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An alternative approach of using antibodies against staphylococcal antigens in passive
immunotherapy has been investigated. Therapy involving administration of polyclonal
antisera are under development (WO 00/15238, WO 00/12132).

35
There remains a need to develop a vaccine which protects against staphylococcal
disease. An approach using S. aureus capsular polysaccharide conjugates has failed to
achieve regulatory approval (WO 03/61558) and a more complex vaccine containing

additional staphylococcal components may be required to give effective protection.
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Accordingly there is provided an i nmunogeni ¢ conposition conprising a
fragnment of a staphyl ococcal |sd protein involved in an iron/henme uptake
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40st aphyleqf;ggquﬂargérﬁg@r%e,t BHHHE;'p%tBiQ adm ni stering the i munogenic
conposi tion, the fusion protein or t he pol ynucl eotide of the invention to a

patient in need thereof.
In a further aspect of the invention there is provided a vaccine comprising the

25 immunogenic composition, the fusion protein or the polynucleotide of the invention and a
pharmaceutically acceptable excipient.

In a further aspect of the invention there is provided a process for making the vaccine of
the invention comprising the step of of adding a pharmaceutically acceptable excipient to
30 the immunogenic composition, the fusion protein or the polynucleotide of the invention.

In a further aspect of the invention there is provided a immunogenic composition of the
invention for use in the treatment or prevention of staphylococcal infection or disease.

35 In an further aspect of the invention there is provided a use of the immunogenic
composition or the fusion protein or the polynucleotide of the invention in the preparation
of a medicament for the treatment or prevention of staphylococcal disease.

In a further aspect of the invention there is provided a method of treating or preventing
40  staphylococcal disease comprising administering the immunogenic composition, the
fusion protein or the polynucleotide of the invention to a patient in need thereof.



WO 2011/ 015591PCT/ EP2010/ 061314 Description of the Figures Figure 1
Schemati c showi ng structure of native |IsdA and NEAT domain fragnments of

| sdA. 5 RAvoura/@s58chemati ¢ show ng native |sdB and fragmremeP2ab/obsdB. GGS
i ndi cates the am no acid sequence glycine, glycine, serine. Figure 3
Schematic of 1sdA/IsdB fusion proteins. GGS indicates the am no acid
sequence Desglistionpbthefriguiese, serine and |sdH |inker indicates the sequence
of SEQ ID NO 98. Figure 4 Bar chart showi ng the results of ELISA assays

measuri ngige 1 e¢abmalic Shewirgistedh biMmbne Fs@ﬁpé?{bGﬂEfW' dMAiRGrdgiBAR 8@t i on
of mice with native proteins, fragments and fusion proteins. g Figure 5

Bar chart ow ng the results of ELI SA assays neasuring the level of the
antil8dB i nmune response followi ng inmuni sation of nmice with native
pr ot ei ns FigureghBeHesnatiodhbwisig oatiyy istiBiang fragtientplofesdB. BsGS dhitatesthewmiy t he

results mg@},%}?ég S ssay, neasuring the inmune response
gener at e%fcl n pooI e g@eirng eQr\nlgovm ng three innocuations with native
proteins, fragnents and fusions. Figure 7 Graph showing the results of an
adhesi on Fagurg\3 Peheticof fSdrlbe fsionaublelisols Goingdisatep the apipagidregtencs s
measyped.glyEhe, gdiyanersdriraake tkdH InResiRaiostet e sqadhegofBEQ IbNGIggien to CAfA
N123 474 nut ant and the square marked |ine shows the binding of fibrinogen

to wildt N123. Fi the results an adhesi on
hosay | nFgrE Bt detah heg oSy P b gesrt Rre Bodte BV Lo Ba i ed.
The dar kesdAdimanwred esporisedollowing igtnaumsatine obming with rtivipraleippdragizBtsChrfdA t o
fibri nogelﬁg.ortﬂ@tdmghter di anond marker |ine shows the binding of 474 nutant

CfA,N123 to fibri nogen and the square marked |ine shows the negative
control 35Figure 9 G aph showing the ability of antibodi es rajsed agai nst
wild typé: 'QHrezﬁiﬁahﬁﬁ%th%'@%"hﬁl@gu't%"fl ﬂﬂﬁﬁﬂssﬁﬁemﬁ‘f’%'inﬂéh%fevﬁ'i ‘Efrtf‘ﬁ@QBn to
N123 d f Asabbiatreuhepleap@se fellogingeinbiuri@adiph of mnal with ridtige alotéins,yfragmeats afsbdi es
rai sed aggigsprowdided type and 474 nutant G fA to inhibit the binding of S
aureus bacteria to N123 CIfA coated plates. 40 Detail ed description WO

2011/ 015591PCT/ EP2010/ 061314
Figure 6 Bar chart showing the results of an opsonophagosytosis assay, measuring the

immune response generated in pooled mice sera following three innocuations with native
proteins, fragments and fusions.

