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1. General Methods 
 
Reagent chemicals were obtained from commercial sources and used without further purification. All glassware was 
flame-dried under high vacuum, and reactions were performed under N2(g) unless indicated otherwise. 
Dichloromethane, diethyl ether, tetrahydrofuran, and toluene were dried over a column of alumina. 
Dimethylformamide and triethylamine were dried over alumina and purified further by passage through an 
isocyanate scrubbing column. Flash chromatography was performed with columns of 40–63 Å silica gel, 230–400 
mesh from Silicycle (Québec City, Canada). Thin-layer chromatography (TLC) was performed on plates of EMD 
250-µm silica 60-F254. 

The phrase “concentrated under reduced pressure” refers to the removal of solvents and other volatile materials 
using a rotary evaporator at water aspirator pressure (<20 torr) while maintaining the water-bath temperature below 
40 °C. Residual solvent was removed from samples at high vacuum (<0.1 torr). The term “high vacuum” refers to 
vacuum achieved by mechanical belt-drive oil pump. 

All NMR spectra were acquired at ambient temperature with a DMX-400 Avance, Avance III 500i with 
cryoprobe, or Avance III 500ii with cryoprobe spectrometer from Bruker (Billerica, MA) at the National Magnetic 
Resonance Facility at Madison (NMRFAM), and were referenced to TMS or a residual protic solvent. 

Electrospray ionization (ESI) mass spectrometry for small-molecule characterization was performed with a 
Micromass LCT at the Mass Spectrometry Facility in the Department of Chemistry at the University of Wisconsin–
Madison. Matrix-assisted laser desorption ionization–time-of-flight (MALDI–TOF) mass spectrometry for protein 
characterization was performed with a Voyager DE-Pro instrument at the Biophysics Instrumentation Facility at the 
University of Wisconsin–Madison. 

Cell culture. HeLa cells were obtained from ATCC (Manassas, VA). Cells were cultured in DMEM 
supplemented with FBS (10% v/v) and penicillin/streptomycin (1% w/v) at 37 °C in the presence of 5% CO2(g). 
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2. Experimental Procedures and Characterization Data 
 
A. Esterification Reactions in Acetonitrile 
I. Diazobenzylacetamide Reactions 
 

 
 
Diazobenzylacetamide (0.010 g, 0.057 mmol) was added to a solution of bromoacetic acid (0.008 g, 0.057 mmol) in 
anhydrous acetonitrile (0.57 mL), and the reaction mixture was stirred for 1 h, when the reaction was determined to 
be complete by thin-layer chromatography (Rf = 0.3 in 50% EtOAc, 50% hexanes). The reaction mixture was 
concentrated under reduced pressure and purified by silica gel chromatography to give N-benzyl-acetamido-
bromoacetate (0.012 g, 74%). 
 
1H NMR (400 MHz, CDCl3) δ 7.38–7.16 (m, 5H), 6.41 (bs, 1H), 4.70 (s, 2H), 4.50 (d, J = 5.9 Hz, 2H), 3.87 (s, 
2H). 13C NMR (126 MHz, CDCl3) δ 166.3, 165.9, 137.5, 129.1, 129.0, 128.0, 78.0, 64.1, 43.5, 25.2. HRMS (ESI) 
m/z 286.0074 [calc’d for C11H13BrNO3 (M+H+) 286.0074].  
 

 
 
Diazobenzylacetamide (0.010 g, 0.057 mmol) was added to a solution of dichloroacetic acid (0.005 mL, 
0.057 mmol) in anhydrous acetonitrile (0.57 mL), and the reaction mixture was stirred for 30 min, when the reaction 
was determined to be complete by thin-layer chromatography (Rf = 0.3 in 30% EtOAc, 70% hexanes). The reaction 
mixture was concentrated under reduced pressure and purified by silica gel chromatography to give benzyl-
acetamido-dichloroacetate (0.008 g, 51%) 
 
1H NMR (500 MHz, CDCl3) δ 7.43–7.29 (m, 5H), 6.38 (bs, 1H), 6.05 (s, 1H), 4.83 (s, 2H), 4.56 (d, J = 5.8 Hz, 
2H). 13C NMR (126 MHz, CDCl3) δ 165.5, 163.1, 137.3, 129.1, 128.1, 128.0, 64.9, 63.9, 43.6. HRMS (ESI) m/z 
293.0459 [calc’d for C11H15Cl2N2O3 (M+NH4

+) 293.0455]. 
 

 
 
Diazobenzylacetamide (0.010 g, 0.057 mmol) was added to a solution of benzoic acid (0.007 g, 0.057 mmol) in 
anhydrous acetonitrile (0.57 mL), and the reaction mixure was stirred for 8 h, when the reaction was determined to 
be complete by thin-layer chromatography (Rf = 0.8 in 80% EtOAc, 20% hexanes). The reaction mixture was 
concentrated under reduced pressure and purified by silica gel chromatography to give benzyl-acetamido-benzoate 
(0.012 g, 78%). 
 
