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Materials and instruments

Chemicals and reagents were purchased from Sigma-Aldrich, TCI and Acros and were used
without further purification. All solvents were used after appropriate distillation or purification.
Sodium sulfide nonahydrate, nitroreductase (E. coli) and B-nicotinamide adenine dinucleotide
disodium salt hydrate (NADH) were purchased from Sigma-Aldrich. Ultrapure water was
collected from a Milli-Q reference water purification system. Besides the SNAP-tag protein
which was expressed and purified in our laboratory, all other proteins used in the selectivity test
were purchased from Sigma-Aldrich. PBS buffer (0.9 mM KCI, 2.67 mM KH,PO,4, 138 mM
NaCl, 8.1 mM NaHPO,) was diluted 10-times from commercially available concentrates
supplied by Amersco. Thin layer chromatography (TLC) was performed on TLC-aluminum
sheets (Silica gel 60 F254, Merck). Flash column chromatography was performed with silica gel
(230-400 mesh, Merck). HPLC analysis was performed with analytical column (EC 150/4.6
Nucleosil 300-5 C18, Macherey-Nagel). Products were purified by semi-preparative column (VP
150/21 Nucleosil 300-5 C18, Macherey-Nagel). *H, and *C nuclear magnetic resonance (NMR)
spectra were recorded on Bruker DMX-400, Varian Mercury-400 and Varian Unity Inova-500
with *H chemical shifts (8) reported in ppm relative to the solvent residual signals of CDCls
(7.24 ppm), CD30D (3.30 ppm), d-DMSO (2.49 ppm). *C chemical shifts (8) were reported in
ppm relative to the solvent residual signals of d-DMSO (39.5 ppm). Coupling constants were
reported in Hz. Absorption spectra were recorded on Hitachi U-3310 spectrophotometer.
Fluorescence spectra were recorded using Hitachi F-4500 fluorescence spectrophotometer. High
resolution mass spectra (HRMS) were recorded on Varian 901-FTMS. In-gel fluorescence was

carried out by using Ettan DIGE imager (GE healthcare).

SNAP-tag protein expression and purification

Plasmid pET51b-SNAP-tag with C-terminal His-tag was transformed to E. coli strain BL21. The
bacteria was cultured at 37 °C in LB broth containing 100 pg/mL ampicillin to ODggo of 1.2.
Protein expression was induced by the addition of 1 mM IPTG. After 16 h at 18 °C, the cultures
were harvested by centrifugation. The cells were lysed by sonication and insoluble protein and
cell debris were removed by centrifugation. The SNAP-tag protein were then purified by Ni-
NTA. The purified proteins were concentrated and transferred in PBS buffer using Amicon®

Ultra centrifugal filters. The proteins were snap frozen in liquid nitrogen before being stored at -



78 °C. The concentration of the proteins was determined using BCA assay. Protein purity was
checked by SDS-PAGE and stained either by Instant Blue or Coomassie Blue. (SNAP-tag: 23

kD)
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Polypeptide sequence of recombinant SNAP-tag protein

MASWSHPQFE KGADDDDKVP MDKDCEMKRT
D

IIFLGKGTSA ADAVEVPAPA AVLGGPEPLM

VPALHHPVFQ QESFTRQVLW KLLKVVKFGE

KTALSGNPVP ILIPCHRVVQ GDLDVGGYEG

LGTSRAPGFS SISAHHHHHH HHHH

S>> > S His-tag------ >>

General procedure for nitroreductase detection

TLDSPLGKLE

LSGCEQGLHE

All measurements were carried out in 0.05 M Tris buffer (pH 7.4) solution containing 1%

DMSO. Appropriate concentrations of NTRase and NADH (final concentration 500 uM) in Tris

buffer were added to a microcentrifuge tube. 1 mM BGSBD-NO; stock solution in DMSO was

diluted 100-fold in the microcentrifuge tube to obtain a final concentration of 10 uM. The

mixture was incubated at 37 °C for 1 hour for enzymatic reaction. Subsequently, SNAP-tag was

added to the mixture (final concentration 12.5 uM) and incubated at 37 °C for 0.5 hour for the
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conjugation with the fluorescence probe. Fluorescence spectra were recorded in the range from
460 to 700 nm with Aex = 440 nm for BGSBD-NO; from a xenon lamp.

General procedure for hydrogen sulfide detection

All experiments were carried out in pH 7.4 degas PBS solution containing 1% DMSO. In a
microcentrifuge tube, 10 uM fluorescence probe bearing azide moiety was mixed with 12.5 uM
SNAP-tag in PBS buffer and the mixture was incubated at 37 °C for 0.5 hour to form SNAP-tag
conjugated fluorescence probe. Appropriate concentration of H,S (prepared by dissolving
Na,S.9H,0 in degas aqueous solution) was added to the mixtures and incubated at 37 °C for 2.5
hours. Fluorescence spectra were recorded in the range from 460 to 700 nm with Aex = 440 nm
for BGSBD-N3; and BGNAPH-N3 and in the range from 415 to 650 nm with Aex = 383 nm for
BGCCA-Nj3 from a xenon lamp.

General procedure for H,S and NTRase recovery experiment in 10% blood plasma

Blood samples from healthy volunteers were drawn by a professional medical officer and
collected in BD Vacutainer® PSTTM |1 tubes (BD Diagnostics, cat. no. 367376). The tubes were
gently inverted 8-10 times immediately after collection to mix lithium heparin anticoagulant. The
tube was centrifuged at 1300 g for 10 minutes and the supernatant was transferred in
polypropylene tube using a Pasteur pipette. The plasma samples were stored at -20 °C freezer.
10% plasma was prepared by mixing plasma with 90% volume of Tris buffer (NTRase detection)
or PBS (H,S detection).

For the analysis of NTRase in 10% plasma, 1 mM BGSBD-NO; stock solution in DMSO was
diluted 100-fold in a microcentrifuge tube containing 10% plasma to obtain a final concentration
of 10 uM. 1 pg/mL NTRase and NADH (final concentration 500 uM) were then spiked into the
microcentrifuge tube. The mixture was incubated at 37 °C for 1.5 hours. Subsequently, SNAP-
tag was added to the mixture (final concentration 12.5 uM) and incubated at 37 °C for 0.5 hour.
Fluorescence spectra were recorded in the range from 460 to 700 nm with Ae = 440 nm for
BGSBD-NO; from a xenon lamp. To determine the percent recovery, the fluorescence intensity
obtained in 10% plasma was interpolated to the calibration curve obtained in Tris buffer.

For the analysis of H,S in 10% plasma, 25 uM H,S was spiked into a microcentrifuge tube
containing 10% plasma and 10 uM SNAP-tag conjugated BGSBD-N3; or BGNAPH-N3. The



mixture was incubated at 37 °C for 2.5 hours. Fluorescence spectra were recorded in the range
from 460 to 700 nm with Aex = 440 nm from a xenon lamp. The percent recovery was determined
by interpolating the fluorescence intensity obtained in 10% plasma to the calibration curve
obtained in PBS buffer.



° Recognition site
\NJLO’\@J\\
’N'o NO,
Fluorophore - =y
0=5=0
N NTRase
L~ l >
HN" S0 NADH

BG ligand H’N\J(" °

BGSBD-NO,

NI
L
’N- NH,
\!0
N

0:?:0

N

SNH
=N,
-
N
0:|=0
Elimination /"l
s HN" S0
NH
+ CO2
HaN N
q] Y
N
N
HN-Y/
BGSBD

Weak Fluorescence

v' NTRase : Nitroreductase
v" NADH : Cofactor

“NH
N
o
o N
AP > o0=s=0
o %

—  wh

HN "
H;NJ\\ : u>

N —
/?\ AP-tag)
tag )

\_,,_ Hag)

Unspecific Signal Suppress
& Fluorescence Amplification

Fluorescence ON!

Figure S1. The fluorescence turn-on mechanism of BGSBD-NO; upon reaction with NTRase in
the presence of cofactor NADH and SNAP-tag protein.
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Figure S2. (a) Fluorescence spectra of BGSBD-NO; in different solvents. Because BGSBD-
NO, bears an electron-withdrawing carbamate group, it displays weak fluorescence even in
hydrophobic solvents. (b) Fluorescence spectra of BGSBD in different solvents. BGSBD shows

blueshifted and strong emission in hydrophobic solvents such as DMSO and ACN.
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Figure S3. Fluorescence amplified detection of NTRase employing different detection schemes.
Lower fluorecence amplification ratio was obtained when SNAP-tag conjugated BGSBD-NO,
was used directly for NTRase detection (pink line). Stronger fluorescence can be obtained when
BGSBD-NO; was reacted initially with NTRase, followed by the addition of SNAP-tag (red

line).
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Figure S4. HPLC traces of (a) 100 uM BGSBD-NOy, (b) 100 uM BGSBD, (c), (d), and (e) 100
uM BGSBD-NO; mixed with 1.5 pg/mL NTR in the presence of 500 uM NADH for 0.5, 1 and
24 hours, respectively.
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Figure S5. (a) Fluorescence intensity of 10 uM SNAP-tag conjugated BGSBD in Tris, 25%,
50%, 90% FBS and plasma, respectively. The fluorescence of SNAP-tag shielded BGSBD
decrease in high percentage of FBS and plasma which are probably due to the self-absorption
quenching by high concentration of proteins. (b) Fluorescence intensity of 10 uM BGSBD-NO,,
BGSBD, SNAP-tag conjugated BGSBD-NO; and BGSBD in Tris buffer, 250 uM HSA and 250
uM BSA.
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Figure S6. Molecular model of SNAP-tag-BGSBD complex. The model was generated using
SNAP-tag crystal structure (PDB: 3L00) and Pymol software.
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Figure S7. (a) Investigation of SNAP-tag labeling efficiency with BGSBD in 50% FBS and
plasma by SDS-PAGE. The gel was fluorescently scanned (left), followed by staining with
Instant Blue (right). The molecular weight of the recombinant SNAP-tag is about 23 kDa. (b)
Fluorescence intensity of SNAP-tag conjugated BGSBD bands were calculated pixel-by-pixel by
Image J software.
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Figure S8. Fluorescence spectra of 10 uM BGSBD-NO, with increasing concentrations of
NTRase in 10% blood plasma. The fluorescence was amplified with 12.5 uM SNAP-tag. The
inset shows that the fluorescence response was linear in the range of 0 - 2 pg/mL NTRase and
the LOD was estimated to be about 11 ng/mL NTRase. The linear equation is y = 1441.8x +
69.0 and the correlation coefficient R* = 0.9923.
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Figure S9. Fluorescence spectra of 10 uM SNAP-tag conjugated BGSBD-N3 with 500 uM HS.

