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"TREATMENT OF M CROBI AL | NFECTI ONS" | NTRODUCTI ON The

present invention relates to inproved m crobi al
wW@pivgesyacci nes, pharnmaceuti cal conpositi onsPCT/EP2009/051033

I mmunogeni ¢ conpositions and anti bodi es and their use

in the treatnent of mcrobial infections, particularly

those of bacterial origin, including Staphyl ococcal

origin. Miultiple drug resistance (MDR) is an

i ncreasing problem amongst gram positive bacteria,
particularly i H'Rﬁﬁg'MElNglggF “&ﬁ@qgeﬁ'ew%;ﬂoh@e of
anti biotics and other agents to treat bacteri al

i nfections has led to the rapid devel opnent of

INTRODUGHOB resistant to the agents and many bacteria
The "H¥@MUNERIR HHGs! &1 8 micBial tam%ggn ' \?adaf?\\é’s,arpharmaceutical
need to provided I nproved therapies for dealing wt

compogiéinsd riNUNesere AvmAoaitiens iad santispdiphyandcibeisi user i the treatment of
microga@me%f?@ﬁ%, EX[%CL*H%@{ tﬁ?i@oﬁac%ﬂgle&rfrg&g|nc®gﬁp§ta@}r¢gbgc?ééorigin.

arrange gra e irregula uste
menbers of the normal flora of the skin and nmucous

onfETRR 1880 d YIRS, oo 5o SHE BT BN g R 35830 o

partidulariglin deppitatsa dineawidPsprhad) &se of ahﬁqﬁbijdscwmic%iheroég@ms to treat bacterial

. b , I 1d pr. c

riecIPAL RPLEGE LGRFRH b uRhe Bt AR B garnys and many

bacteSa amdvel maltipleudrugasestariceasThis) thpec igfzsovlv1 'Ié}‘l aeg@ (r:t@ g:rﬁwdjéd improved
/ f cl t an a ocC u

theraélgg gctr?’se a%i%‘&ﬂ’;&b%ﬁ%ﬁ@ Egsosﬁ?’ﬂgfﬁﬁ?t?m%g; ang ét aphyl ococcus

saprophytics. Staphyl ococcus aureus is
ul.ase- positive fferentiates it fromthe

- whi ch dj { . :
Stapt{ecace S Fiam-pasitie, Periena o PHRLICEr SHRRen YgURIN FFanged in grape-iike
irreguiarmaters AISTRTE areRE bR Bt AerPnab A6R ¢IRE skih aRd nAWoRY Snembranes
i nf ect jfetinme, ranging in severity from

of humgps %ﬁgfg&%ﬁ%g&ﬁ#mr agggess fofmation chwarieyy glerusiagnic infections, and
even lfathPséiic@@hRNI PathoBEME tstaihglocdét oftBA HénfshBeRE8Gd, | dagulate plasma,

st aphyl ococci. are normal human flora which sonetines
and proglyse 3 vafigtyiaf gitracsilulanenzygiesiafddexing -t h i npl ant ed

devi ces, especially in very young, old and

i mrungconpron sed patients. Approximtely 75% of the _
The genusc Plagfigloernsye dasyalc baghiBaserasiegat iThe Bregmaimseedes of clinical

oo Wp SR CERAS TLE, SPAPERRNS i, ang Saphiocoas
saproghyfise's.s peiephsdocgeeud ageus irpeagulase-positivephilich cliffarentiates it from the
v SELG 1S BB Qfr o o o bR noPsome e
of S. gufdusrirfactiont dwinghe ffetimenrangéngsinrseperty dom fodd. poisoning or minor skin
infections to severe life-threatening infections. The coagulase-negative staphylococci are
normal human flora which sometimes cause infection, often associated with implanted devices,
especially in very young, old and immunocompromised patients. Approximately 75% of the
infections caused by coagulase-negative staphylococci are due to S. epidermidis. Infections
due to Staphylococcus warneri, Staphylococcus hominis, and other species are less common.
S. saprophyticus is a relatively common cause of urinary tract infections in young women.
Staphylococci  produce catalase, which differentiates them from the streptococci. S.
lugdunensis is also relevant in a clinical and is present in approximately 5 to 10% of cases of

infective endocarditis.

S. aureus colonization of the articular cartilage, of which collagen is a major component, within
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| ugdunensis is also relevant in a clinical and is
present in approximately 5 to 10% of cases of
W0 njoeo9i4se endocarditis. S. aureus col oni zat i oPCDEP10#051033
articular cartilage, of which collagen is a major
conmponent, withinthe joint space appears to be an
i mportant factor contributing to the devel opnent of
septic arthritis. Hematogenously acquired bacteri al
arthritis remains a serious. nedical Prqblenl Thi s _
the jpigh SBRGP ﬁ?%’%é‘éi%@eafbﬁw%aﬂh faptfecantriRifing do jtog gevelopment of septic

arthritis S eRefatdgendLsy ia@éﬂxiiedtbhcﬁ!ri@ﬂéﬂﬂttig-reﬁﬁﬁl 5 @ddribus hiR¥fecal problem. This

t han 50% of the infected patients fail to recover

rapidly @rﬁg@fssig%,apggggl]%pﬁqtr@gyﬁi@@t diseage isodifficulf t geadicate. Typically, less
than Eb%d&rfhé‘ #EctdR bARIRN i koS8l NI l@‘Qr{rBJSs j@iﬁfn b&RASe. Wst Bureus is the

emat ogenous and secondary osteonyeliti
prederpisgnt athagan pisplatast dronst agully Patieitie uwith dimatpgensys hand secondary
ostegmydhtid.€us are a major cause of infection. Initial
| ocal 1 zed infections of wounds or indwelling nedical
devices can lead to nore serious invasive infections
) o . o Cr .
In neSizR8 (Bt " RBrRtocOR S NRERle b, BB, drBuE 3t gy mavor cause of
infectirvi wéia) lophlizediinfeatinhs rod tvedundsiof ides!libg ouedicat deviess gart lead to more

sorc g BLETRORRE, BY' e A GHAS SUBERST REIIEHRS cplbbarsi.
infectidnsAissaciated svithmoledicai €evisesy plagtio and awltal Badaassi ecome coated with host

s 5158 e bFSs Bgh £ Bl SPAbAPrh S Ay ptirmtaaton. Tris
abilitreft S.edieess arat othéi staphyldoeacdl basleria o adingte ¢atHdsa praasins & essential to
eni ¢ .and Prone to

e -G CVRRGE b Bl GupdEls 2l hoart vaves, anc
cardiagiragist i dcevigesear! ltyrombegsmis t artRIPagH do PBAdGEE Ncdlbnigdtioh. Of the

ipnfections. A significant increase in S. aureus
staphyegpcrelEaqiia, < aHRYsis Jesral e Bostiarpagingpatbpgen of such infections.

antibiotics currently available to treat infections

. has been observed in hospitals throughout the world. o
A S'gﬁﬁea'?}év%rﬁaﬁrghﬁ Gurgssnipelptes that exhitihvipsistance for gt qfaibe antibiotics

curreftly @iaRabla &y #8&Enfebtidrdf RGIHeRA BBV EQ|n ROXPithIs FFbUFut the world. The
Unf or t unat el enicillin-resistant organisns quickly

develgpppate?f %ﬁ{EFi%ihég feBgat §r axews A¥as dinstieicadugase in infection control and
treatrBéHt 2 OMEHunaldly, Thehlefin- Ry 6FdaAR Y qBM&S ¥mBRYI amdttﬂe need for new

_antibiotic, aureus has been abl e to countier
antibigtigsavasapargewunt | YWihelhie patradsiction ef enenyiney antibiois,nS , ausews has been
I t c n pr in 1 e t erj
sle 181 84n ik SRR oA bR 1R G B co
membyane psoteivRSApwimgdthe bactatiuay ta peisist.arfonseguaritlyreettagiin-resistant S.

abl i ' ; ds, . itals., .
auro S8 30 FEHAN AR B0 Rl BBy SRl i maor
foothaliti4h invhespitbiscdndrewrsing: Hondes 419884 tlaendioNt | (Clymamberd) LF., €lin Microbiol

Rev, #173, 19887 ahE MuniddnSmk., 3P22)am JOMEY 043P 3bod) foddl, aimost half of

the staphylococcal strains causing nosocomial infections are resistant to all antibiotics except
vancomycin, and it appears to be only a matter of time before vancomycin will become

ineffective as well.

Thus, there remains a very strong and rapidly growing need for therapeutics to treat infections
from staphylococci such as S. aureus which are effective against antibiotic resistant strains of

the bacteria.
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t he staphyl ococcal strains causing nosocom al
infections are resistant to all antibiotics except
W 2000099463 N, and it appears to be only a natt ePCDEP10091€51033
bef ore vanconycin will becone ineffective as well.
Thus, there remains a ver:%/ strong and rapidly grow ng
need for therapeutics totreat infections from
st aphyl ococci such as S. aureus which are effective
ai nst anthbl otic resistant strains of th

In grgéﬁcp%ﬁjtfvg pahegens, ﬁB@T a5 awqegﬁgn§treg@e@pca§nd Enterococci, proteins,

calledhadiins) afeeitite sH RRICASAS $or AFhplNbYEpRARAIRL coBh%ﬁ‘érﬂ%ﬁachment to
cal |l ed adheS|ns nedi at e such |nfect|ons or exanp

blood, glots gRetirawnatised Hisser.i Hheseasresiisn@inrobial surinsa %CF"@!S@S are termed
MSCRAMMS @Hembia? §W$dé&5ﬁ%on€ﬁﬁ%c% M\és b&hé@i\}errﬂgﬂrlﬁlmolecules) (Patti, J

surface adhesi ns are terned (mcrob

et al.s 4pr atek Misiohioh 8585 @0 AP4i Rajti, akllaad iHoek b, r@ur Opin Cell Biol., 6:752-
758, Zgﬁguhﬁé“d RANRIE! hpec?ﬂcallftrﬁ.@éggrl]zfagg E’SMR/Md: %?b%'Pﬁr matrix (ECM)

5-617, 1994; Patt
compoapnts ghigh, as Gbmmecting Srinagay collagsoranelagtioc Thesel MBCRAMMSs are

found iﬁcrﬂ&we%r@ma&feltplh rbggﬂo%ieﬁé(%é‘f‘rfe' . é”'nﬁ[‘» a%%sga&éﬁﬁéwre relatlefj, they have

suc ronec
Slmllaarmmbdylaasﬂesngn am s mMBERANNG demainfoogamization.many gr am
positive pathogens and their am no acid sequences are
rel ated, they have simlar nodul ar design and conmon
MSCBAMMsnen thenaaterial galhisadadeoand nmes\lwmnmmet hoest iesitecinterdct in a lock

ot 5 B R e A0 A e ﬂiqiwnz«%ﬁﬁsw
for bactesalesweivall abddiedps datierih hevakloshost Agitersdeo mdchamibingnand antibiotic
885 58 RS T DG PP S ot s, e
physiolbay isedrgeaticdlp Gitetdalcarbddraading beviporsehes sl a8 io)(ms and enzymes are

seref ] SR 5 S St e s Ao AN LSt ek bocome

resistast tb te KIFing Bfle@d? HiveSarRibftie€Cr et ed. Moreover, the
adherent bacteria often produce a biofilmand quickly

becone resistant to the killing effect of nost

A ba@8fiurRicahi &@resd MSCHAMMEMERYeBIGHIRS & \Mﬁgﬁ%ﬂvﬁnaﬁ&aﬁroteéns Ligand-

recogni ze a variety of matrjx proteins. Ligandbindi

binding; gites in MWM%EI%@&@Q be slefiaed; by irplativaly shast gentigepys stretches of
ammoSE@iBts BhdBURHSRIFHL I BE@JU%% &'sirdfEy riﬁotﬁct‘baﬂ ?oun ﬁ\sseveral different

tifs). Because a simlar notif can . .
SPGC'%SleelP%qtef& ftrappgats %ﬁo@@u@% these Hanatienalzmotifs asmp@ae@e@@o interspecies

f Ot 505,
transfbhgﬂérag%id;ﬁgg fepdgint (BFHP d7%2- @o§g® gﬁ%@&&? asingle MSCRAMM
can s@nelimesbing sevezd), EQMQJQ?ndSL n add| tion, a single MSCRAWM

can sonetinmes bind several ECMIi gands.

MSCRAMMSs can mediate infection by binding to proteins including Fibrinogen (Fg) and/or
Fibronectin (Fn) etc. Fibrinogen and Fibronectin are proteins found in blood plasma and play

key roles in hemostasis and coagulation.

Fibrinogen is composed of six polypeptide chains, two Aa, 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.

Staphylococcus aureus has several surface expressed proteins which stimulate platelet



MSCRAMMs can nedi ate infection by binding to proteins

i ncl udi ng Fi brinogen (Fg) and/or Fibronectin (Fn) etc.
wo-plplovagen and Fi bronectin are proteins foundPCHERI009051033

pl asma and play key roles in henpstasis and

coagul ation. Fibrinogen |Zg conposed of six pol ypeptide

chains, two Aa, two Bb and two g-chains. The Cterm nal

part of the g -chain is biologically inportant and
inte rin durin | at e

A S, S Bt S AT ot

not ||ai.t§@tdm@g@|togm1§3y St aphyl ococcus aureus resulting in
Fi bri nogen-dependant cell clunping and tissue

adherence. Staphyl ococcus aureus has several surface
expressed Fﬂfrmbgémﬁmwﬂg @Fbté.hldmﬁpaﬁ@a@{&% Elchi;
Aactivation and aggregation t aphyl ococcus aur eus
5 MBCRAMWNT pFiriapgen PiRging @eoteintclumringtactariBCifBY t o t he
f ol I oW NgFiprofd g,r,lf f‘?&g‘d% npi ng
factor A l r? é)C B |n?oﬁg}gﬁd1%0wcfpk3':pr'gégl n cl unpi ng
factor B (blfqif&CTln-flenQﬂeﬁrmmlﬂlumthm BribeMBhandi ng
protein. Ag( n r bi ndi ng
protein B (Eﬂvgggéurfacedi r&%@g%%?eﬁééguér%ggeggpr ot ei ns
SasA, SasG SasK etc. Table 1 bel ow outlines a
I vV c
10  Table'f b?ff‘)w &ﬁlbn‘r%fg éﬁ %él’lﬁ gﬁ éﬁgr o({]el %éﬁﬁ%E@%ae@%ﬁ (g él wall-anchored surface
protemsot ei n aaa Ligand(s) Mdtif Sortase" Protein A (Spa)
508 | nmunogl obul i n, von Wlﬁbgpga‘nd LPETG A Fact or,
TNFRO Fi bronectin bi ndi ng in A1, 018 Fibr onectl n,

T1brinogen, elastin LPETG A L FNDpA) FIrbronectrn
Surfgeaviptaly prot ei n B 844 Hydndhectin, fibrinogen, eMadti Bortase

LPETG A (FnbpB) d unpi ng factor A (CIfA) 933

Fi bri nogen. conpl enent factor | LPDTG A Cl unpl ng factor
Protgin AGEP®M) 913 Fi br i $Ageimmunggiotiuin, aon WilltbrabPETG ALPETG 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 1,166 Unknown LPETG A
Pls 1,637 Unknown LPDTG A
SasA 2,261 Unknown LPDTG A
SasB 937 Unknown LPDTG A
SasC 2,186 Unknown LPNTG A
SasD 241 Unknown LPAAG A
SasE/IsdA 354 Heme' LPKTG A
SasF 637 Unknown LPKAG A
SasG/Aap 1,117 Unknown® LPKTG A
SasH 308 Unknown LPKTG A
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Col | agen adhesi on (Cna) 1,183 Col |l agen LPKTG A Sdr C
947 Unknown LPETG A SdrD 1, 315 Unknown LPETG A Sdr E

wa 20088948known LPETG A Pls 1,637 Unknown LPDTGGI/BR209/051033
2,261 Unknown LPDTG A SasB 937 Unknown LPDTG A SasC
2,186 Unknown LPNTG A SasD 241 Unknown LPAAG A
SasE/ | sdA 354 Hene' LPKTG A SasF 637 Unknown LPKAG A
SasG Aap 1,117 Unknown9 LPKTG A SasH 308 Unknown LPKTG

ASaslktlEar Allsdll 205 Hantgonlohin [DPDKTG A Sas]/| sdB 645
L)

Sashaamgédsbi n, hene LE’@TG-Ié‘pt@&% 2 11 Unknown LPKTGpATG A
I sdC 227 Heme NPQTN B a aa, protein length in am_no
Sasévzﬁd s. b Ml ecul ar tonpoRHRHs e Pecogni zed and BERRE A
SasRy protein. O Consgfwsugnkieiwhf recogni zed by sortprgg A
nd present in Ctermnal cell wall sorting signal. d
ISdCgortase for which €&l 1H@8f| surface protein is NPQTN B

sStbstrate. o TNFR, - COnor —HecrosT S act ot f C\,\.,p.t ot
"al so binds to proteins in desquanmated epithelial

celda, preteipiangthdn areisp seidmce to bactericidal |ipids and
I i ' 2d nasal
M BiaF ?d%p%r%é@?flegdgﬂlgéd %r@_ nﬁWélﬁ.

epithelial cells. Involved i m formati on. O her

St 4PRANS TR e recRgnided by soriasp Arekriesenip Sderminaheey el gorting signal.

prégorbdesol WRBRAMVEI) suhdeaiiotain & sibstiastear t o the cl unpi ng
roteins |listed above. These

f S, or bi ndi
| ndNi e gt et s i TP ¢ o
Falso binds to proteins in desquamated epithelial cell. Promotes resistance to bactericidal lipids

and lactoferrin
Yalso binds to desquamated nasal epithelial cells. Involved in biofilm formation.

Other Staphylococcal bacteria express surface expressed proteins (MSCRAMMSs) which are
similar to the clumping factors or binding proteins listed above. These include but are not

limited to:

- 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. Fbl 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
Fbl has been mapped to 313 amino acids, and shows 62% identity to the
corresponding region in clumping factor A (CIfA) from Staphylococcus aureus.

Other ligand-binding proteins/adhesins include Isd proteins (iron-regulated surface
determinants), which although all of them are not MSCRAMMSs per se (e.g. IsdB and IsdH)
promote adhesion of bacteria to extracellular matrix components and are referred to herein as
“MSCRAMM-like proteins”. It is known that IsdA promotes adhesion to squamous cells, 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.
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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- SdrF, SdrG and SdrH from S. epiderm dis wherein
Sdrd F have been shown to bind fibrinogen and

wae@olagan - Fbl from Staphyl ococcus | ugdunensPGI/EB2089/051033
fibrinogen-binding protein. Fbl is a nmenber of the
Sdr-famly, a group of saé';\phyl ococcal cell surface
proteins containing a chatacteristic serine-aspartate
repeat region. The fibrinogen-binding donain of Fbl

n mapped to 313 am no acjds, and shows

termiNCRRATING SPBMBHEINABe edael oy Cdh 479 FHPRS GRS Hgciural features that

are dopmhel tohall GoIl-Rall BhEHBr&d PRIYhS EREeHSe RN GHa‘in pEhithed bacteria, including
| i gand- bi ndi ng protei ns/ adhesi ns incl ude sd proteln

C”B(l ron-regul ated surface determ nants), which although

all of themare not MSCRAMVs per se (e.g. |sdB and

I_sdl—tD pronot e adhesi on of bacteria to extracellular
Clumpingrfagtoe AnfsdiAb ek exataplar is & syrtacedecated hetein of &aphylococcus aureus.

CiA isMRERIDMaht bifuIiRBLBE of S! hulets. kl'i‘@l’)‘ﬂnbtﬁ\gg t ﬁﬁjeagatnogenesis of septic

ronot'es adhesion to squanous cell's,
arthng aneiengogasditis.i QA isolje rarchedypfei era;fae’mm of susfaceragsociated proteins with

s S B 3 34 BT M R LT

aureus adhesin identified. Fibronectin-fi b;i Bogen
' d, Fi J n-fibrj.noge . .
o Rgh% SICHEID i SRR AR IRE e AR Begion. wri
compmiseéath_réwseﬂarata_@l foldedtsabdemdiosiNd, Na dnidrdB.tThe & adomain is followed by a
song 5 BRBELioRS i S SPR At A 0l 3L deson i
contais| theleDTm-Iniotlalfmemﬁde-pmt\ﬁeﬂSanemﬂr@S@etdeIdell wall. CfA is present in

t
orac ST 5 kR S P o S ke, O, s FE Kihanon m story L
Mackler Kt €'NeidfG SDEY)WFP.D(ZMOQ)JSArQIéhEUémbibedhsl &f adhelsmoaﬁd %}&n genes in

naturd o lies pESlsPhuBERctis BT vert 4 HOGASY 9P 1 Binds to the C-
termuﬂsf ¢9f th% J-Bigai ot higtivigerofana i QﬁérbMy @Ble to induce clumping of bacteria in
e assom at ed I@%Ot eins wWth

f'b””%” Wiieg| (Mebgyittdy: Tanpyaty, bt hieyse- P%W%Knéelbﬁt Theer N, McEntire L,
Fostet 111 H&sk v ({3978, C@é@enzﬁi’ubﬁ &l fhe ﬁlécrﬁctféﬁ Nb&ivBén aEhéﬁé’tezphylococcus

amno acid N-term nal domai n_ (the Fibrinogen B

aureusciBpNg fagtPe KCIFINA §€@>“Q95Pf‘egué dpBipghiam 247 16«24 and McDewtt D,
Francdl0e O TR dkuxNP 1 Fod¥er emd(@&) MBBchadOREhQelisatibh deQW@Q:IILFNpmg factor

a serine-aspartate di pepti'de repeat region an
(fibringgen tecawér)r@éﬁ@aﬁ&w@cemmuw& Mgl erobw{nd 123 AH#8Ri ns t he
LPDTG notif for sortase-pronoted anchoring to the cell
wall. CIfAis present in practically all S. aureus
3D Stswthahgna(l%cb@lﬂshd the oelatadEfibrinegen-bindihg ptatetrsa®drG and CIfB has

revealg Wit tlln% |I%§“I lsdlﬁ%ﬁ(aon%?ﬁ ! Il%eslae})éla't\%?dé%rgfegn%zgre Al cgén%(%ed of three

conbi na esihand o
subdomains N1, N2 and N3, with residues 221-559 correspondmg to Regions N2-N3 being the

smallest truncate that retains the ability to bind fibrinogen. It has been found that amino acid
residues 532 to 538 correspond to the latching peptide region of CIfA. Each subdomain
comprises nine B-strands that form a novel IgG-type fold. The fibrinogen y-chain peptide-
binding site in these proteins is located in a hydrophobic groove at the junction between N2 and
N3. It has been found that there is significant structural similarity between the 3d structure of
these proteins, this is due to one or more of related amino acid sequence, similar modular

design and common binding domain organization.

