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Figure 1 Proposed model of Azo-D-Lys-Phe-Ala a) SEM (scale bar=1μm) b)minimized energy 

structure of monomer c) top view of molecular self-assemble stacking model after minimized energy 

calculation d)side view of the model 
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Figure 2 UV absorption of the hydrogels formed by A) Azo-Lys-Phe-Ala B) Azo-Gly-Phe-Ala C) Azo-

Leu-Phe-Ala D) Azo-Glu-Phe-Ala  E) Azo-Lys-D-Phe-D-Ala before (black solid line) and after (red 

dash) photo-irradiation 
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Figure 3  SEM images of the cryo-dried samples of Azo-Lys-D-Phe-D-Ala gel before (A) and after (B) 

photo-irradiation, Azo-Gln-Phe-Ala gel before (C) and after (D) photo-irradiation (scale bar represents 

1μm) 

 
 

NMR and MS of Azo-peptides. 
(4-Phenylazophenyl)acetic Acid: 1H NMR (300 MHz, DMSO-d6) δ(ppm): 7.89(dd, 2H, J=1.7, 7.9 Hz), 

7.86(d, 2H, J=8.4 Hz), 7.56-7.64(m, 3H), 7.50(d, 2H, J=8.4 Hz), 3.71(s, 2H); EI-MS: calc.(M)=240.09, 

find (M+)=240.0. 

 

Azo-Phe-Glu: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.39(t, 2H, J=7.5Hz),  7.88(dd, 2H, J=8.1Hz, 

1.8Hz), 7.75(d, 2H, J=8.4Hz), 7.63-7.53(m, 3H), 7.28-7.17(m, 7H), 4.65-4.57(m, 1H), 4.28-4.21(m, 

1H), 3.57-3.45(m, 2H), 3.06(dd, 1H, J=13.8Hz, 3.9Hz), 2.76(dd, 1H, J=14.1Hz, 10.5Hz), 2.33-2.27(m, 

2H), 2.07-1.95(m, 1H), 1.87-1.77(m, 1H). 13C NMR(75MHz,DMSO-d6) δ (ppm):  173.8, 173.1, 171.5, 

169.4, 152.0, 150.5, 140.2, 137.8, 131.4, 130.0, 129.5, 129.3, 128.0, 126.2, 122.5, 122.4, 53.7, 51.3, 

41.9, 37.7, 30.0, 26.3.  
 

Azo-Glu-Phe: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.31-8.23(m, 2H),  7.90-7.82(m, 4H), 7.63-

7.55(m, 3H), 7.47(d, 2H, J=8.4Hz), 7.27-7.16(m, 5H), 4.46-4.30(m, 2H), 3.64-3.53(m, 2H), 3.06(dd, 
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1H, J=13.8Hz, 5.1Hz), 2.76(dd, 1H, J=13.5Hz, 9.0Hz), 2.23(t, 2H, J=7.8Hz),1.93-1.61(m, 2H). 13C 

NMR(75MHz,DMSO-d6) δ (ppm):  173.9, 172.8, 171.1, 169.5, 152.0, 150.6, 140.3, 137.4, 131.4, 130.1, 

129.45, 129.1, 128.2, 126.4, 122.5, 122.5, 53.5, 51.6, 41.8, 36.5, 30.0, 27.7. 
 

Azo-Phe-Ser: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.41-8.35(m, 2H),  7.88(dd, 2H, J=7.8Hz, 

1.8Hz), 7.74(d, 2H, J=8.4Hz), 7.63-7.55(m, 3H), 7.30-7.18(m, 7H), 4.74-4.65(m, 2H), 4.33-4.30(m, 

1H), 3.78-3.63(m, 2H), 3.56-3.44(m, 2H), 3.12-3.07(m, 1H), 2.79-2.75(m, 1H). 13C NMR 

(75MHz,DMSO-d6) δ (ppm): 171.9, 171.5, 169.3, 151.9, 150.5, 140.2, 137.9, 131.4, 123.0, 129.5, 

129.3, 128.0, 126.2, 122.5, 122.3, 61.3, 54.7, 53.6, 41.9, 37.8.  