The fluorescence spectra of 10 uM free BGSBD-Nj3 in the absence and presence of 500 uM H,S

were included for comparison.
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Figure S10. Reaction time course of 10 uM SNAP-tag conjugated BGSBD-N3; with 500 uM
H,S at 37°C.
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Figure S11. Fluorescence spectra of (a) BGNAPH-N3, (b)) BGNAPH, (¢) BGCCA-N3 and (d)
BGCCA in H,0, ACN, DMSO, MeOH and 90% glycerol. BGNAPH-N3; and BGNAPH exhibit
strong environment-sensitive effects which show weak fluorescence in aqueous solution but
strong emission in hydrophobic solvents. BGCCA-N3; and BGCCA are fluorescent molecular

rotor which show strong emission in hydrophobic and viscous solvents.
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Figure S12. (a) Fluorescence spectra of 10 uM SNAP-tag conjugated BGNAPH-N3 with
increasing concentrations of H,S in PBS buffer. The inset shows that the fluorescence response
was linear in the range of 0.1 - 25 uM H,S in degas PBS and the LOD was determined to be
about 3.9 pM H,S. The linear equation is y = 92.125x + 2274 and the correlation coefficient R? =
0.9992. (b) Fluorescence spectra of 10 uM SNAP-tag conjugated BGCCA-N3 with increasing
concentrations of H,S in PBS buffer. The inset shows that the fluorescence response was linear
in the range of 0.1 - 150 uM H,S in degas PBS and the LOD was estimated to be about 10 uM
H.S. The linear equation is y = 24.592x + 4143 and the correlation coefficient R? = 0.9907.
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Figure S13. Fluorescence spectra of 25 uM H,S in PBS buffer and 10% plasma as analyzed by
10 uM free BGNAPH-N3. The inset shows the fluorescence intensity (red triangles) obtained in
10% plasma and the calibration curve created in Tris buffer with 10 uM free BGNAPH-N3. In

all the measurements, the fluorescence intensity was obtained by subtracting the FBS and plasma

background fluorescence from the original spectra.
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Figure S14. Fluorescence intensity of 10 uM BGCCA-N3;, BGCCA, SNAP-tag conjugated
BGCCA-N3 and BGCCA in PBS buffer, 25% FBS and 25% human blood plasma. The
fluorescence intensity was obtained by subtracting the FBS and plasma background fluorescence
from the original spectra. Analysis condition: 10 uM free probes or SNAP-tag conjugated probes
were added to PBS buffer, 25% plasma and FBS samples (v/v, diluted with Tris buffer).
Fluorescence spectra were recorded after the mixtures were incubated at 37°C for 30 minutes.

Error bars were calculated from three independent measurements.
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Table S1. Summary of NTRase fluorescent probes

Name LOD Dynamic range Reference

Cy7-1 1.14ng/mL 0.15-0.45 pg/mL J. Am. Chem. Soc.
2015, 137, 6407.

Probel 0.27ng/mL 15-300 ng/mL Anal. Chem. 2013, 85,
3926.

NCL 0.15ug/mL -- PloS one 2015, 10,
e0131037.

Probel 20ng/mL 0.05-0.9 ug/mL Anal. Chem. 2015, 87,
11832.

BGSBD- Ing/mL 0-2 pg/mL This Paper

NO,+SNAP-tag
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Table S2. Summary of H,S fluorescent probes

Name LOD Dynamic range Reference
MeRho-Az 86 nM 0-15 uM J. Am. Chem. Soc.
2015, 137, 10216
PI-N3 0.879uM 1-7.9uM Org. Biomol.
Chem. 2012, 10,
9683.
SF1/SF2 5-10uM -- J. Am. Chem. Soc.
2011, 133, 10078.
HSN1/HSN2 5-10/1-5uM -- Chem. Commun.
2012, 48, 4767.
DNS-Az luM -- Angew. Chem. Int.
Ed. 2011, 50, 9672.
Cy-N3 0.08uM 0-100 uM Chem. Commun.
2012, 48, 2852
CCLS-1/ 0.7+0.3/ x1- 50 uM/ J. Am. Chem. Soc.
CCLS-2 4.6+£2.0uM Xy — 250 uM 2013, 135, 16697
Probe 4 0.259 uM 2-10 uM Org. Biomol.Chem.
2013, 11, 8166.
cpGFP-Tyr66pAzF | 10 uM <50uM J. Am. Chem. Soc.
2012, 134, 9589.
FS1 5-10 uM -- Chem. Commun.
2012, 48, 8395.
L1Cu 1.7 uM 2.5-15uM Dalton Trans.
2012, 41, 19, 5799.
BGSBD- 33 uM 0-250 uM This Paper

N3;+SNAP-tag
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Scheme S1. Synthesis of SBD-based fluorescence probes BGSBD-NO, and BGSBD-N3.

Synthesis of compound 2

Chlorosulfonic acid (6 mL, 90 mmol) was added dropwise to compound 1 (2 g, 12.9 mmol) in a
round bottom flask at 0 °C. The reaction mixture was stirred at 0 °C for additional 1.5 hours and
then heated at 150 °C for 6 hours. The reaction mixture was poured into ice water and extracted
with 50 mL dichloromethane (3x). The combined organic layer was washed with 50 mL 1 M
HCI (2x) and 30 mL brine (1x). The organic layer was concentrated under reduced pressure to
give the pure desired product 2 as a white powder. Compound 2 was used in the next step
without further purification. Yield = 80 % (2.61 g); R = 0.42 (EA : Hex = 1 : 4); *"H NMR (400
MHz, CDCls): & 8.16 (d, J = 7.5 Hz, 1H), 7.64 (d, J = 7.5 Hz, 1H) ppm.

Synthesis of compound 3

To a stirred solution of compound 2 (20 mg, 79 umol) and sarcosine t-butyl ester hydrochloride
(17 mg, 95 pmol) in dichloromethane (1 mL) was added EtsN (22 pL, 158 umol) at room
temperature. The resulting mixture was stirred for 10 minutes at room temperature. The reaction
mixture was extracted with 50 mL 1 M HCI (2x) and 30 mL brine (1x). The combined organic
layer was dried over MgSQy, filtered and concentrated. The product was used in the next step
without further purification. Yield = 90% (26 mg); Rs = 0.36 (EA : Hex = 1 : 4); *H NMR (600
MHz, CDCl3): 6 7.90 (d, J = 7.3 Hz, 1H), 7.49 (d, J = 7.3 Hz, 1H), 4.14 (s, 2H), 3.02 (s, 3H),
1.28 (s, 9H) ppm; *C NMR (150 MHz, CDCls): & 167.22, 148.84, 145.73, 133.21, 129.01,
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127.64, 82.53, 51.71, 35.73, 29.65, 27.80 ppm.

Synthesis of compound 4

Methylamine (40% in methanol, 147 puL, 1.5 mmol) was added to compound 3 (50 mg, 138 pmol)
in a round bottom flask at room temperature. The resulting mixture was stirred for 1 hour at
room temperature. Excess methylamine was removed under reduced pressure and the crude was
redissolved in 50 mL ethyl acetate. The organic layer was extracted with 50 mL 1 M HCI (2x)
and 30 mL brine (1x). The combined organic layer was dried over MgSQ,, filtered and
concentrated to give the desired product 4 as a yellow powder. Product 4 was used in the next
step without further purification. Yield = quantitative (48 mg); R; = 0.26 (EA : Hex =1 : 4); 'H
NMR (600 MHz, CDCl5): 6 7.88 (d, J = 7.9 Hz, 1H), 6.06 (d, J = 7.9 Hz, 1H), 5.68 (d, J = 4.6
Hz, 1H), 4.09 (s, 2H), 3.09 (d, J = 5.2 Hz, 3H), 2.96 (s, 3H), 1.32 (s, 9H) ppm; **C NMR (150
MHz, CDCl3): 6 167.84, 145.99, 144.38, 141.38, 138.40, 112.14, 98.43, 81.95, 51.86, 35.45,
30.03, 27.88 ppm; HRMS (ESI): m/z calc. for C15H1gNgO3S 375.1239 [M+H]", found 375.1225
[M+H]".

Synthesis of compound 5a

To NaH (13 mg, 0.54 mmol, 60% in oil) in dry THF (2 mL) solution at 0 °C was added
compound 4 (100 mg, 0.28 mmol) in dry THF (3 mL). After 10 minutes, 4-nitrobenzyl
chloroformate (90 mg, 0.42 mmol) in dry THF (3 mL) was added slowly and the reaction
mixture was stirred at room temperature for 10 minutes. Water (10 mL) was added and the
aqueous phase was extracted with EtOAc (3X15 mL). The combined organic layers were dried
over MgSQO,, filtered and the solvent was removed under reduced pressure. The crude product
was purified by flash chromatography to afford a yellow powder. Yield = 87% (130 mg); R¢ =
0.35 (EA : Hex = 1: 1); *H NMR (400 MHz, CDCls): & 8.19 (d, J = 8.8 Hz, 2H), 7.97 (d, J = 8.0
Hz, 1H), 7.45 (d, J = 8.8 Hz, 2H), 7.37 (d, J = 8.0 Hz, 1H), 5.28 (s, 2H), 4.16 (s, 2H), 3.55 (s,
2H), 3.04 (s, 3H), 1.29 (s, 9H) ppm; *C NMR (125 MHz, CDCls): § 167.27, 154.04, 147.69,
146.74, 146.14, 142.65, 135.36, 133.81, 128.35, 125.91, 124.57, 123.74, 82.29, 66.87, 51.64,
37.66, 35.68, 27.74 ppm; HRMS (ESI): m/z calc. for C»,H2sNsNaOoS [M+Na]* 558.1265, found
558.1276 [M+Na]".
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Synthesis of compound 6a

To a stirred solution of 5a (20 mg, 37 umol) in dichloromethane (1 mL) was added
trifluoroacetic acid (77 pL, 1 mmol) at room temperature. The reaction mixture was stirred for 2
hours at room temperature. Excess trifluoroacetic acid was coevaporated with 5 mL toluene
under reduced pressure. The product was redissolved in 5 mL ACN/H,0 (1:1) and lyophilized to
give a yellow powder. The product 6a was used in the next step without further purification.
Yield = quantitative (18 mg).

