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Description
INTRODUCTION

[0001] The present invention relates to improved microbial antigen vaccines, pharmaceutical compositions, immuno-
genic compositions and antibodies and their use in the treatment of microbial infections, particularly those of bacterial
origin, including Staphylococcal origin.

[0002] Multiple drug resistance (MDR) is an increasing problem amongst gram positive bacteria, particularly in hos-
pitals. The widespread use of antibiotics and other agents to treat bacterial infections has led to the rapid development
of bacteriaresistant to the agents and many bacteria have multiple drug resistance. Thus, there is now a need to provided
improved therapies for dealing with such drug resistant infections.

[0003] Staphylococci are Gram-positive bacteria of spherical shape, usually arranged in grape-like irregular clusters.
Some are members of the normal flora of the skin and mucous membranes of humans, others cause suppuration,
abscessformation, a variety of pyogenic infections, and evenfatal septicaemia. Pathogenic staphylococci often hemolyze
blood, coagulate plasma, and produce a variety of extracellular enzymes and toxins.

[0004] The genus Staphylococcus has at least 30 species. The three main species of clinical importance are Staphy-
lococcus aureus, Staphylococcus epidermidis, and Staphylococcus saprophyticus. Staphylococcus aureus is coagulase-
positive, which differentiates it from the other species. S. aureus is a major pathogen for humans. Almost every person
has some type of S. aureus infection during a lifetime, ranging in severity from food poisoning or minor skin infections
to severe life-threatening infections. The coagulase-negative staphylococci are normal human flora which sometimes
cause infection, often associated with implanted devices, especially in very young, old and immunocompromised patients.
Approximately 75% of the infections caused by coagulase-negative staphylococci are due to S. epidermidis. Infections
due to Staphylococcus warneri, Staphylococcus hominis, and other species are less common. S. saprophyticus is a
relatively common cause of urinary tract infections in young women. Staphylococci produce catalase, which differentiates
them from the streptococci. S. lugdunensis is also relevant in a clinical and is present in approximately 5 to 10% of cases
of infective endocarditis.

[0005] S. aureus colonization of the articular cartilage, of which collagen is a major component, within the joint space
appears to be an important factor contributing to the development of septic arthritis. Hematogenously acquired bacterial
arthritis remains a serious medical problem. This rapidly progressive and highly destructive joint disease is difficult to
eradicate. Typically, less than 50% of the infected patients fail to recover without serious joint damage. S. aureus is the
predominant pathogen isolated from adult patients with hematogenous and secondary osteomyelitis.

[0006] In hospitalized patients, Staphylococcus bacteria such as S. aureus are a major cause of infection. Initial
localized infections of wounds or indwelling medical devices can lead to more serious invasive infections such as sep-
ticaemia, osteomyelitis, mastitis and endocarditis. In infections associated with medical devices, plastic and metal sur-
faces become coated with host plasma and matrix proteins such as fibrinogen and fibronectin shortly after implantation.
This ability of S. aureus and other staphylococcal bacteria to adhere to these proteins is essential to the initiation of
infection. Vascular grafts, intravenous catheters, artificial heart valves, and cardiac assist devices are thrombogenic and
prone to bacterial colonization. Of the staphylococcal bacteria, S. aureus is generally the most damaging pathogen of
such infections.

[0007] A significant increase in S. aureus isolates that exhibit resistance to most of the antibiotics currently available
to treat infections has been observed in hospitals throughout the world. The development of penicillin to combat S.
aureus was a major advance in infection control and treatment. Unfortunately, penicillin-resistant organisms quickly
emerged and the need for new antibiotics was paramount. With the introduction of every new antibiotic, S. aureus has
been able to counter with B-lactamases, altered penicillin-binding proteins, and mutated cell membrane proteins allowing
the bacterium to persist. Consequently, methicillin-resistant S. aureus (MRSA) and multidrug resistant organisms have
emerged and established major footholds in hospitals and nursing homes around the world (Chambers, H.F., Clin
Microbiol Rev, 1:173, 1988; and Mulligan, M.E., et al., Am J Med, 94:313, 1993). Today, almost half of the staphylococcal
strains causing nosocomial infections are resistant to all antibiotics except vancomycin, and it appears to be only a
matter of time before vancomycin will become ineffective as well.

[0008] Thus,thereremainsavery strong and rapidly growing need for therapeutics to treat infections from staphylococci
such as S. aureus which are effective against antibiotic resistant strains of the bacteria.

[0009] In gram positive pathogens, such as Staphylococci, Streptococci and Enterococci, proteins, called adhesins,
mediate such infections, for example by promoting colonization, attachmentto blood clots and traumatized tissue. These
specific microbial surface adhesins are termed MSCRAMMSs (microbial surface components recognizing adhesive matrix
molecules) (Patti, J., et al., Ann Rev Microbiol, 48:585-617, 1994, Patti, J. and Hook, M., Cur Opin Cell Biol., 6:752-758,
1994). MSCRAMMSs specifically recognize and bind to extracellular matrix (ECM) components, such as fibronectin,
fibrinogen, collagen, and elastin. These MSCRAMMSs are found in many gram positive pathogens and their amino acid
sequences are related, they have similar modular design and common binding domain organization.
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[0010] MSCRAMMSs on the bacterial cell surface and ligands within the host tissue interact in a lock and key fashion
resulting in the adherence of bacteria to the host. Adhesion is often required for bacterial survival and helps bacteria
evade host defence mechanisms and antibiotic challenges. Once the bacteria have successfully adhered and colonized
host tissues, their physiology is dramatically altered and damaging components such as toxins and enzymes are secreted.
Moreover, the adherent bacteria often produce a biofilm and quickly become resistant to the killing effect of most anti-
biotics.

[0011] A bacterium can express MSCRAMMSs that recognize a variety of matrix proteins. Ligand-binding sites in
MSCRAMMSs appear to be defined by relatively short contiguous stretches of amino acid sequences (motifs). Because
a similar motif can be found in several different species of bacteria, it appears as though these functional motifs are
subjected to interspecies transfer (Patti and Hook, Cur Opin Cell Biol, 6:752-758, 1994). In addition, a single MSCRAMM
can sometimes bind several ECM ligands.

[0012] MSCRAMMSs can mediate infection by binding to proteins including Fibrinogen (Fg) and/or Fibronectin (Fn) etc.
Fibrinogen and Fibronectin are proteins found in blood plasma and play key roles in hemostasis and coagulation.
[0013] Fibrinogen is composed of six polypeptide chains, two Aa, two Bf§ and two y-chains. The C-terminal part of the
y-chain is biologically important and interacts with the platelet integrin during platelet adherence and aggregation. It is
this region which is also targeted by Staphylococcus aureus resulting in Fibrinogen-dependant cell clumping and tissue
adherence.

[0014] Staphylococcus aureus has several surface expressed proteins which stimulate platelet activation and aggre-
gation. The Staphylococcus aureus MSCRAMM proteins include but are not limited to the following:

- Fibrinogen binding protein clumping factor A (CIfA);

- Fibrinogen binding protein clumping factor B (CIfB);

- Fibronectin-fibrinogen binding protein A (FnBPA);

- Fibronectin-fibrinogen binding protein B (FnBPB); and
- 8. aureus surface proteins SasA, SasG, SaskK etc.

[0015] Table 1 below outlines a selection of various Staphylococcus aureus cell wall-anchored surface proteins.

TABLE 1

Surface protein aa? Ligand(s)? Motif¢  Sortase
Protein A (Spa) 508 Immunoglobulin, von Willebrand Factor, TNFRe LPETG A
Fibronectin binding protein A 1,018 Fibronectin, fibrinogen, elastin LPETG A
(FnbpA)

Fibronectin binding protein B 914 Fibronectin, fibrinogen, elastin LPETG A
(FnbpB)

Clumping factor A (CIfA) 933 Fibrinogen,complement factor | LPDTG A
Clumping factor B (CIfB) 913 Fibrinogen, cytokeratin 10 LPETG A
Collagen adhesion (Cna) 1,183 Collagen LPKTG A
SdrC 947 Unknown LPETG A
SdrD 1,315  Unknown LPETG A
SdrE 1,166  Unknown LPETG A
Pls 1,637 Unknown LPDTG A
SasA 2,261  Unknown LPDTG A
SasB 937 Unknown LPDTG A
SasC 2,186 Unknown LPNTG A
SasD 241 Unknown LPAAG A
SasE/IsdA 354 Hemef LPKTG A
SasF 637 Unknown LPKAG A
SasG/Aap 1,117  Unknown9 LPKTG A
SasH 308 Unknown LPKTG A
Sasl/HarA/IsdH 895 Haptoglobin LPKTG A
SasJ/IsdB 645 Hemoglobin, heme LPQTG A
SasK 211 Unknown LPKTG A
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(continued)

Surface protein aa? Ligand(s)? Motifc  Sortased
IsdC 227 Heme NPQTN B

@ aa, protein length in amino acids.

b Molecular component(s) recognized and bound by protein.

¢ Consensus motif recognized by sortase and present in C-terminal cell wall sorting signal.

d Sortase for which cell wall surface protein is substrate.

€ TNFR, tumor necrosis factor receptor

falso binds to proteins in desquamated epithelial cell. Promotes resistance to bactericidal lipids and lactoferrin
9 also binds to desquamated nasal epithelial cells. Involved in biofilm formation.

[0016] Other Staphylococcal bacteria express surface expressed proteins (MSCRAMMS) which are similar to the
clumping factors or binding proteins listed above. These include but are not limited to:

- 8drF, SdrG and SdrH from S. epidermidis wherein SdrG/F have been shown to bind fibrinogen and collagen.

- Fblfrom Staphylococcus lugdunensis is a fibrinogen-binding protein. Fbl is a member of the Sdr-family, a group of
staphylococcal cell surface proteins containing a characteristic serine-aspartate repeat region. The fibrinogen-bind-
ing domain of Fbl has been mapped to 313 amino acids, and shows 62% identity to the corresponding region in
clumping factor A (CIfA) from Staphylococcus aureus.

[0017] Other ligand-binding proteins/adhesins include Isd proteins (iron-regulated surface determinants), which al-
though all of them are not MSCRAMMSs per se (e.g. IsdB and IsdH) promote adhesion of bacteria to extracellular matrix
components and are referred to herein as "MSCRAMM-like proteins". It is known that IsdA promotes adhesion to squa-
mous cells, and has weak affinity for fibrinogen and fibronectin, so may technically be defined as an MSCRAMM.
[0018] Clumping factor A (CIfA) was the first Fibrinogen y-chain-binding S. aureus adhesin identified. Fibronectin-
fibrinogen binding protein A (FNBPA) and Fibronectin-fibrinogen binding protein B (FnBPB) were subsequently recog-
nized as bi-functional proteins found to bind the same C-terminal peptide segment in the y-chain of Fg. CIfA and FnBPs
have structural features that are common to all cell-wall anchored proteins expressed in Gram-positive bacteria, including
CIfB.

[0019] Clumping factor A(CIfA), forexample, is a surface located protein of Staphylococcus aureus. CIfAis animportant
virulence factor of S. aureus. It contributes to the pathogenesis of septic arthritis and endocarditis. CIfA is the archetype
of a family of surface-associated proteins with similar structural/modular organization, including but not limited to CIfB,
SdrD, SdrE etc,

[0020] CIfA contains a 520 amino acid N-terminal A domain (the Fibrinogen Binding Region), which comprises three
separately folded subdomains N1, N2 and N3. The A domain is followed by a serine-aspartate dipeptide repeat region
and a cell wall- and membrane-spanning region, which contains the LPDTG-motif for sortase-promoted anchoring to
the cell wall. CIfA is present in practically all S. aureus strains (Peacock SJ, Moore CE, Justice A, Kantzanou M, Story
L, Mackie K, O’Neill G, Day NPJ (2002) Virulent combinations of adhesin and toxin genes in natural populations of
Staphylococcus aureus. Infect Immun 70:4987-4996). It binds to the C-terminus of the y-chain of fibrinogen, and is
thereby able to induce clumping of bacteria in fibrinogen solution (McDevitt D, Nanavaty T, House-Pompeo K, Bell E,
Turner N, McEntire L, Foster T, HO0k M (1997) Characterization of the interaction between the Staphylococcus aureus
clumping factor (CIfA) and fibrinogen. Eur J Biochem 247:416-424 and McDevitt D, Francois P, Vaudaux P, Foster TJ
(1994) Molecular characterization of the clumping factor (fibrinogen receptor) of Staphylococcus aureus. Mol Microbiol
11:237-248).

[0021] 3D Structural analysis of CIfA and the related fibrinogen-binding proteins SdrG and CIfB has revealed that the
ligand-binding A domain in all these related proteins are all composed of three subdomains N1, N2 and N3, with residues
221-559 corresponding to Regions N2-N3 being the smallest truncate that retains the ability to bind fibrinogen. It has
been found that amino acid residues 532 to 538 correspond to the latching peptide region of CIfA. Each subdomain
comprises nine f#strands that form a novel IgG-type fold. The fibrinogen jchain peptide-binding site in these proteins
is located in a hydrophobic groove at the junction between N2 and N3. It has been found that there is significant structural
similarity between the 3d structure of these proteins, this is due to one or more of related amino acid sequence, similar
modular design and common binding domain organization.

[0022] SdrC, SdrD, SdrE, FnBPA-A (all seven isoforms) and FnBPB-B (all seven isoforms) have similar modular
organization, thus using PHYRE molecular modeling, these proteins would be expected to have the same 3D structure.
[0023] IsdA and IsdB do not have the same type of structure as CIf or Sdr proteins. They have a novel motif called
NEAT which is involved in ligand binding. However, the NEAT motif is similar to the 3D structure of CIf or Sdr, in that is
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composed of a sandwich of beta strands (beta sandwich fold that consists of two five-stranded antiparallel beta sheets)
and is a member of the Ig-superfamily (Pilpa et al "Solution Structure of the NEAT (NEAr Transported) Domain from
IsdH/HarA: the Human Hemoglobin Receptor in Staplococcus aureus” J. Mol. Biol. (2006) 360:435-447) The 3D structure
of the NEAT motif of IsdH has been solved and residues in loop 1 b-2 predicted.

[0024] Expression of CIfA on S. aureus hampers phagocytosis by both macrophages and neutrophils (Palmqvist N,
Patti JM, Tarkowski A, Josefsson E (2004) Expression of staphylococcal clumping factor A impedes macrophage phago-
cytosis. Microb Infect 6:188-195 and Higgins J, Loughman A, van Kessel KPM, van Strijp JAG, Foster TJ (2006) Clumping
factor A of Staphylococcus aureus inhibits phagocytosis by human polymorphonuclear leukocytes. FEMS Microbiol Lett
258:290-296). In neutrophils this is due to both a fibrinogen-dependent mechanism and to a fibrinogen-independent
mechanism. In contrast, platelets are activated by bacteria expressing CIfA through its interaction with GPIIb/Illa leading
to aggregation. This is most efficiently executed when fibrinogen is present, but there is also a fibrinogen-independent
pathway for platelet activation (Loughman A, Fitzgerald JR, Brennan MP, Higgins J, Downer R, Cox D, Foster TJ (2005)
Roles of fibrinogen, immunoglobulin and complement in platelet activation promoted by Staphylococcus aureus clumping
factor A. Mol Microbiol 57:804-818 and O’Brien L, Kerrigan SW, Kaw G., Hogan M., Penadés J., Litt D., Fitzgerald D.J.,
Foster T.J. & Cox D. (2002) Multiple mechanisms for the activation of human platelet aggregation by Staphylococcus
aureus: roles for the clumping factors CIfA and CIfB, the serine-aspartate repeat protein SdrE and protein A. Mol Microbiol
44, 1033-1044).

[0025] CIfAis a virulence factor for induction of septic arthritis in mice (Josefsson E., Hartford O., O’'Brien L, Patti JM,
Foster T (2001) Protection against experimental Staphylococcus aureus arthritis by vaccination with clumping factor A,
anovelvirulence determinant. J Infect Dis 184:1572-1580). In addition, elimination of CIfA together with anotherfibrinogen
binding protein CIfB protected against systemic inflammation at the early stages of infection (Palmqvist N, Foster T,
Fitzgerald R, Josefsson E, Tarkowski A (2005) Fibronectin-binding proteins and fibrinogen-binding clumping factors play
distinct roles in staphylococcal arthritis and systemic inflammation. J Inf Dis 191:791-798).

[0026] The Staphylococcus aureus fibrinogen binding protein CIfA has been isolated and characterized and is the
subject of, for example, US Patent Nos. 6, 008, 341 and 6,177,084,

[0027] CIfA and CIfB have an identical structural (3D) organization and approximately 27% amino acid identity. FnBPA
has an approximately 25% amino acid identity to CIfA.

[0028] At presentthere are no MSCRAMM based vaccines approved and on the market. Veronate®, a donor-selected
staphylococcal human immune globulin intravenous (IGIV) targeting CIfA and SdrG, performed poorly in phase Ill clinical
trials and was withdrawn from trials. It is currently being re-evaluated to determine whether it is a viable treatment for
Staphylococcal infections.

[0029] WO 2005/116064 is directed to FNBPA, which is a multifunctional binding protein of S. aureus. The N-terminal
A domain of FnBPA resembles CIfA and has been found to bind fibrinogen. However. the C-terminal BCD domains of
FnBPA bind fibronectin, hence, FnBPA is a bifunctional MSCRAMM.

[0030] WO 2005/116064 is based on the finding that in the presence of transglutaminase, covalent linkages are formed
between the bacterial adhesin FnBPA and the host protein fibronectin, rendering the association much stronger and
essentially irreversible. Fibrinogen is a major component (~3mg/ml) in blood where it serves as the final target of the
coagulation cascade. Fibronectin is less abundant, ~0.3mg/ml or one molecule of Fn for every 10-15 of fibrinogen.
Fibrinogen and fibronectin are not thought to be associated in blood where they circulate independently.

[0031] Importantly, WO 2005/116064 specifically relates to Factor Xllla-catalyzed covalent cross-linking. WO
2005/116064 isolates multiple mutants in a recombinant FnBPA where residues with positively charged side chains (i.e.
transglutaminase substrates) were altered. Furthermore, WO 2005/116064 is directed to mutants which have altered
covalent fibronectin not fibrinogen binding properties only. Additionally, this document does not demonstrate experimen-
tally whether the binding of the mutant protein to the ligand isreduced and does not provide any supporting immunogenicity
data.

[0032] Thus, in view of the prevalence of multiple drug resistance in gram positive bacteria and the lack of successful
therapies and vaccines for these multi-drug resistant bacteria, any alternative therapy which can deal with such bacterial
infections without using antibiotics will be of significant value.

[0033] Furthermore, any improvements in efficacy over any known treatments or vaccines will be of particular impor-
tance, especially in a clinical setting.

[0034] Thus, the present invention is directed to providing an alternative and improved therapy for such treating such
bacterial infections.

STATEMENT OF THE INVENTION

[0035] According to a first general aspect of the invention, there is provided a recombinant staphylococcal clumping
factor A (CIfA) according to SEQ ID No. 1 or a sequence with at least 85%, preferably at least 95% sequence identity
to the sequence of SEQ ID No. 1 or fragment thereof comprising at least amino acid residues 221 to 531 of the fibrinogen
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binding region (Region A), characterized by at least one amino acid residue substitution or deletion at amino acid residue
Ala254, Tyr256, Pro336, Tyr338, lle387, Lys389, Glu526 and/or Val527 to result in a recombinant fibrinogen binding
protein with reduced ability or lacking the ability to non-covalently bind fibrinogen which stimulates a greater immune
response that the wild type CIfA protein, for use in the treatment or prophylaxis of Staphylococcal infections.

[0036] According to a second aspect of the invention, there is provided a vaccine comprising a recombinant staphy-
lococcal clumping factor A (CIfA) of the invention..

[0037] According to a third aspect of the invention, there is provided a nucleic acid construct, expression vector or
host cell expressing a recombinant staphylococcal clumping factor A (CIfA) of the invention.

[0038] According to a fourth aspect of the invention, there is provided an immunogenic pharmaceutical composition
comprising a recombinant staphylococcal clumping factor A (CIfA) of the invention..

DETAILED DESCRIPTION

[0039] In this specification, the terms "adhesin", "MSCRAMM" and "cell-wall anchored proteins" will be understood to
be interchangeable and cover all microbial derived ligand binding proteins. Ideally, these proteins bind fibrinogen, heme
orhaemoglobin, haptoglobin-haemoglobin, haemin, collagen and other such ligands. The term "MSCRAMM-like" proteins
are intended to cover proteins or adhesins which have related amino acid sequences, similar modular design and/or
common/similar binding domain organization to such MSCRAMM proteins, such as Isd proteins. Ideally, the MSCRAMM-
like proteins have similar binding domain organization/modular design. Additionally, the MSCRAMM-like proteins may
have atleast50%, preferably 60%, preferably 75%, more preferably 85%), even more preferably 95%, still more preferably
99% or more amino acid sequence identity with the MSCRAMM proteins.

[0040] It will also be understood that any of the percentage identities or homologies referred to in the specification are
determined using available conventional methods over the entire/whole length of the sequence.

[0041] The term "micro-organism", "microbe", "microbial” or the like includes but is not limited to organisms including
bacteria, fungi, viruses, yeasts and/or moulds.

[0042] The term "immunologically effective amount" covers those amounts which are capable of stimulating a B cell
and/or T cell response.

[0043] According to a first general aspect of the invention, there is provided a recombinant staphylococcal clumping
factor A (CIfA) of the invention for use in the treatment of microbial infections, such as the treatment of sepsis, septic
arthritis and/or endocarditis or other similar conditions or disease states. Such microbial infections may ideally be caused
by Staphylococci or other similar micro-organisms.

[0044] According to one particular embodiment of this aspect of the invention, the recombinant clumping factor A
(CIfA) of the invention has reduced or lacks the ability to non-covalently bind its host ligand.

[0045] Thus, it will be understood that the recombinant staphylococcal clumping factor A (CIfA) of the invention may
have reduced binding with its host ligand or binding with the host ligand may be prevented.

[0046] It is postulated, according to the invention, that the non-covalent binding that takes place during binding, via
Dock, Lock and Latching (DLL), of the protein of the invention to its ligand may be reduced or prevented. Itis established
that the first step in binding of an MSCRAMM to its ligand involves a non-covalent interaction via the DLL model. These
are the primary non-covalent MSCRAMM interactions with the ligand. The final stages in MSCRAMM-ligand binding
involve covalent interactions. In this particular embodiment, the recombinant clumping factor A (CIfA) of the invention ,
has reduced or lacks the ability to non-covalently bind its host ligand due to altered dock, lock and latching. One or more
of the dock, lock or latching steps may be altered.

[0047] The DLL model was elucidated from the 3D structure of SdrG in complex with its ligand. CIfA has now been
shown to act by a minor variation of the DLL mechanism (Ganech et al (2008) "A structural model of the Staphylococcus
aureus Clfa-fibrinogen interaction opens new avenues for the design of anti-staphylococcal therapeutics”. PloS Pathog
4(11); e1000226). The DLL model specifically relates to the non-covalent interactions involved in ligand binding.The
DLL model is inferred for all other proteins of similar structural type (whether by amino acid similarity/homology or
structural organization homology), including but not limited to MSCRAMM or MSCRAMM-like proteins.

