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General information: Anhydrous dichloromethane was obtained using the method described by 
Grubbs.[1]  Tetrahydrofuran (THF) was distilled from sodium benzophenone ketyl under nitrogen.  2,2,2-
trifluoroethanol (TFE), 1,1,1,3,3,3-hexafluoroisopropanol (HFIP), and tris(2-carboxyethyl)phosphine 
hydrochloride were purchased from Oakwood Products (West Columbia, SC).  All other solvents were of 
reagent grade quality.  All other reagents were purchased from Sigma-Aldrich. Peptides were purchased 
from Sigma-Aldrich, synthesized by standard solution-phase chemistry, or synthesized on 2-chlorotrityl 
resin using an Aapptec Apex 396 automated peptide synthesizer. 
 
Instrumentation: Infrared (IR) spectra were obtained on a Perkin-Elmer Spectrum 100 instrument 
equipped with a single-reflection diamond / ZnSe ATR accessory in the solid state.  Spectral features 
are reported in wavenumber (cm-1) and intensity (s-strong, m-medium, w-weak, br-broad).   
 
Nuclear Magnetic Resonance Spectra: 1H NMR and 13C NMR spectra were recorded on Varian 
Mercury 300 or 400 MHz spectrometers or a Bruker 400 MHz spectrometer.  1H NMR chemical shifts 
are reported in parts per million (ppm) relative to solvent (chloroform, 7.27 ppm; methanol, 3.31 
ppm; dimethyl sulfoxide, 2.50 ppm).  13C chemical shifts are reported in ppm, and referenced to 
solvent (chloroform, 77.0 ppm; methanol, 49.2 ppm; dimethyl sulfoxide, 39.5 ppm).  Peak 
multiplicities are designated by the following abbreviations: s, singlet; bs, broad singlet; d, doublet; t, 
triplet; q, quartet; m, multiplet; dd, doublet of doublets; ddd, doublet of doublet of doublets; dt, 
doublet of triplets; bt, broad triplets; br, broad; and J, coupling contant in Hz. 
 
Mass Spectrometry: Low resolution mass spectra (ESI) were obtained at 60 eV and 100 eV on an 
Agilent Technologies 6130 Quadrupole LC / MS machine. 
 
Chromatography:  Flash column chromatography was performed using Silicycle 230-400 mesh silica 
gel.  Analytical thin-layer chromatography was performed on pre-coated glass-backed plates and 
visualized using a UV lamp (254 nm), iodine and potassium permanganate stains.  Analytical high-
performance liquid chromatography (HPLC) was performed using an Agilent 1200 Series machine, 
and either an Agilent Poroshell 120 EC-C18 2.7 µm, 4.6 x 50 mm column or a Silicycle SiliaChrom XT 
C18 5 µm, 4.6 x 50 mm column.  Mobile phases were acetonitrile (0.1 % formic acid) and water (0.1 % 
formic acid). Preparative separations were performed using a Waters Prep LC 4000 System machine, 
and a Silicycle, SiliaChrom XT C18 10 µm, 30 x 150 mm column. Mobile phases were acetonitrile (0.1 
% TFA) and water (0.1 % TFA). 
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General procedures 
 
N-Formylation of amino acids:[2]  An amino acid (1.0 equiv.) was dissolved in formic acid to a 
concentration of 1.0 M. The solution was warmed to 55 °C.  Acetic anhydride (3.7 equiv.) was added 
dropwise to the warm solution. The reaction was then allowed to stir at room temperature for 2 
hours, at which point it was diluted with water to a concentration of 0.3 M. The mixture was 
concentrated under reduced pressure with heating to give a white solid.  This solid was suspended in 
diethyl ether, filtered and washed to remove residual acid. 
  
Thioesterification of N-formyl amino acids 
Method A: DCC coupling. Thiol (2.4 equiv.) and triethylamine (1.2 equiv.) were added to a 0.37 M 
solution of N-formyl amino acid (1.0 equiv.) in THF. The solution was cooled in an ice-water bath, and 
a 0.85 M solution of N,N’-dicyclohexylcarbodiimide (DCC) (1.15 equiv.) in THF was added over a 
period of 20 minutes. The cooling bath was removed and the reaction was stirred at room 
temperature for 12 hours or until completion as judge by TLC. The flask was then cooled to -20 °C 
for 1 hour prior to filtration.  The filtrate was concentrated and purified by flash chromatography 
(silica gel with ethyl acetate / hexanes) to give the thioester formamide. 
 