 

Azo-Ser-Phe: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.19(d, 1H, J=7.8Hz), 8.05(d, 1H, J=7.8Hz), 

7.90-7.81(m, 4H), 7.62-7.56(m, 3H), 7.50-7.44(m, 2H), 7.27-7.18(m, 5H) 4.58-4.35(m, 2H), 3.62-

3.50(m, 4H), 3.11-2.87(m, 2H). 13C NMR (75MHz,DMSO-d6) δ (ppm): 172.6, 169.9, 169.7, 151.9, 

150.6, 140.3, 137.3, 131.4, 130.2, 130.1, 129.4, 129.2, 129.1, 128.2, 128.1, 126.4, 122.5, 122.4, 61.7, 

55.1, 53.4, 41.8, 36.7. 

 

Azo-Phe-Ala: 1HNMR (300MHz,DMSO-d6) δ (ppm):  8.44-8.38(m, 2H),  7.88(dd, 2H, J=7.8Hz, 

1.8Hz), 7.75(d, 2H, J=8.7Hz), 7.63-7.55(m, 3H), 7.30-7.17(m, 7H), 4.64-4.57(m, 1H), 4.28-4.18(m, 

1H), 3.56-3.44(m, 2H), 3.06(dd, 1H, J=14.1Hz, 3.6Hz), 2.75(dd, 1H, J=13.8Hz, 10.5Hz), 1.30(d, 2H, 

J=7.2Hz). 13C NMR (75MHz,DMSO-d6) δ (ppm):  174.0, 171.1, 169.3, 151.9, 150.5, 140.2, 137.8, 

131.4, 130.0, 129.5, 129.3, 128.0, 126.2, 122.5, 122.3, 53.6, 47.5, 41.9, 37.7, 17.1.  

 

Azo-Ala-Phe: 1H NMR(300MHz,DMSO-d6) δ (ppm):  8.25(d, 1H, J=7.2Hz), 8.11(d, 1H, J=7.2Hz),  

8.00-7.81(m, 4H), 7.62-7.55(m, 3H), 7.47(d, 2H, J=8.4Hz), 7.25-7.17(m, 5H), 4.47-4.33(m, 2H), 3.57(s, 

2H), 3.06(dd, 1H, J=13.8Hz, 5.1Hz), 2.91(dd, 1H, J=13.8Hz, 8.7Hz), 1.20(d, 3H, J=7.2Hz). 13C NMR: 

(75MHz,DMSO-d6) δ (ppm):  172.7, 172.2, 169.2, 151.9, 150.6, 140.3, 137.4, 131.4, 130.1, 129.4, 

129.1, 128.2, 126.4, 122.5, 122.4, 53.4, 47.9, 41.7, 36.6, 18.4. 

 

Azo-Phe-Phe: 1H NMR  (300MHz,DMSO-d6) δ (ppm):  8.35(t, 2H, J=7.5Hz), 7.88(d, 2H, J=7.5Hz), 

7.84(d, 2H, J=8.4Hz), 7.58(m, 3H), 7.22(m, 12H), 4.64-4.56(m, 1H), 4.50-4.43(m, 1H), 3.54-3.41(m, 

2H), 3.12-2.89(m, 3H), 2.76-2.68(m, 1H). 13C NMR:(75MHz,DMSO-d6) δ (ppm):  172.7, 171.3, 169.2, 

151.9, 150.5, 140.2, 137.7, 137.4, 131.4, 131.4, 130.0, 129.5, 129.3, 128.2, 128.0, 126.4, 126.2, 122.5, 

122.3, 53.6, 53.5, 41.9, 37.7, 36.6. 

