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aureus (MRSA) and muitidrug 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
30  ineffective as well.

Thus, there remains a very strong and rapidly growing need for therapeutics to treat infections

from staphylococei such as S. aureus which are effective against antibiotic resistant strains of
the bacteria.
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In gram positive pathogens, such as Staphylococci, Streptococci and Enterococci, proteins,
called adhesins, mediate such infections, for exampie by promoting colonization, attachment to
blood clots and traumatized tissue. These specific microbial surface adhesins are termed
MSCRAMMSs (microbial surface components recognizing adhesive matrix molecules) (Patti, J.,
5 et al., Ann Rev Microbiol, 48:585-617, 1994; Patti, J. and Hook, M., Cur Opin Celf Biol., 6:752-

758, 1994). MSCRAMMs 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.

10
MSCRAMMSs on the bacterial cell surface and ligands within the host tissue interact in a lock
and key fashion resuiting 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

i5 physiology is dramatically altered and damaging components such as toxins and enzymes are
secreted. Moreover, the adherent bactetia often produce a biofilm and quickly become
resistant to the killing effect of most antibiotics.

A bacterium can express MSCRAMMSs that recognize a variety of matrix proteins. Ligand-
20 binding sites in MSCRAMMSs appear to be defined by relatively short contiguous stretches of
amino acid sequences (moftifs). 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.
25
MSCRAMMs 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.

30 Fibrinogen is composed of six polypeptide chains, two Ag, two BB 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.

35  Staphylococcus aureus has several surface expressed proteins which stimulate platelet
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activation and aggregation. The Staphylococcus aureus MSCRAMM proteins include but are
not limited to the following:

— Fibrinogen binding protein clumping factor A (CIfA);
5 ~ Fibrinogen binding protein clumping factor B (CIfB):
— Fibronectin-fibrinogen binding protein A (FnBPA);
- Fibronectin-fibrinogen binding protein B (FnBPB); and

S. aureus surface proteins SasA, SasG, Sask etc.

10 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 LPETG A
Factor, TNFR®
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 1,186 Unknown LPETG A
Pls 1,637 Unknown LPDTG A
SasA 2,261 Unknown LPOTG A
SasB 937  Unknown LPDTG A
SasC 2,186 Unknown LPNTG A
SasD 241 Unknown LPAAG A
SasE/IsdA 354 Heme' LPKTG A
SasF 637 Unknown LPKAG A
SasG/Aap 1,117 Unknown® LPKTG A
SasH 308 Unknown LPKTG A
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Sasl/HarA/IsdH 895 Haptoglobin LPKTG A
SasJ/lsdB 845 Hemaoglobin, heme LPQTG A
SasK 211 Unknown LPKTG A
[sdC 227 Heme NPQTN B

7 aa, protein length in amino acids.
® Molecular compenent(s) recognized and bound by protein.
° Consensus motif recognized by sortase and present in C-terminal cell wall sorting signal.
5 “ Sortase for which cell wall surface protein is substrate.
?TNFR, tumor necrosis factor receptor
"also binds to proteins in desquamated epithelial cell. Promotes resistance to bactericidal lipids
and lactoferrin
also binds to desquamated nasal epithelial cells. Involved in biofilm formation.
10
Other Staphylococcal bacteria express surface expressed proteins (MSCRAMMSs) which are
similar to the clumping factors or binding proteins fisted above. These include but are not
limited to:

15 - SdrF, SdrG and SdrH from S. epidermidis wherein SdrG/F have been shown to bind
fibrinogen and collagen.
- Fbl from Staphylococcus lugdunensis is a fibrinogen-binding protein. Fb! is a
member of the Sdr-family, a group of staphylococcal cell surface proteins containing
a characteristic serine-aspartate repeat region. The fibrinogen-binding domain of
20 Fbl has been mapped to 313 amino acids, and shows 62% identity to the
corresponding region in clumping factor A (CIfA) from Staphyiococcus aureus.

Other ligand-binding proteins/adhesins include Isd proteins (iron-regulated surface
determinants), which although all of them are not MSCRAMMs per se {e.g. 1sdB and IsdH)
25 promote adhesion of bacteria to extraceliular matrix components and are referred io herein as
“MSCRAMM-like proteins”. it is known that IsdA promotes adhesion to squamous celis, and has
weak affinity for fibrinogen and fibronectin, so may technically be defined as an MSCRAMM.

Clumping factor A (CIfA) was the first Fibrinogen y-chain-binding S. aureus adhesin identified.
30  Fibronectin-fibrinogen binding protein A (FnBPA) and Fibronectin-fibrinogen binding protein B
(FNBPB) were subsequently recognized as bi-functional proteins found to bind the same C-
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terminal peptide segment in the y-chain of Fg. CHA and FnBPs have structural features that
are common to all cell-wall anchored proteins expressed in Gram-positive bacteria, including
CiB.

5 Clumping factor A (CIfA), for example, is a surface located protein of Staphylococcus aureus.
CIfA is an important 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,

10 CHfA contains a 520 amino acid N-terminat 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 8. aureus strains (Peacock SJ, Moore CE, Justice A, Kantzanou M, Story L,

16 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, Ho60k M (1997) Characterization of the interaction between the Staphylococcus

20 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),

3D Structural analysis of CIfA and the related fibrinogen-binding proteins SdrG and CIfB has

25 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 fruncate 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 CA. Each subdomain
comprises nine B-strands that form a novel IgG-type fold. The fibrinogen y-chain peptide-

30 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.

35  SdrC, SdrD, SdrE, FnBPA-A (ail seven isoforms) and FnBPB-B (all seven isoforms) have
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similar modular organization, thus using PHYRE molecular modeling, these proteins would he
expected to have the same 3D structure.,

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 composed of a sandwich of beta strands (beta sandwich
fold that consists of two five-stranded antiparalle! 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
1b-2 predicted.

Expression of CIfA on S. aureus hampers phagocytosis by both macrophages and neutrophils
(Paimqvist N, Patti JM, Tarkowski A, Josefsson E (2004) Expression of staphylococcal
clumping factor A impedes macrophage phagocytosis. 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 conirast, platelets are activated by
bacteria expressing CHA through its interaction with GPIIb/lila leading to aggregation. This is
most efficiently executed when fibrinogen is present, but there is also a fibrincgen-independent
pathway for platelet activation (Loughman A, Fitzgerald JR, Brennan MP, Higgins J, Downer R,
Cox D, Foster TJ (2005) Roles of fibrinogen, immunocglobulin 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) Muiltiple mechanisms for the activation of human platelet aggregation by
Staphylococcus aureus: roles for the clumping factors CIfA and CIfB, the serine-aspartate
repeat protein Sdrk and protein A. Mol Microbiof 44, 1033-1044).

ClfA is 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 Staphyfococcus aureus
arthritis by vaccination with clumping factor A, a novel virulence determinant. J Infect Dis
184:1572-1580). In addition, elimination of CIfA together with another fibrinogen binding protein
CHB 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
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I\/SCRAI\/I\/I dédamspiected aphydcoded Gﬂlihé{) im@aand bbbtf:ilnnstt'avgndﬂfsl eye mrgemba)m-dmdndu ng
S. aureu ntified Fbr n pr ot

Crnapry 3G RERpBieadPhy b b ah B REE At o PAPARES flupas afiuRbrly” A
subsequebgihy r&wbgwldzcedetamm wiﬁ&lmrtltl i®a afiabjr teabners fdr Stapdhytoeochal mﬂe¢t|b$ same C

- 6 - termnal peptide segnent in the y-chain of Fg. C fA and FnBPs have
structural features that are common to all cell-wall anchored proteins

expri®sseW @ A0QEY HPFhisidirpaied igfctBEl, which ica mltivgetongl ndinmigireraipion .- faatausr A

(C1fA), fr¢ bﬁéﬂﬁlﬁél@« dd)rﬁalﬁ &wneﬁﬁeeémsedm@ﬁ& %@ b@én %hﬁ@'ib’bﬂ@‘ﬂ%ﬁr&b‘geﬁur eus.
CfAis an inporta i rul ence factor contributes to the

pat hogenEEY"’%"e&f tr@eﬁf*?’é'“ t Pl ¢ Janalisy Oter'fé?ggﬁr '&IF‘? fg’rO“@:tF‘A hegog, nenBit e @y pe of
a fam | ybiafnctanaf MeeraBIROCi ated proteins with simlar structural /modul ar
organi zation, including but not limted to CfB, SdrD, SdrE etc,

20 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/mi}) in blood where it serves as the final target of the coagulation cascade.
Fibronectin is less abundant, ~0.3mg/mi or cne molecule of Fn for every 10-15 of fibrinogen.

25 Fibrinogen and fibronectin are not thought to be associated in blood where they circulate

independently.

importantly, WO 2005/116064 specifically relates to Factor Xlila-catalyzed covalent cross-
linking. WO 2005/116064 isolates multiple mutants in a recombinant FRBPA where residues

30  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
experimentally whether the binding of the mutant protein to the ligand is reduced and does not
provide any supporting immunogenicity data.
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10C fA contains a 520 amno acid N-term nal A dormain (the Fibrinogen

Bi ndi ng Regi on), which conprises three separately folded subdomains N, N2
and N3. The A donmain is followed by a serine-aspartate dipeptide repeat
region and a cell wall- and nenbrane-spanni ng region, which contains the
LPDTG notif for sortase-pronoted anchoring to the cell wall. GAfAis
present in practically all S. aureys strains (Peacock SJ, Mwore CE, Justice
A, Kantzanou M Story L, 15 Mackie®K, O Neill G Day NPJ (2002) Virulent
conbi nati ons of adhesin and toxin genes in natural popul ations of

St aphyl ogoccus .aureus. Infect | n 70: 498749 Lt bin t.0.1he

S torm nLso R < R A RR o B Risodio PafieeS  merLeg e e Pinee

cl unpi nglack ofractessiubthemapiks bnd vapgieas &othete owlti(dubdDesistant ActeNamy attgrndtjve

House- Po .Bel T, ) =Nt re. - ef i (X )

Char act e{rﬁlB%gY :%r}’l&gf: 'Ji? Egaii ﬁ{ﬂg%gg{“ibgg{g@t'b\%(gﬁ lnf h“E&g@ta%?{@ 85%%% ‘élg%éu?feus

cl unpi ngsigritiast val@lf A) and fi bri nogen. Eur J Bi ochem 247: 416-424 and
McDeyitt D, Francois P, Vaudaux P, Foster TJ (1994) Ml ecul ar
characterization of the clunping factor (fibrinogen receptor) of

St aphy| ob@HermorguRBLEPravEMeNts df ghicety aver anyy knowg) treafments puvacgings WA §fsi s of
G f A andpdrh@udrghgdraded, iegﬁéc@qg%rgénhiegisggn@r oteins SdrG and C fB has 25
reveal ed that the ligand-binding A domain in all these related proteins are
all conposed of three subdomains Ni, N2 and N3, with residues 221-559

corr esponslisnthd preRagiimpatidNZis NBrebtad Rg ptdiRirgna higshativé nE ahgrotdibthefpl abms t he
abiljty to gi ng fi bgbncﬁ%eril. Ih has been found that am no acid residues 532
to 588 cHPIEAUFUD PP TSty peptide region of CfA Each subdomain
conprises nine 13-strands that forma novel 19Gtype fold. The fibrinogen
y-chain i -ndi hfe in these proteins is located in a

hydr opho Righér 6P { vgﬁ“%‘ti on between N2 and N3. It has been found

t hat t hefecordingiteyrd flirs agrnesai ragpectr al the divieatidnt \théyet inerravidére a3 decombingntur e of
these prgbgiiocdalinscriuniiCorl MSPRAMM-IEDbRH, &ehadfscht ARER:, aghdreagusence,
sim |l ar nodul ar design and common bi ndi ng domai n organi zation. - 7 -

si mPar PBHNS Writsdegdigrahiqraie intherdPisi ng PHYRE nol ecul ar nodel i ng, these
protei ns woul d be expected to have the same 3D structure. IsdA and |sdB do
not have,the sane type of structure as C.f or. Sdr proteins. Th have, a
novel 5 AGETITEAT | PRERS ARSHNTEE; B0 e SRer: LR BRRT: ETHSNEPEr - ¢ he
NEAT not fitfrinbgers bindiharMSCRAMB BBtest, randtagmenothetdof comp@iig al Reasthgdrt b the
conposed.,0; S i ch of . , S, i t hat consists of
two fi vef-'bg{nfjger? e rt(ép%g,rvgfﬂﬁéﬁa{h%ét@@?s be"é({)@n 8%%%@8%???@%@?‘ of the
lgs@erfam |y (Pupa et al "Solution Structure of the NEAT ( NEAr

1ranspor h&laifopeeRk Lot &iMdgstibiHAE Anveligh, 4181 HRIREL 0D irBinidd G Adieinh an

St apl ococcus aureus” J. Mol . Biol. (2006) 10360: 435-447) The 3D structure
of the NERWRDIESPONSE IPs@H nsliddug @Rd/ep treaiinda A dratigrti tRYEY & nmicebjg! infedtion,

predi ct egbmgrsing eadrhiaBteRhg GbT e OMdFduAUR CBoMBARAT Sia escel MBGcRANMb&E h
macrophaﬂééa neutrog,hlls Pal mgvi st N, Patti, JM Tarkowski A, Josefsson
E (2004) MpeRAMBATkS, PatciR: DpnlireRYt clereps Of UREFIRG FORANSNI AthemiregRGinant

mac rzgp haggphytvegaay MSIFAMW &1 RISCRAMMlikeb plollin, LOS fragitlertl 1Beredfs with leaugdaman A,
van Kessel .KPM. van Strijp JAG Foster TJ (2006) d unping factor A of

St aphyl 0@8@% 'tg\lﬁﬂogjlgari'ci\hi bi ts phagocytosis by human pol ynor phonucl ear

| eukocytes. FEMS M crobiol Lett 258:290-296). In neutrophils this is due to

both a fjbrir -d n anj ng.to.a fiphrin = ndent
mechani s%&otdr'}%gg&ntar g@? , g%?éltt gf g@s mﬁ?@oﬁtﬁ e&%t'ec? ré)\}ﬁéegog%%g?'5$%§%§%?ge§si ng
C f A t hrreagihbinarg staphy@ecoetal MSOIRAMMGPOtein/ bt fragrherd dianepft withapginesgiibinding toThi s
i's ngst i%fﬂcjsﬂig%ﬁ&.l y executed when fibrinogen is present, but there is also

a fibrinogen-i1"ndependent pathway for platelet activation (Loughman A,
Fitzgerald JR, Brennan MP, Higgins J, Downer R, Cox D, Foster TJ (2005)

Rol es of 5 fi-R&d I WL 0 | | dyation
pr omot ed B ADe fourh ERHARS ?&’b"%ﬁ“ﬁ*“%ﬁgr‘?ﬁﬁ@?& B asey Agphera
57: 804- greeominaiy gtaphppgaseal LMSq:@?‘MMgHHWn&?ﬂ Kitrikes proteipgermiragmenpihesapb ovith, |
Litt D, rolilidef®cflgdo It Host idehal Sibtefanly in $hdF0in Bt a fypldRduhbibddim! € mechani sns
for the activation of human platel et’ aggregation by Staphyl ococcus aureus:
rol &8 for the clunping factors O fA and CfB, the serine-aspartate repeat
protein SdrE and protein A. Ml M crobiol 44, 1033-1044). 30CfAis a

virul ence factor for induction of septic arthritis in mce (Josefsson E.,
Hartford 0., OBrien L, Patti JM Foster T (2001) Protection against
experinmental Staphylococcus aureus arthritis by vaccination with clunping
factor A, a novel virulence determnant. J Infect Dis 184:1572-1580). In
addition, elimnation of ClfA together with another fibrinogen binding



CfA and A fB have an identical structural (3D) organization and
approximately 27% am no acid identity. FnBPA has an approxi mately 25% am no
acid identity to fA 10At present there are no MSCRAMM based vacci nes
approved and on the market. Veronate(), a donor-sel ected staphyl ococcal
human i mmune gl obulin intravenous (I1AV) targeting A fA and SdrG perforned
poorly in phase Il clinical triali and was withdrawn fromtrials. It is
currently being re-evaluated to de %7 mine whether it is a viable treatnent
for Staphyl ococcal infections. 15WD 2005/116064 is directed to FnBPA, which

[ | t Nt | A d
o FnppabelBf LR AgREl ANELREGR, Rorarn oty Bt A mriptarbB e masader  t ne
Cterm nmm@@mocd@mapmmgﬁ rdenBBiAailti staphf/ibdrcoal dd3CRAMMe actaSCRABRMAIKE radein,

or esence o I atn AT HrtB iR e e BREEaRls b¥pme Y btk

bact er i apdigdifeési n FNBPA and t he host prot e| n fibronectin, rendering the
assogj ati on nmuch stronger and essentially irreversible. Fibrinogen is a
maj or conponent (-3ng/ml) in blood where it serves as the final target of
t he coag ONFi bronectin is |l ess abundant, -0.3nmg/ml or one

mol ecul ejnohisk eélﬁb@tenﬁv%{eyteﬂrﬁ)s Ja'éhééfm”f"h’@dmnandzéﬁhpéﬂ ma&g? %ﬂe ds” RfuqRect i n

are not th zg t to be associ ated in bl ood where t circ

i ndepend¥iers009 |9, BF ('HRTChINISHE 25 T570reE 8 Migiskial ﬂ?ra'awsqamcbpafi@s Rrefeipact or
X |t | at catdahl}yzadesacr;gﬁit@rﬁﬁ bwaggsnnobemkhme dg&i@wobm%ﬁm@ta#n%'eﬁm@%%l p:je
mu s onbi r Sj osjtively charge
si dgl%c ha%’%"ﬁ? gage{\regﬁs é{ﬁ]ﬁ'?fé‘g h8§ L@@?&‘%@Wéﬁ‘% F{)@Fﬁa argiiepted Wgr e,
WO 2005/ Qollet)ﬁﬁbtemﬁ ati adhe$lmiwh|oh hHQ&amtasedAﬁmmh abidweqadrices, etinio vakielat design
fibr Onecéd RnnidnRii0 9 m?'dgmanlgorgérﬁfﬁ?‘% L FSu &%Cﬂffgﬂg}n'btg ﬁ%ls‘lrlféh 8’% pslcdrS]e

docunent oes not enDns e ‘exper aIIy
mut ant peretedisnidedlivt the MS%Wﬂlbe Premr@éﬁvaﬂmll@fdmﬂmmiommgmaamymsdm@ort i ng
| MTunogegdsignt Yaae@braily, the MSCRAMBiKE HrifbRY rﬁény hg\% B EX%' X f/C Spdgf%realggff (199 le

drugI resi sfance_in gram positive bacteria a
t her'3pi e¥eiBRPY GRYei e prefprabh 8% Avan moﬁ?rﬁﬁ@eﬁéyl%f/faﬁt'" Paretrseiembly H956 or

al t er nating dfies &y sedlie6de ieariydam thewisEFaNMMIpRasiser i al i nfections without
using antibiotics will be of significant value. 5 Furthernore, any

i nprovenents in efficacy over any known treatnents or vaccines wll be of
parti cultawili alpobe ambestoasihatam dfthe pereertddenteratiess@ttondgies referrddtdsn tHehe

pr esent i | t.ernative .and | npraoved

Phor apy Focib Hel B i AR ot eBloh BRR ecufbithelota 9

| NVERIT| dRe sequepgscording to a first general aspect of the invention, there
is provided a reconbi nant staphyl ococcal MSCRAMM or NMSCRAMM | i ke protein,
or fragnent thereof, with reduced 15binding to its host ligand, for use in
t her apy. [c 9P diMgOLEganishr. eTigrelee), Aniprabintveditthe ke rircludgs fhub¥e deldllinaited to
reconbi naganisisIRRdigaRe Rk, fuﬁdpwlrmg%aasaﬁh/&gnmmw protein, or fragnent
t hereof conprising at | east part of the fibrinogen binding region, wthout
the ability to bind fibrinogen for use in therapy. 20 According to a second

aspest Ofhet feemi 'mmmm@hau;t efe@ive sanfiuay| stRersatht®d BAduMb viHighuieNghABiel sRTUNe
response, d/ or treating a patient having a m crobial

i.dua
i nfecti ortllmma?%?l sf%@n rﬁﬁ‘%]g?%qpf’ﬁeg to the individual a reconbi nant
st aphyl ococcal MSCRAWM or MSCRAMM | i ke protein, or fragnent t hereof , or

i t 2bst | CRAI\/MI Kk
brot el n, AEBRIGEIT S HRE deGRI PR, o 15 BUEMERN AS b PO ao P,
Accor di rﬁ@ﬂﬂh(ﬁfoaicpﬁlMﬁpB&Mﬁcnr MSCRANM;like protding oy fr‘agraera theseqsy eonipdisidg at astci ne

COMBpi Sing & the§ e@ﬁcﬂﬁ%ﬁgﬁéﬁh%tﬁggﬁ@% bh@ 8& aﬂd BF uid mgtﬁerapy

t hereof, with reduc S hos
'Such a recombinant protein may be used 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.

35



According to a fourth aspect of the invention, there is provided an

anti body rai sed agai nst a reconbi nant staphyl ococcal MSCRAMM or
MSCRAMM | i ke protein, or fragnent thereof, with reduced binding to its host
ligand, preferably in the formof a hyperimune serum - 10 - According to
a fifth aspect of the invention, there is provided an i munogenic

phar maceuti cal conposition conprising a reconbi nant staphyl ococcal MSCRAMM
or MSCRAMM | i ke protein, or fragmeht  thereof, with reduced binding to its
host |igand and a pharnaceuti cal | y acceptabl e adj uvant 5 DETAI LED

DESCRI PT# In this sgem fication, the terns "adhesin VSCRAMM'  and

"cel | - wal FeOfidh & 8B° RRBHRR $MbgHiment,af fliziasrach of e ”b’émloﬁt &ec FreAgRiadMte and

cover al MSgReMbboraliSORAMIEIke [pr@ein Cbrbiaghenanprest, b fdudddaRidaks tHehBR®) to

pr ot ei ns d_fibri or haenogl obi n, haptoglobln haenmogl obi n, 10
haem n, mpri &Vazgﬁtgbﬁ'dpger}?a'"ggﬁ h Iigands. The term "MSCRAMM | i ke" proteins

are |ntended to cover proteins or adhesins which have related amno acid

or gart zalisn 14 R ERalinl s PR bR L Cordbal hOUSPBRTRE" e
VBCRAMM Priotein, oF tsagsmend theeecs, minnhdvarredsicad ibingind ovithiits hosdigana art bicdidgrwituthar
desi gn. g atng glbg ré\,g?b BCRAMM | i ke proteins may have at |east 50%

preferably 15prefer y 75% nore preferably 85% even nore preferably
95% still rmre preferably 99% or nore am no acid sequence identity W th

t he NBCHAWOB(U&E&! Bécording tbtthé’\iht/éntlé'rll Ql%t}t)r?e M%Uﬁéﬂ%%dhg%at Iface B&ing

per cent age. i dent es or honol ogies referr ecit catlon are

Rt dPr IO ol ack B LRGN L bivh the S RAM MSGRAE ks Piteinfolis

| engt h offgad®tnivesy ISEECBW&REOI’ phReedted. Mit' ﬁlé‘dté!ﬁlﬁfe@atﬁhtsiﬁb flrstr@téd ﬂpStndtn ¥ @hobi al
nc ug 1 bacterla

or the | u not to o

fungi , V'}ﬂ%ﬁ@é@ﬂ 9 '*339%“ HH‘; 'GP chc?gale'ggﬁ*ﬁr@mt E‘F%HB‘P% sp\retieect i ve
anmount ' primesy son- tmabntalulﬁdﬁwwmmnmsammpatjgamdof’rhstfmudtages mgMBCRANRA-|
and/or T, cehl r. S I ect of the

ovent i clgany PrOES P@W SRGERY BloPud, foe HESlar RERC BoaBRRRC paiehitpen
NBCRAM\AMSQBAWOQ!@# RagyiMtiike gradein, o fregaet, th@eﬁpha%nedg:eatorIlee:asthe%mgratbt of

the |i gangh. dbbélé“t@%lrqu&' 131 lignfi s SPRERSh BRI atPralchRig NS drindaf s for use
in ther ;foyMSuc a reconbi nant protein may be used In Phe treat t

ni cr obi PR fakFiing sdepsinayaleredr eat ment of sepsis, septic arthri t| s
and/ or endocarditis or other simlar conditions or di sease states. Such

o Var et b s R cklE i) it Srihee BUsHTO PR BUb s Eani s
aspeot dtastnhev Heaw elmwnatn act Byea m@moovebiath@ndt tth@]ﬂéﬁd%t@tmsl’vﬁ@aﬁwet iak@opgyoaei n,
o STy S SR RS el 00 R
st aphyl d@bweanesws@mwephvw@mvmaramnw olt’[eS rPatrmg 4(1 Hg ed00226)eTho DLL mMay
have reduess sﬁ&cﬁ@bil}g'etétefsho tﬁé e d/alehgﬁtfeqacﬁ%nsplnmtl%ptnvquvent)ing nd! ?ﬁ% D{_Lgand

may be prevented postu accor Ion; t he
non- covdlets '%l‘rﬁﬁf%fof t?élt otherk exotakisa e similps ﬁ@UCi'Ga'btyﬁdl(WQetheﬁ By Bowig atigck and

