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(57) ABSTRACT 

Disclosed are the cna gene and cna-derived nucleic acid 
segments from Staphylococcus aureus, and DNA segments 
encoding cna from related bacteria. Also disclosed are Col 
binding protein (CBP) compositions and methods of use. 
The CBP protein and antigenic epitopes derived therefrom 
are contemplated for use in the treatment of pathological 
infections, and in particular, for use in the prevention of 
bacterial adhesion to C01. DNA segments encoding these 
proteins and anti-(Col binding protein) antibodies Will also 
be of use in various screening, diagnostic and therapeutic 
applications including active and passive immunization and 
methods for the prevention of bacterial colonization in an 
animal such as a human. These DNA segments and the 
peptides derived therefrom are contemplated for use in the 
preparation of vaccines and, also, for use as carrier proteins 
in vaccine formulations, and in the formulation of compo 
sitions for use in the prevention of S. aureus infection. 
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FIG. 3B 
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COLLAGEN BINDING PROTEIN COMPOSITIONS 
AND METHODS OF USE 

[0001] The present application is a divisional application 
of US. Ser. No. 08/856,253, ?led May 14, 1997, Which Was 
based on US. Provisional Application Ser. No. 60/017,678, 
?led May 16, 1996, the entire content of Which is incorpo 
rated herein by reference. 

[0002] The United States Government has certain rights to 
the present application pursuant to Grants HL473 13 and 
AI20624 from the National Institutes of Health. 

1. BACKGROUND OF THE INVENTION 

[0003] 1.1 Field Of The Invention 

[0004] The present invention relates generally to the ?eld 
of molecular biology. More particularly, certain embodi 
ments concern methods and compositions comprising DNA 
segments, and proteins derived from bacterial species. More 
particularly, the invention provides can and can-derived 
nucleic acid compositions comprising a collagen (Col) bind 
ing protein (CBP) from Staphylococcus aureus and the 
corresponding peptide epitopes and protein sequences com 
prising native and synthetically-modi?ed Col binding site 
domains. Various methods for making and using these DNA 
segments, DNA segments encoding synthetically-modi?ed 
ligand binding site domains, and native and synthetic pro 
teins are disclosed, such as, for example, the use of DNA 
segments as diagnostic probes and templates for protein 
production, and the use of proteins, fusion protein carriers 
and peptides in various pharmacological and immunological 
applications. 
[0005] 1.2 Description Of The Related Art 

[0006] 1.2.1 Colonization By Staphylococcus aureus 

[0007] S. aureus cells can coloniZe many different host 
tissues and cause various types of infections such as 
endocarditis, pneumonia, Wound infections, osteomyelitis, 
and septic arthritis. Adherence of staphylococci to host 
tissues involves a family of adhesions that recogniZe extra 
cellular matrix components and Which have been named 
MSCRAMMs (Microbial Surface Components Recognizing 
Adhesive Matrix Molecules) (Patti et al., 1994a). 

[0008] The expression of speci?c MSCRAMMs appears 
to be needed for the coloniZation of different types of tissues. 
For example, staphylococcal strains recovered from the 
joints of patients diagnosed With septic arthritis or osteo 
myelitis almost invariably express a CBP, Whereas signi? 
cantly feWer isolates obtained from Wound infections 
express this adhesin. (SWitalski et al., 1993a) Similarly, S. 
aureus strains isolated form the bones of patients With 
osteomyelitis often have an MSCRAMM recogniZing the 
bone-speci?c protein, bone sialoprotein (BSP) (Ryden et al., 
1989). 
[0009] The cloning, sequencing, and expression of a gene 
cna, encoding a S. aureus CBP has been previously reported 
(Patti et al., 1992). The cna gene encodes an 133-kDa 
adhesin that contains structural features characteristic of 
surface proteins isolated from Gram-positive bacteria. It has 
been demonstrated that the CBP is required and sufficient for 
the adherence of S. aureus to Col-coated arti?cial substrates 
as Well as to cartilage, a tissue rich in type II Col (SWitalski 
et al., 1993a). All strains expressing the CBP Were able to 
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adhere to cartilage, Whereas those strains lacking the 
MSCRAMMs did not adhere. Preincubation of S. aureus 
With polyclonal antibodies raised against the puri?ed 
adhesin or saturation of the cartilage substrata With soluble 
recombinant CBP resulted in a complete inhibition of bac 
terial attachment (SWitalski et al, 1993a). 

[0010] S. aureus coloniZation of the articular cartilage 
Within the joint space appears to be an important factor 
contributing to the development of septic arthritis. The 
importance of the CBP in the pathogenesis of septic arthritis 
Was examined by comparing the virulence of tWo sets of S. 
aureus isogenic mutants in an animal model (Patti et al, 
1994b). Greater than 70% of mice injected With CNA+ 
strains (ie a clinical isolate expressing the CBP or a 
negative strain into Which the cna gene had been introduced) 
developed clinical signs of arthritis, Whereas less than 27% 
of the animals shoWed symptoms of disease When injected 
With CNA strains (ie a strain lacking the cna gene or a strain 
in Which the cna gene or a strain in Which the cna gene had 

been inactivated through homologous recombination). 
Taken together these results demonstrate that the CBP plays 
an important role in the pathogenesis of septic arthritis 
induced by S. aureus. 

[0011] Recently, the ligand-binding site has been localiZed 
Within the N-terminal half of the CBP (Patti et al., 1993). By 
analyZing the Col binding activity of recombinant proteins 
corresponding to different segments of the MSCRAMM, a 
168-amino-acid long protein fragment (corresponding to 
amino acid residues 151-318) that had appreciable Col 
binding activity Was identi?ed. Short truncations of this 
protein in-the a N- or C terminus resulted in a loss of ligand 
binding activity but also resulted in conformational changes 
in the protein as indicated by circular dichroism spectros 
copy. These results raised the possibility that the ligand 
binding activity but also resulted in conformational changes 
in the protein as indicated by circular dichroism spectros 
copy. These results raised the possibility the ligand-binding 
site of the MSCRAMM is contained Within a short segment 
of amino acids and that ?anking sequences are required for 
the proper folding of these residues in the ligand-binding 
site. 

