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ABSTRACT Staphylococcus epidermidis 1457 is a frequently utilized strain that is
amenable to genetic manipulation and has been widely used for biofilm-related re-
search. We report here the whole-genome sequence of this strain, which encodes
2,277 protein-coding genes and 81 RNAs within its 2.4-Mb genome and plasmid.

Staphylococcus epidermidis is a commensal bacterium that colonizes human skin and
mucous membranes (1, 2). Its commensal function is not well understood but

clearly involves inhibition of pathogen colonization (3). However, due to its proximity
to the insertion sites of catheters or other foreign bodies, S. epidermidis frequently
colonizes these devices and forms biofilms that are inherently resistant to the host
immune system (4) and antibiotics (5). Most infected foreign devices require removal
from the body for effective treatment, resulting in significant morbidity.

S. epidermidis strain 1457 (6) is often used as the model organism for molecular
studies investigating biofilm formation for multiple reasons. First, strain 1457 is pan-
susceptible to antibiotics, including erythromycin, the most common antibiotic used as
a marker in staphylococcal genetics. Second, in contrast to many S. epidermidis strains,
including RP62A (7), strain 1457 is amenable to genetic manipulation, including trans-
duction with �71 (8), A6C (9), and �187 (10). Third, strain 1457 produces a significant
amount of polysaccharide intercellular adhesin-dependent biofilm (11, 12) and thus is
an excellent model strain to understand icaADBC transcriptional regulation. Addition-
ally, accumulation associated protein-dependent biofilm formation has also been
studied in this strain using icaADBC allelic replacement mutants (13, 14). Finally,
multiple allelic replacement mutants already exist for strain 1457 (15–28).

Sequencing was performed as previously described (29). RS II (Pacific Biosciences,
USA) single-molecule real-time sequencing (SMRT) produced 81,634 reads with an
average length of 15,543 bp. The reads were assembled using HGAP2 in the SMRT
Analysis Portal into two polished contigs, one for the chromosome and one for the
plasmid, p1457. MiSeq (Illumina, Inc., USA) short-read sequencing produced 1,526,588
reads with an average length of 350 bp and insert size of 500 bp. These reads were
mapped to the SMRT sequences using the mapper within Geneious (Biomatters, New
Zealand), resulting in an average depth of coverage of 199�. Genes were predicted
using the NCBI Prokaryotic Genome Annotation Pipeline version 4.1.

The genome of strain 1457 is 2,454,929 bp long containing 2,260 protein-coding
sequences (CDSs) and 81 RNAs with a 32.3% GC content. The plasmid, p1457, comprises
15,142 bp coding for 17 CDSs.

A previous draft genome for this strain, which was sequenced by another group
and comprises 2,417,500 bp in 74 contigs, is available in GenBank (accession no.
JMID00000000.1). We found that 73 draft contigs aligned to the finished genome, while
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the remaining one aligned to the plasmid. This alignment demonstrates the challenges
of short-read assembly, with the draft contigs ending in genes known for being highly
variable or typically present with multiple copies. Additionally, there are genes that
appear to be missing between the draft contigs. We identified minimal differences
between the two versions, which we were confident were not the result of assembly
errors: two intragenic amino acid substitution single nucleotide polymorphisms (SNPs),
one intergenic SNP, and one intragenic insertion in the draft relative to the finished
genome.

Accession number(s). The complete genome sequence of S. epidermidis 1457 has
been deposited in GenBank under the accession numbers CP020462 to CP020463.

REFERENCES
1. Fey PD, Olson ME. 2010. Current concepts in biofilm formation of

Staphylococcus epidermidis. Future Microbiol 5:917–933. https://doi.org/
10.2217/fmb.10.56.

2. Otto M. 2009. Staphylococcus epidermidis—the “accidental” pathogen.
Nat Rev Microbiol 7:555–567. https://doi.org/10.1038/nrmicro2182.

3. Nakatsuji T, Chen TH, Narala S, Chun KA, Two AM, Yun T, Shafiq F, Kotol
PF, Bouslimani A, Melnik AV, Latif H, Kim JN, Lockhart A, Artis K, David G,
Taylor P, Streib J, Dorrestein PC, Grier A, Gill SR, Zengler K, Hata TR,
Leung DY, Gallo RL. 2017. Antimicrobials from human skin commensal
bacteria protect against Staphylococcus aureus and are deficient in
atopic dermatitis. Sci Transl Med 9:eaah4680. https://doi.org/10.1126/
scitranslmed.aah4680.

