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(57) ABSTRACT 

The present invention provides polynucleotide sequences of 
the genome of Staphylococcus aureus, polypeptide 
sequences encoded by the polynucleotide sequences, corre 
sponding polynucleotides and polypeptides, vectors and 
hosts comprising the polynucleotides, and assays and other 
uses thereof. The present invention further provides poly 
nucleotide and polypeptide sequence information stored on 
computer readable media, and computer-based systems and 
methods Which facilitate its use. 
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STAPHYLOCOCCUS AUREUS 
POLYNUCLEOTIDES AND SEQUENCES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of and claims 
priority under 35 USC § 120 to US. application Ser. No. 
08/956,171, ?led Oct. 20, 1997, Which is a continuation-in 
part of and claims priority under 35 USC § 120 to US. 
application Ser. No. 08/781,986, ?led Jan. 3, 1997, Which is 
a non-provisional of and claims bene?t under 35 USC § 
119(e) of US. Provisional Application No. 60/009,861, ?led 
Jan. 5, 1996. 

REFERENCE TO A SEQUENCE LISTING 
PROVIDED ON COMPACT DISC 

[0002] This application refers to a “Sequence Listing”, 
Which is provided as an electronic document on tWo iden 

tical compact discs (CD-R), labeled “Copy 1” and “Copy 2.” 
These compact discs each contain the electronic document, 
?lename “PB248P1D1 sequence listing.tXt” (6,143,385 
bytes in siZe, created on Dec. 23, 2002), Which is hereby 
incorporated in its entirety herein. 

FIELD OF THE INVENTION 

[0003] The present invention relates to the ?eld of molecu 
lar biology. In particular, it relates to, among other things, 
nucleotide sequences of Staphylococcus aureus, contigs, 
ORFs, fragments, probes, primers and related polynucle 
otides thereof, peptides and polypeptides encoded by the 
sequences, and uses of the polynucleotides and sequences 
thereof, such as in fermentation, polypeptide production, 
assays and pharmaceutical development, among others. 

BACKGROUND OF THE INVENTION 

[0004] The genus Staphylococcus includes at least 20 
distinct species. (For a revieW see Novick, R. P., The 
Staphylococcus as a Molecular Genetic System, Chapter 1, 
pgs. 1-37 in MOLECULAR BIOLOGY OF THE STAPHY 
LOCOCCI, R. Novick, Ed., VCH Publishers, NeW York 
(1990)). Species differ from one another by 80% or more, by 
hybridiZation kinetics, Whereas strains Within a species are 
at least 90% identical by the same measure. 

[0005] The species Staphylococcus aureus, a gram-posi 
tive, facultatively aerobic, clump-forming cocci, is among 
the most important etiological agents of bacterial infection 
in humans, as discussed brie?y beloW. 

[0006] Human Health and S. Aureus 

[0007] Staphylococcus aureus is a ubiquitous pathogen. 
(See, for instance, Mims et al., MEDICAL MICROBIOL 
OGY, Mosby-Year Book Europe Limited, London, UK 
(1993)). It is an etiological agent of a variety of conditions, 
ranging in severity from mild to fatal. A feW of the more 
common conditions caused by S. aureus infection are bums, 
cellulitis, eyelid infections, food poisoning, joint infections, 
neonatal conjunctivitis, osteomyelitis, skin infections, sur 
gical Wound infection, scalded skin syndrome and toXic 
shock syndrome, some of Which are described further beloW. 
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[0008] Burns 

[0009] Burn Wounds generally are sterile initially. HoW 
ever, they generally compromise physical and immune bar 
riers to infection, cause loss of ?uid and electrolytes and 
result in local or general physiological dysfunction. After 
cooling, contact With viable bacteria results in miXed colo 
niZation at the injury site. Infection may be restricted to the 
non-viable debris on the bum surface (“eschar”), it may 
progress into full skin infection and invade viable tissue 
beloW the eschar and it may reach beloW the skin, enter the 
lymphatic and blood circulation and develop into septice 
mia. S. aureus is among the most important pathogens 
typically found in burn Wound infections. It can destroy 
granulation tissue and produce severe septicemia. 

[0010] Cellulitis 

[0011] Cellulitis, an acute infection of the skin that 
eXpands from a typically super?cial origin to spread beloW 
the cutaneous layer, most commonly is caused by S. aureus 
in conjunction With S. pyrogenes. Cellulitis can lead to 
systemic infection. In fact, cellulitis can be one aspect of 
synergistic bacterial gangrene. This condition typically is 
caused by a mixture of S. aureus and microaerophilic 
streptococci. It causes necrosis and treatment is limited to 
eXcision of the necrotic tissue. The condition often is fatal. 

[0012] Eyelid Infections 

[0013] S. aureus is the cause of styes and of sticky eye” in 
neonates, among other eye infections. Typically such infec 
tions are limited to the surface of the eye, and may occa 
sionally penetrate the surface With more severe conse 
quences. 

[0014] Food Poisoning 

[0015] Some strains of S. aureus produce one or more of 
?ve serologically distinct, heat and acid stable enterotoXins 
that are not destroyed by digestive process of the stomach 
and small intestine (enterotoXins A-E). Ingestion of the 
toXin, in suf?cient quantities, typically results in severe 
vomiting, but not diarrhea. The effect does not require viable 
bacteria. Although the toXins are knoWn, their mechanism of 
action is not understood. 

[0016] Joint Infections 

[0017] S. aureus infects bone joints causing diseases such 
osteomyelitis. 

[0018] Osteomyelitis 

[0019] S. aureus is the most common causative agent of 
haematogenous osteomyelitis. The disease tends to occur in 
children and adolescents more than adults and it is associ 
ated With non-penetrating injuries to bones. Infection typi 
cally occurs in the long end of groWing bone, hence its 
occurrence in physically immature populations. Most often, 
infection is localiZed in the vicinity of sprouting capillary 
loops adjacent to epiphysial groWth plates in the end of long, 
groWing bones. 

[0020] Skin Infections 

[0021] S. aureus is the most common pathogen of such 
minor skin infections as abscesses and boils. Such infections 
often are resolved by normal host response mechanisms, but 
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they also can develop into severe internal infections. Recur 
rent infections of the nasal passages plague nasal carriers of 
S. aureus. 

[0022] Surgical Wound Infections 

[0023] Surgical Wounds often penetrate far into the body. 
Infection of such Wound thus poses a grave risk to the 
patient. S. aureus is the most important causative agent of 
infections in surgical Wounds. S. aureus is unusually adept 
at invading surgical Wounds; sutured Wounds can be infected 
by far feWer S. aureus cells then are necessary to cause 
infection in normal skin. Invasion of surgical Wound can 
lead to severe S. aureus septicemia. Invasion of the blood 
stream by S. aureus can lead to seeding and infection of 
internal organs, particularly heart valves and bone, causing 
systemic diseases, such as endocarditis and osteomyelitis. 

[0024] Scalded Skin Syndrome 

[0025] S. aureus is responsible for “scalded skin syn 
drome” (also called toxic epidermal necrosis, Ritter’s dis 
ease and Lyell’s disease). This diseases occurs in older 
children, typically in outbreaks caused by ?oWering of S. 
aureus strains produce exfoliation (also called scalded skin 
syndrome toxin). Although the bacteria initially may infect 
only a minor lesion, the toxin destroys intercellular connec 
tions, spreads epidermal layers and alloWs the infection to 
penetrate the outer layer of the skin, producing the desqua 
miation that typi?es the diseases. Shedding of the outer layer 
of skin generally reveals normal skin beloW, but ?uid lost in 
the process can produce severe injury in young children if it 
is not treated properly. 

[0026] Toxic Shock Syndrome 

[0027] Toxic shock syndrome is caused by strains of S. 
aureus that produce the so-called toxic shock syndrome 
toxin. The disease can be caused by S. aureus infection at 
any site, but it is too often erroneously vieWed exclusively 
as a disease solely of Women Who use tampons. The disease 
involves toxaemia and septicemia, and can be fatal. 

[0028] Nocosomial Infections 

[0029] In the 1984 National Nocosomial Infection Sur 
veillance Study (“NNIS”) S. aureus Was the most prevalent 
agent of surgical Wound infections in many hospital ser 
vices, including medicine, surgery, obstetrics, pediatrics and 
neWborns. 

[0030] Resistance to Drugs of S. aureus Strains 

[0031] Prior to the introduction of penicillin the prognosis 
for patients seriously infected With S. aureus Was unfavor 
able. FolloWing the introduction of penicillin in the early 
1940s even the Worst S. aureus infections generally could be 
treated successfully. The emergence of penicillin-resistant 
strains of S. aureus did not take long, hoWever. Most strains 
of S. aureus encountered in hospital infections today do not 
respond to penicillin; although, fortunately, this is not the 
case for S. aureus encountered in community infections. 

[0032] It is Well knoWn noW that penicillin-resistant 
strains of S. aureus produce a lactamase Which converts 
penicillin to pencillinoic acid, and thereby destroys antibi 
otic activity. Furthermore, the lactamase gene often is propa 
gated episomally, typically on a plasmid, and often is only 
one of several genes on an episomal element that, together, 
confer multidrug resistance. 
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[0033] Methicillins, introduced in the 1960s, largely over 
came the problem of penicillin resistance in S. aureus. These 
compounds conserve the portions of penicillin responsible 
for antibiotic activity and modify or alter other portions that 
make penicillin a good substrate for inactivating lactamases. 
HoWever, methicillin resistance has emerged in S. aureus, 
along With resistance to many other antibiotics effective 
against this organism, including aminoglycosides, tetracy 
cline, chloramphenicol, macrolides and lincosamides. In 
fact, methicillin-resistant strains of S. aureus generally are 
multiply drug resistant. 

[0034] The molecular genetics of most types of drug 
resistance in S. aureus has been elucidated (See Lyon et al., 
Microbiology Reviews 51: 88-134 (1987)). Generally, resis 
tance is mediated by plasmids, as noted above regarding 
penicillin resistance; hoWever, several stable forms of drug 
resistance have been observed that apparently involve inte 
gration of a resistance element into the S. aureus genome 
itself. 

[0035] Thus far each neW antibiotic gives rise to resistance 
strains, stains emerge that are resistance to multiple drugs 
and increasingly persistent forms of resistance begin to 
emerge. Drug resistance of S. aureus infections already 
poses signi?cant treatment difficulties, which are likely to 
get much Worse unless neW therapeutic agents are devel 
oped. 

[0036] Molecular Genetics of Staphylococcus Aureus 

[0037] Despite its importance in, among other things, 
human disease, relatively little is knoWn about the genome 
of this organism. 

[0038] Most genetic studies of S. aureus have been carried 
out using the strain NCTC8325, Which contains prophages 
psi11, psi12 and psi13, and the UV-cured derivative of this 
strain, 8325-4 (also referred to as RN450), Which is free of 
the prophages. 

[0039] These studies revealed that the S. aureus genome, 
like that of other staphylococci, consists of one circular, 
covalently closed, double-stranded DNA and a collection of 
so-called variable accessory genetic elements, such as 
prophages, plasmids, transposons and the like. 

[0040] Physical characteriZation of the genome has not 
been carried out in any detail. Pattee et al. published a loW 
resolution and incomplete genetic and physical map of the 
chromosome of S. aureus strain NCTC 8325. (Pattee et al. 
Genetic and Physical Mapping of Chromosome of Staphy 
lococcus aureus NCTC 8325, Chapter 11, pgs. 163-169 in 
MOLECULAR BIOLOGY OF THE SIAPHYLOCOCCI, R. 
P. Novick, Ed., VCH Publishers, NeW York, (1990) The 
genetic map largely Was produced by mapping insertions of 
Tn551 and Tn4001, Which, respectively, confer erythromy 
cin and gentamicin resistance, and by analysis of SmaI 
digested DNA by Pulsed Field Gel Electrophoresis 
(“PFGE”). 
[0041] The map Was of loW resolution; even estimating the 
physical siZe of the genome was difficult, according to the 
investigators. The siZe of the largest SmaI chromosome 
fragment, for instance, Was too large for accurate siZing by 
PFGE. To estimate its siZe, additional restriction sites had to 
be introduced into the chromosome using a transposon 
containing a SmaI recognition sequence. 
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[0042] In sum, most physical characteristics and almost all 
of the genes of Staphylococcus aureus are unknown. Among 
the feW genes that have been identi?ed, most have not been 
physically mapped or characterized in detail. Only a very 
feW genes of this organism have been sequenced. (See, for 
instance Thomsberry, J ., Antimicrobial Chemotherapy 21 
Suppl C: 9-16 (1988), current versions of GENBANK and 
other nucleic acid databases, and references that relate to the 
genome of S. aureus such as those set out elseWhere herein.) 

[0043] It is clear that the etiology of diseases mediated or 
exacerbated by S. aureus infection involves the programmed 
expression of S. aureus genes, and that characteriZing the 
genes and their patterns of expression Would add dramati 
cally to our understanding of the organism and its host 
interactions. Knowledge of S. aureus genes and genomic 
organiZation Would dramatically improve understanding of 
disease etiology and lead to improved and neW Ways of 
preventing, ameliorating, arresting and reversing diseases. 
Moreover, characteriZed genes and genomic fragments of S. 
aureus Would provide reagents for, among other things, 
detecting, characteriZing and controlling S. aureus infec 
tions. There is a need therefore to characteriZe the genome 
of S. aureus and for polynucleotides and sequences of this 
organism. 