[0012] 1.2.2 Role of S. aureus CBP in Human Disease 

[0013] Hematogenously acquired bacterial arthritis 
remains a serious medical problem. This rapidly progressive 
and highly destructive joint disease is dif?cult to eradicate 
With less than 50% of the infected patients failing to recover 
Without serious joint damage. S. aureus is the predominant 
pathogen isolated from adult patients With hematogenous 
(primary) and secondary osteomyelitis (Waldvogel and 
Vasey 1980), While also causing up to 90% of the cases of 
acute hematogenous osteomyelitis in otherWise healthy chil 
dren (Cole 1982). Scanning electron microscopy studies 
have shoWn S. aureus to be intimately associated With 
cartilage and bone tissue retrieved from the site of infection. 
Additional microscopic evidence suggests the predominate 
attachment and subsequent coloniZation of cartilaginous 
rather than synovial surfaces (Voytek et al. 1988). An 
analysis of S. aureus strains isolated from patients diagnosed 
With osteomyelitis and septic arthritis revealed that almost 
all of the isolates contained a Col adhesin. In contrast, only 
one-third of the S. aureus strains isolated from patients With 
soft tissue infections expressed the Col adhesin (SWitalski, 
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Patti et al. 1993). These observations suggest that cell 
surface expression of the Col adhesin is an important 
virulence factor in staphylococcal mediated osteomyelitis 
and septic arthritis Moreover, it has been observed that 
cartilage degradation folloWing staphylococcal joint infec 
tion can be attributed to a direct interaction betWeen bacteria 
and cartilage (Smith et al. 1982) in addition to the in?anu 
natory response of the host (Smith et al. 1987). Individuals 
Who require more than 6 days for the synovial ?uid to 
become free of microorganisms typically result in poor 
clinical outcome (Ho and Su 1982). Poor outcomes include 
permanent disability With limited motion or persistent pain 
in the affected joint. 

[0014] Therefore, by inhibiting the initial attachment of 
bacteria to cartilage, the Likelihood of subsequent joint 
destruction may be diminished. 

[0015] 1.3 De?ciencies in the Prior Art 

[0016] It is clear that While several approaches to the 
treatment of bacterial diseases have experienced some suc 
cess, many problems remain, including antibiotic resistance, 
variability of antigens betWeen species and species variation 
through mutation of antigens, as Well as the need to protect 
susceptible groups such as young children, the elderly and 
other immunocomprornised patients. Thus, there exists an 
immediate need for an effective treatment for S. aureus 
infection, and vaccines against this pathogen. 

2. SUMMARY OF THE INVENTION 

[0017] The present invention overcomes one or more of 
these and other draWbacks inherent in the prior art by 
providing novel compositions and methods for their use in 
the treatment of S. aureus infection using non-antibiotic 
strategies. Disclosed are methods for the use of novel 
peptide and antibody compositions in the treatment of S. 
aureus infection mediated by the inhibition of bacterial 
binding to the host cell ECM component, Col. Also dis 
closed are methods for active and passive immuniZation 
against S. aureus and related species using novel native and 
site-speci?cally-altered CBP compositions and CBP-derived 
epitopic peptides from bacterial species. Particular aspects 
of the invention relate to novel nucleic acid segments 
encoding these peptides and epitopes, and methods for the 
use of such nucleic acid segments in a variety of diagnostic 
and therapeutic regimens. Also obtained are peptide com 
positions derived from CBP Which comprise the Col binding 
domain. Using crystal structure analyses, the inventors have 
developed site-speci?c mutations in CBP-encoding DNA 
segments Which give rise to altered Col binding domains. 

[0018] In important embodiments methods and composi 
tions are obtained for inhibiting the binding of S. aureus to 
Col. These compositions are useful in the prevention of 
bacterial adhesion to extracellular matrix components such 
as Col, and in the inhibition of bacterial coloniZation to 
collagenous substrata. In addition, the invention encom 
passes the use of CBP or cna gene sequences to produce 
antibodies Which protect against staphylococcal infections. 

[0019] In another embodiment, the invention relates to a 
method of preventing a S. aureus-mediated disease in an 
animal. The method generally involves identifying an ani 
mal suspected of infection With S. aureus and administering 
to the animal a collagen binding protein or antibody com 
position effective to prevent the disease in the animal. 
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[0020] In a further embodiment, the invention relates to a 
method of increasing phagocytosis of an S. aureus cell by a 
macrophage cell. The method generally involves providing 
to the macrophage cell a pharmaceutically-acceptable col 
lagen binding protein or antibody composition in an amount 
effective to increase the phagocytosis of the bacteria by the 
macrophage. 

[0021] Preferably, the collagen binding protein composi 
tion comprise and amino acid sequence of SEQ ID NO:2, 
SEQ ID NO:4, or SEQ ID NO:6, or the antibody speci?cally 
binds to the amino acid sequence of SEQ ID NO:2, SEQ ID 
NO:4, or SEQ ID NO:6. 

[0022] In a related embodiment, the invention relates to a 
method of enhancing intracellular killing of an S. aureus cell 
in a macrophage cell. This method comprises providing to a 
macrophage cell a pharnaceutically-acceptable collagen 
binding protein or antibody composition in an amount 
effective to enhance the intracellular killing of the S. aureus 
cell in the macrophage. 