 

Azo-Phe-Tyr: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.34(d, 1H, J=8.7Hz), 8.28(d, 1H, J=8.1Hz), 
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7.89(dd, 2H, J=8.1Hz, 1.8Hz), 7.74(d, 2H, J=8.4Hz), 7.63-7.56(m, 3H), 7.25-7.17(m, 7H), 7.02(d, 2H, 

J=8.7Hz), 6.66(d, 2H, J=8.7Hz), 4.64-4.56(m, 1H), 4.41-4.34(m, 1H), 3.55-3.41(m, 2H), 3.05-2.92(m, 

2H), 2.85-2.68(m, 2H). 13C NMR: (75MHz,DMSO-d6) δ (ppm): 172.8, 171.2, 169.2, 156.0, 151.9, 

150.5, 140.2, 137.7, 131.4, 130.1, 130.0, 129.4, 129.3, 128.0, 127.3, 126.2, 122.5, 122.3, 115.0, 53.8, 

53.6, 41.9, 37.6, 35.9.  

 

Azo-Tyr-Ala: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.37(d, 1H, J=7.2Hz), 8.32(d, 1H, J=9.0Hz), 

7.88(dd, 2H, J=7.8Hz, 1.8Hz), 7.77(d, 2H, J=8.4Hz), 7.63-7.56(m, 3H), 7.26(d, 2H, J=8.1Hz), 7.05(d, 

2H, J=8.4Hz), 6.64(d, 2H, J=8.4Hz), 4.56-4.48(m, 1H), 4.27-4.17(m, 1H), 3.57-3.44(m, 2H), 2.95(dd, 

1H, J=13.8Hz, 3.6Hz), 2.63(dd, 1H, J=13.5Hz, 10.5Hz), 1.29(d, 3H, J=7.2Hz).13C NMR 

(75MHz,DMSO-d6) δ (ppm): 174.0, 171.3, 169.3, 155.8, 152.0, 150.5, 140.3, 131.4, 130.2, 130.0, 

129.5, 127.9, 122.5, 122.4, 114.8, 54.0, 47.5, 41.9, 37.0, 17.1. 

 

Azo-Tyr-Tyr: 1H NMR (300MHz,DMSO-d6) δ (ppm):  9.19(d, 2H, J=12.3Hz), 8.29-8.21(m, 2H), 

7.88(dd, 2H, J=8.1Hz, 1.5Hz), 7.76(d, 2H, J=8.4Hz), 7.62-7.56(m, 3H), 7.24(d, 2H, J=8.4Hz), 7.02(dd, 

4H, J=8.4Hz, 1.5Hz), 6.64(dd, 4H, J=9.9Hz, 8.4Hz), 4.55-4.48(m, 1H), 4.40-4.32(m, 1H), 3.57-3.41(m, 

2H), 2.97-2.57(m, 4H). 13C NMR (75MHz,DMSO-d6) δ (ppm):  172.9, 171.4, 169.3, 156.0, 155.8, 

152.0, 150.5, 140.2, 131.4, 130.2, 130.1, 130.0, 129.5, 127.8, 127.4, 122.5, 122.4, 115.0, 114.8, 54.0, 

53.8, 41.9, 36.9, 36.0. 

 

Azo-Glu-Tyr: 1H NMR (300MHz,DMSO-d6) δ (ppm):  9.19(s, 1H), 8.27(d, 1H, J=5.1Hz), 8.12(d, 1H, 

J=7.5Hz), 7.90-7.82(m, 4H), 7.62-7.56(m, 3H), 7.47(d, 2H, J=8.4Hz), 7.00(d, 2H, J=8.7Hz), 6.65(d, 2H, 

J=8.7Hz), 4.37-4.30(m, 2H), 3.65-3.53(m, 2H), 2.92(dd, 1H, J=14.1Hz, 4.8Hz), 2.79(dd, 1H, J=13.8Hz, 

8.4Hz), 2.22(t, 2H, J=7.5Hz), 1.93-1.69(m, 2H). 13C NMR (75MHz,DMSO-d6) δ (ppm):  173.9, 172.9, 

171.1, 169.5, 155.9, 152.0, 150.6, 140.3, 131.4, 130.1, 130.0, 129.5, 127.4, 122.5, 115.0, 53.8, 51.6, 

41.8, 35.8, 30.0, 27.7. 

