under a hydrogen atmosphere. The mixture was then filtrated
through Celite pad and washed with MeOH. The solvent was removed under reduced pressure to afford
the product 10 (229 mg, 2.2 mmol, 90%) as a pale yellow oil. 10: 'H-NMR (CD;0D) 6: 3.01 (t,J=5.2
Hz, 4H), 3.64 (t, J = 4.9 Hz, 4H), 4.92 (br s, 4H); HRMS (ESI) Calcd. for C4H13N,0: 105.1022, Found
105.1019.

Synthesis of N-tert-butoxycarbonyl-1,5-diamino-3-oxapentane (11) (Compound 11 was prepared by a

small modification of a known procedure.[86])

HZN/\/O\/\H,BOC

Di-tert-butyl dicarbonate (202 uL, 0.88 mmol) in MeOH (5.0 mL) was slowly added to a solution of 10
(229 mg, 2.2 mmol) in MeOH (5.0 mL) at 0 °C. The mixture was stirred at 0 °C for 30 min, and the
solvent was removed under reduced pressure. The residue was added NaHCOj; aq. and extracted with
AcOEt. The combined organic layer was dried over Na,SO4, and the solvent was removed under reduced
pressure. The residue was purified by silica-gel chromatography (AcOEt/n-hexane = 1/6) to afford 11
(94 mg, 0.46 mmol, 52%) as a pale yellow oil. 11: 'H-NMR (CDCl3) 6: 1.42 (s, 9H), 2.84 (t, J= 5.5 Hz,



2H), 3.27-3.32 (m, 2H), 3.45 (t, J = 5.5 Hz, 2H), 3.49 (t, J = 5.2 Hz, 2H), 4.92 (br s, 1H); HRMS (ESI)
Calcd. for CoH,N,03: 205.1547, Found 205.1545.

Synthesis of N-tert-butoxycarbonyl-1,3-diaminopropane (12) (Compound 12 was prepared by a small

modification of a known procedure. [S7])

HN o~ H “Boc

Di-tert-butyl dicarbonate (1.8 mL, 8.0 mmol) in MeOH (30 mL) was slowly added to a solution of
1,3-diaminopropane (2.0 mL, 24 mmol) in MeOH (50 mL) at 0 °C. The mixture was stirred at 0 °C for 1
h, and the solvent was removed under reduced pressure. The residue was added NaHCOj; aq. and
extracted with AcOEt. The combined organic layer was dried over Na,SOy, and the solvent was removed
under reduced pressure to afford 12 (1.2 g, 7.0 mmol, 88%) as a pale yellow oil. 12: 'H-NMR (CDCly)
0: 1.41 (s, 9H), 1.58 (tt, J = 6.6, 6.6 Hz, 2H), 2.73 (t, J = 6.6 Hz, 2H), 3.18 (dt, J = 6.0 Hz, 2H), 4.89 (br
s, 1H); HRMS (ESI) Caled. for CsHsN,O,: 175.1441, Found 175.1449.

Synthesis of N-tert-butoxycarbonyl-1,8-diamino-3,6-dioxaoctane (13) (Compound 13 was prepared by a

different method from the reported procedure.[sg])

H
HN- O~ Nog

Di-tert-butyl dicarbonate (230 uL, 1.0 mmol) in MeOH (6.0 mL) was slowly added to a solution of
1,8-diamino-3,6-dioxaoctane (436 uL, 3.0 mmol) in MeOH (6.0 mL) at 0 °C. The mixture was stirred at
0 °C for 1 h, and the solvent was removed under reduced pressure. The residue was added H,O and
extracted with AcOEt. The combined organic layer was dried over Na,SO,4, and the solvent was removed
under reduced pressure to afford 13 (166 mg, 0.71 mmol, 71%) as a pale yellow oil. 13: 'H-NMR
(CDCls) 8: 1.42 (s, 9H), 2.86 (t, J = 5.2 Hz, 2H), 3.28-3.33 (m, 2H), 3.49 (t, /= 5.2 Hz, 2H), 3.52 (t, J =
4.9 Hz, 2H), 3.58-3.61 (m, 2H); HRMS (ESI) Calcd. for C;H,4N,04Na: 271.1628, Found 271.1637.
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Scheme S5. Synthesis of the designed probes P1-P3.

o) o)
Ot 0..f
! N/s EDCI, DIPEA S
2! FHN "N ——— = HN H
OHp = 72 DMF, rt., 20 h N~
o} 17% o)

Scheme S6. Synthesis of the reported ligand 1.

Synthesis of N-(3-(tert-butoxycarbonylamino)propyl)-4-sulfamoylbenzamide (14)

0.2
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1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (288 mg, 1.5 mmol) and
N,N-diisopropylethylamine (517 uL, 3.0 mmol) were added to a solution of 4-sulfamoylbenzoic acid
(201 mg, 1.0 mmol) in anhydrous DMF (4.0 mL), and the mixture was stirred at room temperature for
15 min under an Ar atmosphere. Compound 12 (192 mg, 1.1 mmol) in DMF (1.0 mL) was then added to
the mixture, and the mixture was stirred for 4 h at room temperature. The solvent was then removed
under reduced pressure, and the residue was purified by silica-gel chromatography (CHCIl3;/MeOH =
20/1 to 1/1) to afford 14 (57 mg, 0.16 mmol, 16%) as a white solid. 14: 'H-NMR (CDs0D) §: 1.42 (s,
9H), 1.76 (tt, J= 6.7, 6.7 Hz, 2H), 3.13 (dt, J = 6.3, 6.3 Hz, 2H), 3.42 (t, J = 6.9 Hz, 2H), 7.94-7.98 (m,
4H); "C-NMR (CD;OD) &: 28.8, 30.7, 38.5, 38.8, 80.1, 127.3, 128.9, 139.0, 147.6, 158.6, 168.8; HRMS
(ESI) Calcd. for CsH2,N305S: 356.1275, Found 356.1281.

Synthesis of N-(3-aminopropyl)-4-sulfamoylbenzamide (17)
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Trifluoroacetic acid (TFA) (122 uL, 1.6 mmol) was added dropwise to a solution of 14 (57 mg, 0.16

mmol) in CH,Cl, (1.5 mL) at 0 °C, and the mixture was stirred at room temperature for 6 h. The solvent
and reagent were then removed under reduced pressure to afford the product 17 (62 mg, 0.17 mmol,
quant.) as a yellow amorphous solid. 17: 'H-NMR (CD;0D) 6: 1.94 (tt, J= 6.9, 6.9 Hz, 2H), 2.98 (t, J =
7.5 Hz, 2H), 3.47 (t, J = 6.3 Hz, 2H), 7.89-7.96 (m, 4H); *C-NMR (CD;OD) &: 28.7, 37.6, 38.3, 127.3,
129.0, 138.5, 147.7, 169.3; HRMS (ESI) Calcd. for C;oH;6N303S: 258.0907, Found 258.0906.

Synthesis of N-(3-(4-sulfamoylbenzamido)propyl)-4-azidophthalimide (P1)
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Compound 7 (34 mg, 0.17 mmol) in acetic anhydride (0.50 mL) was stirred at 120 °C for 2.5 h. The

solvents were then removed under reduced pressure, and the residue was dissolved in anhydrous toluene
(0.50 mL). Compound 17 (58 mg, 0.15 mmol, TFA adduct) was added to the mixture, and the resulting
mixture was refluxed for 10 h. The solvent was removed under reduced pressure, and the residue was
purified by Chromatorex NH column chromatography (CHCl;/MeOH = 50/1) to afford P1 (7.6 mg,
0.018 mmol, 12%) as a white solid. P1: IR (KBr) 3327, 2926, 2124, 1770, 1715, 1630, 1550, 1469, 1443,
1339, 1306, 1166, 857, 802, 747 cm '; 'H-NMR (DMSO-dy) d: 1.87 (it, J = 7.0, 7.0 Hz, 2H), 3.29 (dt, J
=5.5,6.9 Hz, 2H), 3.62 (t, J = 7.2 Hz, 2H), 7.47 (br s, 2H), 7.48 (dd, J= 1.7, 8.0 Hz, 1H), 7.53 (d, J =
1.8 Hz, 1H), 7.84 (d, /= 8.0 Hz, 1H), 7.87 (d, J = 8.1 Hz, 2H), 7.94 (d, J = 8.6 Hz, 2H), 8.66 (t, J=5.7
Hz, 1H); C-NMR (DMSO-ds) &: 28.4, 36.2, 37.6, 114.3, 124.9, 125.3, 126.1, 128.1, 128.3, 134.4,
137.9, 146.5, 146.7, 165.7, 167.6, 167.7; HRMS (ESI) Calcd. for C;sH;sNsOsSNa: 451.0795, Found
451.0796.

