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Table 1. Compositions of eight media used for isolation of mangrove actinobacteria. 

No. Name Composition 

M1 modified ISP 2 agar 

medium 

Glucose (4.00 g); yeast extract powder (4.00 g); malt extract powder (5.00 g); trace salt mixture (1.00 ml); vitamin mixture (1.00 ml); agar 

(15.00 g); distilled water (1000.00 ml); pH= 7.2 

M2 Cochrane 2 medium 

 

Glucose (10.00 g); peptone (5.00 g); tryptone (3.00 g); NaCl (5.00 g); vitamin mixture (1.00 ml); agar (15.00 g); distilled water (1000.00 ml); 

pH= 7.2 

M3 GA medium Soluble starch (20.00 g); KNO3 (1.00 g); K2HPO4 (0.50 g); MgSO4·7H2O (0.50 g); FeSO4·7H2O (0.01 g); Salt (3.00 g); agar (15.00 g); distilled 

water (1000.00 ml); pH= 7.2 

M4 NA medium Peptone (10.00 g); NaCl (5.00 g); beef extract (3.00 g); agar (15.00 g); distilled water (1000.00 ml); pH= 7.2 

M5 Czapek’medium HNO3 (3.00 g); K2HPO4 (1.00 g); MgSO4 (0.50 g); KCl (0.50 g); FeSO4 (0.01 g); sucrose (30.00 g); sea salt crystal (3.00 g); agar (15.00 g); distilled 

water (1000.00 ml); pH= 7.2 

M6 Trehalose-proline 

medium 

 

Trehalose (5.00 g); proline (1.00 g); (NH4)2SO4 (1.00 g); NaCl (1.00 g); CaCl2 (2.00 g); K2HPO4 (1.00 g); MgSO4 (1.00 g); vitamin mixture (1.00 

ml); agar (15.00 g); distilled water (1000.00 ml); pH= 7.2 

M7 Raffinose- Histidine 

medium 

Raffinose (5.00 g); L-histidine (1.00 g); KNO3 (1.00 g); NaCl (1.00 g); CaCl2 (2.00 g); K2HPO4 (1.00 g); MgSO4 (1.00 g); agar (15.00 g); distilled 

water (1000.00 ml); pH= 7.2 

M8 R2A medium R2A; seawater (300.00 ml); distilled water (700.00 ml); agar(15.00 g); pH= 7.2 

Trace salt mixture: FeSO4·7H2O (0.20 g); MnCl2·4H2O (0.01 g); ZnSO4·7H2O (0.01 g); distilled water (100.00 mL). vitamin mixture: thiamine (0.10 g); pyridoxine (0.10 

g); riboflavin (0.10 g); niacin (0.10 g); biotin (0.10 g); distilled water (100.00 mL). 

Table 2. Information on genera distribution of actinobacterial isolates from different samples. 

Genera 

Samples 

S1 S2 S3 S4 S5 S6 S7 S8 

Streptomyces 3 1 1 3 13 3 12 2 

Kitasatospora 1 1 - - 1 - 1 - 

Agromyces - 2 1 - 11 - 5 5 

Sinomonas - - - 1 1 1 - - 

Micrococcus - - - - 1 - - - 

Pseudarthrobacter - - - 1 - - - - 

Paenarthrobacter - - 1 - 2 - 1 - 
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Arthrobacter - - - 1 - - - - 

Intrasporangium - - - 1 - - - - 

Micromonospora 15 12 8 25 42 12 3 9 

Rhodococcus - - - 3 4 - 3 1 

Nocardia - - - 1 2 - 5 1 

Gordonia - - - - 1 - - - 

Mycobacterium - - - 1 3 - 1 1 

Mycolicibacterium - - - - - - 1 - 

Microbispora 2 1 6 3 1 - 1 1 

Actinomadura - - 2 8 1 - 1 1 

Actinocorallia - - - - - - - 1 

Nakamurella - - 1 - - - - - 

Total number of genera 4 5 7 11 13 3 11 9 

Total number of isolates 21 17 20 48 83 16 34 22 

Note: −, no isolate. 