Lat ebi ngs:r(u@hty)hon@fog& bﬁst%%%aﬂfza%ﬁmgw t?%lu@ﬁx?rb@i bt fiRitdd 1 I\)is'b may be

reduced or n : is established that the Tirst step In binding of

an NBCR&VM%AI% "fq Qjﬁ'ﬁ'tﬁ‘sl nvol ves a non-coval ent interaction via the DLL

nodel . These are the prinmary non- coval ent MSCRAMM i nteractions with the

| i gand. Th al @Dj&g«% ?‘ g%n i nvol ve coval ent

i nteract f'(.ﬁgmnn[ﬁ Mtéﬁ{:@g@g‘?tcﬂ Fn @’gt%ﬁﬁﬁmtda‘?lfn"l@ah&MNM or

I\/ISCRAM\/#bImck@ qoredirecomprises Regngnﬁrﬁubtd@&mew1 tol 1% spedhite stred:cﬂ@N@ hﬂit?NQb' lity

t due Lﬂt e

| ot BB o Bhprte 3 Bfal 005 a0 s el Bl BiERermyeTee: & ter e
rmmunoglobuhn motif also called the DE-vanant R is postulated that & 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

35  groove located between the N2 and N3 subdomains. The latching peptide at the C-terminus of



The DLL nodel was elucidated fromthe 3D structure of SdrGin conplex with
its ligand. G fA 20 has now been shown to act by a mnor variation of the
DLL nmechani sm (Ganech et al (2008) "A structural nodel of the

St aphyl ococcus aureus C fa-fibrinogen int er action opens new avenues for the
design of anti-staphylococcal therapeutics”. PloS Pathog 4(11); e1000226).
The DLL nodel specifically relates to the non coval ent interactions

i nvolved in ligand binding. The DLL 13vodel is inferred for all other pr ot ei ns
of simlar structur aI type (whether by amino acid 25sim |l arity/honol ogy or

structural, or on honp i ncluding but not limted to MSCRAMM or
VB CRAN FYSEETER O AESen 3 Brg VB Ho b STABERARRATETT RPERT 816 ReBRtRReunar i
has beensiialamdint k2 tthdis) dookingi th@lligdridgarthcbl mdedty n@lﬁ@nm SDBRGticRes rRagican A

subregio C ubr e ) d 30 mh ch rise a
vari ant &fzglil’ ﬁé"%%ﬁ%ﬁ? HCLL‘/S@@# ?{'atﬁ 0'56‘3'”93%9? wggh 8 RIORRSGH \fh’fqn&ﬁ%& t he
i munogl tmminairresmﬂesf‘ma{a@b"‘ t el the tibrtnogerDE-chain] @stlted kit progirgagthwoat edritedgt a
hydr gpho t t is the
Y Gan by e ALEHl of B EE RHEAR e’ bt R BRI AR 9 T gna

bi nds t olatdie hydr ophobi ¢ groove separ at| ng N2 and N3. Specifically, during
| i gand bi ndi ng the unfol ded peptide conponent of the ligand inserts into

t he 35groove | ocated between the N2 and N3 subdomains. The | atching peptide
at the CMhstihesgdeashings rejae to eJympianhiaciorang!if i bareds. ey aisfasaivtapeieablechange

and i nsegd gtnb.emmamramebmwﬁmenpemomcn Hide siila? mdddRK ibdinghe
| i gand Iaﬂﬁl ace. |ndeed, mutagenic substitution of residues Tyr256, Pro336,

Tyr 3 ‘QQ%QZ?tﬁnlaH‘eb'Epdgﬁﬂdﬁﬁ' $R¥&" ¥BYS-whi ch are proposed to contact the
term nal reS| dues 408AGDN/ 411 of the fibrinogen y -chain, resulted in

pr ot ei ns r mar Sreduced . affi fihL Furt her
details o'f'usf fﬂ %rg%r 8&'% ?%%%"Wgﬁtﬁ phyjago %%?Bbf%é@é Of @%éﬁ.ﬁ%ﬂq]”‘ﬁvﬂr?t’%'?s’t hese
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way sl5 ThU@Veﬂf rP"aﬂifwetO tt%) hesloligand. ﬂ@@ﬂmﬁplh@ﬁt\/@fﬁammb@oemlar MWMMOW
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MSCRAMM ins, Region A subregion N2 an
i deal |y QBWW&W&S 'st?%ﬁ’fgg vigG lg fold, may be altered to pr event or
redi®e binding to its host ligand. Such an alteration is designed to

i mal
Pl Gana. botk isAA0ts eaiafa babg Soff A fadl ARIETRE AeRieaP oD,
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how@sogyndneouédyeaé demRd kir&di Gtgulr Wi Bt A% an%o Jaﬁeréﬁﬁ%ov i dterdBly BRI 09
as defi ned re| n occurs when at | east 50W${ﬁp era éfﬁpr)?% pr et erably 70%

pr ef er abPgTeEy, 807 1ROrp PERRIRIN P00 B0 RYE R FERRY FPés &t pyEfefably 9574 tonpr e

pref er absbs%,%ﬁ/mfoce &%ab@tgd% orfmdir@ olﬂﬂ'@frﬁf:la&h}és PR onartﬁ;e &hird iéﬁgtﬂ yeingot i des
uence or when used in
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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,
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The use of truncated proteins of the |igand binding protein such as the

| i gand bi nding domain, the mniml |igand binding domain, or the use of
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As expa bove | sdA a d
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thus, alterations in the NEAT notif 15 will prevent the host-1i gand
interation in the same way as altering the DLL or DLL |i ke hostligand
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i sol at ed;chytadliiopf 1 Ng the residues predicted for |igand binding, for

exanple, by altering the residues between beta strands and/or hydrophobic
pocket. Additionally, the NEAT notif may be altered to effect non-coval ent
hostligand inter agk,bmgen aﬁd,ﬁgg,q,{ém Re to anot her enbodi nent of this aspect
of the invention, is provid a method of inducing an inmne response
in &4 individual §W&’ﬁ §P”5n ﬁgfﬁi“f?éorédﬂétl ent having a mcrobial infection,
conprising adm nistering to the individual a reconbi nant staphyl ococcal
MSCRAMM or MSCRAMM | i ke protein, or fragnent thereof, or vaccine conprising
t he reconbi nant 30st aphyl ococcal MSCRAMM or NMSCRAMM | i ke protein, or
fragnent thereof with reduced



binding to its host |igand. Accordi ng to another enbodi nent of this
aspect of the invention, there is provided a vaccine conprising a

reconbi nant st aphyl ococcal MSCRAMM or MSCRAMM | i ke protein, or fragment

35t hereof ,- wwth reduced binding to its host ligand. - 15 - According to
anot her enbodi ment of this aspect of the invention, there is provided an
anti body rai sed agai nst a reconbi ngnt staphyl ococcal MSCRAMM or

MSCRAMM | i ke protein, or fragnment ¥ iereof, with reduced binding to its host
| i gand, preferably in the formof a 5hyperimnune serum According to

anot her enbodi ment of this aspect of the invention, there is provided an
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in therapy. 15 It will be understood that the reconbinant Staphylococcal
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fibrinogen blna regl on
predicted for Ilgand bmdmg, for example, by aitering the residues between beta strands and/or

hydrophobic pocket. Additionally, the NEAT motif may be altered to effect non-covalent host-
ligand interactions.
25
According to another embodiment of this aspect of the invention, there is provided a method of
inducing an immune response in an individual and/or freating a patient having a microbial
infection, comprising administering to the individual a recombinant staphylococcal MSCRAMM
or MSCRAMM-like protein, or fragment thereof, or vaccine comprising the recombinant
30  staphylococcai MSCRAMM or MSCRAMM-ike protein, or fragment thereof with reduced
binding to its host ligand.

According to another embodiment of this aspect of the invention, there is provided a vaccine
comprising a recombinant staphylococcal MSCRAMM or MSCRAMM-like protein, or fragment
35  thereof, with reduced binding to its host ligand.



MSCRAMM The advantages of using a truncated protein or fragnent thereof of
the, conprising for exanple one or nore subdomai ns of the Iigand-fibrinogen
binding region only, 5 relate to the ability to purify the protein at high
yi el ds without degradation. The C fA protein fibrinogen binding region,
otherwi se referred to as the A Region, conprises 3 subregions, N, N2 and
N3. Thus, the i mmunogenic fragrrent may conprise subregions Ni, N2 and/or N3
of the AfA A Regi on or a fragnent B hereof. Thus, for exanple, in relation
to CfA the fragnent may conpri se one or nore of subdonai ns of Region A,
Ni, N2 or N3. Ideally, N2 and N3 may 10 be used as this truncate is |ess
likely to undergo proteolysis (a protease cleavage site has been reported
bet ween Mcoa:mg td Z2nothe Giriifodiomeht G thid)asped of de ibentio tressisraddet iag lretibddgvel s
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equalg| y },uln %E ot her MSCRAMVE, MSCRAMMt | i ke proteins and in

parti cuI rinogen binding proteins which are structurally simlar
ei t her at an am no acid or protein structure level to AfA, for exanple as

G B, FbhcaRfhgSH %ﬁ&né%hﬁbdabﬁtoomm APt AR - infehtibd) ehERr 8, pbI8SE an

teachings are applicable to FnBPA and FnBPB. Thus, although the fol |l ow ng
comrent sITHENQERNIG o PRrBRCHEEREN %WB?"W pPRRSSiRg, & hE%?O'EP'éa quiPhyloengcal
appl i cabjugschamut bekSUBARMIM0sofYRCBANMhékahaes @it Sedibée Binlihgieh té gagids
ot her than fibrinogen. W have unexpectedly found that this altered
fibrio nog AR ndi ng protein, truncate or fragment thereof, wthout the
ability to bind fibrinogen stinulates a greater inmune response upon 25
i mmuni za |.d o) bj.nds._t ;N t he
nor mal rrégﬁcﬁtlsahrﬁd]%\?aﬁ"t%fae\gleegue'f‘g(paﬁf'ﬁ{tséfa e'}kqgécT?PT birh B%obsegmkhg& npeggrg%‘b %l]tn does
not pr oveREhylogetcehfitwinbgen bindieg peteintrsriragrsneistd! bymBising at danst themast, of

m cr obi SRR RS d protein which
| acks t?ebrﬁgéﬁ ty toIje 'Oﬁiﬁﬁ?eﬁéﬁ%%@? can behg%ena%r{uasgéﬁnél%wused in the
treanent of microbial infections. We have al so found contrary to

expect at j Gip Behﬁﬁdérél@od?'%d?rtﬂé aetdritingit fsagéhy@t:oécaeﬂamogéfecmd|n@r brofRGe abrt t
un hat a
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r econbi n;afetctuq:mlscsueﬂ as inghevoesmeht o eepsice sedtisrariarihadion eeddcadiiis of ofposintiaron or
vacci ne a reconbi nant protein in an unaltered (wld type)
form succ%gg(rs)hsé 19%95% ?t% gger etc. - 17 - bacterial infections which
prowdides better results when conpared to the wild type protein when al so

used as g AGHL \A%et itk }eﬁﬁa"n C%@ Mﬁ%(eﬂﬂwg%r‘éd sbttha\%t'do lQ@e\v‘Eﬂ@é fibRged. At the

altered proteln, rinogen-or other
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thereof, for use.in the treatnment of such m crobial infections.
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ccCi ccination, and when adm nistered as a
pha\r‘gr@ace%%‘cSr al%toa}ﬁé édgt{&ﬁurg%ﬁﬂ%ﬁo%ﬁd or a msdl cal device, both the
proteins and anti bod| es are useful as blocking agents to prevent m crobial
infectio r e ed in
20mct i vl yee, e R hat ML e i FinDSe Ebipyihd BRRH, Tt i (FRtlnd Bt
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proteins, DNA and anti bodies are well known in the art and will not be
described in detail herein. Conventional techni ques are ideally used in the
generation of these nolecules. The invention will also be understood to
cover nucleic acid constructs containing the nucleic acid or am no acid
sequence of interest, reconbi nant host cells containing such nucleic 30acid
constructs to express the protein of interest, and imrunogenic



- 18 - Imunization may take place by the injection of DNA protein or
anti bodies. Alternatively, an attenuated |ive organismthat includes and
expresses the DNA may be adm ni stered. 5The anount of DNA, protein or

anti bodi es that may be adm nistered will depend on several mtigating
factors, including dependence on the pronoter strength, protein expression
and i munogenicity of the expressed gene. These may be altered for each new
application to obtain the desired” |%nunolog|cally ef fective anount

requi red. 10According to another enbodi nent of this invention, there is
provi ded a nmethod of inducing an immune response in an individual and/ or
treating a patient having a mcrobial infection, conprising adm nistering
t o t he i Bdelvirdgraénts shadb ideiliyardmpStaphigasiceeicad thé ifibrinagey deimding ndgiog opthet ei n,
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ability rinogen an y accept abI e adj uvant.
30l deal | y, the reconbi nant St aphyl ococcal fibrinogen binding protein or
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( Clbf B), Eisbmhmdectdgeny. |anhenmgm1 thzisa tiachings acaipplichbieRo BRBPA and FnBPB. dTgaus,

Fi bronec P, propnt es_adhesi on
nas. voak-ph S PR sAhRsTRE', Bt Phand S0 BBl e TG,
def i2{ed appligalflg bm mwgeMS%MrdMngr MSCRAM-lilg: protejid Whible binddiigastis othet hizn
nucl eoti gg;ffefm no acid substitutions or deletions within the fibrinogen

bi ndi ng regi on of such fibrinogen binding proteins result in a reconbi nant
protein without the ability to bind fibrinogen. 10C fA-fibrinogen binding

has beenyg hwedﬁhb%cfe‘al qumEMh@ éﬁ@féﬁ fibkRsgen Hitding %Ae)mrm%ameﬁ{n
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simlar to that, of was ex and e?r bove. Region A of
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treatment of microbial infections. We have also found contrary to expectations that the
30 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, CIiB, SdrG etc.

356  Thus, these findings present a new and valuable vaccine/immunization therapeutic against



20According to one specific enbodi nent of the present invention, the
reconbi nant St aphyl ococcal fibrinogen binding proteinis a fibrinogen

bi ndi ng-deficient nutant of CAfA |In this enbodi ment, Fibrinogen Binding
Region A of CfAis altered by any neans (such as substitution or del etion
mutations) so that it no |longer binds fibrinogen. 25ldeally, the fibrinogen
bi nding protein is CfA however, fA bears 3D structural simlarity to
many ot her fibrinogen binding proT ins. Thus, it will be understood that
these comrents relating to CfA are equally applicable to other MSCRAMM

fibrinoggen b1 teins cl.uding C fB, FnBPA, FnBPB, Fbl ., SdrGF,
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al t er at | aips Iisadtaata vangnd/iontunezafiorbthemapgéin. bi ndi ng regi on can be nade to
achieve the same 30results. CAfAis a 993 am no acid protein, conprising a
520 am no acid fibrinogen binding domain (fromam no acids 40 to 559). This
fi bri nogérwibibedintgratiendaihat it aiered pTaeini wabthar MOGERAVMMN enpVBERANgMdiubragi ons
N, N2 fE no
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region wthout the latching peptide and foll owi ng residues) etc. |deally,
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whi ch cofrsgmpaid pitRnBhiBQedhitll Stpaysisesusditdctions.559. Al ternatively, a
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fold) of el n or hogen.

201 @al | getive V@cmeﬁ; aecbme@etlbwdleamtheseamtdnsm@asss\tewacmesr educes the

non-coval ent interaction with fibrinogen, preferably by preventing |igand
bi nding to the hydrophobic pocket separating N2 and N3 of Region A of the
fi bri nogEesBivAehieg apd Brasiuets dagaribedhBerpipdrgsent hagnifigaptmrepvpeptticyer the gliein
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| acki ng YR& ?’%P@Etﬁ?j ﬁ@d eqaage (9ﬁpr§H‘dFt%§‘E§ﬁf' ’?"} t he renami nder of the

C-tewm nal protein residues, i.e. lacking amno acid residues 532 to 559,
may be LLFﬁ:"edi:»reparation 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 understood to cover nucleic acid constructs containing the
nucleic acid or amino acid sequence of interest, recombinant host celis containing such nucleic
30 acid construcits to express the protein of interest, and immunogenic compositions.

For administration, the protein composition may be dispersed in a sterile, isotonic saling
solution or other pharmaceutically acceptable adjuvant.

35 It will be understood that the vaccine may be a DNA or protein vaccine.



According to one specific enbodi nent of this aspect of the invention, the
fibrinogen binding- deficient nutant of G fA may be constructed by
exchangi ng am no acids P336 for serine and/or 30 Y338 for aspartate,
respectively. The choice of residues was based on the X-ray crystal
structure of CfA and the observation that individual changes to the
proline or the tyrosine reduced binding affinity. Surprisingly, we found
that this nutant CfA protein (rClfAP336 S Y338A) stinmulated an i mmune
response and can be used in the generation of a much nore effective vaccine
or antibody therapy. This substitution may take place in the full length
fibrinogen - 21 - binding protein, the fjbrinogen binding region, the
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25  According to a yet further preferred embodiment of the invention, there is provided an

immunogenic pharmaceutical composition comprising a recombinant Staphylococcat fibrinogen
binding protein, or fragment thereof comprising at least part of the fibrinogen binding region,
without the ability to bind fibrinogen and a pharmaceutically acceptable adjuvant.

30 Ideally, the recombinant Staphylococcal fibrinogen binding protein or fragment thereof is
derived from S. aureus, S. epidermidis and/or S. lugdunensis.

The fibrinogen binding protein of these embodiments may be selected from one of the foliowing
Fbl, SdrF, and/or SdrG (which are also collagen binding). Alternatively, the fibrinogen binding
35  protein may be selected from one of the following Fibrinogen binding protein clumping factor A



Description Length A Region 1 w rAfA - full length aa sequence (Exanple
1) 933 aa 2w rCfA A Region - full Iength DNA sequence (Exanple 1) 1560
nucleotides Ni to N3 3 w rCfA A Region - full length aa sequence (Exanple
1) 520 aa N to N3 4 rCHAPYl A Region (Exanple 1) 520 aa Nl to N3 5
rCl 1 APY11l A Region (Exanple 1) 520aa N1 to N3 6 wt rCfA A Region - full

| ength aa sequence with additionaIwN and C term nal residues’

(CIfA), Fibrinogen binding protein clumping factor B (CliB), Fibronectin-fibrinogen binding
protein A (FnBPA), Fibronectin-fibrinogen binding protein B (FnBPB). [sdA promotes adhesion
has weak affinity for fibrinogen and fibronectin, so may technically be defined as a fibrinogen
binding MSCRAMM.

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.

10  CHA-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 ClfA
is responsible for the protein-igand interaction. As shown in Figure 11, the modular structure of
several fibrinogen binding MSCRAMM are similar and all contain Region A similar to CIfA.

15 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.

20  According to one specific embodiment of the present invention, the recombinant Staphylococcal
fibrinogen binding protein is a fibrinogen binding-deficient mutant of CHA. 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.

25  Ideally, the fibrinogen binding protein is CIfA, however, CIfA bears 3D structural similarity to
many other fibrinogen binding proteins. Thus, it will be understood that these comments relating
to CHA are equally applicable to other MSCRAMM fibrinogen binding proteins, including CifB,
FnBPA, FnBPB, Fbl, SdrG/F, IsdA etc. All of these proteins have similar 3D structures, thus,
similar alterations/mutations to the fibrinogen binding region can be made to achieve the same

30 resuits.

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
35 to amino acid 559 may be used in the invention. Alternatively, a truncate of the N1 to N3 region



(Exanple 2) 530aa N to N3 7 rCfAPYl A Region w thadditional N and C
termnal residues' (Exanple 1) 530aa N to N3 8 rCfAPYlIl A Region with
additional N and C term nal residues' 530aa N to N3 9 rOfA 221-559
(Exanple 2) 339 aa N2 and N3 10 rC fA 221-559 with additional N and C
term nal residues' (Exanple 2) 349 aa N2 and N3 11 rdfA PY 221-559
(Exanple 2) 339aa N2 and N3 -90 -

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 foilowing residues) etc. ldeally, 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.

it has been established that amino acid residues 221 to 559, covering the N2 and N3 regions,
of CHfA 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

10 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-calied DE-
variant IgG fold, and is the minimum Fg-binding truncate which if altered (via substitution or
deletion etc) can provide an improved therapy.

15 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. ldeally, the
substitution negatively affects the 3D structure (e.g. of the a so-called DE-variant 1gG fold) of
the protein or fragment so it ¢an no longer bind fibrinogen.

20 ideally, the nucleotide or amino acid substitution reduces the non-covalent inferaction 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

25  optionally the remainder of the C-terminal protein residues, i.e. lacking amino acid residues 532
to 559, may be used.

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 P, for serine andfor
30  Yass for aspartate, respectively. The choice of residues was based on the X-ray crystai structure
of CIfA and the observation that individual changes to the proline or the tyrosine reduced
binding affinity. Surprisingly, we found that this mutant CiA protein (rClfAPss S YassA)
stimulated an immune response and can be used in the generation of @ much more effective
vaccine or antibody therapy. This substitution may take place in the full length fibrinogen



12 rdfA PY 221-559 with additional N and C term nal residues' (Exanple 2)
349aa N2 and N3 13 rdfA 221-531 (delta latch truncate) with additional N
and C termnal residues 2 (Exanple 2) 321laa N2 and N33 14 rd f APY 221-531
(delta latch truncate) 311 aa N2 and N33 - 23 - additional N and C

term nal residues may be used - depending on the priner used or NNC
termnal tags required) 2 Addj,tional N residues (6 x Hs tag and
addi ti onal residues) conprise 6 H's residues, followed by Ay and Ser.
Addi tional C termnal residues conprise Arg foll owed by Ser (other

additio . : I e8] , " i t i mer
sed or T B 8 BHAen MRS AR o opan Bt G e g H°a P
cor r espoiratinrgt hereak r esi dues 532 to 538 and renmi nder A Region C-terninal

residues i.e. lacking am no acid residues 532 to 559. | deal ly, the
reconbi nant St aphyl ococcal fibrinogen binding praotein con&_{.i ses,  the am no

aci d 10sAepaEiinge toagedhali srcie amfpdirensphthip) aggect of the invepfien 4 fPEG98te P336
and/ @r Y3R@nqa&icRHD Futdnt e Al TRy aiet B&strSaéd B9 SORHIRINGAAIAIND NEids OP s for
fragnent thereof. Alternatively, the fran nt of the recaonbi a} t

St aphy| oRPeEAE AARF Yere SIS EPRECHEHE @isnrr'ﬁ‘oﬁa?ﬁrq%"é%'st OQW?EHB Q‘ﬁi"&P@Equence
accor di ngiA erobeny (reffABER VR MNosandidaobeSESRd! ib D geribatioS0a IkdD Miite offectivd 5

correspopa%ci%go;tgn%b%yftﬁerépﬂonal n Ni, N2, N3 only, rCfA PS Y338A and rCl fA

10 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 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 foliowing C-terminal residues. Alternatively, an amino acid substitution in

15  the latching peptide amino acids 532 to 538 which prevents the DLL of the fibrinogen may be
contemptated.

It is understood that all proteins in the CIf-Sdr family binds ligands by the DLL model. By
modetiing the 3D structure, it is possible to predict the latching peptide and make a truncate

20 that lacks it, either in the full length (N1 to N3) or the minimal ligand binding truncate N2-N3, or.
a fragment thereof.

We found that these substitution rCHfA proteins (whether deletion mutants, substitutions or
truncates) reduced virulence and disease cuicome, and surprisingly induced less systemic

25  inflammation that the wild type protein.

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.

30
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 CHA 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.