 

Azo-Gln-Tyr: 1H NMR (300MHz,DMSO-d6) δ (ppm):  9.21(s, 1H), 8.28(d, 1H, J=7.8Hz), 8.12(d, 1H, 

J=7.5Hz), 7.90-7.82(m, 4H), 7.62-7.56(m, 3H), 7.47(d, 2H, J=8.4Hz), 7.24(s, 1H), 7.00(d, 2H, 

J=8.7Hz), 6.76(s, 1H), 6.64(d, 2H, J=8.4Hz), 4.37-4.26(m, 2H), 3.64-3.53(m, 2H), 2.91(dd, 1H, 

J=13.8Hz, 5.1Hz), 2.78(dd, 1H, J=13.8Hz, 8.4Hz), 2.09-2.06(m, 2H), 1.92-1.86(m, 1H), 1.73-1.65(m, 

1H). 13C NMR: (75MHz,DMSO-d6) δ (ppm):  173.8, 172.9, 171.3, 169.5, 156.0, 152.0, 150.6, 140.3, 

131.4, 130.2, 130.1, 129.5, 127.3, 122.5, 115.0, 53.8, 52.0, 41.8, 35.9, 31.4, 28.2. 

 

Azo-Gln-Gln: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.34-8.27(m, 2H), 7.90-7.83(m, 4H), 7.63-
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7.55(m, 3H), 7.48(d, 2H, J=8.4Hz), 7.25(s, 2H), 6.77(s, 2H), 4.33-4.29(m, 1H), 4.17-4.13(m, 1H), 3.62-

3.60(m, 2H), 2.15-2.09(m, 4H), 1.99-1.91(m, 2H), 1.79-1.69(m, 2H). 13C NMR (75MHz,DMSO-d6) δ 

(ppm):  173.8, 173.5, 173.3, 171.5, 169.6, 152.0, 150.6, 140.3, 131.4, 130.2, 129.5, 122.5, 52.1, 51.6,  

41.8, 31.5, 31.3, 28.3, 26.7. 

 

Azo-Glu-Ala: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.34(d, 1H, J=8.4Hz), 8.30(d, 1H, J=6.9Hz), 

7.90-7.82(m, 4H), 7.63-7.56(m, 3H), 7.48(d, 2H, J=8.4Hz), 4.37-4.29(m, 1H), 4.23-4.13(m, 1H), 3.61(d, 

2H, J=2.7Hz), 2.30-2.24(m, 2H), 1.92-1.72(m, 3H), 1.27(d, 2H, J=7.5Hz). 13C NMR (75MHz,DMSO-

d6) δ (ppm): 174.0, 171.0, 169.6, 152.0, 150.6, 140.4, 131.4, 130.1, 129.5, 122.5, 122.5, 51.6, 47.5, 41.8, 

30.0, 27.8, 16.9. 

 

Azo-Arg-Ala: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.37(d, 1H, J=7.5Hz), 8.20(d, 1H, J=6.9Hz), 

7.89-7.76(m, 5H), 7.62-7.48(m, 5H), 7.32-7.00(m, 4H), 4.35-4.14(m, 2H), 3.62(s, 2H), 3.09-3.08(m, 

2H), 1.74-1.50(m, 4H), 1.26(d, 3H, J=7.2Hz), 1.12(d, 2H, J=6.3Hz). 13C NMR:  (75MHz,DMSO-d6) δ 

(ppm): 174.3, 171.1, 169.7, 156.8, 151.9, 150.6, 140.4, 131.4, 130.2, 129.5, 122.5, 51.9, 47.8, 41.8, 

29.5, 24.8, 23.1, 17.2. 

 

Azo-Arg-Phe: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.33(t, 1H, J=8.1Hz), 8.24(t, 1H, J=8.1Hz), 

7.90-7.82(m, 4H), 7.63-7.56(m, 4H), 7.76(d, 2H, J=8.4Hz), 7.26-7.15(m, 10H), 4.44-4.31(m, 2H), 3.60-

3.59(m, 2H), 3.09-3.03(m, 1H), 2.94-2.86(m, 1H), 1.64-1.38(m, 4H), 1.12(d, 2H, J=6.3). 13C NMR 

(75MHz,DMSO-d6) δ (ppm):  173.2, 171.8, 170.1, 157.2, 152.4, 151.1, 140.8, 137.9, 131.9, 130.6, 

129.9, 129.6, 128.6, 126.9, 123.0, 54.0, 52.5, 42.3, 37.1, 29.9, 25.4, 23.6.  