Table 3. Information on genera distribution of actinobacterial isolates recovered from the different culture media. 

Genera 
Media 

M1 M2 M3 M4 M5 M6 M7 M8 

Streptomyces 1 4 11 1 4 5 7 5 

Kitasatospora -  − 2 - 1 1 - - 

Agromyces 4 2 4 2 - - 7 5 

Sinomonas - - 3 - - - - - 

Micrococcus - - - - - 1 - - 

Pseudarthrobacter - - - - 1 - - - 

Paenarthrobacter 1 - 1 - - - 1 1 

Arthrobacter - - - - - - - 1 

Intrasporangium - 1 - - - - - - 

Micromonospora 12 19 50 - 10 7 21 7 

Rhodococcus - - 3 - 1 2 2 3 

Nocardia - - 2 1 - 2 1 3 

Gordonia - - - - - - 1 - 

Mycobacterium - - 4 - - 1 - 1 

Mycolicibacterium - - 1 - - - - - 
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Microbispora - - 11 - 2 2 - - 

Actinomadura - 1 5 - - 6 1 - 

Actinocorallia - - - - - 1 - - 

Nakamurella  - - - - 1 - - - 

Total number of genera 4 5 12 3 7 10 8 8 

Total number of isolates 18 27 97 4 20 28 41 26 

Note: −, no isolate. 

Table 4. Antimicrobial activities of cultivable actinobacteria from Maowei Sea mangrove soil and their similarity of 16S rRNA gene sequences (>750 bp). 

Isolate a 

(GenBank 

Accession No.) 

Genus and Species (Similarity, %) Samples b 

Activity c 

E. coli P. 

eruginosa 

K. 

pneumonia 

A. 

baumannii 

E. faecalis S. aureus 

S R S R S R S R S R S R 

B486(MN199470)+- Streptomyces seoulensis 

NRRL B-24310T (99.93%) 

E - - - - - - 1.10 0.80 1.50 1.54 1.90 2.70 

M 1.20 - - - - - 1.10 - 1.60 1.76 2.10 2.55 

B121(MN199471) Micromonospora mirobrigensis 

DSM 44830T (99.47%) 

E - - - - - - - - - - - - 

M - - - - - -- - - - - - - 

B65(MN199518)+ 
Micromonospora harpali NEAU-JC6T (100%) 

E - - - - - - - - - 1.20 - - 

M - - - - - - - - - - - - 

B290(MN199529)+ Streptomyces viridobrunneus 

LMG 20317T (100%) 

E - - - - - - - - - 1.50 2.10 2.50 

M - - - - - - - - - 1.20 1.40 1.85 

B448(MN199472) 

+- 

Streptomyces albaduncus 

JCM 4715T (100%) 

E 1.00 - - - 1.05 - 1.00 - - 1.30 2.10 - 

M - - - - 1.25 - - - - 0.90 1.95 - 

B42(MN199473) +- Micromonospora tulbaghiae 

DSM 45142T (100%) 

E 2.35 2.25 - - 2.60 - 1.45 - - - 3.00 - 

M - - - - - - - - - - 1.30 1.50 

B475(MN199475) 

+- 
Streptomyces seoulensis 

NRRL B-24310T (99.93%) 

E - - - - - - 1.45 - 1.75 2.15 2.35 3.60 

M - 1.10 - - - - 1.25 - 1.95 2.65 2.40 2.60 

B415(MN199474) 
Micromonospora maritima D10-9-5T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B401(MN199476) 
Micromonospora oryzae CP2R9-1T (99.20%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B331(MN199477) + E - - - - - - - - - - 1.40 2.60 



Antibiotics 2019, 8, 236 5 of 12 

Micromonospora schwarzwaldensis 

HKI0641T (99.87%) 