[0023] 2.1 CNA Nucleic Acid Compositions 

[0024] The invention provides nucleic acid sequences 
encoding CBP. As used herein, a gene encoding CBP means 
a nucleic acid sequence encoding Col binding protein. A 
preferred nucleic acid sequence encoding a CBP gene is the 
nucleotide sequence of SEQ ID NO:1, or a strain variant or 
an active fragment thereof. It is expected that the gene 
encoding CBP Will vary in nucleic acid sequence from strain 
to strain, but that the variation in nucleic acid sequence Will 
not preclude hybridiZation betWeen sequences encoding 
CBP of each strain under strict hybridiZation conditions. 

[0025] As used herein, a strain variant of CBP means any 
polypeptide encoded, in Whole or in part, by a nucleic acid 
sequence Which hydridiZes under strict hybridiZation con 
ditions to a nucleic acid sequence from any of SEQ ID NO:1, 
SEQ ID NO:3, and SEQ ID NO:5 encoding the M17, M31, 
and M55 epitopes of a S. aureus CBP, respectively. The 
amino acid sequence of M17, MD31, and M55 peptides is 
given in SEQ ID NO:2, SEQ ID NO:4, and SEQ ID NO:6 
respectively. One of skill in the art Will understand that strain 
variants of CBP include those proteins encoded by nucleic 
acid sequences Which may be ampli?ed using a nucleic acid 
sequence of any of SEQ ID NO:1, SEQ ID NO:3, and SEQ 
ID N05. 

[0026] In related embodiments, the invention also com 
prises strain variants of CBP and the cna gene(s) encoding 
CBPs. Strain variants are those nucleic acid compositions 
and polypeptide compositions isolated from strains of S. 
aureus and related gram-positive bacteria Which express 
CBPs, and Which adhere to Col substrates. 

[0027] Aspects of the invention concern the identi?cation 
of such strain variants using diagnostic methods and kits 
described herein. In particular, methods utiliZing cna gene 
sequences as nucleic acid hybridiZation probes and/or anti 
CBP antibodies in Western blots or related analyses are 
useful for the identi?cation of such strain variants. The 
identify of potential strain variants of CBP may be con 
?rmed by Col binding assays, e.g., by blot analysis With 
labeled Col, or alternatively by the demonstrating the ability 
of the strain-variant CBP to lessen or prevent adherence of 
S. aureus and related bacteria Col. 
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[0028] As used herein, a CBP is a protein Which confers 
protection against staphylococcal or streptococcal infection. 
A CBP or fragments thereof may prevent or lessen adhesion 
of S. aureus to Col, or prevent or lessen adhesion the severity 
of any of the disorders associated With S. aureus infection, 
including sepsis, skin lesions, septic arthritis, endocarditis, 
mastitis, pneumonia, neurological disorders, and other dis 
eases Which result from the coloniZation of S. aureus or 
related organisms to Col-containing substrata. An important 
aspect of the present invention concerns isolated DNA 
segments and recombinant vectors encoding CBP, and the 
creation and use of recombinant host cells through the 
application of DNA technology, that express CBP gene and 
CBP-derived gene products. As such, the invention concerns 
DNA segment comprising an isolated gene that encodes a 
protein or peptide that includes an amino acid sequence 
essentially as set forth by a contiguous sequence from SEQ 
ID N012, SEQ ID N014, or SEQ ID N016. These DNA 
segments are exempli?ed in SEQ ID N011, SEQ ID N013, 
and SEQ ID N015, respectively. Compositions that include 
a puri?ed protein that has an amino acid sequence essen 
tially as set forth by the amino acid sequence of SEQ ID 
N012, SEQ ID N014, or SEQ ID N016 are also encom 
passed by the invention. 

[0029] Regarding the novel protein CBP epitopes, the 
present invention concerns DNA segments, that can be 
isolated from virtually any bacterial source, that are free 
from total genomic DNA and that encode proteins or pep 
tides having CBP-like activity. DNA segments encoding 
CBP-like species may prove to encode proteins, polypep 
tides, subunits, functional domains, and the like. 

[0030] As used herein, the term “DNA segment” refers to 
a DNA molecule that has been isolated free of total genomic 
DNA of a particular species. Therefore, a DNA segment 
encoding CBP refers to a DNA segment that contains CBP 
coding sequences yet is isolated aWay from, or puri?ed free 
from, total genomic DNA of the species from Which the 
DNA segment is obtained. Included Within the term “DNA 
segment”, are DNA segments and smaller fragments of such 
segments, and also recombinant vectors, including, for 
example, plasmids, cosmids, phagemids, phage, viruses, and 
the like. 

[0031] Similarly, a DNA segment comprising an isolated 
or puri?ed CBP gene refers to a DNA segment including 
CBP coding sequences and, in certain aspects, regulatory 
sequences, isolated substantially aWay from other naturally 
occurring genes or protein encoding sequences. In this 
respect, the term “gene” is used for simplicity to refer to a 
functional protein, polypeptide or peptide encoding unit. As 
Will be understood by those in the art, this functional term 
includes both genomic sequences, extra-genomnic and plas 
mid-encoded sequences and smaller engineered gene seg 
ments that express, or may be adapted to express, proteins, 
polypeptides or peptides. Such segments may be naturally 
isolated, or modi?ed synthetically by the hand of man. 

[0032] “Isolated substantially aWay from other coding 
sequences” means that the gene of interest, in this case, a 
gene encoding CBP, forms the signi?cant part of the coding 
region of the DNA segment, and that the DNA segment does 
not contain large portions of naturally-occurring coding 
DNA, such as large chromosomal fragments or other func 
tional genes or polypeptide coding regions. Of course, this 

Aug. 1, 2002 

refers to the DNA segment as originally isolated, and does 
not exclude genes or coding regions later added to the 
segment by the hand of man. 