[0048] In relation to MSCRAMMs CIfA/CIfB in particular, it has been found that the minimal ligand binding domain
comprises Region A subregions N1 to N3, specifically subregions N2 and N3 which comprise a variant Dev-IgG Ig fold.
The variant Dev-IgG Ig fold is new variant of the immunoglobulin motif also called the DE-variant. It is postulated that a
hydrophobic pocket formed between the two DEv-IgG domains of CIfA/B is the ligand-binding site for the fibrinogen y-
chain. Essentially, the ligand binds to the hydrophobic groove separating N2 and N3. Specifically, during ligand binding
the unfolded peptide component of the ligand inserts into the groove located between the N2 and N3 subdomains. The
latching peptide at the C-terminus of subdomain N3 undergoes a conformational change and inserts between two beta
strands in subdomain N2, thus, locking the ligand in place. Indeed, mutagenic substitution of residues Tyr256, Pro336,
Tyr338 and Lys389 in the clumping factor, which are proposed to contact the terminal residues 408AGDV41! of the
fibrinogen y-chain, resulted in proteins with no or markedly reduced affinity for fibrinogen. Further details of this specific
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embodiment are expanded on later.

[0049] Thus, in order to provide recombinant staphylococcal clumping factor A (CIfA) of the invention, with reduced
binding to its host ligand, the full length protein, ligand binding domain, minimal ligand binding domain or fragment thereof
may be altered to reduce or prevent binding to its host ligand. Ideally, for CIfA, Region A subregion N2 and N3, which
ideally comprise a variant Dev-IgG Ig fold, may be altered to prevent or reduce binding to its host ligand. Such an
alteration is designed to prevent the ligand binding to the hydrophobic groove separating minimal ligand binding domains
needed for DLL.

[0050] Such alterations in the ligand binding domain may take place at the amino acid level, by amino acid substitution
or deletion, using either the full length protein, ligand binding domain, minimal ligand binding domain or fragment thereof.
It will be understood that proteins or fragments thereof with sufficiently high homology to the ligand binding protein may
also be used. High homology as defined herein occurs when at least 50%, preferably 60%, preferably 70%, preferably
80%, more preferably 90%, even more preferably 95%, still more preferably 95% to 99%, still more preferably 99% or
more of the nucleotides or match over the entire length of the DNA sequence or when used in connection with amino
acid sequences when the amino acid sequences are not identical but produce a protein having the same functionality
and activity. It will be understood that these comments about high homology may also relate to the 3D structure of the
protein, i.e. modular binding domain organization.

[0051] It will be understood that the complete ligand binding protein, the ligand binding domain, the minimal ligand
binding domain or a fragment thereof may be used.

[0052] The use of truncated proteins of the ligand binding protein such as the ligand binding domain, the minimal
ligand binding domain, or the use of fragments thereof is advantageous for ease of manufacture and overcoming other
problems such as unwanted cleavage of the protein. For example, the latching peptide, present in the minimal ligand
binding domain, may be deleted/removed or altered. For example, the latching peptide in CIfA corresponds to Region
A amino acids 532 to 538. These residues may be altered, substituted or removed/deleted in order to prevent the ligand
binding to the MSCRAMM via DLL. In this way the DLL "latching" of the MSCRAMM to its ligand is prevented. This
"latching” occurs by way of a non-covalant interaction. In one embodiment, the latching peptide is removed in its entirety
along with the remaining Region A C-terminal amino acid residues. According to another embodiment, the latching
peptide region only is removed. According to yet another embodiment, the latching peptide region undergoes amino
acid substitution to result in the reduction or prevention of ligand binding/latching. These comments are applicable to all
MSCRAMM or MSCRAMM-like proteins with bind ligands by the DLL or similar models.

[0053] By altering the recombinant staphylococcal clumping factor A (CIfA) of the invention in this manner, itis possible
to provide a ligand binding protein without the ability to bind its ligand, which stimulates a greater immune response
upon immunization than the wild type protein. Advantageously, this reduces systemic inflammation, thereby decreasing
microbial virulence. Consequently, this altered ligand binding protein which lacks the ability to bind its ligand can be
advantageously used in the treatment of microbial infections. Thus, these findings present a new and valuable vac-
cine/immunization therapeutic against bacterial infections which provides better results when compared to a vaccine or
immunization therapeutic derived from the wild type protein.

[0054] Also disclosed herein is a method of inducing an immune response in an individual and/or treating a patient
having a microbial infection, comprising administering to the individual a recombinant staphylococcal clumping factor A
(CIfA) of the invention , or vaccine comprising the recombinant staphylococcal MSCRAMM or MSCRAMM-like protein,
or fragment thereof with reduced binding to its host ligand.

[0055] According to another embodiment of this aspect of the invention, there is provided a vaccine comprising a
recombinant staphylococcal clumping factor A (CIfA) of the invention, with reduced binding to its host ligand.

[0056] Also disclosed herein is an antibody raised against a recombinant staphylococcal clumping factor A (CIfA) of
the invention , preferably in the form of a hyperimmune serum

[0057] According to another embodiment of this aspect of the invention, there is provided an immunogenic pharma-
ceutical composition comprising a recombinant staphylococcal clumping factor A (CIfA) of the invention, with reduced
binding to its host ligand

[0058] According to a preferred embodiment of the invention, there is provided a recombinant staphylococcal clumping
factor A (CIfA) of the invention comprising at least the part of fibrinogen binding region, without the ability to bind fibrinogen
for use in therapy.

[0059] It will be understood that the recombinant Staphylococcal clumping factor A (CIfA) of the invention may be used
in the treatment of Staphylococci infections such as in the treatment of sepsis, septic arthritis and/or endocarditis or
other similar conditions or disease states.

[0060] The fibrinogen binding region of the protein is altered so that it no longer binds fibrinogen. As stated above,
the alteration may take place at the nucleotide or amino acid level. It will be understood that proteins or fragments thereof
with sufficiently high homology to the fibrinogen binding protein may also be used. High homology as defined herein
occurs when at least 50%, preferably 60%, preferably 70%, preferably 80%, more preferably 90%, even more preferably
95%, still more preferably 95% to 99%, still more preferably 99% of the nucleotides match over the entire length of the
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DNA sequence or when used in connection with amino acid sequences when the amino acid sequences are not identical
but produce a protein having the same functionality and activity. It will be understood that these comments about high
homology may also relate to the 3D structure of the protein.

[0061] It will be understood that the complete fibrinogen binding protein, the fibrinogen binding region, the minimal
fibrinogen binding region, or a fragment thereof may be used. The use of truncated proteins or fragments thereof is
advantageous for ease of manufacture and overcoming other problems such as unwanted cleavage of the protein. This
is expanded on below.

[0062] Such fragments should ideally comprise at least part of the fibrinogen binding region of the protein. The ad-
vantages of using a truncated protein or fragment thereof of the, comprising for example one or more subdomains of
the ligand-fibrinogen binding region only, relate to the ability to purify the protein at high yields without degradation. The
CIfA protein fibrinogen binding region, otherwise referred to as the A Region, comprises 3 subregions, N1, N2 and N3.
Thus, the immunogenic fragment may comprise subregions N1, N2 and/or N3 of the CIfA A Region or a fragment thereof.
Thus, for example, in relation to CIfA, the fragment may comprise one or more of subdomains of Region A, N1, N2 or
N3. Ideally, N2 and N3 may be used as this truncate is less likely to undergo proteolysis (a protease cleavage site has
been reported between N1 and N2 in CIfA and CIfB) and can be expressed at higher levels in E. coli. N2 and N3 are
the minimal fibrinogen binding region of CIf proteins.

[0063] We have unexpectedly found that this altered fibrinogen binding protein, truncate or fragment thereof, without
the ability to bind fibrinogen stimulates a greater imnmune response upon immunization than the wild type protein which
binds to fibrinogen in the normal manner. Advantageously, this altered fibrinogen binding protein does not provoke
systemic inflammation when expressed by S. aureus, thus, microbial virulence is decreased. Consequently, this altered
protein which lacks the ability to bind fibrinogen can be advantageously used in the treatment of microbial infections.
We have also found contrary to expectations that the protection effect of the altered fibrinogen binding protein is greater
than the wild type protein. We have found that a pharmaceutical composition or vaccine comprising such an altered
recombinant protein is more effective than a pharmaceutical composition or vaccine comprising the same recombinant
protein in an unaltered (wild type) form, such as CIfA, CIfB, SdrG etc.

[0064] Thus, these findings present a new and valuable vaccine/immunization therapeutic against bacterial infections
which provides better results when compared to the wild type protein when also used as a vaccine/immunization ther-
apeutic.

[0065] It will be understood that the altered protein, may be used in the generation of antibodies, including monoclonal,
polyclonal, chimeric, humanized antibodies or fragments thereof, for use in the treatment of such microbial infections.
Compositions may then be provided which include such antibodies, such as a hyperimmune serum, and these compo-
sitions may be used in the treatment of patients infected with Staphylococcus infections.

[0066] Thus, the proteins or active fragments thereof may be used to inhibit the binding of Staphylococci to the extra-
cellular matrix (ECM) and to prevent/treat Staphylococci infections in a patient.

[0067] Furthermore, the proteins or active fragments thereof, and antibodies to the proteins are useful in the treatment
of infections from Staphylococcal infections, for the development of vaccines for active or passive vaccination, and when
administered as a pharmaceutical composition to a wound or a medical device, both the proteins and antibodies are
useful as blocking agents to prevent microbial infection. For example, these proteins or fragments thereof may be used
in active vaccines, and the antibodies to these proteins in passive vaccines.

[0068] These vaccines and products described herein present a significant improvement over the prior art, which
teaches the general use of MSCRAMMSs to impart immunization, but does not teach the unexpected and improved
vaccines or products described herein.

[0069] The preparation of proteins, DNA and antibodies are well known in the art and will not be described in detail
herein. Conventional techniques are ideally used in the generation of these molecules. The invention will also be un-
derstood to cover nucleic acid constructs containing the nucleic acid or amino acid sequence of interest, recombinant
host cells containing such nucleic acid constructs to express the protein of interest, and immunogenic compositions.
[0070] For administration, the protein composition may be dispersed in a sterile, isotonic saline solution or other
pharmaceutically acceptable adjuvant.

[0071] It will be understood that the vaccine may be a DNA or protein vaccine.

[0072] Immunization may take place by the injection of DNA, protein or antibodies. Alternatively, an attenuated live
organism that includes and expresses the DNA may be administered.

[0073] The amount of DNA, protein or antibodies that may be administered will depend on several mitigating factors,
including dependence on the promoter strength, protein expression and immunogenicity of the expressed gene. These
may be altered for each new application to obtain the desired immunologically effective amount required.

[0074] Also disclosed herein is a method of inducing an immune response in an individual and/or treating a patient
having a microbial infection, comprising administering to the individual a recombinant Staphylococcal clumping factor
A (CIfA) of the invention comprising at least the fibrinogen binding region, without the ability to bind fibrinogen.

[0075] Accordingtofurther preferred embodimentoftheinvention, thereis provided avaccine comprising arecombinant
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Staphylococcal clumping factor A (CIfA) of the invention comprising at least part of the fibrinogen binding region, without
the ability to bind fibrinogen.

[0076] Also disclosed herein is an antibody raised against a recombinant Staphylococcal clumping factor A (CIfA) of
the invention comprising at least part of the fibrinogen binding region, without the ability to bind fibrinogen, preferably in
the form of a hyperimmune serum.

[0077] According to a yet further preferred embodiment of the invention, there is provided an immunogenic pharma-
ceutical composition comprising a recombinant Staphylococcal clumping factor A (CIfA) of the invention comprising at
least partofthe fibrinogen binding region, without the ability to bind fibrinogen and a pharmaceutically acceptable adjuvant.
[0078] Ideally, the recombinant Staphylococcal fibrinogen binding protein or fragment thereof is derived from S. aureus,
S. epidermidis and/or S. lugdunensis.

[0079] It will be understood that nucleotide or amino acid substitutions or deletions within the fibrinogen binding region
of such fibrinogen binding proteins result in a recombinant protein without the ability to bind fibrinogen.

[0080] CIfA-fibrinogen binding has been elucidated to occur by a dock, lock and latch (DLL) mechanism similar to that
of SdrG. The DLL model was expanded on above. Region A of CIfA is responsible for the protein-ligand interaction. As
shown in Figure 11, the modular structure of several fibrinogen binding MSCRAMM are similar and all contain Region
A similar to CIfA.

[0081] The fibrinogen y-chain peptide-binding site is located in a hydrophobic groove at the junction between N2 and
N3 of CIfA. Thus, the substitutions or deletions mentioned above are designed to alter the MSCRAMM protein-ligand
interaction and prevent the non-covalent binding of CIfA to fibrinogen.

[0082] According to one specific embodiment of the present invention, the recombinant Staphylococcal fibrinogen
binding protein is a fibrinogen binding-deficient mutant of CIfA. In this embodiment, Fibrinogen Binding Region A of CIfA
is altered by any means (such as substitution or deletion mutations) so that it no longer binds fibrinogen.

[0083] Ideally, thefibrinogen binding protein is CIfA, however, CIfAbears 3D structural similarity to many otherfibrinogen
binding proteins.

[0084] CIfA is a 993 amino acid protein, comprising a 520 amino acid fibrinogen binding domain (from amino acids
40 to 559). This fibrinogen binding domain is the N Terminal A domain comprising subregions N1, N2 and N3. The entire
fibrinogen region spanning N1 to N3 from amino acid 40 to amino acid 559 may be used in the invention. Alternatively,
a truncate of the N1 to N3 region may be used, e.g. 221 to 559 (the minimal fibrinogen binding region), 221 to 531 (the
minimal fibrinogen region without the latching peptide and following residues) etc. Ideally, subregions N2 and N3, the
minimal fibrinogen binding region, may be used which correspond to amino acid residues 221 to 559. Alternatively, a
fragment of these subregions may be used.

[0085] It has been established that amino acid residues 221 to 559, covering the N2 and N3 regions, of CIfA play an
important part in the binding to fibrinogen and are the minimal fibrinogen binding region. We also have unexpectedly
found that mutation of amino acid residues in this region results in an expressed protein which can be recognized by
the host immune defences but lacks fibrinogen binding and hence, reduces the associated virulence. This region (the
339 amino acid fibrinogen binding domain) of CIfA has a specific 3D structure, a so-called DE-variant IgG fold, and is
the minimum Fg-binding truncate which if altered (via substitution or deletion etc) can provide an improved therapy.
[0086] The alteration to result in the loss of fibrinogen binding activity may take place by substitution, addition or
insertion or deletion at either the nucleotide or amino acid level. Ideally, the substitution negatively affects the 3D structure
(e.g. of the a so-called DE-variant IgG fold) of the protein or fragment so it can no longer bind fibrinogen.

[0087] Ideally, the nucleotide or amino acid substitution reduces the non-covalent interaction with fibrinogen, preferably
by preventing ligand binding to the hydrophobic pocket separating N2 and N3 of Region A of the fibrinogen binding
protein. Alternatively, the latching peptide region corresponding to amino acids 532 to 538 may be altered by substitution
or deleted to prevent ligand binding. Additionally, a truncate/fragment lacking the latching peptide region and optionally
the remainder of the C-terminal protein residues, i.e. lacking amino acid residues 532 to 559, may be used.

[0088] According to one specific embodiment of this aspect of the invention, the fibrinogen binding-deficient mutant
of CIfA may be constructed by exchanging amino acids P54 for serine and/or Y 544 for aspartate, respectively. The choice
of residues was based on the X-ray crystal structure of CIfA and the observation that individual changes to the proline
or the tyrosine reduced binding affinity. Surprisingly, we found that this mutant CIfA protein (rCIfAP335 S Y335A) stimulated
an immune response and can be used in the generation of a much more effective vaccine or antibody therapy. This
substitution may take place in the full length fibrinogen binding protein, the fibrinogen binding region, the minimalfibrinogen
binding region, or a fragment thereof.

[0089] According to another specific embodiment of this aspect of the invention, the fibrinogen binding-deficient mutant
of CIfA may be constructed by exchanging amino acids P44 for aspartate and/or Y444 for serine, respectively. As with
the previous embodiment, this mutant CIfA protein (rCIfAP335 A Y335S) can also be used in the generation of a much
more effective vaccine or antibody therapy.

[0090] Alternatively, the alteration may be in the form of a deletion, comprising the fibrinogen binding region without
the latching peptide sequence (amino acids 532 to 538), to result in a recombinant fibrinogen binding protein without

10



10

15

20

25

30

35

40

45

50

55

EP 2 244 722 B1

the ability to non-covalently bind fibrinogen. In this embodiment, amino acid residues 221 to 531 of Region A of CIfA are
used, which lack the latching peptide and following C-terminal residues. Alternatively, an amino acid substitution in the
latching peptide amino acids 532 to 538 which prevents the DLL of the fibrinogen may be contemplated.

[0091] It is understood that all proteins in the CIf-Sdr family binds ligands by the DLL model. By modelling the 3D
structure, it is possible to predict the latching peptide and make a truncate that lacks it, either in the full length (N1 to
N3) or the minimal ligand binding truncate N2-N3, or a fragment thereof.

[0092] We found that these substitution rCIfA proteins (whether deletion mutants, substitutions or truncates) reduced
virulence and disease outcome, and surprisingly induced less systemic inflammation that the wild type protein.

[0093] Thus, immunization with these mutant proteins is expected to, based on the proteins tested, enhance the level
of antibodies which recognized both the mutant and wild type proteinand to provide for a greater immune response than
the wild type protein.

[0094] Thus, CIfA which has been altered so that it no longer binds fibrinogen is a useful therapeutic candidate for
active or passive immunization. In this way, the altered CIfA protein itself may be used as a vaccine or antibodies raised
to this altered CIfA protein may be used. As above the vaccine may be a DNA or protein vaccine.

[0095] The following sequences outlined in the table below may be used in accordance with the invention.

SEQID No Description Length A Region

1 wt rCIfA - full length aa sequence (Example 1) 933 aa -

2 wt rCIfA A Region - full length DNA sequence (Example 1) 1560 nucleotides N1 to N3

3 wt rCIfA A Region - full length aa sequence (Example 1) 520 aa N1 to N3

4 rCIfAPY| A Region (Example 1) 520 aa N1 to N3

5 rCIfAPYIl A Region (Example 1) 520aa N1 to N3

6 wt rCIfA A Region - full length aa sequence with additional N and 530aa N1 to N3
C terminal residues? (Example 2)

7 rCfAPY| A Region with additional N and C terminal residues’ 530aa N1 to N3
(Example 1)

8 rCIfAPYI1l A Region with additional N and C terminal residues 530aa N1 to N3

9 rCIfA 221-559 (Example 2) 339 aa N2 and N3

10 rCIfA 221-559 with additional N and C terminal residues' 349 aa N2 and N3
(Example 2)

11 rCIfA PY 221-559 (Example 2) 339aa N2 and N3

12 rCIfA PY 221-559 with additional N and C terminal residues’ 349aa N2 and N3
(Example 2)

13 rCIfA 221-531 (delta latch truncate) with additional N and C 321aa N2 and N33
terminal residues? (Example 2)

14 rCIfAPY 221-531 (delta latch truncate) 311 aa N2 and N33

1Additional N residues (N-terminal extension (6 x His tag and additional residues) comprise 6 His residues, followed
by Gly and Ser. Additional C terminal residues comprise Lys followed by Leu (other additional N and C terminal
residues may be used - depending on the primer used or N/C terminal tags required)

2pdditional N residues (6 x His tag and additional residues) comprise 6 His residues, followed by Gly and Ser.
Additional C terminal residues comprise Arg followed by Ser (other additional N and C terminal residues may be used
- depending on the primer used or N/C terminal tags required))

3without the latching peptide corresponding to aa residues 532 to 538 and remainder A Region C-terminal residues
i.e. lacking amino acid residues 532 to 559.

[0096] Ideally, the recombinant Staphylococcal fibrinogen binding protein comprises the amino acid sequence accord-
ing to any of SEQ ID Nos. 1 to 3 wherein residue P34 andfor Y354 are substituted with either serine and/or alanine, or
a fragment thereof.

[0097] Alternatively, the fragment of the recombinant Staphylococcal fibrinogen binding protein comprises the amino
acid sequence according to any of SEQ ID No. 4 to SEQ ID No. 14. SEQ ID NOs 4 and 5 correspond to the CIfA A
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domain N1, N2, N3 only, rCIfA P336S Y335A and rCIfA PaagA Y434S respectively as outlined in the table above.

[0098] It is also postulated, based on the substitutions in the latch which were made in SdrG, that substitutions in the
latch that are defective in the conformational change or beta strand complementation willl also be defective in ligand
binding. Thus, ideally, the substitutions are in amino acid residues 532 to 538 which correspond to the latching peptide
and affect the ability of the peptide to undergo conformational change, or bind the ligand or both. Alternatively, the
alteration may comprise removing the amino acid residues 532 to 538 (delta latch peptide) altogether, to give similar
results. Additionally, a C-terminal truncation mutant lacking amino acid residues 532 to 559 (including the latching peptide
residues) will also effect binding to the ligand.

[0099] However, it will also be contemplated that other amino acid residues could be substituted other than those
specifically recited above. For example, Glu 526, Val 527, Tyr 256 and Lys 389 may be substituted to alter the fibrinogen
binding properties of the protein or fragment thereof. Thus, any substitution which reduces binding ability may be con-
templated. Ideally, such substitutions or deletions effect the hydrophobic pocket and associated mechanism for binding
the ligand in the hydrophobic trench such as homologues Val527 in CIfA and N526 in CIfB. In CIfB, Q235 and N526
have been studied to shown to reduce binding. A similar study was done with FnBPA where N304 and F306 were shown
to be important for Fg binding. Thus, mutations in these amino acid residues will affect ligand binding.

[0100] The treatment (vaccine, antibody or pharmaceutical composition etc) may comprise the complete Fibrinogen
Binding Region or a fragment thereof.

[0101] In the specification, the terms "comprise, comprises, comprised and comprising” or any variation thereof and
the terms "include, includes, included and including" or any variation thereof are considered to be totally interchangeable
and they should all be afforded the widest possible interpretation.

[0102] The invention is not limited to the embodiment hereinbefore described, but may be varied in both construction
and detail within the scope of the claims.

[0103] The present invention will now be described with reference to the following non-limiting figures and examples.
[0104] Figures 1 to 15 show the results of Example 1.

Figure 1 shows the severity of arthritis (A), measured as arthritic index, and weight loss (B) in mice inoculated with
S. aureus strain Newman, and cifAPY]|, cifAPYII, and c/fA null mutants. 3.2 x 108 - 6.0 x 108 cfu of S. aureus strains
were inoculated. Data are presented as medians (squares or center lines), interquartile ranges (boxes), and 80%
central ranges (whiskers). Data from three experiments are pooled. Nygwman = 27 - 30, Npy = 30, Ngygapyy = 10,
and N, = 16 - 20.

Figure 2 shows the bacterial growth in kidneys in mice 7-8 days after inoculation with 3.2 x 108 - 6.0 x 108 cfu of S.
aureus strain Newman, and cl/fAPYI, clifAPYIl, and c/fA null mutants. Data are presented as cfu per kidney pair.
Where no growth was detectable, the count was put to highest possible count according to what dilution was used.
Data from three experiments are pooled.

Nuewman = 26, Naapyr = 30, Nggeyn = 10, and Ny = 15.

Figure 3 shows the survival of mice after inoculation with 5.2, 5.1 or 3.3 x 107 cfu of S.aureus strain Newman, c/fAPY]|
mutant or ¢/fA null mutant, respectively. N = 10 per group from start.