Synthesis of compound BDSBD-NO,

To a stirred solution of 6a (18 mg, 37 pmol), EDC-HCI (9 mg, 45 pmol), HOBt-H,O (7 mg, 45
umol) and EtzN (26 pL, 185 umol) in DMF (1 mL) was added BG-NH; (12 mg, 45 umol) at
room temperature. The resulting mixture was stirred overnight at room temperature. The crude
was purified by reverse phase preparative HPLC to give the desired product BDSBD-NO, as a
yellow powder after lyophilization. BG-NH, was prepared as previously reported.’ Yield = 74%
(20 mg); *H NMR (400 MHz, DMSO-de): & 8.57 (t, J = 5.6 Hz, 1H), 8.36 (s, 1H), 8.17 (d, J =
8.8 Hz, 2H), 8.10 (d, J = 7.6 Hz, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.54 (d, J = 8.8 Hz, 2H), 7.46 (d,
J = 8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 5.50 (s, 2H), 5.30 (s, 2H), 4.16 (d, J = 5.6 Hz, 2H),
4.03 (s, 2H), 3.45 (s, 3H), 2.96 (s, 3H) ppm; **C NMR (125 MHz, DMSO-ds): & 167.23, 159.09,
158.57, 158.41, 158.14, 154.15, 153.84, 147.18, 147.03, 146.25, 143.82, 139.44, 135.65, 135.14,
134.54, 128.92, 128.39, 127.40, 125.97, 124.37, 123.65, 67.86, 66.48, 51.85, 41.95, 36.31 ppm;
HRMS (ESI): m/z calc. for C31H3oN110gS [M+H]" 732.1943, found 732.1953 [M+H]".

Synthesis of compound 5b

To NaH (13 mg, 0.54 mmol, 60% in oil) in dry THF (2 mL) solution at 0 °C was added
compound 4 (100 mg, 0.28 mmol) in dry THF (3 mL). After 10 minutes, 4-azidobenzyl
chloroformate (89 mg, 0.42 mmol) in dry THF (3 mL) was added slowly and the reaction
mixture was stirred at room temperature for 10 minutes. Water (10 mL) was added and the
aqueous phase was extracted with EtOAc (3X15 mL). The combined organic layers were dried
over MgSQO,, filtered and the solvent was removed under reduced pressure. The crude product

was purified by flash chromatography to give yellow powder. 4-azidobenzyl carbonochloridate
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was prepared as previously reported.>® Yield = 75% (112 mg); Rs = 0.57 (EA : Hex =1 : 1); *H
NMR (400 MHz, CDCls): 6 7.95 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.30 (d, J = 8.4
Hz, 2H), 6.99 (d, J = 8.4 Hz, 2H), 5.16 (s, 2H), 4.15 (s, 2H), 3.53 (s, 3H), 3.03 (s, 3H), 1.30 (s,
9H) ppm; HRMS (ESI): m/z calc. for CyHsN7NaO;S [M+Na]* 554.1428, found 554.1435
[M+Na]".

Synthesis of compound 6b

To a stirred solution of 5b (20 mg, 38 umol) in dichloromethane (1 mL) was added
trifluoroacetic acid (77 pL, 1 mmol) at room temperature. The reaction mixture was stirred for 2
hours at room temperature. Excess trifluoroacetic acid was coevaporated with 5 mL toluene
under reduced pressure. The product was redissolved in 5 mL ACN/H,0 (1:1) and lyophized to
give a yellow powder. The product 6b was used in the next step without further purification.
Yield = quantitative (18 mg).

Synthesis of compound BGSBD-Nj3;

To a stirred solution of 6b (18 mg, 38 umol), EDC-HCI (9 mg, 46 umol), HOBt"H,O (7 mg, 46
pumol) and EtzN (26 pL, 190 pumol) in DMF (1 mL) was added BG-NH; (12 mg, 46 pumol) at
room temperature. The resulting mixture was stirred overnight at room temperature. The crude
was purified by reverse phase preparative HPLC to give the desired product BGSBD-N3 as a
yellow powder after lyophilization. Yield = 66% (18 mg); *H NMR (400 MHz, DMSO-dg): &
8.57 (t, J = 6.0 Hz, 1H), 8.43 (s, 1H), 8.08 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.48 (d,
J=8.0 Hz, 2H), 7.33 (d, J = 7.6 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.06 (d, J = 7.6 Hz, 2H), 5.51
(s, 2H), 5.13 (s, 2H), 4.17 (d, J = 6 Hz, 2H), 4.02 (s, 2H), 3.41 (s, 3H), 2.94 (s, 3H) ppm; *C
NMR (125 MHz, DMSO-dg): & 167.19, 158.95, 158.37, 158.15, 154.00, 153.79, 146.97, 146.16,
140.69, 139.55, 139.33, 135.68, 135.32, 134.35, 132.82, 129.85, 128.96, 127.41, 125.61, 124.03,
119.19, 68.04, 67.17, 51.88, 41.93, 37.40, 36.26 ppm; HRMS (ESI): m/z calc. for C33;H3oN1307S
[M+H]" 728.2106, found 728.2121 [M+H]".
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Scheme S2. Synthesis of BGNAPH-N3; and BGNAPH.

Synthesis of compound 8

4-Nitro-1,8-naphthalic anhydride (2.0 g, 8.2 mmol) and 3-aminopropionic acid (0.9 g, 10.1 mmol)
were refluxed in ethanol (50 mL) for 8 hours until reaction was completed. The cooled mixture
was diluted with water and the precipitated solid was collected by filtration to afford white
microcrystal compound 8. Yield = 89 % (2.3 g); *H NMR (400 MHz, DMSO-dg): & 8.69 (d, J =
8.4 Hz, 1H), 8.66 — 8.58 (m, 2H), 8.54 (d, J = 8.0 Hz, 1H), 8.08 (t, J = 8.0 Hz, 1H), 4.25 (t, J =
7.6, 2H), 2.61 (t, J = 7.6, 2H). *C NMR (100 MHz, DMSO-d6): & 172.39, 162.68, 161.89,
148.95, 131.61, 130.04, 129.54, 128.70, 128.10, 126.37, 124.20, 122.57, 122.50, 36.00, 31.95
ppm; HRMS (ESI): m/z calc. for C15sH10N,Og 314.0460 [M+H]', found 313.0457 [M+H]".

Synthesis of compound 9

A solution of ompound 8 (1.0 g, 3.2 mmol) and stannous chloride (3.0 g, 16 mmol) in ethanol
(25 mL) was refluxed for 3 hours with hydrochloric acid (1.5 mL) till the reaction was completed.
The mixture was poured into 100 mL water and then the precipitated solid was filtered out. The
crude products 9 were purified by column chromatography (eluent: ethyl acetate/hexane = 2/1) to
give a light yellow solid. Yield = 85 % (0.84 g); *H NMR (400 MHz, DMSO-dg): & 8.60 (d, J =
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8.4 Hz, 1H), 8.41 (d, J = 7.2 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.64 (dd, J = 8.4, 7.2 Hz, 1H),
7.46 (s, 2H), 6.83 (d, J = 8.4 Hz, 1H), 4.24 (t, J = 7.5 Hz, 2H), 4.02 (q, J = 7.1 Hz, 2H), 2.59 (t, J
= 7.5 Hz, 2H), 1.10 (t, J = 7.1 Hz, 3H); **C NMR (100 MHz, DMSO-d6): § 171.02, 163.69,
162.73, 152.80, 133.94, 130.98, 129.69, 129.36, 123.88, 121.59, 119.32, 108.27, 107.39, 60.10,
35.36, 32.52, 13.95 ppm; HRMS (ESI): m/z calc. for C;7H16N,O4 313.1188 [M+H]", found
313.1191 [M+H]".

Synthesis of compound 10

Sodium hydroxide (0.8 g, 20 mmol) was dissolved in H,O (5 mL) and added dropwise to
compound 9 (0.5 g, 1.6 mmol) which was dissolved in THF and H,O solution in ice bath. The
resulting mixture was stirred at room temperature for 18 hours. Then the solution was neutralized
with 10% hydrochloric acid and lyophilized to afford compound 10 as an orange solid. Yield =
quantitative; 'H NMR (400 MHz, DMSO-ds): & 8.65 (d, J = 8.4 Hz, 1H), 8.39 (d, J = 7.2 Hz,
1H), 8.15 (d, J = 7.2 Hz, 1H), 7.62 (dd, J = 8.4, 7.2 Hz, 1H), 7.53 (s, 2H), 6.84 (d, J = 8.4 Hz,
1H), 4.12 (t, J = 8.6 Hz, 2H), 2.21 (d, J = 8.6 Hz, 2H) ppm; **C NMR (100 MHz, DMSO-ds): &
175.13, 163.69, 162.87, 152.70, 133.79, 130.84, 129.63, 129.36, 123.85, 121.88, 119.36, 108.08,
107.61, 37.54, 36.21 ppm; HRMS (ESI): m/z calc. for CisH12N,04 307.6094 [M+H]", found
307.6087 [M+H]".

