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• Based on the results of the polyphasic taxonomic approach, the species 
Staphylococcus brunensis sp. nov. is proposed

• A genomic island SbCIccrDE integrated into the ribosomal protein L7 
serine acetyltransferase gene rimL is described

• SbCIccrDE harbors new ccrDE cassette chromosome recombinase gene 
complex

• The comparative genomics shows that the island accumulates virulence 
and drug resistance factors. Its spread into established pathogens 
would pose a threat to the healthcare system.

HIGHLIGHTS

Over the last three decades, coagulase-negative staphylococcal species (CoNS)
with the most significant being Staphylococcus epidermidis and Staphylococcus
haemolyticus, have been recognized as opportunistic pathogens, especially in
immunocompromised patients. The gene pool of substrate utilization pathways
and resistance determinants enables CoNS to occupy various niches, providing
favourable conditions for the emergence of multidrug-resistant CoNS and their
subsequent spread in healthcare environments.
Only recently, molecular diagnostics approaches, mainly in-depth whole genome
characterization, have assigned atypical S. haemolyticus strains isolated from
clinical specimens into the new species Staphylococcus borealis (Pain et al.,
2020) and Staphylococcus taiwanensis (Lin et al., 2022). The core genome
phylogeny also led to the reclassification of the S. petrasii complex (Pantůček et
al., 2013; Švec et al., 2015), which now consists of three species S. petrasii, S.
croceilyticus, and S. pragensis (Madhaiyan et al., 2020).

INTRODUCTION

1. Taxonomic description of Staphylococcus brunensis sp. nov.
The phylogenetic analysis of complete 16S rRNA gene sequences placed the five analyzed
isolates in S. haemolyticus cluster group. The closest relatives and phenotypically the most
similar taxa were S. petrasii, S. pragensis and S. haemolyticus.
The type strain is NRL/St 16/872T (= CCM 9024T = DSM 111349T = LMG 31872T). The species
description is based on the characterization of five strains isolated from various human clinical
materials, ear swabs, wounds and bile. The GenBank/ENA/DDBJ accession number for the
16S rRNA gene is OQ401401.

RESULTS

3. Novel genomic island harbouring ccrDE genes
The strains NRL/St 16/872T, NRL/St 21/187 and NRL/St 22/194 harbour a mobile element of size 18.8 kb
designated SbCIccrDE with cassette chromosome recombinase genes, integrated in the rimJ/rimL gene
orthologous to the ribosomal-protein-serine acetyltransferase gene. The island harbours another homologue
of rimL with 70% nt identity to the original rimL.
SbCIccrDE possesses a cluster of genes homologous to the ccr gene complex from SCC elements. The core
of the ccr complex consists of two genes, similar to SCC elements type IV or II. Additional genes in the ccr
complex, i. e. the putative primase polA, cassette chromosome helicase cch2, four short hypothetical genes
were homologous to those in SCCmec type V.

4. Reclassification of ccrA8B9 to ccrDE
SbCIccrDE ccr genes share more than 98% DNA sequence identity to ccrA8B9 recombinases discovered
recently in the S. haemolyticus genome (Xiao et al., 2023). The values of nucleotide identity to currently
known ccrA1-7, ccrB1-8 and ccrC1-2 genes from SCCs range from 38.0 to 53.3%. Although it is slightly
above the threshold of 50.0% for the definition of a gene variant according to the rules of IWG-SCC (2009),
the amino acid (aa) identity level of SbCIccrDE recombinases to known CcrA, CcrB, and CcrC reaches a
maximum of 39.9%, which is substantially lower than aa identity among Ccr allotypes, which range from
50.9 to 92.3%. Therefore, based on the borderline nucleotide identities and low protein identities to CcrA,
CcrB, and CcrC allotypes, we propose designating the SbCIccr recombinases as new allelic types ccrD and
ccrE. The reclassification is supported by the distinct integration site of SbCIccrDE that differs from the
canonical methyltransferase gene rlmH (orfX) exploited by SCCs.
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Test Result obtained for indicated type strain&/Result from species description