35
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rCIFA 221-559 (Example 2)

339 aa

N2 and N3

10

rCifA 221-559 with additional N and C terminal
residues’
{(Example 2)

349 aa

N2 and N3

Lk

rCHA PY 221-559
{Example 2)

33%aa

N2 and N3

12

rCHA PY 221-559 with additional N and C terminal
residues’
{(Example 2)

349aa

N2 and N3

13

rClfA 221-531 (deita latch truncate) with additional
N and C terminal residues ©
(Example 2)

321aa

N2 and N3°

14

rCifAPY 221-531 (delta latch fruncate)

311 aa

N2 and N3°

! Additional N residues (N-terminal extension

5

{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



Figure 1 shows the severity of arthritis (A), neasured as arthritic index,
and weight loss (B) in mce inoculated with S. aureus strain Newran, and
cl fAPYl, c/fAPYIl, and clfA null rnmutants. 3.2 x 106- 6.0 x 106 cfu of S.
aureus strains were inoculated. Data are presented as nedi ans (squares or
center lines), interquadile ranges (boxes), and 80% central ranges

(whi skers). Data fromthree 25expe2(§1 ments are pool ed. NNewran = 27 - 30,
ft/crfApvi = 30, NcHAPY1ll = 10, and Nam = 16- 20. Figure 2 shows the
bacterial growth in kidneys in mce 7-8 days after inoculation with 3.2 x
106 - %dﬁfon]apﬁ aﬁJé‘te%ln§resﬁiU£s% b%tu'é@d ndéﬂ@rmr&n tr%rqugr] Js@éP &IN/C ?e{rruﬁ%ﬁ)ﬂgls’ and
cl fA nul tants. are presented as cfu per Kidney pair. \Were no
growt h WaSUEdt ect abI e, the count was put to highest 30possible count

accor di riqadtigonaltatesidids Yd x Bin tagasd adkigidnal Beiti@@sf afommuiemrmﬂeeda.perfd:umw Ghrapd

pool ed. é\!\'eXHEﬁ:QnarczéerF eIr&P g com r%e &?M&%s‘d By S:lap(otr%PQch@ﬁE N and]C5 terrﬁ' hgure 3

shows t he survival i nocul at1aon x 107 cfu
of SPaurgsides WP&P%PSR%VWB?P“’“& Py mpwm%ﬂ%e&ﬁf Nf&ﬁef@r"fﬂ'@q% Lﬂqr"feﬁﬂt ant

respect i ‘wethyut thbledding peptigh cotigspbrdomtsdaasdidues 53226538 akd guirieded ASH&Q!WSC-ltdITEHnaI
survival o j h 9.4, 7.9, 10.7 or 9.8 x 106 cfu of
S. aur eus g% reg]l %%L@{gtla?&gnagﬂgﬂd%%\fﬁgm%%APYI | or clfA null nutants,
respectively. N = 15 per group fromstart. 5Figure 5 shows the survival of
M ce i MdBdigetheWebdmiia S't@ﬁﬁﬂ&lcﬂarﬂbn@deﬁ UMdu’fgep‘lﬁfébi toipriséd fn@R¥ind a6id

C f APYl reconbi nant protein %ﬁ |N29 u at ed Wlt 2 3 x%O? cfu of
S.  dOr e uEMNBTRACCORINILE FY Otgﬁ o' Mg éttaret ere'aneé’ﬁ'F‘:é

f r equencsubefitutet tith iethet sefineandpadhiaé e aWatimet tRergof106 - 6. 0 x 106 cfu of S.
10aureus strain Newran wild-type, and clfAPYl, c/fAPYIIl, and clfA null
mutants. Data fromthree experinents are pooled. Nryeerrnan = 27 - 30,

Nel | APY1ateBtstividewhei fragmdr®, ofathg Nebinbinant] Stap@ocoFéal Uibdndges hbinging heotgioverity

of art I s lPAR Ui &% LgﬁdetécsorHlﬁg%adef@EgﬁD'WQ% 3adoid #45sgq S- 1

or 3.3 aures strain mut ant or

cl f A5nul 1P Nas 4and S1rresnsed e thelGifA DgeraaiaMd, {H?el‘é%ﬂfﬂibdc% Pres I aufsais&lfAr es)
'nterquaﬁw\egsasafeﬂﬁétn/et}%%‘é&hne@ﬁ%@@%’k%@&é al ranges (whiskers). NNewman =
0-10, A/copyi = 9-10, and Nenme= 0-10. Figure 8 shows the weight loss in mce
inoculated with 5.2, 5.1 or 3.3 x 107 cfu of S.aureus strain Newran

Wi | d-typeis slkd Abllard] Baed @h mbfsebmuﬁlonmn tBtiatch ediactdry @lage DSHEG, anat
presented. a Omedi an center e I.nt S nd 80%
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Fi gwoe Ocamipiemerttdtion sall aisb g defectvet ihiparidsbindiags Tihesl idesihathensubsiitatidna desini n
mce | Mythé %&d%éi&e@%@fa 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

25 acid residues 532 to 559 (inciuding the latching peptide residues) will also effect binding to the
ligand.

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 266 and Lys 389 may
30 be substituted to alter the fibrinogen binding properties of the protein or fragment thereof. Thus,
any substitution which reduces binding ability may be contemplated. 1deally, such substitutions
or deletions effect the hydrophobic pocket and associated mechanism for binding the figand 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
35 where N304 and F306 were shown to be important for Fg binding. Thus, mutations in these



reconbi nant C fA or reconbinant CfAPY (i.e. CfAPYl reconbinant protein A
domain) and 25 inoculated with 4.0 x 106 cfu of S. aureus Newman. Data are
presented as nedi ans (squares), interquartile ranges (boxes), and 80%
central ranges (whiskers). I1VBsA = 14, Ndnpy =14, and Alctl A = 15 per group
fromstart. Figure 10 gives the nucleotide and am no acid sequence of
wld-type AfA A domain protein 30 (rdfA), domains N123 only, with the
resi dues highlighted which are alt¥ved in the fol |l ow ng exanples (P32,5 and
Y338) to give rise to rCAfAPYI/II (SEQID No.3). It is this reconbi nant

protein A domain ich. sed, .in.vaccination in the foll ow ng exanpl es.
- 26 - sYERARAY r%%?ﬁ'f"\%lseftlsﬁg?%b'%%rane anchor including the LPXTG notif,
+ represent positively charged residues and Ris the repeat region. In CfA

Regi on C [ N J f :

shorter A%ﬂ%gg% iugﬁesrgtf’ &%ﬁﬁf:’%'%tse %gfﬁwsahfgv\%? %Blggnﬁgse{pﬁ ?“Jgtr}[g r?g ¢ ﬁéﬂ %@ﬁggﬂﬁﬁjﬁg shows
t he specprbtemsastétbes \CliBe SguhsEBRA NBEBLT iz tthetra@meot §8erinen agtihaghh anpl es
of mi.ce | i ' i ' )i ' - 559
(r i Py, PETMBLARE ok RO 8 A8 BN or & Rl e I oo 08
boost er fragmgiit Mwréabn, whi ch was one day before infection with 2.3 x 107
cfu/ mouse of S. aureus strain Newran wi | dtype for induction of sepsis. Data
are presented as nedi ans (center |ines), int erguar_ti I e({an’ggs_ gpoxesr?,
10and 80 Henepegiiicatiphgdie é%‘lss lcapByse, qgURisesy §OMRrisedy, @ FOMPIBHIY" G0 AW o =
15. Fi guiRiakch shovs dnbehs neiss dirkiuaB] inbindys, nehpeosed ihdudiel @rlzing aatiation

G f A40-559 in serum sanpl es, of m. ce | nized.wth i.ne _.se al bum
(BsAY, r Behbpraares e sa iy Misipooie AELnhL Hhulfa diradflnd g st

(r d f APYpossbledapegpretbiicer t he second booster inmuni zation, which 15 was one
day before infection with 2.3 x 107 cfu/ nouse of S. aureus strain Newman

w | dtype for induction of sepsis. Data are presented as nedi ans (center
lines), The ewentimntis het liresitedds ttidhembedimentigradinpfase degaabed, Hayway barviagaking) .
NBsA = 13- = ; N ilsl gure 14 shows the specific
ant i bodyg?tégg%%g@ntaga?g?ggg?lﬁlgﬁgc ?‘?Af\gr\‘(%g?ig‘gg in serum 20 sanples of mce
i mutd zed with bovine serum al bumi n (BSA), reconbinant C f A40-559 (rdfA),
or reconphdgitedtifAMAONiP Ay b GeidNBI witl réléstceribttd folldvand Asromaltidtpisitear

i mmuni zati on, which was one day before infection with 4.0 x 106 cfu/ nouse
of S. auP® @85 n Newman wil dtype for induction of septic arthritis. Data
are presented as nedians (center lines), interquartile ranges (boxes), and
80% centgal r whi sker = 14-15, NrCR = 15, and NrCl MPY = 15.
25 Fi gur 'gf@sgﬂgaésﬁ%we{héﬁ%&ﬁ%Pfcé\’%n IPhsdy responses to reconbinant af A40- 559
in s#rum sanples of mce i munized with bovine serum al bum n (BSA),

recornbi ”%@Lreq EASHE M 2 \ﬁefrig' Jf%rit%r(;\?,‘?ﬁéﬁ%’ﬁﬂeﬂ%@taﬁﬂetfcﬁﬁa@@arﬁﬁ&eiéﬁt%s‘éﬂ*é) in 9
days after the second %oo ter 1 mmunization, which was one day before

i nf ect i omiagiinasulated with 1D guresistisLNevnean, and gifFert caRYIheRd iVl WA By f or
30i nduct hgn. ©b x6Ti: 61 & sbbdddifins WBfeAnRteR! BAS BfeqflesdftedBE MABIENS BRI
lines), interquartile ranges (boxes), and 80% central r_%ngeija%(vxpl sli_grs).
NBsA = 18t center ingsy ipterauarife raggas fgoxgshpepd-80%acentral ranags, fdiskgrey Daga irom iiee,
shovgs t hgxfeR@ehik iafe @BIcHDRAEY, . LSPES K5+ @ J0eNQHRI=TaNindNfAP2240.559 in serum
sanpl es of mice i munized wth bovine serum al bumi n (BSA), reconbi nant

af A221- 35559 (rd fA221-559), or reconbi nant C f APY221-559
(r O f APYRBireT58ows theotpacseriall gréwth trhiedregs prdice 7-82%ays atta gxcdationmitbrii.zat 0°en.

Data are_presente s_nedi ans.(center |] ) s AU € I g oxes),
and 80% 81 a|°*ur°3n§e3§”?”m? R “5"5"2‘%1@3&”55?'5?”AMM@%U' 5”%%1@&3%%(1
Nr O f APYRi2derfi&Pas—ci ped |5dney paigp U beré Togiovidx arp deteGakidy divscauhiewaspma td highest
ant i hody 0 . eC i : i ; f o A0-Ge
i 2 bR BB i B Aok e e ity (Br RO RIS o e
(r d f A22 M&aaf¥ 26 0¥bee 80 Vnant 1C1 NP2 2115559 (r d f APY221-559), 9 days after
t he second booster inmunization. Data are presented as nedi ans (center

lines), interguartile ranges (boxes), and 80%central ranggs (whiskers).
Af BsA = FEigureNd guamtite 589ival of gnigesaites ipeNBidnArypS2.- B 9r 3.3 x 10° cfu of S.aureus

strain Newman, c/fAPY! mutant or ¢/fA null mutant, respectively. N =10 per group from start.
35



1014-15. Figure 18 of Exanple 3 shows the specific antibody responses to
reconbi nant C f A221-531 in serum sanples of mce imuni zed wth reconbi nant
Cl f APY221-531 (rdC f APY221-531), 9 days after the second booster

i mruni zation. Data are presented as nedians (center lines), interguartile
15ranges (boxes), and 80% central ranges (whiskers). NrafA221-531 = 1415.
Exanpl es Exanple 1 20rdfA A regign truncates conprising Ni, N2 and 143
(am no acids 40-5591 MATERI AL AND VETHODS Full details of the numeric
references in brackets given in the Exanples are provided at the end of

this section. M.ce I m I for t una,
Snedeny B Sf B s RN o s Ml ntRliel Gy £ PR U 0B AL
Rheumat oBagseys bimiv 68di aiyd ofAPERta#ARYIhor Serid mutad®, e¢spedivelni Mal15eep groupent

et hi cal pgacd.approved the experinents. They were housed up to 10 animals
30per cage Wwth a 12 h light-dark cycle, and were fed standard | aboratory
chow and water ad libitum The aninmals were 6 to 16 weeks old at the start

of the eFiP@réiﬁﬁﬁvé- thBaGhRAl 81 mith!idhilfized with FEN rédfBHbhODObr ARbMBhantt he S.
aureus w dt\%/ﬁe strains Newran (14) and LS 1gé(11) and 35canstruct ed

der i vat | GEAPY fiér cB¥ARMA recombinant RRtSInCA IRmEE: 6 fggated WHIABYY X 19nalu gt
P336AY33§§eugNaﬁna—n_(\ﬁ,{'{ffﬁi%}/gﬂohpﬂ@ﬁism&ti ves were constructed in strain Newman
and transduced to strain LS 1 (see below). The del etion nutants Newnran

cl fA2::Tn917 nutant DU5876 (3) and LS-1 clfA2::Tn917 nutant (J.R
Fi t zger aFigurets silows th pedilehghefdyrtnvity icalioulated chith B k 601 a 6Wex @0°grfownh $n

bl I f 48. , Kk - i
01008 293l SRRy RIS G S o iRy PSR TRS,
sul f oxi dexpeBeéms areipopledthaRai=rA70 3@nNamh s 30t MerbadPenddNon sUSpelisi ons wer e

t hawed, washed in PBS, and adjusted to appropriate cell concentrations. The
nunber of viable bacteria was neasured in conjunction with each chall enge

by cul ti Figeedrshens Beseverianeantitismessyad at otiiitic iRgexdid Nigs leasulated @R §t2 Bdt i on

of ¢/ f APYl 3and 161 ERAPKH b.amelaiskr@A Ndwinan witiiiySs!SciewTBidtANer b hull kidoli S
experinment, a full length QfA A region trupcate

1 > , _conpri sSi i, N2_gnd N3,
cor rspoffareryvaib Dol AW RieseniedAs PedaisgsayRes). fatgrpuanil | W@Sf(ﬁf?qﬁeg%uﬂ%%ﬁ
descri pt banfralraslek i(GHERES).: Myguman = 0-10, Nogapy = 9-10, and Ny = 0-10.

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, cifAPY] mutant or cifA null mutant, respectively. Data are presented as

20  medians (center ling), interquartile ranges (boxes), and 80% central ranges (whiskers). Nyawman =
0-10, Nt = 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 CHAPY (i.e. CIfAPY! recombinant protein A domain} and

25 inocutated with 4.0 x 10° cfu of S. aureus Newman. Data are presented as medians (squares),
interquartile ranges (boxes), and 80% central ranges (whiskers). Nasa = 14, Nogpy = 14, and Ny
= 15 per group from start.

Figure 10 gives the nucleotide and amino acid sequence of wild-type CIfA A domain protein
30  (rCifA), domains N123 only, with the residues highlighted which are aitered in the following
examples (Pxs and Yazg) to give rise to rCIAPYIAI (SEQ 1D 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 siructure of FnBPA, CifB, CifA and SdrG
35 proteins. Region A is the fibrinogen binding region, S is the signal sequence, W is the ceil wall



CfA may also be referred to as rCfA 40-559 (SEQ ID NO 3); 15- dfA
P336SY338A may al so be referred to as clfAPYl, rclfAPY or rclfAPYl (i.e

cl f APYl 40-559) (SEQ ID NO 4); and O fA P336AY333S nay al so be referred to
as clfAPYIIl, rcll APY1l (i.e. clfAPYlIl 40- 559) (SEQ ID NO 5). 20A 1.02 kb
Pstl-BanH fragment of pCF77 PY (Loughman et al., 2005) containing the
mutations S and Y338A in clfA was,cloned into peluescriptll SK-
(Stratagene). This plasmd was linearised with HncAll and ligated to

Hi ncAl | -cut pTSernC (J. Higgins, unpublished) to generate plasm d pARM

uhi ch [ SsghohiRgR6iah U & FENAChbNS: Moniohdiadha BYPYTC Ut 1 BoXEGH Bbsivaly

containing th 38A substitutions. educ
of unknoMagadyetidies apd F‘r&“gtha rgngatregiondr Chh HP@Fﬁ'iJﬁ@P@a@eB Wé2%f§\0t #enpyihe

substi t UBCHedish3f FABBIA (63d 3 shAReARNRLBK BAFBPREGRNShoIM] Bftfs finldiedthi ch the
order of the substitutions was reversed, yielding PAand YS. To generate

this a plasmd pJH2, anal ogous to pARM but contai ning the PA and YS
fslubsEst Ut Figi®, 1V8RovgS g@r aerflic ﬁ%@dﬁdy{;‘%ﬁ\ﬁ(zﬁds% Ito I?éaamm&d nﬁmpwmgsw El?uraane
anki ng ners .used to a dfferen alr o
over | appF PR T e et G RS Ses AV FABEN RS M HER R EAAAATG

and - 28 recgmblbaatt lOﬁABYdtmsﬁﬁ)(rdlfmhd 9 dghar diien 8d)setendyssoeteaneniatioh, R¥ich. The

o gener BeoBoR betore WBPE My 2ot N BiPuBREF s MRt AR BRE Fect or
cont ai ni mguqtshleoﬂ:s@pamd:’ataaﬂﬁfscesajwastruedmss(cerﬁeeredﬂ jpreiRMagitad rap déd2(bamrse
tr angf erémdfc%%g%é%@hspgm)ewct r@p%r ﬁfllf;)ma%gﬁi ﬂ%g{((ag ntly transduced

usi ng phage aur eus In these
strains the plasm ds were induced to |nsert into the chronmosone and then

exci se, Figaxi 1a%nbRE tHEtpaiHiORARibbdy fte@s‘onﬁsg @W@maﬂt Cﬁ‘AfW &mﬁ GbAh s%tnpses
transfornmants, generating Newmran 10 APYI'l, LS-1 clfAPYI

and LS 1°c?“f°ﬁl3"ﬂ"?“”'z‘ﬁ’ e\’H’g‘f B‘?“i’fﬁnﬁ%’u'ﬁeﬁ"@’%’ﬁ r@@ﬁbd e?QS‘Pb“l'% sC’fG‘f‘o‘?ﬁ% (iSAs R'd and
a | ofss gfegémgnamagmwhoxgdg gg:nwt/; A s Affel Qg ’aé@bn@fbgbél@r BinuhiZ8ee vm&a
verifle 0 ern r.1 al 1.0Nn, 4sS ro ta not

EXpr1é-’SSI Hﬁél%qe %ﬁr}i AR 6% 35t i é?{ ({%(Ué'if)A %'@&' e ‘B'V er n

i Munobl iotidtiong oluspsig lma areQirbfentasiasomedianzdtberdérdine), mtdndmaﬁrlalmgmcbumsﬁ dat a

not sho .5 yerify Rss the. Kpnl -BamHl 15
fragmnﬁgﬁéooﬁg%@%gﬁhg&m\e%@ %ﬁ%@a ’C'é"e((:]:lu%énm ng“0f" tHe products. The

about 700 bases of the clfA gene of strain LS-1 that were sequenced were

i dent i cakigh@ {N8néey BRS Bt %ta?@eﬁﬁ%sgéhgw% I}swmaﬁ{ fom%tﬁssa‘ irS &g

Newman. Producti on of Reconbi nant | S- r econbi nant
O 1R o gHAGTPIR, o GUTRMTSTRE 10 BRI SE ABUTE E58). resamPnaPL AP IGHA CFAO
as previ wﬁsbgmtﬂmumeﬂ%dé@crcmncﬂ QQayRCHHat tr@m@borrm%dosiér mgnlﬁ'}i@fioﬁ thmulgh an
ani on- exchange,c mm asm used as ate to cl one
oAbt G oS B B B 4 1€ shulpieh o Braiois sl N Rar ke 46 o

r econbi nadﬂctuéﬁ birdeptiovarshritis. doatp med preeehtdal/ as mekiehs etfehienhm@s) Ghem&aﬁumg&ﬂgﬁ@y and
ani on ex r esc for ,.C ., El uat.es 25were

- A o IR AR (PRt G2 C i DGR 1B N 15 -

dlalysed aga bre con eeze-drying.
Septdbc arthritis and sepS|s experinments I n experinents 1-3 all the mce

(n=10 peﬁi?lg,gqg oog{hg shgéiﬁggrﬁg \Aeéar,fgépo% é@{of}eé}i\?\%ﬁﬂt E:ﬁ’A&d é%gﬁ er%FntJéEﬁp e§8.1 In

experinments ected
30r espectfi wisp ymn’ct@!ze% dleebayings sesum nationindBS4k damnb!@np@ifﬂﬁ%ﬁsg 1rQAL eorwer e

i nf ect edeBymbiRdr BDIAPYUS-55GI(THAPON Iidy2 sher the dQ8NnG IUbIRUR R Pl zaforPWHRHS

was one day before infection with 4.0 x 10° cfu/mouse of S. aureus strain Newman wildtype for
30  induction of septic arthritis. Data are presented as medians (center lines), interquartile ranges
(boxes), and 80% central ranges (whiskers). Ngsa = 14—15, Ncya = 15, and Neyapy = 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 CliA221-
36 559 (rCIfA221-589), or recombinant CIfAPY221-559 (rCHAPY221-559), 9 days after the second



strain Newman or with 4.3 x 106 cfu/nouse of Newran clfAPYl nutant, both in
200 pl PBS. dinical arthritis and wei ght change was followed until day 7.
M ce were sacrificed day 8, kidney 35growth of bacteria were assessed and
serumIL-6 and total 1gG |evels were neasured. Synovitis - 30 - and bone
destruction was studied histologically on the joints of fore and hind | egs.
Experinent 2 Mce were infected mnép 5.0 x 106 cfu, 6.0 x 106 cfu or 4.3 X
106 cfu of S.aureus strain Newman, cl fAPYl mutant or Newman clfA: : ErnR
(clf A null nutant), respectively. dinical 5 arthritis and wei ght change

was follg d&ferq&Huhlzgﬁc}é Ba}ﬁv‘a?éa pY&%rEt %aa(\sr blig&d (&J’f\}ér lme%() FHAGHuAHIE el !

bacteria were assesse serum and t ot al el's were neasur ed.
Synovi t i &ozeR) angrfi9vdesntirliengem(whiskers). lﬁ‘(ﬂspequ’%@f@h@sgl—cw 15/ aB¢h Mdwevepron it s of
fore andyhiad | egs. Experiment 3 Mce were infected with 4.7 x 106 cfu, 3.2
X 106 cfu, 3 9 x 106 cfu or 4.8 x 106 cfu of 10 S. aureus strain Newran,

cl fAPYl nutant, Newnan c/fAPYlIl nutant or Newran c/fA null nutant,

respect i pglpg 17C3flaach§naie ZiéﬁoWs'tﬁé Spaditg awmc@me@hadweo Y@Smbmhrhtﬁylﬂd2u859 In day

7. Mce were sacrificed 'Fi’é and Ki dne g}owt ?EE%{Bact erij.a w%v{g?gs ssed.

The out cEREMSEMPIEE obRige MMmeniged ‘i‘tthQX)é‘Pé (B} FOURIA; regyyniiag & '%%ol ed

andhpr es @0&@21%‘5}99@% faesmbihdt E:memzf PBBREY fﬂrCllTRB‘e22NeBBQ) i ;jdagt eferi the rsgyamious| y

with 5.2 X 7. cfu 07 cfu or a r

Nowman. RV zaSE et o e er s mEane Lot gy Wi Radi! Bhbes -

change a(udxeﬁ); andcali% eerttial fahpges (weisierspl Negave d5 UMb s@day14:06, aB0 INtideepesi=nent 5
\/vere41| fected with 9.4 x 106 cfu, 7.9 x 106 cfu, 10.7 x 106 cfu or 9.8

X 108 cfu of" S.aureus strain LS-1, LS-1 clfAPYl nutant, LS-1 c/fAPYII

mutant, or LS-1 cIfA null nutant, respectively. Mrtality, clinical

arthriti Bighadh & @!&aneh@e%sv\né SEanflcoé’?ﬁgodz&%édon%Wo #@cordbmamacn@heyi
i nfection of bacteria 25 knee JIOI nt per % ect ed

104 cf u, Sgum spmplss of fice 'mmL@'Zad it GQPOEPWa@}fC'E“tPYé?hF’Ne Yaet é?l)p% daYﬁ fAPYI
mut ant Oéﬁé? kr{c’sckarRndcatier lmﬂtﬁﬂhtlonr B&R&Ed prégdnied dsiinedinp (ceBBined, mtctqlapiRy
group. Mc V\% facrltﬁ]lce Ia er andthe4k ee joints were
col 1'%t e@ng%sr fxest GpAPHB BT Efl“g &’Fﬂs Blek Brremezaldcihation with wil d type
and rmutant reconbinant CfA Purified rd fA40-559, rd fAPY40-559 (i.
rc fAPYI)E Shol §A wer e di ssol ved in physiologic saline and emul sifi ed 1:1 in
Freund'’ s—m'n%'Eete adjuvant (Difco Laboratories). Two hundred pl of the
enul sion containing 30 pg (= 0.53 nmol) of protein was injected
subcut angpushi 4(s. ¢.) on day 0. First booster inmmunization with 30 pg of
protein TT ] yS| oI ogic sali ne ini ncorrpl ete Fr eund S 35adj uvant was
per 38 nekCiifhA e Ising kS (@mingagidsa0Ba® day 21. On day 30
- 31 - the mce were bl ed and sera were frozen for later anal ysis of
ant i body resaﬁﬁ ﬁi % g% 31, 14-15 mce per group were infected by i.v.
injectio : nouse for induction of septic arthritis, or by
2. 3 x 10Fulcdetdileotise nimaerid rafdrticeoin bedckste piversin tid Exaimples age providdd & the end of

this section.

25
Mice
NMRI mice were obtained from Scanbur BK (Sollentuna, Sweden) and were maintained in the
animal facility of the Department of Rheumatology, University of Géteborg, Sweden. Géteborg
animal experiment ethical board approved the experiments. They were housed up to 10 animals
30  per cage with a 12 h light-dark cycle, and were fed standard laboratory chow and water ad {ibitum.
The animals were 6 to 16 weeks old at the start of the experiments.