Synthesis of N-tert-butoxycarbonyl-2-(2-(4-sulfamoylbenzamido)ethoxy)ethylamine (15)



EDCI (234 mg, 1.2 mmol), N, N-diisopropylethylamine (419 uL, 2.4 mmol) and 1-hydroxybenzotriazole
(HOBt) (33 mg, 0.24 mmol) were added to a solution of 4-sulfamoylbenzoic acid (163 mg, 0.81 mmol)
in anhydrous DMF (4.0 mL), and the mixture was stirred at room temperature for 15 min under an Ar
atmosphere. Compound 11 (165 mg, 0.81 mmol) in DMF (1.0 mL) was then added to the mixture, and
the resulting mixture was further stirred for 24 h at room temperature. The solvent was then removed
under reduced pressure, and the residue was purified by silica-gel chromatography (CHCIl3;/MeOH =
20/1) to afford 15 (113 mg, 0.31 mmol, 38%) as a white solid. 15: 'H-NMR (CD;0D) 6: 1.35 (s, 9H),
3.18 (t, /= 5.2 Hz, 2H), 3.47 (t,J = 5.7 Hz, 2H), 3.53 (t, J = 5.4 Hz, 2H), 3.59 (t, /= 5.2 Hz, 2H), 7.88—
7.94 (m, 4H); "C-NMR (CD;OD) &: 28.8, 41.0, 41.3, 70.3, 70.9, 80.1, 139.0, 147.6, 158.5, 168.9;
HRMS (ESI) Calcd. for C;cH,5N30¢SNa: 410.1356, Found 410.1352.

Synthesis of 2-(2-(4-sulfamoylbenzamido)ethoxy)ethylamine (18)
O
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TFA (237 uL, 3.1 mmol) was added dropwise to a solution of 15 (113 mg, 0.31 mmol) in CH,CI, (3.0

mL) at 0 °C, and the mixture was stirred at room temperature for 24 h. The solvent and reagent were then
removed under reduced pressure to afford the product 18 (118 mg, 0.29 mmol, 95%) as a yellow oil. 18:
'H-NMR (CD;0D) &: 3.04-3.15 (m, 2H), 3.58 (t, J = 4.6 Hz, 2H), 3.58-3.74 (m, 4H), 7.85-8.03 (m,
4H); "C-NMR (CD;0D) &: 40.6, 40.7, 67.5, 70.7, 127.3, 129.0, 138.8, 147.5, 169.0; HRMS (ESI) Calcd.
for C;1HsN304S: 288.1013, Found 288.1011.

Synthesis of N-(2-(2-(4-sulfamoylbenzamido)ethoxy)ethyl)-4-azidophthalimide (P2)
0
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Compound 7 (46 mg, 0.22 mmol) in acetic anhydride (0.60 mL) was stirred at 120 °C for 1 h. The

solvents were then removed under reduced pressure, and the residue was dissolved in anhydrous toluene



(0.50 mL). Compound 18 (60 mg, 0.15 mmol, TFA adduct) was added to the mixture, and the resulting
mixture was refluxed for 3.5 h. The solvent was removed under reduced pressure, and the residue was
purified by Chromatorex NH column chromatography (CHCl3/MeOH = 100/1) to afford P2 (7.2 mg,
0.016 mmol, 7.0%) as a white solid. P2: IR (KBr) 3358, 3087, 2923, 2122, 1767, 1703, 1660, 1611,
1556, 1397, 1343, 1302, 1157, 1122, 913, 849, 803, 746 cm'; 'H-NMR (DMSO-d) &: 3.32-3.38 (m,
2H), 3.54 (t, J= 5.5 Hz, 2H), 3.63 (t, J= 5.2 Hz, 2H), 3.73 (t, J =5.2 Hz, 2H), 7.41-7.49 (m, 2H), 7.75 (d,
J =175 Hz, 1H), 7.82 (d, J = 8.1 Hz, 2H), 7.86 (d, J = 8.6 Hz, 2H), 8.56 (br s, 1H); “C-NMR
(DMSO-dy) 6:37.2,37.2,66.7, 68.2, 113.7, 124.4, 124.7, 125.5, 127.4, 127.7, 133.7, 137.1, 146.0, 146.1,
165.1, 166.9, 167.0; HRMS (ESI) Calcd. for C19H sN¢OsSNa: 481.0901, Found 481.0901.

Synthesis  of  N-tert-butoxycarbonyl-2-(2-(2-(4-sulfamoylbenzamido)ethoxy)ethoxy)ethylamine  (16)

(Compound 15 was prepared by a different method from the reported procedure. [Sg])
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EDCI (288 mg, 1.5 mmol), N,N-diisopropylethylamine (517 uL, 3.0 mmol) and HOBt (41 mg, 0.30

mmol) were added to a solution of 4-sulfamoylbenzoic acid (201 mg, 1.0 mmol) in anhydrous DMF (4.0
mL), and the mixture was stirred at room temperature for 15 min under an Ar atmosphere. Compound 13
(258 mg, 1.1 mmol) in DMF (1.0 mL) was then added to the mixture, and the resulting mixture was
further stirred for 24 h at room temperature. The solvent was then removed under reduced pressure, and
the residue was purified by silica-gel chromatography (CHCl;/MeOH = 20/1) to afford 16 (148 mg, 0.34
mmol, 34%) as a colorless oil. 16: 'H-NMR (CDCl3) &: 1.31 (s, 9H), 3.07-3.18 (m, 2H), 3.33-3.43 (m,
2H), 3.41-3.60 (m, 6H), 3.59 (t, J = 4.6 Hz, 2H), 5.15 (br s, 1H), 6.28 (br s, 2H), 7.43 (br s, 1H), 7.62—
7.75 (m, 4H); >C-NMR (CDCls) &: 28.2, 39.8, 40.0, 69.2, 69.9, 69.9, 69.9, 79.3, 126.1, 127.7, 137.5,
144.9, 156.1, 166.5; HRMS (ESI) Calcd. for C13H29N3;07;SNa: 454.1618, Found 454.1596.

Synthesis of 2-(2-(2-(4-sulfamoylbenzamido)ethoxy)ethoxy)ethylamine (19) (Compound 19 was prepared

by a small modification of the reported procedure.[59])
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TFA (262 uL, 3.4 mmol) was added dropwise to a solution of 16 (148 mg, 0.34 mmol) in CH,CI, (3.0
mL) at 0 °C, and the mixture was stirred at room temperature for 10 h. The solvent and reagent were then
removed under reduced pressure to afford the product 19 (170 mg, 0.38 mmol, quant.) as a yellow oil.
19: 'TH-NMR (CD;0D) &: 3.02-3.09 (m, 2H), 3.52-3.59 (m, 2H), 3.60-3.72 (m, 8H), 7.88-7.96 (m, 4H);
BC-NMR (CD;0D) &: 40.6, 40.8, 67.8, 70.5, 71.3, 71.3, 127.3, 129.0, 138.9, 147.6, 169.0; HRMS (ESI)
Calcd. for C13H,,N305S: 332.1275, Found 332.1248.

Synthesis of N-(2-(2-(2-(4-sulfamoylbenzamido)ethoxy)ethoxy)ethyl)-4-azidophthalimide (P3)
O
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Compound 7 (34 mg, 0.17 mmol) in acetic anhydride (0.50 mL) was stirred at 120 °C for 3 h. The
solvents were then removed under reduced pressure, and the residue was dissolved in anhydrous toluene
(0.50 mL). Compound 19 (67 mg, 0.15 mmol, TFA adduct) was added to the mixture, and the resulting
mixture was refluxed for 3 h. The solvent was removed under reduced pressure, and the residue was
purified by Chromatorex NH column chromatography (CHCl;/MeOH = 50/1) to afford P3 (23 mg,
0.046 mmol, 30%) as a white solid. P3: IR (KBr) 3364, 3334, 3169, 3087, 2873, 2129, 1769, 1703, 1638,
1621, 1554, 1479, 1445, 1397, 1337, 1164, 1118, 908, 856, 745 cm '; "H-NMR (DMSO-dj) &: 3.32-3.39
(m, 2H), 3.44-3.48 (m, 4H), 3.50-3.52 (m, 2H), 3.60 (t, J = 6.0 Hz, 2H), 3.72 (t, / = 6.0 Hz, 2H), 7.46
(brs, 1H), 7.48 (dd, J=2.3, 8.1 Hz, 1H), 7.54 (d, J= 1.7 Hz, 1H), 7.85 (d, /= 8.6 Hz, 1H), 7.87 (d, J =
8.6 Hz, 2H), 7.96 (d, J = 8.6 Hz, 2H), 8.64 (t, J = 5.7 Hz, 1H), >C-NMR (DMSO-d;) &: 37.2, 37.2, 66.9,
68.7, 69.4, 69.5, 113.9, 124.5, 124.8, 125.6, 127.4, 127.8, 133.7, 137.2, 146.1, 146.2, 165.2, 166.9,
167.0; HRMS (ESI) Calcd. for C;;H2,NgO;SNa: 525.1163, Found 525.1167.