SUMMARY OF THE INVENTION 

[0044] The present invention is based on the sequencing of 
fragments of the Staphylococcus aureus genome. The pri 
mary nucleotide sequences Which Were generated are pro 
vided in SEQ ID NOS: 1-5,191. 

[0045] The present invention provides the nucleotide 
sequence of several thousand contigs of the Staphylococcus 
aureus genome, Which are listed in tables beloW and set out 
in the Sequence Listing submitted hereWith, and represen 
tative fragments thereof, in a form Which can be readily 
used, analyZed, and interpreted by a skilled artisan. In one 
embodiment, the present invention is provided as contiguous 
strings of primary sequence information corresponding to 
the nucleotide sequences depicted in SEQ ID NOS: 1-5,191. 

[0046] The present invention further provides nucleotide 
sequences Which are at least 95% identical to the nucleotide 
sequences of SEQ ID NOS: 1-5,191. 

[0047] The nucleotide sequence of SEQ ID NOS: 1-5,191, 
a representative fragment thereof, or a nucleotide sequence 
Which is at least 95% identical to the nucleotide sequence of 
SEQ ID NOS: 1-5,191 may be provided in a variety of 
mediums to facilitate its use. In one application of this 
embodiment, the sequences of the present invention are 
recorded on computer readable media. Such media includes, 
but is not limited to: magnetic storage media, such as ?oppy 
discs, hard disc storage medium, and magnetic tape; optical 
storage media such as CD-ROM; electrical storage media 
such as RAM and ROM; and hybrids of these categories 
such as magnetic/optical storage media. 

[0048] The present invention further provides systems, 
particularly computer-based systems Which contain the 
sequence information herein described stored in a data 
storage means. Such systems are designed to identify com 
mercially important fragments of the Staphylococcus aureus 
genome. 

[0049] Another embodiment of the present invention is 
directed to fragments of the Staphylococcus aureus genome 
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having particular structural or functional attributes. Such 
fragments of the Staphylococcus aureus genome of the 
present invention include, but are not limited to, fragments 
Which encode peptides, hereinafter referred to as open 
reading frames or ORFs,” fragments Which modulate the 
expression of an operably linked ORF, hereinafter referred 
to as expression modulating fragments or EMFs,” and 
fragments Which can be used to diagnose the presence of 
Staphylococcus aureus in a sample, hereinafter referred to as 
diagnostic fragments or “DFs.” 

[0050] Each of the ORFs in fragments of the Staphylo 
coccus aureus genome disclosed in Tables 1-3, and the 
EMFs found 5‘ to the ORFs, can be used in numerous Ways 
as polynucleotide reagents. For instance, the sequences can 
be used as diagnostic probes or ampli?cation primers for 
detecting or determining the presence of a speci?c microbe 
in a sample, to selectively control gene expression in a host 
and in the production of polypeptides, such as polypeptides 
encoded by ORFs of the present invention, particular those 
polypeptides that have a pharmacological activity. 

[0051] The present invention further includes recombinant 
constructs comprising one or more fragments of the Staphy 
lococcus aureus genome of the present invention. The 
recombinant constructs of the present invention comprise 
vectors, such as a plasmid or viral vector, into Which a 
fragment of the Staphylococcus aureus has been inserted. 

[0052] The present invention further provides host cells 
containing any of the isolated fragments of the Staphylo 
coccus aureus genome of the present invention. The host 
cells can be a higher eukaryotic host cell, such as a mam 
malian cell, a loWer eukaryotic cell, such as a yeast cell, or 
a procaryotic cell such as a bacterial cell. 

[0053] The present invention is further directed to isolated 
polypeptides and proteins encoded by ORFs of the present 
invention. Avariety of methods, Well knoWn to those of skill 
in the art, routinely may be utiliZed to obtain any of the 
polypeptides and proteins of the present invention. For 
instance, polypeptides and proteins of the present invention 
having relatively short, simple amino acid sequences readily 
can be synthesiZed using commercially available automated 
peptide synthesiZers. Polypeptides and proteins of the 
present invention also may be puri?ed from bacterial cells 
Which naturally produce the protein. Yet another alternative 
is to purify polypeptide and proteins of the present invention 
from cells Which have been altered to express them. 

[0054] The invention further provides polypeptides com 
prising Staphylococcus aureus epitopes and vaccine com 
positions comprising such polypeptides. Also provided are 
methods for vaccinating an individual against Staphylococ 
cus aureus infection. 

[0055] The invention further provides methods of obtain 
ing homologs of the fragments of the Staphylococcus aureus 
genome of the present invention and homologs of the 
proteins encoded by the ORFs of the present invention. 
Speci?cally, by using the nucleotide and amino acid 
sequences disclosed herein as a probe or as primers, and 
techniques such as PCR cloning and colony/plaque hybrid 
iZation, one skilled in the art can obtain homologs. 

[0056] The invention further provides antibodies Which 
selectively bind polypeptides and proteins of the present 
invention. Such antibodies include both monoclonal and 
polyclonal antibodies. 
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[0057] The invention further provides hybridomas Which 
produce the above-described antibodies. A hybridoma is an 
immortalized cell line Which is capable of secreting a 
speci?c monoclonal antibody. 

[0058] The present invention further provides methods of 
identifying test samples derived from cells Which express 
one of the ORFs of the present invention, or a homolog 
thereof. Such methods comprise incubating a test sample 
With one or more of the antibodies of the present invention, 
or one or more of the Dfs or antigens of the present 
invention, under conditions Which alloW a skilled artisan to 
determine if the sample contains the ORF or product pro 
duced therefrom. 

[0059] In another embodiment of the present invention, 
kits are provided Which contain the necessary reagents to 
carry out the above-described assays. 

[0060] Speci?cally, the invention provides a compartmen 
taliZed kit to receive, in close con?nement, one or more 
containers Which comprises: (a) a ?rst container comprising 
one of the antibodies, antigens, or one of the DFs of the 
present invention; and (b) one or more other containers 
comprising one or more of the folloWing: Wash reagents, 
reagents capable of detecting presence of bound antibodies, 
antigens or hybridiZed DFs. 

[0061] Using the isolated proteins of the present invention, 
the present invention further provides methods of obtaining 
and identifying agents capable of binding to a polypeptide or 
protein encoded by one of the ORFs of the present invention. 
Speci?cally, such agents include, as further described beloW, 
antibodies, peptides, carbohydrates, pharmaceutical agents 
and the like. Such methods comprise steps of: (a)contacting 
an agent With an isolated protein encoded by one of the 
ORFs of the present invention; and (b)determining Whether 
the agent binds to said protein. 

[0062] The present genomic sequences of Staphylococcus 
aureus Will be of great value to all laboratories Working With 
this organism and for a variety of commercial purposes. 
Many fragments of the Staphylococcus aureus genome Will 
be immediately identi?ed by similarity searches against 
GenBank or protein databases and Will be of immediate 
value to Staphylococcus aureus researchers and for imme 
diate commercial value for the production of proteins or to 
control gene expression. 

[0063] The methodology and technology for elucidating 
extensive genomic sequences of bacterial and other genomes 
has and Will greatly enhance the ability to analyZe and 
understand chromosomal organiZation. In particular, 
sequenced contigs and genomes Will provide the models for 
developing tools for the analysis of chromosome structure 
and function, including the ability to identify genes Within 
large segments of genomic DNA, the structure, position, and 
spacing of regulatory elements, the identi?cation of genes 
With potential industrial applications, and the ability to do 
comparative genomic and molecular phylogeny. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0064] FIG. 1 is a block diagram of a computer system 
(102) that can be used to implement computer-based sys 
tems of present invention. 

[0065] FIG. 2 is a schematic diagram depicting the data 
How and computer programs used to collect, assemble, edit 
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and annotate the contigs of the Staphylococcus aureus 
genome of the present invention. Both Macintosh and Unix 
platforms are used to handle the AB 373 and 377 sequence 
data ?les, largely as described in Kerlavage et al., Proceed 
ings of the Twenty-Sixth Annual Hawaii International Con 
ference on System Sciences, 585, IEEE Computer Society 
Press, Wash. DC. (1993). Factura is a Macintosh 
program designed for automatic vector sequence removal 
and end-trimming of sequence ?les. The program Loadis 
runs on a Macintosh platform and parses the feature data 
extracted from the sequence ?les by Factura to the Unix 
based Staphylococcus aureus relational database. Assembly 
of contigs (and Whole genome sequences) is accomplished 
by retrieving a speci?c set of sequence ?les and their 
associated features using extrseq, a Unix utility for retriev 
ing sequences from an SQL database. The resulting 
sequence ?le is processed by seq_?lter to trim portions of 
the sequences With more than 2% ambiguous nucleotides. 
The sequence ?les Were assembled using TIGR Assembler, 
an assembly engine designed at The Institute for Genomic 
Research (TIGR”) for rapid and accurate assembly of thou 
sands of sequence fragments. The collection of contigs 
generated by the assembly step is loaded into the database 
With the lassie program. Identi?cation of open reading 
frames (ORFs) is accomplished by processing contigs With 
Zorf. The ORFs are searched against S. aureus sequences 
from Genbank and against all protein sequences using the 
BLASTN and BLASTP programs, described in Altschul et 
al., J. Mol. Biol. 215: 403-410 (1990)). Results of the ORF 
determination and similarity searching steps Were loaded 
into the database. As described beloW, some results of the 
determination and the searches are set out in Tables 1-3. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0066] The present invention is based on the sequencing of 
fragments of the Staphylococcus aureus genome and analy 
sis of the sequences. The primary nucleotide sequences 
generated by sequencing the fragments are provided in SEQ 
ID NOS: 1-5,191. (As used herein, the “primary sequence” 
refers to the nucleotide sequence represented by the IUPAC 
nomenclature system.) 

[0067] In addition to the aforementioned Staphylococcus 
aureus polynucleotide and polynucleotide sequences, the 
present invention provides the nucleotide sequences of SEQ 
ID NOS: 1-5,191, or representative fragments thereof, in a 
form Which can be readily used, analyZed, and interpreted by 
a skilled artisan. 

[0068] As used herein, a “representative fragment of the 
nucleotide sequence depicted in SEQ ID NOS: 1-5,191” 
refers to any portion of the SEQ ID NOS: 1-5,191 Which is 
not presently represented Within a publicly available data 
base. Preferred representative fragments of the present 
invention are Staphylococcus aureus open reading frames 
(ORFS”), expression modulating fragment (EMFs”) and 
fragments Which can be used to diagnose the presence of 
Staphylococcus aureus in sample (“DFs”). A non-limiting 
identi?cation of preferred representative fragments is pro 
vided in Tables 1-3. 

[0069] As discussed in detail beloW, the information pro 
vided in SEQ ID NOS: 1-5,191 and in Tables 1-3 together 
With routine cloning, synthesis, sequencing and assay meth 
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ods Will enable those skilled in the art to clone and sequence 
all “representative fragments” of interest, including open 
reading frames encoding a large variety of Staphylococcus 
aureus proteins. 

[0070] While the presently disclosed sequences of SEQ ID 
NOS: 1-5,191 are highly accurate, sequencing techniques 
are not perfect and, in relatively rare instances, further 
investigation of a fragment or sequence of the invention may 
reveal a nucleotide sequence error present in a nucleotide 

sequence disclosed in SEQ ID NOS: 1-5,191. HoWever, 
once the present invention is made available (i.e., once the 
information in SEQ ID NOS: 1-5,191 and Tables 1-3 has 
been made available), resolving a rare sequencing error in 
SEQ ID NOS: 1-5,191 Will be Well Within the skill of the art. 
The present disclosure makes available suf?cient sequence 
information to alloW any of the described contigs or portions 
thereof to be obtained readily by straightforWard application 
of routine techniques. Further sequencing of such polynucle 
otide may proceed in like manner using manual and auto 
mated sequencing methods Which are employed ubiquitous 
in the art. Nucleotide sequence editing softWare is publicly 
available. For eXample, Applied Biosystem’s AutoAs 
sembler can be used as an aid during visual inspection of 
nucleotide sequences. By employing such routine tech 
niques potential errors readily may be identi?ed and the 
correct sequence then may be ascertained by targeting 
further sequencing effort, also of a routine nature, to the 
region containing the potential error. 

[0071] Even if all of the very rare sequencing errors in 
SEQ ID NOS: 1-5,191 Were corrected, the resulting nucle 
otide sequences Would still be at least 95% identical, nearly 
all Would be at least 99% identical, and the great majority 
Would be at least 99.9% identical to the nucleotide 
sequences of SEQ ID NOS: 1-5,191. 

[0072] As discussed elseWhere herein, polynucleotides of 
the present invention readily may be obtained by routine 
application of Well knoWn and standard procedures for 
cloning and sequencing DNA. Detailed methods for obtain 
ing libraries and for sequencing are provided beloW, for 
instance. A Wide variety of Staphylococcus aureus strains 
that can be used to prepare S aureus genomic DNA for 
cloning and for obtaining polynucleotides of the present 
invention are available to the public from recogniZed deposi 
tory institutions, such as the American Type Culture Col 
lection (ATCC”). 

[0073] The nucleotide sequences of the genomes from 
different strains of Staphylococcus aureus differ someWhat. 
HoWever, the nucleotide sequences of the genomes of all 
Staphylococcus aureus strains Will be at least 95% identical, 
in corresponding part, to the nucleotide sequences provided 
in SEQ ID NOS: 1-5,191. Nearly all Will be at least 99% 
identical and the great majority Will be 99.9% identical. 