[0033] In particular embodiments, the invention concerns 
isolated DNA segments and recombinant vectors incorpo 
rating DNA sequences that encode a CBP species that 
includes Within its amino acid sequence an amino acid 
sequence essentially as set forth in SEQ ID N012, SEQ ID 
N014, or SEQ ID N016. In other particular embodiments, 
the invention concerns isolated DNA segments and recom 
binant vectors incorporating DNA sequences that include 
Within their sequence a nucleotide sequence essentially as 
set forth in SEQ ID N011, SEQ ID N013, or SEQ ID N015. 

[0034] The term “a sequence essentially as set forth in 
SEQ ID N012, SEQ ID N014, or SEQ ID N016” means that 
the sequence substantially corresponds to a portion of SEQ 
ID N012, SEQ ID N014, or SEQ ID N016 and has relatively 
feW amino acids that are not identical to, or a biologically 
functional equivalent of, the amino acids of SEQ ID N012, 
SEQ ID N014, or SEQ ID N016. The term “biologically 
functional equivalent” is Well understood in the art and is 
further de?ned in detail herein (for example, see Illustrative 
Embodiments). Accordingly, sequences that have betWeen 
about 70% and about 80%; or more preferably, betWeen 
about 81% and about 90%; or even more preferably, 
betWeen about 91% and about 99%; of amino acids that are 
identical or functionally equivalent to the amino acids of 
SEQ ID N012, SEQ ID N014, or SEQ ID N016 Will be 
sequences that are “essentially as set forth in SEQ ID N012, 
SEQ ID N014, or SEQ ID N016”. 

[0035] In certain other embodiments, the invention con 
cerns isolated DNA segments and recombinant vectors that 
include Within their sequence a nucleic acid sequence essen 
tially as set forth in SEQ ID N01I, SEQ ID N013, or SEQ 
ID N0-5. The term “essentially as set forth in SEQ ID N011, 
SEQ ID N013, or SEQ ID N015” is used in the same sense 
as described above and means that the nucleic acid sequence 
substantially corresponds to a portion of SEQ ID N011, SEQ 
ID N013, or SEQ ID N015 and has relatively feW codons 
that are not identical, or functionally equivalent, to the 
codons of SEQ ID N01I, SEQ ID N013, or SEQ ID N015. 
Again, DNA segments that encode proteins exhibiting CBP 
like activity Will be most preferred. 

[0036] It Will also be understood that amino acid and 
nucleic acid sequences may include additional residues, 
such as additional N- or C-terminal amino acids or 5‘ or 3‘ 
sequences, and yet still be essentially as set forth in one of 
the sequences disclosed herein, so long as the sequence 
meets the criteria set forth above, including the maintenance 
of biological protein activity Where protein expression is 
concerned. The addition of terminal sequences particularly 
applies to nucleic acid sequences that may, for example, 
include various non-coding sequences ?anking either of the 
5‘ or 3‘ portions of the coding region or may include various 
upstream or doWnstream regulatory or structural genes. 

[0037] Naturally, the present invention also encompasses 
DNA segments that are complementary, or essentially 
complementary, to the sequence set forth in SEQ ID N01 1, 
SEQ ID N013, or SEQ ID N015. Nucleic acid sequences that 
are “complementary” are those that are capable of base 
pairing according to the standard Watson-Crick complemen 
tarity rules. As used herein, the term “complementary 
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sequences” means nucleic acid sequences that are substan 
tially complementary, as may be assessed by the same 
nucleotide comparison set forth above, or as de?ned as being 
capable of hybridizing to the nucleic acid segment of SEQ 
ID NOzI, SEQ ID NO:3, or SEQ ID NO:5, under relatively 
stringent conditions such as those described herein. 

[0038] The nucleic acid segments of the present invention, 
regardless of the length of the coding sequence itself, may 
be combined With other DNA sequences, such as promoters, 
polyadenylation signals, additional restriction enZyme sites, 
multiple cloning sites, other coding segments, and the like, 
such that their overall length may vary considerably. It is 
therefore contemplated that a nucleic acid fragment of 
almost any length may be employed, With the total length 
preferably being limited by the ease of preparation and use 
in the intended recombinant DNA protocol. For example, 
nucleic acid fragments may be prepared that include a short 
contiguous stretch identical to or complementary to SEQ ID 
NO: 1, SEQ ID NO:3, or SEQ ID NO:5, such as about 14 
nucleotides, and that are up to about 10,000 or about 5,000 
base pairs in length, With segments of about 3,000 being 
preferred in certain cases. DNA segments With total lengths 
of about 2,000, about 1,000, about 500, about 200, about 100 
and about 50 base pairs in length (including all intermediate 
lengths) are also contemplated to be useful. 

[0039] It Will be readily understood that “intermediate 
lengths”, in these contexts, means any length betWeen the 
quoted ranges, such as 14, 15, 16, 17, 18, 19, 20, etc.; 21, 22, 
23, etc.; 30, 31, 32, etc.; 50, 51, 52, 53, etc.; 100, 101, 102, 
103, etc.; 150, 151, 152, 153, etc.; including all integers 
through the 200-500; 500-1,000; 1,000-2,000; 2,000-3,000; 
3,000-5,000; 5,000-10,000 ranges, up to and including 
sequences of about 12,001, 12,002, 13,001, 13,002 and the 
like. 

[0040] It Will also be understood that this invention is not 
limited to the particular nucleic acid sequences disclosed in 
SEQ ID NO:1, SEQ ID N013, or SEQ ID N05, or to the 
amino acid sequences disclosed in SEQ ID NO:2, SEQ ID 
NO:4, or SEQ ID NO:6. Recombinant vectors and isolated 
DNA segments may therefore variously include the CBP 
epitope encoding regions themselves, coding regions bear 
ing selected alterations or modi?cations in the basic coding 
region, or they may encode larger polypeptides that never 
theless include CBP-derived coding regions or may encode 
biologically functional equivalent proteins or peptides that 
have variant amino acids sequences. 