SdrC, SdrD, SdrE, FnBPA-A (all seven isoforms) and FnBPB-B (all seven isoforms) have
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natural popul ati ons of Staphyl ococcus aureus. |nfect

I mmun 70:4987-4996). It binds to the Cterm nus of the
w@2000k098483 of fibrinogen, and is thereby abl e tRCT/RPR00%051033

clunpi ng of bacteria in fibrinogen solution (MDevitt

D, Nanavaty T, House-Po o K, Bell E, Turner N,

McEntire L, Foster T, Hodk M (1997) Characterization

of the interaction between the St aphyl ococcus aur eus

s A o e W eS8l B e ot

expeftos tehavbhé $894)sD\Meanbar characterization of the
clunping factor (fibrinogen receptor) of

St aphyl ococcus aureus. Ml M crobiol 11:237-248). 3D
IsdA §5d eiBWoAtot ARG el sant ?Ee bfstareirt |3§ dlfedr@o@%rotems They have a novel

fibri nogen bi ndi ng profteins SdrG as reveal'ed

motif caligd N Twwriairmveﬂ ﬁghg@nechm"rg .Hwewer thecBAT anctif isgsimilar to the
3D SM&G% d?SCIﬁBIeS@' lin W@@rﬁpﬁedt&@@arﬂmpméﬁ sh’aﬂds g?eta sandwich

wi th reésidues 221-559 corresponding to
fold thet sensists o tw divesiandast antinandigt betahsheetdtanidnis a mreaember of the Ig-

supeﬁQ‘m r¥ EP‘! Eoezbéln% iitfoh %tgkﬂﬁur}esé,ft thQaﬁER?e(NEfA‘?uﬂgn%ﬁb?tted) Domain from

resi dues 8 correspond to't
!sdH/HatPchthﬁg-hpepm|+¢mn¢®@fmmrﬂemp©rﬂm Staplotocsud doinaish J. Mol. Biol. (2006)

360:4%%{%?5 ?ﬁ% BP: s@%c{uﬁe 5f thE R Rl Jf%dg%e ﬁeg]ngel’eﬁégsdsl\%tgér?éﬁrgsidues in loop

rinogen y-chai n pepti
1b-2 predistedprot ei ns i s Iocat ed in a hydrophobi c groove at
the junction between N2 and N3. It has been found that
there is significant structural simlarity between the
Expre3dios taf (ifiAusre Soautehe bemperst ghagscytbsis dy ibstrdmectophages ard neutrophils

a5 A6 A S g B tyoesa
clumgiity factosdy impddeBiitacforiaige meg@eym%)fl\%m)/nﬁﬁm fF8@Bs5 Bnd Higgins J,
Loustrer /4 <YATh KRR AR a1 STIRIAGY iBteT: b4 20 o Eprs tactor A of

Staphmbchb%wmﬁsemhlbﬂs bhadory®sishtsy Bafign §5Iyﬁlbf;ﬂ@hu<§|€ar IbGkbRdytes. FEMS
me._ type of structure as C

vicrob 4S50 W P S i B s e coponcen

mecha\ﬁﬂsmf‘aﬂd&olminbgéh inde érﬁt@ﬂﬁnﬁbﬁ%lé}ﬂ |nldewea§r platelts Befdctivated by
tif is simlar to t D structure of or Sdr, in

bacte{iekPressies SACBEPU it 1teraRioD s CBp lasiereingdo @BBiegation. This is

most éﬂlﬁi@mlyﬁ@xefcgie@ Wi fllﬁi%?éﬂsspr@éerﬁ ViUt ftﬁéf@ lsséIE@QQi%ﬂnogen -independent
anti parall el beta shee iIs a nmenb

Pathweg;{%zﬁtﬁleﬁﬁwam (Leaglémaev\ Fitggenald dR. QfenmemMFé hbggmﬁé Downer R,
Cox IB'EﬁerstéNw (2-(56 ﬁB%t@ﬁ)nbM@hnuﬁrﬁffﬁBg‘I&ﬁﬂ %ACOFFI[S]STGM in platelet

Human n Receptor ©n Staplococcus aureus
activajien prm@ed gi1)'26taejvyletrerezvcass Rureyp) clameing dacior Ae thdal dVliofobidh &7:804-818

and dl\%g%] qu{e'élfu%r A d\{vztﬁg\gf@? HBESTMS Bergds 209485 FRrdid'D.J., Foster T.J.

& Cox D. (2002) Multiple mechanisms for the activation of human platelet aggregation by
Staphylococcus aureus: roles for the clumping factors CIfA and CIfB, the serine-aspartate
repeat protein SdrE and protein A. Mol Microbiol 44, 1033-1044).

CHA 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 Staphylococcus 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
CIfB protected against systemic inflammation at the early stages of infection (Paimqvist N,
Foster T, Fitzgerald R, Josefsson E, Tarkowski A (2005) Fibronectin-binding proteins and
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Expression of CIfA on S. aureus hanpers phagocytosis
by both macrophages and neutrophils (Pal ngvi st N,
WP200/093384 Tar kowski A, Josefsson E (2004) ExprPE&HEPINI/051033

of staphyl ococcal clunping factor A inpedes nacrophage
phagocytosis. Mcrob Infect 6:188-195 and Higgins J,
Loughman A, van Kessel K van Strijp JAG Foster TJ
(2006) d unpi ng factor A of Staphyl ococcus aureus

haonucl ear

uman oI no
flbnnp%eﬂ(laueglpg tfqﬁ%rﬁcpg%/yoaisq_@glr gg%n Q@Bhygg%ccah g{thritis and systemic
inflanAsioro P [is 51 :$91y9ge to both a fibrinogen-dependent
nmechani smand to a fibrinogen-independent nechani sm
In contrast, platelets are activated by bacteria

The &é?ﬁﬁ&@c&ﬁh 5&@03 ﬁtfl'frféﬁgﬁ‘ binHﬁlg'di‘ét@fn@ﬁA R4% Médnsolated and characterized
GPlIb/llla |eading t regation. This is nost

and igfhe biest Pfyf%%%mpl@dU entiNgs B0 3¢5 apd 6d€R084but
there is also a fibrinogen- independent pat hway f or
pl atel et activation (Loughnman A, Fitzgerald JR
CIfA gpaqHB haxpan ifengeal stroctu W@rorgamzamn @ndapgtqg(ﬂnatgly 27% amino acid

denth2 BABPARAL 2 Jwteg%emamwa&meénﬁg{aegu@;d

onmplement I n ate actrvation pro
St aphyl ococcus aureus clunping factor A Mdl M crobi ol

At pr%%n?&:%rég%es JIOISQE\/\?{M ngJmF 452 {ng% gﬁgroge{% an@%g Elff(gg Veronate®, a

donogseBectedstaphplo@)cchlihgrngh enmenda@mb@hrm iftavendes a@t\l)\,tatgemg CIfA and

sarc b R BBl ) BhaSA SARH, PR BT HRARF S b s curenty
beingtreeevaleateddo asteaminatwehetiegydtcs apviathle treattbniEfar8laphylwicetdal infections.
A. Mol Mcrobiol 44, 1033-1044). CIfAis a virul ence
factor for induction of septic arthritis in mce
WO Z0D681d 666018 directelas FhBpPd, Which @ Blhilﬁtﬁurhctiol?atti‘xndinbl\/brotein of S. aureus.
Ster 2001) P tion ai nst experjnenta e
The RESig! . G60AE of FREK ooy B AR hERT lsngito pind fbrinogen.
Howevb Mpieng-tbatihalr BED @onRwel o I FnBPAN &fhad Bib@hBtiia Mencd, FnBPA is a
. Infec'\@ ? 4:1572-1580). In addition, elimnation of
bifunctiopal %g% - with another fibrinogen binding protein
CIfB protected agai nst systemc inflamuation at the
ea 1ysta es of infection Pal ist N, Foster T
WO z;qopédg paseg e thes tipding hpéﬂqqg\ﬁereswqezqfo@gnsglutamlnase covalent

hnkade*s bire WSﬁﬁéd‘ bBiwadh rIﬁe Fb"a@{e@ih%dtﬂs@ﬂf FREPACHRMMEI rﬂﬂ't ?Ebteln fibronectin,
g factors ?%r@nl stinct roles in stap occal

fendeﬂflgﬁ ?ta8§0(‘e\¢ia>nswt3fé 9¢ft angheasenyally Urqvms'brb? sF@mogen is a major
compéngrﬁj( 3§ lnTtngooS?vﬁQ:'eyllt QEMES S tl?éf*fnﬁélzarfgbp[)f {h8%gulation cascade.

|n|n%§prote|n eenls
Fibrongssip d tesp iabuadanid~@.8mgrel erudsjecmplestle of dn fox &mery el0-1850f fibrinogen.

Flbnnﬁ> rg%d NFoneltin %Q@ no%"t altg (b%Dgss%%‘%teoCH ﬁio@ﬂ %r%dé Bhey circulate

an 1dentic struc organi zat|
indepeipgentyi mately 27% anino acid identity. FnBPA has an
approximately 25% am no acid identity to CIfA
Importantly, WO 2005/116064 specifically relates to Factor Xllla-catalyzed covalent cross-
linking. WO 2005/116064 isolates multiple mutants in a recombinant FnBPA where residues
with positively charged side chains (i.e. transglutaminase substrates) were altered.
Furthermore, WO 2005/116064 is directed to mutants which have altered covalent fibronectin
not fibrinogen binding properties only. Additionally, this document does not demonstrate
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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At present there are no MSCRAMM based vacci nes
approved and on the market. Veronate(r), a
waelowon9ssd ect ed staphyl ococcal human i nmrune gl PGIEP2009/051033

intravenous (IGV) targeti ng ClfA and SdrG perforned
poorly in phase Il cllnlrﬂc trials and was w t hdrawn
fromtrials. It is curre 1y being re-evaluated to
determ ne whether it is a viable treatnent for
Sta coccal nf ethI ons. WD 2005/1 16064 is djirecte

Thus 51 ﬁﬁﬁwx theurrevalange ot il Gt feSISEANCHiim @3y p&ﬁ@tf%.bﬁctena and the

lack 6ff suScesRELl ﬁ#é?aplérsf@nd\béc%ﬁfé‘s Gy th@séj:ﬂﬂﬁld?ugfes%?&ﬁ'ﬁactena any alternative
resenbles ClfA and has been found to bind fibrinogen.

therapyy, Wyl Caﬁh%eqt Wit $Hefx  bagterial Siegtiegs oFithonBpaIng; aptibiotics will be of
signifidaff @)@t in, hence, FnBPA is a bifunctional MSCRAW
WD 2005/'1 16064 is based on the finding that in the
presence of transgl ut am nase, coval ent |inkages are
Furth‘éﬁﬁ&’éd r[;@r‘ﬁs Qﬁ%ﬁﬁﬁb@bv disSrbwAREAmBRY c'irh?accmes will be of
host proteln ronectin, erlng the associ ati
parthutafmnmrtamgeerspgnlaﬂse@saedmlcal $€3ﬂ"19 reversible. Fibri nogen
is a major conponent (~3ng/mM ) in blood where it
serves as the final target of the coagul ati on cascade.
ThusFtHsr preeenti invérdioh s sliratted darrovidiog amgaltdrnative canel improved therapy for
f ry 10-15 of fibrinogen.
SUChggéwgo&g% g‘,ré alf'ﬁ%rcgélnngctl n are not thought to be
aSSOC|ated in blood where they circul ate
Bg. é Vv tantly, WO 2005/1 16064
to Factor Xl |l a-catal yzed
Accodingplierd fastogehenakiasgectVor 208 5hientioN64hdrs olsapewided a recombinant

stap%%%&%L&%ééW@hglMSgbw&% ?pgétﬁgn ??Fr) g\gn%r?t {h%%o(?,u ev?th reduced
bindig @rtsdiost landAdeusalipsheérapgs) were al tered.

Furt hernore, WD 2005/1 16064 is directed to nutants
whi ch have altered coval ent fibronectin not fibrinogen

Accorl@iir@dlt@ga Rirefeerietli @mbedilent, Agérd 1i9NGolided t A1 @cHRBMERN lstaphylococcal
t de nstrate experi nment altltﬁ whet her the
t

f'b””‘?ﬂeﬁ‘dp'ﬁé'”ﬁf EAMN pretepy gr Sragment itherepf gamarisiag @t derstgpart of the

flbrm?édl ARty m@bnpmwéa%@wu.@ WHAY hbﬂ%geﬁ%m%%‘ tr@ré%s(.
ta. Thus, in view of the prevalence of nultiple drug

resistance in gram positive bacteria and the | ack of

AccordihgCRsSa fdébohd @5FEt &5t tAE Anventish, NBisrd R Fobi%@@ mettﬁdodwgmducing an

resi stant bacteria, any alter native t erap
immuge JIesRANSR  Suah ipglivideali and/ph freating res paxlerﬁdmvmsan@lcroblal infection,

compﬁahg béd?ﬁvhféﬁer '{o ke QP?@HQQ' bi fBhbth E%t#[ @c{ USCRAMM or

IITDFOVGITE S In effticacy over any
MSCRM\ Mdikei meateini | or Heagotenpathereofil @r vaqsinet aoowrising the recombinant

staphfISBSEhPMICRAMRY B INISERAVRRRRY Blbtein, or fragment thereof, with reduced
binding to its host ligand.

According to a third aspect of the invention, there is provided a vaccine comprising a
recombinant staphylococcal MSCRAMM protein, or fragment thereof, with reduced binding to
its host ligand.

According to a fourth aspect of the invention, there is provided an antibody raised against a
recombinant staphylococcal MSCRAMM or MSCRAMM-like protein, or fragment thereof, with
reduced binding to its host ligand, preferably in the form of a hyperimmune serum
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Thus, the present invention is directed to providing
an alternative and i nproved therapy for such treating
weowh/odass eri al infections. STATEMENTOF THE | NMEMEPIOND/051033

According to a first general aspect of the invention,
there is provided a reconginant st aphyl ococcal NMSCRAMMV
or MSCRAMM | i ke protein, 'of fragnent thereof, with
reduced binding to its host ligand, for use in

Accordln to a preferred enbodi nent, there is

ACCOEH"&HI IR 1t 25ee %Wegtt%pﬁwr%&ef@alﬂe¢ BBriMABIegenic pharmaceutical
comﬂbsﬁx@h %rrJMﬁé?ﬁ’@We%rﬁblﬁhﬁl st@éhyfdc@&?@ ﬂﬁSGFﬂ@MﬁI"for (?CRAMM -like protein,
in

npri s | east part of f1brinogen b
or ffa@@gﬁn@) H‘er t Wituredused éﬂﬂdmgt ip 'tsohfﬁi HgRd a1d @ egérmaceuthaﬁxe acceptable
adjuvaft.t herapy. According to a second aspect of the
invention, there is provided a nethod of inducing an
i mmune response in an individual and/or treating a

DETﬂgEbﬂséﬁﬁma m crobial infection, conprising

o the individual a reconblnant
In thig ispetifjdationdbe tervsCRANINS r “MBTIRAMM’ lank écelk walbamchoad proteins” will be

o 9T ! 95 05 AR AT 05l b o rtn.

Ideallyy dbegen pratein$ r bigdefittrinogen,e bémewot taeetgtodih, bhapiegigbih-taemoglobin,

vl 8 s R P HECHTRE: Bopor roncea o

covern protairs mamHheslnapMyd:mba)\(madlatMB@Hﬁ:Mthﬂd gkquences) similar modular design
er.eo

d b di
N T N TREET Y TIEERENTEN
protemlse!dealiystmrMSCBAankeim’btduwhavb@mMﬂ bﬁ@&igﬁﬁiméin orgamzatlon/modular

desngBr éfjglgﬂna &t “?er Mﬁﬁﬁéﬁeﬂpm'% Fﬁyr%l?cgdﬁA B?tnﬁﬁ’%rg preferably 60%,

prefetdbS/ 1898 mbieggretbralsly BB?J ébéry mofe preferbBly W69, shil more Rreferably 99% or
nmune serédmcco toa fifth aspect of

more Bt A ROSHATER WAV NG MG VM RIS BN, <

phar maceut i cal con‘posn t| on conpri sing a reconbi nant
. staphyl ococcal MSCRAMM | i ke pr ot ei n,
It W'"far'%?gh% Hbderaiopd dlpat %thﬁ “F% percenfage fienitiesty hot@'%dﬁﬁ referred to in the

specifidafié Sretdti i Wﬁéﬁ?@b&%eﬁl%@%@ﬁb&s %r‘t‘l’{@é‘ﬁtrre/whole length of
DETAI LED DESCRI PTI In this specification, the

the seqygfessi n", " MSCRAMM' and "cel | - wal | anchor ed protel ns
wi || be understood to be interchangeabl e and cover all

m crobi al derived |igand binding proteins.
The term “micro-organism”, “microbe”, “microbial” or the like includes but is not limited to

organisms including bacteria, fungi, viruses, yeasts and/or moulds.

The term “immunologically effective amount” covers those amounts which are capable of

stimulating a B cell and/or T cell response.

According to a first general aspect of the invention, there is provided a recombinant
staphylococcal MSCRAMM or MSCRAMM:-like protein, or fragment thereof, comprising at least
part of the ligand binding region, with reduced binding to its host ligand, for use in therapy.
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.
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I deal |y, these proteins bind fibrinogen, henme or
haenogl obi n, hapt ogl obi n- haenogl obi n, haem n, col |l agen
w0938y such |igands. The term " MSCRAMM | i KBCT/EP2009/051033

proteins are intended to cover proteins or adhesins

whi ch have rel ated am no _acid sequences, simlar

nmodul ar desi gn and/ or comn/sim | ar bi ndi ng domain
organization to such MSCRAMM proteins, such as |sd

ns. |deall t he. MSCRAMM | i ke proteins have
ACCOEQE"&Q 13- RafiRYa &Hﬁaoﬁ'”&ﬁ'ﬁéﬁu tise ARG Uthar inwRdiogn the recombinant

MSCAANIN iop MEARAMINRe RSIBAMY frhdfrﬁerﬁlrtﬁér%bf‘ $agRYdRBYBr Mcks the ability to
| east 50% preferably 60% preferably 75% nore

non-eavateatiBing its Hogt ‘@@éﬁ’r more preferably 95% still nore
preferabl y 99% or nore ami no acid sequence identity
with the MSCRAMM proteins. It will also be understood
Thusy Haot'" beyndarsiopd thy the racag®inagkbstaphylesoceal MﬁfﬁBAMg/I esMSCRAMM:like

protefrEiof rfr"agﬁiiehptthbotf hRay R rrFeeltdﬁgédds Blﬂdiﬂp(:“l{ ﬁ@ n géjnvd‘iéf @Qdmg with the

avai | convent | oha ove
host ligangtrpayope prgeerieduence. The term "ni cro- organl snt',
“mcrobe", "mcrobial" or the like includes but is not

limted to organi sns including bacteria, fungi,
It is ppistulated; acoerdingdo dralihventionLthdthe Tloe-coealemt binding that takes place during

bindir';ém%lpc%lpg_b H{ﬁ’ @%@ﬁg&pﬁﬁﬁg?%ﬁ@% ME&E\Z\MM-Iike protein to its

ligandimokyo be Tedwded orepreoarsted. Ad:csnredtab[i;srted thaf thestirsyetepy Wl binding of an

SRRl RGPS ARGRL S0t SRR B ks . Toese e o

primapy abrcovaleat MSCBAKIM intdnadtion$ with th) l‘géhéin griat f|da$§@be§ﬁf MSCRAMM-
th re

the ligand ced bi ndi ng
Iugana{f dewgslpv&yegg%ale% IP%{%CE%?% tlrplv\ﬂng&grtlcgt%é hemabodment the recombinant
MSCRARTOI Msmmmm.ee Provei, @efrag&@éht itierb¥e had RRILBBANDr Rtks the ability to
ction such the treatnment of sepsi s

non- C§¥?J?'|“tg' Bpd H? |hPFts"g§‘Ha/dHP t%ﬁﬁ%’(?grd(?f:’l"l lgcCly RN tatingsj Qf‘Pé?f more of the

dock,dedxdirtiatonifg etepd insfasealeted.es. Such m crobi al
infections may ideally be caused by Staphyl ococci or

other simlar mcro-organi sns. According to one

The MA! ot Wds EI0BIASIERAIM e é[b'sﬁué!ﬁi%e@ft S&h ﬁw"t%nﬁd’%@ﬂﬂﬁ fi€14igand. CItA
t he reconbi nant MSCRAMM or MSCRAMV protein,
has npy herp #How &2 @iy aainor wafiatien obthe| %«@ecn@um(cﬁawhmm (2008) “A
I
ooy FRUELERE| tobhlsak i Mol bBABbeE rarldo g fpy avonos

for the rdegtsoreivanti-strehyinceee! therapeyticaly Ptaﬂmgeféa(ﬁﬂ redP06226). The DLL
modef §Sét@fﬁ;§u;P I'éTQbé‘go W’leI Ao Eé\/ané?ﬁtmtle@gm AloPAd H ffanY Bifbing. The DLL

host” | 1 gan e prevent
model |s inferred for all other proteins of similar structural type (whether by amino acid

similarity/homology or structural organization homology), including but not limited to MSCRAMM
or MSCRAMM-like proteins.

In relation to MSCRAMMs CIfA/CIfB in particular, it has been found that the minimal ligand
binding domain comprises Region A subregions N1 to N3, specifically subregions N2 and N3
which comprise a variant Dev-IgG Ig fold. The variant Dev-IgG Ig fold is new variant of the
immunoglobulin motif also called the DE-variant. It is postulated that a hydrophobic pocket
formed between the two DEv-IgG domains of CIfA/B is the ligand-binding site for the fibrinogen
y-chain. Essentially, the ligand binds to the hydrophobic groove separating N2 and N3.
Specifically, during ligand binding the unfolded peptide component of the ligand inserts into the
groove located between the N2 and N3 subdomains. The latching peptide at the C-terminus of
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It is postulated, according to the invention, that the
non-coval ent binding that takes place during binding,
wor@Ieak3 Lock and Latching (DLL), of the MSORAVEP909/051033

MSCRAMM | i ke protein to its Iigand nay be reduced or

prevented. It is established that the first step in

bi ndi ng of an MSCRAWM to1Pts Ii gand invol ves a

non-coval ent interaction via the DLL nodel. These are

t he primary non-coval ent. MSCRAMM i nteractions with the
Subdpmaﬁln'bl’a‘ UPHBIIOER A Catfergadions] %mmﬁn@%ﬁm batweerhgvo beta strands in

subdbmy4l N8, ffﬂ!an%R‘ihg'tﬂé ngé‘ﬁd InOB%ce I'ﬂﬁ/l\)%ki %%%%mhﬁtkutlon of residues

enbodi nment he ¥econdl nant
Tyr2?ﬁ dtredds, Tdr33ﬁraég1nléﬁf38$ Ifet*@cﬁlummag facseruwbighare Ipsapiosed hecontact the

termlﬁ%’l rebitifed *DBA&@@YQ I\{ﬁ ?}B{lﬁod%hrw Lchdi ﬁhﬂégﬁq ted ih ?)?&glpg'tkkﬁlhtn% or markedly

ered doc
reduescifinibo K fidrinpgars Hruniges defads myhleespablﬂeleemw'ﬁhmt Rlré expanded on
nodel was elucidated fromthe 3D structure of SdrG in
'conpl ex wth its ligand. CIfA has now been shown to
act by a mnor variation of the DLL mechani sm ( Ganech

. | ’ f th I .
ol B0, oy HRBAR aBE D8 b, Ao T AU R BE4 appicave
to other MSCRAMMS gamdddr MSCMAI\&IDI(@/Ip®m$ﬁs,abts)/lr_1tfhem?@|esih1ﬂas modular binding

P Pat I 4(.1 e _1000 e node
dom%igrgﬁpﬁégqorﬁvuf%p@@d%n AN éar @ Scoval ent interactions
i nvol ved in ligand binding. The DLL nodel is inferred
iml I
Thus( \thgaﬁ troog%g\%é pL Ot nai’i\t g{aﬁfwi/lg:qc?:éllﬁéma II\/ISyC?ReAMM like proteins,
or frajniartttbsrabr, Oﬁlﬂﬂﬂédmédi @hdiry e @8Yhost IIIQQHIdJCIhég‘uh)%ndﬂQtprotem ligand

Dinding.Ferh i P IGERAREIEB AT & 130Tt hesedlaray be akared to reduce or

prevepedhding i¢l ifshRéstt fanal TdeXhy, fdr%lWCthéIIdI%tr%‘P'@hﬂar MSCRAMM or

ses Regi on A subregi ons N1 N3, specifically
MSC@S@I"’LB@&I@G BRGNS %mrmrwaﬁmw whisidenlly C%DU?ngGVa"ant Dev-

IgG Id; ﬂ)ld ,Ghals bel Bifer¥dtd Bralendey ‘récﬁﬁe'b%dirﬂj t@ lissho@F ahal '@’&ﬁ affalteration is

he i mmunogl obulin notif al so cal -vari an

des'gn?d itQ PRRY§pL the: ladndHipding F@a}%bmgmo%gme fsgpaf@dng minimal ligand

bmd.ﬂgeédfﬁ@,ﬁg b&RicbMer BIEV- 1 9G domains of A fA/Bis the
It gand-binding site for the fibrinogen g -chain.

