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Isolated Staphylococcus pseudolugdunensis

Cross-Reference to Related Applications

[001] This application is related to and claims the benefit of priority of United
States Provisional Patent Application Number 60/865,160, which was filed on November

9, 2006.

Field of the Invention

[002] The present invention relates to isolated bacteria, and particularly to
isolated bacteria of the genus Staphylococcus.

Background of the Invention

[003] Staphylococcal species are commonly isolated from blood cultures, and
many species are known as important pathogens. Staphylococcus aureus, particularly
methicillin-resistant S. aureus (MRSA), is a virulent pathogen isolated from blood

cultures in hospitals around the world (Deresinski, S.( 2005) Clin. Infect. Dis. 40:562-

73.8). Staphylococcus epidermidis and other coagulase-negative staphylococci (CoNS)
are common members of the normal flora of skin and recognized as frequent
contaminants in blood cultures. The incidence of infections caused by CoNS has
increased throughout the world, however, making it increasingly more important to
identify and differentiate between potentially pathogenic staphylococcal species and
possible skin contaminants in a timely manner for a prompt clinical intervention.

[004] One important pathogenic CoNS staph species is Staphylococcus

lugdunensis (Freney, J. et al (1988) Int. J. Syst. Bacteriol. 38: 168-172). Clinical

manifestations of infection with this organism include abscesses, meningitis,
ventriculoperitoneal shunt infection, spondylodiscitis, prosthetic joint infection, catheter-

related bacteremia, and endocarditis (Castro, J. G., and L. Dowdy (1999) Clin. Infect. Dis.

28:681-2; Pareja, J., et al (1998) Ann. Intern. Med. 128:603-4; Patel, R. et a/ (2000) J.

Clin. Microbiol. 38:4262-3.). Infections with S. lugdunensis tend to have a more
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as ATCC accession number PTA-7961. The invention also provides an isolated
polynucleotide comprising at least about 200 contiguous residues of SEQ ID NO:
1 or of SEQ ID NO: 2, and may also comprise an isolated polynucleotide
comprising at least about 300 contiguous residues of SEQ ID NO: 1 or SEQ ID
NO: 2, or an isolated polynucleotide comprising at least about 400 contiguous
residues of SEQ ID NO: 1 or SEQ ID NO: 2. In some embodiments, an.isolated
polynucleotide comprising at least about 200 contiguous residues of SEQ ID NO:
1 may comprise a polynucleotide comprising residues from nucleotide position
660 to nucleotide position 858. Isolated polynucleotides of the invention may also
comprise those that hybridize under moderately stringent conditions to SEQ ID
NO: 1or SEQID NO: 2.

[008] Also provided by the invention is a method for distinguishing
Staphylococcus pseudolugdunensis from Staphylococcus lugdunensis isolated
from a clinical specimen, or for identifying an unknown bacterial strain from a
clinical isolate as Staphylococcus pseudolugdunensis, the method comprising
comparing the nucleotide sequence of at least 200 contiguous base pairs of SEQ
ID NO: 1 with the nucleotide sequence of a corresponding region of the fuf gene
sequence of an unknown bacterial strain, wherein the unknown bacterial strain can
be determined to be S. pseudolugdunensis if it demonstrates an at least about 97%
sequence identity, and more preferably at least about 99% sequence identity, with
the corresponding at least about 200 base pairs of SEQ ID NO: 1. Inone
embodiment of a method of the invention, the at least about 200 base pairs of SEQ
ID NO: 1 include nucleotide sequences corresponding to contiguous sequences

including nucleotide positions 660-858 of SEQ ID NO: 1.
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as ATCC accession number PTA-7961. The invention also provides an isolated
polynucleotide comprising at least about 200 continguous residues of SEQ ID NO:
1 or of SEQ ID NO: 2, and may also comprise an isolated polynucleotide
comprising at least about 300 continguous residues of SEQ ID NO: 1 or SEQ ID
NO: 2, or an isolated polynucleotide comprising at least about 400 continguous
residues of SEQ ID NO: 1 or SEQ ID NO: 2. In some embodiments, an isolated
polynucleotide comprising at least about 200 continguous residues of SEQ ID NO:
1 may comprise a polynucleotide comprising residues from nucleotide poéition
660 to nucleotide position 858. Isolated polynucleotides of the invention may also
comprise those that hybridize under moderately stringent conditions to SEQ ID
NO: 1or SEQID NO: 2.