Method B: Chloroformate coupling.[3] To a flame-dried flask equipped with a magnetic stir bar was 
added N-formyl amino acid (1.0 equiv.) and anhydrous DCM to prepare a 0.49 M solution. The flask 
was sealed, equipped with a nitrogen inlet, and cooled in an ice-water bath. Sequentially, isobutyl 
chloroformate (1.1 equiv.) and triethylamine (1.0 equiv.) were added to the flask dropwise. The flask 
was stirred for 10 minutes, after which thiol (2.2 equiv.) and triethylamine (1.0 equiv.) were added. 
The reaction was stirred for 20 minutes, after which it was diluted with diethyl ether to precipitate 
triethylammonium chloride. The mixture was filtered and washed with diethyl ether. The filtrate was 
concentrated and purified by flash chromatography (silica gel with ethyl acetate / hexanes) to give 
the thioester formamide. 
 
Method C: Hydroxybenzotriazole coupling.[4] To a 0.23 M solution of N-formyl amino acid (1.0 
equiv.) in anhydrous DCM were sequentially added 6-chloro-1-hydroxybenzotriazole (1.0 equiv.), N-
(3-dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC HCl, 1.0 equiv.), and 
diisopropylethylamine (1.0 equiv.). The solution was stirred for 90 minutes before addition of thiol 
(2.4 equiv.). The solution was then stirred for 4 h at room temperature. The reaction mixture was then 
washed with 1 M HCl(aq), 1 % NaHCO3(aq), and water, dried over sodium sulfate, filtered and 
concentrated. The residue was purified by flash chromatography (silica gel with ethyl acetate / 
hexanes) to give the thioester formamide. 
 
Synthesis of thioester isocyanides: Triethylamine (2.5 equiv.) was added to a 0.425 M solution of 
thioester formamide (1.0 equiv.) in anhydrous DCM. The solution was cooled in an ice-water bath 
and phosphorus oxychloride (1.0 equiv.) was added to the solution dropwise over 10 minutes. The 
ice-water bath was removed and the reaction was stirred for 1 hour at room temperature. Sodium 
carbonate (1.1 equiv.) was dissolved in water to give a 0.5 M solution that was added to the reaction 
mixture, which was then stirred for 30 minutes. The organic layer was separated and the aqueous 
layer was extracted 3 times with DCM.  The combined organic layers were dried with anhydrous 
sodium sulfate, filtered, concentrated and purified by flash chromatography (silica gel with ethyl 
acetate / hexanes and triethylamine) to give the thioester isocyanide. 
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Macrocyclization of peptides using aziridine aldehyde and thioester isocyanide: Thioester 
isocyanide (1.1 equiv.) was added to a 50 mM solution of peptide (1.0 equiv.) with aziridine aldehyde 
dimer (0.6 equiv.) in 2,2,2-trifluoroethanol or 1,1,1,3,3,3-hexafluoro-2-propanol. The reaction was 
stirred for 3-6 hours or until >90 % consumption of starting peptide was determined by LCMS. The 
solvent was then evaporated via a stream of nitrogen or in vacuo.  The residue was triturated with 
hexanes and diethyl ether before being purified by RP-HPLC. 
 
Native chemical ligation: Thiophenol (10 equiv.) was added to a 4 mM solution of thioester peptide 
macrocycle (1.0 equiv.) with N-terminal cysteine peptide (2.0 equiv.), and tris(2-
carboxyethyl)phosphine hydrochloride (20 equiv.) in Dulbecco’s phosphate buffered saline. The pH 
was adjusted to ~7.5 using a 50 % aqueous solution of NaOH and 1 M aqueous hydrochloric acid. 
The reaction was stirred until full conversion, as measured by LCMS. The product was purified by RP-
HPLC. 
 
Aziridine ring opening using thiobenzoic acid: Thiobenzoic acid (4 equiv.) was added to a 0.1 M 
solution of aziridine containing macrocycle in chloroform with methanol present if necessary for 
solubility. The reaction was stirred for 1 h, at which point the reaction was judged by LCMS to be 
complete. The reaction was concentrated in vacuo and triturated with hexanes and diethyl ether. 
 