Figure 7 Graph showing the results of an adhesion assay in which fibrinogen adhesion to

25  CIfA coated plates is measured. The diamond marked line shows the binding of fibrinogen
to CIfA N123 474 mutant and the square marked line shows the binding of fibrinogen to
wildtype CIfA N123.

Figure 8 Graph showing the results of an adhesion assay in which CIfA adhesion to

30 fibrinogen coated plates is measured. The darker diamond marked line shows the binding
of Wildtype N123 CIfA to fibrinogen, the lighter diamond marker line shows the binding of
474 mutant CIfA N123 to fibrinogen and the square marked line shows the negative
control

35 Figure 9 Graph showing the ability of antibodies raised against wild type of 474 mutant
CIfA N123 to inhibit the binding of fibrinogen to N123 CIfA coated plates.

Figure 10 Graph showing the ability of antibodies raised against wild type and 474
mutant CIfA to inhibit the binding of S. aureus bacteria to N123 CIfA coated plates.

40
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The present invention discloses an i nmunogeni ¢ conposition conprising a
fragnment of a staphyl ococcal |sd protein involved in an iron/henme uptake
syst em whwohooanpidiises a NEAT donain. 5AI | fragnents de®cCridpredolersei n are

i mrunogeni ¢ fragnents which may be capabl e of generating a specific inmune
response _agai nst at |east one Gram positive bacterium for exanple S

aur eus orhS.Presang BVaNiAnsdisciorey aNdRMHNPIERE CEXRRPIIRN eemprisig a frggment of3n, 40,
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aureus or a coagul ase negative staphyl ococcus e.g. Staphyl ococcus
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against challenge with a staphylococcal infection, for example S. aureus.

The immunogenic composition of the invention optionally comprises the NEAT domain of

IsdA which starts at amino acid 40, 45, 50, 55, 56, 57, 58, 59, 60, 61, 62, 63 or 64 and
35 extends to amino acid 182, 183, 184, 185, 186, 187, 188, 189 or 190, 195 or 200. In an

example the IsdA NEAT domain is amino acids 58-188, 59-187, 60-186, 61-185 or 62-

184 of IsdA, optionally having the polypeptide sequence sharing 80%, 85%, 90%, 95%,

97%, 98%, 99% or 100% identity with SEQ ID NO:1, 2, 3, 4 or 5. Throughout the

specification, the amino acid numbers relating to the start and end of an IsdA fragments
40 are in respect to SEQ ID NO:1.



465 or 466 of 1sdB, optionally having the pol ypeptide sequence of SEQ ID
NG 6, 9 or 10. In an enbodi nent the |sdB NEAT donain is am no acids

138- 271, WOQem@A559142- 267, 335-464, 337-462 or 339-460 @CTIEPABO/ObI314N
exanpl e the IsdB NEAT domain fragnment is 10from am no acid 138-464, 140-462
or 142-464. |In enbodi ments containing two |sdB NEAT domai ns, the am no

aci ds bethhedmmuiegenie aERPsieme fhe dvenian arifonalt pmedses: ofe Pefved] Naf/ or
r epl aced dantainseoflisdik @heXirstNEAT domaingdf $sdHf startpapamihe doichti3&r13any4®tidéer
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Cr) popt i dl0s2b 05?75&@%%95?3@#%5%@9 fkasgaafoe sedenpn f RECLRERS. 7

[ nkeb  Cenpig seon B ATIIORIDB! 1598 Sarisfabtnerasid 354,300 3861 198, 2052390,
269- 341 |(3140274l1', 343, M%ordﬂlﬂrﬁﬂeﬂ@ﬁhsdptalnﬂﬁ@bb@ 4156[3458;@@0)/\461] 482] 461%@:64Xi :jg
an exa | : I e S
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Bo. g6, G MRS e 150 NEAT BORBRTS QNP AT b7 Anal 40y BN PR &
sequence 33h#rng3 8664 08884-480 0% IsdBUN JT7esangdethedisaB AYEADJOmRIdTadMaNt & t h