[008] Also provided by the invention is a method for distinguishihg
Staphylococcus pseudolugdunensis from Staphylococcus lugdunensis isolated
from a clinical specimen, or for identifying an unknown bacterial strain from a
clinical isolate as Staphylococcus pseudolugdunensis, the method comprising
comparing the nucleotide sequence of at least 200 continguous base pairs éf SEQ
ID NO: 1 with the nucleotide sequence of a corresponding region of the fuf gene
sequence of an unknown bacterial strain, wherein the unknown bacterial strain can
be determined to be S. pseudolugdunensis if it demonstrates an at least about 97%
sequence identity, and more preferably at least about 99% sequence identify, with
the corresponding at least about 200 base pairs of SEQ ID NO: 1. In one
embodiment of a method of the invention, the at least about 200 base pairs of SEQ
ID NO: 1 include nucleotide sequences corresponding to contiguous sequences

including nucleotide positions 660-858 of SEQ ID NO: 1.
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Brief Description of the Drawings

[009] Fig. 1is a phylogenetic tree illustrating neighbor-joining analysis of the
nucleic acid sequences from the prototype isolate BO06 with homology to previously
published gene sequences of related Staphylococcus and Kocuria species. Phylogenetic
analysis was based on the full 16S rRNA gene sequences. AB009941, AF322002,
CP000029, D83358, X87754 and X87756 were S. lugdunensis, “S. pettenkoferi,” S.
epidermidis, S. auricularis, K. varius and K. roseus, respectively. The scale indicates
relative phylogenetic distance.

[010] Fig. 2 is a phylogenetic tree illustrating neighbor-joining analysis of the
nucleic acid sequences from the prototype isolate BO06 with homology to previously
published gene sequences of related Staphylococcus and Enterococcus species.
Phylogenetic analysis was based on the full fuf gene sequences. AJ938182, BA000017,
BA000018, BA000033, BX571856, BX571857, CP000046, CP000253 and CP000255 are
all S. aureus. AE015929, AE016830, AP006716, AP008934, and CP000029 were S.
epidermidis, E. faecalis, S. hemolyticus, S. saprophyticus and S. epidermidis, respectively.
The scale indicates relative phylogenetic distance.

[011] Fig. 3 is a photograph of pulsed-field gel electrophoresis (PFGE) patterns
of Xbal-digested genomic DNA of coagulase-negative Staphylococcus isolates. Lanes 1
to 13 are isolates of S. lugdunensis (ATCC 700328), B006, B230, B060, B333, B277,
B287, B292, B334, B354, B715, B739 and B837, respectively. B230 (lane 3) and B333
(lane 5) are two isolates recovered from the same patient over a 16-day interval.

Molecular sizes are expressed in kilobases.

Detailed Description

[012] The inventors have isolated a previously unknown species of

Staphylococcus, which they have designated as Staphylococcus pseudolugdunensis

4
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because it shares certain characteristics with Staphylococcus lugdunensis. In contrast to
Staphylococcus lugdunensis, however, Staphylococcus pseudolugdunensis is significantly
less pathogenic or generally non-pathogenic.

[013] Staphylococcus pseudolugdunensis bacteria are coagulase-negative Gram-
positive Staphylococci. They are non-hemolytic, catalase-positive, arginine dihydrolase
negative, and more resistant to polymyxin B than to novobiocin. They are not consistent
with “Staphylococcus pettenkoferi” in terms of their positive ODC reactivity and not
consistent with Staphylococcus pseudolugdunensis and Kocuria variansi rosea in terms
of their nucleotide sequence differences in both 16s rRNA and the tuf gene.

[014] During the study period from September 2003 through October, 2005 at
Vanderbilt University Hospital, a total of 16 PYR/ODC-positive staphylococcal isolates
were recovered from blood cultures. Four of these were further identified based on
phenotypic methods as S. lugdunensis [2 isolates], S. epidermidis [1 isolate], and S.
auricularis [1 isolate] and excluded from this study. The remaining 12 staphylococcal
isolates were recovered from 11 patients, with two isolates being recovered from the same
patient over a 16-day difference interval. All 12 isolates grew white colonies without
hemolysis on blood agar plates. They were clumping factor-negative. Microscopic
analysis revealed Gram-positive cocci of 1 uM in diameter in clusters.