Bacterial strains

For infection of animals the 8. aureus wildtype strains Newman (14) and LS-1 (11) and
35 constructed derivatives thereof were used. The clfA PasSYaA (CAPY]) and clfA PaasAYasS



5wei ght change and nortality were followed for 11 and 15 days,
respectively. Bacterial growh in kidneys was assessed in the septic
arthritis experinent. Cdinical evaluation of infected mce The clinical
eval uati on was performed in a blinded manner. Each |inb was inspected
visually. The 10 inspection yielded a score of 0 to 3 (0, no swelling and
erythema; 1, mld swelling and/or %yt hema; 2, noderate swelling and/or
erythema; 3 nmarked swel ling and/ or“erythema). The arthritic index was
constructed by adding the scores fromall four linbs of an animal. The
overal | LI on Q eahrm m n. ns._of
vt o clrar | vt Aps Ry Rl R PO RS 1S
ruf fl ed loakat). Thmdeiamsnmantseéwmen SYAL Gt mntﬁiwlﬂ&ﬂﬁﬁ (e LE5R citArTe9 Was
j udged t a

9|8tah J(ﬁ Conig éé% d g @ﬁ%s )wé}e a'lsb udes I'ﬁ ehg%egy r W} %%loda ar

di sl ocation a to sepsis. exam na

Hi st ol ogplateb fasxd&rti, hanveed, odnd ksphirazenas:- 29& md?B‘c‘e@Pntmwg% wﬁ)@i) ﬁséa({iigm (8)
of ag preété?Hé B Q%S%%Qedfvapraﬁﬁéw slifeRke. B%Feerniee&dagan@ %agkn%l RteRhr

i nfected dneys were aseptica I ssect ed ept on Ice,
honmogeni %ﬂensﬁ'ﬁ were Sha‘d?cf w¥asked in Pﬁﬁsﬂ%@ﬁi@ﬁ%ﬁ@ﬂ@ﬁprﬁ%@ﬂ capeantralions.ethe Af t er

24 h of hpesedak ivRBlel tﬂhc%?QmIaBQnéHdUﬂé@ﬁn @df)njlﬁﬁctbrpﬂfth khdhnghalldhak loyVesivation on
25det erni ned. Measur enent  of fﬁ ruml gG Levels in serumof total 119G

ver e mealfedapasplates and countitg SofANSodi f f usi on t echni que (19).
Goat Ant i - Mouse- 19G and nouse | gG standard were purchased from Sout hern

Bi ot %ch _LI SA “%[ um sanpl es
ster

frorﬁ O

i mruni zatitois exﬂammeeeammmrmccma r@nn thnrdayte,r«:@srmoslmpNag\ﬁ avsitNg, Ebrfepamithg

rd f APY %@ﬁ unc) were coated
with 5 pg/ H&;?aar%{dgtﬁ%g%ﬁusg(g\tigmﬁq{;lﬁ%g@&rﬁﬁ‘g&wfEPogkl ng agent, serum
sanpl es, biotinylated anti bOdI es, and ExtrAvi di n-proxi dase were all diluted

in PBS. The assay dﬁ%émo%q%ﬁémagvc@w@g(gm@my ptl on (8). Al
serum sanpl es were_ diluted 1:20 , and antib 'XY' was nonitored as

absoBbance at 405 GlihPa%P Feed ’E@t%?ﬁperrﬁfﬁ"e‘ﬁ?ﬁéﬂm EP ‘é%’c’ﬁ'?%ﬁ"'é('r?éﬁéﬁ\('e of
the specific anti dpoy@ERADIES4) ﬁhd he di fferent imunization groups, the

responses were det sev rum di |l ut.i o , . all

sanpl es were di fut fé‘na@sgg@%} ’.“Layz ?R) e ¥ 08 fhag\?lié‘i‘@%gg,("%rﬂp‘gﬁ #ﬁ']ody
response was noni t568@GEQIDNISHI bance at 405 nm 10I1L-6 analysis SerumIL-6
was detected by a nethod previously described (20).

20 A 1.02 kb Pstt-BamH| fragment of pCF77 PY (Loughman et al, 2005) containing the mutations
PasS and YasgA in offA was cloned into pBluescriptll SK- (Stratagene). This plasmid was
linearised with Hindlll and ligated to Hindll-cut pTSermC (J. Higgins, unpublished) to generate
plasmid pARM, which is a temperature sensitive E. cofiS. aureus shuttle vector containing the
PazsS and YasA substitutions.

25
In order to reduce the risk of unknowingly generating a functional or immunoreactive epitope by
substituting Pass and Yaag, we generated a second mutant, in which the order of the substitutions
was reversed, yielding PasA and Yss8. To generate this a plasmid pJH2, analogous to pARM but
containing the PasA and YaxaS subsitutions, was generated. Overlap primer PCR was used with

30 the same flanking primers used to make pCF77 PY (6), and a different pair of overlapping
mutagenic primers:

F3: GCAACTTTGACCATGGCCGCTTCTATTGACCCTGAAAATG and

35 R3: CATTTTCAGGGTCAATAGAAGCGGCCATGGTCAAAGTTGC



Statistical analysis Statistical evaluation was done by using the
Mann-VWhitney U test.. P<0.05 was considered to be 15significant. Data are
reported as nedians, interquartile ranges, and 80% central ranges, unless
ot herwi se nentioned. RESULTS 20Exchange of two am no aci ds necessary for
CfA binding_ to fibrinogen hamrs devel opnent of septic arthritis and
sepsis Two amino acids (P336 and,4338) that are known to be required for
fibrinogen binding by dfA were altered by allelic exchange to create
mutants of strains Newran and LS1 that expressed a non-fibrinogen-binding
ClfA protein on the cell surface. The |evel of expression and integrity of
the 25protein was nmeasured by Western bl otti establi shed that there

was goodmMesgiPRssigibg apf Uf“l*%"fﬁﬁ)ttalﬁlf’”%?tétp&‘:ﬁ-é P?‘Slr‘r F%’ B%Etf g?tl ﬁ'l”digdrlaﬂﬁé'ét %nd
expr esseflis bRl Wad\dsedtdlRiebdrbbd amvme gé_rlibi‘atalbUH2 tayteRbediRndTedhsiid €: toiee and
Newrran cIfAP Y333A (clf APY]) g ovo g t|c arthritis was
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3.5 % 106 to 5.0 x 106 30 col ony form ng units (cfu) and 3.2 x 106 to 6.0

106 cf f i h | Th
flevel opridtit PAFRLREh pika ete Bslt daiFefiedd TR ol 4G PoepdiE5 BRS shieatinis
mut ant  pramediced using phdgecasnfi Bytol & sisrese Wewmaa (1) iand LS-1t(hEn 1 Hesesiraing tylpe

t
fSr re?]lugngy o I&J‘\ﬁ? E%c{uﬁ%d @g@&?—r‘ Olﬁ"f@ %%hr&ﬁé&oﬂ% a(nﬁ tﬁ RP%QQ& lee!ﬂng th%mﬁ)a‘tlo
(Fig. 6)the-chggnosolgaesfpecireriiion it transiermests; lgamer@tm NewmanictHd™ e Mwman
COnmgsi t LApyijj, rLé f g:fﬁ»ﬁ ARd\s W‘)&hﬁﬁvh eTFaJngﬁmiéms \lvé}E %Er@@ﬁédqar Bed & fe PAShid

anti -bacteri al ence. 10 check possibility, a new construct was
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the ,reduced |l evel of art L h in the
dovdPoprianeaf fm oo sieopinhoreRis AT R 5 b Blood b 3pb P K ogen
bi ndi ng. of Tae ¢/#egene lof strain tﬁﬂmacuwbetaeqmnm wate ifientitdl gthe erreSpdntlingrimses in was
conpare nodi fi ed non-fibrinogen binding AfA

pr ot ei n%é‘o&@&%ﬁeﬁ &eéraﬁﬁzatm '\?\%\r’r{éé]}enf ected with 4.3 x 106 to 4.8 x 106 cfu
of clfA null nutant devel oped arthritis in a manner not different fromthe

chﬁPY{ %du@tid‘nl%?ﬁeboﬂuﬁ?ﬂimfﬂﬁ:ﬁﬁcbfﬁw ce (Fig. 1% IA) The frequtency of |
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of *Squet BT PR PR PO R ra EFigle 1 D N difbing Ny driiichan ™=

c/ f APYI -torgeseaiedpGrRAOPIY e sUdiex thisr plasemid, r2coribinang CHBRY was hso m@dlstytm@yirid(d and

pr onouncit chSelo4gh e s eahRATEHoMRoRibY, BB AL ABEROPAGHA. SRBDs g
0. 0@6, reypdelypedagainst tyachangaeofiS batere cerogatration n@mfreeﬁeﬂhrétheman cl f APYI
group, although not significantly so. 25Next, the netabolic consequences of
the clfA rrut atl ons for the |nf ectious process were analysed. Mce infected
j RO BERSE XPPHMBMSoSst up t o about 30% of their body wei ght

during tlh%xﬁé‘r%ﬂts”ﬂ@aﬁ!'th@ﬂﬂdeo@ﬂ cb\/b&egrblbwwéagrr@edtéaf R SEEIVWNERMEN & frpﬁgérl nogen
bi ndi ng-defi cient nutants Newnan clfAPYl and Newran c/fAPYI | Iost ar dl y

any wei ¢Hihrig 1g) gpemnents doand @er“é%én'%‘ M§rg ypeared WD SHRD Hewman Red Nevida

~cl f/},onul.les pediaRt oh@flic@BedsRl( ﬁamﬂrg@ep)effect on the wei ght | oss, causi ng
30signifi cantly | ess than the W | d-type strain, but signifi cantly nore than
t he cffAPYl and cl f APYI |

Experiment 1 Mice were infected by infravenous injection with 3.5 x 10° cfu/mouse of S.aureus

strain Newman or with 4.3 x 10°% cfu/mouse of Newman cifAPY! mutant, both in 200 ul PBS.
Clinical arthritis and weight change was foliowed until day 7. Mice were sacrificed day 8, kidney
35  growth of bacteria were assessed and serum IL-6 and total 1gG levels were measured. Synovitis



mutant strains (P s 0.02 in nost cases, Fig. 1 B). The serum | evel s of

I L-6, a neasure of system c inflammtory response, were analyzed at day 7-
8 of infection. The pattern of IL-6 expression was simlar to weight
changes. Newran wi | d-type 35evoked high |levels of serumIL-6 (4.8 (2.8,
5.7) ng/m), the Newran cffAPYl nutant evoked - 34 - considerably | ower
IL-6 (0.2 (0.07, 2.4) ng/m, Pc 0.£001) while the Newran clfA null nutant
gave rise to an internediate response (2.5 (1.3, 3.2) ng/m) wth
significant differences to both the wild-type and A MPY! nutant group (P =
0. 009 anghyfhond aliiBetioh S2B Sikied Rlstloghely Shatib joihRIPiR M d Hiddedsange) . 5 The
grom h of bacteria in kidneys was™significantly greater 1 n Newman

wi | d-type-infected mce, conpared to both of the Newran cltAPY nutants and

t he Ne“"“ﬁ%eﬁr‘nérﬁ‘ Mlck Wk ﬁfgcteﬁaﬂthc‘s @QQ@B cfﬁ 6:09( ‘Q)il.‘fu &dla I)?3006:1‘9%'5,8arureus

respectively wran cl f nt-infected

si gni fi cH/N §‘e‘ﬁ'ﬁg"é qgﬁ%%'e’i“i’tél‘t G r IRREPR ﬂf%ﬁﬂ’ﬁeﬂfémtr‘f'l H“%%r?ﬁp‘??}“f%\q‘?‘mf)ﬂf ected
m ces(P anrﬁu@é)ﬁﬁue@t@ Ehahge Hhs followéd] untinday i M@ mire\Berinoza sikly ckidnBy Gioeth ain  day

7-8 of infectiaon. er s a i fi ower incre | evel s in
ot h°t heDIQRAARTL A NG AR CR e A A AP PSS P St s

conpar edddstucstion eas siidied kistolapitdlly bh ¢heipihtd of fpeeardthivaileys( 3. 1 (1. 2, 4.9); 2 3
(1.0, 2.6); and 156.4 (5.0, 11.0), respectively (nedian, interquartile
range); P s 0.0003). There were no significant differences bet veen the two
nut ant gExpefiment Bidicerpetedifettyd wits4.7 XUOT efuthx 1R win B 16f cluyged-8 n1@Esfud ni ce,
0% ip the al}l%%‘?thanN&ﬁﬁ%fL cﬁMi%Jiéli’théw { GRPYHHRERT oPREWmAY Rdahull it V"ma”

OA nul |l nutant grou ere were sig I cant 20 erences I n norta

bet ween 'teP@CWelde Cﬂ"}‘?ﬁ agiyifistand ”@FQ“AF*\&"Q@ MEE pellowgs G"‘H aenéeMice yere F#CAFE’?IU and
¢l f A nul oy BHrAKNGF GHeih of Bici&liadr@iiiteRisal. 01, respectively). It appears
that direct and indirect signs of systemc inflammtion are lower in mce
infected with S. aureus expressing CfA that is deficient in fibrinogen

bi ndi ng. TRéextpeed etthy, expbemerits aigwadel vy Bibila Isediatd éreeppledisaidastestinteaget her
i ndu1%ed r systenmi c inflammation than a CfAPY nutant- expressing strain.
Sepsi's e duced in mce by increasing the inoculation dose of S. aureus.
M ce were |nfected with 5.2 x 107 cfu of Newman wild type, 5.1 x 107 cfu of

t he Ne% n‘ﬁa'ét\ﬁ%}F sr@é&geéiefnt?événajdglz wﬁQs fUydlont BY »N? b 8 'sfﬁdﬂF
nmut ant ein ecte mce Were but” on ?‘/ one
CIf APYI  9hiS aHEUS R Nowmans CIHAEN fioieat dloath ek Bhany rerasavel. Meriadiyt 1Rt Pe

0. 0001, Fafige & il Brhrts Wolcidioeli i gy @11 A nul | mutant al so survived a
S|gn|f|cant shorter tinme than the c| fAP tant- infected mce

o, OL P Expdmenh ertess BlesBAnHRE 1 106 ol £@ X IHEP RO Gty B 16 N il |
mut ant devebhaeedsteEirg0sfi €8t LHAPND matadt, L1 tcm@vmhamamher c$-f AT numad Ldant,
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Intra-articular injection of bacteria

25  One knee joint per mouse was injected with 2.4 x 10* cfu, 2.4 x 10° cfu, or 3.4 x 10* ¢fu of strain
Newman wildtype, cffAPY1 mutant or ¢ffA knockout mutant, respectively, in 20 ul PBS. N = 10 per
group. Mice were sacrificed 3 days later, and the knee joints were collected for histopathological

examination.

30  Vaccination with wild-type and mutant recombinant CIfA
Purified rCl{A40-559, rCifAPY40-559 (i.e. ICITAPY1) or BSA were dissclved in physiologic saline
and emulsified 1:1 in Freund’s complete adjuvant (Difco Laboratories). Two hundred pl of the

emuision containing 30 pg (= 0.53 nmol) of protein was injected subcutaneously (s.c.) on day 0.
First booster immunization with 30 pg of protein in physiologic saline in incomplete Freund’s
35  adjuvant was performed on day 11. Second booster immurnization was done day 21. On day 30



system c inflammation in the septic arthritis experinents, the survival of
the mce is prolonged if the CfA nolecule is expressed, as long as it

| acks fibrinogen binding properties. Injection of bacteria into ioints 5To
test if the inflammtory reaction in the joint is dependent on fibrinogen
bi ndi ng, Newman wild- type, Newnran clfAPYl or Newman OA null were injected
directly into a knee joint of mce:3 thereby by-passing the systemc
conmpartnent. Synovitis, including poI ynor phonucl ear infiltration of the
joint cavity, and bone destruction was studied by histology 3 days |later.
The mce i fo Wil d- fu of the clfA
nul | nut g%\ﬁﬁ & Ne?%bigd 4 }fp ﬁ?rgffrg%eq‘cff)%%%éaﬁgg gfn%méo% %%6%%e knee. The
synovitis and the pol ynorphonuclear infiltration histologic index in the
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rrutant he clf APYl nutant (median, interguartile range; P
= 0.01 b@@‘%@é‘%l’{‘t’?ﬁ?e f’AﬁWS@ﬁHt’aﬁ'ﬂﬂﬂéﬁ@eﬂﬁsw‘m 15 nul | mutant). Since the

ci t4PYl nutant evoked very little synovitis and destruction, despite the

fact tha 42%r’rqre.of thfat train was given to mce than the other strains,

it is coHerde N HITAEESHEE%d fibrinogen binding is needed for the

maxi mal rméethaxmmmafom eappsrtemed inld binddiangroen Eachigeb was indpectet sismdie Tk Cl f A

expressi a |n i a h i ho
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the TSST-1 expressing % aur eus s rain % ce were challenged wth 9.4
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was studied b lowing the survival rate. After 16 days only 40% of m ce
Chal BengB AXIPE 16 SR 1 1 Beeie Tge 28 Tt s GRS b SRt pisoselions g

chal | engeghsiderel dedtduaitd/BRkisut ant and cl fA null nutant groups and 80% mi ce
infected with the clfAPYlIl nutant were alive (Fig. 4). The clfAPYl nutants
and the clfA null nutant of LS-1 were significantly less virulent (P =

0. 014, PHistdlogjéal grainiRatio). 03, 30respecti vely). I nmunization with

reconbi n nant

1 d ty g AL oits (e ustl YRR G ok B Ohie
(rCIaOAPYWeWﬁ@(@i udied in both the septic arthritis nodel and the sepsis
nodel . 35M ce were sensitized and then boosted twice with control protein
BSA, rCIfA or r_CIfAF:Y, _and_ - 36 - subsequently infected with 4.0 x 106
cfu of SBacighiolpdice Atigp.atintecled KIQNe¥8 e septic arthritis, or W|th23x
107 cfu m‘un@tswsr\aé&puwnmciea%peors@@s'nomogérméumezuaw dioteMird PBS &hd éN?ééd(l :

epti o dUAPROREDT giniEh QS B B irabthn b 3B e e éﬁ%ﬁt g

i MMasi zadét@mirgdd not achi eve significant prot ectl on One 5 day before
bacterial infection there was a nmuch hi gher specific serum anti body
response to both rCIfAPY and rCdfA in mce immnized with rdfAPY (A405 =
0. 39 (0. Beaswerhalt ofisetum @& (0. 52, 0.81)) as conpared to mce i munized with
rafA ( bot h
conpari 'séevgé (ln segur;ll%f (OQEI QQZG wggﬂéa'sﬁ%q bg H%S a(:lgrdgi)'l%ung?tgu@cn tgchﬁlqg g&?]@}ag had
only bachgji-douse- 9@ ead mopm%i pramdard waisdPuochesed foom Gogthpr(Biglekha Birmingham,
integquagtile range)). The imunized 10 mice which were to be infected

W th the ower, arthritic bacterial dose had simlar antibody responses to
rcdfA and rCIfAPY as the mce in which sepsis were induced (data not

shown) . g@mm%ggsy\ggm\bot h rdfA and rdfAPY protected against the

devel opnEn al t hough the protection was not significant (Fig.

9). 15DuP?HY &YPIES figmg ampeized ﬁT“é?ct"‘i% Prdefef g#rys| 38 RassEPihitepdet | y

reduced irﬂ%dnliﬁndnqﬁe%}(urﬁlQﬁbdf@aﬁﬁbddmﬁbﬁs@@gﬁhﬁﬁclw&amw Qs hieadun&i ont r ol
mce(data not. shown rend to dim |sh bact erlalewtf:;rovwh i n_Ki dneys

d
of mbce EHﬁﬁnWé%ﬂ”a\Fﬁst(ﬁsﬁ‘@I"f ’)5\'15‘?) dere e9aed ‘é{t‘ dap/ il OliepARbingf QEgiRip PB3A: 38
(3, 436); rdfAPY: 7 (2, 17); rdfA 10 (7, 54) x 107 cfu / kldney pair)
20was observed. To get a nore accurate neasure of the specific antibody
responses in the different immnization groups, the responses were
determ ned at several serumdilutions (the second run). Data shows that
there were very likely higher titers of specific antibodies in sera from
rc f APY i nmuni zed m ce




25 to both the rCfAPY and rCfA wildtype antigens, in both the m ce which
were to be infected with the septic and the arthritic bacterial dose,
respectively, than in sera fromrCfA wildtype i nmuni zed nmice, since there
wassi gni ficantly higher antibody responses nmeasured as absorbance in mce

i mmuni zed with rC fAPY at each serumdilution in all conparisons (P<0.0001
to P=0.008, Figure 12-15). BSA i mgmi zati on evoked only a background

anti body response. 30 CONCLUSION The results strongly suggest that the
CfA - fibrinogen interaction is crucial for the bacterial virulence and
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reduced in mce infected with the non-fibrinogen binding clfAPY nutant. A

Il i kely mechanismfor the pronotion of virulence by the fibrinogen -

bact éri aln & ebtondurh,aloeget At wergcaccwnate medrd b he enediic anibedyoishpansghiigbeyt osi s
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S. aureus Infection neut r op , bacterial growth I's strongly
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nor t al i tyad MEKRAIRS ab&ibtinc®80MmB niedi at ed i nhi bition of neutrophil
phagocytosis by CfA could explain at |east in part the nore pronounced

virul ence of wildtype S. aureus conpared to the c/fAPY nutants. Binding of
fi bripnogiers dralfsid A coul d decrease opsonophagocytosis by neutrophils by
reduci ng_.o Sltl n Qr_ac s to oni ns by neutrophi l

Fecopt or STURIL s PReEFdBE ks BvBiaEaRelRg M  ock (he bl nding of an
unknown protective host factor to S. aureus. Another option is that the
fibri nogg rstncgltan‘laél ggeractl on pronotes bacterial passage from blood vessel

into the onotes coloni zation in tissues. 15Unexpectedly, our
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interacting wth fibrinogen. This interaction’is clearly disadvantageous
for the PBYWiISEINeSHARA- in this study. Qther functions of CIfA are presently
not wel |l mapped but non-fibrinogen dependent platel et aggregation exerted
by AfA esult in trapping of big amunts of S. aureus in circul ation
wth subggggﬁé elimnation of 20 the bacterial-platelet conplexes through
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10 Exanmple 2 rCfA Aregion truncate conprising N2 and N3 (rd fA 221-559)
MATERI ALS & METHODS: 15The protocols outlined in Exanple 1 were foll owed
in this exanple which utilized rGCfA 221-559 (i.e. COfA Aregion truncate
conprising N2 and N3 corresponding to am no acids 220-559) -

rc f APY221-559; and 20- BSA. There were 15 fermale NVRI m ce per group who
were 8 weeks old at start of exper:%ﬂ_ents. In this Exanple, the constructs
used for immunization were CfA w type/ native N2N3 truncate, CfA N2N3
truncate with mutation PY as defined in Exanple 1. BSA was used as the

control . 25 Vaccination wth wld-tvpe and nutant.r Lpan f £ e mce
vere | AT PEded dherpere e bt B Rb R Bk 6 SR Oedle fla 11C

wi t h t heinferatioc edth afhoExamiplactedal dél@Rea. iToi abdck &f A22dosBiblly, a G AMEREA-vBE9
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hundr ed pFARYHI).thies trtiverk dpcdatd aith Bifg B clycof (Newmnan ARG Jevelbpgst astheintonas
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Exampl e our erent serumdilutions. The data obtained was very
simli%r to the data in the Exanple 1. 15

infected joints were also investigated histologically. The synovitis in Newman cffAPY l-infected
mice was significantly 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 cifAPYl-infected samples (Experiment 2, P = 0.001). The
20  synovitis and bone destruction induced by the Newman clfA null mutant were also less
pronounced compared to mice infected with Newman wild-type (P = 0.003 and 0.006,
respectively), but somewhat more severe than in the Newman cHfAPYI group, although not

significantly so.

25 Next, the metabolic consequences of the cffA 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 cffAPYl and Newman c/fAPYl lost hardly any weight at all (P > 0.0001 versus wild-type).
In contrast, the Newman cifA null mutant had an intermediate effect on the weight loss, causing

30  significantly less than the wild-type strain, but significantly more than the cffAPY1 and clfAPYII
mutant strains (P s 0.02 in most cases, Fig. 1 B).

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
35  evoked high levels of serum IL-6 (4.8 (2.8, 5.7) ng/mi), the Newman cifAPYl mutant evoked



It was found that rd fAPY221-559 i mmuni zation very likely gave rise to

hi gher titers of specific antibodies to both native raf A221 -559 and

rc f APY221-559, as conpared to native rC fA221-599 i mmuni zati on, since
there were significantly higher antibody responses neasured as absorbance
in mce inmunized with rd f APY221-559 at each serumdilution in al
conparisons but one 20(P=0.001 to 0. 025, see Figures 16 and 17). BSA

i muni zation evoked only background 1evel s of anti body response. CONCLUSI ON
We found that imrunization with a raf APY221-559 protein gave rise to

si gni fi C@%gtjg\raatmrr *Lz'é?ﬁéié@ Y% HGIRANG 20,61 PRhib ENEITRNOBEN Hllark E

w | dt ype otern tion e native proteln. Based
on t hesegdvienigé Fﬂg@ intamesite: teglnese (R (1Y 3i2hnglml) M |5t§ﬁ*f10qﬂeejﬁ¢FmCé§§3 hoth Pee PY

protein ﬁﬂtﬁ?ﬁé Wc{ﬁﬁ‘(ﬂﬂu@ﬁt’ gﬁ'éu AP £ Podebihads= bokxradmebiRel) (ﬂfed@ﬁ‘uﬁt@rq@&rhl@s 221
to 559 as 1n Exanple 2, 30i nduces a better immne response than

i nuni za@NeéH- vmth natlve CfA of the corresponding size. Exanple 3 CfA A
regi gn truncate (5/delta latch truncate) - 40 - The protocols outlined in
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20  differences in mortality between the wﬂd—type and the cIfAPYI groups, and between the CIfAPYI

and c/fA null mutant groups (P < 0.05 and P < 0.01, respectively).

