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Streptomyces parvulus 2297, which is a host for site-specific recombination according to actinophage R4, is derived from the type
strain ATCC 12434. Species of S. parvulus are known as producers of polypeptide antibiotic actinomycins and have been consid-
ered for industrial applications. We herein report for the first time the complete genome sequence of S. parvulus 2297.
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Streptomyces parvulus produces polypeptide antibiotics, which
are synthesized by multifunctional enzymes such as polyketide

synthases (PKSs) and nonribosomal polyketide synthases
(NRPSs) (1–3). S. parvulus 2297 was derived from strain ATCC
12434T by a standard mutagenesis technique (4). Strain 2297 has
been utilized as the host of a cosmid vector and in the site-specific
recombination of actinophage R4 (5–7), and the integration
mechanism between strain 2297 and the R4 phage has been inves-
tigated (8–10). These site-specific recombination events have
been applied to the gene integration system for hetero-bacterial
hosts (11, 12). Although the R4 phage genome sequence has been
elucidated (13), the principal host genome sequence currently re-
mains unclear. In order to gain an industrial insight into second-
ary metabolism and genome engineering by site-specific recom-
bination, the genome sequence of strain 2297 was examined by
means of a hybrid assembly based on paired-end sequencing and
single-molecule real-time sequencing data.

The strain 2297 DNA genome was sequenced using Illumina
MiSeq and PacBio RSII (APRO Life Science Institute, Inc., Na-
ruto, Japan). The paired-end reads from MiSeq were trimmed
using sickle version 1.200 with default parameters (https://github
.com/najoshi/sickle). The hybrid assembly with MiSeq and PacBio
RSII data (34,760,398 paired-end and 222,831 single-end reads,
and 110,723 long reads, respectively) was performed by SPAdes
(v3.5.0 with the option, – careful) (14). Finishing was performed
using GenoFinisher software (15) and the BWA-MEM (v0.7.12)
algorithm (16). The alignment with telomere sequences was ana-
lyzed by BLAST (17) using strain ATCC 12434 (accession num-
bers AF038454 and AF038455). The genome sequence of strain
2297 was annotated using the NCBI Prokaryotic Genomes Auto-
matic Annotation Pipeline (PGAP), CAZy database with dbCAN
HMM v3.0 (18), and antiSMASH (19).

The genome of strain 2297 consisted of a 7,149,446-bp linear
chromosome (coverage of 252.8-fold) with 72.8% G�C content

and containing 6,287 coding sequences (CDSs), 18 rRNA genes
and 65 tRNA genes, and a 617,085-bp linear plasmid (coverage of
339.5-fold) with 71.9% G�C content and containing 427 CDSs.
The telomere sequences in strain 2297 were conserved between
the position of 1 to 180 bases in the linear chromosome and that of
616,906 to 617,085 bases in the linear plasmid, which possess 89%
and 85% identities in opposite terminal ends, respectively. Ac-
cording to the antiSMASH analysis, 21 and 3 gene clusters related
to secondary metabolites were predicted in the chromosome and
plasmid, respectively. The type II PKS module, type III PKS mod-
ule, 4 NRPS modules, and 2 PKS-NRPS hybrid modules were
identified in these gene clusters. On the other hand, it was pre-
sumed that the host strain possessed an excisionase for site-
specific excision because there was no gene for the excision of a
prophage on the R4 phage genome (13). A gene encoding excisio-
nase was also not identified on the strain 2297 genome, suggesting
the potential of an excisionase that has not yet been identified in
site-specific excision.

Accession number(s). The genome sequence of S. parvulus
2297 has been deposited in the DDBJ/EMBL/GenBank database
under the accession numbers CP015866 and CP015867.

ACKNOWLEDGMENTS

This work was supported by the Council for Science, Technology and
Innovation (CSTI), Cross-ministerial Strategic Innovation Promotion
Program (SIP), “Technologies for creating next-generation agriculture,
forestry and fisheries” (funding agency: Bio-oriented Technology Re-
search Advancement Institution, NARO)

REFERENCES
1. Olano C, Wilkinson B, Sánchez C, Moss SJ, Sheridan R, Math V,

Weston AJ, Braña AF, Martin CJ, Oliynyk M, Méndez C, Leadlay PF,
Salas JA. 2004. Biosynthesis of the angiogenesis inhibitor borrelidin by
Streptomyces parvulus Tü4055: cluster analysis and assignment of func-
t i o n s . C h e m B i o l 1 1 : 8 7 – 9 7 . h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 /
j.chembiol.2003.12.018.

crossmark

Genome AnnouncementsJuly/August 2016 Volume 4 Issue 4 e00875-16 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00875-16&domain=pdf&date_stamp=2016-8-25
http://genomea.asm.org


2. Shetty PR, Buddana SK, Tatipamula VB, Naga YV, Ahmad J. 2014.
Production of polypeptide antibiotic from Streptomyces parvulus and its
antibacterial activity. Braz J Microbiol 45:303–312. http://dx.doi.org/
10.1590/S1517-83822014005000022.

3. Sakurai Y, Inoue H, Nishii W, Takahashi T, Iino Y, Yamamoto M,
Takahashi K. 2009. Purification and characterization of a major collage-
nase from Streptomyces parvulus. Biosci Biotechnol Biochem 73:21–28.
http://dx.doi.org/10.1271/bbb.80357.