[015] Biochemical reaction profiles of these 12 isolates are listed in Table 1.
Based on the API STAPH (v4.0) identification system, 8 were originally unidentifiable,
having low discrimination scores; 4 were identified as Kocuria varians/rosea with
identification probabilities ranged from 95.5 to 99.6% (Table 1). All 12 isolates were
susceptible to gentamicin, minocycline, rifampin, and vancomycin and had variable
susceptibilities to other antibiotics tested (Table 2).

[016] All 12 isolates possessed an identical partial 16S rRNA gene sequence

spanning nucleotide positions 8-539. A full 16S rRNA gene of the prototype strain B006

5
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contained 1556 nucleotides and was closely related to a tentatively assigned

“Staphylococcus pettenkoferi” (AF322002, Trulzsch, K., et al (2002) Diagnostic

Microbiol. Infect. Dis. 43:175-82) at 99.94% similarity (Fig. 1). The 16S rRNA gene

sequences of the B006 isolate clustered separately from other phenotypically related
species with similarities < 98%, including S. lugdunensis (AB009941, 97.45%), S.
auricularis (D83358, 97.64%), S. epidermidis (CP000029, 97.75%), Kocuria varians
(X87754, 77.86%) and Kocuria rosea (X87756, 78.49%).

[017] All 12 isolates also possessed an identical partial tuf gene (200 base pairs)
spanning nucleotide positions 660-858, with a difference of 8.6% from that of S.
lugdunensis (ATCC# 700328). The entire tuf gene of the prototype strain BO06 contained
1,188 nucleotides and was most closely related to two S. epidermidis isolates, RP62A and
ATCC 12228, with a similarity of 93.02% (Fig. 2) (Gill, S. R., et al (2005) J. Bacteriol.

187: 2426-38; Zhang, Y. Q., et al (2003) Mol. Microbiol. 49: 1577-93). These isolates

clustered separately from other phenotypically related species, including S. haemolyticus
(91 .59%), S. aureus (91.02-91.22%), S. saprophyticus (90.35%), and Enterococcus

faecalis with a similarity of 82.67% (Baba, T., et al/ (2002) Lancet 359:1819-27; Diep, B.
A., et al (2006) Lancet 367:731-9; Gill, S. R., et al (2005) ]J. Bacteriol. 187: 2426-38; 15,

18, 19, 24, Zhang, Y. Q., et al (2003) Mol. Microbiol. 49:1577-93).

[018] The relatedness of these 12 ODC/PYR-positive CoNS was furthr analyzed
by pulsed field gel electrophoresis (PFGE). All isolates were unrelated, except for two
isolates (B230 and B333) which were recovered from the same patient over a 16-day
interval. These two isolates presented PFGE patterns with a less than 6-band difference,
indicating that they are epidemiologically related (Fig. 3). The PFGE data overall
indicated that the 12 isolates represent 11 different strains of this species. The patient

medical record indicated that the two related isolates had been considered the cause of an
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intravenous line-associated infection (Table 3). Vancomycin was administered and the
line removed. The patient recovered fully.

[019] Medical records of the 11 patients from whom these isolates were
recovered were reviewed and the demographic and clinical information are listed in Table
3. Two isolates (B230 and B333), which were recovered from the same patient over a 16-
day interval, were considered to be the pathogen that caused an intravenous line-
associated infection. The remaining 10 isolates were considered to be contaminants.
Antibiotics, including vancomycin, were administered in 6 (54.5%) cases, including one
case in which the two isolates were considered pathogens and in 5 of 10 cases in which
the isolates were considered contaminants (Table 3).