Synthesis of compound BGNAPH

To a stirred solution of 11a (20 mg, 70 umol), EDC-HCI (41 mg, 214 umol), HOBt-H,0 (29 mg,
215 pumol) and EtzN (99 pL, 712 pmol) in DMF (1 mL) was added BG-NH; (25 mg, 92 umol) at
room temperature. The resulting mixture was stirred at 40 °C for 18 hours. The crude product
was purified by reverse phase preparative HPLC to give the desired product BGNAPH as a
yellow powder after lyophilization. Yield = 12 % (4.5 mg); '"H NMR (400 MHz, DMSO-dg): &
8.60 (d, J = 8.4 Hz, 1H), 8.47 (m, 2H), 8.41 (d, J = 7.2 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.64
(dd, J = 8.4, 7.2 Hz, 1H), 7.45 (d, J = 7.8 Hz, 2H), 7.27 (d, J = 7.8 Hz, 2H), 6.83 (d, J = 8.4 Hz,
1H), 5.51 (s, 2H), 4.24 (m, 4H) ppm; *C NMR (125 MHz, DMSO-dg): & 170.01, 163.70, 162.78,
158.84, 157.89, 152.76, 139.95, 133.97, 131.01, 129.73, 129.33, 128.99, 128.84, 127.49, 123.98,
121.79, 119.37, 108.15, 107.54, 68.10, 42.35, 41.82, 36.06, 33.74 ppm; HRMS (ESI): m/z calc.
for CogH2sNgO4 [M+H]" 537.1998, found 537.1997 [M+H]".
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Synthesis of compound 11

To a stirred solution of compound 10 (200 mg, 0.64 mmol) in 5 M hydrochloric acid (2 mL) was
added acetic acid (2 mL). To this solution, sodium nitrite (180 mg, 2.60 mmol) dissolved in 10
mL of water was added dropwise within 15 mins in ice bath. The solution was vigorous stirred
for 18 hours at room temperature. The solution was cooled to 0 °C and sodium azide (110 mg,
1.7 mmol) was batch added in. Then the solution was stirred for 3 hours at room temperature.
The reaction solution was poured into saturated agqueous NaHCO; and extracted with
dichloromethane. The combined organic layers were washed with brine, dried over anhydrous
Na,SOq, filtered and concentrated. The crude product was purified by reverse phase preparative
HPLC to give the desired product 11 as pale yellow powder. Yield = 19 % (71 mg); ‘H NMR
(400 MHz, DMSO-dg): 6 8.52 (dd, J = 7.2, 1.2 Hz, 1H), 8.47 (d, J = 8.0 Hz, 1H), 8.43 (dd, J =
8.4,1.2 Hz, 1H), 7.86 (dd, J = 8.4, 7.2 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 4.24 (t, J = 7.6 Hz, 2H),
2.58 (t, J = 7.6 Hz, 2H) ppm; *C NMR (100 MHz, DMSO-d6): & 172.45, 163.09, 162.61,
142.87, 131.57, 131.49, 128.38, 128.27, 127.27, 123.49, 122.08, 118.08, 115.92, 35.72, 32.17
ppm; HRMS (ESI): m/z calc. for C15H10N4O,4 [M+Na]™ 333.0599, found 333.0598 [M+Na]".

Synthesis of compound BGNAPH-N3;

To a stirred solution of BGNAPH-N; (15 mg, 53 pmol), EDC-HCI (35 mg, 183 umol),
HOBt'H,0 (25 mg, 185 pumol) and EtzN (70 pL, 504 pmol) in DMF (1 mL) was added BG-NH,
(18 mg, 67 umol) at room temperature. The resulting mixture was stirred for 18 hours at room
temperature. The crude product was purified by reverse phase preparative HPLC to give the
desired product BGNAPH-N3 as pale yellow powder after lyophilization. Yield = 27% (8 mg).
'H NMR (400 MHz, DMSO-dg): & 8.52 (d, J = 7.2, 1H), 8.46 (d, J = 8.4, 1H), 8.40 (d, J = 8.4,
1H), 8.10 (s, 1H), 7.85 (dd, J = 8.4, 7.2 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 8.0 Hz,
2H), 7.23 (d, J = 8.0 Hz, 2H), 5.46 (s, 2H), 4.25 (m, 4H) ppm; **C NMR (125 MHz, DMSO-ds):
5 169.88, 163.18, 162.72, 159.23, 158.06, 157.81, 155.43, 142.91, 139.39, 138.96, 134.901,
131.64, 131.57, 128.50, 128.41, 127.33, 123.59, 122.27, 118.28, 116.01, 66.89, 41.88, 36.55,
33.61 ppm; HRMS (ESI): m/z calc. for CgH22N1004 [M+H]" 563.1903, found 563.1905 [M+H]".
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Synthesis of compound 13

4-Aminobenzylalcohol (1000 mg, 8.12 mmol) was dissolved in hydrochloric acid (5 mL, 5 M).
To this solution, sodium nitrite (840 mg, 12.18 mmol) dissolved in 20 mL of water was dropwise
added within 30 mins. The solution was vigorous stirred in ice-cold water. Sodium azide (2100
mg, 32.3 mmol) was batch added in. The resulting solution was stirred at room temperature
overnight. The reaction was monitored by TLC. After the completion of reaction, the reaction
solution was poured into saturated aqueous NaHCO;3; and extracted with ethyl acetate. The
combined organic layers were washed with brine, dried over anhydrous Na,SO,, filtered and
concentrated. The crude product was purified by silica gel chromatography to obtain the pure
product 13 as yellow oil; Yield = 88% (1290 mg); *H-NMR (400 MHz, CDCl3): 6 =7.34 (d, J =
8.0 Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 4.65 (s, 2H) ppm; *C-NMR (100 MHz, CDCI3): & =
138.69, 137.29, 128.06, 118.57, 63.66 ppm; HRMS (EIl): m/z calc. for C;H;N3O [M]" 149.0589,
Found 149.0585 [M]".

Synthesis of compound 14

Compound 13 (150 mg, 1.01 mmol) was dissolved in 15 mL dry CH,Cl,. Dess-Martin reagent
(640 mg, 1.51 mmol) was added and the mixture was stirred for 2 hours at room temperature, at
which point oxidation was completed. The mixture was diluted with EtOAc (60 mL), washed
with saturated Na,S,03 (10 mL), saturated aqueous NaHCO3 (10 mL), and brine. Then organic

layer was dried with Na,SO,4 and concentrated under reduced pressure. The crude product was

29



purified by silica gel column chromatography using Hexane/EtOAc (10:1, v:v) as eluent to
afford 14 as yellow oil. Yield = 88% (130 mg); *H NMR (CDCls, 400 MHz): & 9.82 (s, 1H),
7.76 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H) ppm; *C-NMR (100 MHz, CDCls): § 119.15,
131.18 (2C), 132.95, 145.86, 190.20 ppm; HRMS (EI): m/z calc. for C;HsN3zO [M]" 147.0433,
Found 147.0428 [M]".

Synthesis of compound 15

To a solution of 14 (0.1 g, 0.68 mmol) and cyano acetic acid (0.12 g, 1.36 mmol) in ethanol (2
mL), pyrrolidine (0.15 g, 2.04 mmol) was added with stirring and stirring was continued at room
temperature for 1 hour. The reaction mixture was concentrated under vacuum and the residue
obtained was extracted using water and ethyl acetate. The organic layer was collected, dried with
Na,SO, and concentrated under reduced pressure. The crude product was purified by column
chromatography to afford the product as a yellow solid. Yield = 52 % (76 mg); *H-NMR (400
MHz, DMSO-dg): & 8.22 (s, 1H), 8.04 (d, J = 8.8 Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H) ppm; **C-
NMR (100 MHz, DMSO-ds): 6 94.16, 107.46, 111.28, 120.21, 124.44, 136.92, 145.01, 155.58
ppm; HRMS (ESI): m/z calc. for C1gHgN4O, [M]* 214.0491, found 214.0493 [M]".

Synthesis of compound BGCCA-N;3;

To a 10 mL reaction flask containing 15 (10 mg, 0.047 mmol), BG-NH; (15 mg, 0.056 mmol),
and PyBOP (36.4 mg, 0.07 mmol) in DMF was added DIPEA (0.2 mmole) at room temperature.
The reaction mixture was stirred at room temperature overnight. The crude was purified by
reverse phase preparative HPLC to give the desired product BGCCA-N3 as a yellow powder
after lyophilization. Yield = 56% (12 mg); *"H-NMR (400 MHz, DMSO-dg): & 9.03 (s, 1H), 8.40
(s, 1H), 8.17 (s, 1H), 7.99 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 7.6 Hz, 2H), 7.36 (d, J = 7.6 Hz, 2H),
7.29 (d, J = 8.4 Hz, 2H), 5.51 (s, 2H), 4.41 (s, 2H) ppm; **C-NMR (100 MHz, DMSO-dg): &
67.94, 104.90, 116.53, 119.98, 127.56, 128.51, 128.93, 132.08, 134.38, 139.26 ,140.60,
143.55 ,149.73, 153.71, 158.18 ,158.87, 161.15 ppm; HRMS (ESI): m/z calc. for Cy3H15N100,
[M+H]" 467.1687, found 467.1685 [M+H]".
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Synthesis of compound 16

To a solution of 15 (10 mg, 0.047 mmol) in 1 mL H,O/THF (10/90), triphenylphosphine (74 mg,
0.28 mmol) was added with stirring and stirring was continued at room temperature overnight.
The product was used in the next step without further purification. "H-NMR (400 MHz, DMSO-
d): 8 8.05 (s, 1H), 7.82 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 8.8 Hz, 2H) ppm; *C-NMR (100 MHz,
DMSO-dg): 6 92.64, 113.47, 117.96, 118.46, 134.09, 154.03, 154.70, 164.91 ppm; HRMS (ESI):
m/z calc. for C1gHgN>O, [M+H]" 189.0659, found 189.0657 [M+H]".

