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Table S1. The homologues of the 21 “positive” strains based on 16S rRNA comparison, and the homologues of their PCR products. The right three columns show the 

identities of the highest homologues with the PCR products, the accession numbers of the highest homologues of the PCR products and the predicted amino acid 

substrates (the numbers in parentheses show the percentage identities with nearest signatures) of the A domains by using the web server NRPSpredictor2 [1], respectively.  

 

Positive strains Closest relatives by blastn Homologues of PCR products Identities Accession numbers  Predicted amino acids 

PKU-MA00072 Bacillus licheniformis NRPS [Bacillus licheniformis] 96% EHK82944.1 Leu (90%) 

PKU-MA00082 Rhodococcus pyridinivorans NRPS [Rhodococcus sp.] 96% WP_052227234 Phe (60%) 

PKU-MA00090 Bacillus licheniformis  NRPS [Bacillus licheniformis] 99% WP_044789674.1 Leu (90%) 

PKU-MA00091 Bacillus paralicheniformis NRPS [Bacillus licheniformis] 96% AAD32132.1 Asp (90%) 

PKU-MA00092 Bacillus velezensis NRPS [Bacillus amyloliquefaciens] 97% WP_060675312.1 Glu (90%) 

PKU-MA00093 Bacillus endophyticus NRPS [Bacillus licheniformis] 99% WP_011197536.1 Leu (90%) 

PKU-MA00095 Bacillus sonorensis NRPS [Bacillus licheniformis] 96% WP_044789674.1 Leu (90%) 

PKU-MA00096 Bacillus sonorensis NRPS [Bacillus licheniformis] 96% WP_044789674.1 Leu (90%) 

PKU-MA00103 Bacillus licheniformis NRPS [Bacillus licheniformis] 96% WP_044789674.1 Leu (90%) 

PKU-MA00110 Bacillus sonorensis  NRPS [Bacillus paralicheniformis] 96% WP_059231730.1 Asp (90%) 

PKU-MA00117 Rhodococcus pyridinivorans  NRPS [Rhodococcus sp.] 98% WP_033096084.1 Thr (90%) 

PKU-MA00125 Bacillus licheniformis  NRPS [Bacillus paralicheniformis] 91% WP_059231730.1 Asp (90%) 

PKU-MA00147 Bacillus licheniformis  NRPS [Bacillus licheniformis] 96% WP_044789674.1 Leu (90%) 

PKU-MA00149 Rhodococcus pyridinivorans  NRPS [Rhodococcus pyridinivorans] 96% WP_006553896.1 Orn (90%) 

PKU-MA00152 Rhodococcus pyridinivorans  NRPS [Rhodococcus pyridinivorans] 99% WP_006554805.1 Phe (50%) 

PKU-MA00156 Bacillus oceani strain  NRPS [Rhodococcus sp.] 99% WP_037218052.1 Phe (60%) 

PKU-MA00173 Streptomyces sedi strain  NRPS [Micromonospora sp.] 98% EEP74799.1 Cys (50%) 

PKU-MA00181 Nocardiopsis dassonvillei  NRPS [Bacillus licheniformis] 99% WP_044789674.1 Leu (90%) 

PKU-MA00183 Brevibacillus parabrevis  NRPS [Brevibacillus sp.] 96% WP_007729123.1 Leu (80%) 

PKU-MA00191 Mycobacterium neoaurum  NRPS [Mycobacterium sp.] 82% WP_057167572.1 Alaninol (80%) 

PKU-MA00197 Bacillus licheniformis  NRPS [Rhodococcus rhodochrous] 86% WP_016693962.1 Gln (60%) 

 

1. Rottig, M.; Medema M.H.; Blin, K.; Weber, T.; Rausch, C.; Kohlbacher, O. NRPSpredictor2--a web server for predicting NRPS adenylation domain specificity. 

Nucleic. Acids Res. 2011, 39, W362-367.  