Figure 4 shows the survival of mice after inoculation with 9.4, 7.9, 10.7 or 9.8 x 108 cfu of S.aureus strain LS-1, and
clfAPYI, clfAPYII or c/fA null mutants, respectively. N = 15 per group from start.

Figure 5 shows the survival of mice immunized with BSA, recombinant CIfA or recombinant CIfAPY (i.e. CIfAPYI
recombinant protein A domain) and inoculated with 2.3 x 107 cfu of S. aureus Newman. N = 15 per group from start.

Figure 6 shows the frequency of arthritic mice inoculated with 3.2 x 108 - 6.0 x 108 cfu of S. aureus strain Newman
wild-type, and cl/fAPYI, clfAPYII, and c/fA null mutants. Data from three experiments are pooled. Nygowman = 27 - 30,
Neitapy1 = 30, Nejgapyy = 10, and Ny = 16 - 20.

Figure 7 shows the severity of arthritis measured as arthritic index in mice inoculated with 5.2, 5.1 or 3.3 x 107 cfu
of S.aureus strain Newman wild-type, c/ffAPY| mutant or ¢c/fA null mutant, respectively. Data are presented as medians
(squares), interquartile ranges (boxes), and 80% central ranges (whiskers). Nyewman = 0-10, Nggapy) = 2-10, and
Ngjea = 0-10.
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Figure 8 shows the weight loss in mice inoculated with 5.2, 5.1 or 3.3 x 107 cfu of S.aureus strain Newman wild-
type, clfAPY| mutant or c/fA null mutant, respectively. Data are presented as medians (center line), interquartile
ranges (boxes), and 80% central ranges (whiskers). Nygwman = 0-10, Nggapy) = 9-10, and Ny = 0-10.

Figure 9 shows the severity of arthritis measured as arthritic index in mice immunized with BSA, recombinant CIfA
or recombinant CIfAPY (i.e. CIfAPY| recombinant protein A domain) and inoculated with 4.0 x 108 cfu of S. aureus
Newman. Data are presented as medians (squares), interquartile ranges (boxes), and 80% central ranges (whiskers).
Ngsa = 14, N jpapy = 14, and N = 15 per group from start.

Figure 10 gives the nucleotide and amino acid sequence of wild-type CIfA A domain protein (rCIfA), domains N123
only, with the residues highlighted which are altered in the following examples (P335 and Y 334) to give rise to rCIFAPY /11
(SEQ ID No.3). It is this recombinant protein A domain which was used in vaccination in the following examples.

Figure 11 shows an illustrative representation of the structure of FnBPA, CIfB, CIfA and SdrG proteins. Region A is
the fibrinogen binding region, S is the signhal sequence, W is the cell wall spanning domain, M is the membrane
anchor including the LPXTG motif, + represent positively charged residues and R is the repeat region. In CIfA Region
A comprises N123 (not shown). The BCD region of FnBPA (and the shorter CD region of FnBPB - not shown) binds
fibronectin.

Figure 12 shows the specific antibody responses to recombinant CIfAPY40-559 in serum samples of mice immunized
with bovine serum albumin (BSA), recombinant CIfA40-559 (rCIfA), or recombinant CIfAPY40-559 (rCIfAPY), 9 days
after the second booster immunization, which was one day before infection with 2.3 x 107 cfu/mouse of S. aureus
strain Newman wildtype for induction of sepsis. Data are presented as medians (center lines), interquartile ranges
(boxes), and 80% central ranges (whiskers). Ngga = 13-15, Nciea = 15, and N,giapy = 15.

Figure 13 shows the specific antibody responses to recombinant CIfA40-559 in serum samples of mice immunized
with bovine serum albumin (BSA), recombinant CIfA40-559 (rCIfA), or recombinant CIfAPY40-559 (rCIfAPY), 9 days
after the second booster immunization, which was one day before infection with 2.3 x 107 cfu/mouse of S. aureus
strain Newman wildtype for induction of sepsis. Data are presented as medians (center lines), interquartile ranges
(boxes), and 80% central ranges (whiskers). Ngga = 13-15, Nciea = 15, and N,giapy = 15.

Figure 14 shows the specific antibody responses to recombinant CIfAPY40-559 in serum samples of mice immunized
with bovine serum albumin (BSA), recombinant CIfA40-559 (rCIfA), or recombinant CIfAPY40-559 (rCIfAPY), 9 days
after the second booster immunization, which was one day before infection with 4.0 x 108 cfu/mouse of S. aureus
strain Newman wildtype for induction of septic arthritis. Data are presented as medians (center lines), interquartile
ranges (boxes), and 80% central ranges (whiskers). Nggp = 14-15, Ncia = 15, and Ncjapy = 15.

Figure 15 shows the specific antibody responses to recombinant CIfA40-559 in serum samples of mice immunized
with bovine serum albumin (BSA), recombinant CIfA40-559 (rCIfA), or recombinant CIfAPY40-559 (rCIfAPY), 9 days
after the second booster immunization, which was one day before infection with 4.0 x 108 cfu/mouse of S. aureus
strain Newman wildtype for induction of septic arthritis. Data are presented as medians (center lines), interquartile
ranges (boxes), and 80% central ranges (whiskers). Nggp = 14-15, Ncia = 15, and Ncjapy = 15.

Figure 16 of Example 2 shows the specific antibody responses to recombinant CIFAPY221-559 in serum samples
of mice immunized with bovine serum albumin (BSA), recombinant CIfA221-559 (rCIfA221-559), or recombinant
CIfAPY221-559 (rCIfAPY221-559), 9 days after the second booster immunization. Data are presented as medians
(center lines), interquartile ranges (boxes), and 80% central ranges (whiskers). Nggp = 15, N,citan21.559 = 14-15,

and Nciapy221-559 = 14-15.

Figure 17 of Example 2 shows the specific antibody responses to recombinant CIfA221-559 in serum samples of
mice immunized with bovine serum albumin (BSA), recombinant CIfA221-559 (rCIfA221-559), or recombinant
CIfAPY221-559 (rCIfAPY221-559), 9 days after the second booster immunization. Data are presented as medians
(center lines), interquartile ranges (boxes), and 80% central ranges (whiskers). Nggp = 15, N,citan21.559 = 14-15,

and Nciapy221-559 = 14-15.

Figure 18 of Example 3 shows the specific antibody responses to recombinant CIfA221-531 in serum samples of
mice immunized with recombinant CEAPY221-531 (rCIfAPY221-531), @ days after the second booster immunization.
Data are presented as medians (center lines), interquartile ranges (boxes), and 80% central ranges (whiskers).
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Nicita221-531 = 14-15.
Examples

Example 1

rCIfA A region truncates comprising N1, N2 and N3 (amino acids 40-559)

MATERIAL AND METHODS

[0105] Full details of the numeric references in brackets given in the Examples are provided at the end of this section.

Mice

[0106] NMRI mice were obtained from Scanbur BK (Sollentuna, Sweden) and were maintained in the animal facility
of the Department of Rheumatology, University of Goteborg, Sweden. Géteborg animal experiment ethical board ap-
proved the experiments. They were housed up to 10 animals per cage with a 12 h light-dark cycle, and were fed standard
laboratory chow and water ad libitum. The animals were 6 to 16 weeks old at the start of the experiments.

Bacterial strains

[0107] Forinfection of animals the S. aureus wildtype strains Newman (14) and LS-1 (11) and constructed derivatives
thereof were used. The clfA P335SY335A (cIfAPYI) and clfA P3ygAY 334S (CIAPYII) derivatives were constructed in strain
Newman and transduced to strain LS-1 (see below). The deletion mutants Newman c/fA2::Tn917 mutant DU5876 (3)
and LS-1 clfA2::Tn917 mutant (J.R. Fitzgerald et al., unpublished) were also used. Bacteria were grown on blood agar
plates for 48 h, harvested, and kept frozen at -20°C in PBS containing 5% (wt/vol) BSA (Sigma Chemicals) and 10%
(vol/ivol) dimethyl sulfoxide. Before injection into animals, the bacterial suspensions were thawed, washed in PBS, and
adjusted to appropriate cell concentrations. The number of viable bacteria was measured in conjunction with each
challenge by cultivation on blood agar plates and counting colonies.

Construction of c/fAPYI and c/fAPYIl mutations in S. aureus Newman and LS-1

[0108] In this experiment, a full length CIfA A region truncate, comprising N1, N2 and N3, corresponding to amino
acids 40 to 559, was used. In the following description and figures :

- CIfA may also be referred to as rCIfA 40-559 (SEQ ID NO 3);
- CIfA P335SY333A may also be referred to as clfAPYI, rclfAPY or rclfAPYI (i.e clfAPYI 40-559) (SEQ ID NO 4); and
- CIfA P336AY333S may also be referred to as clfAPYII, rcifAPYII (i.e. clfAPYIl 40-559) (SEQ ID NO 5).

[0109] A 1.02 kb Pstl-BamHI fragment of pCF77 PY (Loughman et al., 2005) containing the mutations P335S and
Y338A in clfA was cloned into pBluescriptll SK- (Stratagene). This plasmid was linearised with Hindlll and ligated to
Hindlll-cut pTSermC (J. Higgins, unpublished) to generate plasmid pARM, which is a temperature sensitive E. coli-S.
aureus shuttle vector containing the P336S and Y33gA substitutions.

[0110] In order to reduce the risk of unknowingly generating a functional or immunoreactive epitope by substituting
P336 and Y335, we generated a second mutant, in which the order of the substitutions was reversed, yielding P335A and
Y33gS, To generate this a plasmid pJH2, analogous to pARM but containing the P336A and Y33¢S subsitutions, was
generated. Overlap primer PCR was used with the same flanking primers used to make pCF77 PY (6), and a different
pair of overlapping mutagenic primers:

F3: GCAACTTTGACCATGGCCGCTTCTATTGACCCTGAAAATG and

R3: CATTTTCAGGGTCAATAGAAGCGGCCATGGTCAAAGTTGC
(mutations in bold and underlined) to generate pCF77 PYIl. The 1.02 kb Pstl-Hindlll fragment of this plasmid was used
as described above to generate pJH2, a temperature sensitive E. coli-S. aureus shuttle vector containing the P336A and
Y 33gS substitutions.

[0111] Both pARM and pJH2 were transferred to RN4220 (15) by electroporation and subsequently transduced using
phage 85 (16) to S. aureus Newman (14) and LS-1 (11). In these strains the plasmids were induced to insert into the
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chromosome and then excise, leaving the mutations in the chromosome of a proportion of transformants, generating
Newman c/fAPYI|, Newman c/fAPYIIl, LS-1 cIfAPY| and LS-1 clfAPYIl. Transformants were screened for loss of the
plasmid and a loss of fibrinogen-binding activity. Integrity of the c/fA gene was verified by Southern hybridisation using
a clfA probe (data not shown). Expression of animmunoreactive protein (CIfAPY) was verified by Western immunoblotting
using anti-CIfA region A polyclonal rabbit antiserum (data not shown). The mutations were verified by PCR across the
Kpnl-BamHI| fragments from genomic DNA and commercial sequencing of the products. The about 700 bases of the
clfA gene of strain LS-1 that were sequenced were identical to the corresponding bases in the Newman c/fA gene of
strain Newman.

Production of Recombinant CIfA and CHAPY

[0112] His-tagged recombinant CIfA region A, domains N123 (amino acids 40-559), was produced from pCF40 as
previously described (17), with an additional polishing step through an anion-exchange column. Plasmid pCF77 PY (6)
was used as template to clone c/fAPY| domains N123 into pQE30 to generate pCF40PY. Using this plasmid, recombinant
CIfAPY was also produced by nickel affinity chromatography and anion exchange chromatograpy, as was described for
rCIfA. Eluates were dialysed against two changes of PBS before concentration and freeze-drying.

Septic arthritis and sepsis experiments

[0113] In experiments 1-3 all the mice (n=10 per group) were infected with strain Newman to trigger arthritis. In
experiments 4 and 5, the mice were infected with strain Newman and LS-1, respectively, toinduce sepsis (n=10 per group).
[0114] Experiment 1 Mice were infected by intravenous injection with 3.5 x 108 cfu/mouse of S.aureus strain Newman
or with 4.3 x 108 cfu/mouse of Newman c/fAPY| mutant, both in 200 pl PBS. Clinical arthritis and weight change was
followed until day 7. Mice were sacrificed day 8, kidney growth of bacteria were assessed and serum IL-6 and total IgG
levels were measured. Synovitis and bone destruction was studied histologically on the joints of fore and hind legs.
[0115] Experiment 2 Mice were infected with 5.0 x 108 cfu, 6.0 x 108 cfu or 4.3 x 108 cfu of S.aureus strain Newman,
cIfAPY| mutant or Newman clfA::ErmR (cIfA null mutant), respectively. Clinical arthritis and weight change was followed
until day 7. Mice were sacrificed day 7, kidney growth of bacteria were assessed and serum IL-6 and total IgG levels
were measured. Synovitis and bone destruction was studied histologically on the joints of fore and hind legs.

[0116] Experiment 3 Mice were infected with 4.7 x 108 cfu, 3.2 x 108 cfu, 3.9 x 106 cfu or 4.8 x 108 cfu of S.aureus
strain Newman, clfAPY| mutant, Newman c/fAPYIl mutant or Newman c/fA null mutant, respectively. Clinical arthritis
and weight change was followed until day 7. Mice were sacrificed day 8 and kidney growth of bacteria were assessed.
[0117] The outcome of the experiments 1-3 were very similar, so data were pooled and presented together.

[0118] In Experiment 4 mice were injected intravenously with 5.2 x 107 cfu, 5.1 x 107 cfu or 3.3 x 107 cfu of S.aureus
strain Newman, cl/fAPY| mutant or c/fA null mutant, respectively. Mortality, weight change and clinical arthritis were
followed until day 10.

[0119] In Experiment 5 mice were infected with 9.4 x 108 cfu, 7.9 x 108 cfu, 10.7 x 108 cfu or 9.8 x 106 cfu of S.aureus
strain LS-1, LS-1 ¢/fAPY| mutant, LS-1 c/fAPYIl mutant, or LS-1 ¢/fA null mutant, respectively. Mortality, clinical arthritis
and weight change was followed until day 16.

Intra-articular Injection of bacteria

[0120] One knee joint per mouse was injected with 2.4 x 104 cfu, 2.4 x 104 cfu, or 3.4 x 10% cfu of strain Newman
wildtype, clfAPYI mutant or c/fA knockout mutant, respectively, in 20 pl PBS. N = 10 per group. Mice were sacrificed 3
days later, and the knee joints were collected for histopathological examination.

Vaccination with wild-type and mutant recombinant CIfA

[0121] Purified rCIfA40-559, rCIfFAPY 40-559 (i.e. rCIfAPYI) or BSA were dissolved in physiologic saline and emulsified
1:1 in Freund’s complete adjuvant (Difco Laboratories). Two hundred pl of the emulsion containing 30 pg (= 0.53 nmol)
of protein was injected subcutaneously (s.c.) on day 0. First booster immunization with 30 g of protein in physiologic
saline in incomplete Freund’s adjuvant was performed on day 11. Second booster immunization was done day 21. On
day 30 the mice were bled and sera were frozen for later analysis of antibody responses.

[0122] On day 31, 14-15 mice per group were infected by i.v. injection of 4.0 x 108 cfu/mouse for induction of septic
arthritis, or by 2.3 x 107 cfu/mouse for induction of sepsis. Clinical arthritis, weight change and mortality were followed
for 11 and 15 days, respectively. Bacterial growth in kidneys was assessed in the septic arthritis experiment.

15



10

15

20

25

30

35

40

45

50

55

EP 2 244 722 B1

Clinical evaluation of infected mice

[0123] The clinical evaluation was performed in a blinded manner. Each limb was inspected visually. The inspection
yielded a score of 0 to 3 (0, no swelling and erythema; 1, mild swelling and/or erythema; 2, moderate swelling and/or
erythema; 3 marked swelling and/or erythema). The arthritic index was constructed by adding the scores from all four
limbs of an animal. The overall condition of each mouse was also examined by assessing signs of systemic inflammation,
i.e., weight decrease, reduced alertness, and ruffled coat. In cases of severe systemic infection, when a mouse was
judged too ill to survive another 24 h, it was killed by cervical dislocation and considered dead due to sepsis.

Histological examination

[0124] Histological examination of joints was performed using a modification (8) of a previously described method (18).

Bacteriologic examination of infected kidneys

[0125] Kidneys were aseptically dissected, kept on ice, homogenised, serially diluted in PBS and spread on blood
agar plates. After 24 h of incubation in 37°C the number of cfu per kidney pair was determined.

Measurement of serum IgG

[0126] Levels in serum of total IgG were measured by the radial immunodiffusion technique (19). Goat-Anti-Mouse-
lgG and mouse IgG standard were purchased from Southern Biotech, Birmingham, AL

Specific antibodies - ELISA

[0127] Serum samples from immunized mice were obtained 9 days after the second booster immunization. The serum
specific antibody response against rCIfA and rCIfAPY was measured by ELISA. Microplates (96-well; Nunc) were coated
with 5 ng/ml of recombinant protein in PBS. Blocking agent, serum samples, biotinylated antibodies, and ExtrAvidin-
proxidase were all diluted in PBS. The assay was run according to a previous description (8). All serum samples were
diluted 1:20000, and antibody response was monitored as absorbance at 405 nm.

[0128] Inasecondrun, togetamore accurate measure of the specific antibody responses in the differentimmunization
groups, theresponses were determined at several serum dilutions. Thus, all serum samples were diluted 1:5000, 1:20000,
1:80000 and 1:320000, and antibody response was monitored as absorbance at 405 nm.

I1t-6 analysis
[0129] Serum IL-6 was detected by a method previously described (20).

Statistical analysis

[0130] Statistical evaluation was done by using the Mann-Whitney U test.. P<0.05 was considered to be significant.
Data are reported as medians, interquartile ranges, and 80% central ranges, unless otherwise mentioned.

RESULTS

Exchange of two amino acids necessary for CIfA binding to fibrinogen hampers development of septic arthritis
and sepsis

[0131] Two amino acids (P336 and Y338) that are known to be required for fibrinogen binding by CIfA were altered
by allelic exchange to create mutants of strains Newman and LS1 that expressed a non-fibrinogen-binding CIfA protein
onthe cell surface. The level of expression and integrity of the protein was measured by Western blotting which established
that there was good expression of the mutant proteins on the bacterial surface and expressed protein was the right size.
[0132] The ability of Newman wild-type and Newman clfA P35S Y335A (CIfAPYI) to provoke septic arthritis was inves-
tigated. Septic arthritis was induced by intravenous inoculation of 3.5 x 108 to 5.0 x 108 colony-forming units (cfu) and
3.2 x 108 to 6.0 x 108 cfu of Newman wild-type and the c¢/fAPY| mutant, respectively. The development of arthritis was
studied clinically for 7 days. The c/fAPY| mutant provoked significantly less severe arthritis than the wild-type strain over
the entire experimental period (P > 0.001, Fig. 1 A). The frequency of arthritis was lower for Newman c/fAPY| at most
time points (Fig. 6).
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[0133] Unexpectedly, it appears that the new amino acid composition in the CIFAPYI| molecule fits for interaction with
a host anti-bacterial defence. To check for this possibility, a new construct was made where different amino acids were
substituted for P336 and Y338 (clfA PasgA Y33gS: clfAPYII). Mice that were inoculated with 3.9 x 108 cfu of Newman
clfAPYI| developed arthritis to the same low extent as the c/fAPY| mutant (Fig. 1 A), and with a similar frequency (Fig.
6). This outcome suggests strongly that the loss of fibrinogen binding is responsible for the reduced level of arthritis.
[0134] Itis possible that CIfA is involved in the development of arthritis by mechanisms that do not involve fibrinogen
binding. To test this a CIfA deletion mutant lacking the CIfA protein was compared to mutants expressing the modified
non-fibrinogen binding CIfA protein. However, mice that were infected with 4.3 x 108 to 4.8 x 108 cfu of ¢/fA null mutant
developed arthritis in a manner not different from the c/fAPY| and c/fAPY Il mutant infected mice (Fig. 1 A). The frequency
of arthritis was also indistinguishable (Fig. 6).

[0135] Infected joints were also investigated histologically. The synovitis in Newman c/fAPYl-infected mice was sig-
nificantly milder than in wild-type infected mice in both experiment 1 and 2 (P = 0.02 and 0.001, respectively). Bone
destruction, a major cause of sequels in human septic arthritis, was almost absent in the Newman c/fAPYI-infected
samples (Experiment 2, P = 0.001). The synovitis and bone destruction induced by the Newman c/fA null mutant were
also less pronounced compared to mice infected with Newman wild-type (P = 0.003 and 0.006, respectively), but some-
what more severe than in the Newman c/fAPY| group, although not significantly so.

[0136] Next, the metabolic consequences of the c/fA mutations for the infectious process were analysed. Mice infected
with the Newman wild-type strain lost up to about 30% of their body weight during the experimental period. Mice that
were infected with the fibrinogen binding-deficient mutants Newman c/fAPY| and Newman c/fAPY I lost hardly any weight
at all (P > 0.0001 versus wild-type). In contrast, the Newman c¢/fA null mutant had an intermediate effect on the weight
loss, causing significantly less than the wild-type strain, but significantly more than the cffAPYI| and c/fAPYIl mutant
strains (P < 0.02 in most cases, Fig. 1 B).

[0137] The serum levels of IL-6, a measure of systemic inflammatory response, were analyzed at day 7-8 of infection.
The pattern of IL-6 expression was similar to weight changes. Newman wild-type evoked high levels of serum IL-6 (4.8
(2.8, 5.7) ng/ml), the Newman c/fAPY| mutant evoked considerably lower IL-6 (0.2 (0.07, 2.4) ng/ml, P <0.0001) while
the Newman c/fA null mutant gave rise to an intermediate response (2.5 (1.3, 3.2) ng/ml) with significant differences to
both the wild-type and c/fAPY| mutant group (P = 0.009 and P = 0.008, respectively) (median, interquartile range).
[0138] The growth of bacteria in kidneys was significantly greater in Newman wild-type-infected mice, compared to
both of the Newman clfAPY mutants and the Newman c/fA nullmutant (P<0.0001, P=0.011, and P=0.005, respectively;
Figure 2). The Newman c/fA null mutant-infected mice had significantly more bacterial growth in kidneys than Newman
clfAPYI-infected mice (P = 0.0005, Fig. 2).

[0139] Total IgG in sera was measured in mice on day 7-8 of infection. There was a significantly lower increase of IgG
levels in both the Newman c/fAPYI|- and Newman c/fA null mutant-infected groups as compared to mice infected with
the wild-type strain (3.1 (1.2, 4.9); 2.3 (1.0, 2.6); and 6.4 (5.0, 11.0), respectively (median, interquartile range); P <
0.0003). There were no significant differences between the two mutant groups.

[0140] The mortality was 17% in the Newman wild type-infected mice, 0% in the Newman c/fAPY| and c/fAPYIl mutant
groups and 30% in the Newman c/fA null mutant group. There were significant differences in mortality between the wild-
type and the clfAPYI groups, and between the c/fAPY| and c/fA null mutant groups (P <0.05 and P < 0.01, respectively).
[0141] It appears that direct and indirect signs of systemic inflammation are lower in mice infected with S.aureus
expressing CIfA that is deficient in fibrinogen binding. Unexpectedly, the strain which lacked CIfA expression altogether
induced more systemic inflammation than a CIfAPY mutant-expressing strain.

