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Figure 1.
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1. EFRAIA PTMs XU G145

Chemical structures of selected PTMs compounds.
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112 BEFek: WACTARES IR (g/L): M 20,
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ZnS0,-7H,0 0.001, pH 7.3, 1x10° Pa K4 30 min.
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AR SR
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FIRF A TS N (Acetonitrile, ACN), =
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PR A BR A A ERIGFREIR, WA FigE
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R CEEE I, T 37 °C KB WUEIEsE 2T, &
BRAHLER, 2R TR GYM 5575 3 /11
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Bige bk 3 A PAT R Y 2050 205, 23.1 F
21.8 mg; ISP4 }5FR5L 3 P AT K BEHLIZ Y 5351
26.6. 29.8 Fil1 28.1 mg.
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Table 1. Predicted gene clusters involving in the biosynthesis of secondary metabolites in S. avicenniae 9-9
Cluster No.  Product type Length/bp  Putative function Cluster blast similarity/%*
1 Terpene 21823 Hopene biosynthetic gene cluster 30
2 Siderophore 8980 Desferrioxamine B biosynthetic gene cluster 60
3 Siderophore 13803 Ficellomycin biosynthetic gene cluster 10
4 Type II PKS 58686 Galbonolides biosynthetic gene cluster 33
5 NRPS 85645 Pacidamycin biosynthetic gene cluster 31
6 NRPS/PKS 49276 Ikarugamycin biosynthetic gene cluster 20
7 Lanthipeptide ~ 22580 SAL-2242 biosynthetic gene cluster 100
8 Thiopeptide 40215 Diisonitrile antibiotic biosynthetic gene cluster 11
9 Ectoine 10405 Ectoine biosynthetic gene cluster 100

PKS: polyketide synthase; NRPS: non-ribosomal peptide synthetase. *: Threshold level >10%
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x2. HBEEHER 99T PTMsEUEMEMEREEFRA BLASTp iR

Table 2.

BLASTDp analysis of major proteins encoded by the PTMs biosynthetic gene clusters in S. avicenniae 9-9

Identity of homologue in Identity of homologue in

Protein name Access No. Amino acid numbers Sreptomyces sp. ZJ306/%* S xiamenensis 318/%
AviA WP_052848987.1 3091 70 70
AviB WP_052848986.1 586 75 75
AviC WP_052848985.1 352 66 66
AviD WP_052848984.1 397 53 53

*: Coverage >98%

2.2 ZIHERIFNBRLRILE YR 5

BT U EAEYE R, AR s
B0 9-9 WA M)A 753 o R Fl UPLC-QTOF-
HRMS 5t ik, *HFHEA PTMs KAEGY
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TR (MS/MS) IR AR AT IS, Py
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B GYM $55 5L | ISP3 557 JLFN ISP4 JE 570, Xf
H AT R TERE IR . KRG SR 3 d e, W& ISP3
41 R ISP4 41 & ek 2 €2 B S I, 39 IR 1 8
RRERE, GYM 41K W € R 42 5 6848 Ry i
o, KRR 7d)5, ISP3 41H1 ISP4 20 & Wik 5¢
AR BAE A, GYM 4K B L IR BERP
XA ERE, @t HPLC-UV W14t &
B, £ PTMs ZEMRHENR IR 325 nm P>,
3 BRI R A 5 DU AY PTMs SRR,
RIfb&9 1-5 (&1 2). StRuedh R 23, bd
Y 1 BRI E Y ikarugamycin —20, L&) 2
B R B B A 5 capsimycin B —2, #F—# i@
UPLC-HRMS 351, N 3 Fiw, FE1EE il
T, G 1 huEsr T E IS miz 479.2910
[IM+H]", 4R CooHisNyOy, A E LG
1 24 ikarugamycin; L& 2 s BTN
m'z 495.2859 [M+H]", 7+ K CpHN,Os, 1]
e L&Y 2 A capsimycin B,

actamicro@im.ac.cn

AN, AR FREAAET , B AR 9-9
HARE PTMs KALGWi ™ A B2 ik, FA]
#1577 ikarugamycin Fl capsimycin B 9 %E fEbrifE
ek, 5 FERRHEE 35 0.0125, 0.025, 0.05,
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fE A ikarugamycin —&(!", WK 5 FroR.