[020] These 12 new isolates were not consistent with Staphylococcus

pettenkoferi (Trulzsch, K. H. et al. (2002) Diagn. Microbiol. Infect. Dis. 43: 175-182) in

terms of their positive ODC reactions, were not consistent with S. /ugdunensis and
Kocuria varians/ rosea in terms of their nucleotide sequence differences in both the 16S
rRNA and the fuf gene. These isolates were determined by the inventors to be similar to
most of other CoNS species as skin contaminants of blood cultures and were not
differentiated from S. /ugdunensis based on their biochemical reactions. Based upon the
characteristics evidenced by the biochemical reactions, 16S rRNA and fuf gene sequences,
as well as the clinical manifestations, the inventors have proposed “Staphylococcus
pseudolugdunensis”’ as a novel species of staphylococci, with strain B006 as its prototype.
The type strain, BO06, was deposited at the American Type Culture Collection (Manassas,
Virginia), under the Budapest Treaty on the International Recognition of the Deposit of
Microorganisms for the Purpose of Patent Procedure, on November 3, 2006 and assigned
accession number ATCC PTA-7961.

[021] Of the twelve PYR/ODC-positive staphylococcal isolates recovered from

blood cultures, comparative 16S rRNA and tuf gene sequence analysis revealed the
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isolates to represent a new species within the genus Staphylococcus. The new taxon
differs from S. aureus and most other CoNS species by its positive PYR/ODC reactions.
It differs from S. lugdunensis by its negative or low acidification of mannose, maltose,
lactose, trehalose and N-acetyl-glucosamine, and variable sequences in 16S rRNA and tuf
genes. |

[022] 16S rRNA gene sequence analysis was not sufficiently discriminatory to
definitively distinguish certain newly staphylococcus strains at the species level, including
the S. pseudolugdunensis strains identified in the study. The fuf gene, which encodes the
elongation factor Tu, is involved in peptide chain formation and is part of fhe ribosome.
These genes are essential constituents of the bacterial genome and are preferred targets for
diagnostic purposes. Sequence variations in tuf gene among several CoNS species are

sufficient for speciation (Kontos, F., et al (2003) J. Microbiol. Methods 55: 465-9., 21). A

previous study by others had contrasted three genetic identification methods for
identification of CoNS species--16S rRNA, sodA4 gene and tuf gene sequence comparison-
-and the results demonstrated fuf gene sequencing to be the most reliable and reproducible

method of the three (Heikens, E., ef al (2005) J. Clin. Microbiol. 43: 2286-90). Based on

the full tuf sequence analysts, conservation within a species is quite high (e.g., 99.98%
among 9 S. aureus strains and 100.0% between 2 S. epidermidis strains). In contrast, there
is a significant lack of homology or identity between fuf gene sequences of different
Staphylococcus species. The complete tuf gene sequence of the newly recovered B006
strain demonstrated a sequence identity of 93% in comparison to the nearest match (S.
epidermis) by phylogenetic analysis. Nucleic acid sequence variation within the fuf gene
has been shown by the inventors to provide a reliable means for differentiating between S.
pseudolugdunensis, S. lugdunensis, and other phenotypically-related Staphylococcus and

Kocuria species.
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[023] The distribution and natural habitats of this S. pseudolugdunensis have not
yet been fully determined. Staphylococci are widespread in nature, although they are
mainly found living on the skin, skin glands, and mucous membranes of mammals and
birds. Staphylococci generally have a benign or symbiotic relationship with their hosts,
but may be pathogenic if they gain entry into the host tissue through trauma of the
cutaneous barrier, inoculation by needles, or direct implantation of medical devices.
Where special care is not taken in obtaining blood specimens, blood contamination by
normal skin flora is high. S. pseudolugdunensis, like other CoNS species, appear to be
part of the normal flora of the human skin surface.

[024] In the inventors’ study, of 12 S. pseudolugdunensis isolates, 10 were
considered to be skin contaminants based on their clinical significance. However, 5 cases
(50.0%) received vancomycin and other broad-spectrum antibiotics because they were
originally identified as S. lugdunensis. Rapid detection and differentiation of S.
pseudolugdunensis can therefore be critical in the clinical setting in order to limit overuse
of broad-range and potentially toxic antibiotics such as vancomycin. Rapid identification-
based phenotypic techniques based on double positives in PYR and ODC, when combined
with mannose fermentation results, may provide accurate identification. Mannose
fermentation, however, requires overnight incubation. Molecular methods, such as a
nucleotide probe targeting the fuf gene, can facilitate accurate and rapid identification in a
timely manner.

