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ABSTRACT The strain Streptomyces sp. BSE7F, a novel Streptomyces strain isolated
from Indonesian mangrove sediment, displays antimicrobial activities against Gram-
positive bacteria, Gram-negative bacteria, and yeast. Bioinformatic analysis of the ge-
nome sequence revealed the occurrence of 22 biosynthetic gene clusters disclosing
the secondary metabolite capacity of strain BSE7F.

Actinomycetes have proven to be an excellent source of antibiotics (1, 2). In recent
years, bioprospecting of rare habitats has turned out to be an efficient way to

discover novel antibiotic producers (3). Indonesia is one of the most species-rich
countries in the world (4). This biodiversity may also be reflected by microbial species
diversity. Thus, Indonesian soils should serve as an excellent source of novel antibiotic
producers. However, due to the overexploitation of terrestrial actinomycetes, the
search for new antibiotics is more promising in unique environments. One such habitat
is represented by the mangrove ecosystem (5). Many rare and novel actinobacterial
species have been isolated from mangrove samples and have been shown to be potent
producers of new bioactive secondary metabolites (6–10).

In this study, a novel Streptomyces strain, designated BSE7F, was isolated from a
mangrove sediment sample from Bali, Indonesia. BSE7F exhibits antimicrobial activity
against selected Gram-positive bacteria (Bacillus subtilis, Micrococcus luteus, and Staph-
ylococcus carnosus), Gram-negative bacteria (Escherichia coli), and yeast (Saccharomyces
cerevisiae). Here, we present the annotated genome sequence of strain BSE7F and
report on its biosynthetic potential for antibiotic production.

The BSE7F genome was sequenced using PacBio RS II technology. The total genome
size of BSE7F is 7,510,161 bp with five contigs and a G�C content of 72.3%. Using
CheckM marker gene analysis (11), genome completeness was determined to be 98.3%
with 0.4% contamination. Genome annotation with Prokka version 1.12b (12) identified
6,880 coding sequences (CDSs), 79 tRNAs, and 21 rRNAs on the BSE7F genome.
Phylogenetic analysis of the whole-genome sequence using RAxML Web servers (13)
revealed that BSE7F is closely related to Streptomyces sp. HNS054 (14). Average nucle-
otide identity (ANI) searches were performed using MASH (15) against RefSeq (16)
genomes, which resulted in one match with an ANI over 95%. This was confirmed via
JSpeciesWS (17), which showed a 97.1% ANI to Streptomyces sp. HNS054. An ANI higher
than 95% indicates that BSE7F belongs to the same species as Streptomyces sp. HNS054,
a strain originally isolated from a marine sponge (14).
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In order to identify the antibiotic gene clusters (BGCs) that are responsible for the
bioactivity of BSE7F, the genome was analyzed using antiSMASH version 4.0 (18), which
predicted 22 BGCs. Seven of these matched known clusters for desferrioxamine B (19),
venezuelin (20), albaflavenone (21), alkylresorcinol (22), naphthyridinomycin (23), and
ectoine (twice) (24) with 100% similarity and three clusters encoding resistomycin (25),
hopene (26), and spore pigment biosynthesis with �80% similarity. The remaining
clusters were predicted to encode 3 polyketide synthase (PKS)/nonribosomal peptide
synthetase (NRPS) hybrids, 2 terpenes, 2 bacteriocins, 1 NRPS, 1 phenazine, 1 lassopep-
tide, 1 siderophore, and 1 aminoglycoside/aminocyclitol-terpene hybrid. Overall, the
discovery of several unknown putative BGCs in BSE7F is providing a strong basis for
further experimental studies on the antibiotic production capacity of BSE7F, which may
lead to the discovery of novel natural compounds. These preliminary studies suggest
that Indonesia’s mangrove soil is a promising source of novel bioactive compound
producers.

Accession number(s). This whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the accession number QEQV00000000. The version de-
scribed in this paper is the first version, QEQV01000000.

ACKNOWLEDGMENTS
We gratefully acknowledge the funding received from the BMBF German-Indonesian

Cooperation project NAbaUnAk and the German Center for Infection Research (DZIF).
I.H. is grateful for a scholarship from the Indonesian Ministry for Research and Tech-
nology.

REFERENCES
1. Genilloud O. 2017. Actinomycetes: still a source of novel antibiotics. Nat

Prod Rep 34:1203–1232. https://doi.org/10.1039/C7NP00026J.
2. Jose AP, Jha B. 2016. New dimensions of research on actinomycetes:

quest for next generation antibiotics. Front Microbiol 7 https://doi.org/
10.3389/fmicb.2016.01295.

3. Takahashi Y, Omura S. 2003. Isolation of new actinomycete strains for
the screening new bioactive compounds. J Gen Appl Microbiol 49:
141–154. https://doi.org/10.2323/jgam.49.141.