Essentially, the ligand binds to the hydrophobic
fy.eal
Such %Ité’r‘é‘d sgllﬁﬁ@(% ﬁ%éﬂ&ﬁ% ?H?Ige i mggfa%a glacc@ dt¥he i rIoer:{%Ievel by amino

onent
acid supgtan@ni ersdaletion; psing lehh;ergh@ﬁﬂldemgib @rcﬂdlnblwamdd:mdlﬂlgadcbdﬁam minimal

Inganoaﬂﬂdkﬁl L 'B?'f[}a?meﬂ?%m]l\gbﬁi{ R bE %Ehgrgtoﬁp tl‘:lﬁlapro&eﬁ%ﬁ or fragments

nus of’s undergoes a
thereafhwitty eufficientiynkigh thomwéagyeterthe igate bandiigr @otkdn imay also be used. High

d d i I
romoPARSBITBLHAL elSec UaI0PE s) BB0 b4 prteraty 70
preferBblg B86s, rﬂ'qre:ﬁﬁ&eamy 8675 38&:ni moutefmetelrzwmgﬂ% B#ICiOFe preferably 95% to

h ar
99%, V\ﬂf r(r:1oreaprc(:azfepab?)llO 8& 9 dortrr(ljor(e:% IhaecgucIeoF des or match over the entire length of the
DNA sequence or when used in connection with amino acid sequences when the amino acid

later

sequences are not identical but produce a protein having the same functionality and activity. It
will be understood that these comments about high homology may also relate to the 3D
structure of the protein, i.e. modular binding domain organization.

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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term nal residues 408AGDV411 of the fibrinogen Y
-chain, resulted in proteins with no or markedly
wo ewaoedsaffinity for fibrinogen. Further detaP¢HERF009/051033
this specific enbodi nrent are expanded on | ater. Wil st
t hese teachings relate tg clunmping factors, CIfA in
particul ar, they are equ 13I'y applicabl e to other
MSCRAMVE and/ or MSCRAMM | i ke proteins, which have
m | ar nodul ar  bi ndj nggdomal n or ani zati on and bi nd

The yqeg%{ﬁagwcg}?dgrﬁﬁe’rﬁrofﬁgg, anghbjading ﬁ Ppinsuch gs Hheyligand binding domain,
the migifFRANMRIdMYIndPaoHAIRCOGRA Ls&BERANMEMRE H\@&ﬁ%%\bddf&eous for ease of

proteins, or fragnent thereof, wth reduced bi ndi n?
mangiaguigeand PYegeATRINg ofer fRIPhIems Byem ap usmanied dleayagel of the protein. For

exan?):eﬁdihﬁg la@&ﬂﬁj be Pﬂ&ié" H@seht’ ANfe bhﬁ\%élghgégﬁa'bﬂ\dﬂ{ domam may be

agnment thereo be altered to redu or pr
deletw/rﬂmvgdtoa ajterednbert exaungém dhe |agzking geptrﬂgnn Glfmoces@r@a do Region A

am:nQEEﬁEng %E@%@W@ﬁ%@'t@@g%ﬁ%d Firac éU@Ad“&NalE‘i‘%‘%& 9/\2004) JBC
279(48r PEGA1-5R6L9). Iﬁ@slegrefS(ﬁud$ maty bbealtEIrQCérwstltctqdretveamomd/deleted in
I « »
orderir tg%gé\@pgkhggfg?gd %&g@éﬁt{)qﬁ%y%q%ﬂﬂ v6a|55 Iﬂrfhlg‘ V\{aﬁ ﬁ‘é b?E latching” of
the MISCRAMINDLO ds digend és pegyantedi Myisnilatciiag” ba:agx&rlby bivaydohg non-covalant
intera%ﬁ&g' Iﬁg g&ngiggd {nrg{}t %Iatcﬁ%ig&gttdgr ééfﬁ?j&#om |£ hgntir' qul]éjng with the
remamvy\gaﬁeglon &c iQeteguinat amirtol acid oesidigdse ticoordingsiongnatihdrh@nbodiment, the

et ent® roRam i ap R b ARRNING 19 U rPRssiment the latching

peptice rdgidre undetgoed amihd hatl s@bgﬁt&mdnstooresﬁlt &g i reduchien’ ePbrevention of

igand bigdigBliathhiG0.o TosSe sotlaiet Riephicin oo MELHANMGY MEcRAMM-tice
proteing with bireCizjands B e Lam_ bmﬂar%emr eferably 60%

preferably 70% preferably 80% nore preferably 90%
even nore preferably 95% still nore preferably 95%to

By al@ﬂﬂ(? trel MECRAMN oP MECR AMYIKE Potei inwiie nﬁi‘nnéhﬁ is Possnble to provide a
eotides or match over the entire | ength DNA

igand BHBAROG WAV deo a0 te GAER FaNTRN SHMAstes s @reater immune

respoRSSlUBHE RsmuMSdioh hﬁarﬁfﬁb%ld%éjpr%%w eﬂ@\%ﬁtéﬁe%uQQtthls reduces systemic
i dentical but produce a protein having t

'”f’a"T“Er'ﬁ@(‘n m@éﬁqyﬁﬁcm@émamcmbw virglengg. Iqon%qllﬁﬁ'dbrtblﬁcﬁﬂéfqdrﬂﬂand binding
MSCM@W of OIBRANM ﬂl@tﬂroﬁlrgbvhmn%lcﬂgythgﬂé(m u\%a ﬁLdaﬁtS |E1q%nd can be

the 3D structure of the protein, i.e i ndi
advardagroualy orsge i 2ha tr@wmqnt o lcrrolm@l lufe@éwt o, easet fim!mgs present a

new égﬂr@k%tb?e kéc%\@ﬁmm u e aggﬂﬁstl Bt m'f&%ﬁ@wh:ch provides

omal n mnlrra |gan omal n or
betterfrreagitﬁewhen hempafedria)a baa:cmeectr :muwwanmhetrapmmat@dved from the wild
eins of the |igand binding protein such as the
type étggnd bi ndi ng domai n,

According to one embodiment of the invention the ligand is heme, haemoglobin or fibrinogen.
Other ligands may be contemplated such as haptoglobin-haemoglobin, haemoglobin, haemin,

collagen etc.

According to another embodiment of the invention, the recombinant MSCRAMM protein is

selected from

a fibrinogen binding protein; or
SdrD, SdrE, SdrG and/or SdrF.
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the mnimal |igand binding domain, or the use of

fragnments thereof is advantageous for ease of
worewahgasiir e and overconi ng ot her probl ens SucPCEHEP2009/051033

unwant ed cl eavage of the protein. For exanple, the

| at chi ng pepti de, preseni in the mniml |igand

bi ndi ng domai n, may be d feted/ renoved or altered. For

exanpl e, the latching peptide in CIfA corresponds to

Region A amino acids 532 to 538 and in CIfB to Region

A am no acids 530-540 (Walsh et al (2004) JBC 279(49):

Flbnr@@@tf?bm%ﬂ@&bten@ﬁé@ e éidﬂ)@ﬁdéﬂﬂ&!n Eﬁo@tl taRaRclude but are not limited to
uted or renoved/deleted in order to _prevent

CIfA, |G'f&aﬁaBBAnEP%PB,t%blt lseA ietseRADRE bean spgwn fhat tsﬁr%’va@ﬂ t:qﬂlégen Other
MSCRAMMS iRéIGHE 88sA, Hasth 8aMOGRANHIO T1ts Iigand is

prevented. This "latching" occurs by way of a
non-coval ant interaction. I n one enbodi nent, the

The rbﬁérﬁﬂhm NRSERARRA-fikd & y.tfﬁg¥ b@sagaes%m ety along with

remai ni ng Regi o m nal am no aci d residues.
Accordi ng to anot her errbodi ment, the | atching peptide

region only is rermvelgdAAg&é)rﬂg%g itgy yet anot her

enbodi ment, the | atching peptide regi'on undergoes
am no acid substitution to result in the reduction or

revent ' i.ndi j se. t -
sasef' 3 o o EhoBeRd SRR FIR: BoFR7Blhena onons
mutamis tdanbiengeridratad dis fdryexahmpleDthie NEATi(NEAaTranspeiter) nidtif of Isd proteins
n r, NS i ke pr inJin this

notofid Rgb#hd Bfia R SabeBl A gRAb A 4 RBLP Bolfiniaghe same tpe o
structprecaseine Gif dhSdrtprotemsalowéedey, the NEATImb(ifsn Isdjeatfectiphindived in ligand
bindirf’gfwg}%%h%h)%m-ﬁ%e%gpgt Gfré,rr'arggq”or% obﬂbﬁ%%eﬁ@m?h@gﬁﬁn@%ﬁ O NEAT moti
will pr@dmcms tfaﬁsn@ﬁmmwaéﬂoggﬁahe @amtelt ey t@ﬁ)ﬁltéﬁ?‘g{ emsgnll or DLL like host-
. obj. a i rul ence n n , is altere

igand IERRONELRIRY SE MR k SOPRBY GRS dHOPisk SAiIg IsaA in
Stapf@wcbcm 4eld, BEL inidHichte@ #Padia birkhg2 dY RNFcegass that lﬂ%?ﬁ‘aem -binding

the treatnent of mcrobial infections

propep‘tiyrq)a, qgiésxs ﬁp%tg@ﬁg withingthie NEA T, 4002ip4 @rystal strucE]res of thg apo-IsdA NEAT

domakgd REdonPIINWERhAGH Hale Fé\d@ﬁ!éﬁ'écléﬂﬂh RgbpteAfteessahdwich fold with a
i nfections which provides better results when conpared

large hydrgpieRic Pﬁ%’“&'”q"iﬁrﬂﬁ?ﬁkfét j56R '?%W@p‘ﬂﬁf‘?d“‘ﬁ@ﬁ RO@ s bah one NEAT
motlftNSn Wodrid bihaRgPhotagisNof I%@C&bf@lrﬁg o%?%?%rﬁ?tréhné’fthe residues

he invention the ligand is aenD

predl(ftecbfqr ﬁ@g@hbm@aeﬁor Bx@aﬂasbml;er@s te® m%dwlsdxewema glands and/or
hydroBﬁcEﬁé’ J@tﬁfﬁ%ﬁ} qRé 'NEAha AP al dqeffé‘c?lnloﬁ%goalent host-
cc or 0 d [

ing to another nt o I nvention,
llgandlh@facél@mrbl nant NMSCRAMM pr ot einis

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 treating 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
staphylococcal MSCRAMM or MSCRAMM-like 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
thereof, with reduced binding to its host ligand.
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sel ected froma fibrinogen binding protein; or SdrD,
SdrE, SdrG and/or SdrF. Fi bri nogen binding proteins
whawe/odaen expanded on above, and include but BCEHEP29DI/051033
limted to CIfA ClfB, FnBPA, FnBPB, Fbl, IsdA etc. It
has been shown t hat Serg bi nd col | agen. O her
MBCRAMVE i ncl ude SasA, sk G SasK and SdrH. The
reconbi nant MSCRAMMt | i ke protein nay be selected from
I sdA, 1sdB, and/or IsdH Based on the findings from
fibrinogen binding MSCRAMM CIfA, simlar non-Iligand
AccoRintfonthotér 2t dmddht Bﬁtf%ﬁﬁie@f Gﬂthb rimfe‘hhor?%ﬁé?@' i€ pfd¥Ried an antibody

NEAT (NEAr Transporter) notif of &otel
raised nfagaueﬁtn@ eSPPRHRL i y'ogeccakmiafw sib MRS AN ik gprotein,  or

fragdeﬁﬂah@r@oﬂohlt@%ﬁuéébe bR ty/ AR ‘%stsﬁlééiﬁ U;Sr@fe"i‘ébl{r hﬁ frkf form of a
dr proteins. However, the motif 1n
hYPefdﬂ‘i“é‘E? B§TUMvol ved in |i gand bi nd| ng
(hapt ogl obi n- haenogl obi n, haenogl obi n, haem n), thus,
alterations in the NEAT motif will prevent t he
Accorgiing 19 jagQingr i emleadimpain of rihis haspeahwf \ilg iaverdicne therg isherovided an
st n n pof dr,
lmmu&%@{\l&#@ﬁééﬁﬁtlgy cJth)@ngoﬁ tcS{n@ﬁ&h’B ao lréggﬁnb‘i’r{a]@ &taphylococcal

omal n-cont al ni ng
MSCRAMSt ap MACGIRAMMike aueteins ,or élaemenmplthecrmfewuh ned:ﬂalem binding to its host
(pl nding. It is postulated that the haem bi ndi ng
property of IsdA is contained within the NEAT donai n.
Crystal structures of the apo IsdA NEAT domai n and in

AccoffiPN e PhoreaT ERRar Foy TS GO el aryiiglop recombinant
staphhlaecmclal filhirogep diridirig pdowtﬁs dsraﬁagmmtl\&é&’éoﬁodsmbmnagﬂdt IeadWhe part of
mut ant

NEAT ot i f n ndln sd
rorin iR B alpr ettt aaiy e Bbiageril sEdh hedepy
predi cted for I|gand bi ndi ng, for exanple by alterlng
il B8, ST REL U5 e SRS ISteal B eR 8BS roten, or
fragmehf meteonomy:@yaéw\h thoséathr@anel midtadia diféions, pheferibi) Sﬂphylococcu
her enbodi nent of this asggct of the inventio

mfectpﬁglsgcq as 5‘;{ G itiealnept of SERIIS: SEPYG, ngtlﬁémg@r ERAQRREditis or other similar

condifi¢HsRA MRRabé s@kesl ndi vi dual and/or treating a patient
having a m crobial infection, conprising adm nistering

to the individual a reconbinant staphyl ococcal MSCRAMM

The BFindGRAHNhY rdforPbPIRI ftote® isTditREESNY thtahﬁrn%%ngé?rbmds fibrinogen. As
vaccl ne conprising the reconbi nant staphyl ococcal

statedygpvaning altarationmay fake Riacst i e micleotide g mminm acigdopvel. It will be
under&obl th& Pi6tkhs or fragments thereof with sufficiently high homology to the fibrinogen

binding protein may also be used. High homology as defined herein occurs when at least 50%,
preferably 60%, preferably 70%, preferably 80%, more preferably 90%, even more preferably
95%, still more preferably 95% to 99%, still more preferably 99% of the nucleotides match over

ligan

the entire length of the DNA sequence or when used in connection with amino acid sequences
when the amino acid sequences are not identical but produce a protein having the same
functionality and activity. It will be understood that these comments about high homology may
also relate to the 3D structure of the protein.

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

enbodi nent of this aspect of the invention, there is
WEe@olola® a vacci ne conprising a reconbi nant PCT/EP2009/051033

st aphyl ococcal MSCRAMM or MSCRAMM | i ke protein, or

fragment thereof, wth rﬁguced binding to its host

I i gand. According to anof enbodi nent of this aspect

of the invention, there is provided an anti body raised

agai nst a reconbi nant staphyl ococcal MSCRAMM or

MSCRAMM: | i ke protein, or fragment thereof, wth

Suchl Rehéls l@,ha@lu N@edig dohﬁmB@%& 18ds8paA ofnh@fﬁ%a&jte)ﬁ biRdih§ §egion of the

f orm of hyperi mhune serum Accor d
MSCBA YA mlih@ aptapes £f peying Gf t&un@atpﬁv@ﬁtei'rbr@r ftrm@tu thereof of the,

compPisRY i f8eExaMplb WWQ@&%}%UQB%%Q %‘f'ttﬁé:ﬁda]n‘aqmﬁé% Bﬂdmg region only,
rising a reconbinant staphyl ococca

re'atﬁ\/sgga&mil'tv Re pyritt Wierprotsin ot Bighetigids M@h@tﬁfdemctaﬂon The CIfA protein

fibrin%@éﬁ?&ﬁ&’in@'r@%ﬁ‘%ﬁ&w‘is@ SrefPRl th133RE AAﬁQ&B 'd&gnﬁ}rgeé.’j subregions, N1,

eferre the I'nvention,
N2 apd dl3i dbds,dhe doowbpgenic frsgraphtynney: comatisq smr'egiogsem N2 and/or N3 of

the @Anﬂtﬁbg@rgﬁfkrﬁgp%t {;lr e o bl i d&%f‘n rﬁp'?élgﬁorﬁgttoaélf% the fragment

eas art
may cdmprtﬂel dnetqr maorelsif rsdbdorbaunmogﬁaglbm#\ IDHeNerﬂ\Iﬁeﬂdﬁmyy, N2 and N3 may

be us\f@d as. tﬁ g é@ﬂg IEE%{%%%IIIE% elrﬂj%r oeﬁrg{éggﬁg% p?cﬁ%fsg | é)é:vl%éé %’te has been
reportee tw;weien N1tahd N2 i dilifeartd OfB)nanck czini s expnésaet iabhigher levels in E. coli.
2 ot G e e R B5RE Bindrd oA Er PYefe, " 1
endocarditis or other simlar condl tions or disease
w3 A B o A SRS DR Fidhogen bining

protemtcatpedweamse,cohh@emé hﬁ@jdaﬂﬁa;ﬁfﬂ&aﬁlék@oﬁbﬁﬂ@%l\hth@ MSCRAMM like
nuc i i It will be understood

protelfiand §t A e Sher oA R Passinpion Si PRSI gmitar ciher a

an arhma fhchpdimﬂ)r@ﬂé(n %ﬁ’uétbl% BUd1Itb TIPS Rorbé e pIe) al IOMBS IFB) ﬁﬁc‘l SdrF/G (which
0 be use onol ogy as defined herei n_occ

also w@ﬁowenbgyﬁh%%fe ptr'e%fe&swg%e% apRligakle é%FpB%%nd FBPB. Thus,
althowﬂ_:]h‘i‘ftrﬁ,I Q&|0W|r§ooébnmrﬁs Délﬁfeert@mb‘{m%)@ﬁ bﬁ’ﬁb@ﬂ? 'HP(St@ms they are equally

preferably Sti nore preferab
appicbi 10 ek MISCRANBbIoy MSGRORNEAE ebiantwiies bial hasnds ofher than
fibrinGye@r the entire length of the DNA sequence or when

used in connection with am no acid sequences when the

am no acid sequences are not identical but produce a

We h%&f%ﬁ%)@egﬁggﬁg?ry‘o g#ﬁgt?a[tﬁﬁggfbgﬂ% I%/mé'ﬁﬂg g?t?@ hV{r%ﬁ(caté br fragment
thereofo ithogty theagbility to bind fibrinogen stimulates a greater immune response upon
immunization than the wild type protein which binds to fibrinogen in the normal manner.
Advantageously, this altered fibrinogen binding protein does not provoke systemic inflammation
when expressed by S. aureus, thus, microbial virulence is decreased. Consequently, this
altered protein which lacks the ability to bind fibrinogen can be advantageously used in the
treatment of microbial infections. We have also found contrary to expectations that the
protection effect of the altered fibrinogen binding protein is greater than the wild type protein.
We have found that a pharmaceutical composition or vaccine comprising such an altered
recombinant protein is more effective than a pharmaceutical composition or vaccine comprising
the same recombinant protein in an unaitered (wild type) form, such as CIfA, CIfB, SdrG etc.

Thus, these findings present a new and valuable vaccine/immunization therapeutic against
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also relate to the 3D structure of the protein. It

W Il be understood that the conplete fibrinogen
whredisgspr ot ei n, the fibrinogen binding regi oPCT/EP209/051033

m ni mal fibrinogen binding region, or a fragnent

t hereof may be used. The_yse of truncated proteins or

fragments thereof is ad\’/ézt'ageous for ease of

manuf act ure and overconi ng ot her problens such as

n ted cl eavage.of the . This is ex
pactaf3! BlRc B R FH Groies Reloulsol Sl FOERRsEl G dhaig aeprotein when
also masdvetobmehmhfmrzaﬂ@ﬂthbra“p@um regi on of the MSCRAMM

The advant ages of using a truncated protein or
fragnent thereof of the, conprising for exanple one or

It willDeCuSdEdston®itna: He bff&eh'&éféﬂffﬂvlbéth&ommmm B9 MSCRAMM-like  or
region only, relate to the ability to purify t

f'bfm?ﬂ%t ar gther "ligrgs BRdingismay tWoU%edd@gff‘&dﬂ‘P"%ﬁt'O”Tﬁ% amlqules including
mond?:fd?n%?'d’c‘;lyfcloﬁél' RABRECO hRLAZed %%9681 @Bpﬁﬁﬁhéﬁtsrtﬁg%f &8 use in the

to as Regl on, compri ses relo
treatrgeny q{@ucrrmgoblahlgchnm @@mﬂogltlpmsigﬁﬁ rﬁlneml@g/ pmympd.vgmch include such

ant:b?cﬂ@sr e&]cﬂn %é\g nﬁﬂ@r{éﬂs ¥, Oind tﬂfesg édr?n slﬁg)?%on )?gbe used in the

nment t ere PoreXa
treatm}mtnf patignts mé&gx@n\mtwyapbﬂnchsem&wOﬂﬁ mor e of
subdonmai ns of Region A N1, N2 or N3. ldeally, N2 and
N3 may be used as this truncate is less likely to
Thusurhie rgotejmsobe diclivd Sragmantotthersef chaavagesed tte ihhibit btkenbinding of

e e and can. . Co
stapth BRI REERO G BRAIECM o EoRUEn <ol RN oRB inrectons in
apatiane the mnimal fibrinogen binding region of CIf

proteins. It will be understood that although the
foll owi ng discussion relates to the fibrinogen binding

Furthgmatreithe pidteins dinattivé fragraertts thoeedf Saral antiboiled toythe proteins are useful in

I ERORNEN < s O —
activewbi phssiveevadcinatién)rald whén Eidhi st@‘eﬁhﬁ; aéﬁha&ﬁa@mm o’éﬁipésmon to a
or exa

woun%qrIO o IFanfﬁY{Céng@;\%h% \%\xgqﬁeiﬁs an @nglpqggpscgrq lgggh)as blocking agents to

preveﬁumidﬂﬁf droffectionnepér d@aph, MsseqirBtemBRr fefpdeditd thefbBRfy be used in
FnBPB. Thus, althoug h the foll oW ng comrents

and
active,vapgipes, aad fhetﬂﬂt'h%%woah% RAgfeiDe ¢t RASse VaFriReSar e
equal |y applicable to other MSCRAMM or MSCRAMM I i ke
proteins which bind |igands other than fibrinogen. W
Thesmw&'n@ﬁ SRESEBIgts dassibef herain rresent gisigsifisantimprovesgahover the prior

art, whicﬁ %a{b@neQ HSE ?ér{bralt t{f%;klﬁ g\?ﬁgél(\eﬁysztt@ W?%ng{art ﬁrﬁﬁﬁﬁﬁéhon""bﬁh@é@s not teach

he abi | ates a grea er
the un&xﬁemed a@@, M@@%‘rﬁ@ﬁ'npﬁﬁﬂnroﬂuﬁﬁ dasaripad hergin.wi | d t ype
protein which binds to fibrinogen in the nornal
manner. Advantageously, this altered fibrinogen
The grepatation pt prod¢ins,doNA arsk aptibodiek ears ywedlieknasvn inf thanarhtand rwill 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 cells containing such nucleic
acid constructs to express the protein of interest, and immunogenic compositions.