1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 7.6 Hz, 2H), 7.59 (t, J = 7.3 Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H), 7.39–7.21 
(m, 5H), 6.42 (bs, 1H), 4.87 (s, 2H), 4.53 (d, J = 6.0 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 167.3, 165.4, 137.8, 
134.0, 134.0, 130.0, 129.0, 128.9, 127.9, 127.9, 63.7, 43.3. HRMS (ESI) m/z 270.1133 [calc’d for C16H16NO3 
(M+H+) 270.1125]. 
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Diazobenzylacetamide (0.010 g, 0.057 mmol) was added to a solution of 4-hydroxybenzoic acid (0.008 g, 
0.057 mmol) in anhydrous acetonitrile (0.57 mL), and the reaction mixture was stirred for 12 h, when the reaction 
was determined to be complete by thin-layer chromatography (Rf = 0.6 in 75% EtOAc, 25% hexanes). The reaction 
mixture was concentrated under reduced pressure and purified by silica gel chromatography to give benzyl-
acetamido-4-hydroxybenzoate (0.011 g, 61%). 
 
1H NMR (700 MHz, CDCl3) δ 7.98 (d, J = 8.7 Hz, 2H), 7.40–7.35 (m, 2H), 7.36–7.31 (m, 3H), 6.90 (d, J = 8.7 Hz, 
2H), 6.45 (bs, 1H), 4.89 (s, 2H), 4.58 (d, J = 5.9 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 167.6, 165.0, 160.5, 
137.8, 132.4, 129.0, 127.9, 127.9, 121.6, 115.7, 63.5, 43.3. HRMS (ESI) m/z 286.1070 [calc’d for C16H16NO4 
(M+H+) 286.1074]. 
 

 
 
Diazobenzylacetamide (0.010 g, 0.057 mmol) was added to a solution of Boc-protected glycine (0.010 g, 
0.057 mmol) in anhydrous acetonitrile (0.57 mL), and the reaction mixture was stirred for 3 h, when the reaction 
was determined to be complete by thin-layer chromatography (Rf = 0.7 in 75% EtOAc, 25% hexanes). The reaction 
mixture was concentrated under reduced pressure and purified by silica gel chromatography to give benzyl-
acetamido-Boc-protected glycine (0.015 g, 82%). 
 
1H NMR (400 MHz, CDCl3) δ 7.38–7.25 (m, 5H), 7.07 (bs, 1H), 5.10 (bs, 1H), 4.71 (s, 2H), 4.48 (d, J = 6.0 Hz, 
2H), 3.90 (d, J = 5.9 Hz, 2H), 1.37 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 169.1, 166.8, 156.4, 137.8, 128.7, 127.8, 
127.5, 80.8, 63.2, 43.1, 42.9, 28.2. HRMS (ESI) m/z 340.1873 [calc’d for C16H26N3O5 (M+NH4

+) 340.1867]. 
 

 
 
Diazobenzylacetamide (0.010 g, 0.057 mmol) was added to a solution of 3-mercaptopropanoic acid (0.005 mL, 
0.057 mmol) in anhydrous acetonitrile (0.57 mL), and the reaction mixture was stirred for 12 h, when the reaction 
was determined to be complete by thin-layer chromatography (Rf = 0.6 in 70% EtOAc, 30% hexanes). The reaction 
mixture was concentrated under reduced pressure and purified by silica gel chromatography to give benzyl-
acetamido-3-mercaptopropanoate (0.011 g, 76%). 
 
1H NMR (400 MHz, CDCl3) δ 7.46–7.13 (m, 5H), 6.54 (bs, 1H), 4.69 (s, 2H), 4.50 (d, J = 5.7 Hz, 2H), 2.82–2.77 
(m, 2H), 2.76–2.71 (m, 2H), 1.59 (t, J = 8.1 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 170.5, 166.9, 137.7, 129.0, 
128.1, 128.0, 63.4, 43.4, 38.3, 20.0. HRMS (ESI) m/z 271.1115 [calc’d for C12H19N2O3S (M+NH4

+) 271.1111]. 
 

 
 
Diazobenzylacetamide (0.020 g, 0.114 mmol) was added to a solution of Boc-protected L-aspartic acid (0.013 g, 
0.057 mmol) in anhydrous acetonitrile (0.57 mL), and the reaction mixture was stirred for 12 h, when the reaction 
was determined to be complete by thin-layer chromatography (Rf = 0.5 in 80% EtOAc, 20% hexanes). The reaction 
mixture was concentrated under reduced pressure and purified by silica gel chromatography to give bis-benzyl-
acetamido-Boc-protected aspartate (0.019 g, 63%). 
 
1H NMR (400 MHz, CDCl3) δ 7.38–7.20 (m, 10H), 7.04 (bs, 1H), 6.49 (bs, 1H), 5.53 (bs, 1H), 4.73–4.55 (m, 3H), 
4.53–4.35 (m, 6H), 3.03 (dd, J = 16.9, 5.2 Hz, 1H), 2.94 (dd, J = 16.9, 5.2 Hz, 1H), 1.34 (s, 9H). 13C NMR (126 
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MHz, CDCl3) δ 170.3, 170.3, 166.5, 166.2, 155.7, 137.7, 137.5, 128.8, 128.6, 127.9, 127.8, 127.8, 127.5, 81.1, 63.8, 
63.4, 50.3, 43.2, 43.1, 36.4, 28.2. HRMS (ESI) m/z 545.2632 [calc’d for C27H37N4O8 (M+NH4

+) 545.2606]. 
 