4. Rintelen KV, Arida E, Häuser C. 2017. A review of biodiversity-related
issues and challenges in megadiverse Indonesia and other Southeast
Asian countries. RIO 3:e20860.

5. Xu D-B, Ye W-W, Han Y, Deng Z-X, Hong K. 2014. Natural products from
mangrove actinomycetes. Mar Drugs 12:2590 –2613. https://doi.org/10
.3390/md12052590.

6. Azman A-S, Othman L, Velu SS, Chan K-G, Lee L-H. 2015. Mangrove rare
actinobacteria: taxonomy, natural compound, and discovery of bioactiv-
ity. Front Microbiol 6:856. https://doi.org/10.3389/fmicb.2015.00856.

7. Law JW, Ser H-L, Duangjai A, Saokaew S, Bukhari SI, Khan TM, Mutalib
N-S, Chan K-G, Goh B-H, Lee L-H. 2017. Streptomyces colonosanans sp.
nov., a novel actinobacterium isolated from Malaysia mangrove soil
exhibiting antioxidative activity and cytotoxic potential against human
colon cancer cell lines. Front Microbiol 8:877. https://doi.org/10.3389/
fmicb.2017.00877.

8. Ser H-L, Palanisamy U, Yin W-F, Chan K-G, Goh B-H, Lee L-H. 2016.
Streptomyces malaysiense sp. nov.: a novel Malaysian mangrove soil
actinobacterium with antioxidative activity and cytotoxic potential
against human cancer cell lines. Sci Rep 6:24247. https://doi.org/10
.1038/srep24247.

9. Sangkanu S, Rukachaisirikul V, Suriyachadkun C, Phongpaichit S. 2017.
Evaluation of antibacterial potential of mangrove sediment-derived ac-
tinomycetes. Microb Pathog 112:303–312. https://doi.org/10.1016/j
.micpath.2017.10.010.

10. Indupalli M, Muvva V, Mangamuri U, Munaganti RK, Naragani K. 2018.
Bioactive compounds from mangrove derived rare actinobacterium Sac-
charonospora oceani VJDS-3. 3 Biotech 8:103. https://doi.org/10.1007/
s13205-018-1093-6.

11. Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. 2015.
CheckM: assessing the quality of microbial genomes recovered from
isolates, single cell, and metagenomes. Genome Res 25:1043–1055.
https://doi.org/10.1101/gr.186072.114.

12. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioin-
formatics 30:2068 –2069. https://doi.org/10.1093/bioinformatics/btu153.

13. Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic analysis
and post-analysis of large phylogenies. Bioinformatics 30:1312–1313.
https://doi.org/10.1093/bioinformatics/btu033.

14. Su P, Wang D-X, Ding S-X, Zhao J. 2014. Isolation and diversity of natural
product biosynthetic genes of cultivable bacteria associated with marine
sponge Mycale sp. from the coast of Fujian, China. Can J Microbiol
60:217–225. https://doi.org/10.1139/cjm-2013-0785.

15. Ondov BD, Treangen TJ, Melsted P, Mallonee AB, Bergman NH, Koren S,
Phillippy AM. 2016. Mash: fast genome and metagenome distance esti-
mation using MinHash. Genome Biol 17:132. https://doi.org/10.1186/
s13059-016-0997-x.

16. Pruitt KD, Tatusova T, Maglott DR. 2007. NCBI reference sequences
(RefSeq): a curated non-redundant sequence database of genomes,
transcripts and proteins. Nucleic Acids Res 35:D61–D65. https://doi.org/
10.1093/nar/gkl842.

17. Richter M, Rosselló-Móra R, Glöckner FO, Peplies J. 2016. JSpeciesWS: a
Web server for prokaryotic species circumscription based on pairwise
genome comparison. Bioinformatics 32:929 –931. https://doi.org/10
.1093/bioinformatics/btv681.

18. Blin K, Wolf T, Chevrette MG, Lu X, Schwalen CJ, Kautsar SA, Suarez
Duran HG, de Los Santos ELC, Kim HU, Nave M, Dickschat JS, Mitchell DA,
Shelest E, Breitling R, Takano E, Lee SY, Weber T, Medema MH. 2017.
antiSMASH 4.0 —improvements in chemistry prediction and gene clus-
ter boundary identification. Nucleic Acids Res 45:W36 –W41. https://doi
.org/10.1093/nar/gkx319.

19. Kodani S, Hudson ME, Durrant MC, Buttner MJ, Nodwell JR, Willey JM.
2004. The SapB morphogen is a lantibiotic-like peptide derived from
the product of the developmental gene ramS in Streptomyces coelicolor.
Proc Natl Acad Sci U S A 101:11448 –11453. https://doi.org/10.1073/pnas
.0404220101.