[0074] Thus, the present invention further provides nucle 
otide sequences Which are at least 95%, preferably 99% and 
most preferably 99.9% identical to the nucleotide sequences 
of SEQ ID NOS: 1-5,191, in a form Which can be readily 
used, analyZed and interpreted by the skilled artisan. 

[0075] Methods for determining Whether a nucleotide 
sequence is at least 95%, at least 99% or at least 99.9% 
identical to the nucleotide sequences of SEQ ID NOS: 
1-5,191 are routine and readily available to the skilled 
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artisan. For eXample, the Well knoWn fasta algorithm 
described in Pearson and Lipman, Proc. Natl. Acad. Sci. 
USA 85: 2444 (1988) can be used to generate the percent 
identity of nucleotide sequences. The 

[0076] BLASTN program also can be used to generate an 
identity score of polynucleotides compared to one another. 

COMPUTER RELATED EMBODIMENTS 

[0077] The nucleotide sequences provided in SEQ ID 
NOS: 1-5,191, a representative fragment thereof, or a nucle 
otide sequence at least 95%, preferably at least 96%, 97%, 
98% or 99% and most preferably at least 99.9% identical to 
a polynucleotide sequence of SEQ ID NOS: 1-5,191 may be 
“provided” in a variety of mediums to facilitate use thereof. 
As used herein, “provided” refers to a manufacture, other 
than an isolated nucleic acid molecule, Which contains a 
nucleotide sequence of the present invention; i.e., a nucle 
otide sequence provided in SEQ ID NOS: 1-5,191, a rep 
resentative fragment thereof, or a nucleotide sequence at 
least 95%, preferably at least 96%, 97%, 98% or 99% and 
most preferably at least 99.9% identical to a polynucleotide 
of SEQ ID NOS: 1-5,191. Such a manufacture provides a 
large portion of the Staphylococcus aureus genome and parts 
thereof (e.g., a Staphylococcus aureus open reading frame 
(ORF)) in a form Which alloWs a skilled artisan to eXamine 
the manufacture using means not directly applicable to 
eXamining the Staphylococcus aureus genome or a subset 
thereof as it eXists in nature or in puri?ed form. 

[0078] In one application of this embodiment, a nucleotide 
sequence of the present invention can be recorded on 
computer readable media. As used herein, “computer read 
able media” refers to any medium Which can be read and 
accessed directly by a computer. Such media include, but are 
not limited to: magnetic storage media, such as ?oppy discs, 
hard disc storage medium, and magnetic tape; optical stor 
age media such as CD-ROM; electrical storage media such 
as RAM and ROM; and hybrids of these categories, such as 
magnetic/optical storage media. Askilled artisan can readily 
appreciate hoW any of the presently knoWn computer read 
able mediums can be used to create a manufacture compris 
ing computer readable medium having recorded thereon a 
nucleotide sequence of the present invention. LikeWise, it 
Will be clear to those of skill hoW additional computer 
readable media that may be developed also can be used to 
create analogous manufactures having recorded thereon a 
nucleotide sequence of the present invention. 

[0079] As used herein, “recorded” refers to a process for 
storing information on computer readable medium. Askilled 
artisan can readily adopt any of the presently knoW methods 
for recording information on computer readable medium to 
generate manufactures comprising the nucleotide sequence 
information of the present invention. 

[0080] Avariety of data storage structures are available to 
a skilled artisan for creating a computer readable medium 
having recorded thereon a nucleotide sequence of the 
present invention. The choice of the data storage structure 
Will generally be based on the means chosen to access the 
stored information. In addition, a variety of data processor 
programs and formats can be used to store the nucleotide 
sequence information of the present invention on computer 
readable medium. The sequence information can be repre 
sented in a Word processing teXt ?le, formatted in commer 
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cially-available software such as WordPerfect and 
MicroSoft Word, or represented in the form of an ASCII ?le, 
stored in a database application, such as DB2, Sybase, 
Oracle, or the like. A skilled artisan can readily adapt any 
number of data-processor structuring formats (e.g., text ?le 
or database) in order to obtain computer readable medium 
having recorded thereon the nucleotide sequence informa 
tion of the present invention. 

[0081] Computer softWare is publicly available Which 
alloWs a skilled artisan to access sequence information 
provided in a computer readable medium. Thus, by provid 
ing in computer readable form the nucleotide sequences of 
SEQ ID NOS: 1-5,191, a representative fragment thereof, or 
a nucleotide sequence at least 95%, preferably at least 96%, 
97%, 98% or 99% and most preferably at least 99.9% 
identical to a sequence of SEQ ID NOS: 1-5,191 the present 
invention enables the skilled artisan routinely to access the 
provided sequence information for a Wide variety of pur 
poses. 

[0082] The examples Which folloW demonstrate hoW soft 
Ware Which implements the BLAST (Altschul et al., J. Mol. 
Biol. 215:403-410 (1990)) and BLAZE (Brutlag et al., 
Comp. Chem. 17:203-207 (1993)) search algorithms on a 
Sybase system Was used to identify open reading frames 
(ORFs) Within the Staphylococcus aureus genome Which 
contain homology to ORFs or proteins from both Staphy 
lococcus aureus and from other organisms. Among the 
ORFs discussed herein are protein encoding fragments of 
the Staphylococcus aureus genome useful in producing 
commercially important proteins, such as enZymes used in 
fermentation reactions and in the production of commer 
cially useful metabolites. 

[0083] The present invention further provides systems, 
particularly computer-based systems, Which contain the 
sequence information described herein. Such systems are 
designed to identify, among other things, commercially 
important fragments of the Staphylococcus aureus genome. 

[0084] As used herein, “a computer-based system” refers 
to the hardWare means, softWare means, and data storage 
means used to analyZe the nucleotide sequence information 
of the present invention. The minimum hardWare means of 
the computer-based systems of the present invention com 
prises a central processing unit (CPU), input means, output 
means, and data storage means. Askilled artisan can readily 
appreciate that any one of the currently available computer 
based system are suitable for use in the present invention. 

[0085] As stated above, the computer-based systems of the 
present invention comprise a data storage means having 
stored therein a nucleotide sequence of the present invention 
and the necessary hardWare means and softWare means for 
supporting and implementing a search means. 

[0086] As used herein, “data storage means” refers to 
memory Which can store nucleotide sequence information of 
the present invention, or a memory access means Which can 
access manufactures having recorded thereon the nucleotide 
sequence information of the present invention. 

[0087] As used herein, “search means” refers to one or 
more programs Which are implemented on the computer 
based system to compare a target sequence or target struc 
tural motif With the sequence information stored Within the 
data storage means. Search means are used to identify 
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fragments or regions of the present genomic sequences 
Which match a particular target sequence or target motif. A 
variety of knoWn algorithms are disclosed publicly and a 
variety of commercially available softWare for conducting 
search means are and can be used in the computer-based 
systems of the present invention. Examples of such softWare 
includes, but is not limited to, MacPattern (EMBL), 
BLASTN and BLASTX (NCBIA). A skilled artisan can 
readily recogniZe that any one of the available algorithms or 
implementing softWare packages for conducting homology 
searches can be adapted for use in the present computer 
based systems. 

[0088] As used herein, a “target sequence” can be any 
DNA or amino acid sequence of six or more nucleotides or 
tWo or more amino acids. A skilled artisan can readily 
recogniZe that the longer a target sequence is, the less likely 
a target sequence Will be present as a random occurrence in 
the database. The most preferred sequence length of a target 
sequence is from about 10 to 100 amino acids or from about 
30 to 300 nucleotide residues. HoWever, it is Well recogniZed 
that searches for commercially important fragments, such as 
sequence fragments involved in gene expression and protein 
processing, may be of shorter length. 

[0089] As used herein, “a target structural motif,” or 
“target motif,” refers to any rationally selected sequence or 
combination of sequences in Which the sequence(s) are 
chosen based on a three-dimensional con?guration Which is 
formed upon the folding of the target motif. There are a 
variety of target motifs knoWn in the art. Protein target 
motifs include, but are not limited to, enZymatic active sites 
and signal sequences. Nucleic acid target motifs include, but 
are not limited to, promoter sequences, hairpin structures 
and inducible expression elements (protein binding 
sequences). 
[0090] A variety of structural formats for the input and 
output means can be used to input and output the informa 
tion in the computer-based systems of the present invention. 
A preferred format for an output means ranks fragments of 
the Staphylococcus aureus genomic sequences possessing 
varying degrees of homology to the target sequence or target 
motif. Such presentation provides a skilled artisan With a 
ranking of sequences Which contain various amounts of the 
target sequence or target motif and identi?es the degree of 
homology contained in the identi?ed fragment. 

[0091] A variety of comparing means can be used to 
compare a target sequence or target motif With the data 
storage means to identify sequence fragments of the Sta 
phylococcus aureus genome. In the present examples, 
implementing softWare Which implement the BLAST and 
BLAZE algorithms, described in Altschul et al.,]. Mol. Biol. 
215: 403-410 (1990), Was used to identify open reading 
frames Within the Staphylococcus aureus genome. A skilled 
artisan can readily recogniZe that any one of the publicly 
available homology search programs can be used as the 
search means for the computer-based systems of the present 
invention. Of course, suitable proprietary systems that may 
be knoWn to those of skill also may be employed in this 
regard. 

[0092] FIG. 1 provides a block diagram of a computer 
system illustrative of embodiments of this aspect of present 
invention. The computer system 102 includes a processor 
106 connected to a bus 104. Also connected to the bus 104 
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are a main memory 108 (preferably implemented as random 
access memory, RAM) and a variety of secondary storage 
devices 110, such as a hard drive 112 and a removable 
medium storage device 114. The removable medium storage 
device 114 may represent, for example, a ?oppy disk drive, 
a CD-ROM drive, a magnetic tape drive, etc. A removable 
storage medium 116 (such as a ?oppy disk, a compact disk, 
a magnetic tape, etc.) containing control logic and/or data 
recorded therein may be inserted into the removable medium 
storage device 114. The computer system 102 includes 
appropriate softWare for reading the control logic and/or the 
data from the removable medium storage device 114, once 
it is inserted into the removable medium storage device 114. 

[0093] Anucleotide sequence of the present invention may 
be stored in a Well knoWn manner in the main memory 108, 
any of the secondary storage devices 110, and/or a remov 
able storage medium 116. During execution, softWare for 
accessing and processing the genomic sequence (such as 
search tools, comparing tools, etc.) reside in main memory 
108, in accordance With the requirements and operating 
parameters of the operating system, the hardWare system and 
the softWare program or programs. 

BIOCHEMICAL EMBODIMENTS 

[0094] Other embodiments of the present invention are 
directed to isolated fragments of the Staphylococcus aureus 
genome. The fragments of the Staphylococcus aureus 
genome of the present invention include, but are not limited 
to fragments Which encode peptides, hereinafter open read 
ing frames (ORFs), fragments Which modulate the expres 
sion of an operably linked ORF, hereinafter expression 
modulating fragments (EMFs) and fragments Which can be 
used to diagnose the presence of Staphylococcus aureus in 
a sample, hereinafter diagnostic fragments (DFs). 

[0095] As used herein, an “isolated nucleic acid molecule” 
or an “isolated fragment of the Staphylococcus aureus 
genome” refers to a nucleic acid molecule possessing a 
speci?c nucleotide sequence Which has been subjected to 
puri?cation means to reduce, from the composition, the 
number of compounds Which are normally associated With 
the composition. Particularly, the term refers to the nucleic 
acid molecules having the sequences set out in SEQ ID 
NOS: 1-5,191, to representative fragments thereof as 
described above, to polynucleotides at least 95%, preferably 
at least 96%, 97%, 98% or 99% and especially preferably at 
least 99.9% identical in sequence thereto, also as set out 
above. 

[0096] A variety of puri?cation means can be used to 
generated the isolated fragments of the present invention. 
These include, but are not limited to methods Which separate 
constituents of a solution based on charge, solubility, or siZe. 

[0097] In one embodiment, Staphylococcus aureus DNA 
can be mechanically sheared to produce fragments of 15-20 
kb in length. These fragments can then be used to generate 
an Staphylococcus aureus library by inserting them into 
lambda clones as described in the Examples beloW. Primers 
?anking, for example, an ORF, such as those enumerated in 
Tables 1-3 can then be generated using nucleotide sequence 
information provided in SEQ ID NOS: 1-5,191. Well knoWn 
and routine techniques of PCR cloning then can be used to 
isolate the ORF from the lambda DNA library of Staphylo 
coccus aureus genomic DNA. Thus, given the availability of 
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SEQ ID NOS: 1-5,191, the information in Tables 1, 2 and 3, 
and the information that may be obtained readily by analysis 
of the sequences of SEQ ID NOS: 1-5,191 using methods set 
out above, those of skill Will be enabled by the present 
disclosure to isolate any ORE-containing or other nucleic 
acid fragment of the present invention. 

[0098] The isolated nucleic acid molecules of the present 
invention include, but are not limited to single stranded and 
double stranded DNA, and single stranded RNA. 

[0099] As used herein, an “open reading frame,” ORF, 
means a series of triplets coding for amino acids Without any 
termination codons and is a sequence translatable into 
protein. 