[0041] The DNA segments of the present invention 
encompass biologically functional equivalent CBP-derived 
proteins and peptides, in particular those CBP and related 
proteins isolated from prokaryotic sources, and particularly 
bacteria. DNA segments isolated from species of staphylo 
cocci and streptococci and related bacteria Which are shoWn 
to bind Col are particularly preferred for use in the methods 
disclosed herein. Such sequences may arise as a conse 
quence of codon redundancy and functional equivalency that 
are knoWn to occur naturally Within nucleic acid sequences 
and the proteins thus encoded. Alternatively, functionally 
equivalent proteins or peptides may be created via the 
application of recombinant DNA technology, in Which 
changes in the protein structure may be engineered, based on 
considerations of the properties of the amino acids being 
exchanged. Changes designed by man may be introduced 
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through the application of site-directed mutagenesis tech 
niques, e. g., to introduce improvements to the antigenicity of 
the protein or to test mutants in order to examine activity at 
the molecular level. 

[0042] If desired, one may also prepare fusion proteins 
and peptides, e.g., Where the CBP or CBP-derived coding 
regions are aligned Within the same expression unit With 
other proteins or peptides having desired functions, such as 
for puri?cation or immunodetection purposes (e.g., proteins 
that may be puri?ed by affinity chromatography and enZyme 
label coding regions, respectively). 

[0043] 2.2 Recombinant Expression of CBP and CBP 
derived Epitopes 

[0044] The present invention also concerns recombinant 
host cells for expression of an isolated cna gene, or for a 
DNA sequence encoding one or more epitopic peptides 
derived from a cna-encoding protein. It is contemplated that 
virtually any host cell may be employed for this purpose, but 
certain advantages may be found in using a bacterial host 
cell such as E. coli, S. typhimurium, B. subtilis, or S. aureus, 
S. dysgalactiae, S. pyogenes or other Gram-positive species. 
Expression in eukaryotic cells is also contemplated such as 
those derived from yeast, insect, or mammalian cell lines. 
These recombinant host cells may be employed in connec 
tion With “overexpressing” CBP proteins, that is, increasing 
the level of expression over that found naturally in S. aureus. 

[0045] Proteins of amino acid sequence derived, from or 
similar to, CBP are expected to have af?nity for Col and can 
be puri?ed from other constituents of S. aureus or recom 
binant host cells by chromatography on matrices containing 
Col, so-called “af?nity chromatography.” CBPs may also be 
puri?ed by methodologies not relying on af?nity for Col 
such as ion exchange chromatography, siZe exclusion chro 
matography, metal chelation chromatography, or the like. 
Buffer, detergent, and other conditions may be dissimilar 
from those optimal for “af?nity chromatography.” In a 
preferred embodiment, an af?nity matrix comprising Type II 
Col or a related Col type (e.g., Type I, Type III, Type V, Type 
IX, etc.) may be used for the isolation of CBPs from 
solution, or alternatively, isolation of intact bacteria express 
ing CBPs, or even membrane fragments of bacteria express 
ing CBPs. 

[0046] Aparticular aspect of this invention provides novel 
Ways in Which to utiliZe recombinant CBPs or CBP-derived 
peptides, nucleic acid segments encoding these peptides, 
recombinant vectors and formed host cells comprising cna 
or cna-derived DNA segments, recombinant vectors and 
transformed host cells comp rising cna or cna-derived DNA 
segments, and recombinant vectors and transformed host 
cells comprising S. aureus cna-derived DNA segments. In 
particular embodiments, genetically-engineered nucleic acid 
segments and CBP proteins are obtained Which have altered 
Col binding site domains. Using the methods disclosed 
herein, the inventors have developed site-speci?cally altered 
CBPs Which have reduced af?nity for Col. As is Well knoWn 
to those of skill in the art, many such vectors and host cells 
are readily available, one particular detailed example of a 
suitable vector for expression in mammalian cells is that 
described in US. Pat. No. 5,168,050, incorporated herein by 
reference. HoWever, there is no requirement that a highly 
puri?ed vector be used, so long as the coding segment 
employed encodes a protein or peptide of interest (e.g., a 
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CBP, and particularly a CBP from S. aureus, or related 
bacterium, and does not include any coding or regulatory 
sequences that Would have an adverse effect on cells). 
Therefore, it Will also be understood that useful nucleic acid 
sequences may include additional residues, such as addi 
tional non-coding sequences ?anking either of the 5‘ or 3‘ 
portions of the coding region or may include various regu 
latory sequences. 

[0047] After identifying an appropriate epitope-encoding 
nucleic acid molecule, it may be inserted into any one of the 
many vectors currently knoWn in the art, so that it Will direct 
the expression and production of the protein or peptide 
epitope of interest (e.g, a CBP from S. aureus) When 
incorporated into a host cell. In a recombinant expression 
vector, the coding portion of the DNA segment is positioned 
under the control of a promoter. The promoter may be in the 
form of the promoter Which is naturally associated With a 
CBP-encoding nucleic acid segment, as may be obtained by 
isolating the -5‘ non-coding sequences located upstream of 
the coding segment, for example, using recombinant cloning 
and/or PCRTM technology, in connection With the compo 
sitions disclosed herein. Direct ampli?cation of nucleic 
acids using the PCRTM technology of US. Pat. Nos. 
4,683,195 and 4,683,202 (herein incorporated by reference) 
are particularly contemplated to be useful in such method 
ologies. 
[0048] In certain embodiments, it is contemplated that 
particular advantages Will be gained by positioning the 
CBP-encoding DNA segment under the control of a recom 
binant, or heterologous, promoter. As used herein, a recom 
binant or heterologous promoter is intended to refer to a 
promoter that is not normally associated With a cna or 
cna-like gene segment in its natural environment. Such 
promoters may include those normally associated With other 
MSCRAMM-encoding genes, and/or promoters isolated 
from any other bacterial, viral, eukaryotic, or mammalian 
cell. Naturally, it Will be important to employ a promoter that 
effectively directs the expression of the DNA segment in the 
particular cell containing the vector comprising the CBP 
encoding nucleic acid segment. 