II. Diazofluorene Reactions 
 

 
 
Diazofluorene (0.003 g, 0.016 mmol) was added to a solution of bromoacetic acid (0.002 g, 0.016 mmol) in 
anhydrous acetonitrile (0.16 mL), and the reaction mixture was stirred for 20 min, when the reaction was determined 
to be complete by thin-layer chromatography (Rf = 0.7 in 30% EtOAc, 70% hexanes). The reaction mixture was 
concentrated under reduced pressure and purified by silica gel chromatography to give fluorenyl-bromoacetate 
(0.004 g, 94%). 
 
1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 7.5 Hz, 2H), 7.54 (d, J = 7.5 Hz, 2H), 7.41 (t, J = 7.5 Hz, 2H), 7.29 (t, J 
= 7.5 Hz, 2H), 6.80 (s, 1H), 3.92 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 168.4, 141.3, 141.3, 130.1, 128.2, 126.2, 
120.4, 26.1. [Fluorenyl alkyl CH overlaps with a chloroform peak]. 13C NMR (126 MHz, CD3OD) δ 170.1, 142.9, 
142.5, 131.0, 129.2, 127.1, 121.3, 77.9, 26.7. HRMS (EI) m/z 301.9926 [calc’d for C15H11BrO2 (M+) 301.9937]. 
 

 
 
Diazofluorene (0.003 g, 0.016 mmol) was added to a solution of dichloroacetic acid (0.002 g, 0.016 mmol) in 
anhydrous acetonitrile (0.16 mL), and the reaction mixture was stirred for 1 min, when the reaction was determined 
to be complete by thin-layer chromatography (Rf = 0.7 in 30% EtOAc, 70% hexanes). The reaction mixture was 
concentrated under reduced pressure and purified by silica gel chromatography to give fluorenyl-dichloroacetate 
(0.004 g, 91%). 
 
1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 7.5 Hz, 2H), 7.56 (d, J = 7.5 Hz, 2H), 7.45 (t, J = 7.5 Hz, 2H), 7.32 (t, J 
= 7.5 Hz, 2H), 6.83 (s, 1H), 6.03 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 165.8, 141.4, 140.6, 130.3, 128.4, 126.2, 
120.5, 78.1, 64.5. HRMS (EI) m/z 292.0042 [calc’d for C15H10Cl2O2 (M+) 292.0053]. 
 

 
 
Diazofluorene (0.006 g, 0.031 mmol) was added to a solution of benzoic acid (0.004 g, 0.031 mmol) in anhydrous 
acetonitrile (0.31 mL), and the reaction mixture was stirred for 5 h, when the reaction was determined to be 
complete by thin-layer chromatography (Rf = 0.9 in 30% EtOAc, 70% hexanes). The reaction mixture was 
concentrated under reduced pressure and purified by silica gel chromatography to give fluorenyl-benzoate (0.008 g, 
90%). 
 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S5– 

1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 7.5 Hz, 2H), 7.71 (d, J = 7.5 Hz, 2H), 7.63 (d, J = 7.5 Hz, 2H), 7.57 (t, J 
= 7.7Hz, 1H), 7.43 (t, J = 7.7 Hz, 4H), 7.31 (t, J = 7.5 Hz, 2H), 7.05 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 167.5, 
142.4, 141.3, 133.4, 130.2, 130.2, 129.7, 128.6, 128.1, 126.3, 120.3, 75.8. HRMS (ESI) m/z 304.1338 [calc’d for 
C20H18NO2 (M + NH4

+) 304.1333]. 

 
 
Diazofluorene (0.012 g, 0.063 mmol) was added to a solution of 4-hydroxybenzoic acid (0.009 g, 0.063 mmol) in 
anhydrous acetonitrile (0.60 mL), and the reaction mixture was stirred for 10 h before being concentrated under 
reduced pressure and the resulting residue was purified by silica gel chromatography to give fluorenyl-4-
hydroxybenzoate (0.016 g, 85%). 
 
1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.6 Hz, 2H), 7.68 (d, J = 7.6 Hz, 2H), 7.60 (d, J = 7.6 Hz, 2H), 7.41 (t, J 
= 7.6 Hz, 2H), 7.28 (t, J = 7.6 Hz, 2H), 7.00 (s, 1H), 6.82 (d, J = 8.6 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 
167.1, 160.0, 142.5, 141.3, 132.6, 129.7, 128.1, 126.3, 122.9, 120.3, 115.4, 75.6. HRMS (ESI) m/z 320.1293 [calc’d 
for C20H18NO3 (M+NH4

+) 320.1282]. 
 

 
 
Diazofluorene (0.006 g, 0.031 mmol) was added to a solution of Boc-protected glycine (0.006 g, 0.031 mmol) in 
anhydrous acetonitrile (0.31 mL), and the reaction mixture was stirred for 2 h until determined to be complete by 
thin-layer chromatography (Rf = 0.6 in 30% EtOAc, 70% hexanes). The reaction mixture was concentrated under 
reduced pressure and purified by silica gel chromatography to give fluorenyl-Boc-protected glycine (0.009 g, 85%). 
 