[0100] Tables 1, 2 and 3 list ORFs in the Staphylococcus 
aureus genomic contigs of the present invention that Were 
identi?ed as putative coding regions by the GeneMark 
softWare using organism-speci?c second-order Markov 
probability transition matrices. It Will be appreciated that 
other criteria can be used, in accordance With Well knoWn 
analytical methods, such as those discussed herein, to gen 
erate more inclusive, more restrictive or more selective lists. 

[0101] Table 1 sets out ORFs in the Staphylococcus aureus 
contigs of the present invention that are at least 80 amino 
acids long and over a continuous region of at least 50 bases 
Which are 95% or more identical (by BLAST analysis) to an 
S. aureus nucleotide sequence available through Genbank in 
November 1996. 

[0102] Table 2 sets out ORFs in the Staphylococcus aureus 
contigs of the present invention that are not in Table 1 and 
match, With a BLASTP probability score of 0.01 or less, a 
polypeptide sequence available through Genbank by Sep 
tember 1996. 

[0103] Table 3 sets out ORFs in the Staphylococcus aureus 
contigs of the present invention that do not match signi? 
cantly, by BLASTP analysis, a polypeptide sequence avail 
able through Genbank by September 1996. 

[0104] In each table, the ?rst and second columns identify 
the ORF by, respectively, contig number (SEQ ID NO) and 
ORF number Within the contig; the third column indicates 
the ?rst nucleotide of the ORF, counting from the 5‘ end of 
the contig strand shoWn in the sequence listing; and the ?fth 
column indicates the length of each ORF in nucleotides. It 
Will be appreciated that some ORFs are located on the 
reverse strand. The numbering identifying such ORFs also 
represents nucleotide positions counting from the 5‘ end of 
the strand shoWn in the sequence listing. 

[0105] In Tables 1 and 2, column ?ve, lists the “match 
accession” for the closest matching sequence available 
through Genbank. These reference numbers are the data 
bases entry numbers commonly used by those of skill in the 
art, Who Will be familiar With their denominators. Descrip 
tions of the nomenclature are available from the National 
Center for Biotechnology Information. Column six in Tables 
1 and 2 provides the “gene name” of the matching sequence; 
column seven provides the BLAST “similarity”; column 
eight provides the BLAST “identity” score from the com 
parison of the ORF and the homologous gene; and column 
nine indicates the length in nucleotides of the highest 
scoring “segment pair” identi?ed by the BLAST identity 
analysis. 



US 2004/0043037 A1 

[0106] The concepts of percent identity and percent simi 
larity of tWo polypeptide sequences is Well understood in the 
art. For example, tWo polypeptides 10 amino acids in length 
Which differ at three amino acid positions (e.g., at positions 
1, 3 and 5) are said to have a percent identity of 70%. 
HoWever, the same tWo polypeptides Would be deemed to 
have a percent similarity of 80% if, for example at position 
5, the amino acids moieties, although not identical, Were 
“similar” (i.e., possessed similar biochemical characteris 
tics). Many programs for analysis of nucleotide or amino 
acid sequence similarity, such as fasta and BLAST speci? 
cally list percent identity of a matching region as an output 
parameter. Thus, for instance, Tables 1 and 2 herein enu 
merate the percent identity “of the highest scoring segment 
pair” in each ORF and its listed relative. Further details 
concerning the algorithms and criteria used for homology 
searches are provided beloW and are described in the perti 
nent literature highlighted by the citations provided beloW. 

[0107] It Will be appreciated that other criteria can be used 
to generate more inclusive and more exclusive listings of the 
types set out in the tables. As those of skill Will appreciate, 
narroW and broad searches both are useful. Thus, a skilled 
artisan can readily identify ORFs in contigs of the Staphy 
lococcus aureus genome other than those listed in Tables 
1-3, such as ORFs Which are overlapping or encoded by the 
opposite strand of an identi?ed ORF in addition to those 
ascertainable using the computer-based systems of the 
present invention. 

[0108] As used herein, an “expression modulating frag 
ment,” EMF, means a series of nucleotide molecules Which 
modulates the expression of an operably linked ORF or 
EMF. 

[0109] As used herein, a sequence is said to “modulate the 
expression of an operably linked sequence” When the 
expression of the sequence is altered by the presence of the 
EMF. EMFs include, but are not limited to, promoters, and 
promoter modulating sequences (inducible elements). One 
class of EMFs are fragments Which induce the expression or 
an operably linked ORF in response to a speci?c regulatory 
factor or physiological event. 

[0110] EMF sequences can be identi?ed Within the contigs 
of the Staphylococcus aureus genome by their proximity to 
the ORFs provided in Tables 1-3. An intergenic segment, or 
a fragment of the intergenic segment, from about 10 to 200 
nucleotides in length, taken from any one of the ORFs of 
Tables 1-3 Will modulate the expression of an operably 
linked ORF in a fashion similar to that found With the 
naturally linked ORF sequence. As used herein, an “inter 
genic segment” refers to fragments of the Staphylococcus 
aureus genome Which are betWeen tWo ORF(s) herein 
described. EMFs also can be identi?ed using knoWn EMFs 
as a target sequence or target motif in the computer-based 
systems of the present invention. Further, the tWo methods 
can be combined and used together. 

[0111] The presence and activity of an EMF can be 
con?rmed using an EMF trap vector. An EMF trap vector 
contains a cloning site linked to a marker sequence. A 
marker sequence encodes an identi?able phenotype, such as 
antibiotic resistance or a complementing nutrition aux 
otrophic factor, Which can be identi?ed or assayed When the 
EMF trap vector is placed Within an appropriate host under 
appropriate conditions. As described above, a EMF Will 
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modulate the expression of an operably linked marker 
sequence. A more detailed discussion of various marker 
sequences is provided beloW. 

[0112] A sequence Which is suspected as being an EMF is 
cloned in all three reading frames in one or more restriction 
sites upstream from the marker sequence in the EMF trap 
vector. The vector is then transformed into an appropriate 
host using knoWn procedures and the phenotype of the 
transformed host in examined under appropriate conditions. 
As described above, an EMF Will modulate the expression 
of an operably linked marker sequence. 

[0113] As used herein, a “diagnostic fragment,” DF, 
means a series of nucleotide molecules Which selectively 
hybridiZe to Staphylococcus aureus sequences. DFs can be 
readily identi?ed by identifying unique sequences Within 
contigs of the Staphylococcus aureus genome, such as by 
using Well-knoWn computer analysis softWare, and by gen 
erating and testing probes or ampli?cation primers consist 
ing of the DF sequence in an appropriate diagnostic format 
Which determines ampli?cation or hybridiZation selectivity. 

[0114] The sequences falling Within the scope of the 
present invention are not limited to the speci?c sequences 
herein described, but also include allelic and species varia 
tions thereof. Allelic and species variations can be routinely 
determined by comparing the sequences provided in SEQ ID 
NOS: 1-5,191, a representative fragment thereof, or a nucle 
otide sequence at least 99% and preferably 99.9% identical 
to SEQ ID NOS: 1-5,191, With a sequence from another 
isolate of the same species. 

[0115] Furthermore, to accommodate codon variability, 
the invention includes nucleic acid molecules coding for the 
same amino acid sequences as do the speci?c ORFs dis 
closed herein. In other Words, in the coding region of an 
ORF, substitution of one codon for another Which encodes 
the same amino acid is expressly contemplated. 

[0116] Any speci?c sequence disclosed herein can be 
readily screened for errors by resequencing a particular 
fragment, such as an ORF, in both directions (i.e., sequence 
both strands). Alternatively, error screening can be per 
formed by sequencing corresponding polynucleotides of 
Staphylococcus aureus origin isolated by using part or all of 
the fragments in question as a probe or primer. 

[0117] Each of the ORFs of the Staphylococcus aureus 
genome disclosed in Tables 1, 2 and 3, and the EMFs found 
5‘ to the ORFs, can be used as polynucleotide reagents in 
numerous Ways. For example, the sequences can be used as 
diagnostic probes or diagnostic ampli?cation primers to 
detect the presence of a speci?c microbe in a sample, 
particular Staphylococcus aureus. Especially preferred in 
this regard are ORF such as those of Table 3, Which do not 
match previously characteriZed sequences from other organ 
isms and thus are most likely to be highly selective for 
Staphylococcus aureus. Also particularly preferred are 
ORFs that can be used to distinguish betWeen strains of 
Staphylococcus aureus, particularly those that distinguish 
medically important strain, such as drug-resistant strains. 

[0118] In addition, the fragments of the present invention, 
as broadly described, can be used to control gene expression 
through triple helix formation or antisense DNA or RNA, 
both of Which methods are based on the binding of a 
polynucleotide sequence to DNA or RNA. Triple helix 
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formation optimally results in a shut-off of RNA transcrip 
tion from DNA, While antisense RNA hybridization blocks 
translation of an mRNA molecule into polypeptide. Infor 
mation from the sequences of the present invention can be 
used to design antisense and triple helix-forming oligonucle 
otides. Polynucleotides suitable for use in these methods are 
usually 20 to 40 bases in length and are designed to be 
complementary to a region of the gene involved in tran 
scription, for triple-helix formation, or to the mRNA itself, 
for antisense inhibition. Both techniques have been demon 
strated to be effective in model systems, and the requisite 
techniques are Well knoWn and involve routine procedures. 
Triple helix techniques are discussed in, for example, Lee et 
al., Nucl. Acids Res. 6: 3073 (1979); Cooney et al, Science 
241: 456 (1988); and Dervan et al., Science 251: 1360 
(1991). Antisense techniques in general are discussed in, for 
instance, Okano, J. Neurochem. 56: 560 (1991) and OLI 
GODEOXYNUCLEOTIDES AS ANTISENSE INHIBI 
TORS OF GENE EXPRESSION, CRC Press, Boca Raton, 
Fla. (1988)). 

[0119] The present invention further provides recombinant 
constructs comprising one or more fragments of the Staphy 
lococcus aureus genomic fragments and contigs of the 
present invention. Certain preferred recombinant constructs 
of the present invention comprise a vector, such as a plasmid 
or viral vector, into Which a fragment of the Staphylococcus 
aureus genome has been inserted, in a forWard or reverse 
orientation. In the case of a vector comprising one of the 
ORFs of the present invention, the vector may further 
comprise regulatory sequences, including for example, a 
promoter, operably linked to the ORF. For vectors compris 
ing the EMFs of the present invention, the vector may 
further comprise a marker sequence or heterologous ORF 
operably linked to the EMF. 

[0120] Large numbers of suitable vectors and promoters 
are knoWn to those of skill in the art and are commercially 
available for generating the recombinant constructs of the 
present invention. The folloWing vectors are provided by 
Way of example. Useful bacterial vectors include phag 
escript, PsiX174, pBluescript SK and KS (+and —), pNH8a, 
pNH16a, pNH18a, pNH46a (available from Stratagene); 
pTrc99A, pKK223-3, pKK233-3, pDR540, pRITS (avail 
able from Pharmacia). Useful eukaryotic vectors include 
pWLneo, pSV2cat, pOG44, pXT1, pSG (available from 
Stratagene) pSVK3, pBPV, pMSG, pSVL (available from 
Pharmacia). 
[0121] Promoter regions can be selected from any desired 
gene using CAT (chloramphenicol transferase) vectors or 
other vectors With selectable markers. TWo appropriate 
vectors are pKK232-8 and pCM7. Particular named bacte 
rial promoters include lacI, lacZ, T3, T7, gpt, lambda PR, 
and trc. Eukaryotic promoters include CMV immediate 
early, HSV thymidine kinase, early and late SV40, LTRs 
from retrovirus, and mouse metallothionein-I. Selection of 
the appropriate vector and promoter is Well Within the level 
of ordinary skill in the art. 

[0122] The present invention further provides host cells 
containing any one of the isolated fragments of the Staphy 
lococcus aureus genomic fragments and contigs of the 
present invention, Wherein the fragment has been introduced 
into the host cell using knoWn methods. The host cell can be 
a higher eukaryotic host cell, such as a mammalian cell, a 
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loWer eukaryotic host cell, such as a yeast cell, or a pro 
caryotic cell, such as a bacterial cell. 

[0123] Apolynucleotide of the present invention, such as 
a recombinant construct comprising an ORF of the present 
invention, may be introduced into the host by a variety of 
Well established techniques that are standard in the art, such 
as calcium phosphate transfection, DEAE, dextran mediated 
transfection and electroporation, Which are described in, for 
instance, Davis, L. et al., BASIC METHODS IN MOLECU 
LAR BIOLOGY (1986). 

[0124] A host cell containing one of the fragments of the 
Staphylococcus aureus genomic fragments and contigs of 
the present invention, can be used in conventional manners 
to produce the gene product encoded by the isolated frag 
ment (in the case of an ORF) or can be used to produce a 
heterologous protein under the control of the EMF. 

[0125] The present invention further provides isolated 
polypeptides encoded by the nucleic acid fragments of the 
present invention or by degenerate variants of the nucleic 
acid fragments of the present invention. By “degenerate 
variant” is intended nucleotide fragments Which differ from 
a nucleic acid fragment of the present invention (e.g., an 
ORF) by nucleotide sequence but, due to the degeneracy of 
the Genetic Code, encode an identical polypeptide sequence. 

[0126] Preferred nucleic acid fragments of the present 
invention are the ORFs depicted in Tables 2 and 3 Which 
encode proteins. 