Desulfurization: A slurry of Raney nickel (~1 mL / mmol peptide) was added to a 0.1 M solution of 
macrocyclic peptide in methanol. The reaction was stirred for 16 h, before filtration through a pad of 
Celite®, washing with methanol. The product was purified by RP-HPLC. 
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Table S1 Preparation of thioester formamides and thioester isocyanides.  
 

Thioester formamide (2) (yield)a Thioester isocyanide (3) (yield)b 

  

  

  
a Isolated after two reactions from amino acids. b Isolated from 
dehydration of 2. Conditions: POCl3, NEt3, DCM, 0 °C to rt, 1 h. 
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Characterization of isocyanides and precursors 
Note: Many of these compounds exhibit resolved rotamers in their proton and carbon spectra. 
Where possible, the chemical shifts have been assigned using the following notations: min. rot. 
(minor rotamer) and maj. rot. (major rotamer). 
 

 
N-formyl valine (1a) 
Yield: 95 % (9.5 mmol) 
1H NMR (400 MHz, DMSO) δ 12.69 (br s, 1H), 8.30 (d, J = 8 Hz, 1H), 8.07 (s, 1H), 4.21 (ddd, J = 12, 8, 2 
Hz, 1H, maj. rot.), 3.38 (q, J = 8 Hz, 1H, min. rot.), 2.07 (m, 1H, maj. rot.), 1.09 (t, J = 8 Hz, 1H, min. rot.), 
0.87 (app. t, 6H). 13C NMR (100 MHz, DMSO) δ 173.3, 161.8, 56.2, 30.5, 19.8, 18.3. 
 

 
N-formyl glycine (1b) 
Yield: 87 % (87 mmol) 
1H NMR (400 MHz, DMSO) δ 8.30 (br s, 1H), 8.13 (s, 1H, maj. rot.), 8.07 (s, 1H, min. rot.), 3.84 (d, J = 8 
Hz, 2H, min. rot.), 3.79 (d, J = 8 Hz, 2H, maj. rot.).  13C NMR (100 MHz, DMSO) δ 170.9, 161.4, 39.2 
(obscured by solvent). 
 

 
N-formyl 2-aminoisobutyric acid (1c) 
Hexanes was substituted for diethyl ether during the workup of this product. 
Yield: >99 % (50 mmol) 
1H NMR (300 MHz, DMSO) δ 8.25 (br s, 1H), 7.88 (s, 1H), 1.36 (s, 6H). 13C NMR (75 MHz, DMSO) δ 
175.2, 160.4, 54.4, 24.8. 
 

 
N-formyl β-alanine (1d) 
Yield: 99 % (100 mmol) 
1H NMR (400 MHz, DMSO) δ 8.07 (br s, 1H), 7.96 (s, 1H), 3.27 (apparent q, J = 8 Hz, 2H), 2.37 (t, J = 8 
Hz, 2H).  13C NMR (100 MHz, DMSO) δ 172.9, 161.2, 33.8, 33.4. 
 

 
N-formyl para-aminobenzoic acid (1e) 
Yield: 95 % (20.8 mmol) 
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1H NMR (300 MHz, DMSO) δ 10.45 (s, 1H, maj. rot.), 10.24 (s, 1H, min. rot.), 8.94 (d, J = 12 Hz, 1H, 
min. rot.) 8.33 (s, 1H, maj. rot.), 7.89 (apparent t, J = 9 Hz, 2H, both rot.), 7.68 (d, J = 9 Hz, 2 H, maj. 
rot.), 7.28 (d, J = 9 Hz, 2H, min. rot). 13C NMR (75 MHz, DMSO) δ 166.9, 160.2, 142.2, 130.6, 125.6, 
118.6. 
 

 
S-ethyl N-formyl valine thioester (2a) 
Method A. Yield: 72 % (5.42 mmol) 
1H NMR (400 MHz, CDCl3) δ 8.29 (s, 1H, maj. rot.), 8.02 (d, 1H, min. rot.), 6.30 (br s, 1H), 4.74 (ddd, J = 
8, 4, 1 Hz, 1H, maj. rot.), 3.94 (dd, J = 8, 4 Hz), 2.90 (m, 2H), 2.28 (m, 1H), 1.25 (t, J = 8 Hz, 3H), 0.99 (d, 
J = 8 Hz, 3H), 0.89 (d, J = 8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 199.6, 161.2, 62.4, 31.7, 23.7, 19.6, 
17.1, 14.7. 