1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.5 Hz, 2H), 7.52 (d, J = 7.5 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.28 (t, J 
= 7.5 Hz, 2H), 6.81 (s, 1H), 5.03 (bs, 1H), 4.01 (d, J = 5.7 Hz, 2H), 1.44 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 
171.4, 155.9, 141.6, 141.3, 130.0, 128.2, 126.2, 120.3, 80.4, 76.2, 43.0, 28.5. HRMS (ESI) m/z 340.1535 [calc’d for 
C20H22NO4 (M+H+) 340.1544]. 
 

 
 
Diazofluorene (0.018 g, 0.094 mmol) was added to a solution of 3-mercaptopropanioc acid (0.010 g, 0.094 mmol) in 
anhydrous acetonitrile (0.94 mL), and the reaction mixture was stirred for 8 h before being concentrated under 
reduced pressure. The resulting residue was purified by silica gel chromatography to give fluorenyl-3-
mercaptopropanoate (0.020 g, 80%). 
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1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.5 Hz, 2H), 7.53 (d, J = 7.5 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.28 (t, J 
= 7.5 Hz, 2H), 6.83 (s, 1H), 2.83 (dd, J = 8.2, 6.3 Hz, 2H), 2.76 (t, J = 6.3 Hz, 2H), 1.65 (t, J = 8.2 Hz, 1H). 13C 
NMR (126 MHz, CDCl3) δ 172.6, 142.0, 141.3, 129.8, 128.1, 126.1, 120.3, 75.6, 39.0, 20.2. HRMS (ESI) m/z 
288.1059 [calc’d for C16H18NO2S (M+NH4

+) 288.1053]. 

 
 
Diazofluorene (0.012 g, 0.063 mmol) was added to a solution of Boc-aspartic acid (0.007 g, 0.0315 mmol) in 
anhydrous acetonitrile (0.31 mL), and the reaction mixture was stirred for 5 h before being concentrated under 
reduced pressure and purified by silica gel chromatography to give bisfluorenyl-Boc-aspartate (0.019 g, 89%). 
 
1H NMR (500 MHz, CDCl3) δ 7.74–7.64 (m, 4H), 7.59–7.51 (m, 4H), 7.50–7.37 (m, 4H), 7.36–7.15 (m, 4H), 6.90 
(s, 1H), 6.77 (s, 1H), 5.70 (d, J = 8.6 Hz, 1H), 4.83–4.72 (m, 1H), 3.14 (dd, J = 17.1, 4.5 Hz, 1H), 3.00 (dd, J = 17.1, 
4.7 Hz, 1H), 1.49 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 172.0, 172.0, 155.7, 141.6, 141.5, 141.3, 141.2, 129.9, 
129.8, 128.2, 128.1, 126.4, 126.1, 120.3, 120.2, 80.5, 76.4, 75.9, 50.6, 37.2, 28.5. HRMS (ESI) m/z 579.2478 
[calc’d for C35H35N2O6 (M+NH4

+) 579.2490]. 
 
B. Esterification Screening in Acetonitrile/Buffer Solution 
 
Representative Procedure: Each mixture was reacted for 6 h and was analyzed at that time. 
Diazofluorene (0.0060 g, 0.0313 mmol) was added to a solution of bromoacetic acid (0.0044 g, 0.0313 mmol) in a 
mixture of acetonitrile:buffer (10 mM MES–NaOH, pH 5.5) (0.4 mL), and the reaction mixture was stirred for 6 h. 
The reaction mixture was concentrated under reduced pressure, and the ratio of products was determined by 1H-
NMR. The ester data was reported above for each compound and below are the data for the hydrolysis products used 
for comparison. 
 

 
N-Benzylacetamidyl Hydrolysis Product: 
1H NMR (400 MHz, CDCl3) δ 7.38–7.28 (m, 5H), 4.52 (d, J = 5.9 Hz, 2H), 4.19 (d, J = 5.2 Hz, 2H), 2.24 (t, J = 5.2 
Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 171.2, 138.0, 129.0, 128.1, 127.9, 62.5, 43.3. HRMS (ESI) m/z 166.0864 
[calc’d for C9H12NO2 (M+H+) 166.0863]. 
 

 
Fluorenyl Hydrolysis Product: 
1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 7.6 Hz, 4H), 7.40 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H), 5.60 (bs, 
1H). 13C NMR (126 MHz, CDCl3) δ 145.8, 140.2, 129.3, 128.1, 125.4, 120.2, 75.5. HRMS (EI) m/z 182.0724 
[calc’d for C13H10O (M+) 182.0727]. 
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C. Thioester versus Thionoester Formation with Thioacetic Acid 

 
 
Diazofluorene (0.017 g, 0.089 mmol) was added to a solution of thioacetic acid (0.007 g, 0.089 mmol) in anhydrous 
acetonitrile (0.9 mL), and the reaction mixture was stirred for 1 min, when the reaction was determined to be 
complete by thin-layer chromatography (Rf = 0.8 in 30% EtOAc, 70% hexanes). The reaction mixture was 
concentrated under reduced pressure and purified by silica gel chromatography to give fluorenyl-thioacetate 
(0.020 g, 94%) in which sulfur was incorporated exclusively. 
 