[0127] Avariety of methodologies knoWn in the art can be 
utiliZed to obtain any one of the isolated polypeptides or 
proteins of the present invention. At the simplest level, the 
amino acid sequence can be synthesiZed using commercially 
available peptide synthesiZers. This is particularly useful in 
producing small peptides and fragments of larger polypep 
tides. Such short fragments as may be obtained most readily 
by synthesis are useful, for example, in generating antibod 
ies against the native polypeptide, as discussed further 
beloW. 

[0128] In an alternative method, the polypeptide or protein 
is puri?ed from bacterial cells Which naturally produce the 
polypeptide or protein. One skilled in the art can readily 
employ Well-knoWn methods for isolating polypeptides and 
proteins to isolate and purify polypeptides or proteins of the 
present invention produced naturally by a bacterial strain, or 
by other methods. Methods for isolation and puri?cation that 
can be employed in this regard include, but are not limited 
to, immunochromatography, HPLC, siZe-exclusion chroma 
tography, ion-exchange chromatography, and immuno-af 
?nity chromatography. 

[0129] The polypeptides and proteins of the present inven 
tion also can be puri?ed from cells Which have been altered 
to express the desired polypeptide or protein. As used herein, 
a cell is said to be altered to express a desired polypeptide 
or protein When the cell, through genetic manipulation, is 
made to produce a polypeptide or protein Which it normally 
does not produce or Which the cell normally produces at a 
loWer level. Those skilled in the art can readily adapt 
procedures for introducing and expressing either recombi 
nant or synthetic sequences into eukaryotic or prokaryotic 
cells in order to generate a cell Which produces one of the 
polypeptides or proteins of the present invention. 
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[0130] Any host/vector system can be used to express one 
or more of the ORFs of the present invention. These include, 
but are not limited to, eukaryotic hosts such as HeLa cells, 
CV-l cell, COS cells, and Sf9 cells, as Well as prokaryotic 
host such as E. coli and B. subtilis. The most preferred cells 
are those Which do not normally express the particular 
polypeptide or protein or Which expresses the polypeptide or 
protein at loW natural level. 

[0131] “Recombinant,” as used herein, means that a 
polypeptide or protein is derived from recombinant (e.g., 
microbial or mammalian) expression systems. “Microbial” 
refers to recombinant polypeptides or proteins made in 
bacterial or fungal (e.g., yeast) expression systems. As a 
product, “recombinant microbial” de?nes a polypeptide or 
protein essentially free of native endogenous substances and 
unaccompanied by associated native glycosylation. 
Polypeptides or proteins expressed in most bacterial cul 
tures, e.g., E. coli, Will be free of glycosylation modi?ca 
tions; polypeptides or proteins expressed in yeast Will have 
a glycosylation pattern different from that expressed in 
mammalian cells. 

[0132] “Nucleotide sequence” refers to a heteropolymer of 
deoxyribonucleotides. Generally, DNA segments encoding 
the polypeptides and proteins provided by this invention are 
assembled from fragments of the Staphylococcus aureus 
genome and short oligonucleotide linkers, or from a series of 
oligonucleotides, to provide a synthetic gene Which is 
capable of being expressed in a recombinant transcriptional 
unit comprising regulatory elements derived from a micro 
bial or viral operon. 

[0133] “Recombinant expression vehicle or vector” refers 
to a plasmid or phage or virus or vector, for expressing a 
polypeptide from a DNA (RNA) sequence. The expression 
vehicle can comprise a transcriptional unit comprising an 
assembly of (1) a genetic regulatory elements necessary for 
gene expression in the host, including elements required to 
initiate and maintain transcription at a level suf?cient for 
suitable expression of the desired polypeptide, including, for 
example, promoters and, Where necessary, an enhancers and 
a polyadenylation signal; (2) a structural or coding sequence 
Which is transcribed into mRNA and translated into protein, 
and (3) appropriate signals to initiate translation at the 
beginning of the desired coding region and terminate trans 
lation at its end. Structural units intended for use in yeast or 
eukaryotic expression systems preferably include a leader 
sequence enabling extracellular secretion of translated pro 
tein by a host cell. Alternatively, Where recombinant protein 
is expressed Without a leader or transport sequence, it may 
include an N-terminal methionine residue. This residue may 
or may not be subsequently cleaved from the expressed 
recombinant protein to provide a ?nal product. 

[0134] “Recombinant expression system” means host cells 
Which have stably integrated a recombinant transcriptional 
unit into chromosomal DNA or carry the recombinant tran 
scriptional unit extra chromosomally. The cells can be 
prokaryotic or eukaryotic. Recombinant expression systems 
as de?ned herein Will express heterologous polypeptides or 
proteins upon induction of the regulatory elements linked to 
the DNA segment or synthetic gene to be expressed. 

[0135] Mature proteins can be expressed in mammalian 
cells, yeast, bacteria, or other cells under the control of 
appropriate promoters. Cell-free translation systems can also 
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be employed to produce such proteins using RNAs derived 
from the DNA constructs of the present invention. Appro 
priate cloning and expression vectors for use With prokary 
otic and eukaryotic hosts are described in Sambrook et al., 
lVnIdOLECULAR CLONING:A LABORATORY MANUAL, 
2 Edition, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY. (1989), the disclosure of Which is 
hereby incorporated by reference in its entirety. 

[0136] Generally, recombinant expression vectors Will 
include origins of replication and selectable markers per 
mitting transformation of the host cell, e.g., the ampicillin 
resistance gene of E. coli and S. cerevisiae TRPI gene, and 
a promoter derived from a highly expressed gene to direct 
transcription of a doWnstream structural sequence. Such 
promoters can be derived from operons encoding glycolytic 
enZymes such as 3-phosphoglycerate kinase (PGK), alpha 
factor, acid phosphatase, or heat shock proteins, among 
others. The heterologous structural sequence is assembled in 
appropriate phase With translation initiation and termination 
sequences, and preferably, a leader sequence capable of 
directing secretion of translated protein into the periplasmic 
space or extracellular medium. Optionally, the heterologous 
sequence can encode a fusion protein including an N-ter 
minal identi?cation peptide imparting desired characteris 
tics, e. g., stabiliZation or simpli?ed puri?cation of expressed 
recombinant product. 

[0137] Useful expression vectors for bacterial use are 
constructed by inserting a structural DNA sequence encod 
ing a desired protein together With suitable translation 
initiation and termination signals in operable reading phase 
With a functional promoter. The vector Will comprise one or 
more phenotypic selectable markers and an origin of repli 
cation to ensure maintenance of the vector and, When 
desirable, provide ampli?cation Within the host. 

[0138] Suitable prokaryotic hosts for transformation 
include strains of Staphylococcus aureus, E. coli, B. subtilis, 
Salmonella typhimurium and various species Within the 
genera Pseudomonas, Streptomyces, and Staphylococcus. 
Others may, also be employed as a matter of choice. 

[0139] As a representative but non-limiting example, use 
ful expression vectors for bacterial use can comprise a 
selectable marker and bacterial origin of replication derived 
from commercially available plasmids comprising genetic 
elements of the Well knoWn cloning vector pBR322 (ATCC 
37017). Such commercial vectors include, for example, 
pKK223-3 (available form Pharmacia Fine Chemicals, Upp 
sala, SWeden) and GEM 1 (available from Promega Biotec, 
Madison, Wis., USA). These pBR322 “backbone” sections 
are combined With an appropriate promoter and the struc 
tural sequence to be expressed. 

[0140] FolloWing transformation of a suitable host strain 
and groWth of the host strain to an appropriate cell density, 
the selected promoter, Where it is inducible, is derepressed or 
induced by appropriate means (e.g., temperature shift or 
chemical induction) and cells are cultured for an additional 
period to provide for expression of the induced gene prod 
uct. Thereafter cells are typically harvested, generally by 
centrifugation, disrupted to release expressed protein, gen 
erally by physical or chemical means, and the resulting 
crude extract is retained for further puri?cation. 

[0141] Various mammalian cell culture systems can also 
be employed to express recombinant protein. Examples of 
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mammalian expression systems include the COS-7 lines of 
monkey kidney ?broblasts, described in GluZman, Cell 23: 
175 (1981), and other cell lines capable of expressing a 
compatible vector, for example, the C127, 3T3, CHO, HeLa 
and BHK cell lines. 

[0142] Mammalian expression vectors Will comprise an 
origin of replication, a suitable promoter and enhancer, and 
also any necessary ribosome binding sites, polyadenylation 
site, splice donor and acceptor sites, transcriptional termi 
nation sequences, and 5‘ ?anking nontranscribed sequences. 
DNA sequences derived from the SV40 viral genome, for 
example, SV40 origin, early promoter, enhancer, splice, and 
polyadenylation sites may be used to provide the required 
nontranscribed genetic elements. 

[0143] Recombinant polypeptides and proteins produced 
in bacterial culture is usually isolated by initial extraction 
from cell pellets, folloWed by one or more salting-out, 
aqueous ion exchange or siZe exclusion chromatography 
steps. Microbial cells employed in expression of proteins 
can be disrupted by any convenient method, including 
freeZe-thaW cycling, sonication, mechanical disruption, or 
use of cell lysing agents. Protein refolding steps can be used, 
as necessary, in completing con?guration of the mature 
protein. Finally, high performance liquid chromatography 
(HPLC) can be employed for ?nal puri?cation steps. 

[0144] An additional aspect of the invention includes 
Staphylococcus aureus polypeptides Which are useful as 
immunodiagnostic antigens and/or immunoprotective vac 
cines, collectively “immunologically useful polypeptides”. 
Such immunologically useful polypeptides may be selected 
from the ORFs disclosed herein based on techniques Well 
knoWn in the art and described elseWhere herein. The 
inventors have used the folloWing criteria to select several 
immunologically useful polypeptides: 
[0145] As is knoWn in the art, an amino terminal type I 
signal sequence directs a nascent protein across the plasma 
and outer membranes to the exterior of the bacterial cell. 
Such outer membrane polypeptides are expected to be 
immunologically useful. According to hard, J. W. et al., 
Mol. Microbiol. 13, 765-773; (1994), polypeptides contain 
ing type I signal sequences contain the folloWing physical 
attributes: The length of the type I signal sequence is 
approximately 15 to 25 primarily hydrophobic amino acid 
residues With a net positive charge in the extreme amino 
terminus; the central region of the signal sequence must 
adopt an alpha-helical conformation in a hydrophobic envi 
ronment; and the region surrounding the actual site of 
cleavage is ideally six residues long, With small side-chain 
amino acids in the —1 and —3 positions. 

[0146] Also knoWn in the art is the type IV signal 
sequence Which is an example of the several types of 
functional signal sequences Which exist in addition to the 
type I signal sequence detailed above. Although functionally 
related, the type IV signal sequence possesses a unique set 
of biochemical and physical attributes (Strom, M. S. and 
Lory, S., J. Bacteriol. 174, 7345-7351; 1992)). These are 
typically six to eight amino acids With a net basic charge 
folloWed by an additional sixteen to thirty primarily hydro 
phobic residues. The cleavage site of a type IV signal 
sequence is typically after the initial six to eight amino acids 
at the extreme amino terminus. In addition, all type IV signal 
sequences contain a phenylalanine residue at the +1 site 
relative to the cleavage site. 
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[0147] Studies of the cleavage sites of tWenty-six bacterial 
lipoprotein precursors has alloWed the de?nition of a con 
sensus amino acid sequence for lipoprotein cleavage. Nearly 
three-fourths of the bacterial lipoprotein precursors exam 
ined contained the sequence L-(A,S)-(G,A)-C at positions 
—3 to +1, relative to the point of cleavage (Hayashi, S. and 
Wu, H. C. Lipoproteins in bacteria. J Bioenerg. Biomembr. 
22, 451-471; 1990). 

[0148] It is Well knoWn that most anchored proteins found 
on the surface of gram-positive bacteria possess a highly 
conserved carboxy terminal sequence. More than ?fty such 
proteins from organisms such as S. pyogenes, S. mutans, E. 
faecalis, S. pneumoniae, and others, have been identi?ed 
based on their extracellular location and carboxy terminal 
amino acid sequence (Fischetti, V. A. Gram-positive com 
mensal bacteria deliver antigens to elicit mucosal and sys 
temic immunity. ASM NeWs 62, 405-410; 1996). The con 
served region is comprised of six charged amino acids at the 
extreme carboxy terminus coupled to 15-20 hydrophobic 
amino acids presumed to function as a transmembrane 
domain. Immediately adjacent to the transmembrane domain 
is a six amino acid sequence conserved in nearly all proteins 
examined. The amino acid sequence of this region is L-P 
X-G-X (SEQ ID NO:5256), Where X is any amino acid. 

[0149] Amino acid sequence similarities to proteins of 
knoWn function by BLAST enables the assignment of puta 
tive functions to novel amino acid sequences and alloWs for 
the selection of proteins thought to function outside the cell 
Wall. Such proteins are Well knoWn in the art and include 
“lipoprotein”, “periplasmic”, or “antigen”. 

[0150] An algorithm for selecting antigenic and immuno 
genic Staphylococcus aureus polypeptides including the 
foregoing criteria Was developed by the present inventors. 
Use of the algorithm by the inventors to select immunologi 
cally useful Staphylococcus aureus polypeptides resulted in 
the selection of several ORFs Which are predicted to be outer 
membrane-associated proteins. These proteins are identi?ed 
beloW, and shoWn in the Sequence Listing as SEQ ID NOS: 
5,192 to 5,255. Thus the amino acid sequence of each of 
several antigenic Staphylococcus aureus polypeptides can 
be determined, for example, by locating the amino acid 
sequence of the ORF in the Sequence Listing. LikeWise the 
polynucleotide sequence encoding each ORF can be found 
by locating the corresponding polynucleotide SEQ ID in 
Tables 1, 2, or 3, and ?nding the corresponding nucleotide 
sequence in the sequence listing. 