Synthesis of N-hexyl-4-sulfamoylbenzamide (1)
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EDCI (144 mg, 0.75 mmol), N,N-diisopropylethylamine (259 uL, 1.5 mmol) and n-hexylamine (73 uL,
0.55 mmol) were added to a solution of 4-sulfamoylbenzoic acid (101 mg, 0.50 mmol) in anhydrous
DMF (5.0 mL), and the mixture was stirred at room temperature for 20 h under an Ar atmosphere. The
solvent was then removed under reduced pressure, and the residue was purified by silica-gel
chromatography (CHCl;/MeOH = 30/1 to 1/1) to afford 1 (24 mg, 0.084 mmol, 17%) as a white solid. 1:
'H-NMR (CD;0D) &: 0.91 (t, J = 6.9 Hz, 3H), 1.32-1.41 (m, 6H), 1.62 (tt, J= 7.2, 7.2 Hz, 2H), 3.37 (t,
J =172 Hz, 2H), 7.91-7.97 (m, 4H); "C-NMR (CD;OD) &: 14.4, 23.7, 27.8, 30.4, 32.7, 41.2, 127.3,
128.9, 139.2, 147.6, 168.7; HRMS (ESI) Calcd. for C;3H;0N,03SNa: 307.1087, Found 307.1092.

1) EDCI, N-hydrosuccinimide, DMF.
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Scheme S7. Synthesis of the biotin-linker conjugated unit.
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Synthesis of N-tert-butoxycarbonyl-2-(2-(2-(biotinylamino)ethoxy)ethoxy)ethylamine (20) (Compound 20

was prepared by a different method from the reported procedure. [SS])

O8-NH o
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@ N
N-Hydroxysuccinimide (90 mg, 0.78 mmol) and EDCI (205 mg, 1.1 mmol) were added to a solution of
(+)-biotin (173 mg, 0.71 mmol) in anhydrous DMF (3.0 mL), and the mixture was stirred at room
temperature for 2 h under an Ar atmosphere. Compound 13 (166 mg, 0.71 mmol) in DMF (2.0 mL) and
N,N-diisopropylethylamine (367 uL, 2.1 mmol) were then added, and the resulting mixture was stirred at
room temperature for 24 h. After removal of the solvent, the residue was purified by silica-gel
chromatography (CHCl3/MeOH = 10/1) to afford 20 (121 mg, 0.26 mmol, 36%) as a white solid. 20:
'H-NMR (CDCl3) &: 1,28-1.37 (m, 11H), 151-1.62 (m, 4H), 2.11 (t, J = 7.5 Hz, 2H), 2.62 (d, J = 12.6
Hz, 1H), 2.78 (dd, J = 4.9, 12.9 Hz, 1H), 3.02 (t, J = 5.7 Hz, 2H), 3.18 (t, J = 4.6 Hz, 2H), 3.31 (td, J =
5.0, 5.0 Hz, 2H), 3.42-3.46 (m, 4H), 3.47-3.53 (m, 4H), 4.18 (dd, /= 6.0, 6.0 Hz, 1H), 4.38 (dd, /= 6.3
Hz, 1H), 5.25 (br's, 1H), 6.07 (br s, 1H), 6.67 (br s, 1H), 6.94 (br s, 1H); *C-NMR (CDCl;) &: 25.3, 27.8,
28.1, 35.6, 38.8, 39.9, 40.2, 55.5, 59.8, 60.0, 61.4, 61.6, 69.6, 69.7, 69.8, 78.9, 155.9, 164.0, 173.4; HRMS
(ESI) Calcd. for C;1H3sN4O¢SNa: 497.2404, Found 497.2401.

Synthesis of 2-(2-(2-(biotinylamino)ethoxy)ethoxy)ethylamine (21) (Compound 21 was prepared by a
different method from the reported procedure.[sg])
ON-NH %
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1 N
TFA (200 uL, 2.6 mmol) was added dropwise to a solution of the compound 20 (121 mg, 0.26 mmol) in
CH,Cl, (2.0 mL) at 0 °C, and the mixture was stirred at room temperature for 6 h. The solvent and
reagent were then removed under reduced pressure to afford the product 21 (129 mg, 0.26 mmol, quant.)
as a yellow oil. 21: "H-NMR (CD;0D) &: 1.31-1.48 (m, 4H), 1.50—1.72 (m, 4H), 2.17 (t, J = 7.2 Hz, 2H),
2.70 (d, J = 12.6 Hz, 1H), 3.01 (dd, J = 4.6, 12.6 Hz, 1H), 3.02-3.11 (m, 2H), 3.11-3.22 (m, 1H), 3.29-
3.38 (m, 2H), 3.46-3.55 (m, 2H), 3.57-3.64 (m, 4H), 3.62-3.69 (m, 2H), 4.27 (dd, J= 4.0, 4.0 Hz, 1H),
4.46 (dd, J=5.2, 5.2 Hz, 1H); "C-NMR (CD;0OD) &: 26.6, 29.2, 29.5, 36.5, 39.9, 40.4, 40.9, 56.8, 61.4,
63.2, 67.6, 70.5, 71.0, 71.1, 165.8, 176.0; HRMS (ESI) Calcd. for C¢H30N4O4SNa: 397.1880, Found
397.1872.



Synthesis of N-(2-(2-(2-(biotinylamino)ethoxy)ethoxy)ethyl)-4-azidophthalimide (P4)
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Compound 7 (21 mg, 0.10 mmol) in acetic anhydride (0.50 mL) was stirred at 120 °C for 3 h. The
solvents were then removed under reduced pressure, and the residue was dissolved in anhydrous toluene
(0.50 mL). Compound 21 (49 mg, 0.10 mmol, TFA adduct) was added to the mixture, and the resulting
mixture was refluxed for 5 h. The solvent was removed under reduced pressure, and the residue was
purified by Chromatorex NH column chromatography (CHCl;/MeOH = 70/1) to afford P4 (9.3 mg,
0.017 mmol, 30%) as a white solid. P4: IR (KBr) 3291, 2929, 2123, 1771, 1705, 1646, 1395, 1305, 1120,
854, 745 cm '; "H-NMR (CDCls) &: 1.42 (it, J = 7.6, 7.6 Hz, 2H), 1.60—1.76 (m, 4H), 2.22 (t, /= 8.3 Hz,
2H), 2.69 (d, J = 13.2 Hz, 1H), 2.87 (dd, J = 4.9, 4.9 Hz, 1H), 3.12 (td, J = 6.5 Hz, 1H), 3.30-3.40 (m,
2H), 3.47 (t, J= 5.2 Hz, 2H), 3.51-3.55 (m, 2H), 3.58-3.61 (m, 2H), 3.71 (t, /= 5.7 Hz, 2H), 3.87 (t, J =
5.7 Hz, 2H), 4.28 (dd, J= 5.1, 6.9 Hz, 1H), 4.46 (dd, J=4.9, 7.7 Hz, 1H), 5.41 (br s, 1H), 6.34 (br s, 1H),
6.72 (t,J=5.2 Hz, 1H), 7.29 (dd, J= 1.7, 8.0 Hz, 1H), 7.45 (d, J = 2.3 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H);
BC-NMR (CDCls) &: 25.6, 28.1, 35.9, 37.4, 39.0, 40.5, 55.5, 60.1, 61.7, 67.8, 69.8, 69.9, 70.0, 113.8,
124.0, 125.0, 127.8, 134.2, 146.7, 163.8, 167.4, 167.5, 173.3; HRMS (ESI) Calcd. for CysH3;N;OsSNa:
568.1949, Found 568.1971.