1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 7.5 Hz, 2H), 7.54 (d, J = 7.5 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.32 (t, J 
= 7.5 Hz, 2H), 5.88 (s, 1H), 2.52 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 196.3, 144.0, 140.9, 128.5, 127.8, 125.6, 
120.2, 46.9, 30.7. HRMS (ESI) m/z 258.0953 [calc’d for C15H16NOS (M+NH4

+) 258.0948]. 
 

 
 
Diazobenzylacetamide (0.010 g, 0.057 mmol) was added to a solution of thioacetic acid (0.004 mL, 0.057 mmol) in 
anhydrous acetonitrile (0.57 mL), and the reaction mixture was stirred for 1 h, when the reaction was determined to 
be complete by thin-layer chromatography (Rf = 0.6, 0.7 in 70% EtOAc, 30% hexanes). The reaction mixture was 
concentrated under reduced pressure and purified by silica gel chromatography to give both benzyl acetamide-
thioacetate (0.008 g, 62%) and benzyl-acetamido-thionoacetate (0.004 g, 31%). 
 
Sulfur Attack (Benzyl-acetamide-thioacetate [Rf = 0.6]): 
 
1H NMR (400 MHz, CDCl3) δ 7.40–7.17 (m, 5H), 6.47 (bs, 1H), 4.43 (d, J = 5.8 Hz, 2H), 3.59 (s, 2H), 2.39 (s, 
3H). 13C NMR (126 MHz, CDCl3) δ 195.9, 168.0, 137.8, 128.8, 127.6, 127.6, 43.8, 33.0, 30.3. HRMS (ESI) m/z 
224.0746 [calc’d for C11H14NO2S (M+H+) 224.0740]. 
 
Oxygen Attack (Benzyl-acetamide-thionoacetate [Rf = 0.7]: 
 
1H NMR (400 MHz, CDCl3) δ 7.44–7.25 (m, 5H), 6.39 (bs, 1H), 4.98 (s, 2H), 4.54 (d, J = 5.9 Hz, 2H), 2.64 (s, 
3H). 13C NMR (126 MHz, CDCl3) δ 217.5, 166.1, 137.5, 128.9, 127.9, 127.8, 69.8, 43.2, 34.2. HRMS (ESI) m/z 
246.0552 [calc’d for C11H13NO2SNa (M+Na+) 246.0560]. 
 
3. RNase A-Esterification Experiments 
 

 
 
Ribonuclease A (0.001 g, 0.073 µmol) was dissolved in 100 µL of 10 mM MES–NaOH buffer, pH 5.5, and 
diazobenzylacetamide (1) (0.0026 g, 14.6 µmol) was dissolved in 100 µL of acetonitrile. The two solutions were 
combined, and the reaction mixture was stirred for 4 h at 37 °C. Any remaining diazo compound was then quenched 
by adding 100 µL of 100 mM acetic acid, and the reaction mixture was concentrated under reduced pressure. The 
extent of esterification was determined to be <1 esters per RNase A by MALDI–TOF mass spectrometry. (Note: 
When the same conditions were employed with only 10 equiv of diazo compound, no esterification was observed). 
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Ribonuclease A (0.001 g, 0.073 µmol) was dissolved in 100 µL of 10 mM MES–NaOH buffer, pH 5.5, and 
diazofluorene (2) (0.001 g, 5.2 µmol) was dissolved in 1.00 mL of acetonitrile. An aliquot (100 µL) of the latter 
solution was added to the former solution, and the reaction mixture was stirred for 4 h at 37 °C. Any remaining 
diazo compound was then quenched by adding 100 µL of 100 mM acetic acid, and the reaction mixture was 
concentrated under reduced pressure. The extent of esterification was determined to be ~3 esters per RNase A by 
MALDI–TOF mass spectrometry. 
 
4. Trypsin-Digestion and MS/MS Experiments to Identify Esterified Carboxyl Groups in 
RNase A 
 
Protein digestion and mass spectrometric analysis was performed at the Mass Spectrometry Facility of the 
Biotechnology Center at the University of Wisconsin–Madison. Briefly, crude RNase A (0.10 mg) was precipitated 
with three volumes of ice-cold acetone, incubated for 30 min at –20 °C, and subjected to centrifugation for 10 min at 
16,000g. The pellet was washed once with ice-cold acetone, subjected to centrifugation again, and then washed once 
more with ice-cold methanol. The pelleted protein was re-solubilized and denatured in 15 µL of 8 M urea/50 mM 
NH4HCO3 (pH 8.5) for 10 min, then diluted with 60 µL containing 2.5 µL of 25 mM dithiothreitol (DTT), 5 µL 
MeOH, 0.2 µL of 1.0 M Tris–HCl buffer, pH 7.5, and 37.3 µL of 25 mM NH4HCO3 (pH 8.5). The resulting solution 
was incubated at 50 °C for 15 min, and then cooled with ice to room temperature. A 3-µL aliquot of 55 mM 
iodoacetamide was added, and the resulting solution was incubated in darkness at room temperature for 15 min 
before the reaction was quenched by adding 8 µL of 25 mM DTT. Subsequently were added 14 µL of 25 mM 
NH4HCO3, pH 8.5, and 15 µL of trypsin solution, which was 100 ng/µl Trypsin Gold from Promega (Madison, WI) 
in 25 mM NH4HCO3, to achieve a final volume of 100 µL. Digestion with trypsin was allowed to proceed for 1 h at 
42 °C. Then, an additional 10 µL of trypsin solution was added such that the final enzyme/substrate w/w ratio was 
1:40, and digestion was allowed to proceed overnight at 37 °C. Digestion was terminated by acidification with 
2.5% w/v trifluoroacetic acid to a final concentration of 0.3% w/v, and 8 µL (~6.5 µg RNase A) was used for 
nanoLC-MS/MS analysis. 