[0151] As Will be appreciated by those of ordinary skill in 
the art, although a polypeptide representing an entire ORF 
may be the closest approximation to a protein found in vivo, 
it is not alWays technically practical to express a complete 
ORF in vitro. It may be very challenging to express and 
purify a highly hydrophobic protein by common laboratory 
methods. As a result, the immunologically useful polypep 
tides described herein as SEQ ID NOS: 5,192-5,255 may 
have been modi?ed slightly to simplify the production of 
recombinant protein, and are the preferred embodiments. In 
general, nucleotide sequences Which encode highly hydro 
phobic domains, such as those found at the amino terminal 
signal sequence, are excluded for enhanced in vitro expres 
sion of the polypeptides. Furthermore, any highly hydro 
phobic amino acid sequences occurring at the carboxy 
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terminus are also excluded. Such truncated polypeptides 
include for example the mature forms of the polypeptides 
expected to exist in nature. 

[0152] Those of ordinary skill in the art can identify 
soluble portions the polypeptide, and in the case of truncated 
polypeptides sequences shoWn as SEQ ID NOS: 5,192-5, 
255, may obtain the complete predicted amino acid 
sequence of each polypeptide by translating the correspond 
ing polynucleotides sequences of the corresponding ORF 
listed in Tables 1,2 and 3 and found in the sequence listing. 

[0153] Accordingly, polypeptides comprising the com 
plete amino acid sequence of an immunologically useful 
polypeptide selected from the group of polypeptides 
encoded by the ORFs shoWn as SEQ ID NOS: 5,192-5,255, 
or an amino acid sequence at least 95% identical thereto, 
preferably at least 97% identical thereto, and most prefer 
ably at least 99% identical thereto form an embodiment of 
the invention; in addition, polypeptides comprising an 
amino acid sequence selected from the group of amino acid 
sequences shoWn in the sequence listing as SEQ ID NOS: 
5,191-5,255, or an amino acid sequence at least 95% iden 
tical thereto, preferably at least 97% identical thereto and 
most preferably 99% identical thereto, form an embodiment 
of the invention. Polynucleotides encoding the foregoing 
polypeptides also form part of the invention. 

[0154] In another aspect, the invention provides a peptide 
or polypeptide comprising an epitope-bearing portion of a 
polypeptide of the invention, particularly those epitope 
bearing portions (antigenic regions) identi?ed in the 
sequence listing as SEQ ID NOS: 5,191-5,255. The epitope 
bearing portion is an immunogenic or antigenic epitope of a 
polypeptide of the invention. An “immunogenic epitope” is 
de?ned as a part of a protein that elicits an antibody response 
When the Whole protein is the immunogen. On the other 
hand, a region of a protein molecule to Which an antibody 
can bind is de?ned as an “antigenic epitope.” The number of 
immunogenic epitopes of a protein generally is less than the 
number of antigenic epitopes. See, for instance, Geysen et 
al., Proc. Natl. Acad. Sci. USA 81:3998-4002 (1983). 

[0155] As to the selection of peptides or polypeptides 
bearing an antigenic epitope (i.e., that contain a region of a 
protein molecule to Which an antibody can bind), it is Well 
knoWn in that art that relatively short synthetic peptides that 
mimic part of a protein sequence are routinely capable of 
eliciting an antiserum that reacts With the partially mimicked 
protein. See, for instance, Sutcliffe, J. G., Shinnick, T. M., 
Green, N. and Learner, R. A. (1983) “Antibodies that react 
With predetermined sites on proteins”, Science, 219:660 
666. Peptides capable of eliciting protein-reactive sera are 
frequently represented in the primary sequence of a protein, 
can be characteriZed by a set of simple chemical rules, and 
are con?ned neither to immunodominant regions of intact 
proteins (i.e., immunogenic epitopes) nor to the amino or 
carboxyl terminals. 

[0156] Antigenic epitope-bearing peptides and polypep 
tides of the invention are therefore useful to raise antibodies, 
including monoclonal antibodies, that bind speci?cally to a 
polypeptide of the invention. See, for instance, Wilson et al., 
Cell 37:767-778 (1984) at 777. 

[0157] Antigenic epitope-bearing peptides and polypep 
tides of the invention preferably contain a sequence of at 
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least seven, more preferably at least nine and most prefer 
ably betWeen about 15 to about 30 amino acids contained 
Within the amino acid sequence of a polypeptide of the 
invention. Non-limiting examples of antigenic polypeptides 
or peptides that can be used to generate S. aureus speci?c 
antibodies include: a polypeptide comprising peptides 
shoWn beloW. These polypeptide fragments have been deter 
mined to bear antigenic epitopes of indicated S. aureus 
proteins by the analysis of the Jameson-Wolf antigenic 
index, a representative sample of Which is shoWn in FIG. 3. 

[0158] The epitope-bearing peptides and polypeptides of 
the invention may be produced by any conventional means. 
See, e.g., Houghten, R. A. (1985) General method for the 
rapid solid-phase synthesis of large numbers of peptides: 
speci?city of antigen-antibody interaction at the level of 
individual amino acids. Proc. Natl. Acad. Sci. USA 82:5131 
5135; this “Simultaneous Multiple Peptide Synthesis 
(SMPS)” process is further described in US. Pat. No. 
4,631,211 to Houghten et al. (1986). 

[0159] Epitope-bearing peptides and polypeptides of the 
invention are used to induce antibodies according to meth 
ods Well knoWn in the art. See, for instance, Sutcliffe et al., 
supra; Wilson et al., supra; ChoW, M. et al., Proc. Natl. Acad. 
Sci. USA 82:910-914; and Bittle, F. J. et al., J. Gen. Virol. 
66:2347-2354 (1985). Immunogenic epitope-bearing pep 
tides of the invention, i.e., those parts of a protein that elicit 
an antibody response When the Whole protein is the immu 
nogen, are identi?ed according to methods knoWn in the art. 
See, for instance, Geysen et al., supra. Further still, US. Pat. 
No. 5,194,392 to Geysen (1990) describes a general method 
of detecting or determining the sequence of monomers 
(amino acids or other compounds) Which is a topological 
equivalent of the epitope (i.e., a “mimotope”) Which is 
complementary to a particular paratope (antigen binding 
site) of an antibody of interest. More generally, US. Pat. No. 
4,433,092 to Geysen (1989) describes a method of detecting 
or determining a sequence of monomers Which is a topo 
graphical equivalent of a ligand Which is complementary to 
the ligand binding site of a particular receptor of interest. 
Similarly, US. Pat. No. 5,480,971 to Houghten, R. A. et al. 
(1996) on Peralkylated Oligopeptide Mixtures discloses 
linear C1-C7-alkyl peralkylated oligopeptides and sets and 
libraries of such peptides, as Well as methods for using such 
oligopeptide sets and libraries for determining the sequence 
of a peralkylated oligopeptide that preferentially binds to an 
acceptor molecule of interest. Thus, non-peptide analogs of 
the epitope-bearing peptides of the invention also can be 
made routinely by these methods. 

[0160] Immunologically useful polypeptides may be iden 
ti?ed by an algorithm Which locates novel Staphylococcus 
aureus outer membrane proteins, as is described above. Also 
listed are epitopes or “antigenic regions” of each of the 
identi?ed polypeptides. The antigenic regions, or epitopes, 
are delineated by tWo numbers x-y, Where x is the number 
of the ?rst amino acid in the open reading frame included 
Within the epitope and y is the number of the last amino acid 
in the open reading frame included Within the epitope. For 
example, the ?rst epitope in ORF 168-6 is comprised of 
amino acids 36 to 45 of SEQ ID NO: 5,192. The inventors 
have identi?ed several epitopes for each of the antigenic 
polypeptides identi?ed. Accordingly, forming part of the 
present invention are polypeptides comprising an amino acid 
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sequence of one or more antigenic regions identi?ed. The 
invention further provides polynucleotides encoding such 
polypeptides. 
[0161] The present invention further includes isolated 
polypeptides, proteins and nucleic acid molecules Which are 
substantially equivalent to those herein described. As used 
herein, substantially equivalent can refer both to nucleic acid 
and amino acid sequences, for example a mutant sequence, 
that varies from a reference sequence by one or more 

substitutions, deletions, or additions, the net effect of Which 
does not result in an adverse functional dissimilarity 
betWeen reference and subject sequences. For purposes of 
the present invention, sequences having equivalent biologi 
cal activity, and equivalent expression characteristics are 
considered substantially equivalent. For purposes of deter 
mining equivalence, truncation of the mature sequence 
should be disregarded. 

[0162] The invention further provides methods of obtain 
ing homologs from other strains of Staphylococcus aureus, 
of the fragments of the Staphylococcus aureus genome of 
the present invention and homologs of the proteins encoded 
by the ORFs of the present invention. As used herein, a 
sequence or protein of Staphylococcus aureus is de?ned as 
a homolog of a fragment of the Staphylococcus aureus 
fragments or contigs or a protein encoded by one of the 
ORFs of the present invention, if it shares signi?cant homol 
ogy to one of the fragments of the Staphylococcus aureus 
genome of the present invention or a protein encoded by one 
of the ORFs of the present invention. Speci?cally, by using 
the sequence disclosed herein as a probe or as primers, and 
techniques such as PCR cloning and colony/plaque hybrid 
iZation, one skilled in the art can obtain homologs. 

[0163] As used herein, tWo nucleic acid molecules or 
proteins are said to “share signi?cant homology” if the tWo 
contain regions Which possess greater than 85% sequence 
(amino acid or nucleic acid) homology. Preferred homologs 
in this regard are those With more than 90% homology. 
Especially preferred are those With 93% or more homology. 
Among especially preferred homologs those With 95% or 
more homology are particularly preferred. Very particularly 
preferred among these are those With 97% and even more 
particularly preferred among those are homologs With 99% 
or more homology. The most preferred homologs among 
these are those With 99.9% homology or more. It Will be 
understood that, among measures of homology, identity is 
particularly preferred in this regard. 

[0164] Region speci?c primers or probes derived from the 
nucleotide sequence provided in SEQ ID NOS: 1-5,191 or 
from a nucleotide sequence at least 95%, particularly at least 
99%, especially at least 99.5% identical to a sequence of 
SEQ ID NOS: 1-5,191 can be used to prime DNA synthesis 
and PCR ampli?cation, as Well as to identify colonies 
containing cloned DNA encoding a homolog. Methods 
suitable to this aspect of the present invention are Well 
knoWn and have been described in great detail in many 
publications such as, for example, Innis et al., PCR PRO 
TOCOLS, Academic Press, San Diego, Calif. (1990)). 

[0165] When using primers derived from SEQ ID NOS: 
1-5,191 or from a nucleotide sequence having an aforemen 
tioned identity to a sequence of SEQ ID NOS: 1-5,191, one 
skilled in the art Will recogniZe that by employing high 
stringency conditions (e.g., annealing at 50-60° C. in 6x 
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SSPC and 50% formamide, and Washing at 50-65° C. in 0.5>< 
SSPC) only sequences Which are greater than 75% homolo 
gous to the primer Will be ampli?ed. By employing loWer 
stringency conditions (e.g., hybridiZing at 35-37° C. in 5x 
SSPC and 40-45% formamide, and Washing at 42° C. in 0.5>< 
SSPC), sequences Which are greater than 40-50% homolo 
gous to the primer Will also be ampli?ed. 

[0166] When using DNA probes derived from SEQ ID 
NOS: 1-5,191, or from a nucleotide sequence having an 
aforementioned identity to a sequence of SEQ ID NOS: 
1-5,191, for colony/plaque hybridiZation, one skilled in the 
art Will recogniZe that by employing high stringency con 
ditions (e.g., hybridiZing at 50-65° C. in 5x SSPC and 50% 
formamide, and Washing at 50-65° C. in 0.5>< SSPC), 
sequences having regions Which are greater than 90% 
homologous to the probe can be obtained, and that by 
employing loWer stringency conditions (e.g., hybridiZing at 
35-37° C. in 5x SSPC and 40-45% formamide, and Washing 
at 42° C. in 0.5 x SSPC), sequences having regions Which are 
greater than 35-45% homologous to the probe Will be 
obtained. 

[0167] Any organism can be used as the source for 
homologs of the present invention so long as the organism 
naturally expresses such a protein or contains genes encod 
ing the same. The most preferred organism for isolating 
homologs are bacterias Which are closely related to Staphy 
lococcus aureus. 

ILLUSTRATIVE USES OF COMPOSITIONS OF 
THE INVENTION 

[0168] Each ORF provided in Tables 1 and 2 is identi?ed 
With a function by homology to a knoWn gene or polypep 
tide. As a result, one skilled in the art can use the polypep 
tides of the present invention for commercial, therapeutic 
and industrial purposes consistent With the type of putative 
identi?cation of the polypeptide. Such identi?cations permit 
one skilled in the art to use the Staphylococcus aureus ORFs 
in a manner similar to the knoWn type of sequences for 
Which the identi?cation is made; for example, to ferment a 
particular sugar source or to produce a particular metabolite. 
A variety of revieWs illustrative of this aspect of the inven 
tion are available, including the folloWing revieWs on the 
industrial use of enZymes, for example, BIOCHEMICAL 
ENGINEERING AND BIOTECHNOLOGY HANDBOOK, 
2nd Ed., Macmillan Publications, Ltd. NY (1991) and BIO 
CATALYSTS IN ORGANIC SYNTHESES, Tramper et al., 
Eds., Elsevier Science Publishers, Amsterdam, The Nether 
lands (1985). Avariety of exemplary uses that illustrate this 
and similar aspects of the present invention are discussed 
beloW. 