 
S-ethyl N-formyl glycine thioester (2b) 
Method A. Yield: 22 % (1.05 mmol) 
Method B. Yield: 40 % (7.79 mmol) 
1H NMR (300 MHz, CDCl3) δ 8.29 (s, 1H), 8.24 (s, 1H, min. rot.), 6.16 (br s, 1H) 4.28 (d, J = 6 Hz, 2H), 
2.97 (q, J = 9 Hz, 2H), 1.29 (t, J = 9 Hz, 3 H). 13C NMR (100 MHz, CDCl3) δ 195.9, 160.8, 47.6, 23.3, 14.5. 
Rf 0.12 (50 % ethyl acetate / hexanes) 
 

 
S-ethyl N-formyl 2-aminoisobutyrothioate (2c) 
Method A. Yield: 44 % (2.25 mmol) 
Method B. Yield: 91 % (63.9 mmol) 
1H NMR (400 MHz, CDCl3) δ 8.14 (d, 1H, min. rot.), 7.96 (s, 1H, maj. rot.), 2.73 (q, J = 8 Hz, 2H), 1.43 (s, 
6H), 1.11 (t, J = 9 Hz, 3 H). 13C NMR (100 MHz, CDCl3) δ 202.9, 163.8 (min. rot.), 161.0 (maj. rot.), 62.4 
(min. rot.), 61.93 (maj. rot.), 26.2 (min. rot.), 25.1 (maj. rot.) 23.0, 14.1. 
Rf 0.24 (50 % ethyl acetate / hexanes) 
 

 
S-ethyl N-formyl β-alanine thioester (2d) 
Method A. Yield: 68 % (32.9 mmol) 
Method B. Yield: 70 % (69.7 mmol) 
1H NMR (400 MHz, CDCl3) δ 8.13 (s, 1H), 6.25 (br s, 1H), 3.57 (apparent q, J = 8 Hz, 2H), 2.88 
(apparent q, J = 8 Hz, 2H), 2.80 (t, J = 8 Hz, 2H), 1.24 (t, J = 8 Hz, 3 H). 13C NMR (100 MHz, CDCl3) δ 
198.6, 161.1, 44.7 (min. rot.), 43.0 (maj. rot.), 37.4 (min. rot.), 33.8 (maj. rot.), 23.4, 14.6. 
Rf 0.18 (50 % ethyl acetate / hexanes) 
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S-ethyl N-formyl para-aminobenzothioate (2e) 
Method C. Yield: 75 % (2.28 mmol) 
1H NMR (400 MHz, CDCl3) δ 8.86 (br s, 1H, maj. rot.), 8.42 (m, 1H, maj. rot.), 8.25 (br s, 1H, min. rot.) 
8.14 (br s, 1H, min. rot.), 7.94 (m, 2H, both rot.), 7.65 (m, 2 H, maj. rot.), 7.16 (d, J = 8 Hz, 2H, min. rot) 
3.06 (m, 2H), 1.34 (m, 3H). 13C NMR (100 MHz, CDCl3) δ 191.1, 162.0 (min. rot.), 159.3 (maj. rot.), 
141.4, 133.2, 128.4, 119.2 (maj. rot.), 117.2 (min. rot.), 23.4, 14.7. 
Rf 0.38 (50 % ethyl acetate / hexanes) 
 
 

 
S-ethyl 2-isocyano-2-isopropylethanethioate (3a) 
Yield: 82 % (0.19 mmol) 
1H NMR (400 MHz, CDCl3) δ 4.20 (d, J = 4 Hz, 1H), 2.96 (q, J = 8 Hz, 2H), 2.40 (br m, 1H) 1.30 (t, J = 8 
Hz, 3H), 1.12 (d, J = 4 Hz, 3H), 1.00 (d, J = 4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 193.8, 161.3, 62.1, 
31.7, 23.9, 19.5, 16.1, 14.2. 
Rf 0.83 (50 % ethyl acetate / hexanes) 
 