  

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_737355059
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_917680742
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1279214605
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_766612537
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_737355057
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1273284362
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_928546186
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_499510896
http://www.ncbi.nlm.nih.gov/protein/499510896?report=genbank&log$=prottop&blast_rank=2&RID=D5VE50GF014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_458802639
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_499510896
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_458802639
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_766612537
http://www.ncbi.nlm.nih.gov/protein/766612537?report=genbank&log$=prottop&blast_rank=2&RID=D5VHX11S014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_766612537
http://www.ncbi.nlm.nih.gov/protein/766612537?report=genbank&log$=prottop&blast_rank=2&RID=D5VME9MF014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_458802639
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_758897834
http://www.ncbi.nlm.nih.gov/protein/974645776?report=genbank&log$=prottop&blast_rank=3&RID=D5VPT60V015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_568313041
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_696564251
http://www.ncbi.nlm.nih.gov/protein/696564251?report=genbank&log$=prottop&blast_rank=1&RID=D5W23NKM015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_758897834
http://www.ncbi.nlm.nih.gov/protein/974645776?report=genbank&log$=prottop&blast_rank=3&RID=D5W7H3D0014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_163119169
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_766612537
http://www.ncbi.nlm.nih.gov/protein/766612537?report=genbank&log$=prottop&blast_rank=2&RID=D5WK595W015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_568313041
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_493601233
http://www.ncbi.nlm.nih.gov/protein/493601233?report=genbank&log$=prottop&blast_rank=1&RID=D5WSTRMC015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_493602157
http://www.ncbi.nlm.nih.gov/protein/493602157?report=genbank&log$=prottop&blast_rank=1&RID=D5WWPPA1014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_449331540
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_739356325
http://www.ncbi.nlm.nih.gov/protein/739356325?report=genbank&log$=prottop&blast_rank=1&RID=D5X05VZ1014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_237885971
http://www.ncbi.nlm.nih.gov/protein/237885971?report=genbank&log$=prottop&blast_rank=42&RID=D5X2AWKU014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1234132709
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_766612537
http://www.ncbi.nlm.nih.gov/protein/766612537?report=genbank&log$=prottop&blast_rank=2&RID=D5X9U1H8015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_495003109
http://www.ncbi.nlm.nih.gov/protein/495003109?report=genbank&log$=prottop&blast_rank=3&RID=D5XD4E99015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_674842736
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_950081823
http://www.ncbi.nlm.nih.gov/protein/950081823?report=genbank&log$=prottop&blast_rank=1&RID=D5XFKUEX014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_163119169
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_515041774


 S4 

 

Table S2. The 1H (400 MHZ) and 13C NMR (100 MHZ) data of compounds 3 and 4 in DMSO-d6. 

 3                4   

position δH, mult.( J in Hz ) δC  type position δH, mult.( J in Hz ) δC   type 

1, 1', 1''  168.4, C 1  168.6, C 

2, 2', 2'' 4.59,br s 56.6, CH 2 4.10, br s 57.5, CH 

3, 3', 3'' 5.31, d (6.8) 70.8, CH 3 4.20, d (6.0) 66.2, CH 

4, 4', 4'' 1.18, d (6.1) 16.5, CH3 4 1.04, d (6.3) 20.1, CH3 

5, 5', 5''  169.8, C 5  172.0, C 

6, 6', 6'' 

 

4.28, d (13.6) 42.5, CH2 6 4.00, d (3.7) 42.1, CH2  

4.05, m     

7, 7', 7''  169.3, C 7  169.6, C 

8, 8', 8''  115.7, C 8  115.2, C 

9, 9', 9''  148.5, C 9  149.4, C 

10, 10', 10''  146.1, C 10  146.2, C 

11, 11', 11'' 6.93, d (7.8) 118.8, CH 11 6.93, d (8.3) 118.8, CH 

12, 12', 12'' 6.70, t (7.8) 118.2, CH 12 6.70, t (8.3)  118.0, CH 

13, 13', 13'' 7.33, d (7.8) 118.0, CH 13 7.31, d (8.3) 117.6, CH 

2, 2', 2''-NH 8.31, br s  2-NH 7.86, d (8.3)  

6, 6', 6''-NH 9.18, br s  6-NH 9.09, m  

9, 9', 9''-OH 11.97, br s     

10, 10', 10''-OH 9.31, br s     
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Table S3. The 1H (400 MHZ) and 13C NMR (100 MHZ) data of compound 5 in pyridine-d5. 