M - - - - - - - - - - - 1.40 

B704(MN199478) +- Micromonospora auratinigra 

DSM 44815T (98.97%) 

E - - - - 1.10 - 1.30 - 1.70 1.80 1.40 - 

M - - - - - - - - - - 1.10 - 

B452(MN199521) Micromonospora wenchangensis CCTCC AA 

2012002T (99.07%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B285(MN199479) + 
Micromonospora mirobrigensis DSM 44830 

T(100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - 1.30 - - 

B490(MN199480) 
Streptomyces wuyuanensis 

CGMCC 4.7042T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B122(MN199468) + Micromonospora saelicesensis 

Lupac 09T (99.19%) 

E - - - - - - - - - - - 1.30 

M - - - - - - - - - - - 1.20 

B649(MN199481) - Mycolicibacterium poriferae 

ATCC 35087T (98.93%) 

E - - - - - - - 0.70 - - - - 

M - - - - - - - - - - - - 

B593(MN199482) - Agromyces binzhouensis 

OAct353T (98.29%) 

E - - - - - - - 0.65 - - - - 

M - - - - - - - - - - - - 

B300(MN199483)- Agromyces binzhouensis 

 OAct353T (98.36%) 

E - - - - - - - 0.75 - - - - 

M - - - - - - - - - - - - 

B323(MN199484) Micromonospora chalcea 

DSM 43026T (99.73%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B74(MN199485) + 
Micromonospora aurantiaca 

ATCC 27029T (99.87%) 

E - - - - - - - - 0.65 1.30 1.10 - 

M - - - - - - - - - 0.80 - - 

B276(MN199486) +- 
Agromyces binzhouensis 

OAct353T (98.37%) 

E - - - - - - - 0.65 - - - - 

M - - - - - - - - - 1.10 0.75 - 

B31(MN199487) Agromyces binzhouensis 

OAct353T (98.40%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B610(MN199488) Actinomadura Mexicana 

A290T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B211(MN204487) + Intrasporangium flavum 

MUSC 78T (98.93%) 

E - - - - - - - - 1.00 - - - 

M - - - - - - - - - - - - 
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B581(MN199489) + Kitasatospora aureofaciens 

ATCC 10762T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - 0.85 - 

B390(MN199540) 

+- 
Streptomyces viridobrunneus 

LMG 20317T (100%) 

E - - - - - - 1.10 - 1.50 - 1.90 2.70 

M 1.20 - - - - - 1.10 - 1.60 - 2.10 2.55 

B409(MN199526) 

+- 
Micromonospora schwarzwaldensis 

HKI0641T (99.87%) 

E - - - - 1.30 - 1.40 - 1.20 1.45 1.80 2.25 

M - - - - - - - - - - 1.00 1.35 

B346(MN199490) Paenarthrobacter ureafaciens 

DSM 20126T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B94(MN199532) 
Micromonospora maritima D10-9-5T (99.73%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B309(MN199545) Streptomyces youssoufiensis 

X4T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B598(MN199491) Micromonospora soli 

SL3-70T (99.73%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B731(MN199492) Nocardia nova 

NBRC 15556T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B419(MN199493) - 
Streptomyces caeni 

HA15995T (99.73%) 

E - - - - - - - - - - - - 

M - - 1.80 - - - - - - - - - 

B353(MN199494) 

+- 
Streptomyces seoulensis 

NRRL B-24310T (99.93%) 

E - - - - - - 1.40 - 1.65 1.80 3.20 3.50 

M - - - - - - 1.35 0.75 1.80 2.00 2.60 3.80 

B277(MN199495) + 
Micromonospora terminaliae TMS7T (99.73%) 

E - - - - - - - - - 1.15 1.70 2.40 

M - - - - - - - - - - - 1.35 

B101(MN199496) + 
Micromonospora yasonensis DS3186T (99.33%) 