4. Thurlow LR, Hanke ML, Fritz T, Angle A, Aldrich A, Williams SH, Enge-
bretsen IL, Bayles KW, Horswill AR, Kielian T. 2011. Staphylococcus aureus
biofilms prevent macrophage phagocytosis and attenuate inflammation
in vivo. J Immunol 186:6585– 6596. https://doi.org/10.4049/jimmunol
.1002794.

5. Fey PD. 2010. Modality of bacterial growth presents unique targets: how
do we treat biofilm-mediated infections? Curr Opin Microbiol 13:
610 – 615. https://doi.org/10.1016/j.mib.2010.09.007.

6. Mack D, Siemssen N, Laufs R. 1992. Parallel induction by glucose of
adherence and a polysaccharide antigen specific for plastic-adherent
Staphylococcus epidermidis: evidence for functional relation to intercel-
lular adhesion. Infect Immun 60:2048 –2057.

7. Gill SR, Fouts DE, Archer GL, Mongodin EF, Deboy RT, Ravel J, Paulsen IT,
Kolonay JF, Brinkac L, Beanan M, Dodson RJ, Daugherty SC, Madupu R,
Angiuoli SV, Durkin AS, Haft DH, Vamathevan J, Khouri H, Utterback T,
Lee C, Dimitrov G, Jiang L, Qin H, Weidman J, Tran K, Kang K, Hance IR,
Nelson KE, Fraser CM. 2005. Insights on evolution of virulence and
resistance from the complete genome analysis of an early methicillin-
resistant Staphylococcus aureus strain and a biofilm-producing
methicillin-resistant Staphylococcus epidermidis strain. J Bacteriol 187:
2426 –2438. https://doi.org/10.1128/JB.187.7.2426-2438.2005.

8. Nedelmann M, Sabottke A, Laufs R, Mack D. 1998. Generalized transduc-
tion for genetic linkage analysis and transfer of transposon insertions in
different Staphylococcus epidermidis strains. Zentralbl Bakteriol 287:
85–92. https://doi.org/10.1016/S0934-8840(98)80151-5.

9. Mack D, Bartscht K, Fischer C, Rohde H, de Grahl C, Dobinsky S, Horst-
kotte MA, Kiel K, Knobloch JK. 2001. Genetic and biochemical analysis of
Staphylococcus epidermidis biofilm accumulation. Methods Enzymol 336:
215–239.

10. Winstel V, Kühner P, Rohde H, Peschel A. 2016. Genetic engineering of
untransformable coagulase-negative staphylococcal pathogens. Nat
Protoc 11:949 –959. https://doi.org/10.1038/nprot.2016.058.

11. Mack D, Fischer W, Krokotsch A, Leopold K, Hartmann R, Egge H, Laufs
R. 1996. The intercellular adhesin involved in biofilm accumulation of
Staphylococcus epidermidis is a linear beta-1,6-linked glucosaminoglycan:
purification and structural analysis. J Bacteriol 178:175–183. https://doi
.org/10.1128/jb.178.1.175-183.1996.

12. Mack D, Nedelmann M, Krokotsch A, Schwarzkopf A, Heesemann J, Laufs
R. 1994. Characterization of transposon mutants of biofilm-producing
Staphylococcus epidermidis impaired in the accumulative phase of bio-
film production: genetic identification of a hexosamine-containing poly-
saccharide intercellular adhesin. Infect Immun 62:3244 –3253.

13. Paharik AE, Kotasinska M, Both A, Hoang TN, Büttner H, Roy P, Fey PD,
Horswill AR, Rohde H. 2017. The metalloprotease SepA governs process-
ing of accumulation-associated protein and shapes intercellular adhe-

sive surface properties in Staphylococcus epidermidis. Mol Microbiol
103:860 – 874. https://doi.org/10.1111/mmi.13594.