Synthesis of compound BGCCA

To a 10 mL reaction flask containing 16 (10 mg, 0.053 mmol), BG-NH; (21.5 mg, 0.08 mmol),
and PyBOP (41.5 mg, 0.08 mmol) in DMF was added DIPEA (0.2 mmol) at room temperature.
The reaction mixture was stirred at room temperature overnight. The crude was purified by
reverse phase preparative HPLC to give the desired product BGCCA-NH; as a yellow powder
after Iyophilization. Yield = 68% (16mg); *H-NMR (400 MHz, DMSO-dg): & 8.69 (s, 1H), 8.52
(s, 1H), 7.92 (s, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H),
6.64 (d, J = 8.0 Hz, 2H), 5.53 (s, 2H), 4.38(s, 2H) ppm; *C-NMR (100 MHz, DMSO-d¢): &
68.40, 95.73, 113.22, 113.54, 118.30, 118.80, 127.52, 127.88, 129.00, 132.75 ,133.34,
133.96 ,139.94, 141.30, 150.95 ,153.17, 153.94, 158.80, 162.43 ppm; HRMS (ESI): m/z calc.
for CasHaoNgO, [M+H]" 441.1782, found 441.1783 [M+H]".

1. A. Keppler, S. Gendreizig, T. Gronemeyer, H. Pick, H. Vogel, K. Johnsson, Nat. Biotechnol.
2003, 21, 86.

2. B. Chen, P. Wang, Q. Jin and X. Tang, Org. Biomol. Chem., 2014, 12, 5629.

3. S. K. Bae, C. H. Heo, D. J. Choi, D. Sen, E. H. Joe, B. R. Cho and H. M. Kim, J. Am. Chem.
Soc., 2013, 135, 9915.

31



(a7

0- 00 §0 ST 07T T 0e e 07 gy 0% ge 09 co oL S'L 08 o8 06 I O
L L | L 1 . . 1 1 1 1 . 1 . 1 . 1 . L | | | L 1 . L L I I L 1 . ]
P g = = & 5% zE
i # h h b Wik b
_ IIJJJﬁ JLLI |
89LTE zIg [B003dS g
z8oll 41§ paunboy |¢
Hl STAPNN 0T
6'Co6 £ouanbai] ¥amo'| 6|
079009 P Ay [203dg 8
#7007 Aduanbal Rewondads /|
00:0191LET-TI-S10T AB([ WONEILUPAR G|
8S0091LETTI-S10T
0S66°1 au, uonsimbay’ |
00000 WP 280 €
00001 AR[A(] wonExBy ¢ |
[¢]3 UIBO) J3AIRI3Y | |
) SUBOG JO LAGUITY ()|
a1 wawedxy @
eg [ndgs 2ouanbag Mg §
V_\O Z\ 06T ameadud), £
) JUERVIVN
00=%=0 £0a2 s 9
Logny g
Oszl AlmduauL 0Ppwonads  §
‘ON ‘N= uBLEA wiug
) plic) y
/@/\O N ‘ _mm.> UL  F
/=\ ECTISI0T-1SSA 3L
o anep Rk ik
[ AN NN
BB z o . g P ete ISSA
s & s S = ® ams= 2EEm TCEISTOT-TSSA

32



(ad 17
0L 08 06 00T 0Tl 0CT 0cl OFT [ 091 0LT 081 061 00T 01t 0t

-

0550 248 [2002dG g7
98581 218 paunboy |z
€1 SIAPNN OF
6'6elE- Kouanban wamo] 6|
9'¢9¢9E PP (202308 ]

69521
TE10011L.80-60-510¢
15:55:201.80-60-S10¢

£auznbay] erewon2adg /)

1B(] LONTINPO G|
aAe(| wonsimbay §|

199 LE—
RS

PrLLl—
6LYSE

11150 L), wanEmboy |
00000 WP (0 £
0000T AB[3C] UCHEXERY T
09 WEO) ARy ||
1S SUBDS O 13Quiny )]
al waunaedyy 6
(ndgs souanbag =Ny 8
00T ameRdur], /£
slopa W3S §
Auung logny - ¢
nAOUL REIEHATIET (ST
unLeA wing ¢
1S SA LTI VIl Hiny
I1SSA AL
anep Jalaweey
IO (A |
o [Pl SHE5L F 3 ;S
3 BEZE ZEGE & E ﬁmww

33




ey

i
|
=
oy
e

2]

i
[P
1y
el

=]
—
1y
-
=
o
i
e

U]

]
(=3

=l

EHIE

R

==HIT

=i |

=LA

3
=,

68

GTATE

=

LE5E

k1P
O E—

1 FSh

|
= i
—_—

O0-EF-ETL9E-B0-5T0T
FITFETLGE-B0-ST0C

0566'T
0000°0
0000'T
6¢
3
ai
mazs
0’5z
£12a0
AINAISm
eI
265
351
2N0E A
DSy 4,
SEEEZEE EE

2215 [EReds 77

=715 penneay 17
sTEpnY 0Z
Aomanber] lsaeo] G
TPLy, ERoeAg 51

 MOTaNtal] IAemoneds /]

B TOTEILPORY 91
5] TONETRIY O]
ST WOUETNLOY +1

TP =10 £T
AT UOUEXERY T
TeD at] 11
STES JO I3qUIny (]

ISTIRAYy G
B
SIMEIAmR] [
M08 §
oony
IEmonteds b
WELY £
memme)y 7
LT

IR
3

el

34



(mad) 17

00 S0 0T 1 0T T ¢ ce 0 ¥ 0 ce 09 &G 0c ¢l 08 8 06 g6 01
L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 1 1 L 1 L 1 L 1 1 1 1 1 L | L 1 L |
ey - bl i oy g bl g 4 —pee
=t g S g 2 g 52g E9SE
h h by b b wE

—
J
3
—

35

89LT¢E g [7.003dS 7T
78E51 2218 paunboy |g
Hl SURINN T
116l Kouanbaig 15am0°] 6
£olt9 pL [e202dg 8|
L1666 Aauanbay] 191w0.003dg /|
8SUTSILIE-L0-S10C  AIBC1 LOURLIPOI §)
ORETSILLT-L0-S10T ang w
6855°C AL, BONISNDIY 1)
0000°0 P 0 €1
HN—) ‘ON-agso9g 0000°1 RB[aC] uonBXBEY 7|
NS o7 Ui Ay ||
s | zl SUB3S J0 13QWItLY ()]
ZHN” TN O al wownadyy 6
[ndgs 2ouanbag ®(0g 8
HN. _O 0'sE ameedus), £
Im oswp WS §
v
N iogny g
0=$=0 Suuua @Pweneds
O\zl uBLEA wilg €
‘ON ‘N £58A UICITRI e N
£88A A,
/@/\ox__\z/ €58 [, |
5 aneA JEEIAR
N5~ | { A [ ] A ANSS ANV AS )
PEpE w ot ooz D P ottt st €584
ZieggE = B SEZ 22 UL IARAZE ST E NS N
ZHEERE o3 pa DIE =D ROl RERSESENIR =SS (SN



(wad) 17

Z\
s
HN” TN o

) 01 07 813 or 05 09 oL 08 06 001 01T 07l 0el OFl 01 091 0LT 03871 061 00T 017 01
[ | I T IS B [ T L. S S R S BN SR S R P R T N
I _ ! P
I | _ [ [ I
9e559 G [B23dS 7T
98581 228 paamby | ¢
SEl SINN 07
o808 Kouanbauy w2m0| 6|
RS pIAY [2003dS 8|
69'¢7| Aouanbal 12Won0adg /|
FOO1LOLEN-01-510T ATB(] LOLEILUPOW G|
SEPEBOL60-01-S10T
11150
00000 WP B0 ¢
Hn—  foNvassoa 00007 Avag vomxeEy |
09 uren) JaA102y | |
noooe SUBIS JO BquinN Q|
al wawpRdyy
[neigs souanbag sy 8
HN 05T ammadun),
oswp WwaARS 9
Auung loymny ¢
zaou Jpuonady
UBLEA WALO
< JUALLOT) g
CESSA AP
anep JALAUEBIR
0 |
m
o [ TS8R

36



]
[’al

tN-agsog

>

ORFT
0677
S6FT
OW6T—
Lo~
W=

Tt
ot

= = e
S 2 55
Rt dio

89LT¢E 28 [2003dS g

8011 g paunboy | g

HI SIA[NN 0T

8'C80- £ouanbay] am0] 6|

09009 YpIa [Eu03ds 8

#HO0F Aduanbal] 21awe.0adg /|

00:05:01LID-C1-S10¢
10:6701LLIO-EI-S 10T

SIE(T UOLELUPOI G
(] uor

A

0L

I~

LLUy=—

0TL
Ut'l'ﬁk

1T L~
oL~

S10F~
G —
f5e—
Oy L

C

%

05661 AulL), woNEIbIY |

00000 YIPA (0 1)

00001 AR[AC] UCNBXEY |

43 U0 @Ay | |

¥ SUBDS [0 IAQUINY (]

(al} wawedyy @

mdgs Jouanbag H[Ny

06e ameadug),

OSWCI WaARS G

oy g

Almaiau 13wen0eds ¢

UBLEBA wilg g

0OSA WA ¢

10€1510T-09SA AL |
angeA Jalaned

SEEE 37 H3es T0TIST0Z095 K

37



(wad) 17

) 01 0T 0¢ 07 0s 09 0L 08 06 001 011 0Cl 0ET orl 0¢T 091 0LT 08T 061 00T 017 01
T S S S T R S R SRS

(- Ty T T T T
| I : | | I !
1 | | 1 |
i __
|
5ess9 328 (pudadg gg
08581 218 paunbay (g
ol STAPIN 0T
6TLIE Kouanbauy w2m0| 6|
G'E9E6E DPIay (202308 3
69'¢7| Aouanbal 12Won0adg /|
Cr60-80.LED-TI-S10T AT(| LONTILUPAY 9|
L8 COLEC-TI-S10T aE(] wonsImbay < |
N-agsog 11180 L], uonsmboy v
:z\//z 00000 WP (0 £
gl 00007 AWAQ vomExuey
N=zL//z (¢} 09 e BARY | |
000s1 SUBDS JO aquiny |
al wawpRdyy
HN O [neigs souanbag sy 8
N~ 09T amneadua), [
OHWH QSUIp waAg 0
N Auung loymny ¢
. d S zaou lapwondady
N N UPLTA wiug ¢
™ 09SA WAL g
/w\ 0954 M, |
anep JALAUEBIR
i I\ |
= -2 3 098X
& SE =

D100°Z0TISTU

38



(wdd) 17

o 00 §0 0T §T 0T §T 0¢ g€ O ¢y 0§ ¢S 09 ¢9 0L SL 08 §8 06 §6 00T
L L I I I I I L 1 I 1 L 1 L I . 1 1 1 I L 1 L 1 . 1 1 . 1 . 1
iy an wh Pled
R
i ] _
I

89LTe IS (800308 0T

86l a1 paunbyy 6|

HI smapny g1

TLiG Souanbalf samor] /|

09008 WPy [e0adg 9|

#7007 Aouanbal 1aew.n0ads ¢ |

ODGTE LLLT-LO-S10C SIL(] UONTIUPOW |

OSFTELLLT-LO-S 10T
0566’1 !