                 5     

position δH, mult.( J in Hz ) δC, type position δH, mult.( J in Hz )   δC, type position δH, mult.( J in Hz )    δC, type 

L-Asn-1   14-NH 8.90, br s  31 4.83c, m 59.7, CH 

1 5.27, m 53.1, CH 16-NH2 8.51, br s; 7.88, br s  32 4.97, m 66.5, CH 

2 3.04a, m; 3.02a, m 37.5, CH2 L-Pro   33 1.35d, m 21.2, CH3 

3  172.0, C 18 4.73, t (6.6) 62.6, CH 34  171.4, CH 

4  174.0, C 19 2.12, m; 2.11, m 30.1b, CH2 31-NH 8.09, d (8.6)  

1-NH 8.90, br s  20 1.88, m; 1.69, m 25.3, CH2 D-β-AA   

3-NH2 8.32, br s; 7.82, br s  21 4.25, m; 4.06, m 48.9, CH2 35  173.0, C 

D-Tyr   22  172.7, C 36 2.63, m; 2.43, m 42.2, CH2 

5 5.33, m 56.2, CH L-Glu   37 4.62, m 47.8, CH 

6 
3.71, dd (4.5, 14.0); 

3.38, m 
36.8, CH2 23 4.86c, m 55.6, CH 38 1.59, m; 1.51, m 36.0, CH2 

7  129.0, C 24 2.81, m; 2.66, m 28.2, CH2 39 1.34d, m 26.4, CH2 

8, 12 7.50, d (8.0) 131.7, CH 25 3.00a, m; 2.98a, m 32.4, CH2 40 1.19-1.16e  29.91b, CH2 

9, 11 7.09, d (8.0) 116.5, CH 26  174.1, C 41 1.19-1.16e 29.94b, CH2 

10  157.8, C 27  173.6, C 42 1.19-1.16e 30.18b, CH2 

13  173.1, C 23-NH 8.26, br s  43 1.19-1.16e 30.20b, CH2 

5-NH 9.64, br s  D-Ser   44 1.19-1.16e 30.22b, CH2 

D-Asn-2   28 4.89c, m 58.4, CH 45 1.19-1.16e 30.24b, CH2 

14 5.41, m 50.6, CH 29 4.36, m 63.9, CH2 46 1.19-1.16e 32.4, CH2 

15 
3.59, m; 

3.19, dd (4.6, 15.2) 
38.2, CH2 30  172.0, C 47 1.24, m 23.2, CH2 

16  173.0, C 28-NH 8.80, br s  48 0.85, t (6.7) 14.6, CH3 

17  172.8, C L-Thr   37-NH 8.04, d (9.2)  

a, c, d, e Overlapped. bAssignments may be interchanged. 
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Table S4. The 1H (400 MHZ) and 13C NMR (100 MHZ) data of compound 6 in pyridine-d5. 

                6     

position δH, mult.( J in Hz ) δC, type position δH, mult.( J in Hz )   δC, type position δH, mult.( J in Hz )    δC, type 

L-Asn-1   16-NH2 8.87d, br s; 7.92, br s  33 1.36i, d (5.8) 21.1, CH3 

1 5.31a, m 53.3, CH L-Pro   34  172.1c, CH 

2 3.07b, m; 3.03b, m 37.5, CH2 18 4.75, t (6.7) 62.4, CH 31-NH 8.43d, br s  

3  173.5c, C 19 2.12, m; 2.10, m 30.2 f, CH2 D-β-AA   

4  172.8c, C 20 1.86, m; 1.64g, m 25.3, CH2 35  173.2c, C 

1-NH 8.97d, br s  21 4.26, m; 4.05, m 48.9, CH2 36 2.65, m; 2.54, m 42.5, CH2 

3-NH2 8.58d, br s; 7.87, br s  22  172.1c, C 37 4.64, m 47.9, CH 

D-Tyr   L-Glu   38 1.64g, m; 1.47j, m 36.1, CH2 

5 5.31a, m 56.3, CH 23 4.94h, m 55.8, CH 39 1.34i, m 26.4, CH2 

6 
3.76, m; 

3.48, m 
36.7, CH2 24 2.80, m; 2.69, m 28.0, CH2 40 1.19-1.16k 29.9 f, CH2

  