E - - - - - - - - - - - - 

M - - - - - - - - - 1.90 - - 

B98(MN199497) +- Streptomyces albogriseolus 

NRRL B-1305T (100%) 

E - - - - - - 1.10 - 1.50 1.90 1.80 1.30 

M - - - - - - 1.20 - 1.60 2.80 2.40 3.20 

B434(MN199498) Streptomyces malaysiensis 

NBRC 16446T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B451(MN199467) Arthrobacter koreensis 

CA15-8T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B432(MN199499) Streptomyces tendae 

ATCC 19812T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 
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B459(MN199500) Streptomyces misionensis 

DSM 40306T (99.47%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B441(MN199501) Streptomyces albogriseolus 

NRRL B-1305T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B187(MN199522) Streptomyces violaceorubidus 

LMG 20319T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B82(MN199502) 
Micromonospora haikouensis 232617T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B392(MN199503) 
Micromonospora vinacea 

GUI63T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B81(MN199504) Micromonospora oryzae 

CP2R9-1T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B384(MN199519) 
Micromonospora yasonensis DS3186T (99.33%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B321(MN199505) 
Microbispora hainanensis 211020T (99.73%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B573(MN199506) Rhodococcus equi 

NBRC 101255T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B471(MN199507) Rhodococcus zopfii 

NBRC 100606T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B502(MN199469) 
Paenarthrobacter ureafaciens 

DSM 20126T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B310(MN199508) Pseudarthrobacter chlorophenolicus 

A6T (99.47%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B111(MN199509) Gordonia rubripertincta 

NBRC 101908T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B463(MN199510) + Nakamurella silvestris 

S20-107T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - 0.65 - - 

B651(MN199511) Actinocorallia aurantiaca 

JCM 8201T (99.47%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B402(MN199535) Micromonospora tulbaghiae E - - - - - - - - - - - - 
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DSM 45142T (100%) M - - - - - - - - - - - - 

B456(MN199524) Micromonospora chalcea 

DSM 43026T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B129(MN199520) Agromyces indicus 

NIO-1018T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B449(MN199525) + Streptomyces bungoensis 

DSM 41781T (100%) 

E - - - - - - - - - - 1.70 1.60 

M - - - - - - - - - - - - 

B550(MN199534) Micromonospora auratinigra 

DSM 44815T (99.33%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B535( MN199527) Micromonospora equine 

Y22T (99.33%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B241(MN199523) Micromonospora aurantiaca 

ATCC 27029T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B406(MN199516) Actinomadura maheshkhaliensis 13-12-50T 

(99.73%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B555(MN199537) Actinomadura bangladeshensis 

3-46-b3T(98.93%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B531(MN199533) Actinomadura maheshkhaliensis 13-12-50T 

(99.60%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B14(MN199513) + Micromonospora mangrovi 2803GPT1-18T 

(99.07%) 

E - - - - - - - - - - 1.05 - 

M - - - - - - - - - - - - 

B238(MN199542) + Micromonospora haikouensis 232617T (99.47%) E - - - - - - - - - - - 1.00 

M - - - - - - - - - - - - 

B320(MN199530) Micromonospora chalcea 

DSM 43026T (99.87%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B136(MN199538) Micromonospora profundi DS3010T (99.73%) E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B382(MN199512) Micromonospora krabiensis 

DSM 45344T (99.73%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B604(MN199531) Micromonospora aurantiaca 

ATCC 27029T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B344(MN199515) Sinomonas flava E - - - - - - - - - - - - 
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CW 108T (99.47%) M - - - - - - - - - - - - 

B623(MN199543) + Streptomyces misionensis 

DSM 40306T (99.47%) 

E - - - - - - - - - - 1.10 - 

M - - - - - - - - - - - - 

B473(MN199544) Streptomyces purpureus 

NBRC 13927T (99.47%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B567(MN199528) + Micromonospora aurantiaca 

ATCC 27029T (100%) 