00000 WP 380 ]

0000'1 Aa(] vonexe(ay 0|

%3 BN JAARY 6

[l SUBOG JO BQUINY §

a1 wauadyy [

[ndgs aouanbag s[d 9

8 06 amedwd), §

ZON )

OSINCI U3A[08 ¥

Amaiaw 1pwondady ¢

N UBLIA wing 7

£00HD @ |

07 "N”~0 angea LU
1N AN IS .

HO" N0 7 efete EEsmEE e 001D
b SR RESZZETRERES CO0HD

39



0%

LT

L

001
oot
00t

== - [([

89LTE
3611

HI
6'¢86"
06009

FEO0F Aduanbal] mawonadg ¢

00:51-L1.L60-60-5 10T
SEE1L1L60-60-510T

£ouambai] 838 /|

[ru2ads 07
2415 pautboy 6|
snaany g

YIpty, (209203 9

SIB([ UOHBIIPOW 7]
ar(] uonsmbay ¢

y
7
>

0TTr—g

7

LPRG-"

oL
[T

0ER9~
USF L~

06vE
T
187
4054
[t
066
00
ST0F
Chp
GETE
RETH
299L

ORF'T

(N aul), uonsmbdy 7|

00000 UIPLAY ST 1]

00001 Aeaq) uonexe3y |

68 w0 AIR03Y 6

9] SURIS JO JBqUIN R

| wswwadxy /.

|ndgzs Dumbag Bnd 9

067 ameizdul), ¢

OSWa WBA[OS

Anaw Amawoniadg ¢

UBLIEA uily ¢

60042 AL

an(ep IBWBE]
A AN

fepanri 60062
FLEINESR 600U

40



(wdd) 17
¥ 0s ¢s 0% o 0L SL 08 o8 06 ) 00l €1
] I

1 L " | L 1 L 1 n | " 1 " 1 " I " 1 " 1 "

I'T

§

N
e
8857
e
AN
v

o

OR1T
R0TT
GECt
GGOP
0zlF
(4484

= ooy == —
= (515 ' e =
. ih iy deody
i
391T¢ g [radg 07
8611 328 paanboy g
HI snapny 8|
C'ER6- £ouanbaag 1823407 /]
09009 WPy (2003ds 9)
700 Aduanbal] 1mawond2ds ¢
0017 1L11E-80-510T ABC] UOUEILPAR |
ESOTYILIE-80-S10T
056671
00000 20 ]
00001 AB[A(] UONBXE[RY O]
8¢ iR BAIRIY G
91 SUBIS L0 daguiny g
al wauedye £
[ndgs 2ouanbag g §
06T anepdud), §
OSKC WIA] 7
Amasaw Inawonsads ¢
uBLEA z
010HD |
anfeA I3AURIE]
e N AN A
S5 5 =EBE B2 OTOHD
=E = 52 58 £3 IO

41



(mdd) 17
0 00 S0 o1 T 0T ¢ 0¢ e 0F ¥ 0
I S S E S S E U R

S6 001 S

6ty

_
—ﬁ ST e

HdVNOg
2HN
07 N"So
N°H
N o .

N"o N R eate Bl
H & bRk 2

O. & SEJE 3

=== 001

851 218 [p123dS 7T
78851 2419 paunbdy | g
Hl SnR[ANN O
60l Aduanbalf 18amor| g|
20179 Py [r00ads 8|
$1'00F Aouanbayy tanawon0ads /|
CCTSELLT-10-910¢ SB[ UOHEIHPOW 9]
LI67E1LST-10-910T ([ uomsmbdy S|
6558°C auu, uomsinbyy |
000001 WP asInd €1
0000°¢ AR[a(] wonBXERY |
¥ WEN 18ARIY ||
Fd SUBIG JO JaqUIny 0]
il wawadyy g
H 09z aouanbag sy 8
\ \ \ x 0008 ameiadwa), [
QSWC JUIEFYVING)
10ads REEIIUIRE NN
1001 BUBRQ P
HOWD) J1uyaassajy auasud[euy LW “HANXN wilg ¢
H-110HD WALWOD) 7
H-110HD S|
anea BIBUIBIE]
N AANNSN A ASS
25 CpyEsgy  zegzeeggs HTTOHD-OSWA-STIo9]
HDOSERLTED SEERASESY [-TIOH)-OSNA-SEI0N!

42



(wad) 17

0- 00 g0 o1 Sl 0T gz 0¢ e b4 5 0§ 5 09 g9 0L §L o8 o8 06 <6 oor S
[ L 1 L L . L 1 L 1 P . L . L , L L 1 L 1 L L . L . L . L 1 P L . [ )
5 g &g g&E
d i iy pihet”
TN N
L
! i
i i
39LTL aug [puds 07
78611 21§ paunbay )
Hl snapuy )
2786~ £uanbay] 1824077 /|
09009 UIpIA (200248 9
1007 Aouanbal] 1312Wends |
0060 L1.L66-60-510T (] UONEILIPO ¥
Qe L0 L1L60-60-S 10T 3e(] uonsImboy ¢
0s66’l 3w ), uonsibay 7
00000 WPIA S0 | ]
00001 A2[ac] wonexeEy 0|
65 UG 2A1R32Y G
0 SURIG 0 aquiny g
al wsuadyy  f
n [ndgs owambag W[nd 9
. 06T ameedwa), ¢
N OSWd WaA08 ¥
Anauaw BRwonredy ¢
OQ UBLIBA wiug g
= [ARDS AL
O0” °'N” ~O anea JRAWIBIE
NS AN
HO” o LERRLEED L LEE grom
EHEEEEEIE it et 71009

43



(wad) 17

44

0- 00 0 o1 &1 0T T (132 e [ ¥ (159 ¢ 09 <9 0L L o8 8 06 £6 0or Sl
PR T S S (S (S S O U E N N R HE S Y H Y E S S|
L L o ey
v % _
I
B9LTL 12345 ¥
3611 g paunbdy €7
HI1 STRPON €¢
8786 Aouanban] wamo| | g
079009 uIptay [B023ds O
' 00r A2uanbal] 1aaweondads 6|
00:67 7115 1-01-S10T AIB([ uONEIIPOI 8|
LTSrPLLS1-01-510T am(] wonisImbay /|
05661 AU UonEIbIY G|
00000 WP (0 S 1
00001 Ae(a(| uone Ty ¥
6 WO AAIDAY €|
0t SUBIS fO aquiny |
dl awadx ||
(ndgs ayuanbag as(ng Q|
067 amerdwa), g
g OSIC BUERVV A
N
£nauaut 1a1au0.002dg 9
EN-HdVNOg ag <
N Jun) v
UBLIZA widlg ¢
CTIOHD 2L
H oo an(eA 131AWER
) ! B o]
N z//ﬂz H
N
N Z N Yo xf \\f/. -
o H s pepefepe 2 T-€10HD
E& BT 5 7-CTOHD




(wdd) 17

01 0z 0¢ 0F 0s 09 0L 08 06 001 011 0Tl 0l 0v1 0s1 091 0LT 08T 061 00T 012 07
L 1 L1 [ 1 | L 1 1 1 1 1 1 1 L [ 1 A 1 . 1 . 1 A 1 L L ]
S o o . A — ﬂ L:\ W P - N
11 | ]
| i
9E559 413 [2.023dS 7T
/6L auig paamboy €g
oEl STRONN TT
0'ere- Kouanbay] 193407 |7
LLELTT Pty [2002d8 07
T9'00 1 Aouanbay] wlauwndads g
OV TERLLEL-10-910T (] uoneappony 8|
00:6FLLLEL-10-610T ac) uomsmbay /|
L Ra A 3w, vonsmbay g
000L°6 WPIAY 35[0 S
0000°T AR[3C] LONBXRAY |
s we) BalRRY €]
oSl SUBS L0 .BQUINY 7|
al wawRdxs ||
(¢idiz aouanbag asng O]
0008 ameaduz], 6
OSWd A0S 8
oyny
10ads Japlonads ¢
8 ag <
ZoN 1004 pusg ¥
HOWID YIS UISIA[RUY J2y1g “HIANXN Wi ¢
OQ 300U 11091 Aoy ¢
N D-E00U-¢ 11091 |
anea IBIBUIBAT
o N o]
NS [} LANE
HO” SO EEEsELEEe 2 25 IS D000 TT09T
BUEYSIRER 5 ez & D-€0OM-CTTO8T