7  129.2, C 25 3.15e, m; 2.98b, m 32.4, CH2 41 1.19-1.16k 30.2 f, CH2 

8, 12 7.51, d (7.7) 131.6, CH 26  175.8, C 42 1.19-1.16k 30.2 f, CH2 

9, 11 7.09, d (7.7) 116.5, CH 27  171.5, C 43 1.19-1.16k 30.3 f, CH2 

10  157.8, C 23-NH 8.20d, br s  44 1.19-1.16k 30.3 f, CH2 

13  173.9c, C D-Ser   45 1.19-1.16k 30.5 f, CH2 

5-NH 9.59, br s  28 4.98h, m 58.3, CH 46 1.19-1.16k 39.6, CH2 

D-Asn-2   29 4.42, m; 4.36, m 63.9, CH2 47 1.47j, m  28.5, CH 

14 5.52, m 50.4, CH 30  173.8c, C 48 0.84, d (6.3) 23.1, CH3 

15 3.63, m; 3.19e, m 38.3, CH2 28-NH 8.87d, br s  49 0.84, d (6.3) 23.1, CH3 

16  173.5c, C L-Thr   37-NH 8.15d, br s  

17  172.9c, C 31 4.93h, m 59.7, CH    

14-NH 9.22d, br s  32 4.98h, m 66.7, CH    

a, b, e, g, h, i, j, kOverlapped. c, d, f Assignments may be interchanged.  
  



 S7 

 

Table S5. The 1H (400 MHZ) and 13C NMR (100 MHZ) data of compound 7 in pyridine-d5. 

                7     

position δH, mult.( J in Hz ) δC, type position δH, mult.( J in Hz )   δC, type position δH, mult.( J in Hz )    δC, type 

L-Asn-1   16-NH2 8.39, br s; 7.90, br s  33 1.35g, m 21.1, CH3 

1 5.30a, m 53.1, CH L-Pro   34  172.0, CH 

2 3.06b , m; 3.02b, m 37.5, CH2 18 4.73, m 62.5, CH 31-NH 8.39, br s  

3  173.2, C 19 2.12, m 30.1c, CH2 D-β-AA   

4  172.89, C 20 1.88, m; 1.66d, m 25.3, CH2 35  173.2, C 

1-NH 8.99, br s  21 4.23, m; 4.04, m 48.9, CH2 36 2.64f, m; 2.44, m 42.2, CH2 

3-NH2 8.56, br s; 7.85, br s  22  172.8, C 37 4.62, m 47.8, CH 

D-Tyr   L-Glu   38 1.66d, m; 1.47h, m 35.9, CH2 

5 5.31a, m 56.2, CH 23 4.87e, m 55.6, CH 39 1.34g, m 26.4, CH2 

6 
3.72, m; 

3.39, m 
36.8, CH2 24 2.80, m; 2.67f, m 28.1, CH2 40 1.21-1.15i  29.9c, CH2 

7  129.0, C 25 3.00b, m; 2.97b, m 32.0, CH2 41 1.21-1.15i 30.0c, CH2 

8, 12 7.49, d (7.4) 131.6, CH 26  175.9, C 42 1.21-1.15i 30.1c, CH2 

9, 11 7.08, d (7.4) 116.4, CH 27  171.5, C 43 1.21-1.15i 30.1c, CH2 

10  157.8, C 23-NH 8.11,br s  44 1.21-1.15i 30.2c, CH2 

13  174.0, C D-Ser   45 1.21-1.15i 30.2c, CH2 

5-NH 9.66, br s  28 4.88e, m 58.3, CH 46 1.21-1.15i 30.2c, CH2 

D-Asn-2   29 4.37, m 63.8, CH2 47 1.21-1.15i 30.6c, CH2 

14 5.42, m 50.6, CH 30  174.0,C 48 1.45h, m 23.2, CH2 

15 3.56, m; 3.21, m 38.2, CH2 28-NH 8.78,br s  49 0.88, t (7.4) 14.4, CH3 

16  173.5, C L-Thr   37-NH 8.11, br s  

17  172.93,C 31 4.85e, m 59.7, CH    

14-NH 8.92, br s  32 4.96, m 66.5, CH    

a ,b ,c, d, e, f, g, h, i Overlapped. c Assignments may be interchanged.  
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Table S6. The 1H (400 MHZ) and 13C NMR (100 MHZ) data of compound 8 pyridine-d5. 