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
25 lacked CIfA expression altogether induced more systemic inflammation than a CfAPY mutant-

expressing strain.

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
30 cfu of the Newman cifA null mutant. Within 5 days all wild-type infected mice were dead, but only
one cffAPYl mutant mouse out of ten were dead after 10 days of infection (P < 0.0001, Fig. 3).
Mice infected with the cffA null mutant also survived a significantly shorter time than the clfAPYI
mutant- infected mice (P < 0.0001, Fig. 3). In this experiment the mice challenged with the cifA
null mutant developed significantly more arthritis than the ¢/APY1 mutant group, while at the same
35  time they lost significantly more weight (Fig. 7 and 8). Thus, by analogy with the measures of



25according to a previous description (8). Al serumsanples were diluted
1: 5000, 1:20000, 1:80000 and 1:320000, and anti body response was nonitored
as absorbance at 405 nm RESULTS: The anti body response was neasured by
absorbance in an ELI SA-assay, as per Exanple 1. It 30was found that

rc f A221-531 i nmuni zati on gave rise to an i mmune response, neasured as a
specific antibody response (Figuresl8). CONCLUSI ON: We found that

rc f A221-531 works as an i nmunogen, since the antigen evokes a specific
35anti body response. -41 - REFERENCES 1.Peacock SJ, More CE, Justice A
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Again, the absence 0 Ch‘ expression enﬁancec{ inflammation compared to the fibrinogen binding
deficient CIfA mutant.
20
PY mutation in strain £.S-1
To determine if the ability of CIfA to bind fibrinogen affects virulence of other strains of S.aureus,
the clfAPYI, cifAPYII and cifA null mutations were transduced to the TSST-1 expressing S. aureus
strain LS-1. Mice were challenged with 9.4 x 10° cfu of LS-1 wild-type, 7.9 x 10° cfu of LS-1
26 clfAPY1 , 10.7 x 10° cfu of LS-1 ¢ffAPYII, or 9.4 x 10° cfu of the LS-1 c#fA 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 clifAPY1 mutant and cifA null mutant
groups and 80% mice infected with the cifAPYIl mutant were alive (Fig. 4). The clfAPY] mutants
and the cffA null mutant of LS-1 were significantly less virulent (P = 0.014, £ =0.05 and £ =0.03,

30 respectively).

Immunization with recombinant CIfA proteins

The effect of vaccination with recombinant wild-type CIfA A domain protein (rCifA) and mutant
CEAPY! protein (rCHAPY) was studied in both the septic arthritis model and the sepsis model.
35 Mice were sensitized and then boosted twice with control protein BSA, rCifA, or rfCAPY, and
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A trend to diminished bacterial growth in kidneys of mice immunized with rCHAPY or rCIfA at day
11 after infection (BSA: 38 (3, 436); rCHAPY: 7 (2, 17); rClfA: 10 (7, 54) x 10 cfu / kidney pair)
20  was observed.

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
25  to both the rCEAPY 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 rCHAPY 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.
30
CONCLUSION
The results 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
35  tested, a cifAPY mutant induced less septic death than the wild-type. Also, the severity of arthritis



progression of experinental Staphylococcus aureus arthritis. Infect |mrmun
60: 2976- 2985. - 44 - CLAIMS 1. A reconbi nant staphyl ococcal cl unping
factor A (C1fA) or fragnent thereof, conprising at |east part of the
fibrinogen binding region with at | east one nucl eotide or am no acid
residue 5 substitution, insertion, deletion or addition in the fibrinogen
binding region to result in a recoppinant fibrinogen binding protein with
reduced ability or lacking the abiTity to noncoval ently bind fibrinogen,
and which stinulates a greater immune response than the wild type CfA
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depending on the level of expression and the presence of other virulence factors.

30
The issue whether the ¢ffAPY 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 cffAPY mutant is less destructive for cartitage and bone.

35  The protective effect of recombinant CIfA A domain non-fibrinogen binding PassYaes mutant was



11. A reconbi nant staphyl ococcal clunping factor A (ClfA) or fragnent

t hereof according to any of the preceding clains conprising 20 a.

Subr egi ons N123, spanning am no acid residues 40 to 559 of the fibrinogen
bi ndi ng regi on (Region A):b. Subregions N23, spanning am no acid residues
221 to 559 of the fibrinogen binding region of CfA (Region A); and/orc.
Am no acid residues 221 to 531 of jfhe fibrinogen binding region (Region A).
25 12. A reconbi nant staphyl ococcal” clunping factor A (CffA) or fragment

t hereof, according to any of the preceding clainms when used for the
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MATERIALS & METHODS:
15 The protocols outlined in Example 1 were followed in this example which utilized

- rCHA 221-559 (i.e. CFA A region truncate comprising N2 and N3 corresponding to
amino acids 220-559)
- rCHAPY221-559; and
20 - BSA.

There were 15 female NMRI mice per group who were 8 weeks oid at start of experiments. In this
Exampie, the constructs used for immunization were CIA wild type/native N2N3 truncate, CIA
N2N3 truncate with mutation PY as defined in Example 1. BSA was used as the control.

25
Vaccination with wild-type and mutant recombinant CIfA
The mice were immunized with rCHA 221-559, rCfAPY 221-559 or BSA in accordance with the
protocol of Example 1,

30 Purified rCHA221-559, rCiAPY221-559 (i.e. CIFAPY] recombinant protein A subdomains N2 and
N3) or BSA were dissolved in PBS and emulsified 1:1 in Freund’s complete adjuvant, Two
hundred pi of the emulsion containing 30 pg (= 0.79 nmol) of protein was injected s.c. on day 0.
First booster immunization with 30 pg of protein in physiologic safine in incomplete Freund’s
adjuvant was performed on day 12, Second booster immunization was done day 22. On day 31

35 the mice were bled and sera were frozen for later analysis of antibody responces.
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immunization. The serum specific antibody response against rCIfA221-559 and rCIfAPY221-559
was measured by ELISA. Microplates (96-well; Nunc) were coated with 5 pg/mi 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.

RESULTS:

SPECIFIC ANTIBODY RESPONSE:

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.

It was found that rCFAPY221-559 immunization very likely gave rise to higher titers of specific
antibodies to both native rCIifA221-559 and rCfAPY221-559, as compared to native rCliA221-539
immunization, since there were significantly higher antibody responses measured as absorbance
in mice immunized with rCHAPY221.569 at each serum dilution in all comparisons bui one
(P=0.001 to 0.025, see Figures 16 and 17). BSA immunization evoked only background levels of

antibody response.

CONCLUSION
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.

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
CHA A region truncate (G/delta latch truncate)

MATERIALS & METHODS:
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325330335 Ala Tyr Ile Asp Pro Qu Ass val Lys Lys Thr Gy Asn Val

40345350 Ala Thr_ Ay I]le Gy Set .Thr Thr Asn..L r. Val Leu
36360308 By piipberd Folf $19i58 it SimdR el g il oy
83873380 Asn Pro Her Gy Asp Asn Val Ile Ala Pro Val Leu Thr Ay

405410415 Lys Pro Asn Thr Asp Her Asn Ala Leu Ile Asp Gn G n Asn

420425430
tCIfA 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.

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 CHA

Purified rCiA221-531 was dissolved in PBS and emulsified 1:1 in Freund’s complete adjuvant.
Two hundred pl of the emulsion containing 0.79 nmol of protein was injected s.c. on day 0. First
booster immunization with 0.78 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
Serum samples from immunized mice were obtained 9 days after the second bhooster

immunization. The serum levels of specific antibodies was measured by ELISA. Microplates (96-
well; Nunc) were coated with 4.6 pg/mi of rCifA221-531 protein which is equimolar to 5ug/mi of
rCifA221-559 and rCfAPY221-559 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:
The antibody response was measured by absorbance in an ELISA-assay, as per Example 1. it
was found that rClA221-531 immunization gave rise 10 an immune response, measured as a

specific antibody response (Figure 18).

CONCLUSION:
We found that rCiA221-531 works as an immunogen, since the antigen evokes a specific
antibody response.
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progression of experimental Staphylococcus aureus arthritis. Infect Immun 60:2976-
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10 2. The recombinant staphylococcal clumping factor A (CIfA) or fragment thereof according to
claim 1 having at least one nucleotide or amino acid residue substitution at amino acid
residues Ala254, Tyr256, Pro 336, Tyr338, 116387, Lys389, Giu526 and Vals27.

3. The recombinant staphylococcal clumping factor A (CIfA) or fragment thereof, according to
16 claim 1 or claim 2 wherein non-covalent binding that takes place during dock, lock and
latching of clumping factor A (ClfA)to fibrinogen is reduced or prevented.

4. A recombinant staphylococcal clumping factor A (CIfA) -or fragment thereof according to
any of the preceding claims comprising the fibrinogen binding Region A of the fibrinogen

20 binding protein wherein the nucleotide or amino acid substitution, insertion, deletion or
addition 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.

25 5. A recombinant staphylococcal clumping factor A {CIfA) or fragment thereof according to
any of the preceding claims comprising the fibrinogen binding region without the latching
peptide amino acid residues.

6. A recombinant staphylococcal ctumping factar A (CIfA) or fragment thereof according to

30 any of the preceding claims wherein the hydrophobic residues of CKA A fibrinogen binding
region (Region A) undergo at least one or more nucleic acid or amino acid substitution,
insertion, deletion or addition.

7. A recombinant staphytococcal clumping factor A (CIfA) or fragment thereof according to
35 any of the preceding claims wherein amino acid residues Ala254, Tyr256, Pro336, Tyr338,
1le387, Lys389, Glu526 and/or Val527 are substituted with either Ala or Ser.
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protein has the amino acid sequence according to any of SEQ iD Nos. 1 to 3 wherein residue

10 P andlor Yag are substituted with either serine andfor alanine, or fragment thereof, or

comprises the amino acid sequence according to any of SEQ 1D Nos. 4, 5,7, 8, 11, 12 and
14.

10. A recombinant staphylococcal clumping factor A (CIfA) or fragment thereof according to

15  any of the preceding claims comprising the fibrinogen binding protein, the fibrinogen binding

region, the minimal fibrinogen binding region andfor a fragment thereof.

11. A recombinant staphylococcal clumping factor A (CIfA) or fragment thereof according to
any of the preceding claims comprising

20
a. Subregions N123, spanning amino acid residues 40 to 559 of the fibrinogen binding region .
(Region A);b. Subregions N23, spanning amino acid residues 221 to 559 of the fibrinogen
binding region of CIfA (Region A); andforc. Amino acid residues 221 to 531 of the fibrinogen
binding region (Region A).

25

12. A recombinant staphylococcat clumping factor A (CHA) or fragment thereof, according to
any of the preceding claims when used for the manufacture of a medicament for the

treatment or prophylaxis of a micrabial infection, preferably caused by Staphylocci.
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S . An immunogenic pharmaceutical composition comprising the recombinant staphylococeat

clumping factor A (CIfA) or fragment thereof, according to any of the claims 1 to 11, and a
0  pharmaceutically acceptable adjuvant.

f& . The recombinant staphylococcal clumping factor A (CIfA) or fragment thereof of claim 1,
substantially as hereinbefore described with reference to any of the Examples andfor Figures.

15
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Thr

Phe

375

Asn

G n
Pro

Pro Al

Thr

Asn
Asp

Her

Her
Her
Thr
Thr

Val

Gn du
Thr

a Thr

Asn
Pro
Her
Asp

Thr
Ay
Thr
du
Gn
Thr

Al a

Thr G n
Au Al a
G n Her
Thr Thr
A8n Her
Au Al a
Ser Asn

Ser
Thr
Her
Phe
Thr
Thr
Lys

Ser Ser 505560 Thr
Thr 65707580 Thr
Asn 859095 Thr Asn
100105110 Asn Asp
115120125 Asn Al a
130135140 Pro Her
145150155160 Asp

Fdwr aHes1Akan Rao Ak grivetnAsgh Al a 165170175 Phe
Asp Ala’®Pro Ala Ala dysThr Asp 180185190 Il e

Thr Val

Tyr . Val Lys
e

Gy Val

Thr

e

Ay Ile Asp Her
yﬂﬁr

o

€] y Thr 195200205 Thr

/ Phe 210215220 Her
VaI 225230235240

Her Thr Ala Lys Val Pro

Asp Val Val Asn Gln

200

Phe

Ile

Thr

Ser

Pro

280

Pro

Asp

Asp

vVal

Thr

360

Tyr

Asn

Ser

Thr

Val

Val

265

Lys

Ile

Gly

Val

Lys

345

Ala

Asn

Thr

Leu

Asn

Tyr

250

Pro

Glu

Met

Asn

Lys

330

Lys

Asn

Leu

Tyr

Ala

Gln

235

Pro

Asn

Leu

Ala

Val

315

Ala

Thr

Lys

Ser

Arg
395

Ala

220

Leu

Hisg

Ser

Asn

Gly

300

Ile

Thr

Gly

Thr

Ile

380

Gln

Ala Val Asn Thr

205

Val Ala

Thr Asn

Gln Ala

Ala Val
270

Leu Asn
285

Asp Gln

Tyr Thr

Leu Thr

Asn Val

350

Val Leu
365

Lys Gly

Thr Ile

Ala

Val

Gly

255

Lys

Gly

vVal

FPhe

Met

335

Thr

Val

Thr

Tyr

Asp

Thxr

240

Tyr

Gly

Val

Leu

Thr

320

Pro

Leu

Asp

Ile

Val
400



245250255 Pro Ile Met Ala Gy Asp Gn Val Leu Ala Asn Ay Val Ile Asp Her
260265270 Asp Val Lys Ala Thr Leu Thr Met Pro Ala Tyr Ile Asp Pro Qu Asn
290295300 Val Lys Lys Thr Gy Asn Val Thr Leu Ala Thr Ay Ile @y Ser Thr
305310315320 Thr Ala Asn Lys Thr Val Leu Val Asp Tyr Gu Lys Tyr Ay Lys
Phe 325330335 Tyr Asn Leu Ser Ile Lys Sly Thr Ile Asp G n Ile Asp Lys Thr
Asn 340345350 Asn Thr Tyr Arg G n Thr Ile Tyr Val Asn Pro Ser Sly Asp Asn
val gﬁﬁ%fiéeé A|;fy ﬁgmg’{%yaéletﬁg JM v Yo 30, LY AYSifro Asn Thr Asp Ser
Asn 370 75380 a Ley Ile As Asn Thr Ser 4ike Lys Val Tyr Lys Val
Asp 385390395400 Asn Ala Ala Asp Leu Ser Qu Ser Tyr Phe Val Asn Pro Gu
Asn Phe 405410415 du Asp Val Thr Asn Ser Val Asn Ile Thr Phe Pro Asn Pro
Asn Q¥ei2E4dsu 3 T SE“;”/S?‘SVeﬁlad‘@lH‘ Pe &S ALTI9LR F‘ISB B®Sp°Asp G n Ile Thr Thr
Pro Tyr 43544044% |1e Val Val VAP Asn Sy His IT€ Asp Pro Ass Ser Lys Sly
Asp Leu 450455460

Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp Leu Ser Glu Ser Tyr
435 440 445

Phe Val Asn Pro Glu Asn Phe Glu Asp Val Thr Asn Ser Val Asn Ile
450 455 460

Thr Phe Pro Asn Pro Asn Gin Tyr Lys Val Gilu Phe Asn Thr Pro Asp
465 470 473 480

Asp Gin Ile Thr Thr Pro Tyr Ile Val Val Val Asn Gly His Ile Asp
485 490 495

Pro Asn Ser Lys Gly Asp Leu Ala Leu Arg Ser Thr Leu Tyr Gly Tyxr
500 505 510

Asn Ser Asn Ile Ile Trp Arg Ser Met Ser Trp Asp Asn Glu Val Ala
515 520 525

Phe Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile Asp Lys Prc Val Val
530 535 540

Pro Glu Gln Pro Asp Glu Pro Gly Glu Ile Glu Pro Ile Pro Glu Asp
545 550 555 560

Ser Asp Ser Asp Pro Gly Ser Asp Ser Gly Ser Asp Ser Asn Ser Asp
565 570 575

Ser Gly Ser Asp Ser Gly Ser Asp Ser Thr Ser Asp Ser Gly Ser Asp
580 585 530

Ser Ala Ser Asp Ser Asp Ser Ala Ser Asp Ser Asp Ser Ala Ser Asp
595 600 605

Ser Asp Ser Ala Ser Asp Ser Asp Ser Ala Ser Asp Ser Asp Ser Asp
610 615 620

Asn Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp
625 630 635 640



Ala Leu Arg Ser Thr Leu Tyr Sly Tyr Asn Ser Asn Ile Ile Trp Arg
465470475480 Ser Met Ser Trp Asp Asn Gu Val Ala Phe Asn Asn Sly Ser Sly
Ser 485490495 Sly Asp Gy Ile Asp Lys Pro Val Val Pro Qu G n Pro Asp Gu
Pro 500505510 Sly Au Ile GQu Pro Ile Pro Qu 515520 <211> 520 <212> PAT
<213> Artificial <220> <223> CfA A domain Regions N N2 N3 with

alteratio CLt A R3363 Y338 <40 n, Ser VaI Thr G n Ser Asp
Ser A?éa S‘[é] gs 4 % Lg;,esr @%16‘?58?& %Spgser %ér(; er "Ser val Ser Ala Ala
Pro Lys Thr Asp Asp Thr 202530 Asn Val Ser Asp Thr Lys Thr Ser Ser Asn Thr
Asn Asn Ay Gu Thr 354045 Ser Val Ala G n Asn Pro Ala Gn Gn GQu Thr Thr
G n SeferSkyr Ser ABOFSE6CGsThierAsre Ala2TheeThee Gea EeussFhisPro Val Thr Ay du
Ala Thr Thr 65769580 Thr Thr Thf®*Asn G n Ala Ast®Thr Pro Ala Thr Thr Gn
Ser Ser Asn 859095 Thr Asn Ala Gu Qu Leu Val Asn Gn Thr Ser Asn du Thr

Thr Phg%r Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp
675 680 685

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp
630 695 760

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp
705 710 715 720

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp
725 730 735

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp
740 745 750

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Ala
755 760 765

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp
TT0 775 . 780

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp
785 790 795 800

Ser Asp Ser Asp Ser Asp Ser Glu Ser Asp Ser Asp Ser Glu Ser Asp
805 810 815

Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp Ser Asp
820 825 830

Ser Asp Ser Asp Ser ARla Ser Asp Ser Asp Ser Gly Ser Asp Ser Asp
835 840 845

Ser Ser Ser Asp Ser Asp Ser Glu Ser Asp Ser Asn Ser Asp Ser Glu
850 855 860

Ser Gly Ser Asn Asn Asn Val Val Pro Pro Asn Ser Pro Lys Asn Gly
865 870 875 880

Thr Asn Ala Ser Asn Lys Asn Glu Ala Lys Asp Ser Lys Glu Pro Leu



100105110 Asn Asp Thr Asn Thr Val Ser Ser Val Asn Ser Pro G n Asn Ser Thr
115120125 Asn Ala A u Asn Val Ser Thr Thr G n Asp Thr Ser Thr Gu Ala Thr
130135140 Pro Ser Asn Asn Qu Ser Ala Pro G n Ser Thr Asp Ala Ser Asn Lys
145150155160 Asp Val Val Asn Gn Ala Val Asn Thr Ser Ala Pro Arg Met Arg
Ala 165170175 Phe Ser Leu Ala Ala Val Ala Ala Asp Ala Pro Ala Ala Ay Thr
Asp 180185190 Il e Thr Asn G n Leu g’%r Asn Val Thr 8\6 | Ay Ile Asp Ser Ay
Thr 195200205 Thr *VAl Tyr Pro His n Ala Ay Tyr %al Lys Leu Asn Tyr dy
Phe 210215220 Ser Val Pro Asn Ser Ala Val Lys Ay Asp Thr Phe Lys Ile Thr
Val 22523023524Q1Prer lys :6hbwsikbernaAssh ted shsne@dyeMab d@kr Ser Thr Al a Lys
Val Pro 245250258 Pro Ile Met AP Gy Asp Gn V@b Leu Ala Asn Ay Vval Ile
Asp Ser 260265270 Asp Gy Asn Val Ile Tyr Thr Phe Thr Asp Tyr Val Asn Thr
Lys ASIP ZgﬁzgéggSr ’%‘?Q Y Seryéeupie% E- Pll-reegxrér I;:gl\fgg L%%rGl'%l aAalle Asp Pro

du Asit 920 925

Asn Lys Asp Lys Lys

930
<210> 2
<211> 1560
<212> DNA

<213> Artificial

220>
<223> recombinant ClfA A domain (wild type) Regicns N1 NZ N3

<220>
<221> CDS
<222>  (1)..(1560)

<400> 2

agt gaa aat agt gtt acg caa tet gat age gea agt aac gaa age aaa 48
Ser Glu Asn Ser Val Thr Gln Ser Asp Ser Ala Ser Asn Glu Ser Lys

1 5 10 15

agt aat gat tca agt agc gtt agt gct gca cct aaa aca gac gac aca 96
Ser Asn Asp Ser Ser Ser Val Ser Ala Ala Pro Lys Thr Asp Asp Thr
20 25 30

aac gtg agt gat act aaa aca tcg tca asc act aat aat ggc gaa acg 144
Asn Val Ser Asp Thr Lys Thr Ser Ser Asn Thr Asn Asn Gly Glu Thr
35 40 45

agt gty gcy caa aat cCa gca caa cag gaa acg aca ¢aa tca tca tea 192
Ser vVal Ala Gln Asn Pro Ala Gln Gln Glu Thr Thr Gln Ser Ser Ser
50 55 60

aca aat gca act acg gaa gaa acg ¢cg gta act ggt gaa gct act act 240
Thr Asn Ala Thr Thr Glu Glu Thr Pro Val Thr Gly Glu Ala Thr Thr
65 70 75 80

acg aca acyg aat caa gct aat aca ccg gca aca act caa tca agce aat 288
Thr Thr Thr Asn Gln Ala Asn Thr Pro Ala Thr Thr Gln Ser Ser Asn
85 20 45

aca aat gcg gag gaa tta gtg aat caa aca agt aat gaa acg act ttt 336
Thr Asn Ala Glu Glu Leu Val Asn Gln Thr Ser Asn Glu Thr Thr Phe
100 105 110

aat gat act aat aca gta tca tct gta aat tca cct caa aat tct aca 384
Asn Asp Thr Asn Thr Val Ser Ser Val Asn Ser Pro Gln Asn Ser Thr
115 120 125