45



(wdd) 17

) 01 0z 0¢ or 0s 0% 0L 08 06 001 011 bl 0eT ovl 08T 001 0LT 08T 06l 00T 01¢ 0
I T O T S T S Y S S N T S T T Sy T E S T SR I SO R
| [ | 1
I
! , P
I
RIS g [pu3edg +7
39LT% 218 paunbay g7
el Sn22nN 7€
$'¢e- £ouanbay] 18amo] |7
£0TLTT uIpLay [2023dg 07
29001 Louanbaly pwondxds 6|
FRSOITLG1-10-910¢
00:65:0T1L61-10-910¢
ol A
0ooL'e WP (0 S
0000°C AB[3(] wOIRYR(3Y ¥
1S wIen 191903y €|
Q11 supdg JoRquny 7|
al wauadyd ||
pgadaz aouanbag (g 0|
000€ ameadud], §
6 OSINC wuaAeg g
°HN woqgny /£
OQ | 1ads Japwondads ¢
N g <
100, Bumg v
O” °'N" ~o HOWED JUy221ssaly auxnAeuy 2y 4 WNX N usng €
J-600HD-611091 wawwo) ¢
J-600H2-611091 AL
130” t0 MNEA AU
! TN A LATEEAN) AT
“ HWMMMMMW = SE e B 52 = D-600HD-6TT09T
- memmEEsmm - &5 wies £ N D-600HI-611091

46



(wad) 17
001 011 0Tl 0el ovl 08T 061 0Lt 081 06T 0
P B . | P | PR I . I N T R J

o

5¢559 248 (205008 7¢

86478 a1y paumbay |7

o6l $1A2NN (T

£ PrE- Kouanbay] 183m0°] 6|

CLELTT Py [r0ads 81

79°00| Aousnbay 13awon0ady /|

POISETLLO-10-910T AB(] WONTILUPO G|

00:60:0C.1.L0-10-610¢ (| uomsinbay G|

8177 | aui), uonsmboy |

000L°6 IPIAY 3S[0 €]

0000T Aea(r uonexeRy 7|

is WIBr) LRARIAY ||

[FA4l SuBdg L0RqUN 01

al wawRdyy 4

cmwgmx uupngw dMg 8

000g ameaduz), [

OSIa W2AS G

10345 Aapuwonads ¢

1004 RElIR Yo I

HOW §IIARS3IN 2uasnafeuy LRIy YINNX( uELg g

2-010HD-0SWA-L0109 | W) ¢

J-01OHD-0SWC-L01091 Ll |

anea IANUITIT
A VL AN _ 7\ I

S5 ZEE  BEEE 2 22 5 0-0TOHD-OSIA-20T09T
=2z BER  EREL = a2 #0-0T0HD-OSWA-L01081

47



udd 02 0t

09 08 00T 02T ovT 091 08T 002
LG N iy i g g o g B g ) T T T 1y 1 S T (A R VAT v W W T 7 o O 1 (3] SO A WO T 0TV O O O L |
i " " A i " PSRV RT "
. J \(roioy Y W i “ y _ﬂ :I% " y
|
66211 Jup
yd wu  gg amdp
S ur M wwp
vSOT sA  ARK wp
0 2s 0 Jop
052 M TH up
101d ¥31d4N0030
2 upI- dL o0sz'9 md
£°5pe- di gg amdy
2°v96b dyt propis 303
2°ES18 144 069°52T biys
8°v9.2 dm €10 uy
870~ ds YILLTWSNYYL
Av1dsSIa 2LvET 32
pasn jou uj  000S2 3u
00°e qaL 000°2 P
ONISSIO0¥d 9T sq
uu Sy pasn jou aj
A dp 22148 du
u ut 11570 je
u Ll 9°g9g9g Ms
sOv14 NOILISINDOY
000°0T Bile P14-OT00- 7 "
005721 06Md ~8ZT09TUBYD/NIHD/wa
Im<zwm~ 800°0 3SU ~Yd NHIN/BIRP/SASIU
HN pasn jou utds ~ua/aado/swoy/ afty
pasn jou uieb oswp JUBALOS
pasn jou dwa} 910z 82 uep ajep
WI03dS 37dHYS
uoqJe) zzdxa
j// TTOHO
S (L FEEONNIL LOOL) |
[ e b e e b e o T T
wwaa o S5 ERNRRRNRN®D G Qonnee <
bamn ® <& CRONNG®R®® .G o NNBeR® o
@@ o = e WNLwwsDLLND®® Vorovo o
Nara s @ & CENABABRONS DA NDeEmwNe o
J38N = @ PR R SR Noneae o

48



(wad) 17
g 0s 0% 0L 08 06 001 011 0zl 0gT ovl 0sT 051 0LT 081 061 0c

LtE—
s —

o

GE5s9 CLIN LA RELNY 4

8948 paumboy |7

€l SmIIMN 0T

S Kouanbai 183407 6|

CLTLET IPIA 0038 8]

79001 Aouanbaig rlewondady /|

0P 1LL60-10-910¢ SB[ WONEIMUPOW G|

00:6¢:1 1.1.60-10-910¢ (] wonsibay g

817l auu, wonsmbay |

000L°6 UIPIAL =¥ €]

0000°C Ae(a] uonexey 7|

LS ulefy ARy ||

0Ll SUBOS 4O .BQUN Q|

wawwRdxy 6

aouanbag as(ny

aameiadws), £

w2408 ¢

JlRWoa0adg ¢

1001 BuM)

HQUWLD §Iuyoassa|y SYasnAeuy YTy N X wilg ¢

O-TIOHZ-OSWC-L01091 WALOY T

D TIOHD-OSWC-301091 AL

aANEA JRlaLELE]
[ 2l A N _ A _

Gz BEEREEEE 5 g2 £ DTIOHD-OSWA-L0T09T
SE ZEeNNEED = =< o DTIOHD-OSWA-80T08T

49



udd 02 0t 09 08 00T 021 ovT 09T 08T 002

Lee pgpd e Fooy 5 R T ] O A T O Y Tt W W YO 3 SR L O W 0 GO 6 1 YO W O W W YO A O 08 0y (O RTS8 T 0 O O T A W T 1 L o O O 2 U 0 T

P i A AW TRPREROTPY ol ™ It A A

= . e B | —

66211 Jup
yd wu  gg amdp
€ M wwp
0602 sa KRR wp
0 2s 0 J0p
0s2 oM TH up
107d ¥31dN003a
bIBpT- dL 05279 md
0°2€T di gg dmdy
2°b96b dir propie 301
0°1578 L34 069°S2T bays
8°/v9.2 dm  £12 uy
8°0- ds HILLTWSNYYL
AY1dSIa 00058 30
pasn jou uj3  000SE Ju
00°€ aL  000°2 »
ONISSI00dd 9T sq
uu Sy pasn jou a3
A dp  ze128 du
u ut o 11570 e
u Ll 9°g9g9E ms
000°0T S Bile pLs umwwHwSau«
. e A
N-HdVNOg 005°2T 06Md ~5ZT09TUBYD/NIHD/Wa
800°0 3ISU ~Ud"NHLN/®IRp/SAsiu

pasn jou urds ~ua/aado/awoy/ als

N
pasn jou _.:GO oswp JUBALOS
pasn jou dway 9710z 62 uep  ajep
WI03dS EREITN
uoqJey pzdxa
07 "N" o XX £TOHO
zxno
H

=]
>
)
e
=
—
X
N\
I
-

. v

A/z z//ﬂzf

NN
| O/\@\/

L66°8E
V9T 6E
2EE"6E

619°€€
155°9¢
ET0°9TT—\

899°6€
9€8°6€
V667 6E
veg Iy
168799
282°811
vee-ezt
865°€2T
£€€° 221
TEP SST
ST8°LST
290°8ST
LE2°6ST
§22°297
V8T €91
988° 69T

o

50



(wad) 17
T 0t T 133 e [h4 4 o< g 09 ¢9 0L Sl 08 ¢y 06 I 01
I RV TR EE IR TS R RS S S|

5 Z g

h Lok

i AN

|

89LT¢ 2218 (2022dS 07
28611 FIS paunboy 6|
HI $n2[IMNY |
866" Rouanbalf 158407 /|
09009 P [B00adg 9|
#7'00F Aduanbayy 12Rwonads ¢ |

51

00 1 7L 1.L60-£0-5 10T

(] BONBIUPOR ¥

168~
58"

(59
U669~

glyL~"
00T L~

0zn—

968 L1L60-E0-S 10T A8(] uonsmby ¢ |
0566’ ), uonsmboy 7|
00000 WPtV =S(0d []
0000°1 Az[a(] LONBXRRY (|

0z IR0 RARRY 6

0 SUBAQ JO AaquIny )

al wauwady] [

[ndgs auanbag sy 9

06T amedua), §

eloas UIA0S ¥

Amdiaw 1newondads ¢

UBLIZA u@eo ¢

LOML ApLL |

anep ANAWEBAT]

TESA

TeSA



(wad) 17

08 06 001 011 0Cl 0ET orl 0¢1 091 0LT 08T 061 00T 017 01
S S U S S S S H S R H S U SRS EA S B

999

GESS9 aug [203adg 0F

80/¢¢ g panbay §)

o8l SIARNN )

9¢se- Aduanbay] Wamo) /|

LLTLTT WPt (209308 G

29°001 Aduanbaig wRwonddy ¢

TEESTLLTI-10-910¢ ANB(] LOUBILUPOW 7|

0085 7 LLTI-10-910¢ el

1771 uonmsmbay 7|

000L'6 WP 5[0 ]

0000°C Ap[a] uonmxe(ay |

0T wen) LAY §

I SUR [0 daquiny g

al LIETITRElS't

e 2ouanbag HNg ¢

0'00¢ amerdul), §

£L0UD waey ¥

10948 wpwoeady ¢

HOWE YIUY22Iss2)y ayasna[Buy 2y iy "N XN uiug ¢
DE1-E0ML AL

I an(ea JR1AULBITY
2 i = DML
2 = 22

T1108107

52



(wad) 17
- -

00 §0 0T ST 0T T 0e e 07 g 0% ge 09 <9 oL L 08 o8 06 I O
L 1 , 1 , I L 1 L I L 1 . L . 1 , 1 L 1 . 1 s | , | L | L 1 . L L I L | L 1 ,
5 5 5
i h h
T i
|
I I
30LT¢ aag [p0ads (g
78E91 aug paambey 6]
H1 smapnyN 8|
L1108 fouanbau wamor| /|
£01¥9 UIPHAY [P003dS O
9/ 66§ Aduanbaly wawonadg ¢
LLO-TI-S10T AB(] UOUTILUPOIY |
LLO-TI-S10T A womsmbay ¢
6555°T 2w, uemsmbay 7|
00000 UIpLaL 3804 ||
000071 Aua(| vonexeRy g
vl i wEny RARRY  §
91 SuBdG L0 .laguiny 8
Il uawadxy
(ndgs ouanbag Ny 9
05T amewdul), ¢
copo W3S §
SILA Japwondedy ¢
UBLIE A 7
GOM |
Z anep IAUIELE]
N A y
221 33 S SEML
ISERES 23 OGALL