For administration, the protein composition may be dispersed in a sterile, isotonic saline

solution or other pharmaceutically acceptable adjuvant.

It will be understood that the vaccine may be a DNA or protein vaccine.
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when expressed by S. aureus, thus, mcrobial virulence
i s decreased. Consequently, this altered protein which
WO 20R®991Be ability to bind fibrinogen can be PCT/EP2009/051033
advant ageously used in the treatnent of m crobial
i nfections. W have al so %ound contrary to
expectations that the pré) ection effect of the altered
fibrinogen binding protein is greater than the wild
type protein. W have found that a pharnaceuti cal
conmposition or vaccine conprising such an altered
lmmdn%éﬂﬁrbln’fb’yntbk@b@célﬁy ihe iffeEnedfl BRAI ptdinan aﬂtlbodles Alternatlvely, an
har maceut i cal osi tion or vaccine conprising
attendatpd "Yee%f@ﬁwﬁwathet nE? ludesi and exprassen e RNA ayhe E%P”i."?'ﬁteied
form such as CIfA CIfB, SdrG etc. Thus, these

ndi gs present a new and val uabl e
The @/H@‘éﬂt /PNvuRfosedt iop @ntiprdiesythat mayam pAiNideted witkhidepend on several

mntlgéﬂ?\beféhio?snsmm&lﬁB RIpRMELIRS ttltneerprérﬁ&tlé %ﬁeﬁ@ﬁnpf‘&&ﬁ%@%smon and

typé protein when also use
lmmuma@%m%/ @fnilﬁ&nemssgﬁ gemer dpesea imay be alipted foe each new application to

obtait ISP farh ki odibily bR Y Rldbireph et e MECRAWM

I ke brinogen or o gand bi ndi ng,
may be used in the generation of antlbodles i ncl udi ng

wcco 8P Bl SRRUFAGI% s WG DSBS B ar

immung cresporsle imBBcindivivsal @odipodicationsa patjerithiavirge a microbial infection,

comef A1R0HHA PR BHELe PR BARA e 5 pmgoen o
proteinnot fregrhere dhereoit confiprisangi at tdast theffibtinegenbihding region, without the ability
o b'”ié‘?? | ococcus infections. Thus, the proteins or

eInf‘agrrents t hereof may be used to inhibit the
bi ndi ng of St aphyl OCOCCI to the extra-cellular matrix

Accor& r@v%q 29{%11&':9] elr]rg nt/ ?\%@P tﬁ?ﬁF I"a)geo ,ab\%;q?géip?gvsndécp a vaccine

compﬁm@raenbsomﬂsiﬁamoStapaﬂdcmhl ha?h@@nt @mahg prbcdirel 05 fRgMent thereof
nrecti ons

compd3ii i PBE ARt 1 RAEeBR oG rogin Kibgwt B8 REiy tgfind fioinogen

vaCC|nes for active or passive vaccination, and when

dm ni stered as a rpharmaceutl cal conposition to a
Accor\%lgﬁa axtill furtheqipreie reembedimest of the @vlgpgqrblttpge dserovided an antibody

raisec Bbélhﬁdé @éco%ﬁtﬁnéfﬁ edtphyiscobt 4 QI‘E)'nH&ge?Q BiRbibg Lol \e? Hagment thereof
m crobial infection. For exanple, these proteins or

compriging Ak [past ParkPElTe thiipogen 9@@@9. rﬁQ'QBt wisieou} dee Rty to ingl fibrinogen,
prefertaBI? iRfHe {BRN bRS hiSeriiiRSfe &4QMei NS I n passive vacci nes.

hése vacci nes and products descri bed herein present a
S|gn|f|cant i nprovenent over the prior art, which

A che q X . .
cootREUES UISUARGERIGNSE SbABERINY 8 hBBEh, rore o provsed o
immumqanmrmawtmelscompqsmod womprising arrebardbinamteStaphylococcal 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.

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 following
Fbl, SdrF, and/or SdrG (which are also collagen binding). Alternatively, the fibrinogen binding
protein may be selected from one of the following Fibrinogen binding protein clumping factor A
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The preparation of proteins, DNA and anti bodies are
well known in the art and will not be described in
wa@leaoaips4ber ei n. Conventional techni ques are i deei/ER2009/051033

used in the generation of these nolecules. The

invention will also be understood to cover nucleic

acid constructs containiAg the nucleic acid or amino

aci d sequence of interest, reconbi nant host cells

cont ai ni ng such nucleic acid constructs to express the o
(CltAh BiPEnegest bindingr Brotein LhempiRgnfasiged dCEBhploBioneetifsfibringgen binding

proteROA(IFAEBHA)aFibAshectiflBbiideR Ihdw R M8l BRnBRY). O8dA promotes adhesion
di spersed in a sterile, isotonic saline solution or

has wrakeaffiniyafordbanngesandyfitienacinatn Baydpehniaally betdefined apa fibrinogen
bindit'MSCHAMY. that the vaccine may be a DNA or protein

vacci ne. I muni zati on may take place by the injection

of DNA, protein or antibodies. Alternatively, an
1t wif o I Stoon X6 SLBBBIQTLE Hline Ml SERAMESU SeRBSns witin the
fibringgent Binging rreginni d culick gibrinegenbipding radieinsi reset édavietdmbinant protein

; - | mtigating factors, including

W“h"g@ﬁg%g'éﬁ@‘é%@‘\é’e’@b"gé’%mt er strength, protein

expression and i nmunogenicity of the expressed gene.

o RSN AT AR SR e L)

mechaeigm simdar tddbatraliSuyGt The DL mesdet whs dixpaded@n ddoves. Region A of CIfA

s bR 9 Do RS 6 A RO 10 e e st o
severpHfibriedgemiividing MEORAKINAralsinili a6d b BontaidIAYgicH Agimilar to CIfA.

adm nistering to the individual a reconbi nant

St aphyl ococcal fibrinogen binding protein, or fragnent
The fibiaoger y-eRaiR peptidgbinting &itétis idtatdd ra Ap@rephdbiadidde at the junction

oemegi ot i 200 i FRGs 7 st CoioiBh mepRonistabove are designed

to altértMe MSORAMMSotein-figdHdOMicRMioR ana Grévent HN-&vA@nbinding of CIfA
r econbi nant St aphyl ococcal fibrinogen binding protein,

to fibrigjogeP-agment t hereof conprising at Ieast part of the
fibrinogen binding region, without the ability to bind
fibrinogen. According to a still further preferred

Accorgingdaione spedfic embodimeatafitimpresprtrigvanion s ragembinant Staphylococcal

ﬁbrincgj%hid?r%i(g br%iteﬁﬁgsi ngBiirWden%irﬁo%gg?H%}icF@mﬁnﬁrﬂ%‘mdlfﬁcqmﬁ\% embodiment,

~_fibrinogen bin rotein, ragnment thereof ‘
Fibringger BindinggRegion AaeitClifnistaliefed bieamy meane (rush @sratibatijution or deletion

ml_nat[o%gjf &ﬁhgm hpypﬁgﬁﬁdgﬁ“#bgnt o bind fibrinogen,

prefera orm of “a hyperi mune serum
According to a yet further preferred enbodi nent of the

oo BT g Ao T HIPOERAS ap sy svary 1o
many $treep fiptimogeadéddirg pmoteiresy &hus, it will be understood that these comments relating
to CIfA 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

results.

ClfA is a 993 amino acid protein, comprising a 520 amino acid fibrinogen binding domain (from
amino acids 40 to 559). This fibrinogen binding domain is the N Terminal A domain comprising
subregions N1, N2 and N3. The entire fibrinogen region spanning N1 to N3 from amino acid 40
to amino acid 559 may be used in the invention. Alternatively, a truncate of the N1 to N3 region
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bi ndi ng protein, or fragnment thereof conprising at
| east part of the fibrinogen binding region, wthout
W@ b@oatidsdi ty to bind fibrinogen and a phar naceR€T/ERI009/051033

accept abl e adjuvant. ldeally, the reconbi nant
St aphyl ococcal fibri nogeg0 bi ndi ng protein or fragment
t hereof is derived from aureus, S. epidermdis
and/ or S. | ugdunensi S. The fibrinogen binding prot ei n
of se odi be sel ected from one

may p%|u[s ar-lﬁﬁlto 55 (ﬁe rg %;rﬂbgaqun( DRGIRG, r%gl@)a{ngto 531 (the minimal

flbnnegﬁn' RGRIM \blthwt ey Iatoﬁirfgepﬁébfﬁﬁé ‘éﬂh)f@lldnhﬁg féshj’ubg)oél@n Ideally, subregions
rotein may be selected fromone of

N2 aff%N?oth ﬂgmmanbf'brm?@eﬂ bisdingi ragiopr ek b uged which gomsﬁoaﬂ to amino acid

res.deﬁi@zﬁ% 5561 REdrARARNY, BirAgBa: HiRéR MipfdJivid My bagtay. B

Fi bronectin-fibrinogen binding protein A
(FnBPA) Fi bronectin-fibrinogen binding protein B

It hag Eéhﬁnp@tabnkﬁé’d*tr%? A Eaci@ fGRIeQDNaS 5%%@?% 'EHe{)Mz 2AH N3 regions,

bri nogen and bronectin, so may techni ca
of led@am@vmmrtanf past inribe bindisorie ilh@wqqs@mWe the mmlnnal fierinogen binding

regloHn‘Wé $IsBAhvE e xPettd P idu 8 tﬁét rﬁfﬁ’aﬁ Qinousd I'JSHJIU W this region
aetiedi

del'etions w't I nog en Ing reg
resulfeuo ranf expressegeproteimahich qanolvealrmgnleemluy the hwst lmmune defences but

ok REABRLE SRy S hoeol, (R8s LR R Vilghtris region (e a0
amineaaidi fitatneden @irmiuwdorbym)a oﬂ@lﬂe\ ha\soak'spenmc | 3Ex sinuc(tlﬁ)ieL)a so-called DE-

varia 3001 B0 G Il B o Rty S AP (4B Rgpstiution or

deletibmetcpran piavidleie@amﬂrovndelmmpy on. As shown in Figure 11,
t he nodul ar structure of several fibrinogen binding
MSCRAWMM are simlar and all contain Region A simlar
The diterafibh Ao radutt iff it buggﬁﬁbrlnogb:abmdp@mdtudlqr Miaf ikepiatd By substitution,

ocat dro bic gro t the junctio
acding Qe BRETEn it ENCEr SLAner . Bucieaie s UbSrine arignvelr Idealy, the
subsmlﬁioatnsgasvem atfecﬁ@mb 3D a¥actare (dlgSdfaned doPcallbll IE-Varant 1gG fold) of
rot ein-ligand int eractl on and prevent the

the prﬁEﬁ'P Br'c\fvl SB|'trF@P Iep9eEPind OFNe98Y i nogen. Accor di ng
to one speC|f| c enbodi nent of the present invention,

econbl nant Staphyl ococcal fibrinogen binding . )
Ideallbr@penqp gatidg g quqnﬁoey‘&] sgpﬂ@ptpg BEETRS NeRrcQyAendfinteraction with

fnbnncfébfwéloreferﬂaﬁliﬂb %Wﬁﬁh(ﬂ%%hd birdiMgitd Wﬁ% dROEHIORDIRREH ééBar‘étmg N2 and

IS a ere any maans as substltu
N3 ofpRegign A |06ﬁhﬁﬁlbaﬂ¢gﬂﬁ\s§>m§lagtmalmﬁ tAleatluﬁgethebiamﬂwg peptlde region

corre%oﬁ&u'nﬁ Q9@hhind 9684 :532 14 88g H rAQEL Bg@gbélﬁutf%o&ederbtéxf to prevent

however , bears structur
||gaNdrr@m¢"@t kﬁ-;ddltfqnbﬂy, n@gfétmcata/fmgn@erml@clenmstheﬂhmgqngu pem!del region and

option3fly taA&RIEFof halcfehGRE SO RIsRiLEE! 12! 1d3Ring 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 and/or
Yasg fOr aspartate, respectively. The choice of residues was based on the X-ray crystal structure
of CIfA and the observation that individual changes to the proline or the tyrosine reduced
binding affinity. Surprisingly, we found that this mutant CIA protein (rCIfAPsss S YassA)
stimulated an immune response and can be used in the generation of a much more effective
vaccine or antibody therapy. This substitution may take place in the full length fibrinogen
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to CIfA are equally applicable to other NMSCRAMM
fibrinogen binding proteins, including CfB, FnBPA

wWO-aBPB9s4Fbl , SAdrG F, IsdA etc. Al of these prPCEEP209/051033
have simlar 3D structures, thus, simlar
alterations/nmutations to he fibrinogen binding region
can be made to achieve ffAt sane results. CIfAis a 993
am no acid protein, conprising a 520 ani no aci d

. fibrinoge domain (from am no acjds 40

bindiag; gfoteip fae ?bmqq‘ﬁgge'ﬁdlegnr& 99 QeaTAimaL ToraogenT bPFingatesion, or a

fragnfentlERéd), conpri sing subregions N1, N2 and N3. The
entire fibrinogen region spanning N1 to N3 from am no
acid 40 to am no acid 559 may be used |n t he

Accor‘d‘ﬁ@e‘?& 'a‘?uBtheN st%Elﬂé‘térH@ddi’meﬁ Bf W§5§s§y &f of & N\v%nﬁc‘}h NRe fibrinogen

géonrm be used . t he m ni nal
bmd"fg ficies enutBNh af rﬁjf/‘r emyohg cozgt;[uqt@ﬁ 1exahRegiRg rAmiap acids Pag for

asparftétgrdrﬂﬂﬁe\ﬁ [ ! Hn%"‘ o Cégtnvggaf\% HithhihBGorBGiBGd gﬁ&)@ﬂﬂ\aent this mutant

| owm n% resi y, subr’egi ons
ClfA m@telm K& 11AiPads el ::63)brann@ge he bisadiim ¢her gepasatiomelya iprichsaore effective

vacm%‘bf:g‘ntfb%\?/gﬁgéﬁ‘ to am no acid residues 2_21 to 559.

ternati a fragnment of these subregi ons nmay be
used. It has been established that am no aci d residues

Aiterré%g%a/l&,gﬁéﬁﬂera‘ﬁ&( ?r{al 3 @-ﬂ 9@@8@? r'#glleﬁg&'tcgﬂfqrisﬁf g%@ﬁrinogen binding

regiorwitrenut thédatchingnpéptidebsequeges (aimirth ragidse§8dno S¥8)alts aesult in a

reconF%?s{alzen l@ﬁﬁzﬁqe‘e%t ﬁén%g ggﬁgﬁw Vlylggfhlf ﬁet ?l%iiitgﬁo %&B%ggé]ggﬁlcﬁlgd fibrinogen. In
this eprbotiment,vdmiob acianresiduge2Dgtoi &Hdofb?egictreAImgﬂtl]fAi darewsed, which lack the
ence,

defences b | ack i bri e a
et pEREE" R oLa @0 T el PR e ML GO biaschpstiuton i
the latohingppeptidd dnihe abidg ©62ho 1538 hishopraivéts @le OLEL Af BsTiitinogen may be
Eﬁ’gﬁ él c 3D structure, a so-called DEvariant 19G fold,
contelipt®d t he mi ni num Fg- bi ndi ng truncate which if
altered (via substitution or deletion etc) can provi de
t her ag The alteration to result in

It is ‘I?'Er;%egsng‘?é)fr?aéra}"n'&@ Solrhmenﬁ'f%( ity DI ligaRres BV&E% QH— model. By

mode&bl@&ﬁé BD)t s!;tﬁl&turéldiij lig bé&élhﬂ’é td PRRNch itigd Ia@éhnriqeb@étld‘érhrﬁﬁ make a truncate
he nucl eoti de or am no acid

Ly,
that 'th'@ 'tsa'm in thei fB'h'eﬁe@a(NweNﬁ)&rif@cmwlmwé@snﬂ Bindinettiuneate N2-N3, or
a fraghfen@thefdoft he a so-cal l ed DE-variant 1gG fold) of the
protein or fragment so it can no | onger bind
fibrinogen. Ideally, the nucleotide or amno acid

We f&Hﬁth'a? WhdsRNs iR %Sﬁ rbhﬁ ﬁ@fél&oﬁ@!eﬂ{gr dergt%har%f gﬂ‘. \@ug)ghtutlons or

bri nogen, preferab preventing |1 gand bin
truncatteﬁc) Wueesbmde@cepamk@hsege@awmm@ axel arrdrlmmly)flndwgd dess systemic

mflarr@hagtapiim%é Rid QB?ﬁBﬁthdl ng protein. Alternatively,

atching p regi on correspondi ng to am no
acids 532 to 538 may be altered by substitution or

Thus,qﬁmlnﬁ}n?zgti&ﬁ) mﬂh%ﬁ&ébt 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.

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

vaccine may be a DNA or protein vaccine.



I i gand binding. Additionally, a truncate/fragnment
| acking the | atching peptide region and optionally the
w0 20valydes of the C-term nal protein residues,PCT/BP2009/051033

| acki ng am no acid residues 532 to 559, may be used.

According to one specific _enbodi nent of this aspect of

the invention, the fi bri‘ﬁ%gen bi ndi ngdefi ci ent nut ant

of CIfA may be constructed by exchangi ng am no aci ds

P336 for serine and/or Y338 for aspartate,
The follewingt samieycesTRetlipehin: theptable SRigwe Mayehe bsedin @Acardance with the
invenffoh.ay crystal structure of CIfA and the observation
that individual changes to the proline or the tyrosine
ré‘cﬁﬂ:ed bi ndi ng af Pen¢ripfionSur pri si ngl y} wbefgthnd [t HaRegion
t R Nomitant CIfA protein (HCfAP336 S Y338A)
st i hul pViEEtAn fuliangheaseaysbetse and can pe $88d2in fthe -
gener at(lEé?{“Ei?”a rruch nore effective vagcine or

,L-t—ake—pl—a e in
E,%ﬁﬁqﬁ"gncﬁr otein N1to N3
the mini mal ‘Eﬁlﬁ H‘gejen

= ) CUI . I\ ul Ily

e r H’AK egth n’g‘ dénﬁ@é?éé?depﬁl S aspec;s‘ébla the N1 to N3
inventlon e fibrinogen b|nd|ng defirci ent nutant of
CIt ucted by excndngl g @ T, O S 54957 o1
forﬁasqggfglgwe;gjﬂnor Y338 for serine, resgg%?i#vel y. MNs
wi t h tlhe previous enbodinent, this nutgnt CIfA prote| n
(K T ARSBAPYN ABSdism can al so be used 1|0 t lg@ogenerjato® N3
of a nuekanm ® ef fective vaccine or antibody therjapy.
Alternatively, the alteration may be inh the formjof a
deléet i |ont,rCiid ARdg®N Rgfull leegth mbrsequegemwum ndi r5goaaegi gn N1 to N3
wi t houtadditienal &ﬁoﬁCnﬁgmpebwd@ssequence (am no aci ds 532
to 538)(Exargpledsult in a reconbinant fifbri nogen biindi ng
proteiin without the ability to non-caovalently bind

fibri nd M\PY'I A Begian wfiporidiieral N aafidn6 jaci #3Passi dieN1 toN3
221 td EPNaheSiRS on A of CIfA are used, which |dck
t he I at( Beptl de and fol | ow ng C— tier m nal

ciibhct i t it ilan o
L.1 VI =AY %L LI A4

T 1 el A e i ABaR o €8s Cllo 53804 o N 18
preverts tr% %ﬁlﬁ of the fibri nogen rray be

CORtENIERL t erstood—that—att—p TS
the Gbed?Mf%dr%(F*ahw L i gands by tHe DR e Ngand N3

MOYET 1116Es LERs5 WR GUGHIHEEN ahll & fermPa! O 8ad &5 PT UNéhnd N3
the | 3trediduag peptide and nmake a truncgte that |agk
it, eijtbeimpdp)the full length (N1 to N3) or the

m ni mal | | gand binding truncate N2-N3, or a fragment
t her eqfrCifA PY 221-559 339aa N2 and N3
(Example 2)
12 rCifA PY 221-559 with additional N and C terminal 349aa N2 and N3
residues’
(Example 2)
13 rCIfA 221-531 (deita latch truncate) with additional 321aa N2 and N3°
N and C terminal residues 2
(Example 2)
14 rCIfAPY 221-531 (delta latch truncate) 311 aa N2 and N3°

' Additional N residues (N-terminal extension (6 x His tag and additional residues) comprise 6 His

5 residues, followed by Gly and Ser. Additional C terminal residues comprise Lys followed by Leu (other
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We found that these substitution rCfA proteins
(whet her deletion nutants, substitutions or truncates)
wo e@aoedsyi rul ence and di sease out cone, and PCT/EP2009/051033

surprisingly induced | ess systenic inflanmmation that

the wild type protein. Thus, inmunization with these

mut ant proteins is expec?\%d to, based on the proteins

tested, enhance the | evel of antibodi es V\,hi ch

recogni zed both the nutant and wild ty proteinand to

aaditiofabVfioge Grigiming! ghsidyesspay Pised r@ménﬂhﬁawwwsw prgV/C terminal tags
requirey)pe protel n Thus, CfA which has been altered SO
zAdd'%'?‘ler%jl Lr)eésl'.l ues 6 nlﬂlalag éa\tng ?%t'long::rlﬁn q(;%e)gcronwaieséd 6:8 reSIdues followed by Gly and
Ser. Adyitional z%ltarromal fesiduelsi compese, Atghfellaalet! dayeider Qhthek guidiibrel IN and C terminal
remdde& ?n%kt)e U@é %@péﬁﬁ@? ?ﬁﬁle%nMéﬁfsb@ &r @{’3 t@rﬂﬁr’ah%g r@&unre@)') sed