[0142] Sepsis was induced in mice by increasing the inoculation dose of S. aureus. Mice were infected with 5.2 x 107
cfu of Newman wild type, 5.1 x 107 cfu of the Newman c¢/fAPY| mutant and 3.3 x 107 cfu of the Newman clfA null mutant.
Within 5 days all wild-type infected mice were dead, but only one c/fAPY| mutant mouse out of ten were dead after 10
days of infection (P < 0.0001, Fig. 3). Mice infected with the c/fA null mutant also survived a significantly shorter time
than the c/fAPY| mutant- infected mice (P < 0.0001, Fig. 3). In this experiment the mice challenged with the c/fA null
mutant developed significantly more arthritis than the c/fAPY| mutant group, while at the same time they lost significantly
more weight (Fig. 7 and 8). Thus, by analogy with the measures of systemic inflammation in the septic arthritis experiments,
the survival of the mice is prolonged if the CIfA molecule is expressed, as long as it lacks fibrinogen binding properties.

Injection of bacteria into joints

[0143] To testif the inflammatory reaction in the joint is dependent on fibrinogen binding, Newman wild-type, Newman
clfAPY|or Newman c/fA nullwere injected directly into a knee joint of mice, thereby by-passing the systemic compartment.
Synovitis, including polymorphonuclear infiltration of the joint cavity, and bone destruction was studied by histology 3
days later. The mice received 2.4 x 104 cfu of wild-type, 2.4 x 104 cfu of the c/fA null mutant, or 3.4 x 104 cfu of c/fAPYI
mutant in one knee. The synovitis and the polymorphonuclear infiltration histologic index in the joint cavity was 0.25 (0,
3.0) for knees infected with wild-type, 2.38 (0.25, 3.0) for the c/fA null mutant and 0.25 (0, 0.25) for the c/fAPY| mutant

17



10

15

20

25

30

35

40

45

50

55

EP 2 244 722 B1

(median, interquartile range). The histologic index for destruction of bone was 0 (0, 1.0) for wild-type, 1.0 (0, 1.0) for the
clfA null mutant, and 0 (0, 0) for the c/fAPY| mutant (median, interquartile range; P = 0.01 between the c/fAPY| mutant
and the c/fA null mutant). Since the c/fAPY| mutant evoked very little synovitis and destruction, despite the fact that 42%
more of that strain was given to mice than the other strains, it is concluded that CIfA-promoted fibrinogen binding is
needed for the maximal infammatory response within the joint. Again, the absence of CIfA expression enhanced inflam-
mation compared to the fibrinogen binding deficient CIfA mutant.

PY mutation in strain LS-1

[0144] To determine if the ability of CIfA to bind fibrinogen affects virulence of other strains of S.aureus, the clfAPYI,
clfAPY Il and c/fA null mutations were transduced to the TSST-1 expressing S. aureus strain LS-1. Mice were challenged
with 9.4 x 108 cfu of LS-1 wild-type, 7.9 x 106 cfu of LS-1 c/fAPY]I, 10.7 x 108 cfu of LS-1 c/fAPYII, or 9.4 x 108 cfu of the
LS-1 ¢lfA null mutant. Sepsis was studied by following the survival rate. After 16 days only 40% of mice challenged with
the wild-type strain were alive while 90% of the mice challenged with the c/fAPY| mutant and c/fA null mutant groups
and 80% mice infected with the c/fAPYIl mutant were alive (Fig. 4). The c/fAPY| mutants and the c/fA null mutant of LS-
1 were significantly less virulent (P = 0.014, P = 0.05 and P = 0.03, respectively).

Immunization with recombinant CIfA proteins

[0145] The effect of vaccination with recombinant wild-type CIfA A domain protein (rCIfA) and mutant CIfAPY| protein
(rCIfAPY) was studied in both the septic arthritis model and the sepsis model. Mice were sensitized and then boosted
twice with control protein BSA, rCIfA, or rCIfAPY, and subsequently infected with 4.0 x 108 cfu of S. aureus strain Newman
to induce septic arthritis, or with 2.3 x 107 cfu of strain Newman to induce sepsis. Immunization with rCIfAPY (i.e. CIFAPYI
recombinant protein A domain) protected significantly against septic death as compared to control mice (P = 0.01, Fig.
5) while rCIfA immunization did not achieve significant protection. One day before bacterial infection there was a much
higher specific serum antibody response to both rCIfAPY and rCIfA in mice immunized with rCIfAPY (A4g5 = 0.39 (0.33,
0.56) and 0.71 (0.52, 0.81)) as compared to mice immunized with rCIfA (A4y5 = 0.13 (0.07, 0.17) and 0.15 (0.10, 0.24),
P < 0.0001 in both comparisons (median, interquartile range)). Control immunized animals had only background levels
(A405 Nm =0and 0.01 (0, 0.01) (median, interquartile range)). The immunized mice which were to be infected with the
lower, arthritic bacterial dose had similar antibody responses to rCIfA and rCIfAPY as the mice in which sepsis were
induced (data not shown). Immunization with both rCIfA and rCIfAPY protected against the development of arthritis,
although the protection was not significant (Fig. 9).

[0146] During day 5 to 9 after infection the weight loss was significantly reduced in the rCIfAPY and rCIfA immunized
mice, as compared to the control mice (data not shown).

[0147] A trend to diminished bacterial growth in kidneys of mice immunized with rCIfAPY or rCIfA at day 11 after
infection (BSA: 38 (3, 436); rCIFAPY: 7 (2, 17); rCIfA: 10 (7, 54) x 107 cfu / kidney pair) was observed.

[0148] To get a more accurate measure of the specific antibody responses in the different immunization groups, the
responses were determined at several serum dilutions (the second run). Data shows that there were very likely higher
titers of specific antibodies in sera from rCIfAPY immunized mice to both the rCtfAPY and rCIfA wildtype antigens, in
both the mice which were to be infected with the septic and the arthritic bacterial dose, respectively, than in sera from
rCIfA wildtype immunized mice, since there wassignificantly higher antibody responses measured as absorbance in
mice immunized with rCIfAPY at each serum dilution in all comparisons (P<0.0001 to P=0.008, Figure 12-15). BSA
immunization evoked only a background antibody response.

CONCLUSION

[0149] Theresults strongly suggest that the CIfA - fibrinogen interaction is crucial for the bacterial virulence and disease
outcome. The ability of CIfA to bind fibrinogen was associated with enhanced virulence in terms of the ability to cause
septic death. In both staphylococcal strains tested, a c/ffAPY mutant induced less septic death than the wild-type. Also,
the severity of arthritis was strongly reduced in mice infected with the non-fibrinogen binding c/fAPY mutant.

[0150] Alikely mechanism for the promotion of virulence by the fibrinogen - bacterial cell surface interaction is inhibition
of neutrophil phagocytosis (5). Neutrophils are crucial for the host defence in the early phase of S. aureus infection (13).
Without neutrophils, bacterial growth is strongly augmented in blood and kidneys, and the frequency of arthritis and
mortality increases. Fibrinogen mediated inhibition of neutrophil phagocytosis by CIfA could explain at least in part the
more pronounced virulence of wildtype S. aureus compared to the c/fAPY mutants. Binding of fibrinogen to CIfA could
decrease opsonophagocytosis by neutrophils by reducing opsonin deposition or access to opsonins by neutrophil re-
ceptors. Alternatively bound fibrinogen might block the binding of an unknown protective host factor to S. aureus. Another
option is that the fibrinogen - CIfA interaction promotes bacterial passage from blood vessel into the tissue or promotes
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colonization in tissues.

[0151] Unexpectedly, our data also show the CIfA null mutant was more virulent than the c/fAPY mutant strains.
Possibly the CIfA protein has functions in vivo other than interacting with fibrinogen. This interaction is clearly disadvan-
tageous for the host as shown in this study. Other functions of CIfA are presently not well mapped but non-fibrinogen
dependent platelet aggregation exerted by CIfA might result in trapping of big amounts of S. aureus in circulation with
subsequent elimination of the bacterial-platelet complexes through the reticuloendothelial system. Such platelet aggre-
gation mediated elimination of staphylococci would readily occur in the wild-type and c/fAPY mutated strains but not in
the clfA knockout. Whereas in the wild-type strain the fibrinogen interaction would overshadow the other events, in the
clfAPY mutants such bacterial elimination might be highly beneficial to the host.

[0152] The c/fA knockout mutant protected against septic death to the same degree as the c/fAPY mutation in S.
aureus strain LS-1, but protected less, if at all, in strain Newman. The overall impact of CIfA expression on bacterial
virulence could differ between different S. aureus strains depending on the level of expression and the presence of other
virulence factors.

[0153] The issue whether the c/fAPY mutant displays equal or lower virulence once in the joint cavity is of certain
importance having in mind that in inflamed synovial fluid fibrinogen and fibrin are abundant. Our data suggest that the
clfAPY mutant is less destructive for cartilage and bone.

[0154] The protective effect of recombinant CIfA A domain non-fibrinogen binding P3345Y 335 mutant was greater than
for wildtype rCIfA. Immunization with CIfAPY very likely induced a betterimmune response since higher specific antibody
responses were evoked against both the immunogen and the wildtype CIfA protein. More importantly, itinduced a greater
protective immune response against septic death than wildtype CIfA.

[0155] In conclusion, our results show that rCIfAPY is a better vaccine candidate than wild type recombinant CIfA. We
hypothesize that binding of fibrinogen by wild-type CIfA protein during the immunization phase decreases antigen pres-
entation due to hiding of important epitopes on the CIfA molecule and hence impairs specific antibody production.

Example 2

rCIfA A region truncate comprising N2 and N3 (rCIfA 221-559)

MATERIALS & METHODS:

[0156] The protocols outlined in Example 1 were followed in this example which utilized

- rCIfA 221-559 (i.e. CIfA A region truncate comprising N2 and N3 corresponding to amino acids 220-559)
- rCIfAPY221-559; and
-  BSA

[0157] There were 15 female NMRI mice per group who were 8 weeks old at start of experiments. In this Example,
the constructs used for immunization were CIfA wild type/native N2N3 truncate, CIfA N2N3 truncate with mutation PY

as defined in Example 1. BSA was used as the control.

Vaccination with wild-type and mutant recombinant CIfA

[0158] The mice were immunized with rCIfA 221-559, rCfAPY 221-559 or BSA in accordance with the protocol of
Example 1.

[0159] Purified rCIfA221-559, rCIfAPY221-559 (i.e. CIfAPYI| recombinant protein A subdomains N2 and N3) or BSA
were dissolved in PBS and emulsified 1:1 in Freund’s complete adjuvant. Two hundred pl of the emulsion containing
30 pg (= 0.79 nmol) of protein was injected s.c. on day 0. First booster immunization with 30 p.g of protein in physiologic
saline in incomplete Freund’s adjuvant was performed on day 12. Second booster immunization was done day 22. On
day 31 the mice were bled and sera were frozen for later analysis of antibody responces.

Specific antibodies - ELISA

[0160] Serum samplesfrom immunized mice were obtained 9 days after the second booster immunization. The serum
specific antibody response against rCIfA221-559 and rCIfAPY221-559 was measured by ELISA. Microplates (96-well;
Nunc) were coated with 5 n.g/ml of recombinant protein in PBS. Blocking agent, serum samples, biotinylated antibodies,
and ExtrAvidin-proxidase were all diluted in PBS. The assay was run according to a previous description (8). All serum
samples were diluted 1:5000, 1:20000, 1:80000 and 1:320000, and antibody response was monitored as absorbance
at 405 nm.
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RESULTS:

SPECIFIC ANTIBODY RESPONSE:

[0161] The antibody response was measured by absorbance in an ELISA-assay, as per Example 1, with four different
serum dilutions. The data obtained was very similar to the data in the Example 1.

[0162] It was found that rCIfAPY221-559 immunization very likely gave rise to higher titers of specific antibodies to
both native rCIfA221-559 and rCIfAPY221-559, as compared to native rCIfA221-599 immunization, since there were
significantly higher antibody responses measured as absorbance in mice immunized with rCIfAPY221-559 at each serum
dilution in allcomparisons butone (P=0.001to 0.025, see Figures 16 and 17). BSA immunization evoked only background
levels of antibody response.

CONCLUSION

[0163] We found that immunization with a rCIfAPY221-559 protein gave rise to significantly higher antibody responses
to both the immunogen and the wildtype CIfA protein, than immunization with the native protein.

[0164] Based on these findings, we conclude that PY-immunization, regardless if the PY protein comprises amino
acids 40 to 550 as in Example 1 or amino acids 221 to 559 as in Example 2, induces a better immune response than
immunization with native CIfA of the corresponding size.

Example 3

CIfA A region truncate (5/delta latch truncate)

MATERIALS & METHODS:

[0165] The protocols outlined in Example 1 were followed in this example which utilized the following construct:

- rCIfA 221-531 (i.e. rCIfA A region truncate comprising N2 and N3 amino acids 220-559 but without the latching
peptide amino acids 532-538 and the subsequent proline-rich residues.

[0166] There were 15 female NMRI mice in the group who were 8 weeks old at start of experiment. In this Example,
the above construct was used for immunization. The mice were immunized with the above truncate in accordance with

the protocol of Example 1.

Vaccination with wild-type and mutant recombinant CIfA

[0167] Purified rCIfA221-531 was dissolved in PBS and emulsified 1:1 in Freund’s complete adjuvant. Two hundred
.l of the emulsion containing 0.79 nmol of protein was injected s.c. on day 0. First booster immunization with 0.79 nmol
of protein in physiologic saline in incomplete Freund’s adjuvant was performed on day 12. Second booster immunization
was done day 22. On day 31 the mice were bled and sera were frozen for later analysis of antibody responses.

Specific antibodies - ELISA

[0168] Serum samplesfrom immunized mice were obtained 9 days after the second booster immunization. The serum
levels of specific antibodies was measured by ELISA. Microplates (96-well; Nunc) were coated with 4.6 pg/ml of
rCIfA221-531 protein which is equimolar to 5ug/ml of rCIfA221-559 and rCIfAPY221-559 from Examples 1 and 2..
Blocking agent, serum samples, biotinylated antibodies, and ExtrAvidin-proxidase were all diluted in PBS. The assay
was run according to a previous description (8). All serum samples were diluted 1:5000, 1:20000, 1:80000 and 1:320000,
and antibody response was monitored as absorbance at 405 nm.

RESULTS:

[0169] The antibody response was measured by absorbance in an ELISA-assay, as per Example 1. It was found that
rCIfA221-531 immunization gave rise to an immune response, measured as a specific antibody response (Figure 18).
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CONCLUSION:
[0170] We found that rCIfA221-531 works as an immunogen, since the antigen evokes a specific antibody response.
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att
Ile

ggt
Gly

gta
val
290

aaa
Lys

gca
Ala

aac
Asn

acg
Thr

gcg

gaa
Glu

aac
Asn

gtt
Val

tta
Leu

aat
Asn
195

tat
Tyr

cct
Pro

gaa
Glu

atg
Met

aat
Asn
275

aaa

Lys

aag
Lys

aac
Asn

tta
Leu

tat
Tyr
355

ccg

aat
Asn

aat
Asn

aat
Asn

acg
Ala
180

cag
Gln

ccg
Pro

aat
Asn

tta
Leu

gct
Ala
260

gtt
Val

gca
Ala

aca
Thr

aada
Lys

tct
Ser
340

cgt
Arg

gtt

gtt
val

gaa
Glu

caa
Gln
165

gca
Ala

ttg
Leu

cac
His

tct
Ser

aac
Asn
245

gga
Gly

att
Ile

act
Thr

ggt
Gly

aca
Thr
325

att
Ile

cag
Gln

tta

tca
Ser

tca
Ser
150

gcg
Ala

gta
val

acg
Thr

caa
Gln

gct
Ala
230

tta

Leu

gat
Asp

tat
Tyr

ttg
Leu

aat
Asn
310

gta
Val

aaa
Lys

aca
Thr

aca

aca
Thr
135

gct
Ala

gtt
val

gct
Ala

aat
Asn

gca
Ala
215

gtt
Val

aat
Asn

caa
Gln

aca
Thr

acc
Thr
295

gtg
Val

tta
Leu

ggt
Gly

att
Ile

ggt
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acqg
Thr

cca
Pro

aat
Asn

gca
Ala

gtg
val
200

ggt
Gly

aaa
Lys

ggt
Gly

gta
val

ttt
Phe
280

atg
Met

aca
Thr

gta
vVal

aca
Thr

tat
Tyr
360

aat

caa
Gln

cag
Gln

aca
Thr

gat
Asp
185

aca

Thr

tat
Tyr

gat
Gly

gta
val

ttg
Leu
265

aca
Thr

cce
Pro

ttg
Leu

gat
Asp

att
Ile
345
gtc
val

tta

27

gat
Asp

agt
Ser

agt
Ser
170

gca
Ala

gtt
val

gtc
vVal

gac
Asp

act
Thr
250

gca

Ala

gac
Asp

gct
Ala

gct
Ala

tat
Tyr
330

gac
Asp

aat
Asn

aaa

act
Thr

aca
Thr
155

gcg
Ala

ccg
Pro

ggt
Gly

aaa
Lys

aca
Thr
235

tca

Serx

aat
Asn

tat
Tyr

tat
Tyr

act
Thr
315

gaa
Glu

caa
Gln

cca
Pro

cca

tca
Ser
140

gat
Asp

cct
Pro

gca
Ala

att
Ile

ctg
Leu
220

ttc
Phe

act
Thr

ggt
Gly

gta
Val

att
Ile
300

ggc
Gly

aaa
Lys

atc
Ile

ag,t
Ser

aat

act
Thr

gca
Ala

aga
Arg

gct
Ala

gac
Asp
205

aat
Asn

aaa
Lys

gct
Ala

gta
val

aat
Asn
285

gac

Asp

ata
Ile

tat
Tyr

gat
Asp

gga
Gly
365

acg

gaa
Glu

agt
Ser

atg
Met

ggc
Gly
190

tct
Ser

tat
Tyr

ata
Ile

aaa
Lys

atc
Ile
270

act

Thr

cct
Pro

ggt
Gly

ggt
Gly

aaa
Lys
350

gat
Asp

gat

gca
Ala

aat
Asn

aga
Arg
175

aca
Thr

ggt
Gly

ggt
Gly

act
Thr

gtg
vVal
255

gat
Asp

aaa
Lys

gaa
Glu

agt
Ser

aag
Lys
335

aca
Thr

aac
Asn

agt

aca
Thr

aaa
Lys
160

gca
Ala

gat
Asp

acg
Thr

ttt
Phe

gta
Val
240

cca

Pro

agt
Ser

gat
Asp

aat
Asn

aca
Thr
320

ttt
Phe

aat
Asn

gtt
vVal

aat

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152
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Ile