 
S-ethyl 2-isocyanoethanethioate (3b) 
Yield: 89 % (3.02 mmol) 
1H NMR (400 MHz, CDCl3) δ 4.32 (s, 2H), 3.01 (q, J = 8 Hz, 2H), 1.32 (t, J = 8 Hz, 3H). 13C NMR (100 
MHz, CDCl3) δ 197.9, 156.6, 50.6, 23.9, 14.3. 
Rf 0.80 (50 % ethyl acetate / hexanes) 
 

 
S-ethyl 2,2-dimethyl-2-isocyanoethanethioate (3c) 
Yield: 69 % (13.8 mmol) 
1H NMR (400 MHz, CDCl3) δ 2.90 (q, J = 8 Hz, 2H), 1.63 (s, 6H), 1.28 (t, J = 8 Hz, 3H). 13C NMR (100 
MHz, CDCl3) δ 197.9, 161.0, 65.9, 27.7, 24.0, 14.0. 
Rf 0.88 (50 % ethyl acetate / hexanes) 
 

 
S-ethyl 3-isocyanopropanethioate (3d) 
Yield: 85 % (17.1uu mmol) 
1H NMR (300 MHz, CDCl3) δ 3.69 (t, J = 6 Hz, 2H), 2.92 (m, 4H), 1.25 (t, J = 6 Hz, 3H). 13C NMR (75 
MHz, CDCl3) δ 195.3, 156.0, 42.8, 37.3, 23.8, 14.8. 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S9 
 

Rf 0.70 (50 % ethyl acetate / hexanes) 
 

 
S-ethyl 4-isocyanobenzothioate (3e) 
Yield: 93 % (2.12 mmol) 
1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8 Hz, 2H), 7.47 (d, J = 8 Hz, 2H), 3.11 (q, J = 8 Hz, 2H), 1.37 (t, 
J = 8 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 190.5, 167.2, 149.4, 137.5, 128.3, 126.6, 23.8, 14.6. 
Rf 0.84 (25 % ethyl acetate / hexanes) 
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Purification of peptide macrocycles 
All peptides were purified by RP-HPLC using a C18 column with H2O/MeCN gradient.  Peptide purity 
was determined by LCMS analysis using UV integrations, and was in excess of 95% for most 
products.  Peptide yields were determined by analysis of the crude reaction mixture using benzamide 
as an internal standard.  Calibration curves were prepared using aliquots of 0.1 M solutions of 
purified peptide with a 0.1 M solution of benzamide and HFIP.  These dilutions were then analyzed 
by LCMS and UV integrations used to construct curves for yield determination. 
 
NOTE:  During LCMS analysis of purified peptides both injection peaks (before 1 min) and solvent 
front peaks (between 2 and 3.5 min.) were observed.  This was particularly prominent with dilute 
peptide solutions, and as such is not indicative of impurities. 
 
LCMS UV trace for water blank: 
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Characterization of peptide macrocycles 
 

  
 
Compound 4a 
Yield: 52 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C20H33N4O4S (MH+) 425.2217 , found 425.2223 
LCMS retention time on C18 (5% to 95% MeCN over 10 min.):  6.64 min. 
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Compound 4b 
Yield:  49 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C21H35N4O4S (MH+) 439.2373, found 439.2370 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.):  5.08 min. 
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Compound 5a 
Yield:  68 % 
Purity:  90 % 
HRMS (ESI) m/z calcd  
LCMS retention time on C18 (5% to 95% MeCN over 8 min.):  5.46 min. 
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Compound 5b 
Yield:  61 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C30H44N5O5S (MH+) 586.3057, found 586.3057 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.):  5.65 min. 
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Compound 6a 
Yield:  31 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C29H49N6O7S (MH+) 625.3377, found 625.3367 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.):  4.73 min. 
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Compound 6b 
Yield:  45 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C30H51N6O7S (MH+) 639.3534, found 639.3547 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.): 5.08 min. 
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Compound 7a 
Yield:  13 % 
Purity:  87 % 
HRMS (ESI) m/z calcd for C27H45N6O6S2 (MH+) 613.2843, found 613.2841 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.):  3.90 min. 
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Compound 7b 
Yield:  34 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C30H51N6O7S (MH+) 639.3534, found 639.3547 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.): 5.13 min. 
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Compound 8a 
Yield:  51 % 
Purity:  88 % 
HRMS (ESI) m/z calcd for C45H56N7O7S (MH+) 838.3956, found 838.3994 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.):  5.93 min. 
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Compound 8b 
Yield:  51 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C46H58N7O7S (MH+) 852.4112, found 852.4141 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.): 5.34 min. 