[025] S. pseudolugdunensis, as provided by the present invention, comprises a
bacterium and its progeny having at least about 97% tuf gene sequence identity to the S.
pseudolugdunensis strain B006 tuf gene (SEQ. ID NO: 1), and more preferably at least
about 97% rtuf gene sequence identity to the B006 strain deposited as ATCC PTA-7961.
The inventin provides an isolated bacterial strain and/or a biologically pure culture of S.

pseudolugdunensis, S. psuedolugdunensis being a pyrrolidonyl arylamidase/ornithine

9
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decarboxylase-positive, catalase-positive, coagulase-negative Staphylococcal species
represented by the culture deposited with the American Type Culture Collection as ATCC
PTA-7961. An isolated bacterial strain is one that has undergone some degree of
purification from its natural environment. A culture of a bacterium is considered to be
biologically pure if at least about 20% of the bacteria are from one bacterial strain.
However, it is preferable if the culture is at least 33% pure, more preferable if the culture
is at least 45% pure and most preferable if the culture is at least 90% pure.

[026] The invention also provides isolated polynucleotide (DNA and/or RNA)

sequences comprising from at least about 100 to about 1188 base pairs of the sequence of

the tuf gene (SEQ ID NO: 1), and/or at least about 100 to about 1556 base pairs of the

sequence of the 16s IRNA (SEQ ID NO: 2) of S. pseudolugdunensis. Polynucleotide
sequences of the invention include DNA and/or RNA sequences encoding the tuf or 16s
rRNA genes and any other amino acids located N-terminal or C-terminal to the gene
sequence. It is to be understood that nucleic acid sequences may include additional
residues either 5' or 3' to the polynucleotide of SEQ ID NO: 1 or SEQ IDNO: 2. A
nucleic acid fragment of almost any length may be employed, and may be combined with
other DNA sequences, such as promoters, polyadenylation signals, additional restriction
enzyme sites, multiple cloning sites, other coding segments, and the like. Therefore,
overall length may vary considerably.

[027] The invention also provides a method for identifying S. pseudolugdunensis
from clinical isolates, the method comprising sequencing all or at least about 200 base
pairs of the fuf gene of an unknown bacterial strain and comparing that sequence with a
corresponding region of SEQ ID NO: 1 to determine the percentage of sequence identity
between the unknown and the reference strain B006, wherein S. pseudolugdunensis

species may be identified as having at least about 97%, and more preferably at least about

10
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99%, sequence similarity or sequence identity to a corresponding region of SEQ ID NO:
1.

[028] Alternatively, a method for identifying S. pseudolugdunensis may
comprise isolating a polynucleotide comprising at least about 200 residues of the tuf gene
of an unknown bacterial isolate and hybridizing the polynucleotide to a polynucleotide
comprising SEQ ID NO: 1 under moderately stringent conditions, moderately stringent
hybridization conditions being known to those of skill in the art of molecular biology. For
example, moderately stringent hybridization may be performed at about 42° Cin a
hybridization solution containing 25 mM KPO, (pH 7.4), 5x SSC, 5x Denhart's solution,
50 ug/mL denatured, sonicated salmon sperm DNA, 50% formamide, 10% Dextran
sulfate, and 1-15 ng/mL probe (about 5 x 10 cpm/ug), while the washes are performed at
about 50° C with a wash solution containing 2x SSC and 0.1% sodium dodecyl sulfate.
Hybridization may involve a polynucleotide comprising DNA, RNA, sense, or antisense.
All or a portion of at least about 200 bp of SEQ ID NO: 1 may also be used as a
molecular diagnostic probe for use in a variety of hybridization and other test methods for
microbial identification from clinical isolates, those methods being known to those of skill
in the art of microbial identification.

Examples

[029] Twelve staphylococcal isolates from blood cultures were characterized,
each pyrrolidonyl arylamidase/ornithine decarboxylase-positive but not recognized by a S.
lugdunensis-specific primer/probe set targeting the fuf gene (which encodes the translation

elongation factor Tu (Heikens, E., et a/ (2005) J. Clin. Microbiol. 43: 2286-90; Kontos,

F., et al (2003) J. Microbiol. Methods 55: 465-9; Martineau, F., et a/ (2001) J. Clin.