Is altered rotelin nay ove the

W'th%wel'%“wpwé CAEIRANI YA éem%mqeowwglon C-terminal

residuUR &l G2RIAG 2@ b atid Riduss 33280 bsdbl e bel ow may be used in
accordance with the invention. 1 Additional N residues

(N-term nal extension (6 x His tag and addi ti onal

|deau5/emedmesr)wbmanp&a@ay@cdﬂcal fitstilog e Hindirgy provesl cbbﬁpﬁés Madamino acid
nal residues conprise

S Addi t |
SeQUET] BHEIRY 10 NV Bt BEPLIIINGSoTafo 1 WRG'SE FeSGHENBe and/or Yass are

substit6et Kt eithBYsdhife UHBGr alaelmee&da ﬁggrﬁé‘nttth&eéﬁ i mer used or
N C term nal tags reqwred Addi ti onal N residues (6

x Hi's tag and additional resi dues) conprise 6 H's

AIterr’(a%élQ'Uﬁ'?e ffa@HeﬂY\Qﬂ e %cﬁnﬁ}%ng%taﬁ)%‘?&g%%é?n%n@?en bmdlng protein

ternlna resi dues conprlse
Ccompggef e @mino Rplaﬁeqwncerawwglngrt@@nm QESERID %@ 4OFQ D No. 14. SEQ

ID N@@@%ﬂe'mr%@p&mt&hb ERA N%SH'uaE{ N{Y l@z tr\% HW ACIARYES YA and rCIfA

requi red)) W t hout the latchin
PsasA(:YOMSGfgiﬂﬁﬁ?ﬂYQwaQ puttined iedheltable Met o 538 and r emai nder
A Region Cterminal residues i.e. lacking am no acid
residues 532 to 559. ldeally, the reconbi nant
It is #scaphstilatasc babed pbrthe sybstititiondiimdhe lascteivhichomgrei made in SdrG, that
i NQ _aci C r.di . S
suns e e HE 490850 08 Lyl BRLP o beta st
complementationtvelll aidat be defebtive ip digamakbiadigoThad, ddealiy , the isubstitutions are in

. f ..of th -
emind 08 TR S8 o Y LY R e e sy
of thecpepide de sintiérgo axwnfoomationd| skedrgenoebinddbe tigargl drobanyAledratively, the
T, i BrEEe orBptr de Ho 8 s o
altogd?ﬁé’rﬁ& ‘g’&E&@mMrdreBGts‘ Mdﬁ&ﬁ)ﬁé‘lly}f&36$emﬁiﬁ@etﬁlncuﬁdw nddant lacking amino

acid rgftusy 42 foraooLnslBinaling te e penid ZsEHeARL ARt binding to the

ligandrade in SdrG that

However, it will also be contemplated that other amino acid residues could be substituted other
than those specifically recited above. For example, Glu 526, Val 527, Tyr 256 and Lys 389 may
be substituted to alter the fibrinogen binding properties of the protein or fragment thereof. Thus,
any substitution which reduces binding ability may be contemplated. Ideally, such substitutions
or deletions effect the hydrophobic pocket and associated mechanism for binding the ligand in
the hydrophobic trench such as homologues Val527 in CIfA and N526 in CIfB. In CIfB, Q235
and N526 have been studied to shown to reduce binding. A similar study was done with FnBPA
where N304 and F306 were shown to be important for Fg binding. Thus, mutations in these
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substitutions in the latch that are defective in the
conformati onal change or beta strand conpl enentati on
wawrdtbloabso be defective in |igand binding. TheGI/EP2009/051033
ideally, the substitutions are in am no acid residues
532 to 538 which correspgond to the | atching peptide
and affect the ability of4t he peptide to undergo
conformational change, or bind the ligand or both.
_Alternatively, the alteration may conprise renoving
aming ﬁ@déﬂﬁ'ﬂtﬁsd'&'ﬁéﬁ?‘éé@@%@”@'m to 538 (delta latch
peptide) altogether, to give simlar results.
_Additionally, a Cterminal truncation nutant |ackin
It willabe wpdersiogdrtbali hase cemments 8moequaty |apglicayle teeothat biinagen binding
' u I f biyndi
protefﬁiggggﬂfa ‘5‘(§l'fl§j §§r)G }’\tr&/I\E}Fl’Rf‘ Igrﬁ?:sligé b:ﬁ](i:ughtﬂg@ tr{ég%rﬁéj\t (ogc%cme antibody or
pharm@mticairﬁonmoawbm elt@sh@we@mpmﬂ tﬂ\eb@nmleistﬁlbmtoeen dgirting Region or a
se specifically recited above. For exanpl e,
fragn@?&?ﬂg&%ﬁ Val 527, Tyr 256 and Lys 389 may be
substituted to alter the fibrinogen binding properties

o o] B8, Bind B, 058 WAk o or an

variatioon thenedf sdreld thel themk | mclusiec inctudest included rendoinciddingt iooasly variation

fect t. y.dr 0 ocket and oci at chani .
therefr)ff ?rebcioHalgﬁrgg tﬂ é)ept féﬂ H‘t rﬁhqr}ggaﬁvoqngléﬁ%ﬁ%ouﬁ @'EE?] a@a@ﬁﬁ‘ the widest
possibie ifterppétatipres Val 527 in CIfA and N526 in CIfB. In

ClfB, 235 and N526 have been studied to shown to
reduce binding. A simlar study was done wth FnBPA

The inbeaition N8@ét mrnited-BDhevemBodimerthdreinbéfordTBeSdriBBd, hiarmiPbe varied in
heseam no aci d residues

mutatjions in
both WWSV”‘Q&P&‘E q%iad'd’ﬂﬁ"'bﬁhﬁcﬁcﬂ%e ofttpeﬂaprps ‘be under st ood t hat
these conments are equal ly appllcable to ot her
fibrinogen bindi ngb proteins, such as

The preggoh INVERiNEEVIlTIQWSDE goscrippd mthéﬁfprqm;gé@ *tt}pefollgwf?{; Beayimiting figures

and eRAmplaar maceut i cal conp03|t| on etc) may conprise the
conpl ete Fi brinogen Bi nding Region or a fragment
thereof. In the specification, the terrrs ‘conpri se,

F.gur@somw&%w%r@gm&%@sa% eomar'S' ng" or any variation
t her eof and the terns "|nc ude, includes, included and

i ncl udi ng" or any variation thereof are consi dered to

Figurd§ éh%%@ &hé’ sblrf/ Glhér'ﬂgﬁéghg S ufddeYs SRME Gty ﬁrt?(? weight loss (B) in

af f or t he V\ndest pos I'nterpretation.
mice inpsuwigted with iSs adsus strain tl\@wmam, aned cléﬁFijdclm:Eﬁrﬂl and c/fA null mutants. 3.2 x

B%rf"‘ d k&ﬁ[ &8 9 G4t w@rﬂtlrhdlmé ‘%Z Dgfégégg Baelfsg?tgg 48 medians (squares

cons ruction a det al
or cergérdings), infdrquaptile samgesi(bees), iand 804 d:entraWabges:IMﬁskbtsedeata from three

experiMe%ps. JFS fpSBISE.CﬁNeEmg,, -t- E? 58| ILI (/?A\Qlyln n%On c/fAPY" 6 Ay Nc”Agsu{§S 20.

Figure 2 shows the bacterial growth in kidneys in mice 7-8 days after inoculation with 3.2 x 10° -
6.0 x 10° cfu of S. aureus strain Newman, and clfAPYI, clfAPYII, and cifA null mutants. Data are
presented as cfu per kidney pair. Where no growth was detectable, the count was put to highest
possible count according to what dilution was used. Data from three experiments are pooled.
Nuewman = 26, Nogapy = 30, Negapvn = 10, and Nyg = 15.

Figure 3 shows the survival of mice after inoculation with 5.2, 5.1 or 3.3 x 10’ cfu of S.aureus
strain Newman, c/fAPY| mutant or c/fA null mutant, respectively. N = 10 per group from start.
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and exanples. Figures 1 to 15 show the results of
Exanple 1. Figure 1 shows the severity of arthritis
W@ 2009/0ma8sured as arthritic index, and wei ght POBFEP10B)/051033

in mce inoculated with S. aureus strain Newran, and

clfAPY\, el fAPYW and el fA null nutants. 3.2 x 106 -

6.0 x 106 cfu of S. auré@e-strains were inocul at ed.

Data are presented as nedi ans (squares or center

nterquart| | e ranges (boxes), and_80% centr al 5
F'QUrPér?é‘é‘é’s (URISSREAL Pf iR ZNEF BIOCHIRNRTE vk b4 FBNTQ- 728 X 10° cfu of
Saut@@@lsﬁﬁn L|S b%nclﬂPgl_l' clfAf-"Qll de/ SANRN rmutals, reMSdbY.- N= 15 per group
0, and /IM= 16 - . Figure 2 shows the bacteri al

ffomeﬁaﬁwth |n k| dneys in m ce 7-8 days after inocul ation

with 3.2 x 106 - 6.0 x 106 cfu of S. aureus strain

Newman, and el fAPYl, el fAPYW and el fA null nutants.
Figureeft shews ther swwivaled avcecimmyrizedkividn 85A apeombvtant Clifo or recombinant

h C h 7

OiAF, B pPHRE YL REBELABRE prlif 4 Qifeint 2t MibuRRo AT 8Y x 107 otu of .
aureLBatexvmammthﬁeermp@ﬁommrs are pool ed. gwran = 26,

L/c/ wPY, = 30, /Vc/MPY|i = 10, and NdfA = 15. Figure 3

shows the survival of mce after inoculation with 5.2,
Figuré 6lstmws3h8 fueqméﬁcyccsftarwiticsmer inosulated aith M2 w0~ 6.0 x 10° cfu of S.

aure e i o, S BN o SRR M i rom e
expenmaerds afetpeoledn Nﬁet,t,lnaat:lmn 30, N9 =430, N Devn £Q07are N9, S18 - 20.
106 cfu of S.aureus strain LS-1, and cl fAPY\, clfAPYU

or elfA null nutants, respectively. N = 15 per group

Figuré 7ahows &et sevEditg of artiitis hesssuicdessithriic/inbexoh nfit€ Roculated with 5.2, 5.1
reconbi nant Cl f A r,econbi nant

h BSA,
or 3.5 ABY SR ob S PRI SOHBRT AN oot DR IR ) O ul mutan,
respecti W|mh£dre/\/p$eberﬁe6ta>s r?&??:ﬁa‘ (éqﬂére@ rl]rﬂélrﬁq@?rﬁleNf‘aWQ@é'(boNeﬁ and 80%
roup from star igure 6 shows the frequency
Ce“"%f’a'fﬁeﬁlﬁ‘gh't'fﬁgs)n%eew A1l Mower 7R 3DNa 28610. 6.0 x
106 cfu of S. aureus strain Newrman w | d- type and

clfAPY\ el f APYW and el fA null mnutants. afro
Figure ﬁ,s@gw%;{}géyelg@,{@@ iR Ce ipeFdated with Rréa R- 1-or2873 x 180cfu of S.aureus strain

Newntdxﬁbvh@’t? e= C#QPYILMM br: cifA AQI nﬁﬁ%t '\@sﬁ@cﬂvelWDatazgre presented as

%ure shows t eseverltyo art rItIS nmeasur e
med'aa]St FRNten lipe), Ajerauprileniapges Heuen) aansBafe cantsl pangss 1w@skers) Niewman =

0_10@,:/%%%\(?.% SidnOf = §.1@ur eus strain Newran wild-type,

mutant or elfA null rnutant, respectively. Data
are present ed as nedi ans (squares), interquartile

Flgurig@ﬂ&?s Pity #Bﬂ@@%&@ﬁ#& @ﬂ&g??okw Btﬁ%r Fimurlized with BSA,

recorbingot £1f4 gmwn@ntbhenv\@lfgﬁt{ (LessCifAPYii cazombipant ptodein vA tdomain) and
moculgtea wn‘?\ 40%10”} c?u ot 130 Zw% LY h%@vn%nawa?augre 6rcra$e'n't]ed as medians (squares),

interquartile ranges (boxes), and 80% central ranges (whiskers). Nasa = 14, Nygpy = 14, and Ny
= 15 per group from start.

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

Figure 11 shows an illustrative representation of the structure of FnBPA, CIfB, CIfA and SdrG
proteins. Region A is the fibrinogen binding region, S is the signal sequence, W is the cell wall
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Newman wi |l d-type, C 4PYlI nutant or clfA null nutant,
respectively. Data are presented as nedi ans (center
WO povep9s4sht erquartil e ranges (boxes), and 80% PEREP209/051033

ranges (whiskers). L gqwman = 0-10, NclfAPYt = 9-10,
and Ncl fA = 0-10. Figure a shows the severity of
arthritis measured as aieRfitic index in nice
i muni zed with BSA, reconbinant CIfA or reconbi nant
Cl f@PY f“le Cl f APYl reconbi nant prot ein_A domain) and

SoanHG A aie Y 5 TR GRERST ebring he LPATS Rl bpresent positvely

chard@@trés@de% TP RThE fopRat @8h alﬂ&’)l{ﬁﬁﬁé@ér?ﬁ)conipﬂ&%r I (hbi ghown). The
oxes), and 80% central ranges (whiskers).

BCD g;glon qf(ané/(@,pd/the sparter{{f ragiery ohFeBEB -nof shave pinds @hﬁonectm
start. Figure 10 gives the nucl eotide and am no acid
sequence of wild-type CIfA A domain protein (rCfA),
FigurgotdisRewsthe sperific “antibedy n@ppegeSduegecmn@mar@r@l@ersﬂ’a in serum

samp@ése(afﬁ@g@pﬁ@gh.?%ar p Y%aaeh @E‘%ﬁﬂﬂgﬁ‘b ﬁé@@ﬂ%@ﬁ% -559 (ICIfA),
or regasalingsIt KAMP Y90 S158) (rClM%naudays\hﬁemthmcmuooaher immunization, which

was %r%ccﬁl e {;@ﬂnfe@n&mﬁuﬁ 9'3')9&“ /%ﬁ%@{)ﬁ§ a Frbgéj ?alr:H\I ?pr%\ﬂswﬂdtype for

rative repreéesen on o ruc ure o
inductiorBeirsepSisf Iatacaremr%e@tesmﬁrpdtahe |(¢mterFHegs)o mtquumtehenges (boxes),

L na. h I
o s e IADERORL KRR 01 205 VAR, AR vcaauace
anchor i ncl udi ng the LPXTG noti f, + represent
F:gurg qé bﬁwg ltt%e SP%%' %gﬁi'}?ﬁﬁ q% éesco t he hﬁgg@hgm serum samples
of mith errﬁﬁlhlzeelgwm mhlnEnﬂ?An( albdmirh (EBSlh)o rré@)“mtiﬁﬁhm eQIfAMD-589 (rCIfA), or
ccorfR ctdPsc B PR S o SRS e i o Saton, i
was cﬁefdb?\ﬁla@el‘é&‘ifebﬁbr\swlwms%mff |oﬂ$m©ﬁsdbeCS aurmmtiemd N\éwh"hln wnldtype for

e o SRpS e P SealeD 23 e (Bob (et Risrtuargegagass (bores),

and 8984 &ntlah@inges gmims)swgs;\ dJ 19BN GL LaB, aNd NG -2 5% ne
ec .

day before in ion with 2.3 x 107 cfu/ nouse of
aureus strain Newran wi | dtype for induction of sepsis.

Figurdafaa sReves e spBdifs aﬂﬁbdﬂ’}dfe% Sndezefdt Ricohibias aCIfAPY4O 559 in serum
interquartile ranges (boxes and 80% central ran

samplegtaf SNeq Wymunizeghwith hauingsserymzalbumis (BEAY regoinant A40 559 (rCIfA),
or redohibifaft E%APK’QM@SQSFCIW' ) 'dﬁysaé‘ﬁérk%ﬁé%eéd?ﬂp&fb%%? ithfunization, which

reconbi nant i'n serum sanpl es of mce
was qnarAayi begereinfestionowithé. 0setQ) wfuimpusa of $. wpqus strabroiNewman twildtype for
mduct? f@“‘sQeB \g’%rtl(nrtga @g;r;r(et eéﬁs)'gggﬂé %‘ @EX &P TimsY, interquartile ranges
(boxeprand BO%t qeniral f\ﬂlﬁﬂ@ﬁ'l(wm(e(ﬁhd\’ﬁay‘ Meto M Al 8candNcwmitH 15.

2.3 x 107 cfu/ nouse of S. aureus strain Newran

w | dtype for induction of sepsis. Data are presented
Figuren35 sholvathe speeifit antibadyaeiponses &r paambinhet CEAPES59 in serum samples

of mit@Wfithized with bovine serum albumin (BSA), recombinant CIfA40-559 (rCIfA), or
recombinant CIfAPY40-559 (rCIfAPY), 9 days after the second booster immunization, which
was one day before infection with 4.0 x 10° cfu/mouse of S. aureus strain Newman wildtype for
induction of septic arthritis. Data are presented as medians (center lines), interquartile ranges
(boxes), and 80% central ranges (whiskers). Nasa = 14-15, Niciia = 15, and Nigiapy = 15.

Figure 16 of Example 2 shows the specific antibody responses to recombinant CifAPY221-559
in serum samples of mice immunized with bovine serum albumin (BSA), recombinant CIfA221-
559 (rCifA221-559), or recombinant CIfAPY221-559 (rCIfAPY221-559), 9 days after the second
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and 80% central ranges (whiskers). L SA = 13-15, Nr tA
= 15, and N APY = 15. Figure 14 shows the specific
W@ paonedy3 r esponses to reconbi nant O f APY40- 55BCT/BP2009/051033

serum sanpl es of mce inmunized with bovi ne serum

al bum n (BSA), reconbinant CfA40-559 (rdfA), or

reconbi nant d f APY40- 5592%rCIfAPY), 9 days after the
second booster immunization, which was one day before
infection with 4.0 x 106 cfu/ nouse of S. aureus strain

boosiqs e NigRlieR-y Bata are PrRSEtedoRS dre%rﬁ (Genigre ¥nest,j igterquartile ranges
(boxeRlahPE(%, REAFA nh'%sa@"h@g{’s‘?nﬁss rrLerrl%S-') 14-15, and Niciiapvaz1-s59 =
interquartile ranges (boxes), and 80 cen rang
14-1&whi skers). L SA = 14-15, /V A = 15, and L/rC|fAPY =
15. Figure 15 shows the specific antibody responses to
reconbi nant Clf A40-559 in serum sanples of mce
Figure ihfuefiExempig 21shpws ithrespasifigrardbeihiesPOBEBA)Y recsstinsnt HfA221-559 in
serun? %'%#%53)5%%4 g‘rf\u@rze ith & @rmgﬁ%oosﬁgﬁorég%bmant ClfA221-559

ays after t secon
(rCHAZR 5P a0 tagomiiniash GNAEYBEbSGQWCBQ"KRJY&QHEﬁQe,chdaysvafteh the second
boost%r Qmﬁrungg |8r§rullf)g%3§fe gresg egg%ﬁe %iedzarr{%:(gepi\e‘?\’“%g rnter%uartrle ranges
(boxersr mrﬁ% cestrateangass(whskense ridsi retd), NdiahiefoGud4-15) @nd Nicrapvooisse =
14-14 anges (boxes), and 80% central ranges (whiskers). L
A = 14-15, N A = 15, and /Vrci fAPY = 15. Figure 16 of
Exanpl e 2 shows the specific antibody responses to

Figurt TELRIRIA D15B% (e SR 5 AP BRSO RR)S "ToauArh GA221-501 i

seruanérAﬁ@iof D5&e (MirelifizARRith rézombinadf omgwm 51?1n¢rleAPY221 -531), 9 days
f APY221 -559 (rClfAPY221 -559 9 days aft
after 8SEH stg; im zation 6%}3 arq:ﬁrte%érgecéas) dians ntganes) interquartile
rangeSEioh@B) ahé eo%eren{rame@as (WhibRErEM i)y €, EAROBS (boxes) ,
and 80% central ranges (whiskers). L SA = 15, 21-559 =
14-15, and /VrcifAPY. 21-559 = 14-15. Figure 17 of
Examiplégpl € 2 shows the specific antibody responses to
reconbi nant C f A221-559 in serum sanples of mce
i mmuni zed wi th bovine serum al bum n (BSA), reconbi nant
I A221-559 (rd f A221-559), o r reconbi nant Clf APY221
- (rCIfAPY221 559), 9 days after the second boost er
iARE puncates comprising BNaf 0 = acicls S
I|nes) interquartile ranges (boxes), and 80% central
ran es (whiskers). LfesA = 15, 221-559 = 14-15, and
MAT = 14-15. Figure 18 of Exanple 3 shows
Full '
u d%?fs @gq& g%mgﬁrcﬁ@fséémr R é’g %P@@gﬁen fh tﬁ@ E%mﬂ%ll@é;g{e provided at the end of
this seaieonbi nant d f APY221-531 (rd fAPY221 531), 9 days
after the second booster inmmunization. Data are
presented as nedians (center lines), interquartile
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
per cage with a 12 h light-dark cycle, and were fed standard laboratory chow and water ad libitum.
The animals were 6 to 16 weeks old at the start of the experiments.

Bacterial strains
For infection of animals the S. aureus wildtype strains Newman (14) and LS-1 (11) and
constructed derivatives thereof were used. The clfA PaSYasA (CIfAPYI) and cIfA PassAYssS
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ranges (boxes), and 80% central ranges (whiskers).
L/, cifA22i -53i = 14-15. Exanples Exanple 1 rdfA A
WO 2@oo9545F uncat es conprising NI, N2 and N3 (anPCDER20L651033
40- 559) MATERI AL AND METHODS Ful | details of the
nuneric references in br%gkets given in the Exanples
are provided at the end this section. Mce NWRI
rri ce were obtained from Scanbur BK (Sollentuna,
and were nmaintained in the animal facility of

(cIfAl'f\ﬂg cﬁg%gtfvpﬁéyﬁre songifctathiofterly Newmaneard frangduced 0 strain LS-1 (see
beloiTRE QMo HRARS NERMRAIAZAMJTZ mBEACOUSE (2 bl 8.? | oltA2:Tng17

board approved the experinents. ey were house
mutanio(Jehi figoeraldest aéag@pumu@hedawg@ ﬂ'SP |ugeﬁ! -Bpgtatiagyerp grovyhan blood agar

plateWr%ﬂ?%aﬁfe@fé@ara‘#\dlIéBPfr@feﬁra)f fd" ;\FE;( ﬁryngg% Wvol) BSA (Sigma

ani nal s were
Cher@@%ﬁ)t amﬁ 19%e (\v@i(yrd) dimatinyg . SUB@cherB%foresweatlwrs if@ranimals, the bacterial

susp(%\dle%fo‘?lgtv&e?él‘ H'Pcfweﬁg W@e? ih I?‘%S%angn gﬁg%rc]i‘g? gé%ggatétcreﬁ‘ tBfcentrations. The

numbge rof wablwb@teﬂaewe@fmamu@dus axpnjulptioncwith\ eI B 6I8NBBGADbY cultivation on

b.ood(v@rapag\g\s) nad ,qt|nfgéofg§%§AY3385(c/ 4PYI1) derivatives

ruc fain Newman and transduced to

strai n LS 1 (see bel ovv) The del etion nutants Nevvman
. 8 ..