                8     

position δH, mult.( J in Hz ) δC, type position δH, mult.( J in Hz )   δC, type position δH, mult.( J in Hz )    δC, type 

L-Asn-1   16-NH2 8.60d, br s; 7.94, br s  33 1.37i, m 21.0, CH3 

1 5.32a, m 53.2, CH L-Pro   34  171.5c, CH 

2 3.14b, m; 3.10b, m 37.2, CH2 18 4.75, t (6.6) 62.3, CH 31-NH 8.60d, br s  

3  173.36c, C 19 2.11, m 30.16e, CH2 D-β-AA   

4  172.2c, C 20 1.87, m; 1.63f, m 25.4, CH2 35  173.44c, C 

1-NH 9.06d, br s  21 4.20, m; 3.99, m 48.8, CH2 36 2.66h, m; 2.60h, m 42.5, CH2 

3-NH2 8.46d, br s; 7.87, br s  22  173.1c, C 37 4.65, m 48.0, CH 

D-Tyr   L-Glu   38 1.61f, m; 1.47j, m 36.2, CH2 

5 5.32a, m 56.4, CH 23 4.94g, m 55.7, CH 39 1.32i, m 26.5, CH2 

6 
3.72, m; 

3.46, m 
36.8, CH2 24 2.77, m; 2.66h, m 28.0, CH2 40 1.22-1.16k  30.0e, CH2

  

7  129.2, C 25 2.97, m; 2.95, m 32.1, CH2 41 1.22-1.16k 30.23e, CH2 

8, 12 7.49, d (7.8) 131.6, CH 26  175.9, C 42 1.22-1.16k 30.23e, CH2 

9, 11 7.09, d (7.8) 116.5, CH 27  171.5, C 43 1.22-1.16k 30.31e, CH2 

10  157.8, C 23-NH 8.34d, br s  44 1.22-1.16k 30.31e, CH2 

13  173.9c, C D-Ser   45 1.22-1.16k 30.33e, CH2 

5-NH 9.58, br s  28 4.95g, m 58.1, CH 46 1.22-1.16k 30.6e, CH2 

D-Asn-2   29 4.43, m; 4.38, m  63.8, CH2 47 1.22-1.16k 38.2, CH2 

14 5.46, m 50.6, CH 30  173.44c, C 48 1.47j, m 28.5, CH 

15 
3.57, m; 

3.18b, m 
37.6, CH2 28-NH 8.91d, br s  49 0.84, d (6.5) 23.1, CH3 

16  173.44c, C L-Thr   50 0.84, d (6.5) 23.1, CH3 

17  173.1c, C 31 4.92g, m 59.8, CH 37-NH 8.32d, br s  

14-NH 9.25d, br s  32 5.00g, m 67.0, CH    

a, b, f, g, h, i, j, k Overlapped. c, d, e Assignments may be interchanged. 
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Table S7. The 1H (400 MHZ) and 13C NMR (100 MHZ) data of compound 9 pyridine-d5. 

                9     

position δH, mult.( J in Hz ) δC, type position δH, mult.( J in Hz )   δC, type position δH, mult.( J in Hz )    δC, type 

L-Asn-1   16-NH2 8.61c, br s; 7.94, br s  33 1.38i, m 20.9, CH3 

1 5.32a, m 53.1, CH L-Pro   34  171.4c, CH 

2 3.13b, m; 3.08b, m 37.1, CH2 18 4.75, t (6.6) 62.2, CH 31-NH 8.61d, br s  

3  173.3c, C 19 2.12, m 30.0e, CH2 D-β-AA   

4  172.5c, C 20 1.88, m; 1.64f, m 25.3, CH2 35  173.0, C 

1-NH 9.01d, br s  21 4.28, m; 4.05, m 48.7, CH2 36 2.65h, m; 2.55, m 42.4, CH2 

3-NH2 8.43d, br s; 7.86, br s  22  173. 6c, C 37 4.65, m 48.0, CH 

D-Tyr   L-Glu   38 1.64f, m; 1.46, m 35.9, CH2 

5 5.32a, m 56.3, CH 23 4.92g, m 55.6, CH 39 1.38i, m 26.4, CH2 

6 
3.76, m; 

3.47, m 
36.6, CH2 24 2.81, m; 2.68h, m 27.8, CH2 40 1.24-1.17j 29.8e, CH2

  