20. Goto Y, Li B, Claesen J, Shi Y, Bibb MJ, van der Donk WA. 2010. Discovery
of unique lanthionine synthetases reveals new mechanistic and evolu-
tionary insights. PLoS Biol 8:e1000339. https://doi.org/10.1371/journal
.pbio.1000339.

21. Zhao B, Lin X, Lei L, Lamb DC, Kelly SL, Waterman MR, Cane DE. 2008.
Biosynthesis of the sesquiterpene antibiotic albaflavone in Streptomyces
coelicolor A3(2). J Biol Chem 283:8183– 8189. https://doi.org/10.1074/jbc
.M710421200.

Handayani et al.

Volume 6 Issue 26 e00618-18 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/QEQV00000000
https://doi.org/10.1039/C7NP00026J
https://doi.org/10.3389/fmicb.2016.01295
https://doi.org/10.3389/fmicb.2016.01295
https://doi.org/10.2323/jgam.49.141
https://doi.org/10.3390/md12052590
https://doi.org/10.3390/md12052590
https://doi.org/10.3389/fmicb.2015.00856
https://doi.org/10.3389/fmicb.2017.00877
https://doi.org/10.3389/fmicb.2017.00877
https://doi.org/10.1038/srep24247
https://doi.org/10.1038/srep24247
https://doi.org/10.1016/j.micpath.2017.10.010
https://doi.org/10.1016/j.micpath.2017.10.010
https://doi.org/10.1007/s13205-018-1093-6
https://doi.org/10.1007/s13205-018-1093-6
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1093/bioinformatics/btu153
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1139/cjm-2013-0785
https://doi.org/10.1186/s13059-016-0997-x
https://doi.org/10.1186/s13059-016-0997-x
https://doi.org/10.1093/nar/gkl842
https://doi.org/10.1093/nar/gkl842
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1093/nar/gkx319
https://doi.org/10.1093/nar/gkx319
https://doi.org/10.1073/pnas.0404220101
https://doi.org/10.1073/pnas.0404220101
https://doi.org/10.1371/journal.pbio.1000339
https://doi.org/10.1371/journal.pbio.1000339
https://doi.org/10.1074/jbc.M710421200
https://doi.org/10.1074/jbc.M710421200
http://genomea.asm.org


22. Ohnishi Y, Ishikawa J, Hara H, Suzuki H, Ikenoya M, Ikeda H, Yamashita A,
Hattori M, Horinouchi S. 2008. Genome sequence of the streptomycin-
producing microorganism Streptomyces griseus IFO 13350. J Bacteriol
190:4050 – 4060. https://doi.org/10.1128/JB.00204-08.

23. Pu JY, Peng C, Tang MC, Zhang Y, Guo JP, Song LQ, Hua Q, Tang GL.
2013. Naphthyridinomycin biosynthesis revealing the use of leader pep-
tide to guide nonribosomal peptide assembly. Org Lett 15:3674 –3677.
https://doi.org/10.1021/ol401549y.

24. Prabhu J, Schauwecker F, Grammel N, Keller U, Bernhard M. 2004.
Functional expression of the ectoine hydroxylase gene (thpD) from
Streptomyces chrysomallus in Halomonas elongate. Appl Environ Micro-
biol 70:3130 –3132. https://doi.org/10.1128/AEM.70.5.3130-3132.2004.

25. Jakobi K, Hertweck C. 2004. A gene cluster encoding resistomycin

biosynthesis in Streptomyces resistomycificus; exploring polyketide cycl-
ization beyond linear and angucyclic patterns. J Am Chem Soc 126:
2298 –2299. https://doi.org/10.1021/ja0390698.

26. Bentley SD, Chater KF, Cerdeño-Tárraga A-M, Challis GL, Thomson NR,
James KD, Harris DE, Quail MA, Kieser H, Harper D, Bateman A, Brown
S, Chandra G, Chen CW, Collins M, Cronin A, Fraser A, Goble A,
Hidalgo J, Hornsby T, Howarth S, Huang C-H, Kieser T, Larke L,
Murphy L, Oliver K, O’Neil S, Rabbinowitsch E, Rajandream M-A,
Rutherford K, Rutter S, Seeger K, Saunders D, Sharp S, Squares R,
Squares S, Taylor K, Warren T, Wietzorrek A, Woodward J, Barrell BG,
Parkhill J, Hopwood DA. 2002. Complete genome sequence of the
model actinomycete Streptomyces coelicolor A3(2). Nature 417:
141–147. https://doi.org/10.1038/417141a.

Genome Announcement

Volume 6 Issue 26 e00618-18 genomea.asm.org 3

https://doi.org/10.1128/JB.00204-08
https://doi.org/10.1021/ol401549y
https://doi.org/10.1128/AEM.70.5.3130-3132.2004
https://doi.org/10.1021/ja0390698
https://doi.org/10.1038/417141a
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

