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Table S1. Deduced functions of individual orfs in the mich gene cluster 
 

Gene 
Size 
(aa) 

Proposed protein function 
Orthologue in A33853 cluster 
(% deduced protein identity) 

Orthologue in caboxamycin cluster 
(% deduced protein identity) 

Orthologue in nataxazole cluster 
(% deduced protein identity) 

orf-2 381 Probable acyl-CoA dehydrogenase    

orf-1 188 Siroheme synthase    

michA 494 amidohydrolase bomN (60%) cbxE (58%) natAM (60%) 

michB 254 
2,3-dihydro-2,3-dihydroxybenzoate 

dehydrogenase 
bomO (61%) cbxG (63%) natDB (61%) 

michC 215 Isochorismatase bomP (55%) cbxH (63%) natIS (59%) 
michD 659 Anthranilate synthase bomQ (64%) cbxI (58%) natAN (57%) 
michE 427 coenzyme A ligase bomJ (64%) cbxC (57%) NatL2 (63%) 
michF 349 O-methyltransferase    

michR 224 
YdeI/OmpD-associated family 

protein 

   

orf1 140 50S ribosomal protein    

orf2 275 Arylamine N-acetyltransferase    

orf3 522 aldehyde dehydrogenase    

orf4 177 SRPBCC family protein    

orf5 341 
ketoacyl-ACP synthase III family 

protein 

   

michG 362 DAHP synthase    

orf6 776 non-ribosomal peptide synthetase    



 
 
 
 

Table S2. Strains and plasmids used and generated in this study 
 

Strains/Plasmids Characteristics Sources 

Escherichia coli 

DH10B Host strain for BAC library construction Giboco BRL 

ET12567/pUB307 Host strain for conjugation 4 1 

Actinomycetes 

Micromonospora sp. SCSIO 07395 Wild type This study 

S. albus J1074 Host strain for heterologous expression 3 2 

S. albus Del14 Host strain for heterologous expression 13 

S. albus J1074/pMSBBAC2 S. albus J1074 containing plasmid pMSBBAC2 This study 

S. albus J1074/pCSG8103 S. albus J1074 containing plasmid pCSG8103 This study 

S. albus Del14/pMSBBAC2 S. albus Del14 containing plasmid pMSBBAC2 This study 

S. albus Del14/pCSG8103 S. albus Del14 containing plasmid pCSG8103 This study 

Plasmids 

pMSBBAC2 Aprr, the vector for BAC library construction 2 4 

pCSG8103 Aprr, BAC plasmid containing entire microechmycin (mich) BGC This study 



Table S3. Primers used in this study 
 

8-F1 CGTCGTCCGGCCACCCATTGATA 
8-R1 CCCCCGGCCGCATTACTGTGAA 
8-F2 GCCACCGCAGTCCACCGTCATTTC 
8-R2 CCAGGGCCCGGATCAGGTTGTTCA 



 
 
 
 

Table S4. The antibacterial activities of compound 1-6 (MIC, μg·mL-1) 
 

 
Compounds S. aureus ATCC 29213 M. luteus SCSIO ML01 E. coli ATCC 25922 V. alginolyticus 13214 A.baumannii ATCC 19606 K. pneumoniae ATCC 13883 

1 >64 8 >64 >64 >64 >64 

2 >64 >64 >64 >64 >64 >64 

3 >64 >64 64 >64 >64 >64 

4 >64 >64 >64 >64 >64 >64 

5 >64 >64 >64 >64 >64 >64 

6 >64 >64 >64 >64 >64 >64 

Ciprofloxacin 0.25 1 0.0125 0.03 0.125 0.03 
Note：Ciprofloxacin is a positive control. 
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Figure S1 The representative biosynthetic pathway of benzoxazole 
 (A) The biosynthesis of A33853       E4P 
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Figure S2. The spectroscopic data of 1 
 

(A) The HRESIMS (a) UV (b) spectrum of 1 
 

(a) 
 

 
 

(b) 
 



Figure S2. The spectroscopic data of 1 
 

(B) The 1H-NMR spectrum of 1 (700 MHz for 1H NMR in DMSO-d6) 



Figure S2. The spectroscopic data of 1 
 

(C) The13C-NMR spectrum of compound 1 in DMSO-d6 (175 MHz) 
 
 



Figure S2. The spectroscopic data of 1 
 

(D) The DEPT135 spectrum of 1 (175MHz, DMSO-d6) 
 
 
 



Figure S2. The spectroscopic data of 1 
 

(E) The HSQC spectrum of compound 1 



Figure S2. The spectroscopic data of 1 
 

(F) The HMBC spectrum of 1 



Figure S2. The spectroscopic data of 1 
 

(G) The 1H-1H COSY spectrum of 1 



 

 

Figure S3. The spectroscopic data of 2 
 

(A) The HRESIMS (a), UV (b), CD (c) spectrum and chiral HPLC analysis (d) of 2 
 
(a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 

 

[M + H]+ 



 

(c) 
 
 

 
 
（d）Chiral HPLC analysis of compound 2 
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Chiral HPLC analysis of compound 2 was conducted by using a chiral column (Lux 
Cellulose-3, 5 μm, 250 × 4.6 mm, phenomenex) with UV detection at 265 nm under the 
following program: solvent system (solvent A, 10% CH3CN in water; solvent B, 90% 
CH3CN in water); 38% B (0−35 min), flow rate at 1 mL min-1. 