7  129.2, C 25 3.01b, m; 2.99b, m 32.4, CH2 41 1.24-1.17j 29.8e, CH2 

8, 12 7.50, d (7.9) 131.5, CH 26  175.8, C 42 1.24-1.17j 30.15e, CH2 

9, 11 7.09, d (7.9) 116.4, CH 27  171.4, C 43 1.24-1.17j 30.15e, CH2 

10  157.7, C 23-NH 8.25d, br s  44 1.24-1.17j 30.15e, CH2 

13  173.7c, C D-Ser   45 1.24-1.17j 30.21e, CH2 

5-NH 9.63, br s  28 4.95g, m 58.0, CH 46 1.24-1.17j 30.21e, CH2 

D-Asn-2   29 4.43, m; 4.38, m 63.7, CH2 47 1.24-1.17j 30.21e, CH2 

14 5.46, m 50.4, CH 30  172.1c, C 48 1.24-1.17j 31.9, CH2 

15 
3.62, m;  

3.21b, m 
37.6, CH2 28-NH 8.88d, br s  49 1.24, m 23.2, CH2 

16  173.3c, C L-Thr   50 0.87, t (6.4) 14.5, CH3 

17  173.2c, C 31 4.90g, m 59.8, CH 37-NH 8.23d, br s  

14-NH 9.20d, br s  32 4.96g, m 66.9, CH    

a, b, f, g, h, i, jOverlapped. c, d, e Assignments may be interchanged. 
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Table S8. The 1H (400 MHZ) data of compound 10 pyridine-d5. 

               10   

position δH, mult.( J in Hz ) position δH, mult.( J in Hz ) position δH, mult.( J in Hz ) 

L-Asn-1  19 2.12, m 36 2.64 f, m; 2.45, m 

1 4.98a, m 20 1.71d, m; 1.65d, m 37 4.64, m 

2 3.09b, m; 3.08b, m 21 4.27, m; 4.05, m 38 1.59d, m; 1.45, m 

1-NH 9.00c, br s L-Glu  39 1.35g, m 

3-NH2 8.42c, br s; 7.88, br s 23 4.90e, m 40 1.22-1.17h 

D-Tyr  24 2.82, m; 2.67f, m 41 1.22-1.17h 

5 4.99a, m 25 3.06b, m; 3.02b, m 42 1.22-1.17h 

6 
3.74, m; 

3.41, m 
23-NH 8.15c, br s 43 1.22-1.17h 

8, 12 7.50, d (8.2) D-Ser  44 1.22-1.17h 

9, 11 7.08, d (8.2) 28 4.92e, m 45 1.22-1.17h 

5-NH 9.74, br s 29 4.40, m; 4.37, m 46 1.22-1.17h 

D-Asn-2  28-NH 8.94c, br s 47 1.22-1.17h 

14 5.70, m L-Thr  48 1.25, m 

15 3.58, m; 3.19, m  31 4.88e, m 49 1.27, m;1.05, m 

14-NH 9.05c, br s 32 4.93e, m 50 0.84, t (7.3) 

16-NH2 8.60c, br s; 7.95, br s 33 1.35g, d (6.3) 51 0.83, d (6.3) 

L-Pro  31-NH 8.78c, br s 37-NH 8.13c, br s 

18 4.75, t (6.8) D-β-AA    

a, b, d, e, f, g, h Overlapped. c Assignments may be interchanged. 
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Figure S1. Nonribosomal peptides from marine-derived Bacillus species. 
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Figure S2. The agarose gel electrophoresis analysis of the 21 “positive” PCR products. Positive 

control: PCR product using the genomic DNA of one actinomycin producing strain as the template; 

negative control: PCR amplification without any genomic DNA used. The size of the expected PCR 

products is about 700 bp. 
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Figure S3. The phylogenetic analysis of strain PKU-MA00092 and strain PKU-MA00093 (labeled 

in red) based on comparison of 16S rRNA sequences. The sequence of 16S rRNA of Streptomyces 
ovlivoverticillatus HBUM175186 was used as an outgroup. The GenBank accession numbers are 

shown in parentheses.  
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Figure S4. The 1H NMR spectrum of compound 1 (DMSO-d6, 400 MHz) 

   
  

DMSO-d6 
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Figure S5. The COSY spectrum of compound 1 (DMSO-d6, 400 MHz) 
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Figure S6. The 13C NMR spectrum of compound 1 (DMSO-d6, 100 MHz) 

 
  

DMSO-d6 
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Figure S7. The HSQC spectrum of compound 1 (DMSO-d6, 400 MHz) 
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Figure S8. The HMBC spectrum of compound 1 (DMSO-d6, 400 MHz) 
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Figure S9. The HRESIMS spectrum of compound 1. 