gca
Ala
385

aat
Asn

gag
Glu

tat
Tyr

ata
Ile

gct
Ala
465

tct

Ser

ggt
Gly

ggt
Gly
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Ala Pro val

370

Leu Thr Gly

375

Asn Leu

ata
Ile

tta
Leu

gat
Asp

aat
Asn

cag
Gln

caa
Gln
390

aca
Thr

agt
Ser

tta
Leu
405

tac
Tyr

gca
Ala

gct
Ala

gat
Asp

tct
Ser

gaa
Glu

agt
Ser

att
Ile
425

aat
Asn

aat
Asn

act
Thr
420

gat
Asp

gtc
Val

agt
Ser

gtg
Val

ttt
Phe

cct
Pro
440

aat
Asn

aaa
Lys

gta
Val
435

gat
Asp

gag
Glu

acg
Thr

att
Ile

cat
His
455

aat
Asn

gta
val
450

gtt
val

gtt
val

gat
Asp

ggt
Gly

tat
Tyr

tat
Tyr

tta
Leu
470

act
Thr

tca
Ser

tta
Leu

cgt
Arg

999
Gly

tca
Ser

atg
Met

aac
Asn

gta
val

gca
Ala

tgg
Trp

gac
Asp
485

gaa
Glu

atc
Ile
500

gat
Asp

aaa
Lys

cca
Pro

gtt
val

gtt
Val
505

ggt
Gly

gac
Asp

att
Ile
515

att
Ile

cca
Pro

cca
Pro

gaa
Glu

gaa
Glu

gag
Glu
520

<210>3
<211> 520
<212> PRT
<213> Atrtificial

<220>

<223> Synthetic Construct

<400> 3

Ser Glu Asn Ser Val Thr Gln Ser
1 5

Ser Asn Asp Ser Ser Ser Val Ser
20

Asn Val Ser Asp Thr Lys Thr Ser
35 40

28

Asn Thr Asn

380

Lys Pro Asp Ser

tat
Tyr

aaa
Lys

att
Ile

gta
val

gat
Asp
400

aaa
Lys
395

gta
val

ttt
Phe

aat
Asn

ttt
Phe
410

aac
Asn
415

cca
Pro

gtg
val

gaa
Glu

ttc
Phe

aat
Asn

aat
Asn

cca
Pro

caa
Gln

aca
Thr

cca
Pro
430

tat
Tyr

att
Ile

caa
Gln

aca
Thr
445

aca
Thr

gat
Asp

ccg
Pro

tta
Leu

aat
Asn

aaa
Lys

agc
Ser
460

gat
Asp

ggt
Gly

ccg
Pro

att
Ile

aat
Asn

ata
Ile

aac
Asn

tcg
Ser
475

tgg
Trp

cgc
Arg
480

ttt
Phe
490

tct
Ser

tca
Ser

aat
Asn

aac
Asn

ggt
Gly
495

gga
Gly

cct
Pro

cct
Pro

cct
Pro

caa
G1ln

gat
Asp
510

gaa
Glu

gag
Glu

Asp Ser Ala Ser Asn Glu Ser Lys
10 15

Ala Ala Pro Lys Thr Asp Asp Thr
25 30

Ser Asn Thr Asn Asn Gly Glu Thr
45

1200

1248

1296

1344

1392

1440

1488

1536

1560



10

15

20

25

30

35

40

45

50

55

Ser

Thr

65

Thr

Thr

Asn

Asn

Pro

145

Asp

Phe

Ile

Thr

Ser

225

Pro

Pro

Asp

Val

50

Asn

Thr

Asn

Asp

Ala

130

Ser

Val

Ser

Thr

Val

210

Val

Lys

Ile

Gly

Ala

Ala

Thr

Ala

Thr

115

Glu

Asn

Val

Leu

Asn

195

Tyr

Pro

Glu

Met

Asn
275

Gln

Thr

Asn

Glu

100

Asn

Asn

Asn

Asn

Ala

180

Gln

Pro

Asn

Leu

Ala

260

val

Asn

Thr

Gln

85

Glu

Thr

Val

Glu

Gln

165

Ala

Leu

His

Ser

Asn

245

Gly

Ile

Pro

Glu

70

Ala

Leu

Val

Ser

Ser

150

Ala

val

Thr

Gln

Ala

230

Leu

Asp

Tyr
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Ala Gln Gin Glu

55

Glu

Asn

Val

Ser

Thr

135

Ala

val

Ala

Asn

Ala

215

val

Asn

Gln

Thr

Thr

Thr

AsSn

Ser

120

Thr

Pro

Asn

Ala

val

200

Gly

Lys

Gly

val

Phe
280

29

Pro

Pro

Gln

105

Val

Gln

Gln

Thr

Asp

185

Thr

Tyr

Gly

Val

Leu

265

Thr

val

Ala

90

Thr

Asn

Asp

Ser

Ser

170

Ala

Val

val

Asp

Thr

250

Ala

Asp

Thr

Thr

75

Thr

Ser

Ser

Thr

Thr

155

Ala

Pro

Gly

Lys

Thr

235

Ser

Asn

Tyr

Thr

60

Gly

Thr

Asn

Pro

Ser

140

Asp

Pro

Ala

Ile

Leu

220

Phe

Thr

Gly

Val

Gln

Glu

Gln

Glu

Gln

125

Thr

Ala

Arg

Ala

Asp

205

Asn

Lys

Ala

val

Asn
285

Ser

Ala

Ser

Thr

110

Asn

Glu

Ser

Met

Gly

190

Ser

Tyr

Ile

Lys

Ile

270

Thr

Ser

Thr

Ser

95

Thr

Ser

Ala

Asn

Arg

175

Thr

Gly

Gly

Thr

val

255

Asp

Lys

Ser

Thr

80

Asn

Phe

Thr

Thr

Lys

160

Ala

Asp

Thr

Phe

val

240

Pro

Ser

Asp
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Asp

val

305

Thr

Tyrxr

Asn

Ile

Ala

385

Asn

Glu

Tyr

Ile

Ala

465

Ser

Gly

Gly

<210>4
<211> 520

val

290

Lys

Ala

Asn

Thr

Ala

370

Leu

Ala

Asp

Lys

Val

450

Leu

Met

Asp

Glu

Lys

Lys

Asn

Leu

Tyr

355

Pro

Ile

Ala

Val

Val

435

Val

Arg

Ser

Gly

Ile
515

Ala

Thr

Lys

Ser

340

Arg

val

Asp

Asp

Thr

420

Glu

val

Ser

Trp

Ile

500

Glu

Thr

Gly

Thr

325

Ile

Gln

Leu

Gln

Leu

405

Asn

Phe

Asn

Thr

Asp

485

Asp

Pro

Leu

Asn

310

vVal

Lys

Thr

Thr

Gln

390

Ser

Ser

Asn

Gly

Leu

470

Asn

Lys

Ile
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Thr Met Pro Ala

295

val

Leu

Gly

Ile

Gly

375

Asn

Glu

val

Thr

His

455

Tyr

Glu

Pro

Pro

Thr

val

Thr

Tyr

360

Asn

Thr

Ser

Asn

Pro

440

Ile

val

val

Glu
520

30

Leu

Asp

Ile

345

val

Leu

Ser

Tyr

Ile

425

Asp

Asp

Tyr

Ala

val
505

Ala

Tyr

330

Asp

Asn

Lys

Ile

Phe

410

Thr

Asp

Pro

Asn

Phe

490

Pro

Tyr

Thr

315

Glu

Gln

Pro

Pro

Lys

395

val

Phe

Gln

Asn

Ser

475

Asn

Glu

Ile

300

Lys

Ile

Ser

Asn

380

vVal

Asn

Pro

Ile

Ser

460

Asn

Asn

Gln

Asp

Ile

Tyr

Asp

Gly

365

Thr

Tyr

Pro

Asn

Thr

445

Lys

Ile

Gly

Pro

Pro

Gly

Lys

350

Asp

Asp

Lys

Glu

Pro

430

Thr

Gly

Ile

Ser

Asp
510

Glu

Ser

Lys

335

Thr

Asn

Ser

Val

Asn

415

Asn

Pro

Asp

Trp

Gly

495

Glu

Asn

Thr

320

Phe

Asn

val

Asn

Asp

400

Phe

Gln

Tyr

Leu

Arg

480

Ser

Pro
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<212> PRT
<213> Atrtificial

<220>

EP 2 244 722 B1

<223> CIfA A domain Regions N1 N2 N3 with alterations (CIfA P336S Y338A)

<400> 4

Ser

1

Ser

Asn

Ser

Thr

65

Thr

Thr

Asn

Asn

Pro

145

Asp

Phe

Ile

Glu

Asn

Val

vVal

50

Asn

Thr

Asn

Asp

Ala

130

Ser

Val

Ser

Thr

Asn

Asp

Ser

35

Ala

Ala

Thr

Ala

Thr

115

Glu

Asn

Val

Leu

Asn
195

Ser

Ser

20

Asp

Gln

Thr

Asn

Glu

100

Asn

Asn

Asn

Asn

Ala

180

Gln

Val

Ser

Thr

Asn

Thr

Gln

85

Glu

Thr

val

Glu

Gln

165

Ala

Leu

Thr

Ser

Lys

Pro

Glu

70

Ala

Leu

vVal

Ser

Ser

150

Ala

Val

Thr

Gln

Val

Thr

Ala

55

Glu

Asn

vVal

Ser

Thr

135

Ala

vVal

Ala

Asn

Ser

Ser

Ser

40

Gln

Thr

Thr

Asn

Ser

120

Thr

Pro

Asn

Ala

Val

200

31

Asp

Ala

25

Ser

Gln

Pro

Pro

Gln

105

Val

Gln

Gln

Thr

Asp

185

Thr

Ser

10

Ala

Asn

Glu

val

Ala

90

Thr

Asn

Asp

Ser

Ser

170

Ala

val

Ala

Pro

Thr

Thr

Thr

75

Thr

Ser

Ser

Thr

Thr

155

Ala

Pro

Gly

Ser

Lys

Asn

Thr

60

Gly

Thr

Asn

Pro

Ser

140

Asp

Pro

Ala

Ile

Asn

Thr

Asn

45

Gln

Glu

Gln

Glu

Gln

125

Thr

Ala

Arg

Ala

Asp
205

Glu

Asp

30

Gly

Ser

Ala

Ser

Thr

110

Asn

Glu

Ser

Met

Gly

190

Ser

Ser

15

Asp

Glu

Ser

Thr

Ser

95

Thr

Ser

Ala

Asn

Arg

175

Thr

Gly

Lys

Thr

Thr

Ser

Thr

80

Asn

Phe

Thr

Thr

Lys

160

Ala

Asp

Thr
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Thr

Ser

225

Pro

Pro

Asp

Asp

Val

305

Thr

Tyr

Asn

Ile

Ala

385

Asn

Glu

Tyr

val

210

Val

Lys

Ile

Gly

val

290

Lys

Ala

Asn

Thr

Ala

370

Leu

Ala

Asp

Lys

Tyr

Pro

Glu

Met

Asn

275

Lys

Lys

Asn

Leu

Tyr

355

Pro

Ile

Ala

val

Val
435

Pro

Asn

Leu

Ala

260

Val

Ala

Thr

Lys

Ser

340

Arg

Val

Asp

Asp

Thr

420

Glu

His

Ser

Asn

245

Gly

Ile

Thr

Gly

Thr

325

Ile

Gln

Leu

Gln

Leu

405

Asn

Phe

Gln

Ala

230

Leu

Asp

Tyr

Leu

Asn

310

Val

Lys

Thr

Thr

Gln

390

Ser

Ser

Asn
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Ala Gly Tyr Vval

215

vVal

Asn

Gln

Thr

Thr

295

Val

Leu

Gly

Ile

Gly

375

Asn

Glu

val

Thr

Lys

Gly

val

Phe

280

Met

Thr

Val

Thr

Tyr

360

Asn

Thr

Ser

Asn

Pro
440

32

Gly

vVal

Leu

265

Thr

Ser

Leu

Asp

Ile

345

val

Leu

Ser

Tyr

Ile

425

Asp

Asp

Thr

250

Ala

Asp

Ala

Ala

Tyr

330

Asp

Asn

Lys

Ile

Phe

410

Thr

Asp

Lys

Thr

235

Ser

Asn

Tyr

Ala

Thr

315

Glu

Gln

Pro

Pro

Lys

395

Val

Phe

Gln

Leu

220

Phe

Thr

Gly

Val

Ile

300

Gly

Lys

Ile

Ser

Asn

380

val

Asn

Pro

Ile

Asn

Lys

Ala

val

Asn

285

Asp

Ile

Tyr

Asp

Gly

365

Thr

Tyr

Pro

Asn

Thr
445

Tyr

Ile

Lys

Ile

270

Thr

Pro

Gly

Gly

Lys

350

Asp

Asp

Lys

Glu

Pro

430

Thr

Gly

Thr

Val

255

Asp

Lys

Glu

Ser

Lys

335

Thr

Asn

Ser

val

Asn

415

Asn

Pro

Phe

Val

240

Pro

Ser

Asp

Asn

Thr

320

Phe

Asn

val

Asn

Asp

400

Phe

Gln

Tyr
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<210>5
<211>5

Ile

Ala

465

Ser

Gly

Gly

20

<212> PRT
<213> Atrtificial

<220>

val

450

Leu

Met

Asp

Glu

val

Arg

Ser

Gly

Ile
515

Val

Ser

Trp

Ile

500

Glu

Asn

Thr

Asp

485

Asp

Pro

Gly

Leu

470

Asn

Lys

Ile

EP 2 244 722 B1

His

455

Tyr

Glu

Pro

Pro

Ile Asp Pro Asn

Ser
460

Lys

Gly Tyr Asn Ser Asn Ile

Val Ala

vVal Val
505

Glu
520

Phe
490

Pro

475

Asn

Glu

Asn

Gln

<223> CIfA A domain Regions N1 N2 N3 with alterations (CIfA P336A Y338S)