Val

Lys Lys Thr Ay Asn Val Thr Leu Ala Thr Ay Ile Gy Ser Thr

305310315320 Thr Ala Asn Lys Thr Val Leu Val Asp Tyr Qu Lys Tyr Ay Lys

Phe
Asn
Val
Asn
Asp 3
Asn
Asn
Asp
Trp
Ser
Asp

325330335 Tyr Asn Leu Ser Ile Lys Ay Thr Ile Asp Gn Ile Asp Lys Thr
340345350 Asn Thr Tyr Arg G n Thr Ile Tyr Val Asn Pro Ser Gy Asp Asn
355360365 IIe Al a Pro VaI Leu Thr Gy Asn Leu Lys Pro Asn Thr Asp Ser
370375380 Al Th Se e Lys Val . Tyr Lys Val
bﬁggifp gt gtél Hgsfé)ﬁL S é’st l% Vall,&sn Pro Gu
Phe 495;410415 Gu ASp13\§{a Thr Asn Semé/a Asn Ie Thr Phe Pro Asn Pro
G n 420425430 1le Val Vval Val Asn Gy His Ile Asp Pro Asn Ser Lys Ay
Letrt450455468¢ Aba teewcArgraSers Jor ategadpra Goy ETﬁyraaéknn SetelAsn lle Ile
Arﬁ%%ﬁm’?%%@éu? F AVBtFSefl TP %@Aﬁhﬁlé%r\feﬁ“ Sa Phe Asn Asn Ay
Gay >Ser 485490495 y Asp Gy lle p Lys Pro Val"Val Pro Gu Gn Pro

a d/htp&ﬁ 519:0591_5@;9 gggygtg é»btl J.lc% Q_Jtu ggg Qcil la%a Part@ ﬁaugca 528

Asp Val Val Asn Gln Ala Val Asn Thr Ser Ala Pro Arg Met Arg Ala
165 170 175

ttt agt tta gcg gca gta gect gea gat gea ¢eg gceca got gge aca gat 576
Phe Ser Leu Ala Ala Val Ala Ala Asp Ala Pro Ala Ala Gly Thr Asp
180 185 190

att acg aat cag ttg acg aat gtg aca gtt ggt att gac tet ggt acg 624
Ile Thr Asn Gln Leu Thr Asn Val Thr Val Gly Ile Asp Ser Gly Thr
185 200 205

act gtg tat ccg cac caa gca ggt tat gtc aaa ctg aat tat ggt ttt 672
Thr Val Tyr Pro His Gln Ala Gly Tyr Val Lys Leu Asn Tyr Gly Phe
210 215 220

tca gtg cct aat tcect get gtt aaa ggt gac aca tte aaa ata act gta 720
Ser Val Pro Asn Ser Ala Val Lys Gly Asp Thr Phe Lys Ile Thr Val
225 230 235 240

cct asa gaa tta aac tta aat ggt gta act tca act gct aaa gtg cca 768
Pro Lys Glu Leu Asn Leu Asn Gly Val Thr Ser Thr ala Lys Val Pro
245 250 255

cca att atg got gga gat caa gta ttg gea aat ggt gta ate gat agt 8le
Pro Ile Met Ala Gly Asp Gln Val Leu Ala Asn Gly Val Ile Asp Ser
260 265 270

gat ggt aat gtt att tat aca ttt aca gac tat gta aat act aaa gat 364
Asp Gly Asn Val Ile Tyr Thr Phe Thr Asp Tyr Val Asn Thr Lys Asp
275 280 285

gat gta aaa gca act ttg acc atg cce get tat att gac cct gaa aat 912
Asp Val Lys Ala Thr Leu Thr Met Preo Ala Tyr Ile Asp Pro Glu Asn
290 295 300

gtt aaa aag aca ggt aat gtg aca ttg gct act gge ata ggt agt aca 960
Val Lys Lys Thr Gly Asn Val Thr Leu Ala Thr Gly Ile Gly Ser Thr
305 310 315 320

aca gca aa¢c aaa aca gta tta gta gat tat gaa aaa tat ggt aag ttt 1008
Thr Ala Asn Lys Thr Val Leu Val Asp Tyr Glu Lys Tyr Gly Lys Phe
325 330 335

tat aac tta tct att zaa ggt aca att gac caa atc gat aaa aca aat 1056
Tyr Asn Leu Ser Ile Lys Gly Thr Ile Asp Gln Ile Asp Lys Thr Asn
340 345 350

aat acg tat cgt cag aca att tat gtc aat cca agt gga gat aac gtt 1104
Asn Thr Tyr Arg Gln Thr Ile Tyr Val Asn Pro Ser Gly Asp Asn Val
355 360 365

att gcg ccg gtt tta aca ggt aat tta aaa cca aat acg gat agt aat 1152



515520 <210> 5 <211> 520 <212> PRT <213> Artificial <220> <223> dfA A
domain Regions Ni N2 N3 with alterations (CLf A P336A Y338S) <400> 5 Ser du
Asn Ser Val Thr G n Ser Asp Ser Ala Ser Asn Qu Ser Lys 151015 Ser Ann Asp
Ser Ser Ser Val Ser Ala Ala Pro Lys Thr Asp Asp Thr 202530 Asn Val Ser Asp
Thr Lys Thr Ser Ser Ann Thr Asn Asn Ay du Thr 354045 Ser Val Ala G n Asn
Pro Ala Gn Gn Qu Thr Thr Gn_Ser Set Ser 505560, Thy Asn Ala Thr Thr du
G u ThE*P VAl "Thi Gy G p]ﬁnaLel"hIr‘ysTE?o g@?&gggﬁpﬁeﬁ ir Thr Ann Gn Ala
Asn Thr Pro Ala Thr Thr G n Ser Set Asn 859095 Thr Ann Ala Au G u Leu Val
Ann G graThia Sef gASkRafddda e Jdaradthert1084054 1Qr Asn Aspgakthr AswocThr Val  Ser
Ser VallaAsaw Ser 2Fr ¢l Asn Ber SEEhilel 151 281 25 1AsnvaAl @ u Asn Val Ser Thr
Thr A¥5Asp Thr Ser TR®°A u Ala Thr 138135140 Pro Ser?%sn Asn G u Ser Al a

Pro Ggatsgega Zgrcbcr g%@téb\ltact Sgealél ébt‘g%ntal‘cy§tt gtg aat cca gaa aac ttt 1248

Asn Ala Ala Asp Leu Ser Glu Ser Tyr Phe Val Asn Pro Glu Asn Phe
405 410 415

gag gat gtc act aat agt gtg aat att aca ttc cca aat cca aat caa 1296
Glu Asp Val Thr Asn Ser Val Asn Ile Thr Phe Pro Asn Pro Asn Gln
420 425 430

tat aaa gta gag ttt aat acg cct gat gat caa att aca aca ccg tat 1344
Tyr Lys Val Glu Phe Asn Thr Pro Asp Asp Gln Tle Thr Thr Pro Tyr
435 440 445

ata gta gtt gtt aat ggt cat att gat cog aat agc zaa ggt gat tta 1392
Ile Val Val Val Asn Gly His Ile Asp Pro Asn Ser Lys Gly Asp Leu
450 455 460

gct tta cgt teca act tta tat ggg tat aac tcg aat ata att tgg cge 1440
Ala Leu Arg Ser Thr Leu Tyr Gly Tyr Asn Ser Asn Ile Ile Trp Arg
465 470 475 480

tct atg tca tgg gac aac gaa gta gca ttt aat aac gga tca ggt tct 1488
Ser Met Ser Trp Asp Asn Glu Val Ala Phe Asn Asn Gly Ser Gly Ser
485 430 495

ggt gac ggt atc gat aaa cca gtt gtt cct gaa caa cct gat gag cct 1536
Gly Asp Gly Ile Asp Lys Pro Val Val Pro Glu Gln Pro Asp Glu Pro
500 505 510

ggt gaa att gaa cca att cca gag 1560
Gly Glu Ile Glu Pro Ile Pro Glu
515 520

<210> 3

<211> 520

<212> PRT

<213> Artificial

<220>
<223> Synthetic Construct

<400> 3
Ser Glu Asn Ser Val Thr Gln Ser Asp Ser Ala Ser Asn Glu Ser Lys

1 5 10 15

Ser Asn Asp Ser Ser Ser Val Ser Ala Ala Pro Lys Thr Asp Asp Thr
20 25 30

Asn Val Ser Asp Thr Lys Thr Ser Ser Asn Thr Asn Asn Gly Glu Thr
35 10 45



145150155160 Asp Val Vval Asn Gn Ala Val Asn Thr Ser Ala Pro Arg Met Arg
Al a 165170175 Phe Ser Leu Ala Ala Val Ala Ala Asp Ala Pro Ala Ala Ay Thr

Asp
Thr
Phe
Val

Val

Asp
Lys
Au
Ser
Ay
Lys

180185190 Ile Thr Asn A n Leu Thr Asn Val Thr Val Gy Ile Asp Ser Ay
195200205 Thr Val Tyr Pro Hs G@n Ala Ay Tyr Val Lys Leu Asn Tyr Ay
210215220 Ser Val Pro Asn Ser Ala Val Lys Gy Asp Thr Phe Lys Ile Thr
225230235240 Pro Lys G u Leu Asn Leu Asn Ay Val Thr Ser Thr Ala Lys

Pr 2502 n u, Ala Asn Ay Vval Ile
Seér%rg%%g%?g% %‘g ng%é%/génln%]l% %%T%;Eg?ﬁrln\é%% Sl'Il?%rse‘,%sp Tyr VaIy Ass Thr
Asp 275280285 Asp Val Lys Ala Thr Leu Thr Met Ala Ala Ser He Asp Pro

Asn 290295300 Val Lys Lys Thr Ay Asn Val Thr Leu Ala Thr Ay Ile Ay
THhr3RB33 03 15320 The GAbarbasyrol &l Tht SlalCliddaVEr A¥p Tyr du Lys Tyr

Ly® Phe 325330335 fyr Asn Leu Ser 'fle Lys Gy Thréile Asp Gn ile Asp
Thr Ass 340345350

Thr Thr Thr aAsn Gln Ala Asn Thr Pro Ala Thr Thr Gln Ser Ser Asn
85 90 95

Thr Asn Ala Glu Glu Leu Val Asn Gln Thr Ser Asn Glu Thr Thr Phe
100 105 110

Asn Asp Thr Asn Thr Val Ser Ser Val Asn Ser Pro Gln Asn Ser Thr
115 120 125

Asn Ala Glu Asn Val Ser Thr Thr Gln Asp Thr Ser Thr Glu Ala Thr
130 135 140

Bro Ser Asn Asn Glu Ser Ala Pro Gln Ser Thr Asp Ala Ser Asn Lys
145 15¢ 155 160

Asp Val Val Asn Gln Ala Val Asn Thr Ser Ala Pro Arg Met Arg Ala
165 170 175

Phe Ser Leu Ala 2Ala Val Ala Ala Asp Ala Pro Ala Ala Gly Thr Asp
180 185 190

Ile Thr Asn Gln Leu Thr Asn Val Thr Val Gly Ile Asp Ser Gly Thr
195 200 205

Thr vVal Tyr Pro His Gln Ala Gly Tyr Val Lys Leu Asn Tyr Gly Phe
210 215 220

Ser Val Pro Asn Ser Ala Val Lys Gly Asp Thr Phe Lys Tle Thr Vval
225 230 235 240

Pro Lys Glu Leu Asn Leu Asn Gly Val Thr Ser Thr Ala Lys Val Pro
245 250 255

Pro Ile Met Ala Gly Asp Gln Val Leu Ala Asn Gly Val Ile Asp Ser
260 265 270

Asp Gly Asn Val Ile Tyr Thr Phe Thr Asp Tyr Val Asn Thr Lys Asp
275 280 285



Ile Ala Pro Val Leu Thr Ay Asn Leu Lys Pro Asn Thr Asp Ser Asn 370375380
Ala Leu Ile Asp Gn Gn Asn Thr Set Ile Lys Val Tyr Lys Val Asp
385390395400 Asn Ala Ala Asp Leu Set Qu Set Tyr Phe Val Asn Pro Qu Asn
Phe 405410415 du Asp Val Thr Asn Set Val Asn Ile Thr Phe Pro Asn Pro Asn
G n 420425430 Tyr Lys Val GQu Phe Asn Thr Pro Asp Asp Gn Ile Thr Thr Pro
Tyr 435440445 || | _Vval_ Val n Hs |le ro, Asn Set Lys Ay Asp
Leu 45%325%6 ysAlp‘ga I\_{gﬁ y Pgﬁﬁé@“{“ﬁrﬁ eyuTﬁEé Aﬁp%s/rrg %élnA%et Asn Ile lle Trp
Arg 165470475480 Set Met Set Trp Asp Asn Qu Val Ala Phe Asn Asn Ay Set
Gy Set 485490495 Ay Asp Gy Ile Asp Lys Pro Val Val Pro AQu G n Pro Asp
A u Pri¢l5p0505510r Ghy 26 wall| Bir@ar Pro Th é1Pride @y BES520 <210> 6 <211> 530
<212> PRT <213> ARTI FIPAL <220> <2233'Wt rCfA A regidn with additional N
and C term nal residues

Thr Ala Asn Lys Thr Val Leu Val Asp Tyr Glu Lys Tyr Gly Lys Phe
325 330 335

Tyr Asn Leu Ser Ile Lys Gly Thr TIle Asp Gln Ile Asp Lys Thr Asn
340 345 350

Asn Thr Tyr Arg Gln Thr Ile Tyr Val Asn Pro Ser Gly Asp Asn Val
355 360 365

Ile Ala Pro Val Leu Thr Gly Asn Leu Lys Pro Asn Thr Asp Ser Asn
370 375 380

Ala Leu Ile Asp Gln Gln Asn Thr Ser TIle Lys Val Tyr Lys Val Asp
385 390 395 400

Asn Ala Ala Asp Leu Ser Glu Ser Tyr Phe Val Asn Pro Glu Asn Phe
405 410 415

Glu Asp Val Thr Asn Ser Val Asn Ile Thr Phe Pro 2&sn Pro Asn Gln
420 425 430

Tyr Lys Val Glu Phe Asn Thr Pro Asp Asp Gln Ile Thr Thr Pro Tyr
435 440 445

Ile Val Val Val Asn Gly His Ile Asp Pro Asn Ser Lys Gly Asp Leu
450 455 460

Ala Leu Arg Ser Thr Leu Tyr Gly Tyr Asn Ser Asn Ile Ile Trp Arg
465 470 475 480

Ser Met Ser Trp Asp Asn Glu Val Ala Phe Asn Asn Gly Ser Gly Ser
485 490 495

Gly Asp Gly Ile asp Lys Pro Val Val Pro Glu Gln Pro Asp Glu Pro
500 505 510

Gly Glu Ile Glu Pro Ile Pro Glu
515 520

<210> 4



<400> 6 His HHs Hs Hs Hs Hs Ay Set Set Gu Asn Set Val Thr G n Set
151015 Asp Set Ala Set Asn Qu Set Lys Set Asn Asp Set Set Set Val Set
202530 Ala Ala Pro Lys Tl-it Asp Asp Thr Asn Val Set Asp Thr Lys Thr Set
354045 Set Asn Thr Asn Asn Ay Gu Thr Set Val Ala Gn Asn Pro Ala G n
505560 G n Qu Thr Thr A n Ser Ser Ser Thr Asn Ala Thr Thr Qu du Thr
6570758 1>If>r (\}/al Thr Ay Qu Ala Thr Thr Thr Thr Thr Asn G n Ala Asn Thr
859095 R0 ALa Thr Thr G n Ser Ser Asn Thr Asn Ala Gu Gu Leu Val Asn
100105418> GabciFiri9et Asn G u Thr Thr Phe Asn Asp Thr Asn Thr Val Ser Set
115120125 Val Asn Ser Pro G n Asn Set Thr Asn Ala G u Asn Val Set Thr Thr
130135%40>Ad n Asp Thr Set Thr Qu Ala Thr Pro Set Asn Asn Gu Ser Ala Pro
145150%5516016 f SepiTRPIIARSH VAl % BetviABRIESLARS VAIPAVER®Asn G n Al a Val
Asn 165170175°%FAr Set Ala Pro Arg Met Arg Ala Phe Set Leu Ala Ala Val Ala
Al a 180185190

Ser Glu Asn Ser Val Thr Gln Ser Asp Ser Ala Ser Asn Glu Ser Lys
1 5 10 15

Ser Asn Asp Ser Ser Ser Val Ser Ala Ala Pro Lys Thr Asp Asp Thr
20 25 30

Asn Val Ser Asp Thr Lys Thr Ser Ser Asn Thr Asn Asn Gly Glu Thr
35 40 45

Ser Val Ala Gln 2&sn Pro Ala Gln Gln Glu Thr Thr Gin Ser Ser Serx
50 55 60

Thr Asn Ala Thr Thr Glu Glu Thr Pro Val Thr Gly Glu Ala Thr Thr
65 70 75 80

Thr Thr Thr Asn Gin Ala Asn Thr Pro Ala Thr Thr Gln Ser Ser Asn
85 20 95

Thr Asn Ala Glu Glu Leu Val Asn Gln Thr Ser Asn Glu Thr Thr Phe
100 105 110

Asn Asp Thr Asn Thr Val Ser Ser Val Asn Ser Pro Gln Asn Ser Thr
115 120 125

Asn Ala Glu Asn Val Ser Thr Thr Gln Asp Thr Ser Thr Glu Ala Thr
130 135 140

Pro Ser Asn Asn Glu Ser Ala Pro Gln Ser Thr Asp Ala Ser Asn Lys
145 150 155 160

Asp Val Val Asn Gin Ala Val Asn Thr Ser Ala Pro Arg Met Arg Ala
165 170 175

Phe Ser Leu Ala Ala Val Ala Ala Asp Ala Pro Ala Ala Gly Thr Asp
180 185 1390

Tle Thr Asn Gln Leu Thr Asn Val Thr Val Gly Ile 2Asp Ser Gly Thr
195 200 205



Asp Ala Pro Ala Ala Gy Thr Asp Ile Thr Asn A n Leu Thr Asn Val

Thr
Tyr

Val

Met
Thr
Leu
Ay
Ile
Ay
Asn
Ser

Val Ay Ile Asp Set Ay Thr Thr Val
Val Lys Leu Asn Tyr Gy Phe Set Val
225230235240 Ay Asp Thr
Ay 245250255 Val

Phe Lys Ile Thr Val
Thr Set Thr Ala Lys Val

260265270 Thr Asp Tyr Val

a r.
52 s
Val 325330335 Asp Tyr Qu Lys Tyr Gy Lys Phe Tyr Aso Leu Ser
Thr 340345350 Ile Asp A n Ile Asp Lys Thr Asn Asn Thr Tyr Arg A n Thr
Ty$er355386365M \lak JAs0Var bysSety &by TAsFrastysVale eVl a Pro Val
Asf?5370375380 Leu 13/s Pro Asn Thr ASp Per Asn Al a’t%eu Ile Asp G n Gn
Thr 385390395400 Ser

G B-SEfs Gilu Lew Asn Leu Asn Gly Val Thr Ser Thr Ala Lys Val Pro

L0,

0t

Pro Ile Met

Asp Gly Asn
275

Asp Val Lys
' 290

Val Lys Lys
305

Thr Ala Asn

Tyr Asn Leu

Asn Thr Tyr
355

Ile Ala Pro
370

Ala Leu Ile
385

Asn Ala Ala

Glu Asp Val

Tyr Lys Val
435

Ala

260

Val

Ala

Thr

Lys

Ser

340

Arg

Val

Asp

Asp

Thr

420

Glu

245

Gly

Ile

Thr

Gly

Thr

325

Ile

Gln

Leu

Gln

Leu

405

Asn

Phe

Asp

Tyr

Leu

Asn

310

Val

Lys

Thr

Thr

Gln

390

Ser

Ser

Asn

Ile Lys Val

Gln

Thr

Thr

235

Val

Leu

Gly

Ile

Gly

375

Asn

Glu

Val

Thr

Val

Phe

280

Met

Thr

val

Thr

Tyx

360

Asn

Thr

Ser

Asn

Pro
440

Leu

265

Thr

Ser

Leu

Asp

ile

345

val

Leu

Ser

Tyr

Ile

425

Asp

250

Ala

Asp

Ala

Ala

Tyr

330

Asp

Asn

Lys

Tle

Phe

410

Thr

Asp

Tyr

Asn

Tyr

Ala

Thr

315

Glu

Gln

Pro

Pro

Lys

395

Val

Phe

Gln

Tyr

I Asn Thr
B 5P AP 0o

Lys Val

Gly

Val

Ile

300

Gly

Lys

Ile

Ser

Asn

380

Val

Asn

Pro

Ile

195200205

Pro Hs Gn Ala Ay 210215220
Pro Asn Set Ala Val Lys
Pro Lys G u Leu Asn Leu Asn

Val

Asn

285

Asp

Ile

Tyxr

Asp

Gly

365

Thr

Tyr

Pro

Asn

Thr
445

Ile

270

Thr

Pro

Gly

Gly

Lys

350

Asp

Asp

Glu

Pro
430

Thr

255

Asp

Lys

Glu

Ser

Lys

335

Thr

Asn

Ser

Val

Asn

415

AsSn

Pro

Ser

Asp

Asn

Thr

320

Phe

Asn

Val

Asn

asp

400

Phe

Gin

Tyr

Pro Prolle Met Ala Gy Asp G n
Lys Asp Asp Val Lys Ala Thr

%?1@ rT{,:%g,S PAl:r%

Leu Thr

s Thr Ay Asn Val
Asn Lys Thr Val

Ile Lys
Leu Thr

Asp Ass Ala Ala Asp Leu



405410415 Tyr Phe Val Ass Pro GQu Ass Phe Qu Asp Val Thr Ass Per Val Asn
420425430 Il e Thr Phe Pro Ass Pro Asn Gn Tyr Lys Val du Phe Asn Thr Pro
435440445 Asp Asp @ n Ile Thr Thr Pro Tyr Ile Val Val Val Asn Gy His Ile
450455460 Asp Pro Ass Ser Lys Ay Asp Leu Ala Leu Arg Set Thr Leu Tyr Gy
465470475480 Tyr Ass Per Ass lle lle Trp Arg Ser NEt Per Trp Asp Ass Qu
Val 485490495 Al a Phe Ass Ass Gls)é Ser %5 Ile Asp Lys Pro
Val 500505516 {3/s*Pefi's &Tl’ésné L ig A52ﬁ6> <223> <400> 7 530
PAT ARTIFI'CI AL wt rd f APYI A reg| on with addltlonal 7 1\1 and C term nal
resi dues

Ala Leu Arg Ser Thr Leu Tyr Gly Tyr Asn Ser Asn Ile Ile Trp Arg
465 470 475 480

Ser Met Ser Trp Asp Asn Glu Val Ala Phe Asn Asn Gly Ser Gly Ser
485 490 495

Gly Asp Gly Ile Asp Lys Pro Val Val Pro Glu Gln Pro Asp Glu Pro
500 505 510

Gly Glu Ile Glu Pro Ile Pro Glu

515 520
<210> 5
<211> 520
€21i2> PRT

<213>» Artificial

<220>

<223> (Clfa A domain Regions N1 N2 N3 with alterations (ClfA P336A
Y3385}

<400> b5

Ser Glu Asn Ser Val Thr Gln Ser Asp Ser Ala Ser Asn Glu Ser Lys
1 > 10 i5

Ser Asn Asp Ser Ser Ser Val Ser Ala Ala Pro Lys Thr Asp Asp Thr
20 25 30

Asn Val Ser Asp Thr Lys Thr Ser Ser Asn Thr Asn Asn Gly Glu Thr
35 40 45

Ser Val Ala Gln Asn Pro Ala Gln Gln Glu Thr Thr Gln Ser Ser Ser
50 5B 60

Thr Asn Ala Thr Thr Glu Glu Thr Pro Val Thr Gly Glu 2Ala Thr Thr
65 70 75 a0

Thr Thr Thr Asn Gln Ala Asn Thr Pro Ala Thr Thr Gln Ser Ser Asn
85 90 95

Thr Asn Ala Glu Glu Leu Val Asn Gln Thr Ser Asn Glu Thr Thr Phe
100 105 110

Asn Asp Thr Asn Thr Val 3Ser Ser Val Asn Ser Pro Gln Asn Ser Thr
115 120 125



Hs H s
Her Al a

Hi s
Her

Pro Lys Thr

Asn Asn
G n Her

Gy
Her

A u Ala Thr
Her Her Asn

Thr Thesp

Phe

Asn Her Tiao
G n Ala Thr
Al a Her Asn

Arg MELOAPY

Asp

Fhe

Ile

Thr

Ser

225

Pro

Pro

Asp

ASD

Val

305

Thr

Tyr

Asn

Val

Ser

Thr

Val

210

Val

Lys

Ile

Gly

Val

290

Lys

Ala

Asn

Thr

Hi s
Asn
Asp
Gu
Her
Thr
Thr

Hi
G

Asp
Thr
Thr
Thr
Asn

s Hs
n Her

Thr
Her
Asn
Thr
Al a

Ay
Lys
Asn
Val
Al a
Thr
Gn

eﬁﬁAﬁﬂspair_&%r%B
Asn Ala G n Asa

Pro Her Asn Ann
Asp_Val
APhE e 1R

Rl
val
Leu
Asn
195
Tyr
Pro
Glu
Met
Asn
275
Lys
Lys
Asn

Leu

Tyr
355

Asn

Ala

180

Gln

Pro

Asn

Leu

Ala

260

Val

Ala

Thr

Lys

Ser

340

Arg

Gin

165

Ala

Leu

His

Sex

Asn

245

Gly

Ile

Thr

Gly

Thr

325

Ile

Gln

Ala

Val

Thx

Gln

Ala

230

Leu

Asp

Tyr

Leu

Asn

310

Val

Lys

Thr

Val

val

Ala

Asn

Ala

215

Val

Asn

Gln

Thr

Thr

295

val

Leu

Gly

Ile

Ser Ser
Ser Asn
Val Her
Ala Gn
Thr Thr
Asn G n
G n Len

Val

thRr giMaksHek -
Val Ser Thr
Gn Her Ala

n Gn A a Val

Ko VAL A 2180

Asn Thr

Ala Asp
185

Val Thr
200

Gly Tyr

Lys Gly

Gly val

Val Leu
265

Phe Thr
280

Met Ala

Thr Leu

val Asp

Thr Ile

345

Tvr Val
360

Ser

170

Ala

Val

Val

Asp

Thr

250

Ala

Asp

Ala

Ala

Tyr

330

Asp

Asn

Ala

Pro

Gly

Lys

Thr

235

Ser

Asn

Tyr

Ser

Thr

315

Glu

Gln

Pro

Asn Her
Her
Lys
Pro Al a
Gn Thr
Ann Thr

Her
Thr

Val
Her
Thr
Gn
65707580 Pro Val Thr dy

859095 Pro Ala Thr Thr G n

Thr
Val
Her

G n Ser 51015 Asp
Her 202530 Ala Ala
354045 Her Asn Thr

505560 G n Qu Thr Thr

Asn 100105110 G n Thr Her Asn G n

Ker t41%120Q425rmval Asn Ser Pro G n

The 130-135140 G n Asp Thr Her Thr

Pro 145150155160 G n Her Thr Asp

1651;%%75 Thr Her Ala Pro
90

Pro Arg Met

Ala

Ile

Leu

220

Phe

Thr

Gly

Val

Ile

300

Gly

Lys

Ile

Ser

Ala
Asp
205
Aszn
Lys
Ala
Val
Asn
285
Asp
Ile
Tyr
Asp

Gly
365

Gly

120

Ser

Tyx

Ile

Lys

Ile

270

Thr

Pro

Gly

Gly

Lys

350

Asp

Arg

175

Thr

Gly

Gly

Thr

vVal

255

Asp

Lys

Glu

Ser

Lys

335

Thr

AsSn

Ala

Asp

Thxr

Phe

Val

240

Pro

Ser

Asp

Asn

Thr

320

Phe

Asn

Vail



Asp Ala Pro Ala Ala Ay Thr Asp Ile Thr Asn G n Leu Thr Asn Val 195200205
Thr Val Ay Ile Asp Ser Ay Thr Thr Val Tyr Pro Hs G n Ala Ay 210215220
Tyr Val Lys Leu Aso Tyr Qy Phe Ser Val Pro Asn Ser Ala Val Lys
225230235240 Gy Asp Thr Phe Lys Ile Thr Val Pro Lys GQu Leu Asn Leu Asn
Gy 245250255 Vval Thr Ser Thr Ala Lys Val Pro Pro Ile Met Ala Ay Asp Gn
Val 260265270 Leu Ala Asn Ay Val Ile Asp Ser Asp Ay Asn Val Ile Tyr Thr
Pile 280285 r n. Ih Lys Ala Thr Leu Thr
vht - 2o03eea0n OS;eI;% e é@g?%%% Bﬁ%éf‘ﬁﬁ%ﬁ@fﬁ*ﬂys Thr @y Asn Val
Thr 305310315320 Leu Ala Thr Ay Ile @y Ser Thr Thr Ala Aso Lys Thr Val
Leu Val 325330335 Asp Tyr GQu Lys Tyr Gy Lys Pile Tyr Asn Leu Ser |le Lys
Ay Th¥la3u32B535¢p Fle CASgsw Hrrl fe¢ Nspliy TR ASh VABSn**Phr Tyr Arg G n Thr
Il e Tyt*°355360365 Val *A8n Pro Ser A y>#Asp Asn Val I1e'®Ra Pro val Leu Thr
Gy Asn 370375380 Leu Lys Pro Asn Thr Asp Ser Asn Ala Leu Ile Asp @ n can