HPLC was performed using a 1100 series system from Agilent Technologies (Santa Clara, CA) equipped with 
an isocratic loading pump and nano-flow gradient pump at a flow rate of 15 µL/min. Samples of RNase A (~6.5 µg) 
were washed from the autosampler onto a 0.3 × 5 mm Stablebond C18 trapping cartridge. For elution, the nano-flow 
pump was switched into line with the trapping cartridge, and peptides were eluted onto an in-house–fabricated 15-
cm resolving C18 column from Bruker–Michrom (Auburn, CA) with a laser-pulled tip (P-2000) from Sutter 
Instrument (Novato, CA). Peptides were eluted with solvents comprised of 0.1 M acetic acid in water (solvent A) 
and 0.1 M acetic acid/95% v/v acetonitrile in water (solvent B). The gradient consisted of a 20-min loading and 
desalting period with column equilibration at 1% solvent B, an increase to 40% B over 195 min, a ramp to 60% B 
over 20 min, an increase to 100% B in 5 min, and a hold for 3 min. The column was then re-equilibrated at 1% B for 
30 min. The flow rate for peptide elution and re-equilibration was 200 nL/min. 

Peptides were analyzed by nanoLC-MS/MS using the 1100 series system connected to an LTQ-Orbitrap XL 
hybrid linear ion trap-orbitrap mass spectrometer from Thermo Fisher Scientific (Waltham, MA) equipped with a 
nanoelectrospray ion source. Capillary HPLC was performed using an in-house–fabricated 15-cm C18 column 
packed with Jupiter 4-µm C12 particles from Phenomenex (Torrance, CA) and a laser-pulled tip (P-2000) from 
Sutter Instrument with 360 × 75 µm fused silica tubing. Sample loading (8 µL) and desalting were done at 
10 µL/min using a trapping column in line with the autosampler (Zorbax 300SB-C18, 5 µM, 5 × 0.3 mm from 
Agilent Technologies). Peptide elution used solvents comprised of 0.1% v/v formic acid in water (solvent A) and 
0.1% v/v formic acid/95% v/v acetonitrile in water (solvent B). The gradient consisted of a 20-min loading and 
desalting period with column equilibration at 1% solvent B, an increase to 40% B over 195 min, ramp to 60% B 
over 20 min, an increase to 100% B in 5 min, and a hold for 3 min. The column was then re-equilibrated at 1% B for 
30 min. The flow rate for peptide elution and re-equilibration was 200 nL/min. 
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The LTQ-Orbitrap was set to acquire MS/MS spectra in data-dependent mode as follows. MS survey scans 
from m/z 300 to 2000 were collected in centroid mode at a resolving power of 100,000. MS/MS spectra were 
collected on the five most-abundant signals in each survey scan. Dynamic exclusion was employed to increase 
dynamic range and maximize peptide identifications. This feature excluded precursors up to 0.55 m/z below and 
1.05 m/z above previously selected precursors. Precursors remained on the exclusion list for 40 s. Peptide mass 
tolerance was set at 20 ppm and fragment mass at 0.8 Da. Singly-charged ions and ions for which the charge state 
could not be assigned were rejected from consideration.  
 
5. FLAG–RNase A-Esterification Experiments 
 
Preparation of FLAG–RNase A 
The FLAG sequence (DYKDDDDK) was inserted between the N-terminal methionine and Lys2 of RNase A in the 
pET22b(+) vector that directs the expression of wild-type RNase A in Escherichia coli. The protein was produced 
and purified by methods similar to those described previously.1 The protein was characterized by SDS–PAGE and 
MALDI–TOF (m/z 14816) (Figure S11A). The purified protein was obtained at approximately 25 mg/L. 
 
Esterification of FLAG–RNase A 
The esterification of FLAG–RNase A with diazofluorene (2) was carried out as described in Section 3. Esterification 
was verified by MALDI–TOF, and determined to be of similar magnitude to that of native RNase A (Figure S11B 
and S11C). 
 