 

 
Mass Calc.Mass mDa ppm DBE i-FIT Norm Conf(%) Formula 

899.2584 899.2583 0.1 0.1 21.5 93.7 1.140 31.99 C39H43N6O19 

 

  

WatersXevo G2 Q-TOF/YCA166# 20-Oct-2015

m/z
675 700 725 750 775 800 825 850 875 900 925 950 975 1000 1025 1050 1075

%

0

100

P4 13 (0.250) Cm (11:16-(1:7+21:49)) 1: TOF MS ES- 
8.38e4899.2584

867.2318682.1861 853.2234715.5154
795.6088760.2056

900.2608

901.2649

921.2391

922.2435 953.1765
997.2227 1019.2079

1073.1318
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Figure S10. The IR spectrum of compound 1. 
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Figure S11. The MS/MS analysis of compound 1. 

 

 
 

 

 
 

 

 

WatersXevo G2 Q-TOF/YCA166# 21-Oct-2015

m/z
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

%

0

100

P4 MSMS 13 (0.237) Cm (11:17-(2:7+24:54)) TOF MSMS 899.26ES- 
1.96e5311.0882

192.0297

148.0399
118.0499

249.0878

899.2583

605.1732

312.0912

587.1626
313.0936

412.1355 469.1531 560.1665

606.1767

607.1770 706.2209 855.2382763.2365

900.2602

901.2640

902.2640

[M-H]- 

[a]- [b]- 

[c]- 

[d]- 
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Figure S12. The 1H NMR spectrum of compound 2 (DMSO-d6, 400 MHz) 

 
  

DMSO-d6 
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Figure S13. The COSY spectrum of compound 2 (DMSO-d6, 400 MHz) 
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Figure S14. The APT spectrum of compound 2 (DMSO-d6, 100 MHz) 

 
  

DMSO-d6 
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Figure S15. The HSQC spectrum of compound 2 (DMSO-d6, 400 MHz) 
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Figure S16. The HMBC spectrum of compound 2 (DMSO-d6, 400 MHz). 
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Figure S17. The HRESIMS spectrum of compound 2. 

 

 
Mass Calc.Mass mDa ppm DBE i-FIT Norm Conf(%) Formula 

629.1702 629.1707 -0.5 -0.8 13.5 147.1 0.974 37.76 C26H30N4O13Na 

 

  

WatersXevo G2 Q-TOF/YCA166# 04-Jun-2015

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

%

0

100

M2-5-2-20-2 13 (0.237) Cm (9:15-(2:6+22:55)) TOF MS ES+ 
7.47e5629.1702

607.1885

589.1778
414.1507113.9638

282.0719
260.0929194.0453

323.0710
525.0919415.1548

630.1735

651.1520

673.1343

695.1161

696.1179
763.1022

831.0854
954.1939
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Figure S18. The IR spectrum of compound 2. 

 
 



 S29 

 

Figure S19. The MS/MS analysis of compound 2. 

 

 
 

 

 

WatersXevo G2 Q-TOF/YCA166# 21-Oct-2015

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700

%

0

100

P2 MSMS 15 (0.271) Cm (11:23-(2:6+28:29)) TOF MSMS 629.17ES+ 
4.25e4629.1705

199.0690

181.0589

142.0479

137.0682

98.0232

335.0855

317.0745

300.1180

273.0775
234.0342

254.1108

493.1541

357.1392

436.1345

418.1207 449.1146

494.1565

585.1300495.1560

630.1714

631.1733

632.1713
664.0712

[M+Na]+ 
[a+H+Na]+ 

[b+H+Na]+ 

[c+H+Na]+ 
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Figure S20. The 1H NMR spectrum of compound 3 (DMSO-d6, 400 MHz) 

 
  

DMSO-d6 
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Figure S21. The APT spectrum of compound 3 (DMSO-d6, 100 MHz) 

 

DMSO-d6 
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Figure S22. The HMBC spectrum of compound 3 (DMSO-d6, 400 MHz). 
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Figure S23. The HRESIMS spectrum of compound 3. 