[0049] The use of promoter and cell type combinations for 
protein expression is generally knoWn to those of skill in the 
art of molecular biology, for example, see Sambrook et al., 
1989. The promoters employed may be constitutive, or 
inducible, and can be used under the appropriate conditions 
to direct high level expression of the introduced DNA 
segment, such as is advantageous in the large-scale produc 
tion of recombinant proteins or peptides. 

[0050] Prokaryotic expression of nucleic acid segments of 
the present invention may be performed using methods 
knoWn to those of skill in the art, and Will likely comprise 
expression vectors and promotor sequences such as those 
obtained by tac, trp, lac, lacUV5 or T7. When expression of 
the recombinant CBP proteins is desired in eukaryotic cells, 
a number of expression systems are available and knoWn to 
those of skill in the art. An exemplary eukaryotic promoter 
system contemplated for use in high-level expression is the 
Pichia expression vector system (Pharmacia LKB Biotech 
nology). 
[0051] In connection With expression embodiments to 
prepare recombinant CBP and peptides, it is contemplated 
that longer DNA segments Will most often be used, With 
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DNA segments encoding the entire CBP or functional 
domains, epitopes, ligand binding domains, subunits, etc. 
being most preferred. HoWever, it Will be appreciated that 
the use of shorter DNA segments to direct the expression of 
CBP peptides or epitopic core regions, such as may be used 
to generate anti-CBP antibodies, also falls Within the scope 
of the invention. DNA segments that encode peptide anti 
gens from about 15 to about 100 amino acids in length, or 
more preferably, from about 15 to about 50 amino acids in 
length are contemplated to be particularly useful. Exemplary 
DNA segments encoding peptide epitopes of the Col-bind 
ing protein Which the inventors have shoWn to be useful in 
preventing the binding to Col include the polynucleotides 
disclosed in SEQ ID NO:1, SEQ ID NO:3, and SEQ ID 
NO:5. 

[0052] The cna gene and cna-derived DNA segments may 
also be used in connection With somatic expression in an 
animal or in the creation of a transgenic animal. Again, in 
such embodiments, the use of a recombinant vector that 
directs the expression of the full length or one or more active 
CBP epitopes is particularly contemplated. Expression of 
cna transgene in animals is particularly contemplated to be 
useful in the production of anti-CBP antibodies for use in 
passive immuniZation methods for prevention of staphylo 
coccal and streptococcal adhesion to Col. 

[0053] The use of recombinant promoters to achieve pro 
tein expression is generally knoWn to those of skill in the art 
of molecular biology, for example, see Sambrook et al, 
(1989). The promoters employed may be constitutive, or 
inducible, and can be used under the appropriate conditions 
to direct high level or regulated expression of the introduced 
DNA segment. For eukaryotic expression, the currently 
preferred promoters are those such as CMV, RSV LTR, the 
SV40 promoter alone, and the SV40 promoter in combina 
tion With the SV40 enhancer. In preferred embodiments, the 
expression of recombinant CBPs is carried out using 
prokaryotic expression systems, and in particular bacterial 
systems such as E. coli. Such prokaryotic expression of 
nucleic acid segments of the present invention may be 
performed using methods knoWn to those of skill in the art, 
and Will likely comprise expression vectors and promotor 
sequences such as those obtained by tac, trp, lac, lacUV5 or 
T7 promoters. 

[0054] For the expression of CBP and CBP-derived 
epitopes, once a suitable clone or clones have been obtained, 
Whether they be native sequences or genetically-modi?ed, 
one may proceed to prepare an expression system for the 
recombinant preparation of CBP or CBP-derived peptides. 
The engineering of DNA segment(s) for expression in a 
prokaryotic or eukaryotic system may be performed by 
techniques generally knoWn to those of skill in recombinant 
expression. It is believed that virtually any expression sys 
tem may be employed in the expression of CBP or CBP 
derived epitopes. 

[0055] Alternatively, it may be desirable in certain 
embodiments to express CBP or CBP-derived epitopes in 
eukaryotic expression systems. The DNA sequences encod 
ing the desired CBP or CBP-derived epitope (either native or 
mutageniZed) may be separately expressed in bacterial sys 
tems, With the encoded proteins being expressed as fusions 
With b-galactosidase, ubiquitin, Schistosoma japonicum glu 
tathione S-transferase, S. aureus Protein A, maltose binding 
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protein, and the like. It is believed that bacterial expression 
Will ultimately have advantages over eukaryotic expression 
in terms of ease of use and quantity of materials obtained 
thereby. 

[0056] It is proposed that transformation of host cells With 
DNA segments encoding such epitopes Will provide a con 
venient means for obtaining CBP or CBP-derived peptides. 
Genomic sequences are suitable for eukaryotic expression, 
as the host cell Will, of course, process the genomic tran 
scripts to yield functional MRNA for translation into pro 
tein. 

[0057] It is similarly believed that almost any eukaryotic 
expression system may be utiliZed for the expression of CBP 
and CBP-derived epitopes, e.g., baculovirus-based, 
glutamine synthase-based or dihydrofolate reductase-based 
systems may be employed. In preferred embodiments it is 
contemplated that plasmid vectors incorporating an origin of 
replication and an ef?cient eukaryotic promoter, as exem 
pli?ed by the eukaryotic vectors of the pCMV series, such 
as pCMVS, Will be of most use. 