In thisi e)qnb.rmBat: tacul Engthr(élfﬁgA oworo’murhiacw domgﬂs‘mgpNaI NS aﬁ@ N34(80rrespondmg

t -200C in
to amiig i Fhl5 5%, bk £6T ) BB ee SR AL 1006
(vol/vol) dinmethyl sulfoxide. Before injection into
' PBs CHATERLRR bE EOTe BB FAREoderR D NG 8 "o
CONCENtCIAL PQISY A Rty INEIRS reftiredit@ RS BifAFRAL RIFARY WRARCIFAPYI (i.e cHAPYI

neasur e unction with each chal | enge by
cul ti vé‘g )&(ﬁ%f%ﬁﬁ) 4?9 pl at es and counti ng

col oni &HA RAPSALLEC IS bé |réféﬁ’<¥M & ds GRAPNAN HcIRENAT (i @NEIFAPYII 40-

in S. aureus Newman and LS-1 In this experinment, a

full | éﬁ@l@E@ 'IDANQﬁ)egl on truncate, conprising Nl, N2

and N3, corresponding to am no acids 40 to 559, was
Inthefollovvlnngescrlptlon and figures : -

A1 Oélkbﬁ(’s#a@a'ahﬂsféagj@em@f ekFéd PiYolLadghnmrt @ /026688 qostaiingthe mutations
P13sS ’\9&3){338A in clfA was cloned into pBluescriptll SK- (Stratagene). This plasmid was

linearised with Hindll and ligated to Hindlll-cut pTSermC (J. Higgins, unpublished) to generate
plasmid pARM, which is a temperature sensitive E. coli-S. aureus shuttle vector containing the
Pa3S and YassA substitutions.

In order to reduce the risk of unknowingly generating a functional or immunoreactive epitope by
substituting Pass and Yass, we generated a second mutant, in which the order of the substitutions
was reversed, yielding PagsA and YasS. To generate this a plasmid pJH2, analogous to pARM but
containing the PssA and Y33S subsitutions, was generated. Overlap primer PCR was used with
the same flanking primers used to make pCF77 PY (6), and a different pair of overlapping

mutagenic primers:
F3: GCAACTTTGACCATGGCCGCTTCTATTGACCCTGAAAATG and

R3: CATTTTCAGGGTCAATAGAAGCGGCCATGGTCAAAGTTGC
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- CIf A P336SY338A may al so be referred to as el f APYI,
rcl fAPY or rclfAPYl (i.e el fAPYl 40-559) (SEQ ID NO

W@ 2009a9ds3 Cl f A P336AY3388 may al so be ref err eRCT/BP2A89/051033
cl fAPYIl, rclfAPYII (i.e. clfAPYIl 40- 559) (SEQ ID NO
5). A 1.02 kb PsA-BantH\ %agment of pCF77 PY (Loughman
et al., 2005) containing<the nutations P336S and Y338A
in el fA was cloned into pBluescriptll SK-
(Stratagene). This plasmd was linearised with H nd\\\
and ligated to H nd\\-cut pTSernC (J. Higgins,

(mutd!nﬁﬁelm i aad ubderiRaLk e%eFHté‘ﬁGFW PARMTHBAL Gfihkd IsstﬁHdeII fragment of
nperature sensitive E. coli-S. aureus shuttle vect

this Pé%?m'%waﬁ §ed Re desribed akgveytgenesatp UHRUR iteARerature e&raéwe E. colrS.
aurer%hhﬁlg%&oF Euhtdihid tHef P LR W] nQ'sMb&ﬁH@hé‘t ing a

functional or I nmrunoreactive epitope substituting
P336 and Y338, we generated a second nutant, in which

o U 0 O, A S sy
tfansmﬂqlgmeohage BARNEtt S.cmews Newrgan et) RBEA.S-h).YIB8®se strains the
plasnﬁ%&é@b%ﬁ[’\ﬂ&{éﬁgo‘é@%&%ﬁ% €tcﬁ|%m09&%|a?18 R&d g%sena?%v?f’@é%%:putatlons in

Ners used 1o
the dhvoniggomearofl aa padrdrtEne ot tpasmrruantmvgeme&atmgnglewn'[aageMRYl Newman

cIfAPWI dl_r%gsclfAE% arg:fé\qrg %%MIWG wﬁg s%%%%%%ﬂ% the plasmid

and m'ﬁTdTOmmbﬁﬁﬂWW GAAREGTIEYemat was oerfiednby Southern

.bol.d and und ned 0 rate CE77.PYL]. The 1.02 . )
nyorighHifn Hihg RS PSS ko rRE BRGNS Bifrdsiicn e IRBwa@Active proten
(CHARY)S omb b&dflabbye\/veaegenﬁnham(ﬁ)mthd?usuagte&ﬁﬂﬁfﬁafreg‘n@ A polyclonal rabbit

e E coli us shuttle tor nt ai ni

antis<F 0 (Salag RO PP 30 G GETOTS (Y Roverle 17 sRedy 261665 e Kor-Bam
fragmertserdnt gasdngic DAVA & EONR2ial ﬂéiJ)Jethg? bE®k ppdtiicRt TR aBld 700 bases

o e TS LEh SR8 ek S appening oases

the NéWiRap cas gestsofmam Newhiged to insert into the _
chronpbsone and then excise, |eaving the nutations in

t he chronobsone of a proportion of transformants,

Prodmw&tnéwﬂw\mirclﬂl aPditaplewman G A4PYI T, LS 1
I ansf or mant s vvere screened

Hss-tafgged rqgg@b@anq q:,léA rﬁwm%n%Nﬂ%%@n@Iﬁo acids 40-559), was produced from
pCF4d a8 ordVRARH Jéb&@iﬂeB%ﬁCMtN hh léddlll(ﬂ‘?agﬁbll W\g gtlhfouﬁhfaﬁ‘ anion-exchange

gene was verified by Southern n usi
colum@| Phsrp%ﬂ?d%\\f (ﬁ)m\@s Lgﬁ@,m)em@(tp t@gclone q/fAfle mmalns N123 into pQE30
Y, f |
o ool RIBLERRY, 5T L ABRIRR 0 46 B proccen by ke
affinitpyehro@ategedphy abd ianion exchange chromatograpy, as was described for rClifA. Eluates

were dialysed against two changes of PBS before concentration and freeze-drying.

Septic arthritis and sepsis experiments

In experiments 1-3 all the mice (n=10 per group) were infected with strain Newman to trigger
arthritis. In experiments 4 and 5, the mice were infected with strain Newman and LS-1,

respectively, to induce sepsis (n=10 per group).

Experiment 1 Mice were infected by intravenous injection with 3.5 x 10° cfu/mouse of S.aureus
strain Newman or with 4.3 x 10° cfu/mouse of Newman c/fAPY! mutant, both in 200 ul PBS.
Clinical arthritis and weight change was followed until day 7. Mice were sacrificed day 8, kidney
growth of bacteria were assessed and serum IL-6 and total IgG levels were measured. Synovitis
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anti serum (data not shown). The nutations were
verified by PCR across the Kpn\-BanmH\ fragnents from
w@2onyasPONA and comer ci al sequenci ng of the PCDEPIDS051033

The about 700 bases of the clfA gene of strain LS-1

that were sequenced were_identical to the

correspondi ng bases in f A8 - Newnman cl f A gene of strain

Newman. Production of Reconbinant CIfA and Clf APY

Hi s-t 9 ged reconbj nant CIfA re%}_@gJ A, domains N123
and hoggdreiTiction was slugisg istalaicaly 8 ReJaints A ierpend binddegs.

previously described (17), with an additi onal

pol i shing step through an ani.on-exchange col umm.

Expefimgata? Migropere iptected) witthe 0us #6f ¢fu, 6-8rpl Git@u 06 48 %118° cfu of S.aureus
stralnCNfeﬁRXh E‘WI r}ﬁutﬁﬂizg’r N%ﬂaﬁgﬁﬁoﬁn@ %%%erﬁmtrﬁutﬁﬂgdﬂgaectwely Clinical

Using this plasmd, recomnbi nant
arthritig wahwaﬁg% was fallpwed Lok} dey Fomd@fapa@nﬂmd@w dedney growth of
bacte‘ﬁ? %@é'ggse%géd)gﬁd SHiRARY -6 Shd 1 %%@Eﬂs bede Fn% gg.f &Ynovitis and bone
uates were di al ysed agai ns anges of
destryion was studiagiistelpgioally andhé joinds of-fareyenddiindSegs. i c
arthritis and sepsis experinents In experinents 1-3
all the mce (n=10 per group) were infected with
Expegmenti hMNeweae irfected wify .7 >a‘r(1 h:fu Bizx 10%cfexpexilioofusor 4.8 x 10° cfu of

S. aur%@gi#alr Newas nCS W Iernlggriﬁth u an 52{’5??‘ E’n?y'_t%\tgkre Wman cqu null mutant,

respeghmlgp)ChnEalp@thrma ahd Weldht ehawgeewas taliotved ubyl dagt 7. aMies ugse sacrificed
i.n] ion wi.th 3 106 _cfu/ mpuse of S.aureus strain
daYBIQé%%%PrW? Rf 9?‘%’5? PB4 PHbuse of Newman cl f APYi
mutant, both in 200 mM PBS. Cinical arthritis and
hange was foll owed unti y 7. Mce were
The &5eHg of JEF BpPTTenks drbyet Ui toRery s el RelRupesled and presented
togetligsessed and serum I L-6 and total 119G levels were
nmeasur ed. Synovitisand bone destruction was studied
histologically on the joints of fore and hind |egs.

In @ nt BRAite Weld nﬁﬁctéﬁf‘rﬂrdv@ﬁ% tH/\5 bix f7 @fux 510616 dfu or 3.3 x 107 cfu

X 106 cfu or 4. X 106 cfu S.aureus strain

of S isgHAHTAR INEXPVAN. ABE MHHETRRHA Nl TAAR) FosRepivE/AMortalty, weight

changwédddim.t:aratnhrmsr@éee&romslum@Ha' cal arthritis and
ht change was day 7. Mce were

In E Mﬂf_ﬁmﬁ werg infectrd with 9.4 zmqm dt9 baetcéu,u 19.7uel € cfu or 9.8 x 10° cfu
of S. m§@§§t%h @9@'1 S[c WBlfhlbYﬁm@fé‘Flut tL;ée @'c/rhﬁﬁu | RghS oWEéeli gifA null mutant,

nmeasured. Synovitis and boné struction was st
respegiivelyoMegalia cliyicad arthiitis andiveight gharfosrvesdalipwednatil day 3 6.

Experinment 3 Mce were infected wwth 4.7 x 106 cfu,

3.2 X 106 cfu 3. 9 x 106 cfu or 4.8 x 106 cfu of

iculan potbagteimn, el f APW nut ant, Newman el fA P
INERY

One kﬁg‘é’i&‘rﬂ e?gnr {NE%‘%IQ Snﬁ%c{t]%i Q/HIL 54@ grf]"g'jeé &ggﬁf %fllulg éx 10* cfu of strain
Newmantwildtyge,yc/fAP YMraganiver alﬂl;krmckcbutcrmﬂant respectively, in 20 yl PBS. N = 10 per

group. Mice were sacrificed 3 days later, and the knee joints were collected for histopathological

examination.

Vaccination with wild-type and mutant recombinant CIfA

Purified rCIfA40-559, rCIfAPY40-559 (i.e. rCIfAPYI) or BSA were dissolved in physiologic saline
and emulsified 1:1 in Freund’s complete adjuvant (Difco Laboratories). Two hundred pl of the
emulsion containing 30 pg (= 0.53 nmol) of protein was injected subcutaneously (s.c.) on day 0.
First booster immunization with 30 pg of protein in physiologic saline in incomplete Freund’s
adjuvant was performed on day 11. Second booster immunization was done day 21. On day 30
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day 8 and kidney growt h of bacteria were assessed. The
outcone of the experinents 1-3 were very simlar, so
w@l2109/09%a6% pool ed and presented together. | n ERGEEPI0891051033

4 mice were injected intravenously with 5.2 x 107 cfu,

5.1 x 107 cfu or 3.3 x 18] cfu of S aureus strain

Newman, clfAPYl rmutant or'clfA null nutant,

respectively. Mrtality, weight change and clinical

arthritis were followed until da In Experinent 5
the MiRecRraBIcD AEE BereioPe 1 Jatar anaysi ohantpogy [esppmeet u,

10 7 x 106 cfu or 9.8 x 106 cfu of S.aureus strain

S 1, LS-1 clfAPYl nutant, LS-1 clfAPYWnutant, or .

On d@$3l1 drf1R RYAC PRFLETQHR qu%é’ﬂé@?‘ﬁ Ry iy '%‘?{tloaqut%fb x 10” cfu/mouse for
inductibrh Bf Q?tlcaér{rﬁiﬁé Ldrpy20d WedO5/ntdRB Y6 MBSctibR! df Q8BSls. Clinical arthritis,

unti | . I'ntra-articular injection of bacteria
welgrtbn:eampe@nq moriahtpewererfmg\@em LL rﬁf@ct%@am taspectively. Bacterial growth in

kldne\% F/gs gsées&-xfl?l %ébtlcgﬁhﬁrsdexﬁeﬂrﬁé‘ht‘:fu of strain Newran

type, mutant or clfA knockout mnutant,
respectively, in 20 n PBS. N = 10 per group. Mce

Clinidf'eSatafion bt rfektdd flpye ! ater, and the knee joints were
hol ogi cal exam nati on.

The clibicalievaltiaiion was perfermed tnypbklindad mannem Eacle robrisias énspeded Aisually. The

mspeg@'&\ &“ﬁgd £ gé&é f55 %o éﬁ?))ff ﬁ‘g g}v%lhﬁés aﬂg &thgnﬁwg, f1AF|>'m|d) S\%Iling and/or

3Fv3d” iR physi ol ogi ¢
erythemal 8 froddrale wellind-randfod engheroapB enarkadjaweling 4ridVdrcerythema). The

arrife R RS £5iRuntd By 0BG e Slored rdayHEH MRl ans anirpal The overal

condlﬁcmboueanmemuséeywés also)exam@ﬂybyOassEsmmg sign® et eystemic inflammation, i.e.,

in_in S
weigt Fp1 RS, e ited plsroes. Atk Bl Bof of gtk SRkeP S Gpisaecton, when
a moase Sy jldgedSrooindo kmﬁmteeandtmnm RAltives MRl Bprensbay didlocation and
% ‘?ﬂ d(@/ 30t he .m ce were bled and sera were frozen
consigeypd Aeadduelo 3€085s of anti body responses. On day 3 1,
14-15 mce per group were infected by i.v. injection
of 4.0 x 106, cfu/ nmouse for induction of septic

Histolggical examination;,, 5 '3 x 107 cf u/ nouse for induction of

Histol®§iB&liexamfratith éﬁbln@rWéérﬂérhﬁneM@I@Q nﬂb@ﬂn@%n@ﬂﬂof a previously described
nortality were | owed for 11 and 15 day

methecddbct i vel y. Bact erial gromth in ki dneys was assessed
in the septic arthritis experinment. Cinical
eval uat| on of_ | nf ect ed m ce The clinical evaluation
: : ] eH dENe Each |inb was

I
Kldneggmfé:ésee%ué’dllg ld%%é?f?? }'gasta %@égm@%n%bg s‘eﬁglllyadnlﬁ{e‘ar ﬁ PR and spread
on blegedagar plates After 24 h of incubation in 37°C the number of cfu per kndney pair was

determined.

Measurement of serum IgG
Levels in serum of total IgG were measured by the radial immunodiffusion technique (19). Goat-

Anti-Mouse-IgG and mouse IgG standard were purchased from Southern Biotech, Birmingham,
AL.

Specific antibodies - ELISA
Serum samples from immunized mice were obtained 9 days after the second booster

immunization. The serum specific antibody response against rCIfA and rCIfAPY was measured by
ELISA. Microplates (96-well; Nunc) were coated with 5 pg/ml of recombinant protein in PBS.
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erythema; 2, noderate swelling and/or erythema; 3

mar ked swel ling and/or erythema). The arthritic index
wWoR®021st r uct ed by addi ng the scores from al | PEDEP2009/051033

linbs of an animal. The overall condition of each

nouse was al so exam ned E%( assessi ng signs of systemc

inflammation, i.e., weig decrease, reduced

al ertness, and ruffl ed coat. In cases of severe

BlockiAde) %gh@{ RPPISS oty Bref) AR e A EX A Gin s idase wee all dilted
in PBB S | r@caésawwan@ncmsrdd@r ®da GeatbududestAptRANS). SAll serum samples were
94 cal E&?@m nati on Hi st ol ogl cal exam nation of

i S
d"“teFd %??)Q vl 39 "RERPNER VRY Menfiar A @ ?‘?’B@PC@@ 483 ngp-
previously described met hod (18). Bacterioloqic

exam nation of infected kidneys Ki dneys were
In a gecqpe; WAy 19, o8l 3 JBYERFCUIREDIMEGRUTeCE thﬁoﬁ?@@@%a@&fépdy responses in the

dlfferérﬁruhﬁluh&aﬁﬂri g&b@ﬁs 'tﬁb Fé%ﬁoﬁé.é@ WehE %@férrﬁiﬁe@'a@@é’v@ﬁ%rum dilutions. Thus,
pl ates. After I ncubation in 37C the nunber of

all sepymy spapler N@ﬁ%?"tﬁ%ﬁ f 5@% 162Q09P 1 :88R00 ansh: @?-Q,Qegnand;ﬂnt'body response
was rﬁ&{.ﬂé d'a%%dds&‘b%hée étrhogq{{,rm of total 19gG were measured
I Mruno

era usi on technique (19). GCoat-
Ant| - Mbuse- | gG and nouse |1gG standard were purchased
IL-6 J,{agly_g-}§out hern Biotech, Birm ngham AL. Specific
di es - ELI SA Serum sanples fromimuni zed m ce
Seruml-€ walsidetested by aomgthod preyiously desaibed (PM.oost er
i mmuni zation. The serum specific anti body response
against rCfA and rd f APY was neasured by ELI SA

Statigticatl amdlggies (96-wel | ; Nunc) were coated with 5 ng/m
Statlsgéa WS @g&%&\% Itdno;E\r Q}R/e lising ntB? E@ﬁpg&ﬁi?n:?kggte%geﬁéo.oé Fhd g?)nsidered to be

signifiexott DAtal atereportedi alasedians, antatduadild tingds,i andFBRBs céineal ranges, unless

assa qun according to a previous description (8).
otherwisg "{eé]rla Mi%anpl es were diluted 1:20000, and anti body

response was nonitored as absorbance at 405 nm In a

ond run, to get a nore accurate neasure of the
R—ES@;‘% fic antibody responses in the different
I muni zati on groups, the responses were determ ned at
| serumdllut ons. Thus al | ; .Sa Iefs wer e

e hNA 1 M Aa & e o o e e D AT A S R e iy Lo s U L A I T AL L A

evel@@fﬁeh@dﬂséﬂi&@ﬂﬁﬂns%ﬁ!ﬂst ored as absorbance at 405

nm
Two amino acids (P336 and Y338) that are known to be required for fibrinogen binding by CIfA
were altered by allelic exchange to create mutants of strains Newman and LS1 that expressed a

non-fibrinogen-binding CIfA protein on the cell surface. The level of expression and integrity of the
protein was measured by Western blotting which established that there was good expression of
the mutant proteins on the bacterial surface and expressed protein was the right size.

The ability of Newman wild-type and Newman cifA P35S YasA (CIfAPYI) to provoke septic arthritis
was investigated. Septic arthritis was induced by intravenous inoculation of 3.5 x 10° to 5.0 x 10°
colony-forming units (cfu) and 3.2 x 10° to 6.0 x 10° cfu of Newman wild-type and the clfAPYI
mutant, respectively. The development of arthritis was studied clinically for 7 days. The c/fAPYI
mutant provoked significantly less severe arthritis than the wild-type strain over the entire
experimental period (P > 0.001, Fig. 1 A). The frequency of arthritis was lower for Newman
CIfAPY| at most time points (Fig. 6).
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IL-6 analysis Serum|L-6 was detected by a nethod

previously described (20). Statistical analysis
w@eGe@visustal eval uati on was done by using t he PCT/EP2009/051033

Mann-Whitney U test.. P<0.05 was considered to be

significant. Data are reggrted as nedi ans,
interquartile ranges, 80% central ranges, unless
ot herwi se nentioned. RESULTS Exchange of two am no

oo SR TS5 el o SRS Rl OISt s o
mtera@tkbrdﬁntlﬁ B3Rt anilbdGieil defeate are chetRWor this b@sslbﬂ@w lafrﬁ?éiv construct was

f or flbrlnogen bi ndi ng %}leAwere altered %;%}? elic ]
madeg YRt giEferent Gnung @CWEt Wees systiied, fof s PRERVRAH (G PaseA YasS:

clfAPYW)atl\Au@(fhb?ﬁréfédinécdl‘é?t@d (ith RigRgeTcrlon NeWehak! dirAPRI %%naped arthritis to
the cell surface. The | evel of expression and

the S‘Frﬁ? éQjY pxtontas the CIIAP YL BURNIELS. nedk @f‘@d‘"@)ﬁ sigdardrequency (Fig. 6). This
outcofleXdugyBéts Whbisdly Bt fe! Ibs%"@‘%bhﬂ@dentﬁ?ﬁdlﬁq Wa8sRSHle f01 the reduced level

expression of the nutant proteins on the bacteria
of artlifisf ace and expressed protein was the right size. The
ability of Newnman wild-type and Newran clfA P S Y338A
(cl fAPY\) to provoke septic arthritis was
It is posgibier thgh(CHA. is Jeysived inrthér ;develgpmmt of rettheitigl bigymechanisms that do not

mvolv'e ﬁﬁrﬁ}ﬁ%}g lrﬁmdtn oﬁlr‘:’: fets{ ?rﬂ?%) dd%et%ﬂ(sm&%g{’ aQ:k?ég 18 ¢ Gl protein was

compefeal toﬁnutmmxpreassuwmy peodified rlohélburhcﬁgeﬁ‘bmdmg Gl proteln However, mice
) . o .

et i ARGl TR AEY ATy Bl A Gyl s

not diffiepmt fromaihie| g/fAPY¥E and elfAiPéll anutimtiinfiestet maice (fFig. WiA)d-Thepieequency of

St th [ t al iod (P > 0.001
artif i Ao MG bRy of "art hr i L1 5 was | over 1 or
Nevvrmn cIfAPY\ at nost tine points (Rg. . .