Hydrolysis of Esterified Carboxyl Groups in FLAG–RNase A by a HeLa Cell Lysate 
HeLa cells were grown to confluence in a 10-cm2 dish before their collection and lysis with M-PER mammalian 
protein extraction reagent from Thermo Fisher Scientific. The presence of esterase activity in the lysate was verified 
by a colorimetric assay using p-nitrophenyl acetate. A solution of esterified FLAG–RNase A (10 µg) was added to 
200 µL of HeLa cell lysate, and the reaction mixture was nutated at ambient temperature overnight. FLAG–RNase 
A was subsequently purified with Anti-FLAG® M2 Magnetic Beads (Sigma–Aldrich). The regeneration of native 
FLAG–RNase A was confirmed with MALDI–TOF mass spectrometry (Figure S12) and assays of ribonucleolytic 
activity (Figure S13).	
  
	
  
Ribonucleolytic Activity Assays 
The ribonucleolytic activity of RNase A, FLAG–RNase A, FLAG–RNase A esterified with diazofluorene (2) (10 or 
200 equiv), and esterified FLAG–RNase A exposed to HeLa cell lysate was determined by quantifying the cleavage 
of 6-FAM–dArUdAdA–6-TAMRA, as described previously.2 Assays were carried out in triplicate at ambient 
temperature in a black polystyrene 96-well plate in 200 µL of 0.10 M MES–NaOH buffer, pH 6.0, containing NaCl 
(0.10 M). The resulting fluorescence data were fitted to the equation: kcat/KM = (ΔI/Δt)/(If – I0)[E], in which ΔI/Δt is 
the initial reaction velocity, I0 is the fluorescence intensity before addition of any ribonuclease, If is the fluorescence 
intensity after complete substrate hydrolysis, and [E] is the total ribonuclease concentration. 
 
6. His6–RFP-Esterification Experiments 
 
Preparation of His6–RFP 
A gene encoding an mCherry variant of the red fluorescent protein (RFP)3 was inserted into a novel vector derived 
from the pET22b from Novagen (Madison, WI). The resulting vector encoded an N-terminal His6 tag followed by a 
spacer region and a TEV protease recognition sequence. The vector also contained a T7 promoter and ampicillin-
resistance gene, but not lacI. (As RFP is not toxic to E. coli, its leaky gene expression is not a concern.) The vector 
was modified to contain a StuI site immediately after the TEV cleavage sequence, allowing for facile insertion of 
target genes with an N-terminal tag. 

The expresson vector was transformed into electrocompetent BL21(DE3) E. coli cells from New England 
Biolabs (Ipswich MA), which were then plated on LB–agar containing ampicillin. On the following day, a single 
colony was used to inoculate 50 mL of LB medium, and the resulting culture was grown overnight at 37 °C in a 
shaking incubator. On the following day, 5 mL of starter culture was used to inoculate 1 L of Terrific Broth medium 
(Research Products International) prepared previously in a 3.8-L glass flask. Ampicillin was also added to each flask 
to a final concentration of 200 µg/mL. Flasks were shaken at 200 rpm at 37 °C in a large shaking incubator until 
cells reached log phase (OD 0.6–0.8 at 600 nm). The incubator temperature was then switched to 20 °C, and cells 
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were equilibrated at the new temperature for 20 min. The production of His6–RFP was induced by adding IPTG 
from Research Products International (Mt. Prospect, IL) to 1 mM, and the cells were grown overnight at 20 °C in a 
shaking incubator. 

Cells were harvested by centrifugation for 20 min at 5,000 rpm at 4 °C. Cell pellets, which were bright magenta 
in color, were collected and resuspended in a lysis buffer, which was 50 mM Tris–HCl buffer, pH 7.0, containing 
NaCl (100 mM), imidazole (30 mM), Triton X-100 (1% v/v), and sucrose (20% w/v). The buffer was filter-
sterilized, but not autoclaved, and 15 mL of buffer was used for every 2 L of liquid growth. Cell pellets were 
vortexed and stored frozen at –20 °C overnight. 

Cells were lysed with a TS Series cell disrupter from Constant Systems (Kennesaw, GA), and the lysate was 
subjected to centrifugation immediately for 1 h at 11,000 rpm at 4 °C. The supernatant was filtered with either 5-µM 
syringe filters from EMD Millipore (Darmstadt, Germany) or glass fiber pre-filters from Sartorius AG (Göttingen, 
Germany). Solid, pelleted material was discarded. Filtered supernatants were stored on ice and protected from light 
prior to protein purification.  

Filtered cell lysates were purified by chromatography on Ni–NTA resin from GE Healthcare (Little Chalfont, 
UK) or Thermo Fisher Scientific, and elution using a linear gradient of imidazole. The binding (wash) buffer was 
20 mM sodium phosphate buffer, pH 7.4, containing NaCl (500 mM) and imidazole (30 mM). The elution buffer 
was 20 mM sodium phosphate buffer, pH 7.4, containing NaCl (500 mM) and imidazole (500 mM). Eluted fractions 
were collected, pooled, and dialyzed against 4 L of 20 mM Tris–HCl buffer, pH 7.0, containing EDTA (1 mM). 
Dialyzed material was then purified again using anion-exchange chromatography on a hiTrap Q column. Protein 
was eluted by using a linear gradient of NaCl. The binding (wash) buffer was 20 mM Tris–HCl buffer, pH 7.0, 
containing EDTA (1 mM). The elution buffer was 20 mM Tris–HCl buffer, pH. 7.0, containing EDTA (1 mM), 
NaCl (1.0 M). Upon elution, colored fractions were pooled and concentrated if necessary. The yield of His6–RFP 
was 55 mg per L of culture. 
 