[0058] For expression in this manner, one Would position 
the coding sequences adjacent to and under the control of the 
promoter. It is understood in the art that to bring a coding 
sequence under the control of such a promoter, one positions 
the 5‘ end of the transcription initiation site of the transcrip 
tional reading frame of the protein betWeen about 1 and 
about 50 nucleotides “downstream” of (i.e., 3‘ of) the chosen 
promoter. 

[0059] Where eukaryotic expression is contemplated, one 
Will also typically desire to incorporate into the transcrip 
tional unit Which includes nucleic acid sequences encoding 
CBP or CBP-derived peptides, an appropriate polyadenyla 
tion site (e.g., 5‘-AATAAA-3‘) if one Was not contained 
Within the original cloned segment. Typically, the poly-A 
addition site is placed about 30 to 2000 nucleotides “doWn 
stream” of the termination site of the protein at a position 
prior to transcription termination. 

[0060] It is contemplated that virtually any of the com 
monly employed host cells can be used in connection With 
the expression of the CBP and CBP-derived epitopes in 
accordance hereWith. Examples include cell lines typically 
employed for eukaryotic expression such as 239, AtT-20, 
HepG2, VERO, HeLa, CHO, WI 38, BHK, COS-7, RIN and 
MDCK cell lines. 

[0061] It is further contemplated that the CBP or epitopic 
peptides derived from native or recombinant CBPs may be 
“overexpressed”, i.e., expressed in increased levels relative 
to its natural expression in human cells, or even relative to 
the expression of other proteins in a recombinant host cell 
containing CBP-encoding DNA segments. Such overexpres 
sion may be assessed by a variety of methods, including 
radiolabeling and/or protein puri?cation. HoWever, simple 
and direct methods are preferred, for example, those involv 
ing SDS/PAGE and protein staining or Western blotting, 
folloWed by quantitative analyses, such as densitometric 
scanning of the resultant gel or blot. A speci?c increase in 
the level of the recombinant protein or peptide in compari 
son to the level in natural CBP-producing cells is indicative 
of overexpression, as is a relative abundance of the speci?c 
protein in relation to the other proteins produced by the host 
cell and, e.g., visible on a gel. 
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[0062] As used herein, the term “engineered” or “recom 
binant” cell is intended to refer to a cell into Which a 
recombinant gene, such as a gene encoding a CBP or 
CBP-derived epitope has been introduced. Therefore, engi 
neered cells are distinguishable from naturally occurring 
cells Which do not contain a recombinantly introduced gene. 
Engineered cells are thus cells having a gene or genes 
introduced through the hand of man. Recombinantly intro 
duced genes Will either be in the form of a single structural 
gene, an entire genomic clone comprising a structural gene 
and ?anking DNA, or an operon or other functional nucleic 
acid segment Which may also include genes positioned 
either upstream and/or doWnstream of the promotor, regu 
latory elements, or structural gene itself, or even genes not 
naturally associated With the particular structural gene of 
interest. 

[0063] Where the introduction of a recombinant version of 
one or more of the foregoing genes is required, it Will be 
important to introduce the gene such that it is under the 
control of a promoter that effectively directs the expression 
of the gene in the cell type chosen for engineering. In 
general, one Will desire to employ a promoter that alloWs 
constitutive (constant) expression of the gene of interest. 
Commonly used constitutive eukaryotic promoters include 
viral promotors such as the cytomegalovirus (CMV) pro 
moter, the Rous sarcoma long-terminal repeat (LTR) 
sequence, or the SV40 early gene promoter. The use of these 
constitutive promoters Will ensure a high, constant level of 
expression of the introduced genes. The inventors have 
noticed that the level of expression from the introduced 
genes of interest can vary in different clones, or genes 
isolated from different strains or bacteria. Thus, the level of 
expression of a particular recombinant gene can be chosen 
by evaluating different clones derived from each transfection 
study; once that line is chosen, the constitutive promoter 
ensures that the desired level of expression is permanently 
maintained. It may also be possible to use promoters that are 
speci?c for cell type used for engineering, such as the insulin 
promoter in insulinoma cell lines, or the prolactin or groWth 
hormone promoters in anterior pituitary cell lines. 

[0064] 2.3 Immunological Detection Of CBP And Bacte 
ria Expressing CBPs 

[0065] A further aspect of the invention is the preparation 
of immunological compositions, and in particular anti-CBP 
antibodies for diagnostic and therapeutic methods relating to 
the detection and treatment of infections caused by S. aureus 
and related Gram-positive species. In preferred embodi 
ments, antibody compositions are disclosed Which bind to 
the site-speci?cally altered recombinant CBPs described in 
the present invention. Also disclosed are antibodies Which 
recogniZe speci?c native and synthetically-mutated Col 
binding domain epitopes Within the CBPs. The inventors 
contemplate such antibodies to be useful in both diagnostic 
screening assays, processes for purifying Col, detecting 
anti-CBP antibodies, as Well as their use in passive immu 
niZation of an animal to prevent bacterial sepsis, coloniZa 
tion, or binding to the ECM component Col. 

[0066] 2.4 Methods For Producing An Immune Response 

[0067] Also disclosed is a method of generating an 
immune response in an animal. The method generally 
involves administering to an animal a pharmaceutical com 
position comprising an immunologically effective amount of 
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a peptide composition disclosed herein. Preferred peptide 
compositions include the peptide disclosed in any of SEQ ID 
N012, SEQ ID N014, or SEQ ID N016. 

[0068] The invention also encompasses CBP and CBP 
derived peptide antigen compositions together With pharma 
ceutically-acceptable excipients, carriers, diluents, adju 
vants, and other components, such as additional peptides, 
antigens, or outer membrane preparations, as may be 
employed in the formulation of particular vaccines. 