Infectg% ,Jf(éjgtgf( e?rgf,]a Ynt\/ﬁglgéfeﬁ I,g%prcé 'g/c ge§ygs i ﬁ H(e)wrarl\%h chfAPYI-infected

mice was enga?tanﬂgz nmviildehthan irowild-§pé inféned mideah bdmfapémneriqdand 2(P=0.02
or .t t a _new construct made »

and G5y SespRFivebl RO Ssgucta RAPECRTRCR Selibd Nt BumBaSEntc arthis

was éimdst\@%%n( o] fhé I‘H’&ﬁrﬁéﬂ mﬁﬁmf‘e'cfeﬁpééﬂpled\/k&s@ehthéht »epe- 0.001). The
cul ated w X 106 cfu of Newran f APYU

SY“O"H'év%”QJr%&ea??WPF"H”s indycech dys Hive N%’\Waé‘xp%tm%lsmt‘ﬁ@t were also less

pronoﬁhéeﬁp\ébmﬁ&rfe@nio (n‘ﬁbél infec®l. witR ANBivinanawfid-Jpba{P = 0.003 and 0.006,
freguency (Fi . This outcone sug gests strongly
£

respegtiygly)  pie $Q5%%w "f"i’rBr$QY6§j9eH”'349| WathggNewmaa sgdRY! BrQupE @ithough not
signifitdflly'seduced | evel of arthritis.

Next, the metabolic consequences of the c/fA mutations for the infectious process were analysed.
Mice infected with the Newman wild-type strain lost up to about 30% of their body weight during
the experimental period. Mice that were infected with the fibrinogen binding-deficient mutants
Newman c/fAPY| and Newman clfAPYIi lost hardly any weight at all (P > 0.0001 versus wild-type).
In contrast, the Newman c/fA null mutant had an intermediate effect on the weight loss, causing
significantly less than the wild-type strain, but significantly more than the c/fAPYI1 and cI/fAPYII
mutant strains (P < 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
evoked high levels of serum IL-6 (4.8 (2.8, 5.7) ng/ml), the Newman c/fAPY| mutant evoked



10

15

20

25

30

35

It is possible that CIfAis involved in the
devel opnent of arthritis by nechanisns that do not

WO p00dl9853 i bri nogen binding. To test this a ClPEI/EP2009/051033
del etion mutant |acking the CIfA protein was conpared
to mutants expressing thg, nodified non-fibrinogen
bi nding CIfA protein. HoWever, nice that were infected
with 4.3 x 106 to 4.8 x 106 cfu of elfA null nutant

consiE Bt RIS D AU, 5 1Rl (B Qe gt S mutan

gave fibetd érﬁiﬁt@rﬂ@&at@fre?dnbé (2.6 $1.3e@2dgml) iwielissgnifio gt diferéic@s to both the
cte were al so |nvest|gate

wild- t]apesgqg gG\PgémL&;antgﬁﬁ%fmg PP9 ang £ 3RS, fespectively) (median, interquartile
range)/ MPYl -infected m ce was significantly mlder than in

W ld-type infected mce in both experinment 1 and 2 (P=

0.02 and 0.001, respectively). Bone destruction, a

The gﬁFBW ofCisHERSiaCh MX@ |v®s'§bﬁﬂéﬁﬁﬁy @ @Bfek fn NéWahth@ tyﬂ@ﬁlfected mice,
al nost absent in t I -1 nfected sa

compggegie borerftthe Newmno:lféﬁi)mutamié agg tn/Newrnan §HA Bl @utant (P < 0.0001,
P = 0%AS! érﬂf ‘qbds”ijéé S&w@ ltl @re'\ﬁp WRINGAhah B ﬁull'&ﬂﬁtﬁﬁ‘tt-igfected mice had
a ecte

wer e ess p onou ared to mce
signifighntly Reteneactedal grovipén (lmeysdh@t@memnoql@@e’j -infected mice (P = 0.0005,
espectively), but sonewhat nore severe than in the
wran cl f APY\ group, although not significantly so.
Next, the metabolic consequences of the el fA nmutations

Total Tlgﬂ(? é’?; F&a W'Hsﬁﬁézﬁ%v&q\@rrﬂﬁg N, cﬁgﬁ% AN e%éﬁgrg T Mecﬁa:a a ﬁl%uflcantly lower

rai n
increasieoait 1g80%vels in Hmth theo dlpwwraing hctlfABMr-l argl Nbemar pefAi nﬂhtrmtant-mfected

eri od f.ect with t i Nag .
arouef 3 el Bk hEed B RE W el shalsOR- L1 iaR (1.0, 26) and
6.4 (500, fﬂR){stpe(ttlvémI(ldlegﬂaa,nytevmlagh‘é rafmfgﬁﬁlﬁ < OBOésplT?@@lw?rle no significant

versus, Wl I.n contrast, the Newran el fA nu
diterepE HEwAEn et BRI ERL o f oot o he wet ght' | o8,

causing significantly less than the wild-type strain,

The gl i § e MaNEaTEn Wi Asreciaddaics. G i H%hg cIfAPY1 and
cIfAP\$H3 mm@dt eYQlps id 30% th the maﬁ %/mfnuwﬁh@mgrioup There were significant
mmat ory response, were

diferdrops, it MOHAIREVSBN s HIGHPRLaNg 188 GHAREI FRUNEEnd Depresh the cirAPYI

and clf® nieingiaht ollis\mamwod fe¥prtigapked high levels
of serum I%ngg&é (2.8, 5.7) ng/%éb)l, ?he Newman

cl f APYl nutant evokedconsi derabl y lower 1L-6 (0.2
It app(aQrSQKat ret) aftPinBkect Bighs ®f Q)Q;Qéﬁmlc\mlénﬁnét‘&ﬁ NS YT irf H c% mfected with

mutant _gave rise to an I ntermedi ate response (2.
Saurguslexpgessg\gzﬁ/‘l Mmiratiy deficient & §brirfogea bindinor Usexpastesilyy (the straln which

lackecggﬁcfhpé@?egygbge?tby&ﬁetaﬂgu&'df AEe s %&ﬁrﬂ@qnf@ﬁﬂ‘rﬁﬁoﬁ I:t’han P -SRAPY mutant-

espectivel y) I nterquart
expressingysiain.

Fig.

Sepsis was induced in mice by increasing the inoculation dose of S. aureus. Mice were infected
with 5.2 x 10 cfu of Newman wild type, 5.1 x 10 cfu of the Newman c/fAPYI mutant and 3.3 x 10’
cfu of the Newman clfA null mutant. Within 5 days all wild-type infected mice were dead, but only
one clfAPYl mutant mouse out of ten were dead after 10 days of infection (P < 0.0001, Fig. 3).
Mice infected with the c/fA null mutant also survived a significantly shorter time than the clfAPYI
mutant- infected mice (P < 0.0001, Fig. 3). In this experiment the mice challenged with the c/fA
null mutant developed significantly more arthritis than the c/fAPY| mutant group, while at the same
time they lost significantly more weight (Fig. 7 and 8). Thus, by analogy with the measures of
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The growt h of bacteria in kidneys was significantly
greater in Newman w | d-type-infected mce, conpared to
W G0/ 0e¥453 he Newman cl f APY rrut ants and t he NewnG&IERI009051033
null mutant (P < 0.0001 , = 0.01 1, and P = 0. 005,
respectively; Figure 2). 3ghe Newman el f A nul |
mut ant -i nfected m ce had”Significantly nore bacterial
grovvth i n kidneys than Newman c/ MPYl -i nfected mce (P
systemlc |g %EER u,'c tég ggptf qrh‘g%? gﬁpenm{eéw SZ tr\l\végurgﬁg\ olf rtr%eedmlicrza is prolonged if
the CBA gioldoulzds bxpredsededs lbng as A sekofibrinrggeh bvding propekizth t he
Newman cl f APYl - and Newman cl fA null nutant-infected
groups as conpared to mce infected with the wild-type

In|ecﬁ6riafl9a§t3rlé-lr(tdjcﬂnts4 9); 2.3 (1.0, 2.6); and 6.4 (5.0,
e vely (nmedian, interquartile ran%_e); P i
To tegf 'b@@i’s’)f'a"‘fF?éP'é( rRRGtian m)th@uam ipideppRdent pr Herineger bivdingeNgwman wild-

type, mrﬁaw (HMP&'Pbr Wi JM%M&@'lhijteM@ﬁreétKl%wtd"atkhSe joint of mice,
wran w |l d type-infected mce, 0%in the Newra

there!@); px,g@ﬂngatﬁg syytemp\qqmq@gmq{ %ngﬂﬁﬁs IWIWIymprplp@uclear infiltration
of th ‘M@él/lt?' 4y %ﬁ%'de%'&c%ﬁﬁ \Aﬂa‘s%ledTWﬁ@olﬁﬁfl 9 o%'yQ Rhtdrl "Fﬁé‘ﬁnce received

ferences In m)rtglt bet ween 't he ean
24 x &D folwet wighypp 2.4 aﬁa @fu relfAmell g1utambyar 3a4q>si1 ) afnohielfAPY! mutant in

one kﬁHé afHe %MBH?i aﬁcf | : ec arﬁggn ér fhilFation ﬁl@t%ibgfét nhé@! M)the joint cavity

I rect si
was O 2& K(hraﬁtfpbm%asenﬂeom Mlihnmhfﬁme ih3& 0. %ﬁj 3Mtfar '$eam4emél mutant and

025 RNSIFEIRIE AL Shub, R bl BRI g s for
destrustipn etstsinenN@I Q @géiOhtqr wild-dypeedl.0rtdr BO)fpsthereifd null mutant, and 0 (0, 0) for
the cl@Wl le%:ﬂﬁgﬁug’t eﬁp Xgeglﬁ aﬁtoq)E%Wese%'tH% gl%g\ﬁ'nﬂjtant and the clfA

n mece creasin
null mutemt)u Bant:e d're cl?$¥| ofutaBit evokedwsry IMecsa/nmmnfandwdmuetd)nv\ﬂedplte the fact

tat 2R AL il PS R iy RS, S Sl g tpbuoea that o

promcﬁtbd\mamdgiehmmumg isnngealad fthbhmib(lrﬁaldnaﬂanmhiowdsdemaepmthm the joint.

wer e dead,, but ,only one

Againy s EE5 Gk ER AP RS &1 Atnaicn flrhotian Sangres i Be APtpgen binding
deficidP CAGm@aML, Fig. 3). Mce infected with the clfA null

mut ant al so survived a significantly shorter time than

the clfAPYl nutant- infected mce (P < 0.0001, Fig.
PY miafatiohtin 6tthin Iescper i nent the nmice chall enged with the
clTA nulT nutant devel oped significantly nore )
To defgrinifie; 1 the aDiliyroN G to/bshinoash aRctsVNACE ok pther srainsel S.aureus,

the cmma d/mm?n tah@t/f)x Aglt mﬁfagmsfw&@rﬂﬁahyddéea ® e ITHYT-{ Ekpﬁess?ng S. aureus
Thus, anal o h the measures ofs

strain LS 1-SMiPRUFSR CPATAEa S0P 9-6 e ot ok pasPnY 2, X 4G cfu of LS-1
cIfAPYEUT1GI M2k 0%dry bPes - FapY A, d}fgli QHQEE*U 'of‘ tﬁeh_es gcffA\BUPh%% Bepsis was

I's expressed, as long as it |acks brinogen bindin
studieg oy felloningshe survival rate. After 16 days only 40% of mice challenged w:th the wild-type
strain were alive while 90% of the mice challenged with the c/fAPYIl mutant and c¢/fA null mutant
groups and 80% mice infected with the clfAPYIl mutant were alive (Fig. 4). The c/fAPYI mutants

and the cifA null mutant of LS-1 were significantly less virulent (P = 0.014, P=0.05 and P = 0.03,

respectively).

Immunization with recombinant CIfA proteins

The effect of vaccination with recombinant wild-type CIfA A domain protein (rCIfA) and mutant
CIfAPYI protein (rCIfAPY) was studied in both the septic arthritis model and the sepsis model.
Mice were sensitized and then boosted twice with control protein BSA, rCIfA, or rCfAPY, and
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I njection of bacteria into joints To test if the
inflammatory reaction in the joint is dependent on

W0 piweloviagen bi ndi ng, Newran wi | dt ype, Newran cPE¢HER009051033
Newman clfA null were injected directly into a knee
joint of mce, thereby b%‘ passing the systemc
conpartnent. Synovitis, %cl udi ng pol ynor phonucl ear
infiltration of the joint cavi ty, and bone destruction

subse\’\c@%gﬁ?t' ctef% ANIEE\ IQQ @% fs%dqa rt@%r Iﬁe\/ﬁmen @SBCF%S%)FIC arthritis, or
with 2. Be< #0"fohu BE birainNewhan wmaudb é’ep‘s@4lrﬁrﬁ1UmQ§tloﬁ|WlﬂPﬁlfAPY (i.e. CHAPYI
tant in orlg knee The synoviti s and

reco%n%rﬁe& demain) frptested t SigHficantiy 89@@?%3‘?998&93 fhag rrompared to
contrd>|¢h|5@ (F@é‘f)l a1y Fga§) WhikSCR mag%u?&atfdhrdndm&%%hb{?é §i§ﬁ|ﬁ<§hrM’PFolPecﬂon One

he cl fA null tan
day bgfpde Qaggne(l @feqjloggt)ere mastanr@ug} pighsy sqegsflgﬁem(rh@mqbggy response to both

rCHAPY'BRE A inirhiBe frMdf2ed Wﬁ}?rdiﬂAM' '—Q) 391@58»8 6@6) and 0.71 (052, 0.81))

destruction of bone was 0 (O

as copareg By g immweizen MARTTGIA (R 21613 GHI. 01D ardj0-15£6.10, 024, P <
t

0. 000t1 hg bSth &maﬁl%sgﬁﬁeéﬁ%t%ahlﬁt '%2 'tc‘ner{t@l {Tiﬂl%ﬁﬁdp afimals had only
backgmrmw*_eyels Shce + Aand|G.0PH, Ol dmedien.okiediuadiie ranged)! €he immunized
mico SRRl 08 SSRAGHA Oy |ARFPML RS ph0 b i anvy
respogsesatoneGIifA and sCItATIC radieel ml¢tatn ehicisepsio twede fridocéch ¢dptan not shown).
Immungll‘fjdg%terl évﬁtisﬁﬁ%? %Ifé%rgﬁéfggﬁgabggtn@%%ﬁo? ofér?h’&tls although
the preteptlceswammterymdnamdFugnQ)l ammati on conpared to t he

fibrinogen binding deficient CIfA nutant. PY nutation

in strain LS-1 To determine if the ability of CIfAto
Duringp dayl5 to B mftedigientiaf the ateighv lossiivas signifi€ariy Iheduced metha sCIEAPY and rCIfA

. S, aureus, the c cl f APYU and ¢l fA null nutations
mmuGlzSbitesas tlfetied B P sofd it LRRMLRITE o ens
strain LS-1 . Mce vvere challenged with 9.4 x 106 cfu

A trerfgo iminipfied BrciéiF orath e ol i mginzea il LA Yor 1ONA at day

11 affehifdcliod (BSAA881(8, U3ER F@IMPY: S5 1t B); WOISA: StOUGH 84) YO’ cfu / kidney pair)
following the survival rate. After 16 days only 40% of

was opsenethal | enged with the wild-type strain were alive
while 90% of the mice challenged with the clfAPYI

mutant and clfA null nutant groups and 80%ni ce _ .
To get gmere @gcyipiermeassre of thpepecifin Ardinedykesronses ethe diffprent jymmunization

groupd NRe GBS WérR rHe?erﬁ\ﬂ%dté? %eﬁirél'%eﬂb(#n |d|lt§’ﬂd>h§‘ iﬂhe %Ecdn% rﬂnr(\)) Data shows

were significantly | ess virul ent
that thergiwere-veqy likgly h@% dters Qfeqpyyuflc antibadies mse@qqfrqmtrﬁlfAPY immunized mice

to both B FAHAPYANdICIA Wi dMfigens, in both the mice which were to be infected with
the septic and the arthritic bacterial dose, respectively, than in sera from rCIfA wildtype immunized
mice, since there wassignificantly higher antibody responses measured as absorbance in mice
immunized with rCIfAPY at each serum dilution in all comparisons (P<0.0001 to P=0.008, Figure
12-15). BSA immunization evoked only a background antibody response.

CONCLUSION

The results strongly suggest that the CIfA - fibrinogen interaction is crucial for the bacterial
virulence and disease outcome. The ability of CHA to bind fibrinogen was associated with
enhanced virulence in terms of the ability to cause septic death. In both staphylococcal strains
tested, a clfAPY mutant induced less septic death than the wild-type. Also, the severity of arthritis
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The effect of vaccination with reconbinant wl d-type

CIfA A domain protein (rdfA) and nutant C f APYI
w@e@vedsy rCl f APY) was studied in both the sepPCTYEP2009/051033

arthritis nodel and the sepsis nodel. Mce were

sensitized and then boosted twice with control protein

BSA, rdfA, or rdfAPY, " Edsubsequently infected with

4.0 x 106 cfu of S aureus straln Newman to induce

septic arthritis, Wi t 3 x 107 cfu of strain
was %(@M'Hrﬁec{'«@eﬁ’ Kutice "ﬁ%‘ﬁ%ﬁ' ‘é"th ih@lﬂ?ﬁrf@ﬁ'ﬂ?g?ﬁ BiAding GHAPH Apetant.
(i.e. GAfAPYl reconbinant protein A domain) protected

significantly against septic death as conpared to
A hk@bﬁp?@pnm@r(tpezprgmgtion ohglrulg)ce\,\hy [the fibfigogen - bacterial cell surface

|ntera‘cff6ﬂJf§' ﬁrﬁ{gh&{"ofdde%traﬂﬁll ;ﬁ\%pbl n ec .grg]éutn%gmk 46 ChRE fo‘?'ihe host defence

%/ efore bacteria _ re was a muic
in thehnegwsp aggedfi $.i aurees nfactien i LHdWVithegiprawbrephils, bagterial growth is strongly

oo 808 6L TS SATVRLER) M ey O GRG crses
Fibrinogemimediatadhahibitienl ofweautropidll phago@iads by OIfA 8oyl0 e@dtainGat et in part the
more?d?ngndﬁtg%?d I(/ I&r?ce (9‘ @ PS 391')9?50 Q%EB%%}eg % li}%gm hﬁj?f{}ﬁs Binding of

art range
fibringgeinnt §lfhado®d1|@ectwskgmsunmbﬁag«rca4tcsus( M(}&mpmlsObwrrdducmg opsonin

dono ot S Lok B P Ul Al rrocen i

blockltbe\mmdir@rdm'an' umlmotwaqirelectwle rdjssmctmdoss ruras. andthéroehtion is that the
SPORSES d rcl fAPY as
tibrinddEBCr BRE plePaclic, ool btk Refiaaes o e DatYebitto the tissue or
promates bolbeitdtion@h fissuasd r O f APY prot ected agai nst the
devel opnent of arthritis, although the protection was
not significant (Fig. 9). During day 5 to 9 after

Unexpdtté&dy, io@ﬂdéthfals&eér@hﬁthé CHA AN RarWds! rﬁ@atdurmehﬂauﬁ% EMPY mutant
Cl f APY nmuni zed m ce, as conpared_t

strain% Ego%%kp{y thsi CI% er@tecragqsagu%ttong HoWYD other thap, ﬁﬁte{agtmg W|th flbrmogen This

mtera@ilcm iBicraRd didagiaptdgabudioP e hdsh ak *sﬂé\ﬁw M tﬁifs sﬂ]o?eOther functions of CIfA
mmuni zed with rCfAPY or rCfA at day

are preﬁgr&ytqoé we B@Rpe@gut(@n-f@gwgenr@ppmnpt plptqlg aggregation exerted by CIfA

mlghtrrgélflﬁn téb@piﬁ@ of BfY) aioddd of BUadirelié AN@X¢uRAST \)/ltrY‘@ﬁbsequent elimination of

bserved. ToO get a nore accurate neasure of

the b@b@@;—piaéelgtrqomp&g(ys theeugbrise setichloendothplinlsyptent Such platelet aggregation
medidEATURAAHF HEMRT0c %Jcﬁ?e%%ﬂﬁ BEc S ‘ﬂwedﬂﬁc?{ygb 208 APy mutated

several serum [‘uti ons e secon run
straing fhait nphisr bewrieknpskgut) Wt@rqasrin ghe rwumtmr strayi theptilrinogen interaction

w3 BaRe i AT EUAEY T 00 g mon o

highlyepeficiitcthewioste t o be infected with the septic and the
arthritic bacterial dose, respectively, than in sera
fromrCdfA wldtype i muni zed m ce, since there

The afdslgiogkautiroatant protecgideagaam&tldeptlb/ deahnomaessanmadegreel aasthe cIfAPY

mutatné)gsﬁ n‘? anc%qs gtﬁam E.% rgng 8@3&7@" 6E§§ tfngd-l Ogbgtrql%?\fewman The overall

impacPs0 COA&xpresgjom en bacterial virulence could differ between different S. gureus strains

depending on the level of expression and the presence of other virulence factors.
The issue whether the c/fAPY mutant displays equal or lower virulence once in the joint cavity is of
certain importance having in mind that in inflamed synovial fluid fibrinogen and fibrin are

abundant. Our data suggest that the c/fAPY mutant is less destructive for cartilage and bone.

The protective effect of recombinant CIfA A domain non-fibrinogen binding PassYass mutant was
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12-15). BSA i muni zati on evoked only a background
anti body response. CONCLUSI ON The results strongly

WG oygesusi hat the CIfA - fibrinogen interacti oPCT/BP2009/051033
crucial for the bacterial virulence and di sease
outconme. The ability of fAto bind fibrinogen was
associ ated with enhanced~Virulence in ternms of the
ability to cause septic death. In both staphylococca
strains t ted cl fAPY nutant |induced | ess septi

greata%g]aﬁ o5 W, ty;pper - dMfRppEFation wih QIfﬁgYSm,l kely w&uced a better immune

respo’hfsé Binté h?ﬁ@ﬁsp‘é&iﬁ@ BBHNOAY Psbpe RSS! Wer@e@&(édrﬁg%%ﬁﬁbtﬂﬂtﬁéﬁmmunogen and
he non bri nogen binding ell'APY mnut ant.

the Wﬁb’ﬁﬁr@‘@rpfoé‘?mt erepiRAsantHs 'fo!”dV‘FﬁduP @ﬁ@q;erbpro@qqgve lmmune response
againist &rptt,@ggﬁﬁmamm@@m cell surface interaction is

i nhi'bition of neudtrophil phagocytosis (5). Neutrophils

are crucial for the host defence in the early phase of

In coﬁclu@iHﬁeH r 'rééfuﬁé:ts'he\ﬂ ﬁét?’)rCIf/W\F houl pBfstt {}é&mbl andidate than wild type

bacterial gro I's strongly ment ed

reconpbigaig LHA. o hmethpsléqtmhbryldm oaglvrmogem by M@mrﬁlw protein during the
. i A t
mmuh%%ﬁcfrg rﬁal%ie fﬁg%gé‘@?ﬁ@es 5‘?% thm: lk}é Hécﬁlgtf of | important epitopes on the
CIfA molepae and he\qeumealmmoiﬁneehbody puddeotiom. of  wi I dtype S.

aureus conpared to the clfAPY nmutants. Bi ndi ng of

fibrinogen to CIfA could decrease opsonophagocytosis

r_rm[ Beutrophils by redum ng opsonin deposition or

¢ ﬁ?{eg{-’%ck t he bi ndi ng

of an unknovvn pr ot ectlve host factor to S. aureus.