4. Kirby R, Hopwood DA. 1977. Genetic determination of methylenomycin
synthesis by the SCP1 plasmid of Streptomyces coelicolor A3(2). J Gen
Microbiol 98:239 –252. http://dx.doi.org/10.1099/00221287-98-1-239.

5. Isogai T, Takahashi H, Saito H. 1980. High-frequency protoplast-
transfection of Streptomyces parvulus 2297 with actinophage R4 DNA.
Agric Biol Chem 44:2425–2428.

6. Morino T, Takagi K, Nakamura T, Takita T, Saito H, Takahashi H.
1986. Studies of cosmid transduction in Streptomyces lividans and Strep-
tomyces parvulus. Agric Biol Chem 50:2493–2497. http://dx.doi.org/
10.1271/bbb1961.50.2493.

7. Shirai M, Nara H, Sato A, Aida T, Takahashi H. 1991. Site-specific
integration of the actinophage R4 genome into the chromosome of Strep-
tomyces parvulus upon lysogenization. J Bacteriol 173:4237– 4239.

8. Matsuura M, Noguchi T, Aida T, Asayama M, Takahashi H, Shirai M.
1995. A gene essential for the site-specific excision of actinophage R4
prophage genome from the chromosome of a lysogen. J Gen Appl Micro-
biol 41:53– 61. http://dx.doi.org/10.2323/jgam.41.53.

9. Matsuura M, Noguchi T, Yamaguchi D, Aida T, Asayama M, Takahashi
H, Shirai M. 1996. The sre gene (ORF469) encodes a site-specific recom-
binase responsible for integration of the R4 phage genome. J Bacteriol
178:3374 –3376.

10. Miura T, Hosaka Y, Yang Y, Nishizawa T, Asayama M, Takahashi H,
Shirai M. 2011. In vivo and in vitro characterization of site-specific re-
combination of actinophage R4 integrase. J Gen Appl Microbiol 57:45–57.
http://dx.doi.org/10.2323/jgam.57.45.

11. Miura T, Nishizawa A, Nishizawa T, Asayama M, Takahashi H, Shirai
M. 2014. Construction of a stepwise gene integration system by the tran-
sient expression of actinophage R4 integrase in cyanobacterium Syn-

echocystis sp. PCC 6803. Mol Genet Genomics 289:615– 623. http://
dx.doi.org/10.1007/s00438-014-0838-0.

12. Miura T, Nishizawa A, Nishizawa T, Asayama M, Shirai M. 2016.
Actinophage R4 integrase-based site-specific chromosomal integration of
non-replicative closed circular DNA. J Basic Microbiol 56:635– 644.
http://dx.doi.org/10.1002/jobm.201500658.

13. Smith MC, Hendrix RW, Dedrick R, Mitchell K, Ko C-C, Russell D, Bell
E, Gregory M, Bibb MJ, Pethick F, Jacobs-Sera D, Herron P, Buttner
MJ, Hatfull GF. 2013. Evolutionary relationships among actinophages
and a putative adaptation for growth in Streptomyces spp. J Bacteriol 195:
4924 – 4935. http://dx.doi.org/10.1128/JB.00618-13.

14. Nurk S, Bankevich A, Antipov D, Gurevich AA, Korobeynikov A,
Lapidus A, Prjibelski AD, Pyshkin A, Sirotkin A, Sirotkin Y, Stepanaus-
kas R, Clingenpeel SR, Woyke T, McLean JS, Lasken R, Tesler G,
Alekseyev MA, Pevzner PA. 2013. Assembling single-cell genomes and
mini-metagenomes from chimeric MDA products. J Comput Biol 20:
714 –737. http://dx.doi.org/10.1089/cmb.2013.0084.

15. Ohtsubo Y, Maruyama F, Mitsui H, Nagata Y, Tsuda M. 2012. Com-
plete genome sequence of Acidovorax sp. strain KKS102, a
polychlorinated-biphenyl degrader. J Bacteriol 194:6970 – 6971. http://
dx.doi.org/10.1128/JB.01848-12.

16. Li H, Durbin R. 2010. Fast and accurate long-read alignment with
Burrows-Wheeler transform. Bioinformatics 26:589 –595. http://
dx.doi.org/10.1093/bioinformatics/btp324.

17. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol 215:403– 410. http://dx.doi.org/10.1016/
S0022-2836(05)80360-2.

18. Yin Y, Mao X, Yang J, Chen X, Mao F, Xu Y. 2012. dbCAN: a web
resource for automated carbohydrate-active enzyme annotation. Nucleic
Acids Res 40:W445–W451. http://dx.doi.org/10.1093/nar/gks479.

19. Weber T, Blin K, Duddela S, Krug D, Kim HU, Bruccoleri R, Lee SY,
Fischbach MA, Müller R, Wohlleben W, Breitling R, Takano E,
Medema MH. 2015. antiSMASH 3.0-a comprehensive resource for the
genome mining of biosynthetic gene clusters. Nucleic Acids Res 43:
W237–W243. http://dx.doi.org/10.1093/nar/gkv437.

Nishizawa et al.

Genome Announcements2 genomea.asm.org July/August 2016 Volume 4 Issue 4 e00875-16

http://genomea.asm.org

	Complete Genome Sequence of Streptomyces parvulus 2297, Integrating Site-Specifically with Actinophage R4
	Accession number(s). 
	ACKNOWLEDGMENTS

	REFERENCES