SEQ D N@onbPamiho aBid B8-4dd, 143-4613r 14:B484. 86 or of sequences disclosed in WO
05/09379. Through out the specification, am no acid nunbers 25relating to

the start and end of an |sdB fra re jn respect to SEQ ID NO 6. The
i munogen? EMOSMTEE FOHaIBMNI: He 'ﬁﬁgﬁﬁﬁs‘%ﬂowawﬁom iNE G e¢hin
domai n ofNBASId Gomlairsharst aithes ratairadh no daletedi 20¢/o2 tepladd 28h @4nke25x vaech 27,
igG 295(73r003Qst§Qﬂ afﬁé;ﬁid@sodn@ (i'#rﬂrf}'ootﬂéri Sovbitht &E@e 354 peptids cHAB codathingl 55,
, [ . |
2148 sPredith 5.8 B, SUSHHSH, 108 of 3ot HOER B e ket oy g
t he pol yseprisks adfprice veh as@lydnevelyaine-seree (SHE)-NEAT WBRhieK2Bpe; Y
cont ai ns liakeyeqcmmipreses [#HQ Y Nh&8. IngarB@upodant, ab%ho 8&es 2675399858 341986 or
100% i dentrhtanawhtdh defeted RniCoptihaly réflacddnaial QsMert Re 1S RACIkhmpl! @b
am no aci.d rllecr)rber.s rel ati N9 ARt hveenﬁérﬁrt arnde etnd Iof apEkid(g friasggrv]anghse are
in respeérpmt 05 F?S“%%%{}& 19l. THE'S ﬁ%é%ﬁ? e (‘9’8n§%%i ron of"1he i(?went I on
opt i 8Ral IFpIEERpsiPESaBiRe acid? -6, HRArdee. NEAG! FSrion824F2 05 88146The first NEAT
dormain of IsdH starts at amno acid 97, 98, 99, 100, 101,
The IsdB NEAT domain(s) optionally contains a sequence sharing 80%, 85%, 90%, 95%,
97%, 98%, 99% or 100% identity with SEQ ID NO: 6, 7, 8, 9, 10, 11, 12, 13 or 86 or of
sequences disclosed in WO 05/09379. Through out the specification, amino acid numbers
25  relating to the start and end of an IsdB fragments are in respect to SEQ ID NO:6.

t he

The immunogenic composition of the invention optionally comprises the NEAT domain of
IsdC which starts at amino acid 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 and extends
to amino acid 149, 150, 151, 152, 153, 154, 155, 156, 157 or 158. In an example the IsdC
30  NEAT domain is amino acids 21-156, 22-155, 23-154, 28-154, 24-153 or 25-152 of I1sdC,
optionally having the polypeptide sequence of SEQ ID NO:14. The IsdC NEAT domain
optionally contains a sequence sharing sharing 80%, 85%, 90%, 95%, 97%, 98%, 99% or
100% identity with SEQ ID NO: 14 or 15. Through out the specification, amino acid
numbers relating to the start and end of an IsdC fragments are in respect to SEQ ID
35 NO:14.

The immunogenic composition of the invention optionally comprises one, two or three
NEAT domains of IsdH. The first NEAT domain of IsdH starts at amino acid 97, 98, 99,
100, 101, 102, 103, 104 or 105 and extends to amino acid 228, 229, 230, 231, 232, 233,
40 234, 235. 236, 237 or 238 of IsdH. The second NEAT domain of IsdH starts at amino acid
337, 338, 339, 340, 341, 342, 343, 344 or 345 and extends to amino acid 466, 467, 468,
469, 470, 471, 472, 473, 474 or 475 of IsdH. The third NEAT domain of IsdH starts at
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102, 103, 104 or 105 and extends to am no acid 228, 229, 230, 231, 232,
233, 234, 235. 236, 237 or 238 of IsdH The second NEAT donmin of |sdH
starts atwemnoiswid 337, 338, 339, 340, 341, 342, 343, r8AAP01084B14nd
extends to am no acid 466, 467, 468, 469, 470, 471 472, 473, 474 or 475 of