14. Schaeffer CR, Woods KM, Longo GM, Kiedrowski MR, Paharik AE, Büttner
H, Christner M, Boissy RJ, Horswill AR, Rohde H, Fey PD. 2015.
Accumulation-associated protein enhances Staphylococcus epidermidis
biofilm formation under dynamic conditions and is required for infection
in a rat catheter model. Infect Immun 83:214 –226. https://doi.org/10
.1128/IAI.02177-14.

15. Handke LD, Rogers KL, Olson ME, Somerville GA, Jerrells TJ, Rupp ME,
Dunman PM, Fey PD. 2008. Staphylococcus epidermidis saeR is an effector
of anaerobic growth and a mediator of acute inflammation. Infect
Immun 76:141–152. https://doi.org/10.1128/IAI.00556-07.

16. Handke LD, Slater SR, Conlon KM, O’Donnell ST, Olson ME, Bryant KA,
Rupp ME, O’Gara JP, Fey PD. 2007. �B and SarA independently regulate
polysaccharide intercellular adhesin production in Staphylococcus epi-
dermidis. Can J Microbiol 53:82–91. https://doi.org/10.1139/w06-108.

17. Lai Y, Villaruz AE, Li M, Cha DJ, Sturdevant DE, Otto M. 2007. The human
anionic antimicrobial peptide dermcidin induces proteolytic defence
mechanisms in staphylococci. Mol Microbiol 63:497–506. https://doi.org/
10.1111/j.1365-2958.2006.05540.x.

18. Lindgren JK, Thomas VC, Olson ME, Chaudhari SS, Nuxoll AS, Schaeffer
CR, Lindgren KE, Jones J, Zimmerman MC, Dunman PM, Bayles KW, Fey
PD. 2014. Arginine deiminase in Staphylococcus epidermidis functions to
augment biofilm maturation through pH homeostasis. J Bacteriol 196:
2277–2289. https://doi.org/10.1128/JB.00051-14.

19. Sadykov MR, Hartmann T, Mattes TA, Hiatt M, Jann NJ, Zhu Y, Ledala N,
Landmann R, Herrmann M, Rohde H, Bischoff M, Somerville GA. 2011.
CcpA coordinates central metabolism and biofilm formation in Staphy-
lococcus epidermidis. Microbiology 157:3458 –3468. https://doi.org/10
.1099/mic.0.051243-0.

20. Sadykov MR, Olson ME, Halouska S, Zhu Y, Fey PD, Powers R, Somerville
GA. 2008. Tricarboxylic acid cycle-dependent regulation of Staphylococ-
cus epidermidis polysaccharide intercellular adhesin synthesis. J Bacteriol
190:7621–7632. https://doi.org/10.1128/JB.00806-08.

21. Vuong C, Gerke C, Somerville GA, Fischer ER, Otto M. 2003. Quorum-
sensing control of biofilm factors in Staphylococcus epidermidis. J Infect
Dis 188:706 –718. https://doi.org/10.1086/377239.

22. Wu Y, Wang J, Xu T, Liu J, Yu W, Lou Q, Zhu T, He N, Ben H, Hu J, Götz
F, Qu D. 2012. The two-component signal transduction system ArlRS
regulates Staphylococcus epidermidis biofilm formation in an ica-
dependent manner. PLoS One 7:e40041. https://doi.org/10.1371/journal
.pone.0040041.

23. Wu Y, Wu Y, Zhu T, Han H, Liu H, Xu T, Francois P, Fischer A, Bai L, Götz F,
Qu D. 2015. Staphylococcus epidermidis SrrAB regulates bacterial growth
and biofilm formation differently under oxic and microaerobic conditions. J
Bacteriol 197:459–476. https://doi.org/10.1128/JB.02231-14.

24. Xu L, Li H, Vuong C, Vadyvaloo V, Wang J, Yao Y, Otto M, Gao Q. 2006.
Role of the luxS quorum-sensing system in biofilm formation and viru-
lence of Staphylococcus epidermidis. Infect Immun 74:488 – 496. https://
doi.org/10.1128/IAI.74.1.488-496.2006.

25. Zhu T, Lou Q, Wu Y, Hu J, Yu F, Qu D. 2010. Impact of the Staphylococcus
epidermidis LytSR two-component regulatory system on murein hydro-
lase activity, pyruvate utilization and global transcriptional profile. BMC
Microbiol 10:287. https://doi.org/10.1186/1471-2180-10-287.