 

 
 

 

 

 

  

WatersXevo G2 Q-TOF/YCA166# 09-Sep-2015

m/z
400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150

%

0

100

52E-70-2 11 (0.216) Cm (9:18-(1:7+28:53)) 1: TOF MS ES+ 
1.03e6883.2621

469.0945

461.1079

401.0863

426.1697

469.5954

690.2251470.5971
545.2196 643.0979

801.1658
747.2452 805.1631

937.1815

938.1848

939.1845

940.1863 991.1022

1018.2678 1071.1880 1154.2061



 S34 

 

 
Figure S24. The 1H NMR spectrum of compound 4 (DMSO-d6, 400 MHz) 

  

DMSO-d6 
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Figure S25. The 13C NMR spectrum of compound 4 (DMSO-d6, 100 MHz) 

 
  

DMSO-d6 
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Figure S26. The HRESIMS spectrum of compound 4. 

 

 
 

 

 

  

WatersXevo G2 Q-TOF/YCA166# 20-Oct-2015

m/z
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580

%

0

100

P1 12 (0.233) Cm (11:18-(2:7+24:41)) 1: TOF MS ES- 
2.09e5311.0878

216.9086
194.9249

146.9349
238.8915

278.8797

333.0693

409.0548

396.0646334.0731 431.0360 453.0192
550.9879

529.0096
577.2422
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Figure S27. The 1H NMR spectrum of compound 5 (pyridine-d5, 400 MHz) 

  
  

pyridine-d5 
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Figure S28. The COSY spectrum of compound 5 (pyridine-d5, 400 MHz) 
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Figure S29. The 13C NMR spectrum of compound 5 (pyridine-d5, 100 MH) 

 
  

pyridine-d5 
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Figure S30. The HSQC spectrum of compound 5 (pyridine-d5, 400 MHz) 
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Figure S31. The HMBC spectrum of compound 5 (pyridine-d5, 400 MHz) 
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Figure S32. The ROESY spectrum of compound 5 (pyridine-d5, 400 MHz). 
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Figure S33. The HRESIMS spectrum of compound 5. 
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Figure S34. The 1H NMR spectrum of compound 6 (pyridine-d5, 400 MHz) 

 
  

pyridine-d5 
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Figure S35. The 13C NMR spectrum of compound 6 (pyridine-d5, 100 MH) 

 

pyridine-d5 
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Figure S36. The HRESIMS spectrum of compound 6. 

 

 
 

 

  

250 500 750 1000 1250 1500 1750 m/z
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

Inten. (x1,000,000)

1043.5421

248.9608

520.9105384.9313
1179.5187

565.3213339.2002
1316.4977 1520.9784800.3240 999.3930 1671.8019 1929.6865



 S47 

 

Figure S37. The 1H NMR spectrum of compound 7 (pyridine-d5, 400 MHz) 

 
  

pyridine-d5 
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Figure S38. The 13C NMR spectrum of compound 7 (pyridine-d5, 100 MH) 

 

pyridine-d5 
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Figure S39. The HRESIMS spectrum of compound 7. 
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Figure S40. The 1H NMR spectrum of compound 8 (pyridine-d5, 400 MHz) 

  
  

pyridine-d5 
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Figure S41. The 13C NMR spectrum of compound 8 (pyridine-d5, 100 MH) 

  

pyridine-d5 
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Figure S42. The ESIMS spectrum of compound 8. 
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Figure S43. The 1H NMR spectrum of compound 9 (pyridine-d5, 400 MHz)  

  
  

pyridine-d5 
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Figure S44. The 13C NMR spectrum of compound 9 (pyridine-d5, 100 MH) 

 

pyridine-d5 
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Figure S45. The ESIMS spectrum of compound 9. 
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Figure S46. The 1H NMR spectrum of compound 10 (pyridine-d5, 400 MHz).  

 
  

pyridine-d5 
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Figure S47. The COSY spectrum of compound 10 (pyridine-d5, 400 MHz).  
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Figure S48. The ESIMS spectrum of compound 10. 
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Figure S49. The Marfey’s analysis of compound 5. (I) The FDAA derivatives of hydrolysates of 

compound 5. (II) The FDAA derivative of D-serine. (III) The FDAA derivative of L-serine. (IV) The 

FDAA derivative of D-threonine. (V) The FDAA derivative of L-threonine. (VI) The FDAA 

derivative of D-aspartic acid. (VII) The FDAA derivative of L-aspartic acid. (VIII) The FDAA 

derivative of D-glutamate. (IX) The FDAA derivative of L-glutamate. (X) The FDAA derivative of 

D-proline. (XI) The FDAA derivative of L-proline. (XII) The FDAA derivative of D-tyrosine. (XIII) 

The FDAA derivative of L- tyrosine.  

 

 

 


