
PRIVILEGED DOCUMENT FOR REVIEW PURPOSES ONLY

Antimicrobially Active Cycloundecapeptides Related to Gramicidin S 
Having A Novel Turn Structure with cis D-Phe-Pro Amido Bond

Makoto Tamakia*, Ichiro Sasakia, Manabu Kokunoa, 

Mitsuno Shindob, and Yoshiki Uchidab

1Department of Chemistry, Toho University, Funabashi, Chiba 274-8510, Japan
2Department of Food Science and Nutrition, Osaka Shoin Women’s University, Higashi-Osaka, 

Osaka 577-8550, Japan
*Email: tamaki@chem.sci.toho-u.ac.jp

Table of Contents for the Supplementary data (total 16 pages)

Page 1-2: Title, authors and their affiliations and Table of Contents.
Page 3: HPLC analyses of 1-5.
Page 4: Figure 2. 1H NMR spectrum of 1 in DMSO-d6 at 30 °C.

Table 1. All 1H chemical shifts (δ in ppm) of 1.
Page 5: Figure 3. 1H NMR spectrum of 2 in DMSO-d6 at 30 °C.

Table 2. All 1H chemical shifts (δ in ppm) of 2.
Page 6: Figure 4. 1H NMR spectrum of 3 in DMSO-d6 at 30 °C.

Table 3. All 1H chemical shifts (δ in ppm) of 3.
Page 7: Figure 5. 1H NMR spectrum of 4 in DMSO-d6 at 30 °C.

Table 4. All 1H chemical shifts (δ in ppm) of 4.
Page 8: Figure 6. 1H NMR spectrum of 5 in DMSO-d6 at 30 °C.

Table 5. All 1H chemical shifts (δ in ppm) of 5.
Page 9: Figure 7. Temperature dependences of amide protons in 1-5 and GS.
Page 10: Figure 8. JNH-

α
CH values of amide protons in 1-5 and GS.

Page 11: Figure 9. Chemical shift perturbation of α protons in 1-5 and GS.
Page 12: Figure 10. ROESY spectra of 1. 

Figure 11. Proposed secondary structure and spatial ROE crosspeaks of 1.
Page 13: Figure 12. ROESY spectra of 2. 

Figure 13. Proposed secondary structure and spatial ROE crosspeaks of 2.
Page 14: Figure 14. ROESY spectra of 3. 

Figure 15. Proposed secondary structure and spatial ROE crosspeaks of 3.

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010



PRIVILEGED DOCUMENT FOR REVIEW PURPOSES ONLY

Page 15: Figure 16. ROESY spectra of 4. 
Figure 17. Proposed secondary structure and spartial ROE cosspeaks of 4.

Page 16: Figure 18. ROESY spectra of 5. 
Figure 19. Proposed secondary structure and spartial ROE cosspeaks of 5.

Page 17: Table 6. Hemolytic activities of GS and 1-5 (% hemolysis).

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010



PRIVILEGED DOCUMENT FOR REVIEW PURPOSES ONLY

HPLC analyses of 1-5
HPLC analyses of 1-5 were achieved using analytical reverse phase HPLC system

(800 Series, JASCO LTD., Tokyo, Japan), equipped with an 880 intelligent HPLC pump, 
an 875-UV intelligent UV/Vis detector, an 860-CD column oven, and a TSK-Gel C18 
column (4.6 x 150 mm, 10 mm particle size, Tosoh Co., Tokyo, Japan).  
Chromatographies were carried out by a flow rate of 1 ml/min at 30 ºC and monitored at 
220 nm.  Elution solvents used methanol-0.1% TFAaq (70:30) for 1, methanol-0.1 % 
TFAaq (65:35) for 2 and methanol-0.1 % TFAaq (55:45) for 3-5.   HPLC profiles of 1-5
were shown in next figures.
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Figure 2. 1H NMR spectrum of 1 in DMSO-d6 at 30 °C.

Table 1. All 1H chemical shifts (δ in ppm) of 1.
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Figure 3. 1H NMR spectrum of 2 in DMSO-d6 at 30 °C.

Table 2. All 1H chemical shifts (δ in ppm) of 2.
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Figure 4. 1H NMR spectrum of 3 in DMSO-d6 at 30 °C.

Table 3. All 1H chemical shifts (δ in ppm) of 3.
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Figure 5. 1H NMR spectrum of 4 in DMSO-d6 at 30 °C.

Table 4. All 1H chemical shifts (δ in ppm) of 4.
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Figure 6. 1H NMR spectrum of 5 in DMSO-d6 at 30 °C.

Table 5. All 1H chemical shifts (δ in ppm) of 5.
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Figure 7. Temperature dependences of amide protons in 1-5 and GS.
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Figure 8. JNH-


CH values of amide protons in 1-5 and GS.
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Figure 9. Chemical shift perturbations of  protons in 1-5 and GS.
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Figure 10. ROESY spectra of 1.

Figure 11. Proposed secondary structure and spatial ROE crosspeaks of 1.
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Figure 12. ROESY spectra of 2.

Figure 13. Proposed secondary structure and spatial ROE crosspeaks of 2.
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Figure 14. ROESY spectra of 3

Figure 15. Proposed secondary structure and spatial ROE crosspeaks of 3.
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Figure 16. ROESY spectra of 4

Figure 17. Proposed secondary structure and spatial ROE crosspeaks of 4.
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Figure 18. ROESY spectra of 5

Figure 19. Proposed secondary structure and spatial ROE crosspeaks of 5.
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Table 6. Hemolytic activities of GS and 1-5 (% hemolysis).

The experiments were carried out three times for each peptide.
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