S. brunensis
sp. nov.

S. petrasii
CCM 8418T

S. croceilyticus
CCM 8421T

S. pragensis
CCM 8529T

S. haemolyticus
CCM 2737T

S. borealis 
CCM 9145T

S. taiwanensis
CCM 9267T

Arginin dihydrolase + +/+ +/+ ‐/‐ +/+ +/+ +/+

Voges‐Proskauer test + +/+ +/+ +/+ w/+ ‐/‐ +/+

Urease ‐ +/d +/+  ‐/‐ ‐/‐ +/+ +/+

β‐glucuronidase# + ‐/‐ +/+ ‐/‐ +/d +/d ‐/‐

DNA hydrolysis ‐ w/d ‐/‐ +/+ +/d w/‐ ‐/‐

Acid from: lactose
+ ‐/d ‐/‐ ‐/‐ ‐/d ‐/‐ ‐/‐

galactose + ‐/d ‐/‐ ‐/‐ +/d ‐/nt ‐/‐

mannose ‐ +/+ ‐/‐ ‐/‐ ‐/‐ ‐/d ‐/‐

ribose ‐ ‐/w w/w ‐/‐ ‐/d +/+ +/+

D‐arabinose ‐ ‐/‐ +/+ ‐/‐ ‐/‐ ‐/‐ ‐/‐

N‐acetylglucosamine ‐ ‐/‐ ‐/‐ ‐/‐ +/+ +/d ‐/‐

Pale yellow pigment ‐ ‐/‐ +/+ ‐/‐ ‐/‐ +/+ ‐/‐

Table 1. Differentiation of Staphylococcus brunensis sp. nov. from closely 
related staphylococci occurring in human clinical material 

Fig. 1. Unrooted maximum likelihood tree based 
on multilocus sequence analysis of concatenated 
nucleotide sequences from six loci – rpoB, hsp60, 
dnaJ, tufA, gap and sodA. Filled circles indicate 
that the corresponding nodes were also identified 
from analysis by the neighbor‐joining method.

2. Genome characterization of Staphylococcus brunensis sp. nov.
The S. brunensis sp. nov. genomes were 2.5–2.6 Mb long with GC content 33.3–33.4%
encoding 2,500–2,700 CDS, 61‒62 tRNA and 19 rRNA. The pangenome consists of 2,230
core and 416 accessory, and 569 unique genes in total. The sequenced genomes differ in
variable genomic elements. The complete chromosome sequence of the type strain is
available under GenBank accession number CP119327.

Fig. 2. Genome comparison of Staphylococcus brunensis sp. nov. isolates. Mobile genetic elements are shown and colour coded as in the 
legend. The ISSha1 loci that are divergent for the respective strains are marked with black circles. Only nucleotide blast hits above 64% 
identity and longer than 2 kb are shown.

Fig. 3. Annotated map of genes and possible functions in genomic island SbCIccrDEharboured by Staphylococcus brunensis sp. nov. Genes are labelled 
according to known or putative function. Sequnce of direct repeats DR1, DR2: 5'‐ATTCCACAATGAAATCCAT‐3'; sequence of inverted repeats IR1‒IR4: 5'‐
TGGTTCTGTTGCAAAGT‐3'.

Fig. 5. Comparative analysis of chromosomal islands harbouring ccrDE cassette chromosome recombinases (CIccrDE). (A) Comparison CIccrDE and flanking 
regions from different staphylococcal species. The genomic island CIccrDE is highlighted with a grey background. Genes are labelled according to known or 
putative functions, as shown in the legend. Only nucleotide blast hits above 65% identity and longer than 2 kb are shown. 

Fig. 4. Maximum likelihood trees of nucleotide sequences of ccrD and ccrA8 recombinases with ccrA1 as an outgroup, and ccrE and ccrB9 recombinases with 
ccrB1 as an outgroup, respectively.

Staphylococcus brunensis sp. nov. isolated from human clinical
specimens with a non-SCC genomic island outside of the rlmH

gene bearing ccrDE recombinase gene complex

5. Comparative genomic analysis of SbCIccrDE related islands
We surveyed the GenBank database for sequences resembling SbCIccrDE. In addition to S. haemolyticus, we
found related genomic islands with ccrDE in the genomes of S. hominis, S. borealis, and in S. aureus. The
island is consistently inserted in the rimL gene, in a locus downstream of the conserved metE gene which is
17-56 kb counterclockwise from the replication origin in CoNS species.

IWG-SCC (2009) Antimicrob. Agents Chemother. 53, 4961-4967.

Lin, Y.T. et al. (2022) Int. J. Syst. Evol. Microbiol. 72, 005262.

Madhaiyan, M. et al. (2020) Int. J. Syst. Evol. Microbiol. 70, 5926-5936.

Pain, M. et al. (2020) Int. J. Syst. Evol. Microbiol. 70, 6067-6078.

Pantůček, R. et al. (2013) Syst. Appl. Microbiol. 36, 90-95.

Švec, P. et al. (2015) Int. J. Syst. Evol. Microbiol. 65, 2071-2077.

Xiao, J. et al. (2023) J. Antimicrob. Chemother. 78, 440-444.

This work was supported by the project National
Institute of Virology and Bacteriology
(Programme EXCELES, ID Project No.
LX22NPO5103) - Funded by the European Union
- Next Generation EU and the Ministry of Health
of the Czech Republic (NU22-05-00042). CIISB,
Instruct-CZ Centre of Instruct-ERIC EU
consortium, funded by MEYS CR infrastructure
project LM2023042 is gratefully acknowledged
for the support of the measurements at the
CEITEC Proteomics Core Facility

ACKNOWLEDGMENTS AND REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