Esterification of His6–RFP 
RFP (0.015 g, 0.51 µmol) was dissolved in 1.70 mL of 10 mM MES–NaOH buffer, pH 5.5, and diazofluorene (2) 
(0.001 g, 5.21 µmol) was dissolved in 1.70 mL of acetonitrile. The two solutions were combined, and the reaction 
mixture was nutated for 12 h in the dark. Any remaining diazo compound was then quenched by adding 100 µL of 
100 mM acetic acid. The extent of esterification was determined to be 1–3 esters per RFP by MALDI–TOF mass 
spectrometry. 
 
Hydrolysis of Esterified His6–RFP by a HeLa Cell Lysate 
HeLa cells were grown to confluence in a 10-cm2 dish before their collection and lysis with M-PER mammalian 
protein extraction reagent from Thermo Fisher Scientific. The presence of esterase activity in the lysate was verified 
by a colorimetric assay using p-nitrophenyl acetate. A solution of esterified His6–RFP (10 µg) was added to 200 µL 
of HeLa cell lysate, and the reaction mixture was nutated at ambient temperature overnight. His6–RFP was 
subsequently purified with HisPur Ni–NTA magnetic beads from Thermo Fisher Scientific. The regeneration of 
native His6–RFP was confirmed with MALDI–TOF mass spectrometry (Figure S14).	
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7. MALDI–TOF Mass Spectrometry Data for RNase A-Esterification Experiments 
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8. MS/MS Data for Trypsin-Digestion Experiments 
 

 
 
Figure S2. Benzylacetamidyl ester of glutamic acid 9 of RNase A. 
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Figure S3. Benzylacetamidyl ester of aspartic acid 14 of RNase A. 
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Figure S4. Benzylacetamidyl ester of glutamic acid 49 of RNase A. 
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Figure S5. Benzylacetamidyl ester of glutamic acid 111 of RNase A. 
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Figure S6. Benzylacetamidyl ester of valine 124 at the C terminus of RNase A. 
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Figure S7. Fluorenyl ester of aspartic acid 14 of RNase A. 
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Figure S8. Fluorenyl ester of glutamic acid 49 of RNase A. 
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Figure S9. Fluorenyl ester of glutamic acid 111 of RNase A. 
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Figure S10. Fluorenyl ester of aspartic acid 121 of RNase A. 
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9. MALDI–TOF Mass Spectrometry Data for FLAG–RNase A-Esterification Experiments 
 
A. Untreated FLAG–RNase A (expected m/z 14816) 

	
  

B. FLAG–RNase A esterified with diazofluorene (2) (10 equiv) (expected m/z 14816 + 164n) 
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C. FLAG–RNase A-esterification with diazofluorene (2) (200 equiv) (expected m/z 14816 + 164n) 

	
  

Figure S11. MALDI–TOF mass spectra of untreated FLAG–RNase A and FLAG–RNase A treated with 
diazofluorene (2). 

A. HeLa cell lysate-treated FLAG–RNase A esterified with diazofluorene (2) (10 equiv) (expected m/z 14816) 
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B. HeLa cell lysate-treated FLAG–RNase A esterified with diazofluorene (2) (200 equiv) (expected m/z 14816) 

	
  

Figure S12. MALDI–TOF mass spectra of HeLa cell lysate-treated esterified FLAG–RNase A showing hydrolysis 
of all esters. 
 
 
10. Ribonucleolytic Activity Assay Data 
 

 
Figure S13. Enzymatic activity of RNase A and FLAG–RNase A (unesterified or esterified). When esterified with 
either a 10- or 200-fold molar excess of diazofluorene (2), the ribonucleolytic activity of FLAG–RNase A is 
decreased by ~50%. Upon exposure to a HeLa cell lysate and subsequent purification via the FLAG tag, the 
enzymatic activity is restored to original levels.  
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11. MALDI–TOF Mass Spectrometry Data for His6–RFP-Esterification Experiments 
 

 
Figure S14. MALDI–TOF mass spectra. (A) Untreated His6–RFP (expected m/z 29244). (B) His6–RFP treated with 
diazofluorene (2) (10 equiv) (expected m/z 29244 + 164n). (C) HeLa cell lysate-treated esterified His6–RFP 
(expected m/z 29244) showing hydrolysis of all esters. 
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13. NMR Spectra (All compounds were dissolved in CDCl3 unless indicated otherwise.) 
 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S26– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S27– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S28– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S29– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S30– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S31– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S32– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S33– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S34– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S35– 

 
	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

NH

O
O

O

SH



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S36– 

	
  

	
  

	
  

	
  

	
  

	
  

	
  

 

NH

O
O

O

SH



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S37– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S38– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S39– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S40– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S41– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S42– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S43– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S44– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S45– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S46– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S47– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S48– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S49– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S50– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S51– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S52– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S53– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S54– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S55– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S56– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S57– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S58– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S59– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S60– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S61– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S62– 

 



McGrath, Andersen, Davis, Lomax, and Raines Supplementary Information 

–S63– 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