Synthesis of 4-azido-N-(2-(2-(2-(biotinylamino)ethoxy)ethoxy)ethyl)benzamide (P5)
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EDCI (39 mg, 0.20 mmol), N, N-diisopropylethylamine (70 pL, 0.41 mmol) and HOBt (5.5 mg, 0.040
mmol) were added to a solution of 4-azidobenzoic acid (22 mg, 0.14 mmol) in anhydrous DMF (1.0 mL),
and the mixture was stirred at room temperature for 5 min under an Ar atmosphere. Compound 21 (73
mg, 0.15 mmol) in DMF (0.5 mL) was then added to the mixture, and the resulting mixture was stirred
for 3.5 h at room temperature. The solvent was then removed under reduced pressure, and the residue
was purified by silica-gel chromatography (CHCI3;/MeOH = 15/1 to 10/1) to afford PS5 (13 mg, 0.025
mmol, 19%) as a white solid. P5: IR (KBr) 3296, 2930, 2865, 2126, 1704, 1646, 1542, 1499, 1283, 1127,



847,763 cm '; '"H-NMR (CDCl3) 8: 1.37 (tt, J= 7.6, 7.6 Hz, 2H), 1.53-1.69 (m, 4H), 2.16 (t, J=7.9 Hz,
2H), 2.69 (d, J=13.2 Hz, 1H), 2.85 (dd, J= 5.2, 13.2 Hz, 1H), 3.07 (td, /= 6.5, 6.5 Hz, 1H), 3.38 (t, J =
4.6 Hz, 2H), 3.53 (t, J = 5.2 Hz, 2H), 3.56-3.65 (m, 6H), 3.65 (t, /= 6.3 Hz, 2H), 4.23 (dd, J=5.2, 7.5
Hz, 1H), 4.44 (dd, J=5.2, 7.5 Hz, 1H), 5.72 (br s, 1H), 6.72 (br s, 1H), 6.76 (br s, 1H), 7.03 (d, J = 8.6
Hz, 2H), 7.26 (br s, 1H), 7.83 (d, /= 8.6 Hz, 1H); BC-NMR (CDCly) 6: 25.5, 28.0, 28.1, 35.9, 39.1, 39.9,
40.4, 55.6, 60.2, 61.7, 69.8, 69.9, 70.1, 118.9, 128.9, 130.8, 143.2, 164.2, 166.6, 173.4; HRMS (ESI)
Calcd. for C,3H33N705SNa: 542.2156, Found 542.2146.

2-3. Photoreaction conditions

A solution of 1 (10 mg, 0.050 mmol) in DMSO-ds (0.75 mL) was irradiated using 365 nm LED light
(HLV-24UV365-4WNRBT, CCS Inc., 525 mW/cmz) for 1 h at 0 °C in the presence/absence of
diethylamine (507 uL, 5.0 mmol). The resulting mixture was then added H,O and extracted with AcOEt.
After removal of the solvent, the residue was purified by silica-gel chromatography (AcOEt/n-hexane).

The yields of the isolated products are shown in Table S1.

1,2-Bis(N-methylphthalimid-4-yl)diazene (3)

Compound 3 was obtained as an orange solid. 3: 'H-NMR (CDCl3) 8: 3.23 (s, 6H), 8.03 (d, J = 8.0 Hz,
2H), 8.31 (dd, J = 1.4, 7.7 Hz, 2H), 8.36 (d, J = 1.2 Hz, 2H); °C-NMR (CDCl;) &: 24.3, 116.2, 124.4,
130.7, 133.6, 134.2, 155.8, 167.4, 167.5; HRMS (ESI) Calcd. for C;sH;;NsO4Na: 371.0751, Found
371.0732.

2-4. Spectrometric analyses

Methanol (for spectrochemical analysis) was purchased from Wako Pure Chemical Industries, Ltd.. The
absorption spectra were recorded on a Shimadzu UV-2400PC spectrometer equipped with a 50 W
halogen lamp and a deuterium lamp (slit width: 0.2 nm). The fluorescence measurements were

performed on a JASCO FP-6500 equipped with a 150 W xenon lamp (slit width: 3 nm). A 1.00 cm



quartz cell was used for the measurements.



3. CA-II-Inhibitory Activity Assay
Evaluation of enzymatic activity of CA-I1'5"!

The hydrolytic (esterase) activity of CA-II was evaluated using p-nitrophenyl acetate (p-NPA). The
initial rates of p-NPA hydrolysis were determined in Tris-HCI buffer (50 mM, pH 8.0) at 25 °C by
measuring the increase of absorbance at 355 nm (EnVision, Perkin Elmer). The Michaelis-Menten
constant (K,,) was obtained by fitting plots of initial rate versus p-NPA concentration. Measurement

conditions were as follows: 500 nM CA-II, 0.03—3 mM p-nitrophenyl acetate, 50 mM Tris-HCI buffer
(pH 8.0). The Ky, value was 1.45 mM.

Evaluation of CA-II-inhibitory activity of the chemical probes

CA-II (1 uM) was incubated with test compound (1, P1, P2 or P3; concentration: 0.06-20 uM) for 30
min at room temperature in Tris-HCI buffer (50 mM, pH 8.0). To this mixture (50 uL/well in 96-well
plate) was added p-NPA (6 mM in Tris-HCI buffer) (50 uL/well in 96 well plate), and the absorbance at
355 nm was measured for the initial 5 min (final concentration: 500 nM CA-II, 0.03—-10 uM test
compound, and 3 mM p-NPA). The inhibition constant (K;) was determined as the concentration that
St1]

inhibited 50% of the hydrolysis of p-NPA. The ICs, values were calculated from the equation below!
K;=1Cso/(1+[S]/Km)  ([S]: substrate concentration)



4. Protein Labeling

4-1. Material preparations

Streptavidin (from Streptomyces avidinii, >90%, 10-20 units/mg) and CAII (carbonic anhydrase
isozyme II from bovine erythrocytes, > 3,000 W-A units/mg protein) were purchased from
Sigma-Aldrich Co., LLC. These proteins were used without further purification. Streptavidin and CAIl
were dissolved in MilliQQ water, and the concentrations were determined by measuring the absorbance at
280 nm. The HEK-293 cell lysate was prepared as follows. HEK293 cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% fetal bovine serum (FBS) and
penicillin/streptomycin at 37 °C in a humidified atmosphere of 5% CO,. The cell pellet was lysed with
solubilization buffer (20 mM Hepes-Na (pH 7.0), 1.0 mM ethylenediaminetetraacetic acid (EDTA),

0.5% Triton X-100, and complete mini (Roche)) (15 min on ice), and the crude lysate was centrifuged at

15,000 g for 10 min at 4 °C. The supernatant was collected and used as HEK293 cell lysate.

4-2. Labeling procedures

General method for labeling of CA-II

CA-II was incubated with ligand—AzPI conjugate in 20 mM phosphate buffer (100 uL, pH 7.0) for 30
min at 0 °C. For the competition analysis, CA-II was pre-incubated with compound 1 at 0 °C for 30 min
before addition of ligand—AzPI conjugate. The samples were irradiated at 365 nm with an LED lamp
(HLV-24UV365-4WNRBT, CCS Inc., 612 mW/cmz) for 5 min at 0 °C, and then mixed with 5x
SDS-PAGE loading buffer (250 mM Tris, pH 6.8, 10% SDS, 50% glycerol, 8% 1,4-dithiothreitol, and 1
ug/mL bromophenol blue), heated at 98 °C for 20 min, and subjected to SDS-polyacrylamide gel
electrophoresis (PAGE) (10-20% acrylamide, Wako Pure Chemical Industries, Ltd.). The gel was
visualized with an in-gel fluorescence imager (ATTO Ez-Capture II) (Aep™> 540 nm, diaphragm: 3.0,
exposure time: 5 s) equipped with WSE-5500 VariRays (Ae: 440-500 nm, peak: 470 nm), and stained

with Commassie Brilliant Blue (See Pico™ CBB Stain Kit).

Labeling of CA-II in the presence of HEK293 cell lysate
To a mixture of CA-II (0.015 mg/mL) and HEK293 cell lysate (final concentration: 0.72 mg/mL) in
phosphate buffer (20 mM, pH 7.0) was added ligand—AzPI conjugate P3, and the sample was incubated

at 0 °C for 30 min. For competition analysis, the sample was pre-incubated with compound 1 (30 min, 0



°C) before addition of P3. The labeling was performed under UV irradiation at 365 nm for 5 min (0 °C).