E - - - - - - - - 1.60 - - - 

M - - - - - - - - - - - - 

B413(MN199517) - Micromonospora krabiensis 

DSM 45344T (100%) 

E - - - - - - 1.10 - - - - - 

M - - - - - - - - - - - - 

B12(MN199514) Rhodococcus ruber 

DSM 43338T (98.93%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B235(MN199541) Micromonospora globbae 

WPS1-2T (99.33%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B158(MN199546) Streptomyces pseudogriseolus 

NRRL B-3288T (100.00%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B378(MN199539) Nocardia niigatensis 

NBRC 100131T (100%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B391(MN199536) + Nocardia africana 

DSM 44491T (99.87%) 

E - - - - - - - - - 2.05 - - 

M - - - - - - - - - - - - 

B644(MN199547) Mycobacterium aquiterrae 

S-I-6T (99.33%) 

E - - - - - - - - - - - - 

M - - - - - - - - - - - - 

B134(MN199548) Micrococcus aloeverae 

AE-6T (99.87%) 

E - - - - - - - - - - - - 

 M - - - - - - - - - - - - 

  Methanol  - - - - - - - - - - - - 

  Levofloxacin 1.17 0.65 1.15 1.00 1.05 0.80 1.60 1.00 2.43 1.20 2.80 2.09 

a: +- represents strain against both Gram-Positive and Gram-Negative bacteria; + represents strain against only Gram-Positive bacteria; - represents strain against only 

Gram-Negative bacteria. Bold number represents strong antibacterial activity (inhibition zone>2.0 cm). b: E represents crude sample extracted with ethyl acetate; M 

represents crude sample from extracted with acetone from mycelium. c: The diameters of the inhibition zones, cm; the diameters of the paper disk, 0.60 cm; −, no 

inhibitory activity. Methanol, negative control; Levofloxacin, positive control. 
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Table 5. The Quinoxaline-type antibiotics isolated from the actinobacteria. 

Compound UVmax (nm) Molecular Mass Molecular Formula Ref. 

echinomycin (quinomycin A) a 244; 210; 326 1101; [M+H]+ C51H64N12O12S2 [1] 

quinomycin B a 244; 210; 326 1129; [M+H]+ C53H68N12O12S2 [1] 

quinomycin C a 244; 210; 326 1157; [M+H]+ C55H72N12O12S2 [1] 

quinomycin E a 244; 210; 326 1143; [M+H]+ C54H70N12O12S2 [1] 

quinomycin I a 244; 210; 326 1145; [M+H]+ C53H69N12O13S2 [1] 

quinomycin J a 244; 210; 326 1173; [M+H]+ C53H73N12O13S2 [1] 

quinomycin monosulfoxide a 244; 210; 326 
1117; [M+H]+ 

C51H64N12O13S2 [1;2] 
1139; [M+Na]+ 

Quinomycin Bo a 244; 210; 326 1129; [M+H]+ C53H68N12O12S2 [3] 

Quinomycin G a 245.2; 325.8 1101; [M+H]+ C51H64N12O12S2 [4] 

Quinomycins H1 a 233; 241; 312; 355 1138; [M+Na]+ C52H65N11O13S2 [5] 

Quinomycins H2 a 233; 241; 312; 355 1138; [M+Na]+ C52H65N11O13S2 [5] 

QN-quinomycin A b 240; 292; 313-316 1083; [M+H]+ C52H62N10O12S2 [6] 

NX-quinomycin A b 240; 317 1084; [M+H] C51H61N11O12S2 [6] 

RK-1355A a 218; 230; 298; 356 1143; [M+H]+ C53H62N10O15S2 [7] 

RK-1355B a 218; 230; 298; 356 1157; [M+H]+ C54H64N10O15S2 [7] 

SW-163C a 214; 230; 299; 359 1113; [M+H]+ C52H60N10O14S2 [8] 

SW-163E a 214; 230; 299; 359 1141; [M+H]+ C54H64N10O14S2 [8] 