[0169] 1. Biosynthetic EnZymes 

[0170] Open reading frames encoding proteins involved in 
mediating the catalytic reactions involved in intermediary 
and macromolecular metabolism, the biosynthesis of small 
molecules, cellular processes and other functions includes 
enZymes involved in the degradation of the intermediary 
products of metabolism, enZymes involved in central inter 
mediary metabolism, enZymes involved in respiration, both 
aerobic and anaerobic, enZymes involved in fermentation, 
enZymes involved in ATP proton motor force conversion, 
enZymes involved in broad regulatory function, enZymes 
involved in amino acid synthesis, enZymes involved in 
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nucleotide synthesis, enzymes involved in cofactor and 
vitamin synthesis, can be used for industrial biosynthesis. 

[0171] The various metabolic pathWays present in Staphy 
lococcus aureus can be identi?ed based on absolute nutri 
tional requirements as Well as by examining the various 
enZymes identi?ed in Table 1-3 and SEQ ID NOS: 1-5,191. 

[0172] Of particular interest are polypeptides involved in 
the degradation of intermediary metabolites as Well as 
non-macromolecular metabolism. Such enZymes include 
amylases, glucose oxidases, and catalase. 

[0173] Proteolytic enZymes are another class of commer 
cially important enZymes. Proteolytic enZymes ?nd use in a 
number of industrial processes including the processing of 
?ax and other vegetable ?bers, in the extraction, clari?cation 
and depectiniZation of fruit juices, in the extraction of 
vegetables’ oil and in the maceration of fruits and vegetables 
to give unicellular fruits. Adetailed revieW of the proteolytic 
enZymes used in the food industry is provided in Rombouts 
et al., Symbiosis 21: 79 (1986) and Voragen et al. in 
BIOCATALYSTS IN AGRICULTURAL BIOTECHNOL 
OGY, Whitaker et al., Eds., American Chemical Society 
Symposium Series 389: 93 (1989). 

[0174] The metabolism of sugars is an important aspect of 
the primary metabolism of Staphylococcus aureus. EnZymes 
involved in the degradation of sugars, such as, particularly, 
glucose, galactose, fructose and xylose, can be used in 
industrial fermentation. Some of the important sugar trans 
forming enZymes, from a commercial vieWpoint, include 
sugar isomerases such as glucose isomerase. Other meta 
bolic enZymes have found commercial use such as glucose 
oxidases Which produces ketogulonic acid (KGA). KGA is 
an intermediate in the commercial production of ascorbic 
acid using the Reichstein’s procedure, as described in Krue 
ger et al., Biotechnology 6(A), Rhine et al., Eds., Verlag 
Press, Weinheim, Germany (1984). 

[0175] Glucose oxidase (GOD) is commercially available 
and has been used in puri?ed form as Well as in an 
immobiliZed form for the deoxygenation of beer. See, for 
instance, Hartmeir et al.,Biotechnology Letters 1: 21 (1979). 
The most important application of GOD is the industrial 
scale fermentation of gluconic acid. Market for gluconic 
acids Which are used in the detergent, textile, leather, pho 
tographic, pharmaceutical, food, feed and concrete industry, 
as described, for example, in Bigelis et al., beginning on 
page 357 in GENE MANIPULATIONS AND FUNGI; Ben 
ett et al., Eds., Academic Press, NeW York (1985). In 
addition to industrial applications, GOD has found applica 
tions in medicine for quantitative determination of glucose 
in body ?uids recently in biotechnology for analyZing syrups 
from starch and cellulose hydrosylates. This application is 
described in OWusu et al., Biochem. et Biophysica. Acta. 
872: 83 (1986), for instance. 

[0176] The main sWeetener used in the World today is 
sugar Which comes from sugar beets and sugar cane. In the 
?eld of industrial enZymes, the glucose isomerase process 
shoWs the largest expansion in the market today. Initially, 
soluble enZymes Were used and later immobiliZed enZymes 
Were developed (Krueger et al., Biotechnology, The Text 
book of Industrial Microbiology, Sinauer Associated Incor 
porated, Sunderland, Mass. (1990)). Today, the use of glu 
cose- produced high fructose syrups is by far the largest 
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industrial business using immobiliZed enZymes. A revieW of 
the industrial use of these enZymes is provided by Jorgensen, 
Starch 40:307 (1988). 

[0177] Proteinases, such as alkaline serine proteinases, are 
used as detergent additives and thus represent one of the 
largest volumes of microbial enZymes used in the industrial 
sector. Because of their industrial importance, there is a large 
body of published and unpublished information regarding 
the use of these enZymes in industrial processes. (See 
Faultman et al., Acid Proteases Structure Function and 
Biology, Tang, J ., ed., Plenum Press, NeW York (1977) and 
Godfrey et al., Industrial EnZymes, MacMillan Publishers, 
Surrey, UK (1983) and Hepner et al, Report Industrial 
EnZymes by 1990, Hel Hepner & Associates, London 
(1986)). 
[0178] Another class of commercially usable proteins of 
the present invention are the microbial lipases, described by, 
for instance, Macrae et al., Philosophical Transactions of the 
Chiral Society of London 310:227 (1985) and Poserke, 
Journal of the American Oil Chemist Society 61:1758 
(1984). A major use of lipases is in the fat and oil industry 
for the production of neutral glycerides using lipase cata 
lyZed inter-esteri?cation of readily available triglycerides. 
Application of lipases include the use as a detergent additive 
to facilitate the removal of fats from fabrics in the course of 
the Washing procedures. 

[0179] The use of enZymes, and in particular microbial 
enZymes, as catalyst for key steps in the synthesis of 
complex organic molecules is gaining popularity at a great 
rate. One area of great interest is the preparation of chiral 
intermediates. Preparation of chiral intermediates is of inter 
est to a Wide range of synthetic chemists particularly those 
scientists involved With the preparation of neW pharmaceu 
ticals, agrochemicals, fragrances and ?avors. (See Davies et 
al., Recent Advances in the Generation of Chiral Interme 
diates Using EnZymes, CRC Press, Boca Raton, Fla. 
(1990)). The folloWing reactions catalyZed by enZymes are 
of interest to organic chemists: hydrolysis of carboxylic acid 
esters, phosphate esters, amides and nitriles, esteri?cation 
reactions, trans-esteri?cation reactions, synthesis of amides, 
reduction of alkanones and oxoalkanates, oxidation of alco 
hols to carbonyl compounds, oxidation of sul?des to sul 
foxides, and carbon bond forming reactions such as the aldol 
reaction. 

[0180] When considering the use of an enZyme encoded 
by one of the ORFs of the present invention for biotrans 
formation and organic synthesis it is sometimes necessary to 
consider the respective advantages and disadvantages of 
using a microorganism as opposed to an isolated enZyme. 
Pros and cons of using a Whole cell system on the one hand 
or an isolated partially puri?ed enZyme on the other hand, 
has been described in detail by Bud et al., Chemistry in 
Britain (1987), p. 127. 

[0181] Amino transferases, enZymes involved in the bio 
synthesis and metabolism of amino acids, are useful in the 
catalytic production of amino acids. The advantages of using 
microbial based enZyme systems is that the amino trans 
ferase enZymes catalyZe the stereo- selective synthesis of 
only L-amino acids and generally possess uniformly high 
catalytic rates. Adescription of the use of amino transferases 
for amino acid production is provided by Roselle-David, 
Methods ofEnzymology 136:479 (1987). 
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[0182] Another category of useful proteins encoded by the 
ORFs of the present invention include enzymes involved in 
nucleic acid synthesis, repair, and recombination. Avariety 
of commercially important enZymes have previously been 
isolated from members of Staphylococcus aureus. These 
include Sau3A and Sau96I. 

[0183] 2. Generation of Antibodies 

[0184] As described here, the proteins of the present 
invention, as Well as homologs thereof, can be used in a 
variety procedures and methods knoWn in the art Which are 
currently applied to other proteins. The proteins of the 
present invention can further be used to generate an antibody 
Which selectively binds the protein. Such antibodies can be 
either monoclonal or polyclonal antibodies, as Well frag 
ments of these antibodies, and humaniZed forms. 

[0185] The invention further provides antibodies Which 
selectively bind to one of the proteins of the present inven 
tion and hybridomas Which produce these antibodies. A 
hybridoma is an immortaliZed cell line Which is capable of 
secreting a speci?c monoclonal antibody. 

[0186] In general, techniques for preparing polyclonal and 
monoclonal antibodies as Well as hybridomas capable of 
producing the desired antibody are Well knoWn in the art 
(Campbell, A. M., MONOCLONAL ANTIBODY TECH 
NOLOGY: LABORATORY TECHNIQUES IN BIO 
CHEMISTRY AND MOLECULAR BIOLOGY, Elsevier 
Science Publishers, Amsterdam, The Netherlands (1984); St. 
Groth et al., J. Immunol. Methods 35: 1-21 (1980), Kohler 
and Milstein, Nature 256: 495-497 (1975)), the trioma 
technique, the human B-cell hybridoma technique (KoZbor 
et al., Immunology Today-4: 72 (1983), pgs. 77-96 of Cole 
et al., in MONOCLONAL ANTIBODIES AND CANCER 
THERAPY, Alan R. Liss, Inc. (1985)). 

[0187] Any animal (mouse, rabbit, etc.) Which is knoWn to 
produce antibodies can be immuniZed With the pseudogene 
polypeptide. Methods for immuniZation are Well knoWn in 
the art. Such methods include subcutaneous or interperito 
neal injection of the polypeptide. One skilled in the art Will 
recogniZe that the amount of the protein encoded by the ORF 
of the present invention used for immuniZation Will vary 
based on the animal Which is immuniZed, the antigenicity of 
the peptide and the site of injection. 

[0188] The protein Which is used as an immunogen may 
be modi?ed or administered in an adjuvant in order to 
increase the protein’s antigenicity. Methods of increasing 
the antigenicity of a protein are Well knoWn in the art and 
include, but are not limited to coupling the antigen With a 
heterologous protein (such as globulin or galactosidase) or 
through the inclusion of an adjuvant during immuniZation. 

[0189] For monoclonal antibodies, spleen cells from the 
immuniZed animals are removed, fused With myeloma cells, 
such as SP2/0-Ag14 myeloma cells, and alloWed to become 
monoclonal antibody producing hybridoma cells. 

[0190] Any one of a number of methods Well knoWn in the 
art can be used to identify the hybridoma cell Which pro 
duces an antibody With the desired characteristics. These 
include screening the hybridomas With an ELISA assay, 
Western blot analysis, or radioimmunoassay (LutZ et al., 
Exp. Cell Res. 175: 109-124 (1988)). 
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[0191] Hybridomas secreting the desired antibodies are 
cloned and the class and subclass is determined using 
procedures knoWn in the art (Campbell, A. M., Monoclonal 
Antibody Technology: Laboratory Techniques in Biochem 
istry and Molecular Biology, Elsevier Science Publishers, 
Amsterdam, The Netherlands (1984)). 

[0192] Techniques described for the production of single 
chain antibodies (US. Pat. No. 946,778) can be adapted to 
produce single chain antibodies to proteins of the present 
invention. 

[0193] For polyclonal antibodies, antibody containing 
antisera is isolated from the immuniZed animal and is 
screened for the presence of antibodies With the desired 
speci?city using one of the above-described procedures. 

[0194] The present invention further provides the above 
described antibodies in detectably labeled form. Antibodies 
can be detectably labeled through the use of radioisotopes, 
af?nity labels (such as biotin, avidin, etc.), enZymatic labels 
(such as horseradish peroxidase, alkaline phosphatase, etc.) 
?uorescent labels (such as FITC or rhodamine, etc.), para 
magnetic atoms, etc. Procedures for accomplishing such 
labeling are Well-knoWn in the art, for example see Stem 
berger et al., J. Histochem. Cytochem. 181315 (1970); Bayer, 
E. A. et al., Meth. EnZym. 62:308 (1979); Engval, E. et al., 
Immunol. 109-129 (1972); Goding, J. W. J. Immunol. Meth. 
131215 (1976)). 

[0195] The labeled antibodies of the present invention can 
be used for in vitro, in vivo, and in situ assays to identify 
cells or tissues in Which a fragment of the Staphyococcus 
aureus genome is expressed. 

[0196] The present invention further provides the above 
described antibodies immobliZed on a solid support. 
Examples of such solid supports include plastics such as 
polycarbonate, complex carbohydrates such as agarose and 
sepharose, acrylic resins and such as polyacrylamide and 
latex beads. Techniques for coupling antibodies to such solid 
supports are Well knoWn in the art (Weir, D. M. et al., 
“Handbook of Experimental Immunology” 4th Ed., Black 
Well Scienti?c Publications, Oxford, England, Chapter 10 
(1986); Jacoby, W. D. et al., Meth. EnZym. 34 Academic 
Press, NY. (1974)). The immobiliZed antibodies of the 
present invention can be used for in vitro, in vivo, and in situ 
assays as Well as for immunoaf?nity puri?cation of the 
proteins of the present invention. 