 

Azo-Ser-Ala: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.27(d, 1H, J=8.1Hz), 8.16(d, 1H, J=7.2Hz), 

7.90-7.81(m, 4H), 7.63-7.47(m, 5H), 4.40-4.34(m, 1H), 4.25-4.20(m, 1H), 3.64-3.53(m, 3H), 1.27(d, 

3H, J=7.5Hz). 13C NMR (75MHz,DMSO-d6) δ (ppm): 174.0, 169.8, 169.7, 152.0, 150.6, 140.4, 131.4, 

130.2, 129.5, 122.5, 122.4, 61.8, 55.1, 47.5, 41.9, 17.3. 

 

Azo-Lys-Ala: 1H NMR (300MHz,DMSO-d6) δ (ppm):  8.34(d, 1H, J=8.7Hz), 8.28(d, 1H, J=7.2Hz), 

7.90-7.76(m, 7H), 7.69-7.53(m, 3H), 7.49(d, 2H, J=8.4Hz), 4.35-4.28(m, 1H), 4.24-4.15(m, 1H), 3.60(s, 

2H), 2.73(t, 2H, J=6.9Hz), 1.71-1.47(m, 4H), 1.37-1.26(m, 5H). 13C NMR: (75MHz,DMSO-d6) δ 

(ppm): 174.0, 171.4, 169.5, 151.9, 150.6, 140.4, 131.4, 130.1, 129.5, 122.5, 122.5, 51.9, 47.5, 41.9, 

38.7, 31.74, 26.7, 22.1, 17.0. 

 

Azo-Gln-Phe-Ala: 1H NMR (300M, DMSO-d6) δ(ppm): 8.29(d, 1H, J=7.2 Hz), 8.27(d, 1H, J=7.7 Hz), 
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8.03(d, 1H, J=8.4 Hz), 7.89(dd, 2H, J=1.5, 8.1 Hz), 7.83(d, 2H, J=8.4 Hz), 7.56-7.64 (m, 3H), 7.47(d, 

2H, J=8.5 Hz), 7.16-7.31 (m, 6 H), 6.78(s, 1H), 4.51-4.58(m, 1H), 4.19-4.28(m, 2H), 3.57(dd, 2H, 

J=14.4, 18.6 Hz), 3.06(dd, 1H, J=4.2, 13.5 Hz), 2.79(dd, 1H, J=9.3, 14.1 Hz), 2.04-2.09(m, 2H), 1.65-

1.90(m, 2H), 1.28(d, 3H, J=7.5 Hz); ESI-MS: calc.(M)=586.25, find ( M-1)=585.67. 

 

Azo-Glu-Phe-Ala: 1H NMR (300 M, CD3OD) δ(ppm): 7.90(dd, 2H, J=1.5, 8.0 Hz), 7.86(d, 2H, J=8.5 

Hz), 7.49-7.56(m, 3H), 7.45(d, 2H, J=8.5 Hz), 7.14-7.23(m, 5H), 4.65(dd, 1H, J=5.2, 9.2 Hz), 4.31-

4.41(m, 2H), 3.63(s, 2H), 3.18(dd, 1H, J=5.1, 14.0 Hz), 2.86-2.98(m, 2H), 2.26-2.31(m, 2H), 1.83- 

2.04(m, 2H), 1.36(d, 3H, J=8.5 Hz); ESI-MS: calc.(M)=587.24, find ( M-1)=586.42. 