General method for the labeling of streptavidin (Chemiluminescence detection of labeled
streptavidin)

Streptavidin was incubated with probe for 30 min at 0 °C in 20 mM phosphate buffer (100 uL, pH 7.0).
For the competition analysis, streptavidin was pre-incubated with biotin (30 min, 0 °C) before addition
of the probe molecule. The sample was then irradiated at 365 nm (5 min, 0 °C), mixed with 5x
SDS-PAGE loading buffer and heated at 120 °C for 20 min before SDS-PAGE. For chemiluminescence
detection, the proteins on the gel were transferred to PVDF film (Immobilon®-P). After blocking with
1% BSA in 1x Tris-buffered saline with Tween 20 (TBST) buffer, the film was incubated in a solution
of Immunopure® Streptavidin-HRP Conjugated (Thermo Fishcher Scientific Inc.) in MilliQ water
(diluted 1/15,000) at room temperature for 1 h, and the film was washed with 1x TBST buffer. A
solution of luminol and H,0O, (ImmobilonTM Western Chemluminescent HRP substrate) was added to the
film, and luminescence was monitored with an ATTO Ez-Capture (diaphragm: 0.95, exposure time: 1
min).

Isolation of bovine red blood cells®'”

Bovine whole blood (defibrinated, 4.0 mL), purchased from COSMO BIO Co., Ltd., was mixed with
EDTA (3.0 mg) and saline (0.9%(w/v), 4mL). This blood sample was centrifuged at 5,000 g for 5 min,

and the heaviest red phase was collected as purified RBCs.

CA-II labeling in living RBCs

Living RBCs (2 uL) in 1x HEPES-buffered saline (100 uL) were incubated with/without compound 1 at
room temperature for 30 min. Probe (2, P3) was then added, and the samples were incubated at room
temperature for 30 min. They were then irradiated at 365 nm (5 min, 0 °C), and 20 uL of lysis buffer (50
mM Tris buffer (pH 7.4), 150 mM NaCl, 2.5 mM EDTA and 1% Nonidet P-40) was added. After
centrifugation at 15,000 g for 10 min, the supernatants were collected and mixed with 5x SDS-PAGE
loading buffer. The samples were heated at 98 °C for 20 min and subjected to SDS-PAGE. Bands were
visualized with an in-gel fluorescence imager (A, >540 nm diaphragm: 3.0, exposure time: 5 s)

equipped with WSE-5500 VariRays.



5. Mass Spectrometric Analysis

Mass spectrometric analysis of whole protein

CA-II (1 uM) was photo-irradiated (365 nm) in phosphate buffer (pH = 7.0) with/without P3 (1 uM) at 0
°C for 5 min. The photo-irradiated samples were then concentrated by using Amicon centrifugal filter,
and the resultants were briefly purified using ZipTip (C18) eluting with 50% MeCN aq. containing 0.1%
TFA. For these samples, the mass spectra were obtained using a BRUKER micrOTOF II mass

spectrometer.

In-solution digestion

To each sample (100 ng/ulL, 10 uL) was added 10 uL of 2,2,2-trifluoroethanol (TFE) and after
incubation for 30 min, 80 uL of 50 mM Tris-HCI (pH 8.5) was further added.®"! Trypsin (Promega,
Sequencing Grade Modified Trypsin, V5113) was then added in a ratio of 1:10 (enzyme/protein), and

incubation was continued for overnight at 37 °C.

Mass spectrometry (LC-MS/MS analysis)

Mass spectra were acquired using an LTQ Orbitrap XL equipped with an electrospray ionization (ESI)
source (Thermo Fisher Scientific). For representative LC-MS/MS analysis with data-dependent
acquisition (DDA), full MS scans were acquired with an m/z range of 350-1600 in the Orbitrap mass
analyzer (resolution 60,000 at m/z 400) and MS/MS spectra were acquired in the linear ion trap mass
analyzer. Fragmentation was performed with collision-induced dissociation (CID). For detailed MS/MS
acquisition of the probe-modified peptides, CID or higher-energy collision dissociation (HCD) was
applied in the Orbitrap (resolution 15,000 at m/z 400).

In the nano-flow HPLC system (UltiMate 3000 nanoL.C system, Thermo Fisher Scientific), a spray tip
column (NTCC-360/75-3 Nikkyo Technos) and a u-precolumn (PepMap100 C18, 300 um i. d. x 5 mm,
Thermo Fisher) were used as analytical and trap columns, respectively. For the analytical column,
solvent A (distilled water/MeCN (100:4) containing 0.1% formic acid) and solvent B (MeCN containing

0.1% formic acid) were used.

Data analysis

LC-MS/MS data were analyzed with Proteome Discoverer 1.3 (Thermo Scientific) using the SEQUEST



search algorithm. The following parameters were used: precursor mass tolerance 5 ppm, fragment mass
tolerance 0.8 Da (MS2 in LTQ), enzyme was trypsin, maximum number of missed cleavage sites was 3,
dynamic modifications were N-terminal acetylation (+42.010565 Da) and oxidation on methionine
(+15.994915 Da), and chemical modification on any amino acid (+474.120920 Da). UniProt bovine
CA-II amino acid sequence (P00921 without the initiator methionine) was used for a searching. Peptide
assignments were filtered to a false discovery rate (FDR) below 1% using Peptide Validator in Proteome
Discoverer version 1.3. Simulation of m/z values and product ion peaks was performed using
ProteinProspector  (http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msproduct).  For
in-silico fragmentation of the probe-modified peptide, the sum of the elemental compositions of amino

acids and the probe (C,1H2,N407S) was used.
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7. NMR spectra

JEOL
RESONANCE

- srocassme pamaTEss
e paiaace( O, FALSE 1
S0 aphal; 00001 )
Laberoial oLi1, o1%), sors, 200ta1 )

semoeinng 1)
fe(a, T, mor )
Bachinéphare

)

Rk CH0aT_2_proton-1-1.jde

P
1o H
o Experiment -
2 iacigt H
Crewticn mime = ‘20586
mninnn IpImmn s
S
=
g H:
€] o So—
[ —
Hhaedd
I
2 bz
=3 -
H
Dt
H
8 e
g B .
] B
= (2 e
&7 1 2 e
e
=
1.
FERI
- LRI B
2] jifehagihdihl
|
i
] | J
g A A B
S
, e ! e . , ; ) :
100 9.0 80 7.0 6.0 50 40 30 20 1.0
X : parts per Million : Proton
oy i
geimnle, D),
It E R K
&1 ET e, oy
o7 = nephase
=3
LRk Hosr_engmen copga-a-a. 3
5
3 :
o3
- stogte puise dssoupied sac
by ke
=
vl -
5 s
B reid
] 11.7473679(T] (500 (z])
52
ey
=] F—
L,
A,
e
] pig
3 I ——
by i
j=% fua
= s
5
)
. e
. o Lmeun
o B DREQ
g S
o Fctice R
g8 o = =
g8 2 [
<o o Bepstition_Time = 2.83361792(s]
== 2 g
= P 3 z 8 \ 3
23 ] € &
ek § % a
353 ‘~ g 2
k- A ) ¥ (i i b, TP " #
2 i "
2 Y T T T T T T T T T T T T T T T T T
2000 190.0 180.0 170.0 160.0 1500 1400 1300 1200 1100 1000 90.0 800 700 60.0 500 40.0 300 20.0 10.0

X : parts per Million : Carbon13




: JEOL
2 RESONANCE

o
E e
o] soc, 2001w
2 sgges <otk sora,
B Re8-g k) e
° \‘w AR cHOZ6 _p_Praten-ie.dag
o
e A~
(@] H e o
N z o
E s
= fry By
cingiepuice
e :gnn =
BE = roten
258 et
£54 §
o B - —
2 ey
N S —
ety
o i
& [ ——
B ot
- F—
S| e,
] i cR—
o i ‘
oy — |
b
ol ;
g i
22 « Q
3 &
s85838
3 EEEEER
° 35 253939 FEEEH
- 88 cSevesy [ 58T LY
< SNy N e
g \ N\ —
< Fo (o
27 s 88 ‘e
g 6
s \
£
5 B . UJ e

T T T T y T T T y T

100 20
X parts per Million : Proton

& /)LEDL
RESONANCE

alance( 0

114145

038
452374

Tiienane oz g, <
Author ey

— 236140
222405

= 124.7870

[
105.8534

12.74735730m) (S00paez])
o

1153727

i35, 76525768 pata
100 (ppal
32766

05

125959034 1)
3. 3031761 (ke
33 4aesdan ey

153.2071

T 168.7968
135.0216
1187111

0
1690544

02

Yoo ntne 2151
RepBestion Sime = 2.33361752(s]