[0069] The nucleic acid sequences of the present invention 
encode CBP and are useful to generate pure recombinant 
CBP for administration to a host. Such administration is 
useful as a vaccine to induce therapeutic antibodies that 
prevent adherence of S. aureus to the host’s tissues. 

[0070] It is shoWn herein that antisera raised against and 
reactive With CBP inhibits binding, promotes, phagocytosis, 
and enhances intracellular killing by macrophages. Thus, it 
is contemplated that administration of antibodies reactive 
With CBP to at-risk subjects Will be effective for prophylaxis 
of, and in the case of infected subjects for therapy of. 
bacterial infection. 

[0071] Antibodies may be of several types including those 
raised in heterologous donor animals or human volunteers 
immuniZed With CBPs, monoclonal antibodies (mAbs) 
resulting from hybridomas derived from fusions of B cells 
from CBP-immunized animals or humans With compatible 
myeloma cell lines, so-called “humanized” mAbs resulting 
from expression of gene fusions of combinatorial determin 
ing regions of mAb-encoding genes from heterologous 
species With genes encoding human antibodies, or CBP 
reactive antibody-containing fractions of plasma from 
human donors. It is contemplated that any of the techniques 
described above might be used for the vaccination of sub 
jects for the purpose of antibody production. 0ptimal dosing 
of such antibodies is highly dependent upon the pharmaco 
kinetics of the speci?c antibody population in the particular 
species to be treated. It is contemplated that the duration of 
dosing maintaining anti-CBP levels at these inhibitory anti 
body concentrations Would be for at least four to eight Weeks 
folloWing presumptive exposure to S. aureus, or throughout 
the duration of symptoms of disease and for at least four to 
eight Weeks after cessation of these symptoms. 

[0072] Using the peptide antigens described herein, the 
present invention also provides methods of generating an 
immune response, Which methods generally comprise 
administering to an animal, a pharmaceutically-acceptable 
composition comprising an immunologically effective 
amount of a CBP peptide composition. Preferred animals 
include mammals, and particularly humans. 0ther preferred 
animals include murines, bovines, equines, porcines, 
canines, and felines. The composition may include partially 
or signi?cantly puri?ed CBP peptide epitopes, obtained 
from natural or recombinant sources, Which proteins or 
peptides may be obtainable naturally or either chemically 
synthesiZed, or alternatively produced in vitro from recom 
binant host cells expressing DNA segments encoding such 
epitopes. Smaller peptides that include reactive epitopes, 
such as those betWeen about 10 and about 50, or even 
betWeen about 50 and about 100 amino acids in length Will 
often be preferred. The antigenic proteins or peptides may 
also be combined With other agents, such as other peptide or 
nucleic acid compositions, if desired. 
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[0073] By “immunologically effective amount” is meant 
an amount of a peptide composition that is capable of 
generating an immune response in the recipient animal. This 
includes both the generation of an antibody response (B cell 
response), and/or the stimulation of a cytotoxic immune 
response (T cell response). The generation of such an 
immune response Will have utility in both the production of 
useful bioreagents, e.g., CTLs and, more particularly, reac 
tive antibodies, for use in diagnostic embodiments, and Will 
also have utility in various prophylactic or therapeutic 
embodiments. Therefore, although these methods for the 
stimulation of an immune response include vaccination 
regimens designed to prevent or lessen signi?cant infections 
caused by bacteria expressing a CBP, and treatment regi 
mens that may lessen the severity or duration of any infec 
tion, it Will be understood that achieving either of these end 
results is not necessary for practicing these aspects of the 
invention. Such treatment methods may be used particularly 
for the treatment of infections caused by pathogens such as 
S. aureus, related species, and other bacteria Which express 
CBPs and adhere to Col. 

[0074] Further means contemplated by the inventors for 
generating an immune response in an animal includes 
administering to the animal, or human subject, a pharma 
ceutically-acceptable composition comprising an immuno 
logically effective amount of a nucleic acid composition 
encoding a CBP epitope, or an immunologically effective 
amount of an attenuated live organism that includes and 
expresses such a nucleic acid composition. The “immuno 
logically effective amounts” are those amounts capable of 
stimulating a B cell and/or T cell response. 

[0075] Immunoformulations of this invention, Whether 
intended for vaccination, treatment, or for the generation of 
antibodies useful in the detection of S. aureus and related 
bacteria, the prevention of bacterial adhesion, or in the case 
of bacterial coloniZation, promotion of bacterial adhesion to 
ECM components such as Col, may comprise native, or 
synthetically-derived antigenic peptide fragments from 
these proteins. As such, antigenic functional equivalents of 
the proteins and peptides described herein also fall Within 
the scope of the present invention. An “antigenically func 
tional equivalent” protein or peptide is one that incorporates 
an epitope that is immunologically cross-reactive With one 
or more epitopes derived from any of the particular 
MSCRAMM proteins disclosed (e.g., CBPs), and particu 
larly the CBP of S. aureus. Antigenically functional equiva 
lents, or epitopic sequences, may be ?rst designed or pre 
dicted and then tested, or may simply be directly tested for 
cross-reactivity. 
[0076] In still further embodiments, the present invention 
concerns immunodetection methods and associated kits. It is 
contemplated that the proteins or peptides of the invention 
may be employed to detect antibodies having reactivity 
thereWith, or, alternatively, antibodies prepared in accor 
dance With the present invention, may be employed to detect 
CBP or peptides. Either type of kit may be used in the to 
immunodetection of compounds, present Within clinical 
samples, that are indicative of infections caused by gram 
positive bacteria expressing a CBP, and in particular S. 
aureus. The kits may also be used in antigen or antibody 
puri?cation, as appropriate. 

[0077] In general, the preferred immunodetection methods 
Will include ?rst obtaining a sample suspected of containing 






















































