 

Azo-Leu-Phe-Ala: 1H NMR (300 M, DMSO-d6) δ(ppm): 8.25(d, 1H, J=8.1 Hz), 8.19(d, 1H, J=7.4 Hz), 

7.93(d, 1H, J=8.4), 7.89(dd, 2H, J=1.5, 8.1 Hz), 7.83(d, 2H, J=8.6 Hz), 7.56-7.64(m, 3H), 7.46(d, 2H, 

J=8.4 Hz), 7.14-7.23(m, 5H), 4.50-4.57(m, 1H), 4.17-4.29(m, 2H), 3.56(dd, 2H, J=14.2, 21.6 Hz), 

3.06(dd, 1H, J=4.1, 13.8 Hz), 2.82(dd, 1H, J=9.5, 14.0 Hz), 1.46-1.56(m, 1H), 1.38(t, 2H, J=7.4 Hz), 

1.27(d, 3H, J=7.2 Hz) , 0.85(d, 3H, J=6.5 Hz) , 0.78(d, 3H, J=6.6 Hz); ESI-MS: calc.(M)=571.28, find 

( M-1)=570.75.  

 

Azo-Gly-Phe-Ala: 1H NMR (300 M, DMSO-d6) δ: (ppm) 8.38(d, 1H, J=7.3 Hz), 8.30(t, 1H, J=5.4 Hz), 

8.12(d, 1H, J=8.5 Hz), 7.89(dd, 2H, J=1.6, 8.0 Hz) , 7.83(d, 2H, J=8.5 Hz), 7.56-7.64(m, 3H), 7.48(d, 

2H, J=8.2 Hz), 7.16-7.26(m, 5H), 4.54-4.61(m, 1H), 4.22(quint, 1H, J=7.3 Hz), 3.77(dd, 1H, J=6.1, 

16.8 Hz) , 3.59(dd, 1H, J=5.4, 16.4 Hz) , 3.58(s, 2H), 3.05(dd, 1H, J=3.9, 14.0 Hz) , 2.75(dd, 1H, J=9.7, 

13.9 Hz), 1.30(d, 3H, J=7.4 Hz); ESI-MS: calc.(M)=515.22, find ( M-1)=514.50. 

 

Azo-Lys-Phe-Ala: 1H NMR (300 M, DMSO-d6) δ(ppm): 8.28(d, 2H, J=7.1 Hz), 7.99(d, 1H, J=8.0 Hz), 

7.89(dd, 2H, J=1.7, 8.0 Hz), 7.83(d, 2H, J=7.6 Hz), 7,73(br, 2H), 7.56-7.64(m, 3H), 7.47(d, 2H, J=7.4 

Hz), 7.17-7.24(m, 5H), 4.52-4.59(m, 1H), 4.18-4.27(m, 2H), 3.58(dd, 2H, J=14.2, 18.8 Hz), 3.07(dd, 1H, 

J=4.1, 13.9 Hz) , 2.80(dd, 1H, J=9.7, 13.9 Hz), 2.70-2.76(m, 2H), 1.40-1.62(m, 4H), 1.28(d, 3H, J=7.5 

Hz), 1.16-1.29(m, 2H); ESI-MS: calc.(M)=586.29, find ( M+1)=587.25. 

 

Azo-VYGGG(ESI-MS): calc.(M)= 673.72, find ( M-1)=672.58; 

Azo-GAGAS(ESI-MS): calc.(M)= 583.59, find ( M-1)=582.67; 

Azo-SDKP(ESI-MS): calc.(M)=667.71, find ( M-1)=666.50; 

Azo-VPP(ESI-MS): calc.(M)=533.62, find ( M-1)=532.67; 

Azo-YIGSR(ESI-MS): calc.(M)=816.90, find ( M+1)=817.42; 

Azo-IKVAV(ESI-MS): calc.(M)=750.93, find ( M+1)=751.75; 
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Azo-RGD (ESI-MS): calc.(M)=568.58, find ( M+1)=569.42; 

Azo-LGAGGAG (ESI-MS): calc.(M)=723.78, find ( M+Na)=746.50; 

Azo-VVPQ (ESI-MS): calc.(M)=663.76, find ( M+1)=664.33; 

Azo-YSV (ESI-MS): calc.(M)=589.64, find ( M+1)=590.17; 
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