<400> 5

Ser

Ser

Asn

Ser

Thr

65

Thr

Thr

Asn

Glu

Asn

vVal

Val

50

Asn

Thr

Asn

Asp

Asn

Asp

Ser

35

Ala

Ala

Thr

Ala

Thr
115

Ser

Ser

20

ASp

Gln

Thr

Asn

Glu

100

Asn

Val

Ser

Thr

Asn

Thr

Gln

85

Glu

Thr

Thr

Ser

Lys

Pro

Glu

70

Ala

Leu

val

Gln

val

Thr

Ala

55

Glu

Asn

Val

Ser

Ser Asp

Ser Ala
25

Ser Ser
40

Gln Gln

Thr Pro

Thr Pro

Asn Gln

105

Ser Val
120

33

Ser

10

Ala

Asn

Glu

Val

Ala

90

Thr

Asn

Ala

Pro

Thr

Thr

Thr

75

Thr

Ser

Ser

Ser

Lys

Asn

Thr

60

Gly

Thr

Asn

Pro

Gly

Pro

Asn

Thr

Asn

45

Gln

Glu

Gln

Glu

Gln
125

Gly Asp Leu

Ile

Ser

Asp
510

Glu

Asp

30

Gly

Ser

Ala

Ser

Thr

110

Asn

Trp

Gly

495

Glu

Ser

15

Asp

Glu

Ser

Thr

Ser

95

Thr

Ser

Arg
480

Ser

Pro

Lys

Thr

Thr

Ser

Thr

80

Asn

Phe

Thr



10

15

20

25

30

35

40

45

50

55

Asn

Pro

145

Asp

Phe

Ile

Thr

Ser

225

Pro

Pro

Asp

Asp

val

305

Thr

Tyr

Asn

Ala

130

Ser

val

Ser

Thr

val

210

Val

Lys

Ile

Gly

Val

290

Lys

Ala

Asn

Thr

Glu

Asn

vVal

Leu

Asn

195

Tyr

Pro

Glu

Met

Asn

275

Lys

Lys

Asn

Leu

Tyr
355

Asn

Asn

Asn

Ala

180

Gln

Pro

Asn

Leu

Ala

260

val

Ala

Thr

Lys

Ser

340

Arg

val

Glu

Gln

165

Ala

Leu

His

Ser

Asn

245

Gly

Ile

Thr

Gly

Thr

325

Ile

Gln

Ser

Ser

150

Ala

Val

Thr

Gln

Ala

230

Leu

Asp

Tyr

Leu

Asn

310

val

Lys

Thr

EP 2 244 722 B1

Thr

135

Ala

val

Ala

Asn

Ala

215

vVal

Asn

Gln

Thr

Ti’lr

295

val

Leu

Gly

Ile

Thr

Pro

Asn

Ala

val

200

Gly

Lys

Gly

vVal

Phe

280

Met

Thr

Val

Thr

Tyr
360

34

Gln

Gln

Thr

Asp

185

Thr

Tyr

Gly

vVal

Leu

265

Thr

Ala

Leu

Asp

Ile

345

Val

Asp

Ser

Ser

170

Ala

Val

val

Asp

Thr

250

Ala

Asp

Ala

Ala

Tyr

330

Asp

Asn

Thr

Thr

155

Ala

Pro

Gly

Lys

Thr

235

Ser

Asn

Tyr

Ser

Thr

315

Glu

Gln

Pro

Ser

140

Asp

Pro

Ala

Ile

Leu

220

Phe

Thr

Gly

Val

Ile

300

Gly

Lys

Ile

Ser

Thr

Ala

Arg

Ala

Asp

205

Asn

Lys

Ala

Val

Asn

285

Asp

Ile

Tyr

Asp

Gly
365

Glu

Ser

Met

Gly

190

Ser

Tyr

Ile

Lys

Ile

270

Thr

Pro

Gly

Gly

Lys

350

Asp

Ala

Asn

Arg

175

Thr

Gly

Gly

Thr

Val

255

Asp

Lys

Glu

Ser

Lys

335

Thr

Asn

Thr

Lys

160

Ala

Asp

Thr

Phe

val

240

Pro

Ser

Asp

Asn

Thr

320

Phe

Asn

vVal
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<210> 6
<211>5

Ile Ala Pro
370

Ala‘Leu Ile
385

Asn Ala Ala

Glu Asp Val

Tyr Lys Val
435

Ile Val Vval
450

Ala Leu Arg
465

Ser Met Ser

Gly Asp Gly

Gly Glu Ile
515

30

<212> PRT
<213> ARTIFICIAL

<220>

val

Asp

Asp

Thr

420

Glu

Val

Ser

Trp

Ile

500

Glu

Leu

Gln

Leu

405

Asn

Phe

Asn

Thr

Asp

485

Asp

Pro

Thr

Gln

390

Ser

Ser

Asn

Gly

Leu

470

Asn

Lys

Ile

EP 2 244 722 B1

Gly Asn Leu Lys

375

Asn

Glu

Val

Thr

His

455

Tyr

Glu

Pro

Pro

Thr

Ser

Asn

Pro

440

Ile

Gly

val

Val

Glu
520

Ser

Tyr

Ile

425

Asp

Asp

Tyr

Ala

Val
505

Ile

Phe

410

Thr

Asp

Pro

Asn

Phe

490

Pro

<223> wt rCIfA A region with additional N and C terminal residues

<400> 6

Pro

Lys

395

Val

Phe

Gln

Asn

Ser

475

Asn

Glu

Asn

380

val

Asn

Pro

Ile

Ser

460

Asn

Asn

Gln

Thr

Tyr

Pro

Asn

Thr

445

Lys

Ile

Gly

Pro

His His His His His His Gly Ser Ser Glu Asn Ser Val

1

5

10

Asp Ser Ala Ser Asn Glu Ser Lys Ser Asn Asp Ser Ser

20

25

Asp Ser

Lys Val

Glu Asn
415

Pro Asn
430

Thr Pro

Gly Asp

Ile Trp

Ser Gly
495

Asp Glu
510

Thr Gln
15

Ser Val
30

Asn

Asp

400

Phe

Gln

Tyr

Leu

Arg

480

Ser

Pro

Ser

Ser

Ala Ala Pro Lys Thr Asp Asp Thr Asn Val Ser Asp Thr Lys Thr Ser

35

40

35

45
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Ser

Gln

65

Pro

Pro

Gln

Val

Gln

145

Gln

Thr

Asp

Thr

Tyr

225

Gly

vVal

Leu

Asn

50

Glu

val

Ala

Thr

Asn

130

Asp

Ser

Ser

Ala

val

210

val

Asp

Thr

Ala

Thr

Thr

Thr

Thr

Ser

115

Ser

Thr

Thr

Ala

Pro

195

Gly

Lys

Thr

Ser

Asn
275

Asn

Thr

Gly

Thr

100

Asn

Pro

Ser

Asp

Pro

180

Ala

Ile

Leu

Phe

Thr

260

Gly

Asn

Gln

Glu

85

Gln

Glu

Gln

Thr

Ala

165

Arg

Ala

Asp

Asn

Lys

245

Ala

val

Gly

Ser

70

Ala

Ser

Thr

Asn

Glu

150

Ser

Met

Gly

Ser

Tyr

230

Ile

Lys

Ile

EP 2 244 722 B1

Glu Thr Ser Val

55

Ser

Thr

Ser

Thr

Ser

135

Ala

Asn

Arg

Thr

Gly

215

Gly

Thr

vVal

Asp

Ser

Thr

Asn

Phe

120

Thr

Thr

Lys

Ala

Asp

200

Thr

Phe

val

Pro

Ser
280

36

Thr

Thr

Thr

105

Asn

Asn

Pro

Asp

Phe

185

Ile

Thr

Ser

Pro

Pro

265

Asp

Asn

Thr

90

Asn

Asp

Ala

Ser

val

170

Ser

Thr

vVal

val

Lys

250

Ile

Gly

Ala

Ala

75

Thr

Ala

Thr

Glu

Asn

155

Val

Leu

Asn

Tyr

Pro

235

Glu

Met

Asn

Gln

60

Thr

Asn

Glu

Asn

Asn

140

Asn

Asn

Ala

Gln

Pro

220

Asn

Leu

Ala

val

Asn

Thr

Gln

Glu

Thr

125

Val

Glu

Gln

Ala

Leu

205

His

Ser

Asn

Gly

Ile
285

Pro

Glu

Ala

Leu

110

Val

Ser

Ser

Ala

val

190

Thr

Gln

Ala

Leu

Asp

270

Tyr

Ala

Glu

Asn

95

Val

Ser

Thr

Ala

Val

175

Ala

Asn

Ala

Val

Asn

255

Gln

Thr

Gln

Thr

80

Thr

Asn

Ser

Thr

Pro

160

Asn

Ala

Val

Gly

Lys

240

Gly

val

Phe
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Thr

Pro

305

Leu

Asp

Ile

Val

Leu

385

Ser

Tyr

Ile

Asp

Asp

465

Tyr

Ala

Val

Asp

290

Ala

Ala

Tyr

Asp

Asn

370

Lys

Ile

Phe

Thr

Asp

450

Pro

Asn

Phe

Pro

Tyr

Tyr

Thr

Glu

Gln

355

Pro

Pro

Lys

val

Phe

435

Gln

Asn

Ser

Asn

Glu
515

Val

Ile

Gly

Lys

340

Ile

Ser

Asn

Val

Asn

420

Pro

Ile

Ser

Asn

Asn

500

Gln

Asn

Asp

Ile

325

Tyr

Asp

Gly

Thr

Tyr

405

Pro

Asn

Thr

Lys

Ile

485

Gly

Pro

Thr

Pro

310

Gly

Gly

Lys

Asp

Asp

390

Lys

Glu

Pro

Thr

Gly

470

Ile

Ser

Asp

EP 2 244 722 B1

Lys Asp Asp Val

295

Glu

Ser

Lys

Thr

Asn

375

Ser

Val

Asn

Asn

Pro

455

Asp

Trp

Gly

Glu

Asn

Thr

Phe

Asn

360

Val

Asn

Asp

Phe

Gln

440

Tyr

Leu

Arg

Ser

Pro
520

37

Val

Thr

Tyr

345

Asn

Ile

Ala

Asn

Glu

425

Tyr

Ile

Ala

Ser

Gly

505

Gly

Lys

Ala

330

Asn

Thr

Ala

Leu

Ala

410

Asp

Lys

Val

Leu

Met

490

Asp

Glu

Lys

Lys

315

Asn

Leu

Tyr

Pro

Ile

395

Ala

val

Val

Val

Arg

475

Ser

Gly

Ile

Ala

300

Thr

Lys

Ser

Arg

Val

380

Asp

Asp

Thr

Glu

vVal

460

Ser

Trp

Ile

Glu

Thr

Gly

Thr

Ile

Gln

365

Leu

Gln

Leu

Asn

Phe

445

Asn

Thr

Asp

Asp

Pro
525

Leu

Asn

Val

Lys

350

Thr

Thr

Gln

Ser

Ser

430

Asn

Gly

Leu

Asn

Lys

510

Ile

Thr

Val

Leu

335

Gly

Ile

Gly

Asn

Glu

415

Val

Thr

His

Tyr

Glu

495

Pro

Pro

Met

Thr

320

vVal

Thr

Tyr

Asn

Thr

400

Ser

Asn

Pro

Ile

Gly

480

vVal

Val

Glu
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Lys Leu
530

<210>7

<211> 530

<212> PRT

<213> ARTIFICIAL

<220>

<223> wt rCIfAPY| A region with additional N and C terminal residues

<400> 7

EP 2 244 722 B1

38
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His

Asp

Ala

Ser

Gln

65

Pro

Pro

Gln

val

Gln

145

Gln

Thr

His

Ser

Ala

Asn

50

Glu

Val

Ala

Thr

Asn

130

Asp

Ser

Ser

His

Ala

Pro

35

Thr

Thr

Thr

Thr

Ser

115

Ser

Thr

Thr

Ala

His

Ser

20

Lys

Asn

Thr

Gly

Thr

100

Asn

Pro

Ser

Asp

Pro
180

His

Asn

Thr

Asn

Gln

Glu

85

Gln

Glu

Gln

Thr

Ala

165

Arg

His

Glu

Asp

Gly

Ser

70

Ala

Ser

Thr

Asn

Glu

150

Ser

Met

EP 2 244 722 B1

Gly

Ser

Asp

Glu

55

Ser

Thr

Ser

Thr

Ser

135

Ala

Asn

Arg

Ser

Lys

Thr

40

Thr

Ser

Thr

Asn

Phe

120

Thr

Thr

Lys

Ala

39

Ser

Ser

25

Asn

Ser

Thr

Thr

Thr

105

Asn

Asn

Pro

Asp

Phe
185

Glu

10

Asn

val

Val

Asn

Thr

90

Asn

Asp

Ala

Ser

Val

170

Ser

Asn

Asp

Ser

Ala

Ala

75

Thr

Ala

Thr

Glu

Asn

155

Val

Leu

Ser

Ser

Asp

Gln

60

Thr

Asn

Glu

Asn

Asn

140

Asn

Asn

Ala

Val

Ser

Thr

45

Asn

Thr

Gln

Glu

Thr

125

val

Glu

Gln

Ala

Thr

Ser

30

Lys

Pro

Glu

Ala

Leu

110

val

Ser

Ser

Ala

Val
190

Gln

15

Val

Thr

Ala

Glu

Asn

95

Val

Ser

Thr

Ala

val

175

Ala

Ser

Ser

Ser

Gln

Thr

80

Thr

Asn

Ser

Thr

Pro

160

Asn

Ala
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Asp

Thr

Tyr

225

Gly

Val

Leu

Thr

Ser

305

Leu

Asp

Ile

val

Leu

385

Ser

Tyr

Ala

val

210

Val

Asp

Thr

Ala

Asp

290

Ala

Ala

Tyr

Asp

Asn

370

Lys

Ile

Phe

Pro

195

Gly

Lys

Thr

Ser

Asn

275

Tyr

Ala

Thr

Glu

Gln

355

Pro

Pro

Lys

Val

Ala

Ile

Leu

Phe

Thr

260

Gly

Val

Ile

Gly

Lys

340

Ile

Ser

Asn

val

Asn
420

Ala

Asp

Asn

Lys

245

Ala

Val

Asn

Asp

Ile

325

Tyr

Asp

Gly

Thr

Tyr

405

Pro

Gly

Ser

Tyr

230

Ile

Lys

Ile

Thr

Pro

310

Gly

Gly

Lys

Asp

Asp

390

Lys

Glu

EP 2 244 722 B1

Thr Asp Ile Thr

Gly

215

Gly

Thr

val

Asp

Lys

295

Glu

Ser

Lys

Thr

Asn

375

Ser

val

Asn

200

Thr

Phe

Val

Pro

Ser

280

Asp

Asn

Thr

Phe

Asn

360

val

Asn

Asp

Phe

40

Thr

Ser

Pro

Pro

265

Asp

Asp

val

Thr

Tyr

345

Asn

Ile

Ala

Asn

Glu
425

vVal

vVal

Lys

250

Ile

Gly

Val

Lys

Ala

330

Asn

Thr

Ala

Leu

Ala

410

Asp

Asn

Tyr

Pro

235

Glu

Met

Asn

Lys

Lys

315

Asn

Leu

Tyr

Pro

Ile

395

Ala

Val

Gln

Pro

220

Asn

Leu

Ala

val

Ala

300

Thr

Lys

Ser

Arg

Val

380

Asp

Asp

Thr

Leu

205

His

Ser

Asn

Gly

Ile

285

Thr

Gly

Thr

Ile

Gln

365

Leu

Gln

Leu

Asn

Thr

Gln

Ala

Leu

Asp

270

Tyr

Leu

Asn

Val

Lys

350

Thr

Thr

Gln

Ser

Ser
430

Asn

Ala

Val

Asn

255

Gln

Thr

Thr

Val

Leu

335

Gly

Ile

Gly

Asn

Glu

415

val

Val

Gly

Lys

240

Gly

Val

Phe

Met

Thr

320

Val

Thr

Tyr

Asn

Thr

400

Ser

Asn
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Ile Thr

Asp Asp
450

Asp Pro
465

Tyr Asn

Ala Phe

Val Pro

Lys Leu
530

<210> 8

<211> 530

<212> PRT
<213> ARTIFICIAL

<220>

Phe

435

Gln

Asn

Ser

Asn

Glu
515

Pro

Ile

Ser

Asn

Asn

500

Gln

Asn

Thr

Lys

Ile

485

Gly

Pro

Pro

Thr

Gly

470

Ile

Ser

Asp

EP 2 244 722 B1

Asn

Pro

455

Asp

Trp

Gly

Glu

Gln

440

Tyr

Leu

Arg

Ser

Pro
520

Tyr

Ile

Ala

Ser

Gly

505

Gly

Lys

Val

Leu

Met

490

Asp

Glu

vVal

val

Arg

475

Ser

Gly

Ile

<223> wt rCIfAPYIl A region with additional N and C terminal residues

<400> 8
His His

1

Asp Ser

Ala Ala

Ser Asn
50

Gln Glu
65

Pro Val

His

Ala

Pro

35

Thr

Thr

Thr

His

Ser

20

Lys

Asn

Thr

Gly

His

Asn

Thr

Asn

Gln

Glu
85

His

Glu

Asp

Gly

Ser

70

Ala

Gly

Ser

Asp

Glu

55

Ser

Thr

Ser

Lys

Thr

40

Thr

Ser

Thr

M

Ser

Ser

25

Asn

Ser

Thr

Thr

Glu

10

Asn

val

val

Asn

Thr
a0

Asn

Asp

Ser

Ala

Ala

75

Thr

Glu

Val

460

Ser

Trp

Ile

Glu

Ser

Ser

Asp

Gln

60

Thr

Asn

Phe

445

Asn

Thr

Asp

Asp

Pro
525

Val

Ser

Thr

45

Asn

Thr

Gln

Asn

Gly

Leu

Asn

Lys

510

Ile

Thr

Ser

30

Lys

Pro

Glu

Ala

Thr

His

Tyr

Glu

495

Pro

Pro

Gln

15

Val

Thr

Ala

Glu

Asn
95

Pro

Ile

Gly

480

val

val

Glu

Ser

Ser

Ser

Gln

Thr

80

Thr
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Pro

Gln

val

Gln

145

Gln

Thr

Asp

Thr

Tyr

225

Gly

Val

Leu

Thr

Ala

305

Leu

Ala

Thr

Asn

130

Asp

Ser

Ser

Ala

Val

210

vVal

Asp

Thr

Ala

Asp

290

Ala

Ala

Thr

Ser

115

Ser

Thr

Thr

Ala

Pro

195

Gly

Lys

Thr

Ser

Asn

275

Tyrxr

Ser

Thr

Thr

100

Asn

Pro

Ser

Asp

Pro

180

Ala

Ile

Leu

Phe

Thr

260

Gly

vVal

Ile

Gly

Gln

Glu

Gln

Thr

Ala

165

Arg

Ala

Asp

Asn

Lys

245

Ala

Val

Asn

Asp

Ile
325

Ser

Thr

Asn

Glu

150

Ser

Met

Gly

Ser

Tyr

230

Ile

Lys

Ile

Thr

Pro

310

Gly

EP 2 244 722 B1

Ser

Thr

Ser

135

Ala

Asn

Arg

Thr

Gly

215

Gly

Thr

val

Asp

Lys

295

Glu

Ser

Asn

Phe

120

Thr

Thr

Lys

Ala

Asp

200

Thr

Phe

Val

Pro

Ser

280

Asp

Asn

Thr

42

Thr Asn Ala Glu

105

Asn

Asn

Pro

Asp

Phe

185

Ile

Thr

Ser

Pro

Pro

265

Asp

Asp

val

Thr

Asp

Ala

Ser

Val

170

Ser

Thr

Val

val

Lys

250

Ile

Gly

Val

Lys

Ala
330

Thr

Glu

Asn

155

val

Leu

Asn

Tyr

Pro

235

Glu

Met

Asn

Lys

Lys

315

Asn

Asn

Asn

140

Asn

Asn

Ala

Gln

Pro

220

Asn

Leu

Ala

Val

Ala

300

Thr

Lys

Glu

Thr

125

val

Glu

Gln

Ala

Leu

205

His

Ser

Asn

Gly

Ile

285

Thr

Gly

Thr

Leu

110

Val

Ser

Ser

Ala

Val

190

Thr

Gln

Ala

Leu

Asp

270

Tyr

Leu

Asn

Val

val

Ser

Thr

Ala

val

175

Ala

Asn

Ala

Val

Asn

255

Gln

Thr

Thr

val

Leu
335

Asn

Ser

Thr

Pro

160

Asn

Ala

Val

Gly

Lys

240

Gly

val

Phe

Met

Thr

320

val
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Asp Tyr

Ile Asp

Val Asn
370

Leu Lys
385

Ser Ile

Tyr Phe

Ile Thr

Asp Asp
450

Asp Pro
465

Tyr Asn

Ala Phe

vVal Pro

Lys Leu
530

<210>9

<211> 339

<212> PRT
<213> ARTIFICIAL

<220>

Glu

Gln

355

Pro

Pro

Lys

Val

Phe

435

Gln

Asn

Ser

Asn

Glu
515

Lys

340

Ile

Ser

Asn

Val

Asn

420

Pro

Ile

Ser

Asn

Asn

500

Gln

<223> rCIfA residues 221-559

<400> 9

Tyr

Asp

Gly

Thr

Tyr

405

Pro

Asn

Thr

Lys

Ile

485

Gly

Pro

Gly

Lys

Asp

Asp

390

Lys

Glu

Pro

Thr

Gly

470

Ile

Ser

Asp

EP 2 244 722 B1

Lys Phe Tyr

Thr

Asn

375

Ser

Val

Asn

Asn

Pro

455

Asp

Trp

Gly

Glu

Asn
360

Val

'ASH

Asp

Phe

Gln

440

Tyr

Leu

Arg

Ser

Pro
520

43

345

Asn

Ile

Ala

Asn

Glu

425

Tyr

Ile

Ala

Ser

Gly

505

Gly

Asn

Thr

Ala

Leu

Ala

410

Asp

Lys

Val

Leu

Met

490

Asp

Glu

Leu

Tyr

Pro

Ile

395

Ala

vVal

Val

vVal

Arg

475

Ser

Gly

Ile

Ser

Arg

val

380

Asp

Asp

Thr

Glu

Val

460

Ser

Trp

Ile

Glu

Ile

Gln

365

Leu

Gln

Leu

Asn

Phe

445

Asn

Thr

Asp

Asp

Pro
525

Lys

350

Thr

Thr

Gln

Ser

Ser

430

Asn

Gly

Leu

Asn

Lys

510

Ile

Gly

Ile

Gly

Asn

Glu

415

val

Thr

His

Tyr

Glu

495

Pro

Pro

Thr

Tyr

Asn

Thr

400

Ser

Asn

Pro

Ile

Gly

480

Val

val

Glu
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val

Thr

Gln

Ala

Leu

65

Asp

Tyr

Leu

Asn

Val

145

Lys

Thr

Thr

Gln

Ser
225

Ala

Asn

Ala

val

50

Asn

Gln

Thr

Thr

val

130

Leu

Gly

Ile

Gly

Asn

210

Glu

Ala

val

Gly

35

Lys

Gly

val

Phe

Met

115

Thr

val

Thr

Tyr

Asn

195

Thr

Ser

Asp

Thr

20

Tyr

Gly

val

Leu

Thr

100

Pro

Leu

Asp

Ile

Val

180

Leu

Ser

Tyr

Ala

vVal

val

Asp

Thr

Ala

85

Asp

Ala

Ala

Tyr

Asp

165

Asn

Lys

Ile

Phe

Pro

Gly

Lys

Thr

Ser

70

Asn

Tyr

Tyr

Thr

Glu

150

Gln

Pro

Pro

Lys

vVal
230

EP 2 244 722 B1

Ala Ala Gly Thr

Ile

Leu

Phe

55

Thr

Gly

Val

Ile

Gly

135

Lys

Ile

Ser

Asn

val

215

Asn

Asp

Asn

40

Lys

Ala

val

Asn

Asp

120

Ile

Tyr

Asp

Gly

Thr

200

Iyr

Pro

44

Ser

25

Tyr

Ile

Lys

Ile

Thr

105

Pro

Gly

Gly

Lys

Asp

185

Asp

Lys

Glu

10

Gly

Gly

Thr

vVal

Asp

Lys

Glu

Ser

Lys

Thr

170

Asn

Ser

val

Asn

Asp

Thr

Phe

val

Pro

75

Ser

Asp

Asn

Thr

Phe

155

Asn

Val

Asn

Asp

Phe
235

Ile

Thr

Ser

Pro

60

Pro

Asp

Asp

val

Thr

140

Tyr

Asn

Ile

Ala

Asn

220

Glu

Thr

Val

Val

45

Lys

Ile

Gly

val

Lys

125

Ala

Asn

Thr

Ala

Leu

205

Ala

Asp

Asn

Tyr

30

Pro

Glu

Met

Asn

Lys

110

Lys

Asn

Leu

Tyr

Pro

190

Ile

Ala

val

Gln

15

Pro

Asn

Leu

Ala

val

95

Ala

Thr

Lys

Ser

Arg

175

val

Asp

Asp

Thr

Leu

His

Ser

Asn

Gly

80

Ile

Thr

Gly

Thr

Ile

160

Gln

Leu

Gln

Leu

Asn
240
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Ser Val Asn Ile Thr
245

Asn Thr Pro Asp Asp
260

Gly His Ile Asp Pro
275

Leu Tyr Gly Tyr Asn
290

Asn Glu Val Ala Phe
305

Lys Pro val Val Pro
325

Ile Pro Glu

<210> 10

<211> 349

<212> PRT
<213> ARTIFICIAL

<220>

Phe

Gln

Asn

Ser

Asn

310

Glu

EP 2 244 722 B1

Pro Asn Pro Asn

Ile

Ser

Asn

295

Asn

Gln

<223> rCIfA residues 221 to 559 with additional N

<400> 10

His His His His His
1 5

Gly Thr Asp Ile Thr
20

Ser Gly Thr Thr Val
35

Tyr Gly Phe Ser Val
50

Ile Thr Val Pro Lys
65

Lys Val Pro Pro Ile
85

His

Asn

Tyr

Pro

Glu

70

Met

Gly

Gln

Pro

Asn

55

Leu

Ala

Thr

Lys

280

Ile

Gly

Pro

Thr

265

Gly

Ile

Ser

Asp

250

Pro

Asp

Trp

Gly

Glu
330

Gln

Tyr

Leu

Arg

Ser

315

Pro

and C terminal residues

Ser

Leu

His

40

Ser

Asn

Gly

45

Val

Thr

25

Gln

Ala

Leu

Asp

Ala

10

Asn

Ala

vVal

Asn

Gln
90

Ala

Val

Gly

Lys

Gly

75

Val

Tyr

Ile

Ala

Ser

300

Gly

Gly

Asp

Thr

Tyr

Gly

60

Val

Leu

Lys

val

Leu

285

Met

Asp

Glu

Ala

Val

vVal

45

Asp

Thr

Ala

val

Val

270

Arg

Ser

Gly

Ile

Pro

Gly

30

Lys

Thr

Ser

Asn

Glu

255

val

Ser

Trp

Ile

Glu
335

Ala

15

Ile

Leu

Phe

Thr

Gly
95

Phe

Asn

Thr

Asp

Asp

320

Pro

Ala

Asp

Asn

Lys

Ala

80

val
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55

Ile
Thr
Pro
Gly
145
Gly
Lys
Asp
Asp
Lys
225
Glu
Pro
Thr
Gly
Ile

305

Ser

Asp

Lys

Glu

130

Ser

Lys

Thr

Asn

Ser

210

val

Asn

Asn

Pro

Asp

290

Trp

Gly

Ser

Asp

115

Asn

Thr

Phe

Asn

val

195

Asn

Asp

Phe

Gln

Tyr

275

Leu

Arg

Ser

Asp

100

Asp

Val

Thr

Tyr

Asn

180

Ile

Ala

Asn

Glu

Tyr

260

Ile

Ala

Ser

Gly

Gly

val

Lys

Ala

Asn

165

Thr

Ala

Leu

Ala

Asp

245

Lys

val

Leu

Met

Asp
325

Asn

Lys

Lys

Asn

150

Leu

Tyr

Pro

Ile

Ala

230

Val

val

val

Arg

Ser

310

Gly

EP 2 244 722 B1

Val

Ala

Thr

135

Lys

Ser

Arg

Val

Asp

215

Asp

Thr

Glu

val

Ser

295

Trp

Ile

Ile

Thr

120

Gly

Thr

Ile

Gln

Leu

200

Gln

Leu

Asn

Phe

Asn

280

Thr

Asp

Asp

46

Tyr

105

Leu

Asn

Val

Lys

Thr

185

Thr

Gln

Ser

Ser

Asn

265

Gly

Leu

Asn

Lys

Thr

Thr

Val

Leu

Gly

170

Ile

Gly

Asn

Glu

val

250

Thr

His

Tyr

Glu

Pro
330

Phe

Met

Thr

Val

155

Thr

Tyr

Asn

Thr

Ser

235

Asn

Pro

Ile

Gly

Val

315

vVal

Thr

Pro

Leu

140

Asp

Ile

Val

Leu

Ser

220

Tyr

Ile

Asp

Asp

Tyr

300

Ala

val

Asp

Ala

125

Ala

Tyr

Asp

Asn

Lys

205

Ile

Phe

Thr

Asp

Pro

285

Asn

Phe

Pro

Tyr

110

Tyr

Thr

Glu

Gln

Pro

190

Pro

Lys

val

Phe

Gln

270

Asn

Ser

Asn

Glu

Val

Ile

Gly

Lys

Ile

175

Ser

Asn

Val

Asn

Pro

255

Ile

Ser

Asn

Asn

Gln
335

Asn

Asp

Ile

Tyx

160

Asp

Gly

Thr

Tyr

Pro

240

Asn

_Th r

Lys

Ile

Gly

320

Pro



10

15

20

25

30

35

40

45

50

55

EP 2 244 722 B1

Asp Glu Pro Gly Glu Ile Glu Pro Ile Pro Glu Lys Leu
345

<210> 11
<211> 339
<212> PRT
<213> ARTIFICIAL

<220>

<223> rCIfA PY 221 to 559

<400> 11

vVal Ala
1

Thr Asn

Gln Ala

Ala Val
50

Leu Asn
65

Asp Gln

Tyr Thr

Leu Thr

Asn Val

130

Val Leu
145

Lys Gly

Thr Ile

Ala

Val

Gly

35

Lys

Gly

Val

Phe

Met

115

Thr

Val

Thr

Tyr

Asp

Thr

20

Tyr

Gly

Val

Leu

Thr

100

Ser

Leu

Asp

Ile

val
180

340

Ala

Val

val

Asp

Thr

Ala

85

Asp

Ala

Ala

Tyr

Asp

165

Asn

Pro

Gly

Lys

Thr

Ser

70

Asn

Tyr

Ala

Thr

Glu

150

Gln

Pro

Ala

Ile

Leu

Phe

55

Thr

Gly

Val

Ile

Gly

135

Lys

Ile

Ser

Ala

Asp

Asn

40

Lys

Ala

Val

Asn

Asp

120

Ile

Tyr

Asp

Gly

47

Gly

Ser

25

Tyr

Ile

Lys

Ile

Thr

105

Pro

Gly

Gly

Lys

Asp
185

Thr

10

Gly

Gly

Thr

Val

Asp

Lys

Glu

Ser

Lys

Thr

170

Asn

Asp

Thr

Phe

val

Pro

75

Ser

Asp

Asn

Thr

Phe

155

Asn

val

Ile

Thr

Ser

Pro

60

Pro

Asp

Asp

Val

Thr

140

Tyr

Asn

Ile

Thr

Val

Val

45

Lys

Ile

Gly

val

Lys

125

Ala

Asn

Thr

Ala

Asn

Tyr

30

Pro

Glu

Met

Asn

Lys

110

Lys

Asn

Leu

Tyr

Pro
190

Gln

15

Pro

Asn

Leu

Ala

val

95

Ala

Thr

Lys

Ser

Arg

175

val

Leu

His

Ser

Asn

Gly

80

Ile

Thr

Gly

Thr

Ile

160

Gln

Leu
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Thr Gly

Gln Asn
210

Ser Glu
225

Ser Val

Asn Thr

Gly His

Leu Tyr
290

Asn Glu
305

Lys Pro

Ile Pro

<210> 12

<211> 349

<212> PRT
<213> ARTIFICIAL

<220>

<223> rCIfA PY 221 to 559 with additional N and C terminal residues

<400> 12

Asn

Leu

195

Thr

Ser

Asn

Pro

Ile

275

Gly

Val

val

Glu

Ser

Tyr

Ile

Asp

260

Asp

Tyr

Ala

Val

Lys

Ile

Phe

Thr

245

Asp

Pro

Asn

Phe

Pro
325

Pro

Lys

Val

230

Phe

Gln

Asn

Ser

Asn

310

Glu

EP 2 244 722 B1

Asn

val

215

Asn

Pro

Ile

Ser

Asn

295

Asn

Gln

Thr

200

Tyr

Pro

Asn

Thr

Lys

280

Ile

Gly

Pro

Asp

Lys

Glu

Pro

Thr

265

Gly

Ile

Ser

Asp

Ser

val

Asn

Asn

250

Pro

Asp

Trp

Gly

Glu
330

Asn

Asp

Phe

235

Gln

Tyr

Leu

Arg

Ser

315

Pro

Ala

Asn

220

Glu

Tyr

Ile

Ala

Ser

300

Gly

Gly

Leu

205

Ala

Asp

Lys

val

Leu

285

Met

Asp

Glu

Ile

Ala

val

val

Val

270

Arg

Ser

Gly

Ile

Asp

Asp

Thr

Glu

255

val

Ser

Trp

Ile

Glu
335

Gln

Leu

Asn

240

Phe

Asn

Thr

Asp

Asp

320

Pro

His His His His His His Gly Ser Val Ala Ala Asp Ala Pro Ala Ala

1

5

10

15

Gly Thr Asp Ile Thr Asn Gln Leu Thr Asn Val Thr Val Gly Ile Asp

20

25

30

Ser Gly Thr Thr Val Tyr Pro His Gin Rla Gly Tyr Val Lys Leu Asn

48
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Tyr

Ile

65

Lys

Ile

Thr

Pro

Gly

145

Gly

Lys

Asp

Asp

Lys

225

Glu

Pro

Thr

Gly

50

Thr

Val

Asp

Lys

Glu

130

Ser

Lys

Thr

Asn

Ser

210

val

Asn

Asn

Pro

35

Phe

Val

Pro

Ser

Asp

115

Asn

Thr

Phe

Asn

val

195

Asn

Asp

Phe

Gln

Tyr
275

Ser

Pro

Pro

Asp

100

Asp

Val

Thr

Tyr

Asn

180

Ile

Ala

Asn

Glu

Tyr

260

Ile

Val

Lys

Ile

85

Gly

vVal

Lys

Ala

Asn

165

Thr

Ala

Leu

Ala

Asp

245

Lys

val

Pro

Glu

70

Met

Asn

Lys

Lys

Asn

150

Leu

Tyr

Pro

Ile

Ala

230

Val

Val

val

EP 2 244 722 B1

Asn

55

Leu

Ala

Val

Ala

Thr

135

Lys

Ser

Arg

Val

Asp

215

Asp

Thr

Glu

Val

40

Ser

Asn

Gly

Ile

Thr

120

Gly

Thr

Ile

Gln

Leu

200

Gln

Leu

Asn

Phe

Asn
280

49

Ala

Leu

Asp

Tyr

105

Leu

Asn

val

Lys

Thr

185

Thr

Gln

Ser

Ser

Asn

265

Gly

Val

Asn

Gln

90

Thr

Thr

val

Leu

Gly

170

Ile

Gly

Asn

Glu

Val

250

Thrx

His

Lys

Gly

75

vVal

Phe

Met

Thr

val

155

Thr

Tyr

Asn

Thr

Ser

235

Asn

Pro

Ile

Gly

60

val

Leu

Thr

Ser

Leu

140

Asp

Ile

val

Leu

Ser

220

Tyr

Ile

Asp

Asp

45

Asp

Thr

Ala

Asp

Ala

125

Ala

Tyr

Asp

Asn

Lys

205

Ile

Phe

Thr

Asp

Pro
285

Thr

Ser

Asn

Tyr

110

Ala

Thr

Glu

Gln

Pro

190

Pro

Lys

val

Phe

Gln

270

Asn

Phe

Thr

Gly

val

Ile

Gly

Lys

Ile

175

Ser

Asn

Val

Asn

Pro

255

Ile

Ser

Lys

Ala

80

val

Asn

Asp

Ile

Tyr

160

Asp

Gly

Thr

Tyr

Pro

240

Asn

Thr

Lys
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Gly Asp
290

Ile Trp
305

Ser Gly

Asp Glu

<210> 13

<211> 321

<212> PRT
<213> ARTIFICIAL

<220>

Leu

Arg

Ser

Pro

Ala Leu Arg

Ser Met

Ser
310

Gly Asp Gly

325

Gly Glu Ile

340

EP 2 244 722 B1

Ser Thr Leu
295

Trp Asp Asn

Ile Asp Lys

Glu Pro Ile
345

Tyr

Glu

Pro

330

Pro

Gly

val

315

val

Glu

Tyr

300

Ala

val

Lys

Asn

Phe

Pro

Leu

Ser Asn

Asn Asn

Glu Gln

335

<223> rCIfA residues 221 to 531 with additional N and C terminal residues (delta latch truncate)