Microbiol. 39: 2541-7.). These isolates cannot be definitively differentiated from other
common clinically encountered staphylococci based on biochemical reactions including

those used in the API STAPH identification system (Brun, Y., ef al (1990) J. Clin.

11
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Microbiol. 8: 503-8; 5; Gemmell, C. G., and J. E. Dawson (1982) J. Clin. Microbiol. 16:

874-7; Layer, F., B. et al (2006) J. Clin. Microbiol. 44: 2824-30). Clinically, these isolates

behaved mainly as skin contaminants except for two isolates, which were recovered from
the same patient, with a central line-associated infection, over a 16-day interval. A serial
genetic analysis including 16S rRNA and elongation factor Tu (fuf) gene sequence
analysis indicates that these isolates are new staphylococcal species and the inventors
have proposed the designation of S. pseudolugdunensis sp. nov.
Bacterial isolates and reference strains

[030] PYR and ODC dual-positive staphylococcus isolates recovered by a
BACTEC® 9240 blood culture system (Becton Dickinson Diagnostic Instrument Systems,
Sparks, Md.) from September 2003 through October, 2005 at Vanderbilt University
Hospital were included in the study. Two related reference strains were obtained from the
American Type Culture Collection (ATCC, Manassas, Va.) including S. aureus (ATCC
#35556), and S. lugdunensis (#700328). Clinical isolates and ATCC strains were collected
and saved in brain heart infusion (BHI) containing 7.5% glycerol at —80°C for further
study.
Phenotypic identification

[031] Both clinical isolates and reference isolates were first identified by the
conventional method based on colony size and pigment; anaerobic and aerobic growth;
the presence of clumping factor, Staphaurex latex agglutination (Murex Diagnostics Inc.,
Norcross, GA), hemolysins, oxidase, ODC, urease, and PYR (De Paulis, A. N., et a/

(2003) J. Clin. Microbiol. 41: 1219-24., 16, 25, 33). Species identification further

confirmed by using an API STAPH (bioMerieux Vitek, Inc., Hazelwood, MO) according

to the manufacturer's instructions (Brun, Y., ef al (1990) J. Clin. Microbiol. 8: 503-8;

Chapin, K., and M. Musgnug (2003) J. Clin. Microbiol. 41: 4324-7; Gemmell, C. G., and

J. E. Dawson (1982) J. Clin. Microbiol. 16:874-7; Heikens, E., et al (2005) J. Clin.

12
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Microbiol. 43: 2286-90; Layer, F., B. et al (2006) J. Clin. Microbiol. 44: 2824-30.). PYR

and ODC were performed with S. aureus (ATCC# 25923) and S. lugdunensis (ATCC#
700328) included as negative and positive controls, respectively. Biochemical tests
included acid production from D-glucose, D-trehalose, D-mannitol, D-mannose, xylose,
maltose, lactose, sucrose, N-acetylglucosamine, raffinose, D-fructose, D-melibiose,
xylitol, and a-methyl-glucosamine; nitrate reduction; and alkaline phosphatase, arginine
dihydrolase, urease, and acetoin production. Supplementary tests were performed as

suggested by the kit instructions (Chapin, K., and M. Musgnug (2003) J. Clin. Microbiol.

41:4324-7; Layer, F., et al (2006) J. Clin. Microbiol. 44:2824-30.). Biochemical
reactions, including catalase, coagulase, D-glucose, D-mannitol, D-fructose, galactose,
lactose, maltose, sucrose, D-trehalose, xylose, nitrate reduction, arginine dihydrolase,
urease, and novobiocin and polymyxin B resistance, were further confirmed at the
Tennessee Department of Health Laboratory Services in Nashville, Tennessee, using
phenotypic methods recommended by the United States Centers for Disease Control

(CDC), Atlanta, Georgia (Kloose, W.E. and T.L. Bannerman (1995) Staphylococcus and

Micrococcus, p. 282-298, in P.R. Murray et al. (eds.) Manual of Clinical Microbiology,

6" ed., American Society for Microbiology Press, Washington, D.C.; Kloose, W.E. and

K.H. Schleifer (1975) J. Clin. Microbiol. 1: 82-88).