26. Knobloch JK, Jäger S, Horstkotte MA, Rohde H, Mack D. 2004. RsbU-
dependent regulation of Staphylococcus epidermidis biofilm formation is
mediated via the alternative sigma factor �B by repression of the

Galac et al.

Volume 5 Issue 22 e00450-17 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/CP020462
https://www.ncbi.nlm.nih.gov/nuccore/CP020463
https://doi.org/10.2217/fmb.10.56
https://doi.org/10.2217/fmb.10.56
https://doi.org/10.1038/nrmicro2182
https://doi.org/10.1126/scitranslmed.aah4680
https://doi.org/10.1126/scitranslmed.aah4680
https://doi.org/10.4049/jimmunol.1002794
https://doi.org/10.4049/jimmunol.1002794
https://doi.org/10.1016/j.mib.2010.09.007
https://doi.org/10.1128/JB.187.7.2426-2438.2005
https://doi.org/10.1016/S0934-8840(98)80151-5
https://doi.org/10.1038/nprot.2016.058
https://doi.org/10.1128/jb.178.1.175-183.1996
https://doi.org/10.1128/jb.178.1.175-183.1996
https://doi.org/10.1111/mmi.13594
https://doi.org/10.1128/IAI.02177-14
https://doi.org/10.1128/IAI.02177-14
https://doi.org/10.1128/IAI.00556-07
https://doi.org/10.1139/w06-108
https://doi.org/10.1111/j.1365-2958.2006.05540.x
https://doi.org/10.1111/j.1365-2958.2006.05540.x
https://doi.org/10.1128/JB.00051-14
https://doi.org/10.1099/mic.0.051243-0
https://doi.org/10.1099/mic.0.051243-0
https://doi.org/10.1128/JB.00806-08
https://doi.org/10.1086/377239
https://doi.org/10.1371/journal.pone.0040041
https://doi.org/10.1371/journal.pone.0040041
https://doi.org/10.1128/JB.02231-14
https://doi.org/10.1128/IAI.74.1.488-496.2006
https://doi.org/10.1128/IAI.74.1.488-496.2006
https://doi.org/10.1186/1471-2180-10-287
http://genomea.asm.org


negative regulator gene icaR. Infect Immun 72:3838 –3848. https://doi
.org/10.1128/IAI.72.7.3838-3848.2004.

27. Olson ME, Todd DA, Schaeffer CR, Paharik AE, Van Dyke MJ, Büttner H,
Dunman PM, Rohde H, Cech NB, Fey PD, Horswill AR. 2014. Staphylo-
coccus epidermidis agr quorum-sensing system: signal identification,
cross talk, and importance in colonization. J Bacteriol 196:3482–3493.
https://doi.org/10.1128/JB.01882-14.

28. Rowe SE, Campbell C, Lowry C, O’Donnell ST, Olson ME, Lindgren JK,
Waters EM, Fey PD, O’Gara JP. 2016. AraC-type regulator Rbf controls the

Staphylococcus epidermidis biofilm phenotype by negatively regulating
the icaADBC repressor SarR. J Bacteriol 198:2914 –2924. https://doi.org/
10.1128/JB.00374-16.

29. Snesrud E, Ong AC, Corey B, Kwak YI, Clifford R, Gleeson T, Wood S,
Whitman TJ, Lesho EP, Hinkle M, Mc Gann P. 2017. Analysis of serial
isolates of mcr-1-positive Escherichia coli reveals a highly active ISApl1
transposon. Antimicrob Agents Chemother [Epub ahead of print.].
https://doi.org/10.1128/AAC.00056-17.

Genome Announcement

Volume 5 Issue 22 e00450-17 genomea.asm.org 3

https://doi.org/10.1128/IAI.72.7.3838-3848.2004
https://doi.org/10.1128/IAI.72.7.3838-3848.2004
https://doi.org/10.1128/JB.01882-14
https://doi.org/10.1128/JB.00374-16
https://doi.org/10.1128/JB.00374-16
https://doi.org/10.1128/AAC.00056-17
http://genomea.asm.org

	Accession number(s). 
	REFERENCES