. f L . " i " L [
FPREVPHNR SRR ESPROVAN N 0 VR 4 S e At

T T T T T T T T T T ny - T
2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 - 500 400 300 200 100
X : parts per Million : Carbonl3

abundance




2333435363738394041424344

0 010203040506070809101.11213141516171819202123223242526272829303.13,

65623
65589
65440

<

201

— 75300

100 7.5128

151

HO
HO

NH,

JEOL
RESONANCE

RockssTG pameaTEas -
a2 baizace (0, FAE )

eRo( 0.2fna]; 0.011 )
Seapeseid( o141, 0131, 10031, 200041 )
pressitvg

zee( 3, mow, mmow )

Pem
Bt s, o, sorary
ST CH003_Froten-3-1.3af

pats H
Dim Fize

pinnitie :

Dimansions I

Site = nat-zeason

Tield strength = 31747387801 (S00(0NE1)
X e buration = 1.74597904[a]

S pamais S

Xreq = So0_ases1521 poiey
Xoreser = Sootore)

Kpaints = e

KRerolution = 057277137088

50025991521 et

DaFe_Fresa =
Daiimiais - ila
Rapatition Time = 6.74507904(5]

X : parts per Million ; Carbon13

g1
E i —/\_J (SN __,} —_— ]
£
£°T . ;
100 9.0 50 4.0 20
X - parts per Million : Proton
o
2E o palancel O, BASE 1
N . i
ool ot sorw, woarer 5
et
iy
® Sl
[
- G003_Carbon,copyi-i-5.34r
=
S hany
- oo Rann
- single pulse decoupled gat
et o
< sy (sg0naeny
b
i
o] FEEA—
= e
B
[—
af Firetrtil
e
wd o
2 il
] i
s
2 gy
© Sissesata
e 30 [deg)
ey
S
" s
0} e
4
Er)
= o
o TRUE
i
eI
=3
= 3 w @ 23
o ] E g 8 325
ad gs 2 g =2 EHE
= o o o oty
g2 a2 bl \ \ (
e N \ s
: Ll \ Al
£
2°7
, ; T ; T y - r :
2000 1900 180.0 170.0 1100 100.0 90.0 80.0 400 300




abundance.

JEOL
RESONANCE

a2 palancel D, FALSE ]
IERTCRET

Srapesoid( o141, 0181, 80031, 10014 )

zerosinn(1)

R, o, o )

=ackintphase

TR HO09_p_Proton-i-d dar

| 0
i F Ho™
“ HO
7 Ns

E o)

! i

)\
1 i J .

c008,_p_geotons
derta
proton. e

2-muur2018 2511107
17.nov 2016 20.15:39
17-Nov-2016 20:25:56

single puise
i Cousiex

®gpn

11, 747389 1x) (500 lhaca])
174587904 1s)

y
500, 35993521 pate]
5.01ppa)

et

057277737 (m)

its
s.7as704 101

0 9.0 80 70 60 50 40 30 20 10 0
X : parts per Million : Proton
“ JEOL
s RESONANCE
2 Sy
Z SeRp( 2.0(He]; 0.0(a] 1
oapeseiat otéy, 00, s0rs, 20011 )
entaiy
2 (1, TRUE, TRUE )
s iSratee
“
83
" g
s a2
2 T P T ————r
M 3 | e
~ 8 o
= -
prieien it
e I e 3
rtagte putse deconpiia sas
o 2ezia
178790 (so0nme])
o
o s
B £ Ll neseorcopmnt
5 e
8 -3
IS 3 - re——
3 3 2 5 aoniae tensy
. vt
= @ I S0 Seassaa porr)
S 5% g -t
38 < = e
3s 5 ., oW
5 . 2g Tl w
4 it
9 h o -
3 Sheamme 5
b
B
3 H
Hoa_tize i
«]- Repetition pine © 2-4saenmatsl
<
!
3
S
5 ! e i il | " ’ T
2
ey T T T " T T T T e T T T T r T
2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 300 200 100

X : parts per Million ; Carbonl3




snmgEn
EEEERS RESONANCE
ES Troceeree TR -
(ONEZ N T
AN U St
R e SR
et
/ e
S
HoN H H S——
N~ Nog
o 0] ey
14 e
B
H-2
T e
Hreasoh
Hreaics
<4
g - stagie puase
D
1 = Ezoton
B
-
o] - e G0 b
3 st
Tk
EF—_—
Pt
s
Hh
-4 = o.s727T778TONEL
@ PN
R o]
o] el
= = 500.15991521 poix]
by
2 Soo.asasisas pa
2282838 e
EE8RE%Q Y
2222222 EH
g S L
2 .
e
C e
\ e
B
I 235
r Iox
csasuaa i
& EEZGERS it 1)
§38E8Raz oy N D
N
L83 S
BN ‘\ =
il J
o
§ | )
2 L
H . v . - : T
160 90 50 70 60 50 40 30 20
X parts per Millon : Proton |
< JEOCL |
- [y rr——
~3 balance( 0, FALSE )
PR AT oA
LGOS o, sovn
el
e
S
] B
- P CH090_p_Casban_copyd-i-1.3ar
|
o 16-HOV-2016 :
<] = 16-NOV-2018 21:06:52
H - stngie puise docoupies axt
i 2 Zeae
3 os 2
I3 g ——
- g8 gy
g 2% "
~] 22 | DR o
5 ER] [ —
Vi it
| I
o
R —
o | S,
3 Fl
i
i
K IEs
< = 229
2]
] 35 hemife -
- 23 I
< 3 8 2 -1 ‘Repatition_mime -
S 8 s 2 g
s s R b Y
Pos o I
! &
“ i
: | ’
K i
3000 1960 1860 1760 1600 1500 1400 1300 1200 1100 1000 %00 800 700 600 500 400 300 200 100

X : perts per Million : Carbon13




/) JEOL
2) RESONANCE

maary
B0t )
oth, sar, 200ta )

s
ZE6¢ 3, ave, T )

BRI oH092_2_proton-1-1.ar

421

79266

200

34569

1.5704
19292

|
?

100 9.0
X parts per Million : Proton

Frry— = cHosz_2_trotan-i-6.3at

singte purse
13107
Broten
o)

es-zcaso0

Sprotrameter pteyey

Tield strength = 22,7473575(1] (500 (etz))
Y 1.7asa7904 (a1

50015991521 peta)
oipp=)

77757 e
38438 [xz)
50751 Dove]

hoten
S50 18981521 pare)
5.0ippal
S50 15981521 paie)
5.0 ippm

Lk

Relaxation pelsy

Toitia mait 1t
Repatition Time = 6.74587504(s]

0.

06

169.3166

abundance
[

/) JEOL
2J) resonANce

— 129.0267
1273193

‘nockasTiG sARTTIRS -
43 palance( 0, FALSE |

2p( 200ue1; 0.0(s1)
SEagaslalioth, S0, sorn, a00ma1 )
zeresiii( 1)

3, T, mE )
machiniphase
B

TGRS : CHos?_3_cashon_copyi-i-1.jue

—— 383171
T 376494
— 286833

1384505

‘co92_z_cabon_copi-1-3.3
derta

carben. 33p
ooz 2

6mwov-2016 21:20151
T8 Nov-zo1s 21101111

i

siagle pulse decoupled gat
1o conmrin

Ey
as-reasoo

YT
§

117473579123 (500 1oie1)
ot

158
£35. 76529760 hate)
100 igeml

1.19989034 i)
ettt ety

-
Z3tm
= zissasineare

1476932

2000 190 1800 1700
X: partsper Million : Carbon13




60

30

08l

86683
86454

z O
3

|
§

‘

JEOL
2) resoNANCE

200

Sotn’s
2afal sorn, soorar )

)

P ftettiry
P

BT 38 _3_protoni-L.3df

178

3.6386

1.9002

abundance

100 90
X parts per Million : Proton

11,2475 1) (00 pats])
Lrasarsodtel

50015991521 Data)
5.0tpmm)

0.57277737 1)
5 3aa3mas iy
7.50750753 (s

5503091521 0]
5.0ippal
b
550. 15503521 pa]
5.0 ippm)

TaLtiL wait
Repetition Tine

6. 7asars04 151

07

06

04

02

167.7126
167.5886
165.7000

~

1466901
146.4993

<)JEDL
) rResoNANCE

e Palance( o, PALIE )
SeTe( Zotnnd; 000051 )
Eeaperoid( oli1, 9131, 80181, 200081 )
cerottang )

)