Antimicrobial susceptibility testing

[032] In vitro antimicrobial susceptibility testing for amoxicillin-clavulanate,
cefazolin, clindamycin, erythromycin, gentamicin, levofloxacin, minocycline, penicillin,
rifampin, trimethoprim/sulfamethoxazole (SXT) and vancomycin was determined by a
disc diffusion method in accordance with Clinical and Laboratory Standards Institute
guidelines (CLSI Performance standards for antimicrobial disk susceptibility tests;
Approved standard, 9th ed. (2006) Clinical and Laboratory Standards Institute, Wayne,
PA).
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16S rRNA gene amplification and sequencing

[033] A loopful of each purified bacterial isolate was put into 1 ml of distilled
water. The suspension was vortexed, heated for 7 min at 95°C, centrifuged at 8,000 xg for
15 s, and 1 pl of supernatant was used for PCR amplification. A highly conserved primer
set (5'-TGG AGA GTT TGA TCC TGG CTC AG-3'and 5'-AAG GAG GTG ATC CAR
CCG CA-3"; R=Gor A; SEQ ID NOS: 3 and 4, respectively) spanning nucleotide
positions 5-1,553 of the 16S rRNA gene was used to amplify the DNA fragment by PCR

(Tang, Y. W., et al (1998) Clin. Infect. Dis. 26:389-92.). Partial or full 16S rRNA gene

sequences were determined bi-directionally using the PCR primers and/or several
additional internal primers on an ABI PRISM 3730 DNA sequencer (Applied Biosystems,

Foster City, CA) as previously described (Tang, Y. W., et al (1998) ]. Clin. Microbiol.

36:3674-9; Tang, Y. W., et a/ (2000) J. Clin. Microbiol. 38:1676-8).

tuf gene amplification and sequencing
[034] Full tuf sequences of 13 staphylococcal species (9 S. aureus, 2 S.
epidermidis, 1 S. haemolyticus, and 1 S. saprophyticus) available in the GenBank were

retrieved and aligned (Baba, T., ef al (2002) Lancet 359:1819-27; Diep, B. A. et al (2006)

Lancet 367:731-9; Gill, S. R., et al (2005) J. Bacteriol. 187:2426-38; Holden, M. T., et al

(2004) Proc. Natl. Acad. Sci. USA 101:9786-91; Kuroda, M., et al (2001) Lancet

357:1225-40; Kuroda, M., A. et al (2005) Proc. Natl. Acad. Sci. USA 102:13272-7;

Takeuchi, F., et al (2005) J. Bacteriol. 187:7292-308; Zhang, Y. Q., et al (2003) Mol.
Microbiol. 49:1577-93.). A degenerate primer set (5’-TAA GAA TAG GAG AGATTT
WAT AAT G-3’ and 5’-AAA TTA TTC AAA GAT TWC WGT-3’, W=A or T; SEQ ID
NOS: 5 and 6, respectively) was designed to amplify the entire fuf gene of the
first/prototype isolate BO06 by PCR. The PCR amplification product was sequenced bi-
directionally using four internal primers (5’-AGA ATA GGA GAG ATT TWA TAA

TGG-3’, 5’-TCT GAC AAA CCA TTC ATG AT-3°, 5°-CTT TGA TTT GAC CAC GTT
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C-3’, and 5’-TTC AGT WAC AAC GCC TGA TC-3’; SEQ ID NOS: 7-10, respectively)
on an ABI PRISM 3730 DNA sequencer (Applied Biosystems, Foster City, CA). A partial
tuf gene spanning nucleotide positions 666-858 (Martineau, F., et al/ (2001) J. Clin.
Microbiol. 39:2541-7) was amplified for all isolates by using a conserved primer set (tuf-
f, 5’- TGG TCG TGG TAC TGT TGC TA-3’; tuf-r, 5’-TTC ACG TGC AAT ACC ACG
TA -3°; SEQ ID NOS: 11 and 12, respectively). The same amplification primers were
used for determining partial fuf gene sequence.
Phylogenetic analysis

[035] Sequence homology searches were performed through BLAST queries of
GenBank, the Ribosomal Database Project 11 site

(http://rdp.cme.msu.edu/html/index.html) and the MicroSeq Database Library (Applied

Biosystems, Foster City, CA) as previously described (Tang, Y. W., et al (1998) J. Clin.