[0197] 3. Diagnostic Assays and Kits 

[0198] The present invention further provides methods to 
identify the expression of one of the ORFs of the present 
invention, or homolog thereof, in a test sample, using one of 
the DFs, antigens or antibodies of the present invention. 

[0199] In detail, such methods comprise incubating a test 
sample With one or more of the antibodies, or one or more 
of the DFs, or one or more antigens of the present invention 
and assaying for binding of the DFs, antigens or antibodies 
to components Within the test sample. 

[0200] Conditions for incubating a DP, antigen or anti 
body With a test sample vary. Incubation conditions depend 
on the format employed in the assay, the detection methods 
employed, and the type and nature of the DF or antibody 
used in the assay. One skilled in the art Will recogniZe that 
any one of the commonly available hybridiZation, ampli? 
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cation or immunological assay formats can readily be 
adapted to employ the Dfs, antigens or antibodies of the 
present invention. Examples of such assays can be found in 
Chard, T., An Introduction to Radioimmunoassay and 
Related Techniques, Elsevier Science Publishers, Amster 
dam, The Netherlands (1986); Bullock, G. R. et al., Tech 
niques in inmunocytochemistry, Academic Press, Orlando, 
Fla. Vol. 1 (1982), Vol. 2 (1983), Vol. 3 (1985); Tijssen, P., 
Practice and Theory of EnZyme Immunoassays: Laboratory 
Techniques in Biochemistry; PCT publication W095/32291, 
and Molecular Biology, Elsevier Science Publishers, 
Amsterdam, The Netherlands (1985), all of Which are 
hereby incorporated herein by reference. 

[0201] The test samples of the present invention include 
cells, protein or membrane extracts of cells, or biological 
?uids such as sputum, blood, serum,, plasma, or urine. The 
test sample used in the above-described method Will vary 
based on the assay format, nature of the detection method 
and the tissues, cells or extracts used as the sample to be 
assayed. Methods for preparing protein extracts or mem 
brane extracts of cells are Well knoWn in the art and can be 
readily be adapted in order to obtain a sample Which is 
compatible With the system utiliZed. 

[0202] In another embodiment of the present invention, 
kits are provided Which contain the necessary reagents to 
carry out the assays of the present invention. 

[0203] Speci?cally, the invention provides a compartmen 
taliZed kit to receive, in close con?nement, one or more 
containers Which comprises:(a) a ?rst container comprising 
one of the Dfs, antigens or antibodies of the present inven 
tion; and (b) one or more other containers comprising one or 
more of the folloWing: Wash reagents, reagents capable of 
detecting presence of a bound DF, antigen or antibody. 

[0204] In detail, a compartmentaliZed kit includes any kit 
in Which reagents are contained in separate containers. Such 
containers include small glass containers, plastic containers 
or strips of plastic or paper. Such containers alloWs one to 
ef?ciently transfer reagents from one compartment to 
another compartment such that the samples and reagents are 
not cross-contaminated, and the agents or solutions of each 
container can be added in a quantitative fashion from one 
compartment to another. Such containers Will include a 
container Which Will accept the test sample, a container 
Which contains the antibodies used in the assay, containers 
Which contain Wash reagents (such as phosphate buffered 
saline, Tris-buffers, etc.), and containers Which contain the 
reagents used to detect the bound antibody, antigen or DF. 

[0205] Types of detection reagents include labeled nucleic 
acid probes, labeled secondary antibodies, or in the alterna 
tive, if the primary antibody is labeled, the enZymatic, or 
antibody binding reagents Which are capable of reacting 
With the labeled antibody. One skilled in the art Will readily 
recogniZe that the disclosed Dfs, antigens and antibodies of 
the present invention can be readily incorporated into one of 
the established kit formats Which are Well knoWn in the art. 

[0206] 4. Screening Assay for Binding Agents 
[0207] Using the isolated proteins of the present invention, 
the present invention further provides methods of obtaining 
and identifying agents Which bind to a protein encoded by 
one of the ORFs of the present invention or to one of the 
fragments and the Staphylococcus aureus fragment and 
contigs herein described. 
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[0208] In general, such methods comprise steps of: 

[0209] contacting an agent With an isolated protein 
encoded by one of the ORFs of the present invention, 
or an isolated fragment of the Staphylococcus aureus 
genome; and 

[0210] determining Whether the agent binds to said 
protein or said fragment. 

[0211] The agents screened in the above assay can be, but 
are not limited to, peptides, carbohydrates, vitamin deriva 
tives, or other pharmaceutical agents. The agents can be 
selected and screened at random or rationally selected or 
designed using protein modeling techniques. 
[0212] For random screening, agents such as peptides, 
carbohydrates, pharmaceutical agents and the like are 
selected at random and are assayed for their ability to bind 
to the protein encoded by the ORF of the present invention. 

[0213] Alternatively, agents may be rationally selected or 
designed. As used herein, an agent is said to be “rationally 
selected or designed” When the agent is chosen based on the 
con?guration of the particular protein. For example, one 
skilled in the art can readily adapt currently available 
procedures to generate peptides, pharmaceutical agents and 
the like capable of binding to a speci?c peptide sequence in 
order to generate rationally designed antipeptide peptides, 
for example see Hurby et al., Application of Synthetic 
Peptides: Antisense Peptides,” In Synthetic Peptides, A 
User’s Guide, W. H. Freeman, NY (1992), pp. 289-307, and 
KaspcZak et al., Biochemistry 28:9230-8 (1989), or phar 
maceutical agents, or the like. 

[0214] In addition to the foregoing, one class of agents of 
the present invention, as broadly described, can be used to 
control gene expression through binding to one of the ORFs 
or EMFs of the present invention. As described above, such 
agents can be randomly screened or rationally designed/ 
selected. Targeting the ORF or EMF alloWs a skilled artisan 
to design sequence speci?c or element speci?c agents, 
modulating the expression of either a single ORF or multiple 
ORFs Which rely on the same EMF for expression control. 

[0215] One class of DNA binding agents are agents Which 
contain base residues Which hybridiZe or form a triple helix 
by binding to DNA or RNA. Such agents can be based on the 
classic phosphodiester, ribonucleic acid backbone, or can be 
a variety of sulfhydryl or polymeric derivatives Which have 
base attachment capacity. 

[0216] Agents suitable for use in these methods usually 
contain 20 to 40 bases and are designed to be complemen 
tary to a region of the gene involved in transcription (triple 
helix—see Lee et al., Nucl. Acids Res. 6:3073 (1979); 
Cooney et al., Science 241:456 (1988); and Dervan et al., 
Science 251: 1360 (1991)) or to the mRNA itself (anti 
sense—Okano, J. Neurochem. 56:560 (1991); Oligodeoxy 
nucleotides as Antisense Inhibitors of Gene Expression, 
CRC Press, Boca Raton, Fla. (1988)). Triple helix- forma 
tion optimally results in a shut-off of RNA transcription 
from DNA, While antisense RNA hybridiZation blocks trans 
lation of an mRNA molecule into polypeptide. Both tech 
niques have been demonstrated to be effective in model 
systems. Information contained in the sequences of the 
present invention can be used to design antisense and triple 
helix-forming oligonucleotides, and other DNA binding 
agents. 
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[0217] 5. Pharmaceutical Compositions and Vaccines 

[0218] The present invention further provides pharmaceu 
tical agents Which can be used to modulate the groWth or 
pathogenicity of Staphylococcus aureus, or another related 
organism, in vivo or in vitro. As used herein, a “pharma 
ceutical agent” is de?ned as a composition of matter Which 
can be formulated using knoWn techniques to provide a 
pharmaceutical compositions. As used herein, the “pharma 
ceutical agents of the present invention” refers the pharma 
ceutical agents Which are derived from the proteins encoded 
by the ORFs of the present invention or are agents Which are 
identi?ed using the herein described assays. 

[0219] As used herein, a pharmaceutical agent is said to 
“modulate the groWth or pathogenicity of Staphylococcus 
aureus or a related organism, in vivo or in vitro,” When the 
agent reduces the rate of groWth, rate of division, or viability 
of the organism in question. The pharmaceutical agents of 
the present invention can modulate the groWth or pathoge 
nicity of an organism in many fashions, although an under 
standing of the underlying mechanism of action is not 
needed to practice the use of the pharmaceutical agents of 
the present invention. Some agents Will modulate the groWth 
or pathogenicity by binding to an important protein thus 
blocking the biological activity of the protein, While other 
agents may bind to a component of the outer surface of the 
organism blocking attachment or rendering the organism 
more prone to act the bodies nature immune system. Alter 
natively, the agent may comprise a protein encoded by one 
of the ORFs of the present invention and serve as a vaccine. 
The development and use of vaccines derived from mem 
brane associated polypeptides are Well knoWn in the art. The 
inventors have identi?ed particularly preferred immuno 
genic Staphylococcus aureus polypeptides for use as vac 
cines. Such immunogenic polypeptides are described above 
and summariZed beloW. 

[0220] As used herein, a “related organism” is a broad 
term Which refers to any organism Whose groWth or patho 
genicity can be modulated by one of the pharmaceutical 
agents of the present invention. In general, such an organism 
Will contain a homolog of the protein Which is the target of 
the pharmaceutical agent or the protein used as a vaccine. As 
such, related organisms do not need to be bacterial but may 
be fungal or viral pathogens. 

[0221] The pharmaceutical agents and compositions of the 
present invention may be administered in a convenient 
manner, such as by the oral, topical, intravenous, intraperi 
toneal, intramuscular, subcutaneous, intranasal or intrader 
mal routes. The pharmaceutical compositions are adminis 
tered in an amount Which is effective for treating and/or 
prophylaxis of the speci?c indication. In general, they are 
administered in an amount of at least about 1 mg/kg body 
Weight and in most cases they Will be administered in an 
amount not in eXcess of about 1 g/kg body Weight per day. 
In most cases, the dosage is from about 0.1 mg/kg to about 
10 g/kg body Weight daily, taking into account the routes of 
administration, symptoms, etc. 

[0222] The agents of the present invention can be used in 
native form or can be modi?ed to form a chemical deriva 
tive. As used herein, a molecule is said to be a “chemical 
derivative” of another molecule When it contains additional 
chemical moieties not normally a part of the molecule. Such 
moieties may improve the molecule’s solubility, absorption, 
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biological half life, etc. The moieties may alternatively 
decrease the toxicity of the molecule, eliminate or attenuate 
any undesirable side effect of the molecule, etc. Moieties 
capable of mediating such effects are disclosed in, among 
other sources, REMINGTON’S PHARMACEUTICAL 
SCIENCES (1980) cited elseWhere herein. 

[0223] For eXample, such moieties may change an immu 
nological character of the functional derivative, such as 
af?nity for a given antibody. Such changes in immunomodu 
lation activity are measured by the appropriate assay, such as 
a competitive type immunoassay. Modi?cations of such 
protein properties as redoX or thermal stability, biological 
half-life, hydrophobicity, susceptibility to proteolytic deg 
radation or the tendency to aggregate With carriers or into 
multimers also may be effected in this Way and can be 
assayed by methods Well knoWn to the skilled artisan. 

[0224] The therapeutic effects of the agents of the present 
invention may be obtained by providing the agent to a 
patient by any suitable means (e.g., inhalation, intrave 
nously, intramuscularly, subcutaneously, enterally, or 
parenterally). It is preferred to administer the agent of the 
present invention so as to achieve an effective concentration 
Within the blood or tissue in Which the groWth of the 
organism is to be controlled. To achieve an effective blood 
concentration, the preferred method is to administer the 
agent by injection. The administration may be by continuous 
infusion, or by single or multiple injections. 

[0225] In providing a patient With one of the agents of the 
present invention, the dosage of the administered agent Will 
vary depending upon such factors as the patient’s age, 
Weight, height, seX, general medical condition, previous 
medical history, etc. In general, it is desirable to provide the 
recipient With a dosage of agent Which is in the range of from 
about 1 pg/kg to 10 mg/kg (body Weight of patient), 
although a loWer or higher dosage may be administered. The 
therapeutically effective dose can be loWered by using 
combinations of the agents of the present invention or 
another agent. 

[0226] As used herein, tWo or more compounds or agents 
are said to be administered “in combination” With each other 
When either (1) the physiological effects of each compound, 
or (2) the serum concentrations of each compound can be 
measured at the same time. The composition of the present 
invention can be administered concurrently With, prior to, or 
folloWing the administration of the other agent. 

[0227] The agents of the present invention are intended to 
be provided to recipient subjects in an amount suf?cient to 
decrease the rate of groWth (as de?ned above) of the target 
organism. 
[0228] The administration of the agent(s) of the invention 
may be for either a “prophylactic” or “therapeutic” purpose. 
When provided prophylactically, the agent(s) are provided 
in advance of any symptoms indicative of the organisms 
groWth. The prophylactic administration of the agent(s) 
serves to prevent, attenuate, or decrease the rate of onset of 
any subsequent infection. When provided therapeutically, 
the agent(s) are provided at (or shortly after) the onset of an 
indication of infection. The therapeutic administration of the 
compound(s) serves to attenuate the pathological symptoms 
of the infection and to increase the rate of recovery. 

[0229] The agents of the present invention are adminis 
tered to a subject, such as a mammal, or a patient, in a 
























































































































