a2, FEMEERET miz 477.2757,
459.2645 . 321.1845 . 279.1742 . 181.0982 7l
139.0873, JRiEZMAMAE S capsimycin B —2"),
miE 6 fiR.

b5 3, 16 HR-MS 1E & PR T Hfe o+
BTN miz 511.2806 [M+H]", 84T N
CaoH3sN,Og. MVZ 511.2806, 493.2692 Fil 475.2586
AN R R R R R A T WA K LR R
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*3 AWML 5MBRETHRRESTER)

Table 3. Fragment ions of compounds 1-5 in the positive mode

Compound Observed m/z Relative abundance/% Formula Mass error (mDa) Mass error (ppm)
Compound 1 479.2901 100 CypHyN,0, 0.8 1.7
(ikarugamycin) 461.2791 58 C,9H37N,04 -1.2 -2.6
443.2685 31 CyoH;35N,0, -1.5 -3.4
323.1992 14 C»H,,0, -1.2 -3.7
281.1893 51 CyoH,50 -1.3 —4.6
181.0977 25 CoH5N,0, 0.0 0.0
139.0868 40 C;H;1N,O -0.3 22
Compound 2 495.2871 100 CHioN,Os 0.6 1.2
(capsimycin B) 477.2757 70 C,9H37N,04 0.0 0.0
459.2645 28 CyoH;35N,0; -0.4 -0.9
321.1845 9 CyHy50, -1.0 -3.1
279.1742 26 CyHy;0 -0.7 -2.5
181.0982 51 CoH/3N,0, 0.2 1.1
139.0873 32 C;H;1N,O 0.1 0.7
Compound 3 511.2806 100 Cy9H;39N,06 -0.4 -0.8
493.2692 52 Cy9H37N,05 -0.8 -1.6
475.2586 30 CyoH;35N,04 -1.0 2.1
321.1839 24 CH,50, -12 3.7
279.1738 27 CyHy;0 —0.6 -2.1
179.0826 11 CoH1N,0, -0.7 =33
137.0713 10 CgH/N,0, -0.2 -1.0
Compound 4 493.2693 100 C,oH;37N,05 -0.8 -1.6
475.2585 62 Cy9H35N,0, -1.2 -2.5
457.2478 20 Cy9H33N,0; -1.3 2.8
319.1679 19 CyHy30, -1.0 -3.1
277.1579 55 CyHy,0 -1.1 —4.0
181.0986 41 CoH,3N,0, 0.4 22
139.0867 54 C,H;1N,O -0.3 22
Compound 5 495.2847 100 Cy9H39N,05 -1.5 -3.0
477.2740 81 Cy9H37N,04 -1.5 -3.1
459.2631 43 Cy9H35N,0; -1.7 -3.7
321.1835 18 CH,50, -1.0 3.1
279.1736 77 CyHy;0 -0.4 -1.4
181.0981 32 CoH|3N,0, 0.4 2.2
139.0868 46 C,H;1N,O -0.4 -29

actamicro@im.ac.cn
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Sudy on polycyclic tetramate macrolactam metabolites from
mangrove-derived Streptomyces avicenniae
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Tong University, Shanghai 200240, China
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Abstract: [Objective] Based on genome mining, we analyzed the secondary metabolites from mangrove-derived
Sreptomyces avicenniae 9-9, targeting on polycyclic tetramate macrolactams (PTMs). [M ethods] Bioinformatics
analysis was carried out to analyze the genome sequence of Sreptomyces avicenniae 9-9. We searched PTMs by the
method of high-performance liquid chromatography and mass spectroscopy. [Results] We found four genes, named
aviA-D involved in PTMs biosynthetic gene clusters in Sreptomyces avicenniae 9-9. Two PTMs, 1 and 2, were
identified as ikaruganmycin and capsimycin B, respectively. Compound 3 through 5 also belonged to PTMs family,
and their structures were proposed based on MS/MS fragmentation pattern. [Conclusion] Mangrove-derived
Sreptomyces avicenniae 9-9 can produce PTMs compounds with the 5-6-5 fused tricyclic skeleton.

Keywords: mangrove, Sreptomyces avicenniae, secondary metabolite, polycyclic tetramate macrolactams,
biosynthesis
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