R CHO38_3_Gazbon-i-1.34f

1283098
128.1095
125.2956
1249236

i

——— 376384
{36886
F——— 283672

-~ 137.9053
F——114.3361

e
o=
St

Prrexa

xingle pulse decoupled gat
prge

26214

Y
#o

117473878021 (500 paka)
0.33361782051

e
25, 7esesre8 pace)

= 2ty
o

e
3 5seeiseue
25,655 14m

25, g5 (an)
i

s210c)

g

Vo Tame.
Repstition_time

21s]
2o

abundance

2000 190 1800 1700
X : parts per Million : C.

arbon13

T T
1600 1500




JEOL
2) rResoNANCE

nocEaszie EARm"
do_balznce( 0, TNLSE )

< Sezpe o:apuel; 0.01a1 )
Seapessial 011, 0[], sorn, 200031

et

N, www, m )

machsniphare

=

I H,N H H

70

~
113543

cK125_3_rroton-2
Garex
proton.dxp
Gaazs. 3

-

T

Tomarm-2016 22126149
aTnov-a0s 21.
ov-2016 2112

50

stagle puise
pryy

7.9380
79357
79185
7.9002

i

A

117473879 1m) (S0utiatz])
L.7458730415]

40

i K rspuration
eain
500, 15991571 ase]
5.0(prm)

o.sn21m731 1)

50015381523, pate)
-0 Tvem]

ity
50015991523 pors)
5.0ippml

o e

(ac)
04 [es]

= 17ases0a1)

= Sireeqt

Repatitfon Eise = 6.74507804[8]

abundance

- : r v T T
100 90 80 70 50 50 40 30 20 10 0
X parts per Miltion : Proton

o
o RESONANCE
T
vl s )
] 55 Srabaroial o1, ofal, soter, a00te1 )
= g2 o
23 - L) o,
i 5 i
| % ArEiRs ori2s. 5 casben_soppi-ins 34
<
e
prrrEy———
e
o
o H .
=] DN a0
Dl nie
= stagie puse aucenpies ot
N Ip
<7 = [ppa]
; =
P ——
B =8 1
28 EECp—
E¥] S
25 i
Ery—
ig i,
“ i3 TR
53 e
Z ey
N ]
s eravation Delay = 2(s]
e
i
mit. IR
i i,
- 2 s :
o 5 8 B o
2 . [ -
b g 8 PP
% g g na
g g e 2
N o == i
\ g | B EER IR
e S bt 7
ol - ¢ 3 & )
g 5 s e I
] ‘— Bepscition rise = 2.83841752e1
4 }
H
® T T LAl T T T T T T T T T T T
2000 190.0 180.0 170.0 160.0 150.0 140.0 130.0 1200 1100 1000 0.0 0.0 70.0 60.0 500
X : parts per Million : Carbon13




JEOL
) RESONANCE

/ e balanae( b TR

co( 0.apual 0.0(a1)
. Sapessial 0161, 9(4], s0ge, 200181 )
2 Pty

-3, 5, sora )
? ol 5008 )

W ca12e_proton-

9197
o

25 26 27 28 29 30 31 32 33 34 35 36 3
Z
Z
T
N

= 26 ov-z01¢ 2032

= single puls
ey

< i
o =l
> T
= i
A [ B
5 - "
% g
5 g <
"

= Fioton
= 550 1599821 p0te)
= S0 (eem

i

= Eoton
= 5001595152008
5 0iemm

o

Totakseams  —s

\ pelay = 5(s1

Y N

0 0102 03 04 05 06 0.7 0.8 0.9 1.0 1.1

abundance

10 ¥ ) 70 50 50 40 30 20 1o

0 9.0
X : parts per Million : Proton

JEOL
A) rResoNANCE

9
R AN

em( 2001, 0.003]
Seapessidl ot4), 00
zeroeiii( 1)

(L, o, meom )
machiniphase

B

08

WK ca126_cambon_copyi-i-t.dae

——129.0362
1272811

iz _cazbon_copyi-i-s.34c
iy
abon. 3up

Gze

06
)

6 Nov-z0a¢ 22:37:43

single pulee decoupled gat

= 117475190 (SO0 DRkE)
Zota

156
12576529768 hovs)
200ipre)
1.19859036 )
353081761 (rne)
3144654085 i)

550, 15991521 pat)
50 tppal

407112
405776

03
—— 701379

——— 675235

= 2240

1076701
= osasearszcal
0ldes]

1388130

Noe_nime Zim
Repativion_rime = 2.833617520s1

——169.0304
———147.5215

-y T R —

- e T ; : T ,
o Ty Ta0 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500
X : parts per Million : Carbonl3

abundance




X : parts per Million ; Casbon13

"
K o JEOL
/,
< NIy e) . RESONANCE
/ X N3 e
b, ey
HN ] H
s = N _~~~_N S
@) =
o it ons_ssosenct gee
s P2
-
o pymr—
HE
" T inam
O
- ==
5 I3
g H
| - —
< HE5 )
o = o
g e
Hh
o £ = o.sr2mranons
g . i
% . H
= GREZREYS
- (g & SECREEIARARS
=1 < SoaIgadadng
a SREgsaaaaas
‘ | TREWA e N R—
2 %
3 il
p ] i A
Q.
i \
Eo W J .
H
A T T T T T T T T T
IIO.O 9.0 80 70 6.0 50 40 30 20. 1.0
X : parts per Million : Proton
|
= e
S
i xiss_exton cepraei-.ade
k|
3 = cH133_cazbon_copy3-1-4.1df
o  sogte puase depios e
3 T o o
g
o -l
2
P o
oy - S—
. B
SR I L
s PO o)
o] e st
B e R
[T
] asnon pesey = 3
« 2o
o o
2] i
S D2
=3 888323
oSOI8N o aa o~
BRS 5 €88R%¥3 2 23 N
- EEH g8 EgEEesf ow 5% 2
33 588 g8 ma N & 28 5
5 Y/ Vol H \ \f ‘
2 | Dot L, L i |
i
€ ey T T T T T T T T T T T T T T T T T T
2000 1900 1800 1700 1600 150.0 1400 1300 1200 1100 100.0 90.0 80.0 70.0 60.0 50. 40.0 300 200 100




.0 240 25.0 260 27.0 280 29.0 300 31.0 32.033.

30 140 150 160 170 180 190 200 210 22.0 2
0o A o A A D e S S

10 20 30 40 SO 60 7.0 80 90 100110 120 1

abundance
0

1839

1.06

3

7.9491
93
7.8598

75414
7.4865
74819
74704
74658
74636

JEOL
RESONANCE

TR MO9S _2_proton-i-a.jar

EAE}

Repetition Tiae

3729
37039
36031
34703
34657
34502
34828
33386

. N
Chreens Eime = 17-Nov-2016 20111120
comet. siagic putee
Data_Fomat. Coitiex

Dim Bize 15107

Dimpitie = Froton

Dinvnits = topm]

ey = Toracase

Spectzemetes = Drimaz R

Field Strength = 11.7473578(%] (500 Dste1)
Hhegpumation = 1}

fx:

500, 15981521 pate]
5.0izpe]
o.59277787 1001

3838438 [xk]
50750752 [RAe]

Eroton
550. 15591521 pata]
5.0ippal
Protan
850, 15991521 Do)
0 ppm)
e
H
sta
2 3ierae
6.04Lus]
£ ousars0ate
51aen
21e8]
aibzlen
oft.
oee
rasar

1ty
s Tase7s0ets]

X parts per Million : Carbon}3

100 0 60
X parts per Million : Proton
=
. o eaeRs -
-] S s S
e ot s om); 0o0ta
Erapessial oté1, o{41, sore, 200081 3
S ety
2] D wae, o )
5 chiniphare
w Eerence( 40.04203 opal. 39.5 (v )
@ Phare( o 0, S04 )
| IR : CE09s_2_Sahon_copyini-a Ja
=1
©
s
S Tionene - P ————
Rathor H
21 Experiment -
S et H
2 Croation mime =
=1 Reisionrima =
S e -
o = single pulce dcoupled gt
ol “i
< = Zeris
< Eooma
= = el
I
3 e —
= - s3.74ma61308] (S00Dte])
o
S gt
2 < 55 esasncenon :
3 = Sootppat
s
&4 23 1smss030 g0y
S = 35 50076 (s
. = 31 esiona e
R 2 SRorimsssa pma
= S0ipeml
83 - m
3 = Saxr
annogR e
&9 ZSRELE tay = 201
ANA8ST < pac
- Sedass 2306
5 Ve | I,
{ - = Sogaeq)
> ‘ 3333 o i
. - EEEE g T = 3l5scescer ton
g4 238 23 a8 ‘ = 2 8 12z ata D = 25655 1an)
82 58 88 || g288 B Tiamies - 25 os(a]
g1 8y ¥ Jdg S2[us
2 sy =% 58 Tty
\{ ‘ 1 S
5] | b s I
s | | 1 i mine T Sakacimata
l 4
|
2
ol
851
55
£
53
LS
"1 T ; T by B
2000 1900 1800 1700 1300 1200 1100