M&WN that the fibrinogen - CIfA
not es bacterial passage from bl ood
The pr&scdd outiried i Erarhple SUgere follpwad i this exampleivadn \@lizddn
ti ssues. Unexpectedly, our data also showthe CIfA
nul | nmutant was nore virulent than the clfAPY nutant
st rai nsCifeassbd ¥i.cl DFAQA fedjidprtRinehtd ddafpribiHg M2 4HISNS Borresponding to
vivo other than jinteracting with fibrinogen. This
i nt er a4 29%28Yy di sadvant ageous for the host as
shown iroiApN 1859963 O her functions of CIfA are
presently not wel [ mapped but non-fibrinogen dependent
pl atel Aaggr egation exerted by CIfA mght result in
trappi ng of big anobunts of S. aureus in circulation
W th subsequent elimnation of the bacterial-platelet
Therecwsirp 18 iersale NG Rice ﬁéf grevp whe veridveeks eld atstar ehexpstimants. In this
a .
ExamBie ﬂ? fdnsﬁgcﬂg %99& 'f r ik Izl‘%’t'u%jw% d mfﬂ%lﬁ%ﬁrﬁaél_v? yNF?gSatﬁl#cate, CIfA

ococcl occur
N2N3dtmmw wntbtrmt@twnﬁ\f as$ d@flnbdun Bxample 1t BBA wias psechaxcthe gontrol.
Whereas in the wild-type strain the fibrinogen
| nt er actl on vvoul d over shadow the other events, in the
' : rpconibimdnt@ifat i on m ght be

The nﬂbeg WeP’e Prﬁﬂl%}_e%' Rith ccffAtEﬁ 5@ rCIFAPY 221-559 or BSA in accordance with the

protocol of Example 1.

Purified rCIfA221-559, rCIfAPY221-559 (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 pl 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 saline in incomplete Freund’s
adjuvant was performed on day 12. Second booster immunization was done day 22. On day 31
the mice were bled and sera were frozen for later analysis of antibody responces.
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The el f A knockout mutant protected agai nst septic
death to the sane degree as the clfAPY nutation in S.
wW@eenss4sirain LS-1, but protected |ess, if atPEI/EP20091051033

strain Newnman. The overall inpact of CIfA expression

on bacterial virulence cgﬁl d differ between different

S. aureus strains dependPng on the | evel of expression

and the presence of other virulence factors. The issue

whet her the cl fAPY nutant di splays equal or | ower

virulence once in the joint cavity is of certain
32%' bodies SBIMSA0 i N mind that in inflamed synovi al

rrnogen and fibrin are abundant. Qur data

Serur@u@@'@elﬁsm%m {RURIZ9dABYCE VRt OPtainedsY st aliet ithe sesend booster
immupRatiod. aBe s%ﬂﬂn QSQ&ﬁc Aoy %s%@ﬁéevé‘gafr‘ﬁsft ‘?@I?Aé%ﬁ 559 and rCIfAPY221-559

reconbi nant domai n" non-fi brinogen bindi ng
was mgagNehy lﬁkﬁ%tM'ﬁf@@@F@a@ﬁr‘Nﬂ"hHH"‘?)O’VGTWCIOGWWthr@IJQ/ml of recombinant
protein TR @ﬁdcﬁlﬂ Bht, gérﬁl%ﬁ & blotifRtéd bﬂﬁ’dﬁ%%@, End Bt Rlidin-proxidase
I mrune res si nce r speci i c anti body
were raé!sﬁwgiﬁades eT"@vaﬂSéﬂ v@ga'unacc@dmb to e plenious dgegriptiond (8). All serum
sampﬁé%ewléil Qﬁ&f&? 1do6, R'=2Bb66,N1: 85650e ah@PR3303065 | ¥nd a‘mbodg response was
reater’ protective I nmune Tesponse a t
monltgaﬁkaScab@e@ahcqataa%wm dtype CIfA. |In conclusion, our
results show that rCfAPY is a better vaccine
candi date than wild type reconbinant CIfTA W
RESUVISt hesi ze that binding of fibrinogen by wild-type
SPE L \PR . he i muni zati on phase decreases
due to hiding of inportant
The empbdsdypespamee was n@afséreﬂﬂjyabubmaamllinfwrwﬂslxmﬁéw as per Example 1, with
four ﬁ%%g%l?rg’“%@hﬁggg )fng r od u ﬁQgW?Sr ry lﬂ%ﬂ%ﬁt&%@ﬂt@ inrt‘ﬁg IE())(Qmple 1.

MATERI ALS & METHODS: The protocols outlined in

EXx d t hi
it was oAb OB EA] 859 TBErietion ey FiehaBR i oy iaherditrs of specitc
ant.bcmmmmb@tmmnw reif2N3 50N @S PAPRNGSED ad BbMparaaitél Rative rCifA221-599
- 559|) - rCI f APY221-559: and - BSA. There were 15
'mmuf"é%ﬂ" Riiners &'éfep%gnlfgqaaub iGRer %v@P@mfeﬁmgs glegsyied as absorbance

in m|§é %huﬁfze@wmr faAryS21 589 tdi'éacﬁ&@u"ﬁﬂ'cﬁlutléﬂ"'% %W%Hddﬁ&%s but one
for_ inmuni zation were I'd type/native N2

(P=0. WW&@%‘S see FIQURESNIS and, h%)aB@A\Mnﬂwnﬁam mheqbvnlwaCkground levels of
antibdd9frédiResd.n EXxanple 1. BSA was used as the control.
Vaccination with wild-type and nutant reconbinant CIfA

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
CIfA A region truncate (5/delta latch truncate)

MATERIALS & METHODS:
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The mce were immunized with rdfA 221-559, rd fAPY
221-559 or BSA in accordance with the protocol of
wE009/099483 1. Purified rd fA221-559, rd f APY221PGBEBP2009/051033
(i.e. CIfAPYl reconbinant protein A subdomains N2 and
N3) or BSA were dissolved.in PBS and emulsified 1:1 in
Freund 's conpl ete adjuvantf. Two hundred m of the
enmul si on cont ai ni ng 30 rrg (= 0.79 nnmol ) of proteln was
ect ed i rst booster i mmuniza
The Wo%qqolgcpl.ﬁlﬁneafm Sé:larpg%‘n var%m}lgwgp (gb;rﬁs xample vm;ph utmzed the following
constriggonpl ete Freund 's adjuvant was perforned on day 12.
Second booster inmunizati on was done day 22. On day 3
1 the mce were bled and sera were frozen for later
an al ySI iRz} *aQéﬂYCIFAEAG%Sﬁﬁu@&%bémﬁusﬁﬁw@% R amino acids 220-

A Serum sanples fromimmuni zed m ce were obtal

9 days 550 lyt w*ﬂ@ugg@oH@hMo@Qr@ﬂeuawmuaz@mm -538nand the subsequent

serum frich ody response agai nst rd fA221-559

and rdﬁﬁg\?zfl rgég&gde\%as measured by ELISA. M cropl ates

(96-well; Nunc) were coated with 5 ng/m of
Therd ﬁlﬁfé'l %es%ﬂ??ll eoﬁlfvﬁih‘ﬂg |nnth55§% g%ﬁ&&bréga FREKY ol 2T S of experiment. In
this mmplevth&l abope oxistrastevagersedddd imgidnizatieh. iThe PBS: watedmmunized with the

| Qus description (8).

aboveiiitd ottt salih ikl EHERL, 130000,

1: 80000 and 1 320000, and antlbody response was
h 4 7‘SULTS SPECI FI C

IS oo e5ponse was neasur ed
Purméxy r@tﬁmnksa;nms dlssm/eElL:h SB‘BSiaB@xemquﬂeneﬁ X Brgohe’ slcomplete adjuvant.

Two irarepL Pt PP TR0 Pl LB e ot S el dy O Fis
boosteo imslutibBationr Wit BP/‘QZ arthB BO prawthi Nh ZohlysiolBgid ed“a‘ﬁrkm)é liik gdcvmplete Freund's
a3 s e phos 60 S 2. SSGPrdposil P EIoN NS, cog day 2. On day
the mm@w Bledtafd Baial wete FrokérYor htdr ARaly ST BNARIBbHPIRspSTisES.C

there were significantly higher antibody responses

measured as absorbance in mice i nmuni zed with

Specific dnfiBddies~FrsAmt each serumdilution in all

conpar | sons but one (P=0.001 to 0.025, see Figures 16
Serum n3AMPlgs TSN iMmHIAesaMicsh V@&%k@ﬂa'ﬂ?ﬂ’yg tisYR gRfélinthe second  booster
immuhi@¥RInS TRE sérdhi I@O@Ié’ of %ﬁﬁ%t»b%&ﬁn@é@?@d b ‘Eﬁll'-’S/f ;K%roplates (96-

i mruni zation with a 559 protein gave r
well; Nuncd iwere coatashwit) 46 gg/ém of rCIfA221 -531 protein which is equimolar to 5pg/ml of

rCifA221-559 and rCIfAPY221-559 from Examples 1 and 2.. Blocking agent, serum samples,
biotinylated antibodies, and ExtrAvidin-proxidase were all diluted in PBS. The assay was run
according to a previous description (8). All serum samples were diluted 1:5000, 1:20000, 1:80000
and 1:320000, and antibody response was monitored as absorbance at 405 nm.

RESULTS:
The antibody response was measured by absorbance in an ELISA-assay, as per Example 1. It
was found that rCIfA221-531 immunization gave rise to an immune response, measured as a

specific antibody response (Figure 18).

CONCLUSION:
We found that rCIfA221-531 works as an immunogen, since the antigen evokes a specific
antibody response.
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anti body responses to both the i munogen and the

w | dtype CIfA protein, than i nmuni zation with the
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Hi st opat hol ogi cal and serol ogi cal  progressi on
Ao TEAN S1APo s P OMECERI pr i o MR ANk peatein or fragment

th&adf) cBpASiAG-at CRRQH'%f'Yﬁe héand“\bfn@ﬁ\%mw {vith reduced binding to its

sta hylococca MM protein or ke protein

host igangnientse REh@/@PY- conprising at | east part of the

i gand binding region, with reduced binding to its

host ligand, for use in therapy. 2. The reconbi nant

TVECRAARPIGANINEBRRNMM pkMSQFiA'\éMﬂlke @rotelr\a@rnféaqmemi dheredf, according to
[

@ﬁ@og%{ﬁ?rt%ﬁ’%eoq %délnm’ g::{) la‘é‘!'(ﬁ'\ﬁ tlﬁ@ ggﬁﬁgo %Qh (taﬁ} i %gtr?] gé R8st ligand, for

usern theeagyn t her apy. 3. The reconbl nant I\/SCRAM\/I or

MSCRAMMH | i ke protein, or fragnent thereof, according

to claim2 wherein non-coval ent binding that takes

TileareeordbinamdVSGBRAMM or MSEANIMiliké prigeiof orNBERAVIVittmareof, according to

QB Welp ™ SoR Rt 8 difkuhd T R aleRe S HEERstinpsh e tatching o
NIBORAMM oravISCRAYE ke protsiretf its laand istiedgeddoorangvented.

clains 1 to 3 wherein the ligand is hene, haenogl obi n,
coll agen or fibrinogen. 5. The reconbi nant NMSCRAMM

TrbboéemmbmanthANMM mkmsmmmwmke pl‘otém,a@‘rfaiymérin eeeedf, according to
acc IdJ B¥ n% Jf‘ﬁ c@
a{“P’B ﬁﬁ'&’gh 'r?ﬁ‘ ‘BF&'Q%" s mesa?%no@a?@c Ages ordiyripogen.
or c. IsdB and/or IsdH. 6. A reconbi nant fibri nogen
|nd|n r ot ment thereof conprising
TPeaeopaanb SGRAIM, PG cer MSTATIMIGE REh erofagmgnt thereof,
ab@orainglt@hﬁywnéwsendt@@wh@bislIty or lacking the ability
to non-coval ently bind fibrinogen.
a. a fibrinogen binding protein;
b. SdrD, SdrE, SdrG, SdrF; or
¢. IsdB and/or IsdH.

A recombinant fibrinogen binding protein, or fragment thereof comprising at least part of
the fibrinogen binding region, according to claim 5 with reduced ability or lacking the ability
to non-covalently bind fibrinogen.

A recombinant fibrinogen binding protein according to claim 6 comprising two DeV-lgG

domains forming a hydrophobic pocket wherein

the hydrophobic pocket formed between the two Dev-IgG domains is altered to
reduce or prevent fibrinogen binding; or

the fibrinogen binding protein comprises a latching peptide which covers the
fibrinogen in the hydrophobic trench and the latching peptide is altered or removed to
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7. A reconbinant fibrinogen binding protein according
to claim6 conprising two DeV-19gG domains formng a

wWoyapopiasbi c pocket wherein the hydrophobi c poRKEEP2009/051033

10.

11.

12.

13.

14.

formed between the two Dev-1gG domains is altered to

reduce or prevent fibringgen bi ndi ng; or the

fibrinogen binding proteim conprises a |atching

pepti de which covers the fibrinogen in the hydrophobic

trench and the_ | at chi eptide is altered or renoved

t SPedRr RepveBt Wyieoen PRMOgen bi ndi ng. 5. A

reconbi nant fibrinogen binding protein according to

any of claime 5 to 7 wherein the fibrinogen binding )

A FesoBibinasd HBFneaes RIRENG inppteiNoERT NG &R ABY E§lalRS &nfoy7 wherein the

fBFindgen’ BHARG plofdh @8fnpriSes And %ﬁﬁﬁﬁreﬂaﬁihdiﬁb blegidRISKly or a fragment

bi ndi ng protein according to any of clains 5to 8

toreplred from S. aureus, S. epidernmidis and/or S.

| ugdunensi s. 10. A reconbi nant fibrinogen bi ndi ng

protein according to any of clainms 5 to 9 wherein the

A rasemingehfisinegpm §ingingt REpiein acooeding tceanyf ofcaivad tof8 derived from S.
i DG ; F >dr G b. Fibrinogen

qiPadsd %Agg’%‘r’%tmé‘?gh'é?/ﬁﬂ%i %@B?éé@{sg-r A (CIfA) and/ or

Fi bri nogen binding protein clunping factor B (ClfB);

: . A . . F . r i t .
et pfhogeA R0 b S Rind & ofl, b SRR BALG whoren ne
fibrinegebMinding: proteimrjsr detastedafrorh @as of thedoliawdhgot i de or

am no acid residue substitution, insertion, deletion

or addition in the fibrinogen binding region to result

i n aar dbyrBdrRand/of BbrG;nogen bi ndi ng protein w thout

reduced.ability.or lacking, the abilit 4 L
non- BovarBiert biflng Pt Ruidind Tae0iuX, Eeharrigs Fibrinogen binding
fi bri negstainmiunaping fagtartBeiOBxccording to claim 11

conpri Si the fibrinogen binding Region A of the

fi br?'nzﬁgﬁ %i ndi ng protein wherein the nucl eotide or

am n@. FaBePAdHIdrifnBPBON, i nsertion, deletion or
addi ti on reduces the non-covalent interaction with
fibrinogen, preferably by preventing or reducing

A r@nbirkting dibfiflogéh biRIINY BrRBR0REDrNAG K6t arfeBRICRIME% to 10 which
Regi.on A subregions N2 and N3 of the fibrinogen. i ]

CBMRHFGFALJRR ONR Nucleotide or amino acid residue substitution, insertion, deletion or
addition in the fibrinogen binding region to result in a recombinant fibrinogen binding

protein without reduced ability or lacking the ability to non-covalently bind fibrinogen.

A recombinant fibrinogen binding protein according to claim 11 comprising the fibrinogen
binding Region A of the fibrinogen binding protein wherein the nucleotide or amino acid
substitution, insertion, deletion or addition reduces the non-covalent interaction with
fibrinogen, preferably by preventing or reducing ligand binding to the hydrophobic pocket
separating Region A subregions N2 and N3 of the fibrinogen binding protein.

A recombinant fibrinogen binding protein according to any of claims 5 to 12 comprising the
fibrinogen binding region without the latching peptide amino acid residues to result in a
recombinant fibrinogen binding protein with reduced ability or lacking the ability to non-

covalently bind fibrinogen.

A recombinant fibrinogen binding protein according to any of claims 5 to 13 wherein the
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13. A reconbi nant fibrinogen binding protein according
to any of clains 5 to 12 conprising the fibrinogen

Whrewdoygsy egi on wi t hout the | atching peptide ar@TBP209/051033

15.

16.

17.

18.

19.

20.

21.

residues to result in a reconbinant fibrinogen binding

protein wth reduced ability or lacking the ability to
noncoval ently bind fibrrﬂégen. 14. A reconbi nant

fibrinogen binding protein according to any of clains

5 to 13 wherein thereconbinant proteinis CIfA 15. A
reeBhipaMarete inCiflogen bi ndi ng protein according to

claim 14 wherein the hydrophobic residues of CfA A
fibrinogen binding region (Region A) undergo at | east

R recambinast é'bﬁﬂ@ge@l kinding cpr@temaaﬁcnfsilrm: tadcleinb d#iwhereiorthe hydrophobic

r%gﬁﬁést 'oP'ﬂ)lf rg{nh%‘erpbmﬁlﬁﬁ Fégcor | iorf ‘A ?ﬁgﬁb'{%n%?stl@e or more

rlnogen I ng”prote gto
nweleieagid amrn@oa?@ldnfube@umms,an@zsdeleﬂqrr@%imti@no336,
Tyr 338, 11e387, Lys389, d u526 and/or Val 527 are
substituted with either Ala or Ser. 17. A reconbi nant
A irdnomipirgpent fibiinoien doipiding prateia@coordinggo totaimanyd of 15 Wakrain amino acid

g-JSIgué) A %Agaeér%’ﬁbl'lﬁ Gébggeéré% n.P)(;'gzggga J)%B% 3(?% f@uﬁgg and/or Val527 are

sibbtittiiet withckithet AlaairiSeer serine or alanine to result in

TCl f AP336S Y338A or TClf AP336 A Y338S. 18. A

reconbi nant fibrinogen binding protein according to
ramgcondbircdraifiveindgert bindingvheteir @c&dremgetooami ﬁﬁﬁlblms 14 to 16 wherein

eI RN R S —

With e’ithah@arrmeror ARMIdUE réRiRbn mdo(%s\%g& @relfAPRSA My ed
with either serine and/or alanine, or fragnment

thereof. 19. A reconbi nant fibrinogen binding protein

AAFOMBINAat fn@n@g}én bendﬁ{gapnﬁﬁelﬂécéd?dlﬁg t& @HP 'bf glaltss § 9% 17 wherein the
flbrlno%en bj pr.ot ein, rino bi ndi ng

recRgRinan tﬁt@pm'?ﬁ%ﬁ?' filprislaoRe JeiRdiRg rTPlel égltaﬁ ARMPoAcid sequence
ackaampnb dryedresEQ IQQJosAﬂt%CCPWb%FFesfdJérP Qﬁzorb*( dbRPsubstituted

protein according to any cl al ns ereln
W'Wee'tf‘?%t‘{ﬁ@ﬁtang@ﬁélaﬂg‘@soﬁfag%%@tth%%@ft of the fi bri nogen
bi nding region to result in a reconbinant fragnent of
the fibrinogen binding protein with reduced ability or
A eerMAanh Bbriieorn thinding ProtRib wacarding yto iy f folains négent8 comprising

tife ﬂbnr@ Eﬁﬁﬁﬁﬁmgﬁﬁ%ﬁ 'tlfH f|6}918§§n pinﬂg@r}g%ﬁﬁ Othg :nﬂalmaa_l fibrinogen binding

accor al s
remmne@ﬂ@wsﬂmmnemﬂb@anhung am no acid reS|dues 40 to
559 of the fibrinogen

A recombinant fibrinogen binding protein according to any of claims 14 to 19 wherein the
fragment comprises at least part of the fibrinogen binding region to result in a recombinant
fragment of the fibrinogen binding protein with reduced ability or lacking the ability to non-

covalently bind fibrinogen.
A recombinant fibrinogen binding protein according to any of claims 14 to 20 comprising

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 CHA (Region A); and/or

c. Amino acid residues 221 to 531 of the fibrinogen binding region (Region A).
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bi ndi ng region (Region A); b. Subregions N23, spanning
am no acid residues 221 to 559 of the fibrinogen

wheedioogsy egi on of CIfA (Region A); and/or c. PEi/AR2009/051033

22,

23.

24.

25.

26.

27.

28.

29.

30.

acid residues 221 to 531 of the fibrinogen binding
region (Region A).22. A reconbinant fibrinogen binding
protein according to any4df clains 14 to 2 1
conprising the am no aci d sequence according to any of
SEQ ID Nos. 4 to 14. 23. A reconbi nant MSCRAMM or
MSCRAMM: | i ke protein, or fragment thereof, according
. t . g e . .
A SRl BRaBiBEonng Hhpi R Rind Beaiel Bligg 14 0 21 comprsin
tha @minh agd sequsnse asepding taanhof $EQ IRMDs04 to 14.
endocarditis, preferably caused by Staphyl occi. 24.
Use of the reconbinant protein, or fragnent thereof,
Aceambimant tMSGRRMM oc MBCRANIME ke ARoteim dr Heagmemt ttaséofl @ccording to

[C nt. for . the treatnent or pro laxis of a . .
B B ¥ EHcBAPR LR s e et o PR R3 ) rfrcfla mections,
ig@udifg sepdimdeptic arthitis and/oaBndovartiis, pes@ablyeausediby Staf)hylocci.
i ndi vi dual conprising adm nistering to the individua
a reconbi nant protein, or fragnent thereof, according

Wse ofitfie Oécomitanars plotéin, @2fragtentAndredf@dcdrding teahy BEcldims 1 to 22, in
F‘atl ent havi ng a mcrobial infection conprisi ng# i o )
{8 g La % g ReqATIoni o ns FSGUBRIE! o ROV EH 7 Bicrobial infection,

drefeeHBANéausbe bg Staph@locyiacci ne conprising the
reconmbi nant protein or fragnent thereof according to

any of clains 1 to 22, such that said m crobi al

A Re®fdd @ induing! AhREUNd resPoriteGh 8h tndhGdichl EQMEFi§ih‘§5dministering to the

.expression vector or host cell expre55|q9 t he _

indivgyal afasRMBinditareteingpr fragipen Mhereofenessrding tacanydif sipims 1 to 22.
any of clains 1 to 22. 28. A vaccine conprising the

reconbi nant protein, or fragment thereof, according to

Aampthed ofItegialiag @ pagjentshaving, a mycreligl integtjorr eorspribingyteating said patient
ifhEa I e . .

AR oL omBh HoRAT7BF wackfle” Comprising e, recombinant

Preteim ot fragragridhénentiaecosdingirie ap.of Alaimartuioo@@ nsuch that said microbial

imbalgmas guiikgal conposition conprising the reconbi nant
protein, or fragnent thereof, according to any of the

clainse 1 to 22, and a pharmaceutically acceptable
Aarqiclﬂe\{@géid construct, expression vector or host cell expressing the recombinant protein,

or fragment thereof, according to any of claims 1 to 22.

A vaccine comprising the recombinant protein, or fragment thereof, according to any of

claims 1 to 22.

An antibody raised against the recombinant protein, or fragment thereof, according to any
of claims 1 to 22, preferably in the form of a hyperimmune serum.

An immunogenic pharmaceutical composition comprising the recombinant protein, or
fragment thereof, according to any of the claims 1 to 22, and a pharmaceutically
acceptable adjuvant.