 

 

  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S38 
 

 
 
Compound 9a 
Yield:  20 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C33H48N7O7S2 (MH+) 718.3051, found 718.3048 
LCMS retention time on C18 (5% to 95% MeCN over 10 min.):  5.84 min. 
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Compound 9b 
Yield:  20 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C34H50N7O7S (MH+) 732.3207, found 732.3243 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.): 4.52 min. 
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Compound 10a 
Yield:  13 % 
Purity: >95 % 
HRMS (ESI) m/z calcd for C33H48N7O7S (MH+) 686.3330, found 686.3356 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.):  4.77 min. 
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Compound 10b 
Yield:  22 % 
Purity:  >95 % 
HRMS (ESI) m/z calcd for C28H47N6O6S (MH+) 627.2993, found 627.3012 
LCMS retention time on C18 (5% to 95% MeCN over 8 min.): 5.08 min. 
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Compound 11a 
Yield: 73 % 
Purity: 90 % 
ESI m/z calcd for C41H58N10O10S (MH+) 883.41, found 883.55 
LCMS retention time on C18 (5% to 95% MeCN over 3 min.): 0.49 min. 
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Compound 11b 
Yield: 43 % 
Purity: 76 % 
ESI m/z calcd for C42H60N10O10S (MH+) 897.43, found 897.49 
LCMS retention time on C18 (5% to 95% MeCN over 3 min.): 0.54 min. 
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Compound 12 
Yield: 71 % 
Purity: 84 % 
ESI m/z calcd for C41H60N10O10 (MH+) 853.46, found 853.51 
LCMS retention time on C18 (5% to 95% MeCN over 3 min.): 0.44 min. 
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Figure S1 First generation of peptides synthesized for antimicrobial activity 
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Antimicrobial Activity Screening  
 
Zone-of-inhibition: Overnight E. coli (BL21 strain) culture was diluted to approximately 106 CFU/mL, 
plated on a LB (Bioshop) agar surface, and allowed to dry. 5 μL of each peptide dissolved in DMSO at 
1 mg/mL was dropped on to the plate in a pre-labeled grid, and dried. Zones-of-inhibition were 
compared after incubating the plate at 37 ˚C overnight.  Tobramycin (Sigma) at 1 mg/mL and DMSO 
without peptides were chosen to be the positive and negative controls. 
 
Results: No clear zone of inhibition was detected for any of the tested peptides. 
 

 
 
Minimal inhibitory concentration: The antimicrobial activity of each peptide was tested in sterile 
96-well microtiter plates against Escherichia coli BL21 strain and P. aeruginosa PAO1 strain by 
following standard microtiter dilution protocols in Mueller Hinton Broth (MHB).[5]  The bacterial 
strains were grown in MHB at 37 °C overnight, and diluted to a final concentration of 5 x 105 to 106 
colony forming units as determined by UV spectrophotometer at optical density (OD) 600 nm.  10 μL 
of peptides of two-fold serial dilutions were added to 90 μL of diluted bacterial suspension.  Plates 
were incubated at 37 °C overnight for 20 h, and the minimum inhibitory concentration (MIC) was 
taken as the concentration at which the bacterial growth was fully inhibited, detected at OD600 using 
a Genesys 5 microplate autoreader spectrophotometer.   
 
Results: The peptides displayed no antimicrobial activity at tested concentrations up to 64 μg/mL 
against both bacterial strains. 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S47 
 

  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S48 
 

References 
 
[1] A. B. Pangborn, M. A. Giardello, R. H. Grubbs, R. K. Rosen and F. J. Timmers, Organometallics, 

1996, 15, 1518. 
[2] J. C. Sheehan and D.-D. H. Yang, J. Am. Chem. Soc., 1958, 80, 1154. 
[3] H. Tokuyama, S. Yokoshima, S.-C. Lin, L. Li and T. Fukuyama, Synthesis, 2002, 1121. 
[4] J. A. Camarero, B. J. Hackel, J. J. de Yoreo and A. R. Mitchell, J. Org. Chem. 2004, 69, 4145. 
[5] I. Wiegand, K. Hilpert and R. E. Hancock, Nat. Protoc. 2008, 3, 163. 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