UK-63;598(SW-163D) a 218; 231; 299; 357 1127; [M+H]+ C53H62N10O14S2 [7;9] 

UK-63;052(SW-163G) a  219; 231; 300; 359 1169; [M+H]+ C56H68N10O14S2  [9] 

UK-65;662(SW-163F) a 219; 230; 300; 359 1155; [M+H]+  C55H66N10O14S2  [9] 

triostin A a 243; 316; 326 1086; M+ C50H62N12O12S2  [10] 

triostin C a 243; 315-326; 1142; M+ C54H70N12O12S2  [11] 

Bis-6-chlorotriostin A b 335 1154; M+ C50H60N12O12S2Cl2 [12] 

Bis-6-bromotriostin A b 335 1242;M+ C50H60N12O12S2Br2 [12] 

Bis-7-chlorotriostin A b 335 1154; M+ C50H60N12O12S2Cl2 [12] 

Bis-3-aminotriostin A b 312; 403 1116; M+ C50H64N14O12S2 [12] 

BBM-928 A (luzopeptin A) a 235; 264; 345 1426; M+ C64H78N14O24 [13] 

BBM-928 B (luzopeptin B) a 235; 264; 345 1384; M+ C62H76N14O23 [13] 

BBM-928 C (luzopeptin C) a 235; 264; 345 1342; M+ C60H74N14O22 [13] 

quinoxapeptin A a 235; 264; 345 1499; [M+Na]+ C68H84N16O22 [14] 

quinoxapeptin B a 235; 264; 345 1459; [M+Na]+ C65H80N16O22 [14] 

Sandramycin a 217; 229; 356 1221; [M+H]+ C60H76N12O16 [15] 

quinaldopeptin a 214; 230; 299; 359 1243; [M+H]+ C62H78N14O14 [16] 

BE-22179 a 218; 226; 290; 360 1061; [M+H]+ C46H48N10O12S4 [17] 

thiocoraline a 218; 230; 298; 360 1157; [M+H]+ C48H56N10O12S6 [18] 

22'-deoxythiocoraline a 210; 230; 299; 360 1141; [M+H]+ C48H56N10O11S6 [19] 

12'-sulfoxythiocoraline a 209; 230; 299; 360 1173; [M+H]+ C48H57N10O13S6 [19] 

a: natural products; b: compounds by biosynthesis. 

Table 6. Information of soil samples. 

Samples Characteristic of Soil  Location Sampling Depth 

Sample 1 Rhizosphere soil of Aegiceras corniculatum N:21°51′50′′ E:108°27′80′′ 10 cm under surface 

Sample 2 Rhizosphere soil of Sonneratia apetala N:21°51′30′′ E:108°28′25′′ 10 cm under surface 

Sample 3 Rhizosphere soil of Sonneratia apetala N:21°51′60′′ E:108°28′55′′ 10 cm under surface 

Sample 4 Rhizosphere soil of Aegiceras corniculatum N:21°51′50′′ E:108°27′90′′ 10 cm under surface 

Sample 5 Rhizosphere soil of Aegiceras corniculatum N:21°51′50′′ E:108°27′22′′ 10 cm under surface 

Sample 6 Rhizosphere soil of Zizania N:21°51′60′′ E:108°28′55′′ 10 cm under surface 
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Sample 7 Rhizosphere soil of Aegiceras corniculatum N:21°50′35′′ E:108°36′48′′ 10 cm under surface 

Sample 8 Rhizosphere soil of Aegiceras corniculatum N:21°50′35′′ E:108°36′51′′ 10 cm under surface 

 

Figure 1. 1H NMR (600 MHz) spectrum of peak 3 in CDCl3. 
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Figure 2. The UPLC-UV-HRMS/MS analysis and dereplication of peak 2. (A) UPLC profile of peak 2 

at Rt = 18.87 min and its UV spectra. (B) Mass spectra of peak 2. 
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