Asn Thisn385320395400: ser Glu Ser Tyr Phe Val Asn Pro Glu Asa Phe
405 410 415

Glu Asp Val Thr Asn Ser Val Asn Ile Thr Phe Pro Asn Pro Asn Gln
420 425 430

Tyr Lys Val Glu Phe Asn Thr Pro Asp Asp Gln Ile Thr Thr Pro Tyr
433 440 445

Ile Val val val Asn Gly His Ile Asp Proc Asn Ser Lys Gly Asp Leu
450 455 460

Ala Leu Arg Ser Thr Leu Tyr Gly Tyr Asn Ser Asn Ile Ile Trp Arg
465 470 475 480

Ser Met Ser Trp 2Asp Asn Glu Val Ala Phe Asn Asn Gly Ser Gly Ser
485 490 495

Gly Asp Gly Ile Asp Lys Pro Val Val Pre Glu Gln Pro Asp Glu Pro
500 505 510

Gly Glu Ile Glu Prc Ile Pro Glu

515 520
<210> 8
<211> 530
<212» PRT

<213> ARTIFICIAL

<220>
<223> wt rClfA A region with additional N and C terminal residues

<400> 6
His His His His His His Gly Ser Ser Glu Asn Ser Val Thxr Gln Ser

1 5 10 15

Asp Ser Ala Ssr Asn Glu Ser Lys Ser Asn Asp Ser Ser Ser Val Ser
20 25 30

Ala Ala Pro Lys Thr Asp Asp Thr Asn Val Ser asp Thr Lys Thr Ser
35 40 45



~Ser Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp Leu Ser G u Ser 405410415
Ile Thr Phe Pro Asn Pro Asn G n Tyr Lys Val GQu Phe Asn Thr Pro 435440445
Asp Asp G n Ile Thr Thr Pro Tyr Ile Val Val Val Asn Ay Hs Ile 450455460
Asp Pro Asn Her Lys Gy Asp Leu Ala Leu Arg Her Thr Leu Tyr Gy
465470475480 Tyr Asn Her Asn Ile Ile Trp Arg Her Met Her Trp Asp Asn Gu
Val 485490495 Ala Phe Asn Asn Ay Her Ay Her Ay Asp Ay Ile Asp Lys Pro
Val 500505510 Val Pro Qu Gn Pro Asp Gu Pro Ay Qu lle Qu Pro lle Pro
G u 515520525, L %$n LEH R3%15280>s8 F2alh2a 230 52123 BATcs213> ARTIFIC AL
<220> <228» wt rCfAPYIl A region with additional N and C term nal residues
<400> 8 H's H's Hs Hs Hs HIS Gy Her Her A u Asn Her Val Thr G n Her

151015 Asg Her Ala Her Asn G u Her Lys Her Asn Asp Her Her Her Val Her
2025302?1 la Thr Thr Gln Ser Ser Ser Thr As Ala Thr Thr Glu Glu Thr

70 80

Pro Val Thr Gly Glu Ala Thr Thr Thr Thr Thr Asn Gln Ala Asn Thr
85 90 95

Pro Ala Thr Thr Gln Ser Ser Asn Thr Asn Ala Glu Glu Leu Val Asn
100 105 110

Gln Thr Ser Asn Glu Thr Thr Phe Asn Asp Thr Asn Thr Val Ser Ser
115 120 125

Val Asn Ser Pro Gln Asn Ser Thr Asn Ala Glu Asn Val Ser Thr Thr
130 . 135 140

Gln Asp Thr Ser Thr Glu Ala Thr Pro Ser Asn Asn Glu Ser Ala Pro
145 150 155 160

Gln Ser Thr Asp Ala Ser Asn Lys Asp Val Val Asn Gln Ala Val Aszn
165 170 175

Thr Ser Ala Pro Arg Met Arg Ala Phe Ser Leu Ala Ala Val Ala Ala
180 i85 120

Asp Ala Pro Ala Ala Gly Thr Asp Ile Thr Asn Gln Leu Thr Asn Val
195 200 205

Thr Val Gly Ile Asp Ser Gly Thr Thr Val Tyr Pro His Gln Ala Gly
210 215 220

Tyr Val Lys Leu Asn Tyr Gly Phe Ser Val Prc Asn Sex Ala Val Lys
225 230 235 240

Gly Asp Thr Phe Lys Ile Thr Val Pro Lys Glu Leu Asn Leu Asn Gly
245 250 255

Val Thr Ser Thr Ala Lys Val Pro Pro Ile Met Ala Gly Asp Gln Val
260 265 270

Leu Ala Asn Gly Val Ile Asp Ser Asp Gly Asn Val Ile Tyr Thr Phe
275 280 285



Ala Ala Pro Lys Thr Asp Asp Thr Asn Val Her Asp Thr Lys Thr Ser 354045 Her
Asn Thr Asn Asn Gy Qu Thr Her Val Ala Gn Asn Pro Ala G n 505560 Gn Qu
Thr Thr G n Her Her Her Thr Asn Ala Thr Thr Gu @ u Thr 65707580 Pro Val
Thr Ay Au Ala Thr Thr Thr Thr Thr Asn G n Ala Asn Thr 859095 Pro Ala Thr
Thr G n Ser Ser Asn Thr Asn Ala Gu Gu Leu Val Asn 100105110 G n Thr Set
Asn A u Thr Thr Phe Asn Asp Thr Asn Thr Val Ser Set 115120125 Val Asn Set

Pro @ et Thr a Asn_.Vi hr . 135140 G n Asp Thr
Set ﬁréfé}g Rh” Eﬁ:“‘éﬁ% %éfé Ll dl ? R e i 0165160 d 1 Set

Thr Asp Ala Ser Asn Lys Asp Val Val Asn Gn Ala Val Asn 165170175 Thr Set
Ala Pro Arg Met Arg Ala Phe Set Leu Ala Ala Val Ala Ala 180185190 Asp Al a
Pro AlcAba Ty IThAsAgpo|dle Mer VAshyGEre [FBu CFhrdspasYrIVEIE 195200205 Thr Val
Ay I1¥5Asp Set Ay THOThr Val Tyr PP His An Ala &3 210215220 Tyr Val
Lys Leu Asn Tyr Ay Phe Set Val Pro Asn Set Ala Val Lys

Leu Ala Thr Gly Ile Gly Ser Thr Thr Ala Asn Lys Thr val Leu Val
325 330 335

Asp Tyr Glu Lys Tyr Gly Lys Phe Tyr Asn Leu Ser Ile Lys Gly Thr
340 345 350

Ile Asp Gln Ile Asp Lys Thr Asn Asn Thr Tyr Arg Gln Thr Ile Tyr
355 360 365

Val Asn Pro Ser Gly Asp Asn Val Ile Ala Pro Val Leu Thr Gly Asn
370 375 380

lLeu Lys Pro Asn Thr Asp Ser Asn Ala Leu Ile Asp Gln Gln Asn Thr
385 390 395 400

Ser Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp Leu Ser Glu Ser
405 410 415

Tyr Phe Val Asn Pro Giu Asn Phe Glu Asp Val Thr Asn Ser Val Asn
420 425 430

Ile Thr Phe Pro Asn Pro Asn Gln Tyr Lys Val Glu Phe Asn Thr Pro
435 440 445

Asp Asp Gln Ile Thr Thr Pro Tyr Ile Val Val Val Asn Gly His Ile
450 455 460

Asp Pro Asn Ser Lys Gly Asp Leu Ala Leu Arg Ser Thr Leu Tyr Gly
465 476 475 480

Tyr Asn Ser Asn Ile Ile Trp Arg Ser Met Ser Trp Asp Asn Glu Val
4385 490 495

Ala Phe Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile Asp Lys Pro Val
500 505 510

Val Pro Glu Gln Pro Asp Glu Prc Gly Glu Ile Glu Pro Ile Pro Glu
515 520 525



225230235240 Gy Asp Thr Phe Lys Ile Thr Val Pro Lys Gu Leu Asn Leu Asn

Ay
Val
Phe
Met
Thr
Ay
Ile
ady
Asn
Ser
Ser
Asn

245250255 Val Thr Set Thr Ala Lys Val Pro Pro Ile Met Ala Ay Asp G n
260265270 Leu Ala Asn Gy Val Ile Asp Set Asp Gy Asn Val Ile Tyr Thr
275280285 Thr Asp Tyr Val Asn Thr Lys Asp Asp Val Lys Ala Thr Leu Thr
290295300 Ala Ala Set Ile Asp Pro Gu Asn Val Lys Lys Thr Gy Asn Val
305310315320 Asp Tyr GQu Lys Tyr Gy Lys Phe Tyr Asn Leu Ser |le Lys
THrYS3 45350 Ile Asp Gn Ile Asp Lys Thr Asn Asn Thr Tyr Arg G n Thr
Tyr 355360365 Val Asn Pro Ser Ay Asp Asn Val Ile Ala Pro Val Leu Thr
Asn 370375380 Leu Lys Pro Asn Thr Asp Ser Asn Ala Leu Ile Asp Gn Gn
The21885390395400 Ser Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp Leu
G ¥18er 5405410415 Tyr Phe Val Asn Pro A u Asn Phe G u Asp Val Thr Asn
Vaf?lAsn 890425430 Ile Thr Phe Pro Asn Pro Asn G n Tyr Lys Val G u Phe
Thi*'Pr 0 “4535440445

<220>
<223> wt rCLfAPYI A region with additional N and C terminal residues

<4Q0> 7
His His His His His His Gly Ser Ser Glu Asn Ser Val Thr Gln Ser

1 5 10 15

Asp Ser Ala Ser Asn Glu Ser Lys Ser Asn Asp Ser Ser Ser Val Ser
20 25 30

Ala Ala Pro Lys Thr Asp Asp Thr Asn Val Ser Asp Thr Lys Thr Ser
35 49 45

Ser Asn Thr Asn Asn Gly Glu Thr Ser Val Ala Gln Asn Pro Ala Gln
50 55 60

Gln Glu Thr Thr Gln Ser Ser Ser Thr Asn Ala Thr Thr Giu Glu Thr
65 70 75 80

Fro Val Thr Gly Glu Ala Thr Thr Thr Thr Thr Asn Gln Ala Asn Thr
83 90 a5

Pro Ala Thr Thr Gin Ser Ser Asn Thr Asn Ala Glu Glu Leu Val Asn
100 105 110

Gln Thr Ser Asn Glu Thr Thr Phe Asn Asp Thr Asn Thr Val Ser Ser
115 120 125

val Asn Ser Pro Gln Asn Ser Thr Asn Ala Glu Asn Val Ser Thr Thr
130 - 135 140

Gln Asp Thr Ser Thr Glu Ala Thr Pro Ser Asn Asn Glu Ser Ala Pro
145 150 155 160

Gln Ser Thr Asp Ala Ser Asn Lys Asp Val Val Asn Gln Ala Val Asn
165 170 175

Thr Ser Ala Pro Arg Met Arg Ala Phe Ser Leu Ala Ala Val Ala Ala
180 185 120



Asp Asp Gn Ile Thr Thr Pro Tyr Ile Val Val Val Asn Ay H's Il e 450455460
Asp Pro Asn Ser Lys Ay Asp Leu Ala Leu Arg Ser Thr Leu Tyr Ay
465470475480 Tyr Asn Ser Asn lle Ile Trp Arg Ser Met Ser Trp Asp Asn Gu
Val 485490495 Ala Phe Asn Asn Ay Ser Gy Ser Ay Asp Ay Ile Asp Lys Pro
Val 500505510 Val Pro Qu Gn Pro Asp Gu Pro dy Au lle Gu Prolle Pro
d u 515520525 Lys Leu 530 <210> 9 <211> 339 <212> PRT <213> ARTI FI Cl AL
<220> 223> £ (A hesiies, 221- 539, Val, Ala Al anfAsp.Ala Pro Ala Ala Gy Thr
Asp Ile Thr Asn G n Leu 1510k%H Thr Asn Val Ebhs Val Ay Ile Asp Ser Gy Thr
Thr Val Tyr Pro H's 202530 Gn Ala Ay Tyr Val Lys Leu Asn Tyr Gy Phe Ser
Val Pro Asn Ser 354045 Ala Val Lys Ay Asp Thr Phe Lys Ile Thr Val Pro Lys
G u LA 8b55602eRdeAgiydly Vil Valih?fylsgi; Tht GAPaAlEy%IYVaI Pro Pro Ile Met
Ala Ay

Tyr vVal Lys Leu Asn Tyr Gly Phe Ser Val Pro Asn Ser Ala Val Lys
225 230 235 240

Gly Asp Thr Phe Lys Ile Thr val Pro Lys Glu Leu Asn Leu Asn Gly
245 250 255

Val Thr Ser Thr Ala Lys Val Pro Pro Ile Met ala Gly Asp Gln Val
260 265 270

Leu Ala Asn Gly Val Ile Asp Ser Asp Gly Asn Val Ile Tyr Thr Phe
275 280 285

Thr Asp Tyr Val Asn Thr Lys Asp Asp Val Lys Ala Thr Leu Thr Met
290 295 300

Ser Ala Ala Tle Asp Pro Giu Asn Val Lys Lys Thr Gly Asn Val Thr
305 310 315 320

Leu Ala Thr Gly Ile Gly Ser Thr Thr Ala Asn Lys Thr Val Leu Val
325 330 335

Asp Tyr Glu Lys Tyr Gly Lys Phe Tyr Asn Leu Ser Ile Lys Gly Thr
340 345 350

Ile Asp Gln Ile Asp Lys Thr Asn Asn Thr Tyr Arg Gln Thr Ile Tyr
355 360 365

Val Asn Pro Ser Gly Asp Asn Val Ile Ala Pro Val Leu Thr Gly Asn
370 375 380

Leu Lys Pro Asn Thr Asp Ser Asn Ala Leu Ile Asp Gln Gln Asn Thr
385 390 395 400

Ser Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp Leu Ser Glu Ser
405 410 415

Tyr Phe Val Asn Pro Glu Asn Phe Glu Asp Val Thr Asn 3Ser Val Asn
420 425 430



65707580 Asp G n Val Leu Ala Asn Gy Val Ile Asp Ser Asp Gy Asn Val Ile
859095 Tyr Thr Phe Thr Asp Tyr Val Asn Thr Lys Asp Asp Val Lys Ala Thr

100105110 Leu Thr Met Pro Ala Tyr Ile Asp Pro Qu Asn Val Lys Lys Thr Gy
115120125 Asn Val Thr Leu Ala Thr Ay Ile Ay Ser Thr Thr Ala Asn Lys Thr
130135140 Val Leu Val Asp Tyr GI u Lys Tyr Ay Lys Phe Tyr Asn Leu Ser Ile

145150155160 L s d Asn Asn Thr Tyr Arg
G n 165£7075.ThE° % P‘ff/rAS{‘/ajln GBF béleelb%he,&ssn 12‘5n Val Ile Ala Pro Val
Leu 180185190 Thr Gy Asn Leu Lys Pro Asn Thr Asp Ser Asn Ala Leu Ile Asp
G n 195200205 G n Asn Thr Ser Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp
Leu 21G2152201n Hey TvalThAstrolTve Thy vEheaPivel Asn Ry oliAsiteG n Tyr Lys Val du
Phe 245258855 Asn Thr Prd*®Asp Asp G n I1é%Fhr Thr Pro Tyr Ile Vval Vval Val
Asn 260265270 Gy His Ile Asp Pro Ann Her Lys Ay Asp Leu Ala Leu Arg Her

Thr 27&%%8£¥QB§SH Ser Lys Gly Asp Leu Ala Leu Arg Ser Thr Leu Tyr Gly
465 470 475 480

Tyr Asn Ser Asn Ile Ile Trp Arg Ser Met Ser Trp Asp Asn Glu Val
485 430 495

Ala Phe Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile Asp Lys Pro Val
500 505 510

Val Pro Glu Gln Pro Asp Glu Pro Gly Glu Ile Glu Pro Ile Pro Glu
515 520 525

Lys Leu
330

<210> 8

<211> 530

<212> PRT

<213>» ARTIFICIAL

<220>
<223> wt rClfAPYII A region with additional N and C terminal residues

<400> 8
Eis His His His His His Gly Ser Ser Glu Asn Ser Val Thr Gln Ser

1 2 10 15

Asp Ser Ala Ser Asn Glu Ser Lys Ser Asn Asp Ser Ser Ser Val Serx
20 25 30

Ala Ala Pro Lys Thr Asp Asp Thr Asn Val Ser Asp Thr Lys Thr Ser
35 40 : 45

Ser Asn Thr Asn Asn Gly Glu Thr Ser Val Ala Gln Asn Pro Ala Gln
50 55 60

Gln Glu Thr Thr Gin Ser Ser Ser Thr Asn Ala Thr Thr Glu Giu Thr
65 70 75 80

Pro Val Thr Gly Glu Als Thr Thr Thr Thr Thr Asn Gln Ala Asn Thr
85 Q0 95



Leu Tyr Gy Tyr Asn Her Asn Ile Ile Trp Arg Her Met Her Trp Asp 290295300
Asn Qu Val Ala Phe Asn Asn Gy Her Ay Her Ay Asp Ay Ile Asp
305310315320 Lys Pro Val Val Pro Gu Gn Pro Asp Qu Pro Ay Qu lle Qu
Pro 325330335 Ile Pro Au <210> <211> <212> <213> <220> <223> <400> 10 349
PRI. ARTIFICIAL rClfA residues residues 10 221 to 559 wth additional N and
Ctermnal Hs Hs Hs Hs Hs Hs Gy Her Val Ala Ala Asp Ala Pro Ala Al a
151015, . e l,.Thr. .Val Ay Ile Asp
202530 gleﬁr(l él‘{ %peh%%el ® %9 Qﬁoﬁ%ﬁi 3 GQEU el L\4@y""";‘Iy2§3”Va| Lys Leu Asn
354045 Tyr Gly Phe Her Val Pro Asn Her Ala VaI Lys Gy Asp Thr Phe Lys

Gln Thr Ser Asn Glu Thr Thr Phe Asn Asp Thr Asn Thr Val Ser Ser
115 120 125

Val Asn Ser Pro Gln Asn Ser Thr Asn Ala Glu Asn Val Ser Thr Thr
130 135 140

Gln Asp Thr Ser Thr Glu Ala Thr Pro Ser Asn Asn Glu Ser Ala Pro
145 150 155 160

Gln Ser Thr Asp Ala Ser Asn Lys Asp Val Val Asn Gln Ala Val Asn
165 170 175

Thr Ser Ala Pro Arg Met Arg Ala Phe Ser Leu Ala Ala Val Ala Ala
180 185 190

Asp Ala Pro Ala Ala Gly Thr Asp Ile Thr Asn Gln Leu Thr Asn Val
195 200 205

Thr Val Gly Ile Asp Ser Gly Thr Thr Val Tyr Pro His Gln Ala Gly
210 215 220

Tyr Val Lys Leu Asn Tyr Gly Phe Ser Val Pro Asn Ser Ala Val Lys
225 230 235 240

Gly Asp Thr Phe Lys Ile Thr Val Pro Lys Glu Leu Asn Leu Asn Gly
245 250 255

val Thr Ser Thr Ala Lys Val Prc Pro Ile Met Ala Gly Asp Gln Val
260 265 270

Leu Ala Asn Gly val Ile Asp Ser Asp Gly Asn Val Ile Tyr Thr Phe
' 275 280 285

Thr Asp Tyr Val Asn Thr Lys Asp Asp Val Lys Ala Thr Leu Thr Met
290 295 300

Ala Ala Ser Ile Asp Pro Glu Asn Val Lys Lys Thr Gly Asn Val Thr
305 310 315 320

Leu Ala Thr Gly Ile Gly Ser Thr Thr aAla Asn Lys Thr Val Leu Val
325 330 335



505560 Ile Thr Val Pro Lys Qu Leu Asn Leu Ann Ay Val Thr Her Thr Al a
65707580 Lys Val Pro Prolle Met Ala Ay Asp Gn Val Leu Ala Asn dy Val
859095 Ile Asp Set Asp Ay Asn Val Ile Tyr Thr Phe Thr Asp Tyr Val Ass
100105110 Thr Lys Asp Asp Val Lys Ala Thr Leu Thr Met Pro Ala Tyr Ile Asp
115120125 Pro Qu Asn Val Lys Lys Thr Gly Asn Val Thr Len Ala Thr Ay lle
130135140 dy. Ser Thr Thr. Al a As s_Thr, Val Leu Va As Tyr G n Lys Tyr
145150’*f'§53yéog]d VI3 y&* Phd L?‘i“‘/rPhﬁs L%d‘ éee‘i 5t eh‘iygsé\{% r lle Asp Gn lle
Asp 165170175 Lys Thr Asn Ass Thr Tyr Arg Gn Thr Ile Tyr Val Asn Pro Ser
Ay 180185190 Asp Asn Val Ile Ala Pro Val Len Thr Ay Asn Len Lys Pro Asn
Thr 19520020510Aspe Set LAs SThAlZgnlsem THe TAspr&GGan Ghn AsntyEhr Set |l e Lys Val
Tyr 210215228°3ys Val Asp As¥CAla Ala Asp Léf®Set G n Set Tyr Phe Val Asn
Pro 225230235240 G n Ass Phe G n Asp Val Thr Ass Set Val Ass Ile Thr Phe

Pro /Eﬁ%lZﬁgiZ§4%2§g& Gly Asp Asn Val Tle Ala Pro Val Leu Thr Gly Asn
370 375 380

Leu Lys Pro Asn Thr Asp Ser Asn Ala Leu Tle Asp Gln Gln Asn Thr
385 390 395 400

Ser Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp Leu Ser Glu Ser
405 410 415

Tyr Phe Val Asn Pro Glu Asn Phe Glu Asp Val Thr Asn Ser Val Asn
420 425 430

Ile Thr Phe Pro Asn Pro Asn Gln Tyr Lys Val Glu Phe Asn Thr Pro
435 440 445

Asp Asp Gln Ile Thr Thr Pro TIyr Ile Val Val Val Asn Gly His Ile
450 455 460

Asp Pro Asn Ser Lys Gly Asp Leu Ala Leu Arg Ser Thr Leu Tyr Gly
465 470 475 480

Tyr Asn Ser Asn Ile Ile Trp Arg Ser Met Ser Trp Asp Asn Glu Vval
485 430 495

Ala Phe Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile Asp Lys Pro Val
500 505 510