<400> 13

His His
1

Gly Thr

Ser Gly

Tyr Gly

50

Ile Thr

65

Lys Val

Ile Asp

Thr Lys

His

Asp

Thr

35

Phe

val

Pro

Ser

Asp
115

His His
5

Ile Thr
20

Thr Val

Ser Val

Pro Lys

Pro 1le
85

Asp Gly
100

Asp Val

His

Asn

Tyr

Pro

Glu

70

Met

Asn

Lys

Gly Ser Val

Gln Leu Thr
25

Pro His Gin
40

Asn Ser Ala
S5

Leu Asn Leu

Ala Gly Asp

val Ile Tyr

105

Ala Thr Leu
120

50

Ala

10

Asn

Ala

Val

Asn

Gln

90

Thr

Thr

Ala

Val

Gly

Lys

Gly

75

Val

Phe

Met

Asp

Thr

Tyr

Gly

60

Val

Leu

Thr

Pro

Ala

Val

val

45

Asp

Thr

Ala

Asp

Ala
125

Pro

Gly

Lys

Thr

Ser

Asn

Tyr

110

Tyr

Ala

15

Ile

Leu

Phe

Thr

Gly

val

Ile

Ile

Gly

320

Pro

Ala

Asp

Asn

Lys

Ala

80

Val

Asn

aAsp
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Pro Glu
130

Gly Ser
145

Gly Lys

Lys Thr

Asp Asn

Asp Ser
210

Lys Val
225

Glu Asn

Pro Asn

Thr Pro

Gly Asp
290

Ile Trp
305

Ser

<210> 14

<211> 311

<212> PRT

<213> ARTIFICIAL

<220>

Asn

Thr

Phe

Asn

Val

195

Asn

Asp

Phe

Gln

Tyr

275

Leu

Arg

val

Thr

Tyr

Asn

180

Ile

Ala

Asn

Glu

Tyr

260

Ile

Ala

Ser

Lys

Ala

Asn

165

Thr

Ala

Leu

Ala

Asp

245

Lys

val

Leu

Met

Lys

Asn

150

Leu

Tyr

Pro

Ile

Ala

230

Val

Val

val

Arg

Ser
310

EP 2 244 722 B1

Thr

135

Lys

Ser

Arg

val

Asp

215

Asp

Thr

Glu

val

Ser

295

Trp

Gly

Thr

Ile

Gln

Leu

200

Gln

Leu

Asn

Phe

Asn

280

Thr

Asp

<223> rCIfA residues 221 to 531 (delta latch truncate)

<400> 14

51

Asn

Val

Lys

Thr

185

Thr

Gln

Ser

Ser

Asn

265

Gly

Leu

Asn

val

Leu

Gly

170

Ile

Gly

Asn

Glu

val

250

Thr

His

Tyr

Glu

Thr

Val

155

Thr

Tyr

Asn

Thr

Ser

235

Asn

Pro

Ile

Gly

val
315

Leu

140

Asp

Ile

Val

Leu

Ser

220

Tyr

Ile

Asp

Asp

Tyr

300

Ala

Ala

Tyr

Asp

Asn

Lys

205

Ile

Phe

Thr

Asp

Pro

285

Asn

Phe

Thr

Glu

Gln

Pro

190

Pro

Lys

val

Phe

Gln

270

Asn

Ser

Asn

Gly

Lys

Ile

175

Ser

Asn

val

Asn

Pro

255

Ile

Ser

Asn

Asn

Ile

Tyr

160

Asp

Gly

Thr

Tyr

Pro

240

Asn

Thr

Lys

Ile

Arg
320
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vVal

Thr

Gln

Ala

Leu

65

Asp

Tyr

Leu

Asn

val

145

Lys

Thr

Thr

Gln

Ser
225

Ala

Asn

Ala

Val

50

Asn

Gln

Thr

Thr

vVal

130

Leu

Gly

Ile

Gly

Asn

210

Glu

Ala

Val

Gly

35

Lys

Gly

val

Phe

Met

115

Thr

val

Thr

Tyr

Asn

195

Thr

Ser

Asp

Thr

20

Tyr

Gly

Val

Leu

Thr

100

Pro

Leu

Asp

Ile

val

180

Leu

Ser

Tyr

Ala

Val

val

Asp

Thr

Ala

85

Asp

Ala

Ala

Tyr

Asp

165

Asn

Lys

Ile

Phe

Pro

Gly

Lys

Thr

Ser

70

Asn

Tyr

Tyr

Thr

Glu

150

Gln

Pro

Pro

Lys

val
230

EP 2 244 722 B1

Ala Ala Gly Thr

Ile

Leu

Phe

55

Thr

Gly

vVal

Ile

Gly

135

Lys

Ile

Ser

Asn

vVal

215

Asn

Asp

Asn

40

Lys

Ala

val

Asn

Asp

120

Ile

Tyr

Asp

Gly

Thr

200

Tyr

Pro

52

Ser

Tyr

Ile

Lys

Ile

Thr

105

Pro

Gly

Gly

Lys

Asp

185

Asp

Lys

Glu

10

Gly

Gly

Thr

vVal

Asp

920

Lys

Glu

Ser

Lys

Thr

170

Asn

Ser

val

Asn

Asp

Thr

Phe

val

Pro

75

Ser

Asp

Asn

Thr

Phe

155

Asn

Val

Asn

Asp

Phe
235

Ile

Thr

Ser

Pro

€0

Pro

Asp

Asp

Val

Thr

140

Tyr

Asn

Ile

Ala
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Ser Val Asn Ile Thr Phe Pro Asn Pro Asn Gln Tyr Lys Val Glu Phe
245 250 255

Asn Thr Pro Asp Asp Gln Ile Thr Thr Pro Tyr Ile Val Val Val Asn
260 265 270

Gly His Ile Asp Pro Asn Ser Lys Gly Asp Leu Ala Leu Arg Ser Thr
275 280 285

Leu Tyr Gly Tyr Asn Ser Asn Ile Ile Trp Arg Ser Met Ser Trp Asp
290 295 300

Asn Glu Val Ala Phe Asn Asn
305 310

Claims

A recombinant staphylococcal clumping factor A (CIfA) according to SEQ ID No. 1 or a sequence with at least 85%,
preferably at least 95% sequence identity to the sequence of SEQ ID No. 1 or fragment thereof comprising at least
amino acid residues 221 to 531 of the fibrinogen binding region (Region A), characterized by at least one amino
acid residue substitution or deletion at amino acid residue Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526
and/or Val527 to result in a recombinant fibrinogen binding protein with reduced ability or lacking the ability to non-
covalently bind fibrinogen which stimulates a greater immune response that the wild type CIfA protein, for use in
the treatment or prophylaxis of Staphylococcal infections.

The recombinant staphylococcal clumping factor A (CIfA) or fragment thereof for use in the treatment or prophylaxis
of Staphylococcal infections according to claim 1 wherein the infection is a Staphylococcus aureus infection.

The recombinant staphylococcal clumping factor A (CIfA) of fragment thereof for use in the treatment or prophylaxis
of Staphylococcal infections according to claim 1 wherein the infection is a sepsis, septic arthritis and/or endocarditis.

The recombinant staphylococcal clumping factor A (CIfA) or fragment thereof for use in the treatment or prophylaxis
of Staphylococcal infections according to any of claims 1 to 3 wherein the recombinant staphylococcal clumping
factor A (CIfA) or fragment thereof comprises the amino acid sequence according to any of SEQ ID Nos. 3, 6, 9, 10
and 13 or sequences with at least 85%, preferably at least 95% sequence identity to a sequence of SEQ ID Nos.
3,6,9, 10 and 13 with at least one amino acid residue substitution or deletion at amino acid residues Ala254, Tyr256,
Pro336, Tyr338, 11e387, Lys389, Glu526 and/or Val527.

The recombinant staphylococcal clumping factor A (CIfA) or fragment thereof for use in the treatment or prophylaxis
of Staphylococcal infections according to any of claims 1 to 4 wherein the CIfA or fragment thereof comprises at
least one amino acid residue substitution at amino acid residues Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389,
Glub526 and/or Val527.

The recombinant staphylococcal clumping factor (CIfA) of fragment thereof for use in the treatment of prophylaxis
of Staphylococcal infections according to any of claims 1 to 5 wherein the CIfA or fragment thereof comprises at
least one amino acid residue substitution at amino acid residues Tyr256, Pro336, Tyr338, Lys389, Glu526 and/or
Val527.

The recombinant staphylococcal clumping factor A (CIfA) or fragment thereof, for use in the treatment or prophylaxis
of Staphylococcal infections according to any of claims 1 to 6 wherein the non-covalent binding that takes place

during dock, lock and latching of the protein to fibrinogen is reduced or prevented.

The recombinant staphylococcal clumping factor A (CIfA) for use in the treatment or prophylaxis of Staphylococcal

53



10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

14.

15.

16.

17.

EP 2 244 722 B1

infections according to any of the preceding claims wherein the amino acid substitution or deletion reduces the non-
covalent interaction with fibrinogen by preventing or reducing ligand binding to the hydrophobic pocket separating
Region A subregions N2 and N3 of the fibrinogen binding protein.

The recombinant staphylococcal clumping factor A (CIfA) for use in the treatment or prophylaxis of Staphylococcal
infections according to any of the preceding claims wherein the CIfA or fragment thereof comprises the fibrinogen
binding region without the latching peptide amino acid residues.

The recombinant staphylococcal clumping factor A (CIfA) for use in the treatment or prophylaxis of Staphylococcal
infections according to any of the preceding claims wherein the CIfA or fragment thereof comprises amino acid
residues Ala254, Tyr256, Pro336, Tyr338, lle387, Lys389, Glu526 and/or Val527 which are substituted with either
Ala or Ser.

The recombinant staphylococcal clumping factor A (CIfA) for use in the treatment or prophylaxis of Staphylococcal
infections according to any of the preceding claims wherein the recombinant Staphylococcal fibrinogen binding
protein has the amino acid sequence according to any of SEQ ID Nos. 1 and 3 to 14 wherein residue P33 and/or
Y335 of SEQ ID Nos. 1, 3, 6, 9, 10 and 13 are substituted with either serine and/or alanine to result in rCIfAP;545S
Y33,A O rCIfAP336A Y334S.

The recombinant staphylococcal clumping factor A (CIfA) for use in the treatment or prophylaxis of Staphylococcal
infections according to any of the preceding claims wherein the CIfA or fragment thereof comprises the fibrinogen
binding protein, the fibrinogen binding region, the minimal fibrinogen binding region and/or a fragment thereof.

The recombinant staphylococcal clumping factor A (CIfA) for use in the treatment or prophylaxis of Staphylococcal
infections according to any of the preceding claims wherein the CIfA or fragment thereof comprises

Subregions N1 to N3, spanning amino acid residues 40 to 559 of the fibrinogen binding region (Region A); or
Subregions N2 and N3, spanning amino acid residues 221 to 559 of the fibrinogen binding region of CIfA (Region
A).

Use of the recombinant staphylococcal clumping factor A (CIfA) according to SEQ ID No. 1 or a sequence with at
least 85%, preferably at least 95% sequence identity to the sequence of SEQ ID No. 1 or fragment thereof comprising
at least amino acid residues 221 to 531 of the fibrinogen binding region (Region A), with at least one amino acid
residue substitution or deletion at amino acid residues Ala254, Tyr256, Pro336, Tyr338, lle387, Lys389, Glu526
and/or Val527 to result in a recombinant fibrinogen binding protein with reduced ability or lacking the ability to non-
covalently bind fibrinogen which stimulates a greater immune response that the wild type CIfA protein in the man-
ufacture of a medicament for the treatment or prophylaxis of Staphylococcal infections.

A nucleic acid construct, expression vector or host cell expressing a recombinant staphylococcal clumping factor A
(CIfA) according to SEQ ID No. 1 or a sequence with at least 85%, preferably at least 95% sequence identity to the
sequence of SEQ ID No. 1 or fragment thereof comprising at least amino acid residues 221 to 531 of the fibrinogen
binding region (Region A), with at least one amino acid residue substitution or deletion at amino acid residue Ala254,
Tyr256, Pro336, Tyr338, 11387, Lys389, Glu526 and/or Val527 to result in a recombinant fibrinogen binding protein
with reduced ability or lacking the ability to non-covalently bind fibrinogen which stimulates a greaterimmune response
that the wild type CIfA protein, for use in the treatment or prophylaxis of Staphylococcal infections.

Avaccine comprising a recombinant staphylococcal clumping factor A (CIfA) according to SEQ ID No. 1 orasequence
with at least 85%, preferably at least 95% sequence identity to the sequence of SEQ ID No. 1 or fragment thereof
comprising at least amino acid residues 221 to 531 of the fibrinogen binding region (Region A), with at least one
amino acid residue substitution or deletion at amino acid residue Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389,
Glu526 and/or Val527 to result in a recombinant fibrinogen binding protein with reduced ability or lacking the ability
to non-covalently bind fibrinogen which stimulates a greater immune response that the wild type CIfA protein, for
use in the treatment or prophylaxis of Staphylococcal infections.

An immunogenic pharmaceutical composition comprising a recombinant staphylococcal clumping factor A (CIfA)
according to SEQ ID No. 1 or a sequence with at least 85%, preferably at least 95% sequence identity to the
sequence of SEQ ID No. 1 or fragment thereof comprising at least amino acid residues 221 to 531 of the fibrinogen
binding region (Region A), with at least one amino acid residue substitution or deletion at amino acid residue Ala254,
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Tyr256, Pro336, Tyr338, 11387, Lys389, Glu526 and/or Val527 to result in a recombinant fibrinogen binding protein
with reduced ability or lacking the ability to non-covalently bind fibrinogen which stimulates a greaterimmune response
that the wild type CIfA protein, and a pharmaceutically acceptable adjuvant for use in the treatment or prophylaxis
of Staphylococcal infections.

Patentanspriiche

1.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) gemaR SEQ.-ID-Nr. 1 oder einer Sequenz mit min-
destens 85 %, bevorzugt mindestens 95 % Sequenzidentitat mit der Sequenz von SEQ.-ID-Nr. 1, oder ein Fragment
davon, der/das mindestens die Aminosaurereste 221 bis 531 der Fibrinogenbindungsregion (Region A) umfasst,
gekennzeichnet durch mindestens eine Aminosaurerest-Substitution oder -Deletion am Aminosaurerest Ala254,
Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526 und/oder Val527, um zu einem rekombinanten Fibrinogenbin-
dungsprotein mit reduzierter Fahigkeit oder fehlender Fahigkeit zur nichtkovalenten Bindung von Fibrinogen zu
fihren, was eine groRere Immunreaktion stimuliert als das Wildtyp-CIfA-Protein, fir die Verwendung bei der Be-
handlung oder Prophylaxe von Staphylokokken-Infektionen.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) oder Fragment davon flr die Verwendung bei der
Behandlung oder Prophylaxe von Staphylokokken-Infektionen nach Anspruch 1, wobei die Infektion eine Infektion
mit Staphylococcus aureus ist.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) oder Fragment davon flr die Verwendung bei der
Behandlung oder Prophylaxe von Staphylokokken-Infektionen nach Anspruch 1, wobei die Infektion eine Sepsis,
septische Arthritis und/oder Endokarditis ist.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) oder Fragment davon flr die Verwendung bei der
Behandlung oder Prophylaxe von Staphylokokken-Infektionen nach einem der Anspriiche 1 bis 3, wobei der rekom-
binante Staphylokokken-Verklumpungsfaktor A (CIfA) oder das Fragment davon die Aminosauresequenz geman
einer der SEQ.-ID-Nr. 3, 6, 9, 10 und 13 oder Sequenzen mit mindestens 85 %, bevorzugt mindestens 95 %
Sequenzidentitat mit einer Sequenz der SEQ.-ID-Nr. 3, 6, 9, 10 und 13 mit mindestens einer Aminosaurerest-
Substitution oder -Deletion an den Aminosaureresten Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389, Glub26
und/oder Val527 umfasst.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) oder Fragment davon flr die Verwendung bei der
Behandlung oder Prophylaxe von Staphylokokken-Infektionen nach einem der Anspriiche 1 bis 4, wobei der CIfA
oder das Fragment davon mindestens eine Aminosaurerest-Substitution an den Aminosaureresten Ala254, Tyr256,
Pro336, Tyr338, 11387, Lys389, Glu526 und/oder Val527 umfasst.

Rekombinanter Staphylokokken-Verklumpungsfaktor (CIfA) oder Fragment davon flir die Verwendung bei der Be-
handlung oder Prophylaxe von Staphylokokken-Infektionen nach einem der Anspriiche 1 bis 5, wobei der CIfA oder
das Fragment davon mindestens eine Aminosaurerest-Substitution an den Aminosaureresten Tyr256, Pro336,
Tyr338, Lys389, Glu526 und/oder Val527 umfasst.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) oder Fragment davon flr die Verwendung bei der
Behandlung oder Prophylaxe von Staphylokokken-Infektionen nach einem der Anspriiche 1 bis 6, wobei die nicht-
kovalente Bindung, die wahrend der Vorgange des Annaherns, Festhaltens und Einklemmens des Proteins mit
Fibrinogen stattfindet, reduziert oder verhindert ist.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) fur die Verwendung bei der Behandlung oder Pro-
phylaxe von Staphylokokken-Infektionen nach einem der vorstehenden Anspriiche, wobei die Aminosauresubsti-
tution oder -deletion die nichtkovalente Wechselwirkung mit Fibrinogen durch Verhinderung oder Reduzierung von
Ligandenbindung zu der hydrophoben Tasche, die die Unterregionen N2 und N3 der Region A des Fibrinogenbin-
dungsproteins trennt, reduziert.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) fur die Verwendung bei der Behandlung oder Pro-

phylaxe von Staphylokokken-Infektionen nach einem der vorstehenden Anspriiche, wobei der CIfA oder das Frag-
ment davon die Fibrinogenbindungsregion ohne die einklemmenden Peptid-Aminosaurereste umfasst.
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Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) fur die Verwendung bei der Behandlung oder Pro-
phylaxe von Staphylokokken-Infektionen nach einem der vorstehenden Anspriiche, wobei der CIfA oder das Frag-
mentdavon die Aminosaurereste Ala254, Tyr256, Pro336, Tyr338, 11387, Lys389, Glu526 und/oder Val527 umfasst,
die mit entweder Ala oder Ser substituiert sind.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) fur die Verwendung bei der Behandlung oder Pro-
phylaxe von Staphylokokken-Infektionen nach einem der vorstehenden Anspriiche, wobei das rekombinante Sta-
phylokokken-Fibrinogenbindungsprotein die Aminosauresequenz gemaR einer der SEQ.-ID-Nr. 1 und 3 bis 14 auf-
weist, wobei Rest P334 und/oder Y334 der SEQ.-ID-Nr. 1, 3, 6, 9, 10 und 13 mit entweder Serin und/oder Alanin
substituiert sind, um zu rCIfAP336S Y335A oder rCIfAP336A Y3345 zu fiihren.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) fur die Verwendung bei der Behandlung oder Pro-
phylaxe von Staphylokokken-Infektionen nach einem der vorstehenden Anspriiche, wobei der CIfA oder das Frag-
mentdavon das Fibrinogenbindungsprotein, die Fibunogenbindungsregion, die minimale Fibrinogenbindungsregion
und/oder ein Fragment davon umfasst.

Rekombinanter Staphylokokken-Verklumpungsfaktor A (CIfA) fur die Verwendung bei der Behandlung oder Pro-
phylaxe von Staphylokokken-Infektionen nach einem der vorstehenden Anspriiche, wobei der CIfA oder das Frag-
ment davon Folgendes umfasst:

Unterregionen N1 bis N3, die die Aminosaurereste 40 bis 559 der Fibunogenbindungsregion (Region A) um-
fassen; oder
Unterregionen N2 und N3, die die Aminosaurereste 221 bis 559 der Fibunogenbindungsregion von CIfA (Region
A) umfassen.

Verwendung des rekombinanten Staphylokokken-Verklumpungsfaktors A (CIfA) gemalR SEQ.-ID-Nr. 1 oder einer
Sequenz mit mindestens 85 %, bevorzugt mindestens 95 % Sequenzidentitat mit der Sequenz von SEQ.-ID-Nr. 1,
oder des Fragments davon, der/das mindestens die Aminosaurereste 221 bis 531 der Fibunogenbindungsregion
(Region A) mit mindestens einer Aminosaurerest-Substitution oder -Deletion an den Aminosaureresten Ala254,
Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526 und/oder Val527 umfasst, um zu einem rekombinanten Fibrino-
genbindungsprotein mit reduzierter Fahigkeit oder fehlender Fahigkeit zur nichtkovalenten Bindung von Fibrinogen
zu flhren, was eine groRere Immunreaktion stimuliert als das Wildtyp-CIfA-Protein, bei der Herstellung eines Me-
dikaments flr die Behandlung oder Prophylaxe von Staphylokokken-Infektionen.

Nukleinsaurekonstrukt, Expressionsvektor oder Wirtszelle, das/der/die einen rekombinanten Staphylokokken-Ver-
klumpungsfaktor A (CIfA) gemaR SEQ.-ID-Nr. 1 oder einer Sequenz mit mindestens 85 %, bevorzugt mindestens
95 % Sequenzidentitdt mit der Sequenz von SEQ.-ID-Nr. 1, oder ein Fragment davon exprimiert, der/das mindestens
die Aminosaurereste 221 bis 531 der Fibrinogenbindungsregion (Region A) mit mindestens einer Aminosaurerest-
Substitution oder -Deletion am Aminosaurerest Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526 und/oder
Val527 umfasst, um zu einem rekombinanten Fibunogenbindungsprotein mit reduzierter Fahigkeit oder fehlender
Fahigkeit zur nichtkovalenten Bindung von Fibrinogen zu fiihren, was eine groRere Immunreaktion stimuliert als
das Wildtyp-CIfA-Protein, fiir die Verwendung bei der Behandlung oder Prophylaxe von Staphylokokken-Infektionen.

Impfstoff, der einen rekombinanten Staphylokokken-Verklumpungsfaktor A (CIfA) gemaR SEQ.-ID-Nr. 1 oder einer
Sequenz mit mindestens 85 %, bevorzugt mindestens 95 % Sequenzidentitat mit der Sequenz von SEQ.-ID-Nr. 1,
oder ein Fragment davon umfasst, der/das mindestens die Aminosaurereste 221 bis 531 der Fibrinogenbindungs-
region (Region A) mit mindestens einer Aminosaurerest-Substitution oder -Deletion am Aminosaurerest Ala254,
Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526 und/oder Val527 umfasst, um zu einem rekombinanten Fibrino-
genbindungsprotein mit reduzierter Fahigkeit oder fehlender Fahigkeit zur nichtkovalenten Bindung von Fibrinogen
zu fihren, was eine gréRere Immunreaktion stimuliert als das Wildtyp-CIfA-Protein, fir die Verwendung bei der
Behandlung oder Prophylaxe von Staphylokokken-Infektionen.