Microbiol. 36: 3674-9; Tang, Y. W., et al (2000) J. Clin. Microbiol. 38:1676-8).

Phylogenetic analysis using neighbor joining was performed by using DS Gene software
(version 1.5, Accelrys Inc., San Diego, CA)
Nucleotide sequence accession numbers and strain depositions

[036] Partial or full 16S rRNA gene and fuf gene sequences were deposited in the
GenBank database as AY560519, DQ117531, and DQ117530, respectively. The type
strain (B006) of S. pseudolugdunensis was isolated from the blood of a 48-year-old man
in Nashville, Tennessee. It was deposited under the terms of the Budapest Treaty with the
American Type Culture Collection, Manassas, Virginia, on November 3, 2006 under

accession number ATCC PTA-7961.
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What is claimed is:
1. An isolated biologically pure culture of Staphylococcus pseudolugdunensis, a

sample of said culture deposited as ATCC accession number PTA-7961.

2. An isolated polynucleotide comprising at least about 200 continguous residues of
SEQID NO: 1.
3. The 1solated polynucleotide of claim 2 comprising at least about 300 contiguous

residues of SEQ ID NO: 1.

4. The isolated polynucleotide of claim 2 comprising at least about 400 contiguous
residues of SEQ ID NO: 1.

5. An isolated polynucleotide of claim 2 wherein the at least about 200 contiguous
residues of SEQ ID NO: 1 comprise residues 660 to 858.

6. The isolated polynucleotide of claim 2 wherein the polynucleotide hybridizes

under moderately stringent conditions to SEQ ID NO: 1.

7. An isolated polynucleotide comprising at least about 200 contiguous residues of
SEQID NO: 2.
8. The isolated polynucleotide of claim 7 further comprising at least about 300

contiguous residues of SEQ ID NO: 2.

9. The isolated polynucleotide of claim 7 further comprising at least about 400
contiguous residues of SEQ ID NO: 2.

10.  Anisolated polynucleotide as in claim 7 wherein the isolated polynucleotide
hybridizes under moderately stringent conditions to SEQ ID NO: 2.

11. A method for distinguishing Staphylococcus pseudolugdunensis from
Staphylococcus lugdunensis isolated from a clinical specimen, the method comprising
comparing the nucleotide sequence of at least 200 contiguous base pairs of SEQ ID NO: 1
with the nucleotide sequence of a corresponding region of the tuf gene sequence of an

unknown bacterial strain, wherein the unknown bacterial strain can be determined to be S.

20



WO 2008/143641 PCT/US2007/023637

pseudolugdunensis if it demonstrates an at least about 97% sequence identity with the
corresponding at least about 200 base pairs of SEQ ID NO: 1.

12.  The method of claim 11 wherein the bacterial strain can be determined to be S.
pseudolugdunensis if it demonstrates an at least about 99% sequence identity with the
corresponding at least about 200 base pairs of SEQ ID NO: 1.

13.  The method of claim 11 wherein the at least about 200 base pairs of SEQ ID NO:
1 correspond to nucleotide positions 660-858 of SEQ ID NO: 1.

14. A method for identifying an unknown bacterial strain from a clinical isolate as
Staphylococcus pseudolugdunensis, the method comprising comparing the nucleotide
sequence of at least 200 contiguous base pairs of SEQ ID NO: 1 with the nucleotide
sequence of a corresponding region of the fuf gene sequence of the unknown bacterial
strain, wherein the unknown bacterial strain can be determined to be S. pseudolugdunensis
if it demonstrates an at least about 97% sequence identity with the corresponding at least
about 200 base pairs of SEQ ID NO: 1.

15.  The method of claim 14 wherein the unknown bacterial strain can be determined
to be S. pseudolugdunensis if it demonstrates an at least about 99% sequence identity with
the corresponding at least about 200 base pairs of SEQ ID NO: 1.

16.  The method of claim 14 wherein the at least about 200 base pairs of SEQ ID NO:

1 correspond to nucleotide positions 660-858 of SEQ ID NO: 1.
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