425

79735
7.9689
7.9369
7.9334
7.9197

Y/

33882

33595

=

/) JEOL
RESONANCE

e Paidnse( 0, WASE )
seRel oatwal; d.0tx) )
Coapercial otér; 03], sow1, 200181 )
ceroeiia( 1)

EEUT o, wm )

maciizipnase

SUTRE:: cHoss_Proton-i-a.das

T-rm-zors 17:55:41
e Sov-zoie 22:08151
6oy z0is 22:30:00
= single pulse

=3

Tee-zeason

12747357807 (s00 pate1)
= sesoita)

500, 15991521 pase)
.00

riotan
500.15991521 )
5.0ippm1

st

21,810

Sattan

£ 7asrs0(n)
eq}

2tan)

R

nrnssnrnaen

10s1
§.us0r904 151

au
S
o]
ﬁ )
2
T T T P
10.0 2.0 80
 parts per Million : Proton
ety
. e
2] LSS vorn, vorar »
e
) >
R
[
2]
ST
[rrerypse—————
ETD:
] Tpminie &
5 e s
[N
S -
= Gt
o -
R ——
B
- —
Z B
2] B
EE—
<L,
B
Do
. H
3 oE
B
B
] an 0.e3362792 (2]
3 85 Sotdn
g5 B
W Sibbeeseertast
| ]
sug )
o 85E ¢ St
o ghge e, N
] SRR E 8 rins b
R e L W
@ - | =
H N o b
- 3 a
=5 g 8
[ v
[ [ \
8 |
L
L T T T -
2000 190.0 180.0 1700 160.0 700 60.0 300 200

X parts per Million ; Carbonl3




= rssine oammzins -
= Pty
S SUnag; tot)
ripiroiat otk ofa. sota1, 0081 )
Teroei 1)
tyL i, o )
, N vl
! 2 .
(3 . BFRRA:: cHoss_pa_proton-i-t. Jar
b |
FE SR ——
ocon. 350
Hots 52
< Loiov-aoie 2aicaiie
= sisgie puise
= :m
= ur-reasoo
= 1a,747387308) (500 Date)
< Daisersoital
= S0, 15951521 D)
oo
88 2 (5 h
c, : EAEES < S
== 3 ¥ Sasaesas bons
3 | 1e 2 5 ursarss o)
S g | Lo
3 00, 15981521 paes]
i el .0
< FES s
3 B < Sa-iBssases pay
By e
L o
gg ' -
2
@
g R
g g
g F
2 =ka
S s 888 ta]
=5 = Eg AN Repetition Time 74587904 (5]
= LEB ope -
e /
&
2 £ zg= 4
2 55%
S 333
|
8
£
5o
2
0 90
X : parts per Million : Proton
TR : cHods_pi_xsbon_ copya-i-L jde
o |
@
37 = j
. = sisgte puase decouplea gat
aromat o D oL
Dlagiae e
Dirine i
Diztuiee H
DiEmmions -
o ey o to—
35 Poevisemeter = bmmag RA
rteid sizength = 13.74mE9 (5] (500 peteD)
Phahuaion = ol
fameih T
o 135, 76529760 e
o iSotpret
3 L. 19058034 141
35" 30eanea tonsy
rietrH e
St asasisai pats)
50 ol
3] fen)
S o
200
T
a]
o
b i)
Veratition sime © 2 abssarsaca)
[ = e 5 P @ -S
- S REE 8 g 2 2 € &
= g 29k § g 8 \
‘— 5%¢ 2 2 g |
Y \ | ‘
L i Y | (- \ {
5 " "
g
2 T T T

: T
2000 1500 1800 1700

X : parts per Million : Carbonl3




N N ? RESDNFINCE.
o NH o H
ol § TaocRsizee eI
S B (o) N o batmace( 0y FALSE S
] K RO
: . i H R —
BE “ UL
machinéphase’
o
t H &
i S [e) e s srok-aen 3
B P5 -
<]
2k
3
~ g = Ci103_p2_sraton-1-4.3ar
N 9 SEne
o] egeng 2 Goxaronco
S 2ERE T D, 0s
SERAL EpE Sy
a4 2 < Zs-wov-2016 12121
g N  stogaa puime
=
] B
- 5 nac-xeasao
o] T
wumnm
] i
- ' 3
<] 8%
- o e
sdenrensre
-] 4 EEEEEEEEE
- LYo ninnaaa
=B Total_seane
s | s e N i
o] S 308 & cae It 1ol
B g88 3 D
‘ BiEla 7 §-oamun
w] S8 R .
2 ! e
iy
~ i
BE Lo
. H
39 5 Q5 NENrE o 9 = rAusE
3 5 2 SHNEYS 348 Iha
] ] E) P H ] | [ty S -
3 2 & ERb ] £3(g8 z -
o] e 9% Ik IIIFAS
=) 8 ~
< / g
3
| ‘
o3
J A A I
o
o | |
£ ‘ J ]
o Ul L (USSR WAV O |
2
= T T T T T T T T T T
100 2.0 80 70 60 50 40 30 20 1.0 0
X : parts per Million : Proton.
o]
S T—
oo
dorisesel 0, TEE ),
[ PR R
i)
1RG5 on )
LR
=
| s onios 5 cambos_comanirasae
'
o]
P I ey
fres - e
.
i ey
s D
i s
- stagte puise daceupted mt
- :
2] Iy
O —
s
" e
2]
——
LnEan,
] 2 I Sszaoam
e
<] ey
b3 -
[
——— s
o]
25
83 2 oo
28 2 B8R
o T S@a
B VloooE 288
' \ % i o
Yo P o B I
: | 28 EERERTSES
2 48 = I g2 g 3285250
2 gl 2 G8 2 Seadgng
g 53 E TR 7
[ ‘ i
i
3
]
£
g
£

- , ; : T :
300 1900 1800 1700 | 1600 1500 1400 1300 1200 1100 1000 500 800
X : parts per Million : Carbonl3




JEOL
RESONANCE

o

- erocssTia eAmemTIRS -

< palance( o, mausE )
SeRR(oapuel, B.0151 )

_— Seaferoia( oréy, o141, som), 300181 )

preritrgy

EELCT e, wn )

macataipnase

em

P4

Ky
Z
32073

Rk : CHoR_p2_ezotor

(@)
w
°TE

‘cavug_pz_proton-i-4.ac
Gerta

7357915] (s00ate])
HH]

500. 15591521 D]
5.0Tpml
fets

0.57217737 101
30430428 iz
5015075 fxte]

017.018.019.020.021.022.023.024.025.026.027.028.029.030.031.032.033.034.035.036.0 37.03f

roton
50015991621 pate]
-otpret

Froton
S50, 38991521 b
oiope)

o
2.00

e1ay = 5ts1
ze

22,4140

-oatus
£.74s87504 151
5 1e)
2n]
3021001

Tase
31e

Daste presat
Tadeim Fait ]
Repetition Tine = 6.74507904(s)

Lo
83646
83623

10 20 30 40 50 60 70 80 9.0 10.011.012.013.014.015.0 16

o

abundance

100 90
X : parts per Million : Proton

abundance

JEOL
RESONANCE

022

021

e Fatange( 0, TaLsE )
SRRl 2-0tkal; 0:0151 )
Seapesaidl o141, IR, 80131, 100081 )
seroriiig 1)
%

02

achkChéphas
em

BUFIHIA: | CKOBO_Gaxon_copy-i-1.34€

L

! ! L

012 03 014 015 016 017 018 0.9

fevry

011

11 amasTeE (svommete])
ot

01

22576520788 kel
200 ippe)

!

119989034 pis)
35. 3082761 (ktx)
32 sessa0na 1

500.38991521 ka1
5.0 ppml

S

.éé.

|

=~ 1341823

1336100

T 130.6817

— 1162311

243198

i
£

Hoe_zime = 2ta
Bepeision mime = 2.6336179206)

L

002 003 004 005 006 007 008 009

—— 1557675

1
=<

00!

2000 1900 180 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 00 500 400 300 200 100
X pasts per Million : Carbonl3