Val Pro Glu Gln Pro Asp Glu Pro Gly Glu Ile Glu Pro Ile Pro Glu
515 520 525

Lys Leu
530

<Z210> 9

<211> 339

<212> PRT

<213>» ARTIFICIAL

<220>
<223> rClfA residues 221-559

<400> 9



Pro Asn G n Tyr Lys Val G n Phe Ass Thr Pro Asp Asp G n Ile Thr 260265270
Thr Pro Tyr Ile Val Val Val Asn Ay Hs Ile Asp Pro Ass Set Lys 275280285
Gy Asp Len Ala Len Arg Set Thr Leu Tyr Ay Tyr Asn Set Asn Ile 290295300
Ile Trp Arg Set Met Set Trp Asp Asn G n Val Ala Phe Ass Asn Ay
305310315320 Asp Gu Pro dy Qu lle GQu Pro Ile Pro Gu Lys Leu 340345
<210>11 <211>339 <212>PRT <213>ARTI FI Cl AL <220> <223>rCl fA PY 221 to 559
<400>13,, ¥al Al a.Ax3,A31 zﬁ' 8 Rr @1}/6\&@:: AL G Y InAsR 1de Thr Asn G n Leu
151015, Thr Asn Val sThr Val Ay Il'eifsp Ser Ay ThrisThr Val Tyr Pro Hi s
202530 G n Ala @Ay Tyr Val Lys Leo Asn Tyr Ay Pile Ser Val Pro Asn Ser

354045 AI a Val LXS Ay Aslp Thr Pile L%s Ile Thr Val Pro Lys GQu Leo Asn
Asn Val r Val Gly le Asp Ser Gly Thr Thr Val Tyr Pro His

25 30

Gln Ala Gly Tyr Val Lys Leu &Asn Tyr Gly Phe Ser Val Pro Asn Ser

Ala Val Lys Gly Asp Thr Phe Lys Ile Thr Val Pro Lys Glu Leu Asn
50 55 50

Leu Asn Gly Val Thr Ser Thr Ala Lys Val Pro Pro Ile Met Ala Gly
65 70 75 80

Asp Gln Val Leu Ala Asn Gly Val Ile Asp Ser Asp Gly Asn Val Ile
85 90 95

Tyr Thr Phe Thr Asp Tyr Val Asn Thr Lys Asp Asp Val Lys Ala Thr
100 105 110

Leu Thr Met Pro Ala Tyr Ile Asp Pro Glu Asn Val Lys Lys Thr Gly
115 iz20 125

Asn Val Thr Leu Ala Thr Gly Ile Gly Ser Thr Thr Ala Asn Lys Thr
130 135 140

Val Leu Val Asp Tyr Glu Lys Tyr Gly Lys Phe Tyr Asn Leu Ser Ile
145 1590 155 160

Lys Gly Thr Ile Asp Gln Ile Asp Lys Thr Asn Asn Thr Tyr Arg Gln
ied 170 175

Thr Ile Tyr Val Asn Pro Ser Gly Asp Asn Val Ile Ala Pro Val Leu
180 185 130

Thr Gly Asn Leu Lys Pro asn Thr Asp Ser Asn Ala Leu Ile Asp Gln
185 200 205

Gln Asn Thr Ser Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp Leu
210 215 220

Ser Glu Ser Tyr Phe Val Asn Pro Glu Asn Phe Glu Asp Val Thr Asn
225 230 233 240



505560 Leu Asn Ay Val Thr Ser Thr Ala Lys Val Pro Pro Ile Met Ala Gy
65707580 Asp G n Val Leu Ala Asn Gy Val Ile Asp Ser Asp Ay Asn Val Ile
859095 Tyr Thr Phe Thr Asp Tyr Val Ass Thr Lys Asp Asp Val Lys Ala Thr
100105110 Leo Thr Met Her Ala Ala Ile Asp Pro Qu Ass Val Lys Lys Thr Gy
115120125 Asn Val Thr Leo Ala Thr Ay Ile Ay Her Thr Thr Ala Asn Lys Thr
130135140 Val L I Tyr u s.T d he, Tyr Ass Leu Ser Ile
145150%35‘& oj*iﬂyif%f@r Fﬁ%e’FPeAS C%p“"‘ flﬁ Fi%&ﬁé6¥i;vé§1£}§e9 Sn Ass Thr Tyr Arg
G n 165170175 Thr G?y Asn Leu Lys Pro Asn Thr Asp Her Asn Ala Leu Ile Asp
G n 195200205 G n Asn Thr Her Ile Lys Val Tyr Lys Val Asp Asn Ala Ala Asp
Leu 21218220rHase Ghpl GHerlldyihrPie R THsAlPiel Gl Asmshe A u Asp Val Thr
Asn 225230235248°Her Val Asn |1%5Thr Phe Pro Asi®Pro Asn G n Tyr Lys Val
G u Phe 245250255 Asn Thr Pro Asp Asp Gn Ile Thr Thr Pro Tyr Ile Val Val

Val Asé‘lyzlﬁ_g;Z@ﬁzZQp Pro Asn Ser Lys Gly Asp Leu 2la 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 Gly Ser Gly Ser Gly Asp Gly Tle Asp
305 310 315 320

Lys Pro Val Val Pro Glu Gln Pro Asp Glu Pro Gly Glu Ile Glu Pro
325 330 335

Tle Pro Glu

<210> 10
<211> 349
<212> PRT

<213> ARTIFICIAL

<220>

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

<4¢0> 10

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 Gin Leu Thr Asn Val Thr val Gly Ile Asp
20 25 30

Ser Gly Thr Thr Val Tyr Pro His Gln Ala Gly Tyr Val Lys Leu Asn
35 40 45

Tyr Gly Phe Ser Val Pro Asn Ser Ala Val Lys Gly Asp Thr Phe Lys

Ile Thr Val Pro Lys Glu Leu Asn Leu Asn Gly Val Thr Ser Thr Ala
65 70 75 80

Lys Val Pro Pro Ile Met Ala Gly Asp Gln Val Leu Ala Asn Gly Val
85 20 a5



Ay Hs Ile Asp Pro Asn Her Lys Gy Asp Leu Ala Leu Arg Her Thr 275280285
Leu Tyr Ay Tyr Asn Her Asn Ile Ile Trp Arg Her Met Her Trp Asp 290295300
Asn Gu Val Ala Phe Ass Asn Ay Her Gy Her Ay Asp Ay Ile Asp
305310315320 Lys Pro Val Val Pro Gu Gn Pro Asp Qu Pro Ay u lle Gu
Pro 325330335 Ile Pro u <210> <211> <212> <213> <220> <223> <400> 12 349
PAT ARTIFICIAL rdfA PY 221 12 to 559 with additional N and C term nal
residues Hs Hs Hs Hs Hs Hs Gy Her Val Ala Ala Asp Ala Pro Ala Ala

1510151l ¥splThér AsP chi esdhfa1Ass Grheund hnr Asp MalvalhksnVol Ay [le Asp
202530 100 105 110

Thr Lys Asp Asp Val Lys Ala Thr Leu Thr Met Pro Ala Tyr Ile Asp
115 120 125

Pro Glu Asn Val Lys Lys Thr Gly Asn Val Thr Leu Ala Thr Gly Ile
130 135 140

Gly Ser Thr Thr Ala Asn Lys Thry Val Leu Val Asp Tyr Glu Lys Tyr
145 150 155 160

Gly Lys Phe Tyr Asn Leu Ser Ile Lys Gly Thr Ile Asp Gln Ile Asp
165 170 175

Lys Thr Asn Asn Thr Tyr Arg Gln Thr Ile Tyr Val Asn Pro Ser Gly
180 185 190

Asp Asn Val Ile Ala Pro Val Leu Thr Gly Asn Leu Lys Pro Asn Thr
195 200 205

Asp Ser Asn Ala Leu Ile Asp Gln Gln Asn Thr Ser Ile Lys Val Tyr
210 215 220

Lys Val Asp Asn Ala Ala Asp Leu Ser Glu Ser Tyr Phe Val Asn Pro
225 230 235 240

Glu Asn Phe Glu Asp Val Thr Asn Ser Val Asn Ile Thr Phe Pro Asn
245 250 255

Pro Asn Gln Tyr Lys Val Glu Phe Asn Thr Pro Asp Asp Gln Ile Thr
260 265 270

Thr Pro Tyr Ile Val Val Val Asn Gly His Ile Asp Pro Asn Ser Lys
275 280 285

Gly Asp Leu Ala Leu Arg Ser Thr Leu Tyr Gly Tyr Asn Ser Asn Ile
2290 295 300

Ile Trp Arg Ser Met Ser Trp Asp Asn Glu Val Ala Phe Asn Asn Gly
305 310 315 320

Ser Gly Ser Gly Asp Gly Ile Asp Lys Pro Val Val Pro Glu Gln Pro
325 330 335



354045 Tyr Gy Phe Ser Val Pro Asn Ser Ala Val Lys Gy Asp Thr Phe Lys
505560 Ile Thr Val Pro Lys Qu Leo Asn Leo Asn Ay Val Thr Ser Thr Al a
65707580 Lys Val Pro Pro lie Met Ala Gy Asp G n Val Leo Ala Ann Ay Val
859095 Ile Asp Ser Asp Gy Asn Vol Ile Tyr Thr Phe Thr Asp Tyr Val Asn
100105110 Thr Lys Asp Asp Val Lys Ala Thr Leo Thr Met Ser Ala Ala Ile Asp
115120125 Pro G u Asn Val Lys Lys Thr Ay Asn Val Thr Leu Ala Thr Ay lle
1301350403 ¥. 8Ly Ui 1Tl A s ol yak,Leu val Asp Tyr Gu Lys Tyr
145150155160 G y:3ys Phe Tyr AsgicLeo Ser Ile Lys Gy Thr Ile Asp Gin Ile
Asp 165170175 Lys Thr Asn Asn Thr Tyr Arg Gn Thr Ile Tyr Val Asn Pro Ser
Gy 180185190 Asp Asn Val Ile Ala Pro Val Leo Thr Ay Asn Leu Lys Pro Asn
Thr 195@9@265 Asp Ser Asn Ala Leu Ile Asp Gn Gn Asn Thr Ser lle Lys Va

Tyr 5230°Lys Val Asp Asn Ala Ala Asp Leo Ser Gu Ser Tyr Phe Val Asn
Pro 92 % 49-{&G:u Asn Phe G u Asp Val Thr Ann Ser Val Asn Ile Thr Phe
Pro Asn

<220>

<223> rCifAa PY 221 to 5359
<400> 11
Val Ala Ala Asp Ala Pro Ala Ala Gly Thr Asp Ile Thr Asn Gln Leu

1 3 10 15

Thr Asn Val Thr Val Gly Ile Asp Ser Gly Thr Thr Val Tyr Pro His
20 25 30

Gin Ala Gly Tyr Val Lys Leu Asn Tyr Gly Phe Ser Val Pro Asn Ser

Ala vVal Lys Gly Asp Thr Phe Lys Ile Thr Val Pro Lys Glu Leu Asn
50 55 60

Leu Asn Gly Val Thr Ser Thr Ala Lys Val Pro Pro Ile Met Ala Gly
65 70 75 80

Asp Gln Val Leu Ala Asn Gly Val Ile Asp Ser Asp Gly Asn Val Ile
85 30 95

Tyr Thr Phe Thr Asp Tyr Val Asn Thr Lys Asp Asp Val Lys Ala Thr
100 105 110

Leu Thr Met Ser Ala Ala Ile Asp Prc Glu Asn Val Lys Lys Thr Gly
115 120 125

Asn Val Thr Leu Ala Thr Gly Ile Gly Ser Thr Thr Ala Asn Lys Thr
130 135 140

‘Val Leu Val Asp Tyr Glu Lys Tyr Gly Lys Phe Tyr Asn Leu Ser Tle
145 150 155 160

Lys Gly Thr Ile Asp Gln Ile Asp Lys Thr Asn Asn Thr Tyr Arg Gln
165 170 175

Thr Ile Tyr Val Asn Pro Ser Gly Asp Asn Val Ile Ala Pro Val Leu
180 185 190



245250255 Pro Asn G n Tyr Lys Val du Phe Asn Thr Pro Asp Asp Gn Ile Thr
260265270 dvy Asp Leu Ala Leu Arg Ser Thr Leu Tyr @Ay Tyr Asn Ser Asn lle
290295300 Ile Trp Arg Her Met Ser Trp Asp Asn Gu Val Ala Phe Asn Asn Gy
305310315320 Ser Ay Ser Ay Asp Gy Ile Asp Lys Pro Val VvVal Pro Au Gn
Pro 325330335 Asp Gu Pro Gy Qu Ile u Prolle Pro Qu Lys Leu 340345
<210> 13 <211> 321 <212> PRT <213> ARTI FI Cl AL <220> <223> rd f A residues
221 to 531 with additional N and C termi nal residues (delta |atch truncate)
<400> 43 kiySabill Sckirgs Hirs AdnStid 8sGhyr 86 aValieNl acAlsp &sp Ala Pro Ala Al a
151015 Ay Thes Asp Ile Thr Asm G n Leu Thr Asa Val Thr Val Gy Ile Asp
202530 Ser Ay Thr Thr Val Tyr Pro Hs Gn Ala Ay Tyr Val Lys Leu Ass

354045 Tyr G}Y Phe Ser. Val Pro Asn_Ser Al a Val s Gﬁ/ Asp Thr Phe Lys
Gl Asn Thr Ser Tle Lys Val Tyr Lys Val Asp Asn Ala A Asp Teu

210 215 220

Ser Glu Ser Tyr Phe Val Asn Prc Glu Asn Phe Glu Asp Val Thr Asn
225 230 235 240

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 Sexr Trp Asp
290 295 300

Asn Glu Val Ala Phe Asn Asn Gly Ser Gly Ser Gly 2Zsp Gly Ile Asp
305 310 315 320

Lys Pro Val val Pro Glu Gln Pro Asp Glu Pro Gly Glu Ile Glu Pro
325 330 335

Ile Pro Glu

<210> 12
<211> 349
<212> PRT

<213> ARTIFICIAL

<220>
<223> rClfA PY 221 to 559 with additional N and C terminal residues

<400> 12
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 Gln Ala Gly Tyr Val Lys Leu Asn



505560 Ile Thr Val Pro Lys Qu Leu Ass Leu Ass Ay Val Thr Ser Thr Al a
65707580 Lys Val Pro Prolle Met Ala Ay Asp Gn Val Leu Ala Ass Ay Val
859095 Ile Asp Ser Asp Ay Asn Val Ile Tyr Thr Phe Thr Asp Tyr Val Ass
100105110 Pro G u Asn Val Lys Lys Thr Ay Asn Val Thr Leu Ala Thr Ay lle
130135140 Gy Ser Thr Thr Ala Asn Lys Thr Val Leo Val Asp Tyr G u Lys Tyr
145150155160.8y Lys Phe Tyr ,Asn Leu Ser lle.,lys Ay Thr Ile Asp Gn lle
Asp 16517017§ Lys Thr Asn Asn Thr Tyr Arg Gn Thr Ile Tyr Val Asn Pro Ser
Ay 180185190 Asp Asn Val Ile Ala Pro Val Leu Thr Ay Asn Leu Lys Pro Asn
Thr 1985200R205:Aspr Ser PAsnsAl sexl ee Vi LASE1GE mpGhy AsnisEhr Ser |le Lys Val
Tyr 210215220 Lys Val Asp®Asn Ala Ala AspfLeo Ser A u Ser Tyr Phe Val Asn
Pro 225230235240 G u Asn Phe G u Asp Val Thr Asn Ser Val Asn Ile Thr Phe

Pro Asp 245290255, Br,Q c“%%@ﬁls TYdu kYS oYalvaG M, Fhg Asnathr Pro Asp Asp Gn
e Thie268205270 75 80

Lys Val Pro Pro Ile Met Ala Gly Asp Gln Val Leu Ala Asn Gly Val
85 20 95

Ile Asp Ser Asp Gly Asn Val Ile Tyr Thr Phe Thr Asp Tyr Val Asn
100 105 110

Thr Lys Asp Asp Val Lys Ala Thr Leu Thr Met Ser Ala Ala Ile Asp
115 120 125

FPro Glu Asn Val Lys Lys Thr Gly Asn Val Thr Leu Ala Thr Gly Ile
130 133 140

Gly Ser Thr Thr Ala Asn Lys Thr vVal Leu Val Asp Tyr Glu Lys Tyxr
143 150 155 160

Gly Lys Phe Tyr Asn Leu Ser Ile Lys Gly Thr Ile Asp Gln Ile Asp
165 170 175

Lys Thr Asn Asn Thr Tyr Arg Gln Thr Ile Tyr Val Asn Pro Ser Gly
180 185 120

Asp Asn Val Ile Ala Pro Val Leu Thr Gly Asn Leu Lys Pro Asn Thr
195 200 205

Asp Ser Asn Ala Leu TIle Asp Gln Gln Asn Thr Ser Ile Lys Val Tyr
210 215 220

Lys Val Asp Asn Ala Ala Asp Leu Ser Glu Ser Tyr Phe Val Asn Pro
225 230 235 240

Glu Asn Phe Glu Asp Val Thr Asn Ser Val Asn Ile Thr Phe Pro Asn
245 250 253

Pro Asn Gln Tyr Lys Val Glu Phe Asn Thr Pro Asp Asp Gln Ile Thr
260 265 270

Thr Pro Tyr Ile Val Val Val Asn Gly His Ile Asp Pro Asn Ser Lvs
275 280 285



Thr Pro Tyr Ile Val Val Val Asn Ay Hs Ile Asp Pro Asn Ser Lys 275280285
Gy Asp Leo Ala Leo Arg Ser Thr Leo Tyr Ay Tyr Asn Ser Asn |l e 290295300
Ile Trp Arg Ser Met Ser Trp Asp Asn G u Val Ala Phe Asn Asn Arg
305310315320 Ser <210> 14 <211> 311 <212> PRT <213> ARTI FI Cl AL <220> <223>
rcfA residues 221 to 531 (delta latch truncate) Val Ala Ala Asp Ala Pro
Ala Ala Ay Thr Asp Ile Thr Asn G n Leu 151015 Tilt Asn Val Thr Val Ay lle
Asp Ser Ay Thr Thr Val Tyr Pro His 202530 G n Ala Gy Tyr Val Lys Leu Asn
Tyr 4 y1Prie nSemn: Valu P AsnTiSet-324042y Alva Mal sdeyssaiCGrywe Asp Tilt Pile Lys
Ile Thr Vapo Pro Lys A u L= Asn 505560 LewoAsn Gy Val Thr Ser Thr Ala Lys
Val Pro Pro Ile Met Ala Ay 65707580 Asp G n Val Leo Ala Asn Ay Val Ile

Asp Se V 59095 Tyr Thr Pi Th Tyr Val Asn Thr Lys
Asp As Ele\/a]Fp ?y% °Af a de ah%rfél%’é’l%%ﬁ% 6%3 rl‘ IJheF’“F &ﬁ Aggé/ lle Asp Pro Qu
Asn VaI Lys Lys Thr Gy

Ser Gly Ser Gly Asp Gly Ile Asp Lys Pro Val Val Pro Glu Gln Pro
325 330 335

Asp Glu Pro Gly Glu Ile Glu Fro Ile Pro Glu Lys Leu
340 345

<210> 13
<211> 321
<212> PRT

<213> ARTIFICIAL

<220>

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

<400> 13

His His His His His His Gly Ser Val Ala Ala Asp Ala Pro Als 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 Gln Ala Gly Tyr Val Lys Leu Asn
35 40 45

Tyr Gly Phe Ser Val Pro Asn Ser Ala Val Lys Gly Asp Thr Phe Lys
50 55 60

Ile Thr Val Pro Lys Glu Leu Asn Leu Asn Gly Val Thr Ser Thr Ala
65 70 75 80

Lys Val Pro Pro Ile Met Ala Gly Asp Gln Val Leu Ala Asn Gly Vval
8s 90 85

Ile Asp Ser Asp Gly Asn Val Ile Tyr Thr Phe Thr Asp Tyr Val Asn
100 105 110

Thr Lys Asp Asp Val Lys Ala Thr Leu Thr Met Pro Ala Tyr 1Ile Asp
115 120 125



115120125 Asn Val Tilt Leo Ala Thr Ay Ile Gy Set Thr Thr Ala Asn Lys Thr
130135140 Val Leu Val Asp Tyr Qu Lys Tyr Ay Lys Pile Tyr Asn Leu Set Ile
145150155160 Lys Gy Thr Ile Asp Gn Ile Asp Lys Thr Asn Asn Thr Tyr Arg
G n 165170175 Thr Ile Tyr Val Asn Pro Ser Ay Asp Asn Val Ile Ala Pro Val
Leo 180185190 Thr dy Asn Leo Lys Pro Asn Thr Asp Ser Asn Ala Leo Ile Asp
G n 195200205 G .n Asn Thr_Ser 1le s _Val_ Tyr s Vval p Asn Ala Ala Asp
Leu 21 1%%?3“ er Wal"Ash, | %ley %‘f‘ﬂ lvéheThf’ri‘(ig ﬁﬁ%ﬁogﬁ,&sﬁﬁ% n Tyr Lys Val Gu
Phe 245250255 Asn Thr Pro Asp Asp Gn Ile Thr Thr Pro Tyr Ile Val Val Val
Asn 260265270 Gy His Ile Asp Pro Asn Ser Lys Ay Asp Leu Ala Leu Arg Ser
Thr 275286285hi dbr Fyp AEhyLYyFyThrARnl Sew vAhrksp|iar|$lg MrspTArg Ser Met Ser Trp
Asp 296295300 Asn du WAl Al a Phe Ann‘!Ann 305310 160

Gly Lys Phe Tyr Asn Leu Ser Ile Lys Gly Thr Ile Asp Gln Ile Asp
165 170 175

Lys Thr Asn Asn Thr Tyr Arg Gln Thr Ile Tyr Val Asn Pro Ser Gly
180 185 190

Asp Asn Val Ile Ala Pro Val Leu Thr Gly Asn Leu Lys Pro Asn Thr
185 200 205

Asp Ser Asn Ala Leu Ile Asp Gln Gln Asn Thr Ser Ile Lys Val Tyr
210 215 220

Lys Val Asp Asn Ala Ala Asp Leu Ser Glu Ser Tyr Phe Val Asn Pro
225 230 235 240

Glu Asn Phe Glu Asp Val Thr Asn Ser Val Asn Ile Thr Phe Pro Asn
245 250 255

Pro Asn Gln Tyr Lys Val Glu Phe Asn Thr Pro Asp Asp Gln Ile Thr
260 265 270

Thr Pro Tyr Ile Val Val Val Asn Gly His Ile Asp Pro Asn Ser Lys
275 2890 285

Gly Asp Leu Ala Leu Arg Ser Thr Leu Tyr Gly Tyr Asn Ser Asn Ile
290 295 300

Ile Trp Arg Ser Met Ser Trp Asp Asn Glu Val Ala Phe Asn Asn Arg

305 310 315 320
Ser

<210> 14

<211> 311

<212> PRT

<213> ARTIFICIAL

<220>
<223> rClfA residues 221 to 531 (delta latch truncate)

<400> 14



val

Thr

Gln

Ala

Leu

65

Bsp

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

FPhe

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

Lvs

Val
230

Ala

ile

Leu

Phe

55

Thr

Gly

Val

Ile

Gly

135

Lys

Ile

Ser

Asn

Val

215

Asn

Ala

Asp

Asn

40

Lys

Ala

Val

Asn

Asp

120

Ile

Asp

Gly

Thr

200

Tvr

Pro

Gly

Ser

25

Tyr

Ile

Lys

Ile

Thr

105

Pro

Gly

Gly

Lvs

Asp

185

Asp

Lys

Glu

Thr

10

Gly

Gly

Thr

Val

Asp

20

Lys

Glu

Ser

Lys

Thr

170

Asn

Ser

Val

Asn

Asp

Thr

Phe

Val

Pro

75

Ser

Asp

Asn

Thr

Fhe

1535

Asn

Val

Asn

Asp

Phe
235

Ile

Thr

Ser

Pro

60

Pro

Asp

Asp

vVal

Thr

140

Tyr

Asn

Ile

Ala

Asn

220

Glu

Thr

Val

Val

43

Lys

Ile

Gly

Val

Lys

125

Ala

Asn

Thr

Ala

Leu

205

Ala

Asp

Asn

Tyr

30

Fro

Glu

Met

Asn

Lys

110

Lys

Asn

Leu

Tyr

Pro

120

Ile

Ala

val

Gln

15

Pro

Asn

Leu

Ala

Vai

95

Ala

Thr

Lys

Ser

Arg

175

Val

Asp

Asp

Thr

Leu

His

Ser

Asn

Gly

80

Ile

Thr

Gly

Thzr

Ile

160

Gln

Leu

Gln

Leu

Asn
249



Ser

Asn

Gly

Leu

Asn
305

Val

Thr

His

Tyr

290

Glu

Asn

Pro

Ile

275

Gly

Val

Iie

Asp

260

Asp

Tyr

Ala

Thr

245

Asp

Pro

Asn

Phe

Phe

Gin

Asn

Ser

Asn
310

Pro

Ile

Ser

Asn

295

Asn

Asn Pro

Thr Thr
265

Lys Gly
280

ile Ile

Asn Gln Tyr
250

Pro Tyr Ile

Asp Leu Ala

Trp Arg Ser
300

Lys

Val

Leu

285

Met

Val Glu
255

Val Val
270

Arg Ser

Ser Trp

Phe

Asn

Thr

Asp