Figure S3. The spectroscopic data of 2 
 

(B) The 1H-NMR spectrum of 2 (700 MHz for 1H NMR in DMSO-d6) 



Figure S3. The spectroscopic data of 2 
 

(C) The13C NMR spectrum of compound 2 in DMSO-d6 (175 MHz) 



Figure S3. The spectroscopic data of 2 
 

(D) The DEPT135 spectrum of 2 
 



Figure S3. The spectroscopic data of 2 
 

(E) The HSQC spectrum of compound 2 



Figure S3. The spectroscopic data of 2 
 

(F) The HMBC spectrum of 2 



Figure S3. The spectroscopic data of 2 
 

(G) The 1H-1H COSY spectrum of 2 



 

Figure S4. The spectroscopic data of 3 

(A) The HRESIMS (a) UV (b) of 3 
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Figure S4. The spectroscopic data of 3 
 

(B) The 1H-NMR spectrum of 3 (700 MHz for 1H NMR in DMSO-d6) 



Figure S4. The spectroscopic data of 3 
 

(C) The13C NMR spectrum of compound 3 in DMSO-d6 (175 MHz) 



Figure S4. The spectroscopic data of 3 
 

(D) The DEPT135 spectrum of 3 



Figure S4. The spectroscopic data of 3 
 

(E) The HSQC spectrum of compound 3 



Figure S4. The spectroscopic data of 3 
 

(F) The HMBC spectrum of 3 



Figure S4. The spectroscopic data of 3 
 

(G) The 1H-1H COSY spectrum of 3 
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Figure S5. The spectroscopic data of 4 
 

(A) The HRESIMS (a) and UV (b) spectrum of 4 
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Figure S5. The spectroscopic data of 4 
 

(B) The 1H-NMR spectrum of 4 (700 MHz for 1H NMR in CDCl3) 
 
 



Figure S5. The spectroscopic data of 4 
 

(C) The 13C NMR spectrum of compound 4 in CDCl3 (175 MHz) 
 



Figure S5. The spectroscopic data of 4 
 

(D) The DEPT135 spectrum of 4 
 
 



Figure S5. The spectroscopic data of 4 
 

(E) The HSQC spectrum of compound 4 
 
 



Figure S5. The spectroscopic data of 4 
 

(F) The HMBC spectrum of 4 
 



Figure S5. The spectroscopic data of 4 
 

(G) The 1H-1H COSY spectrum of 4 
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Figure S6. The spectroscopic data of 5 
 

(A) The HRESIMS (a), UV (b), CD (c) spectrum and chiral HPLC analysis (d) of 5 
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(d) Chiral HPLC analysis of 5 
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Chiral HPLC analysis of compound 5 was conducted by using a chiral column (Lux 
Cellulose-4, 5 μm, 250 × 4.6 mm, phenomenex) using the following program: solvent 
system (solvent A, 10% CH3CN in water; solvent B, 90% CH3CN in water); 5% B to 100% 
B (0−20 min), 100% B (21−25 min), 100% B to 5%B (25−26 min), 5% B (26‒30 min), flow 
rate at 1 mL min-1. 



Figure S6. The spectroscopic data of 5 
 

(B) The 1H-NMR spectrum of 5 (700 MHz for 1H NMR in CDCl3) 



Figure S6. The spectroscopic data of 5 
 

(C) The13C NMR spectrum of compound 5 in CDCl3 (175 MHz) 
 



Figure S6. The spectroscopic data of 5 
 

(D) The DEPT135 spectrum of 5 



Figure S6. The spectroscopic data of 5 
 

(E) The HSQC spectrum of compound 5 



Figure S6. The spectroscopic data of 5 
 

(F) The HMBC spectrum of 5 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S6. The spectroscopic data of 5 
 

(G) The 1H-1H COSY spectrum of 5 



 

Figure S7. The spectroscopic data of 6 
 
(A) The HRESIMS (a) UV (b) spectrum of 6 
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Figure S7. The spectroscopic data of 6 
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(B) The 1H-NMR spectrum of 6 (700 MHz for 1H NMR in CDCl3) 
 



Figure S7. The spectroscopic data of 6 
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(C) The13C-NMR spectrum of compound 6 in CDCl3 (175 MHz) 
 



Figure S7. The spectroscopic data of 6 
 

(D) The DEPT135 spectrum of 6 



Figure S7. The spectroscopic data of 6 
 

(E) The HSQC spectrum of compound 6 



Figure S7. The spectroscopic data of 6 
 

(F) The HMBC spectrum of 6 



Figure S7. The spectroscopic data of 6 
 

(G) The 1H-1H COSY spectrum of 6 
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