Immunogene pharmazeutische Zusammensetzung, die Folgendes umfasst: einen rekombinanten Staphylokokken-
Verklumpungsfaktor A (CIfA) gemaR SEQ.-ID-Nr. 1 oder einer Sequenz mit mindestens 85 %, bevorzugt mindestens
95 % Sequenzidentitadt mit der Sequenz von SEQ.-ID-Nr. 1, oder ein Fragment davon, der/das mindestens die
Aminosaurereste 221 bis 531 der Fibunogenbindungsregion (Region A) mit mindestens einer Aminosaurerest-
Substitution oder -Deletion am Aminosaurerest Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526 und/oder
Val527 umfasst, um zu einem rekombinanten Fibrinogenbindungsprotein mit reduzierter Fahigkeit oder fehlender
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Fahigkeit zur nichtkovalenten Bindung von Fibrinogen zu fiihren, was eine groRere Immunreaktion stimuliert als
das Wildtyp-CIfA-Protein, und einen pharmazeutisch vertraglichen Hilfsstoff fir die Verwendung bei der Behandlung
oder Prophylaxe von Staphylokokken-Infektionen.

Revendications

10.

Facteur d’agglutination A (CIfA) staphylococcique recombiné selon SEQ ID n° 1 ou une séquence ayant une identité
de séquence d’au moins 85%, préférablement d’au moins 95%, par rapport a la séquence de SEQ ID n° 1 ou un
fragment de celle-ci comprenant au moins les résidus d’acides aminés 221 a 531 de la région de fixation au fibri-
nogene (Région A), caractérisé par au moins une substitution ou délétion de résidu d’acide aminé au niveau du
résidu d’acide aminé Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526 et/ou Val527, pour conduire a une
protéine de fixation au fibrinogéne recombinée ayant une aptitude réduite ou dépourvue de laptitude a fixer le
fibrinogéne de maniére non covalente qui stimule une réponse immunitaire supérieure par rapport a la protéine CIfA
de type sauvage, pour une utilisation dans le traitement ou la prophylaxie d’infections staphylococciques.

Facteur d’agglutination A (CIfA) staphylococcique recombiné ou un fragment de celui-ci, pour une utilisation dans
le traitement ou la prophylaxie d’infections staphylococciques selon la revendication 1, ol I'infection est une infection
par Staphylococcus aureus.

Facteur d’agglutination A (CIfA) staphylococcique recombiné ou un fragment de celui-ci, pour une utilisation dans
le traitement ou la prophylaxie d’infections staphylococciques selon la revendication 1, ou I'infection est une sepsie,
une arthrite septique et/ou une endocardite.

Facteur d’agglutination A (CIfA) staphylococcique recombiné ou un fragment de celui-ci, pour une utilisation dans
le traitement ou la prophylaxie d’infections staphylococciques selon 'une quelconque des revendications 1 a 3, ol
le facteur d’agglutination A (CIfA) staphylococcique recombiné ou un fragment de celui-ci comprend la séquence
d’acides aminés selon 'une quelconque parmi SEQ ID n° 3, 6, 9, 10 et 13 ou des séquences ayant une identité de
séquence d’au moins 85%, préférablement d’au moins 95%, par rapport a une séquence de SEQ ID n°® 3,6, 9, 10
et 13 ayant au moins une substitution ou délétion de résidu d’acide aminé au niveau des résidus d’acides aminés
Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526 et/ou Val527.

Facteur d’agglutination A (CIfA) staphylococcique recombiné ou un fragment de celui-ci, pour une utilisation dans
le traitement ou la prophylaxie d’infections staphylococciques selon 'une quelconque des revendications 1 a 4, ol
le CIfA ou un fragment de celui-ci comprend au moins une substitution de résidu d’acide aminé au niveau des
résidus d’acides aminés Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526 et/ou Val527.

Facteur d’agglutination A (CIfA) staphylococcique recombiné ou un fragment de celui-ci, pour une utilisation dans
le traitement ou la prophylaxie d’infections staphylococciques selon 'une quelconque des revendications 1 a 5, ol
le CIfA ou un fragment de celui-ci comprend au moins une substitution de résidu d’acide aminé au niveau des
résidus d’acides aminés Tyr256, Pro336, Tyr338, Lys389, Glu526 et/ou Val527.

Facteur d’agglutination A (CIfA) staphylococcique recombiné ou un fragment de celui-ci, pour une utilisation dans
le traitement ou la prophylaxie d’infections staphylococciques selon 'une quelconque des revendications 1 a 6, ol
la fixation non covalente qui a lieu lors de 'amarrage, du verrouillage et de 'accrochage de la protéine au fibrinogéne,
est réduite ou empéchée.

Facteur d’agglutination A (CIfA) staphylococcique recombiné, pour une utilisation dans le traitement ou la prophylaxie
d’infections staphylococciques selon 'une quelconque desrevendications précédentes, ol la substitution ou délétion
d’acides aminés réduit I'interaction non covalente avec le fibrinogéne en empéchant ou réduisant la fixation de
ligand ala poche hydrophobe séparantles sous-régions N2 et N3 de Région A de la protéine de fixation aufibrinogéne.

Facteur d’agglutination A (CIfA) staphylococcique recombiné, pour une utilisation dans le traitement ou la prophylaxie
d’infections staphylococciques selon 'une quelconque des revendications précédentes, ou le CIfA ou un fragment

de celui-ci comprend la région de fixation au fibrinogéne sans les résidus d’acides aminés de peptide d’accrochage.

Facteur d’agglutination A (CIfA) staphylococcique recombiné, pour une utilisation dans le traitement ou la prophylaxie
d’infections staphylococciques selon 'une quelconque des revendications précédentes, ou le CIfA ou un fragment
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de celui-ci comprend les résidus d’acides aminés Ala254, Tyr256, Pro336, Tyr338, lle387, Lys389, Glu526 et/ou
Val527, qui sont substitués par Ala ou bien Ser.

Facteur d’agglutination A (CIfA) staphylococcique recombiné, pour une utilisation dans le traitement ou la prophylaxie
d’infections staphylococciques selon 'une quelconque des revendications précédentes, ou la protéine de fixation
au fibrinogéne staphylococcique recombinée posséde la séquence d’acides aminés selon I'une quelconque parmi
SEQIDn® 1 et3 a 14, ou le résidu P35 et/ou Y354 de SEQ ID n° 1, 3, 6, 9, 10 et 13 sont substitués par de la sérine
et/ou bien de 'alanine pour conduire & rCIifAP336S Y333A ou rCIfAP336A Y334S.

Facteur d’agglutination A (CIfA) staphylococcique recombiné, pour une utilisation dans le traitement ou la prophylaxie
d’infections staphylococciques selon 'une quelconque des revendications précédentes, ou le CIfA ou un fragment
de celui-ci comprend la protéine de fixation au fibrinogéne, la région de fixation au fibrinogéne, la région minimale
de fixation au fibrinogéne et/ou un fragment de celles-ci.

Facteur d’agglutination A (CIfA) staphylococcique recombiné, pour une utilisation dans le traitement ou la prophylaxie
d’infections staphylococciques selon 'une quelconque des revendications précédentes, ou le CIfA ou un fragment
de celui-ci comprend

les sous-régions N1 a N3, couvrant les résidus d’acides aminés 40 a 559 de la région de fixation au fibrinogéne
(Région A) ; ou

les sous-régions N2 et N3, couvrant les résidus d’acides aminés 221 a 559 de la région de fixation au fibrinogéne
du CIfA (Région A).

Utilisation du facteur d’agglutination A (CIfA) staphylococcique recombiné selon SEQ ID n® 1 ou d’'une séquence
ayant une identité de séquence d’au moins 85%, préférablement d’au moins 95%, par rapport a la séquence de
SEQ ID n® 1 ou un fragment de celle-ci comprenant au moins les résidus d’acides aminés 221 a 531 de la région
de fixation au fibrinogéne (Région A), ayant au moins une substitution ou délétion de résidu d’acide aminé au niveau
des résidus d’acides aminés Ala254, Tyr256, Pro336, Tyr338, 11e387, Lys389, Glu526 et/ou Val527, pour conduire
a une protéine de fixation au fibrinogéne recombinée ayant une aptitude réduite ou dépourvue de I'aptitude a fixer
le fibrinogéne de maniére non covalente qui stimule une réponse immunitaire supérieure par rapport a la protéine
CIfA de type sauvage, dans 'élaboration d’un médicament destiné au traitement ou a la prophylaxie d’infections
staphylococciques.

Produit de construction d’acide nucléique, vecteur d’expression ou cellule hdte exprimant un facteur d’agglutination
A (CIfA) staphylococcique recombiné selon SEQ ID n° 1 ou une séquence ayant une identité de séquence d’au
moins 85%, préférablement d’au moins 95%, par rapport a la séquence de SEQ ID n° 1 ou un fragment de celle-ci
comprenant au moins les résidus d’acides aminés 221 a 531 de la région de fixation au fibrinogéne (Région A),
ayant au moins une substitution ou délétion de résidu d’acide aminé au niveau du résidu d’acide aminé Ala254,
Tyr256, Pro336, Tyr338, l1e387, Lys389, Glu526 et/ou Val527, pour conduire a une protéine de fixation au fibrinogéne
recombinée ayant une aptitude réduite ou dépourvue de I'aptitude a fixer le fibrinogéne de maniére non covalente
qui stimule une réponse immunitaire supérieure par rapport a la protéine CIfA de type sauvage, pour une utilisation
dans le traitement ou la prophylaxie d’infections staphylococciques.

Vaccin comprenant un facteur d’agglutination A (CIfA) staphylococcique recombiné selon SEQ ID n° 1 ou une
séquence ayant une identité de séquence d’au moins 85%, préférablement d’au moins 95%, par rapport a la sé-
quence de SEQ ID n® 1 ou un fragment de celle-ci comprenant au moins les résidus d’acides aminés 221 a4 531 de
la région de fixation au fibrinogéne (Région A), ayant au moins une substitution ou délétion de résidu d’acide aminé
au niveau du résidu d’acide aminé Ala254, Tyr256, Pro336, Tyr338, 11le387, Lys389, Glu526 et/ou Val527, pour
conduire a une protéine de fixation au fibrinogéne recombinée ayant une aptitude réduite ou dépourvue de l'aptitude
a fixer le fibrinogéne de maniére non covalente qui stimule une réponse immunitaire supérieure par rapport a la
protéine CIfA de type sauvage, pour une utilisation dans le traitement ou la prophylaxie d’infections staphylococci-
ques.

Composition pharmaceutique immunogéne comprenant un facteur d’agglutination A (CIfA) staphylococcique re-
combiné selon SEQ ID n° 1 ou une séquence ayant une identité de séquence d’au moins 85%, préférablement d’au
moins 95%, par rapport a la séquence de SEQ ID n® 1 ou un fragment de celle-ci comprenant au moins les résidus
d’acides aminés 221 a 531 de la région de fixation au fibrinogéne (Région A), ayant au moins une substitution ou
délétion de résidu d’acide aminé au niveau durésidu d’acide aminé Ala254, Tyr256, Pro336, Tyr338, lle387, Lys389,
Glu526 et/ou Val527, pour conduire a une protéine de fixation au fibrinogéne recombinée ayant une aptitude réduite
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ou dépourvue de 'aptitude a fixer le fibrinogéne de maniére non covalente qui stimule une réponse immunitaire

supérieure par rapport a la protéine CIfA de type sauvage, et un adjuvant pharmaceutiquement acceptable pour
une utilisation dans le traitement ou la prophylaxie d’infections staphylococciques.
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wild-type ClfA A (Ni23)domain protein (rClfA)
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s B

SZARADALMIIGENYPONTOK

1‘

ASEQ D No. 1 szarinti vagy 2 5B ID No. 1 szekvendidval legaldbb 85%-ban, eldnydsen
legalabh 95%-ban megegyszd seebvencia szerinti rebombinans staphviococcus A
endokeoaguldz {clumping factor « CHA) vagy ennek egy frapmentuma, amely s
fibrinogén kotdragionak legalabb a 221-5314g terjedt aminosav-maradékalt (A régio)
tartalmazza, legaldbb epy aminpsav-miaradék  szubsztitGeioval vagy  delécidval
jellemezve a2z Ala254, Tyr2S6, Pro3ds, Tyrdas, He387, Lys38Y, Glus26 ésfvagy Valk2y
aminosav-maradékndl, aminek eredményeképpen a rekombindns fibrinogénkétd
fehdridnek osdkken vagy hidnyaik a képessége arra, hogy nem-kovslensen kisse g
Hbrinogént, ami nagyobb immunvalaszt idéz sld, mint a vad tpusd CA fehsérie
gsetaben,  staphylococcus  fertdzések  hezeldsdben vagy  megeldzésében  vald

fethaszndlis cdljidhal,

Az 1. igénypont szerinti rekombindns staphylococous & endokoagulaz (CHA) vagy ennek
egy fragmentuma staphylococous fertOedsek kezeldséhen vagy megelSzédsében wvald

fethaszraldsra, ahiol a ferteéds Sbaphvincoccus oureys fertdeds.
' B

Az 1. igdnypont szerinti rekombindns staphylococcus A endokoaguldz [CHA) vagy ennek
egy fragmentuma staphylococrus fertdeések kevelésében vagy megelSzésében vald

telhaszndlasra, ahol a fertdzds szepsels, sraptikys arthyitis ésfvagy endocarditis,

s

Az 1-3. igenypont bdrmeblike szerintl rekombindns staphylacocous A endokoagulds
{CHA} vagy ennek egy fragmentuma staphylococous fert@edsek kerelésében vagy
megeldzésthen  vald  felhasendldars, ahol a  rekomblndns  staphylococius A
endokoaguldz {CHA} vagy emnek egy fragmentuma a SEQ 1D No. 3, 6,8, 10 & 13
szekvencidk barmelyike srerinti vagy a2 SEQ B No. 3, 8, 9, 10 és 13 srekyenciak
sgyikéval legaldbb 85%-ban, eldnydsen legaldbb 95%-ban megegyerd szekvencia

szerintl  aminosav-siekvencidt tartabmazzs, & legaldhb egy aminosav-maradék
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szubisatitunioval vagy delécidval rendetkerilk a2 Ala2%4, Tyr256, Fro33s, Tyriss, edn?,

Lys 389, Glub26 esfvagy Vals7 aminosav-maradéknal.

Ar -4, igdnypont barmelyike szetintl rekombingns staphyiococcus & endokeaguldz
(CHA) vagy ennek epy fragmentuma staphylococcus fartdzések kexelgsében vagy
megeldzdéseben valo felhaszndldsra, ahol @ CHA vagy ennek epy fragmentuma lepaldbb
egy arninosav-maradek szubsstitdcioval rendetkerik az Ala254, Tyr256, Pro338s, Tyrdds,

He387, Lys289, Glubt esfvagy Vals27 aminasav-tmaradéknal,

Az 1-B. igénypont barmelyike sierintt rebombinans staphylovoccus endokoapuids
{CHA} vagy ennek sgy fragmentuma staphylococous fertdzések kezeldséhen vagy
megelGzdéseben vals felhasendldsra, ahol a CFA vagy ennek ggy fragmentuma legaldbb
egy sminosav-maradél szubsztitocioval rendelkezik a Tyr2B8, Pro3as, Tyrddg, Lys3ig,

Glub26 8sfvagy Vals27 aminosav-maradéknal.

Az 1-6. igénypont birmelyike szerintl rekombinans staphvlococous & endokospulde
{CHA) vagy ennek egy fragmentuma 3 staphylococcus fertdzések kereléssben vagy
megeldzeseben vald fethasznalasrs, shol @ fehdrie fibrinogénher Wrtdnd dokknldsa,

Zarase &g reteszelése {dock, lack, latching) kSzhen ldtrejdvd nam-kovalens kotések
£} R

csdkkennek vagy megakadédlyorddnak.

Az #1626 igdnypontok bdrmelvike szerinti rekombinans staphvlocosccus A endokoaguldz
{CITA} &  staphylococcus  fertdzések  hereldsdben wvagy  megelzdsdben  vald
felhasendldsra, ahol az aminosav-szubsatitucld vagy delécio azdltal cedkkenti & nem
kovalens kilcstnhatast a fbrinegénnel, hogy wegeldn vagy cstkkentl a Bgandumok

sOrédsét a rinogenkitd fehérie A répididnal N2 és N3 glrégidiat elvdlasztd bidrofah

zsebhez,

Az 21320 igénypentok banmedyike srarinti rekombindng staphylococeus A endokoagulds
(LA} @ staphylococous  fertdizések  kereldsében wvagy mepelSzésében  wald
felhasznalasra, ahol 8 CHA vagy ennek egy fragmentuma a reteszeld peptid {latching

peptide) aminosavamaradekal ndlkiil tartalmarza o fibrinogenkdtd région.
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Ay eldzd igénypontok birmelyike szerintl rekombinans staphyiococcus A endokoagulas
(CHAY a2 staphviococcus fTertGedsek  kerelésében  vagy  megeldzésében  vald
fothasinaldsrs, ahol 8 CHA vagy enneb egy fragmentuma Als vagy Ser aminosaveal
szubsetitualt Ala254, Tvel56, Pro33s, Tvr33E, Ue3R7, Lysi89, Glus26 ésfvagy Valkay

aminosav-maradébokat tartalmas,

Az eldad lgdnypontok bdvmelvike srenntl rekombindns staphylococcus A erdokosgulds
{CHAY  a  staphviococcus  fertGrések kezelésében  vagy  megeldrésdben  vald
felhasendlasra, ahol & rekomblnans staphylococous fibrinogénkitd fehérie 3 SEQ D No,
1 8% 3-14 ziekvencia barmelyike szerintt aminosav-szekvencidvsl rendelkesik, ahol @

SEQ D No L, 3, 6,9, 10 €5 13 Pass €5/vagy Yas maradéks szerinnel asfvagy alaninnal

srubsztitudlva van, ami dltal rCHAP 58 Yan& vagy rCHAPauA Yaueh siekvencidt alkot.
Az eldzé igénypontol bdrmelyike szerintl rekombinans staphylocoocus A endoloagulaz

CHAY & staphyiococcus  fertGzések  kexeldseben  vagy  maegeldzéstben  vald
fethasendldws, ahol a UA vagy eanek egy fragmentuma tartabmazza g fibrinogénkdtd
fehdrist, a fibrinagdnkotd régiot, a minimalis fibrinogénkdtd régidy ds/vagy ennek egy

fragmentumat.

Az oldz8 énypontok barmelyike srerinti rekombindns staphylocacous & endokoagulds
{CHA) ¢  staphylococens  fert@rdsek  kewolésében  vagy  mapeldeésdban  walo

fethasordldera, ahol & CHA vagy ennek egy Tragmantuma & Kdvetieadket tartaimanzal

NI=N3 aledgia, a fbrinogénkiid régid (A répid} 40-559. aminoiav-maradékiip
terjadden vagy
N2-N3 alrdgid; a CHA fibrinogénbdid régidjdnak {A régid) 221553 arinosav-

maradékaig terjedden,

Staphylococcus  fertSedsek  kezeldsére  vagy megeldedsére  seolgdld  gydgysesr
gydrtdsdban vald felhasendldsa annak a SEQ 1D No. 1 srerirdi vagy a SEQ 1D Noo 1
szekvencidval fegaldbb 85%-ban, aiGnyosen legaldbb 98%-han megagyezd srekvenciy
seerintl rekombindns staphylococcus & endokoaguldznal {CHAY vapy soosk egy
fragmerntumanak, amely o fibrinogén kOtdrégionak legalabbh & 221-831-g terjedd

\ oy

aminosav-maraddkait {& regd) tertabmazza, shol legaldbb egy aminosavamnaradék
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seubsatitdad vagy delédio 1aldihatd az Ala284, Tyr256, Prald36, Tywrd3s, lle3s7, Lys3syg,

Glub26  ésfvagy  VelS27  amingsav-maraddkndl, aminek  eredményeképpen s
rekombindns fibrinogenkatd Tehérjenek psdkken vagy hidnyuzik a képessége arra, hog
nem-kovalensen Rosse g fibrinogént, ami nagyobb immunvalaset ideér olg, mint 8 vad

tipust CifA fohérie

Nukleinsav-szerkeset, expresszios vekter vagy gazdasejt, amely 5 SEQ 1D No. 1 szerint

agy @ SEQ D Noo 1 oszekvenciaval legaldbb 85%-ban, ldnyasen legaldbl 95% ban
inegegyezd szekvenca szerintt rekombindns staphviococcus & endokoaguidnt {CHEA
vagy ennek egy fragmentomdt expressedlja, amely a Sbrinogén kdtdrégidianak
fegalébh 8 21-5314g terjedd aminosav-maradékait (A régid) tartebmazze, ahol
legalabb sgy aminosav-maradél szubsatitteld vagy delacio talathatd gz Ala2s4, Tyr2se,
Proi336, Tyr338, HedB7, LysdE8, GIUS28 éxfvagy Vaibl7? sminosav-maradékndl, aminek
eredmeényakdppen a rakombindns fibrinogenkdtd fehéridnek csdkken vagy hidnyak g
képessége arra, hogy nem-kovalensen késse a fibrinogént, ami nagyobh immunvalasat
idéz 2ld, mint a vad tpusd CHA fehéne, staphylococous fertSzések kezeléseben vapy

megeldzésehen vald fethaszndlas caljdbal,

Vakoiria, amely & SEQ 2 No, 1 szerinti vagy 8 SEQ 1D No. 1 szskvenciaval legalabb 85%.
ban, eldnyisen legaldbb 85%-ban megegyesd szebvencia srerinti rekombingns
staphylocorcus A endokoagulazt {CHA) vagy ennek egy fragmentumat tartalmarza,
amely a fibrinogén kdtdrdgidnak legaldbly a 331-531 iz teriedd aminosav-ragrasdkait
{A régio} tartalmazzy, ahol legalabb sgy aminosav-maradék szubsstitGeid vagy delénls
taldthatd az AlR254, Tyrl56, Prolss, Tyrial, HeldR7, LyslRh, Glubs dsfvagy Vals2?
aminosav-maradekndl, aminek eredménveképpen a rekombindns  fibrinogdnkéd
fehériének catkken vagy hidnyzik 3 képessége arra, hogy nem-kovalensen kdsse a
fibringgdnt, ami nagyobh immunvdlasst idér el mint a vad tpust CHA fehérje,

<32 2

staphylococous fertdessek kereldséhan vagy megelizéséhen vald folhasznalds céijdhdl,

branunogen gySpysreraszet] kdsritmeny, amely @ SEOQ D Na, 1 szerinti vagy g 580D
Mo, 1 spekvencidval lepaldbh B85%-ban, ol@nydsen lepalabb 95% han megegyerd
srekvancia szerinti rekombindns staphylacoscus A endokoaguldzt (CIfA) vagy ennek sgy

fragmentumat tartalmaiza, amely a fibrinogén kétdrégionak legaldbb a 221-5314g
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terjadd aminosav-maradékalt (& r2pid) tartabmamza, abol legalabb egy aminosave
marsdek szubsstitdcdd vagy delécid talathatd ar Ala254, Tyi256, Pro33as, Tyrlas, Helsy,

Lys388, Glub26 éspvagy Valbd? aminosav-maraddkngl, aminek eredmeényekdéppen s
rekombindns fbrinogénkdtd fehériének caikken wapy hidgnyzik a képessége arra, hogy
nem-Rovalensen kdsse a fibrinogsnt, ami nagyobn immunvalaser idez oG, mint & vad
tipustt CHA fehérje, valamint egy gpydgvasistilag  slfogadhatd  segédanyagal,

staphylococcus fertdedsek karelésaben vagy megeldedséhen valo felhasinalds célidbal
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