53



(wad) 17

08 06 001 011 0Cl 0ET orl 0¢1 091 0LT 08T 061 00T 017 01
S S U S S S S H S R H S U SRS EA S B

9659 (2008 (7
891CE g paunhay g|
1 BERuNIT|
TFo71- £ousnbai] ®amo /)|
0000s¢ UIpIa (200208 9]

£€°00 | Louanbayy sawonady ¢
CIS091LLLO-TI-S 10T SECL WONEIPOW 7|

CEL09LLLO-CI-S 10T (] vonsihay g

L01E71 auy,), uonsmbdy g

00000 WPtm oS 1]

00001 AB[3(] LONTAERY O]

A3 Uz BAIRaYy G

08 SUBIS JOaRquINy 8

al wswwadyy]

|ndgs uanbag sy ¢

0'sg ameRdua), §

£opa WAL §

Shuiua anawondads ¢

UBLIEA wiug ¢

JE1-99 ML GEA

aNEA Janauweleg
I _

g gk 3 £ L0CTSTOTDET WS SLALL
- L = = DeT-LOTTSTOT-99ML

54



0e e [th4 ¢

(uag)y 17
¥ ¢ g 09 c9 oL Sl 0
P T R RS TR EO S EA S B |

[ o
)
o
L=
[
L
5N
=

sl
E L6

=00l

89LTE 318 [B029dS 0T

78891 3G paunbay 6

HI SN 8|

1'T08- Aouanbai] MO /|

018 ULPL (20348 9

/668 Souanbay] Pawondads §|

[ LLOI-CI-S10T 2le(] UORBIIPO 7]

SEFTTILO-TI-S10T ¢l

6SSS'T 'zl

00000 I

00001 AB[A(] UOUBXBY (]

0g U BM303Y 6

0z SUBdQ JOIAquIy 8

Cl wawmadxy

[ndgs uanbag R[N 9

Y4 amerdws), |

pogpo WIA[OS ¥

FAITITIEN Iawondeds ¢

UELEA wiug g

1AL AR

anea Rt

i mfu mfm W Ll
= g Fa= OITISTOTTLML

55



(wad) 17

o1 07 0¢ 0F 0s 09 0L 08 06 001 011 V4 0T OFT 0s1 091 0LT 08T 081 00z 01Z 0t
1 L | , L \ 1 L I . L L | , 1 . 1 . I \ 1 1 . I . 1 . I , I . 1 . 1 . I . 1 L I , ]
| !
|
| |
0£ss9 3219 [22dg g
39/¢¢ au1g paunboy 6|
gl snapny g
ST Aauanban 1SeM0m] /|
0°000sT upi [Bu2ds 6|
£5°001 Aduanbay amewonzady |
TS FELLOI-TI-S 10T 3B(| LONBILIPOIY ]
SO LLOI-TI-S 10T are(| uonsmbay g
L0171 auwu], uousinboy g
GlL 00000 WPLA =80 | ]
0000"1 Az[ac] uonexe[Ry o)
€ g UIB0) A241203Y 6
N 0001 SURDS JO AQUIny &
(11 wauisdyy £
[ndzs uanbag w4 9
0sg aumeradwa], §
pogpa WAAOS
X _ION Sawa aapwondads ¢
UBLIE A 4
DE1-ILML |
HO o I [ i anes AR
£ s: 2 F 5 2 61 TLALL
= N = B = -4

DeT-0TZISTOT-TLML

56



(a7

0- 00 <0 0T ¢ 07 T 0e e [th4 a4 o€ g 09 c9 oL Sl 08 ¢y 06 <6 01
T T R ! 1 1 1 1 L. 1 I | T B | [T
[ 1= [l sl d [ - —
E = &= 22 = g
] ] e hod L
I
I
I
I
80LCE IS (210208 0T
(2N JuUg paunbdy 6|
HI SIBIN 8|
T8 fauanbal] wemor] /|
09009 P [P023408 9|
Q07 Auenbalg a2uwionads ¢
00:00:00L7 1-10-910T ale(] uot
ECOSECLEL-10-910T
05661 AU, uor
00000 WPt es(d |
N )
000071 AB3C] UOLBXERY O]
Igs UIBO) LAY §
nZ.<OOmUm g SURdS [0 aquiny g
al L
SUON [(ndgs duanbag w/ng §
H 06T ammadur), §
4 ) ]
N N N°H OSINC wRARs ¥
A/ _ //j HN” SO0 Aamossu A0S €
NN N wio ¢
o SLALL 0L 1
anep 1alaurnEg
S~ N [ )
b by Y TEn  g2Z % = EITOST-SLML
S = & EE L S EII0eT-SLml

57



(uag)y 17
01 0T 0g 44 0s 09 0L 08 06 0ot 01T 0zl OeT orl 0sT 091 OLT 08T o6l 00T 012

58

9Ess9 2418 [2002d8 0O
7R66T LG paunbay 6|
oy snapnN g1
L0 Aauanbay] M7 /]
0'0008T UIPLA (209208 6
047001 Aduanbaig sgpwo.nzadyg ¢
00:5¢:601¥71-10-910T ABC] OUBILIPO ]
7S'00:00.L¥71-10-910¢ by g1
N 76611 UL, wousInboy 7|
000070 WP SN 1]
X A2[3(] uonexz[?
EN-VD099 0000°0 [3CT vonexeRy O]
9 WIEG 4241302 6
NR187 SURIQ JO JAQuIny 8
X (11 watudxy
H z ndgs 2ousnbag BNd 9
N N°H e p
A/Z _ /J\ HN 06T aumezadwa), ¢
N—~zN O8I w2y ¢
Amdsw aoPwo.oads ¢
(o) UBLIR A T
DEI-SLML AL
anEA BRI TR
! ! Ll INE LAY
m E 7 EED w u. uuoumw HAMASHO DT
= e FER B = =45 71109107D-SLaL




(uag)y 17
0e e [th4 a4 ¢ g 09 c9 oL Sl 08 ¢y 06 4] 01l
A T R RS TR R R S

Fl0t
Fo0t

=001

89/7¢ 221§ [raseds 07
rRE01 IS paunboy 6|

HI s3[INy 8|
1208 Aouanban] samo| /|
£01F9 ypty (Baoedg 9|

0/°66¢ fusnbay @awends §|

S0 e LIS0-TI-S 10T SIEC] UQUBILIPOW 7]

05 8T 1190-T1-S10T ABC] LONSIMIY ¢
6555'T awu |, uosimbay g
00000 UIPLAY 10 1]
00001 £B[3CT UONBXTRY ()]
0§ UIE0 241303 6
0% SuRdQ [0 aquny  §
(al} wawadyy £
mdgs aoustbag H[Ng  ©
st ameadwa), §
pegpa WAAOS
Sauiua 1pwoneds ¢
MEBLIEA wag ¢
LLML L
anea REE T
! 4 Al ]

SOTISTOT-LLML

59



(wad) 17

0¢ 07 0s 09 0L 08 06 001 011 0Cl 0ET orl 0¢1 091 0LT 08T 061 00T 017 01
S S S S S S SV NS ISR ERN S RS B

9t855 2418 209248 0F

89LTE az1g paunboy 6|

2l RUECUANE]

787" Aduznbai] Bamo] /|

0'0005T UIPLA [209dS 9

£5°001 £ouatbaiy Rau0ueds ¢

0SHS6190-TI-S10T SB(] WORBILIPOW ¥1

LPT9LLO0-TI-510T am() wonsibay g

101271 au ], uonsinbay 7|

00000 Pt (0 ||

00001 AR[R(] HOIDAERY (]

0g uIRn) A0y G

038% SURIS 10 Jaquiny g

Il Juawadyyy

(ndgs 2ouznbag 2[4 ¢

0'ST amerdws], <

osup W30S ¥

SAUIUA anawonmnds ¢

UBLIBA winy ¢

DEI-LLML SR

anEA A3laumng
| | A I

2 ¢ ooE g 2
= 5 KB == =

SOZTSTOT-Del-LLML

60



(wdd) 17
Sy )

¢
1

0'6 6 01t

°HN
v2099
>IN
H z
AZ _Z/J\Z H HN 0
/Z ~-N
(o)

067'T

-l

ORECF

025§

ot

89LTE
891

Hl
6807
L017e

$1'00F £auanbai wewonadg ¢|

LI (220305 O

IS paunbay 6|
sty 81
Aouanbal] 8amo] /|
UIpkay [203388 9|

85618018 1-10-G10T ABC] UOUBILIPOW 17|

122618018 1-10-510C ar(| uensinbay ¢

6SSS°T awy,), uensinbay 7|

0000°01 PP =S 1]

0000°C KeR(] uome e[y 0|

3Cl [§

9 SUTS JOquiny 8§

(1 uswadxy |/

0gdz 2ouanbag w(nd 9

0°00¢ ameedua), <

QSN WAAOS ¥

1ads 12Uu000dg ¢

HOQUID JHUUIASSI 3USIABUY 42404 “HWNXN wilg ¢

8LM, l

anes 1AALLEBAEY
8 NS IS | |

N SoRnI0E frg 8LAL
S ES SERREER [ 2L

61



(P Ry —

PG~

S S G

LUES I~
YEESL

ORRS—
7oL —

20160117TW78C

BGCCA

NH,

62

10

20

40

110 100 S0 80 70

1 (ppm)

120

190 180 170 160 150 140

200

]