| sdH. The third NEAT donmin of |IsdH starts at
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342- 4%0- 34%- 454,134127170 434690 535686 L515-6653 536664, HABOGHS’ 538662 0ulsdH4n 663

or 538-6Ga @hbddidéeht, the BAHeMbBAT I dvaTHN frb@taed\tadlﬂdNEAPFmdDaﬁd r9of473grroma7ins from

am no aCi1@3%§84%§ 6é%14€6]4: 159%656&%98 8096640} ﬁ@ 6218}%&1%# hﬁﬁﬁ%m -

341- 664 :
o oo e At AR Dol B baipn e NEAE STRIR BHER Bl et wBh ot <
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SEQ ID N%Xé Plegtie lokeip @“péﬁﬁs Q@Qamﬁ‘&’lac'(%s%os@@ %o, 541,
471-539 GA14234839, é@%%ﬁsl £1e839 Dhel 7BsaBA NEAO‘eld@dnTh(eSJ};dlcbd‘ﬂEb'haidn}alrdeht ai ns
adsequfn%tl?mg/|06|§laﬁ1|§%rédﬁ1@el$(§b;/9ha8|5%03h&%8(9/5%5"/97%&,9:%% r99/098%, 9135/0 300%

i den y e C on

| dentstY 1ibdasiie Wit B |56N? f6,17018%: 15 ThIQIAUAR, h%%rpeﬁﬂgﬁﬁﬁ Sr‘n IngGyd O

in respeé‘l“"lbérssﬁ’@t'lng tRIéhﬁé arb@neh e&ﬁ %frﬂfbbﬁdﬁ'efﬁ%gm?m% air?rfﬁ.lﬁ??@@ﬁtl @ 6 (535| t | on
of the i M@n6ion conprises 2, 3, 4, 5 or 6 fragnents of |sd protei n(s)

whi ch conprise a NEAT donain. For exanple fragnents conprising IsdA and 1

| sdB NEAT domai ns; 1sdA and 2 |1sdB NEAT domains; |sdA and | sdC NEAT

donmai ns, IsdA and 1 | sdH NEAT domai ns; |sdA and 2 | sdH NEAT donmi ns; |sdA
and 30| sdl'F-IaNEm’POGWF ke "TlmWJ%Q%”b?rﬁﬁ’”]p@élﬁo'NEfAH‘edraWﬁP%CO"QDWS%Q artt 5|<§d5C NEAT

fragments of Isd protein(s) which comprise a NEAT domain. For example fragments
comprising IsdA and 1 IsdB NEAT domains; IsdA and 2 IsdB NEAT domains; IsdA and
IsdC NEAT domains, IsdA and 1 IsdH NEAT domains; IsdA and 2 IsdH NEAT domains;
IsdA and 3 IsdH NEAT domains; 1 IsdB and IsdC NEAT domains, 2 IsdB and IsdC NEAT

25 domains; 1 IsdB and 1 IsdH NEAT Domains; 2 IsdB and 1 IsdH NEAT domains; 1 IsdB
and 2 IsdH NEAT Domains; 2 IsdB and 2 IsdH NEAT domains; 1 IsdB and 3 IsdH NEAT
Domains; 2 IsdB and 3 IsdH NEAT domains; IsdC and 1 IsdH NEAT domains; IsdC and 2
IsdH NEAT domains; IsdC and 3 IsdH NEAT domains; IsdA, 1 IsdB and IsdC NEAT
domains; IsdA, 2 IsdB and IsdC NEAT domains; IsdA, IsdC and 1 IsdH NEAT domains;

30 IsdA, IsdC and 2 IsdH NEAT domains; IsdA, IsdC and 3 IsdH NEAT domains; IsdB, 1sdC
and IsdH domains; IsdA, IsdB and IsdH NEAT domains or IsdA, IsdB, IsdC and IsdH
NEAT domains.

In an embodiment, the immunogenic composition of the invention comprises a
35  staphylococcal extracellular component binding protein or fragment thereof selected from

the group consisting of laminin receptor, SitC/MntC/saliva binding protein, EbhA, EbhB,

Elastin binding protein (EbpS), EFB (FIB), SBI, autolysin, CIfA, SdrC, SdrD, SdrE, SdrG,

SdrH, Protein A, Lipase GehD, SasA, FnbA, FnbB, Cna, CIfB, FbpA, Npase, IsaA/PisA,

SsaA, EPB, SSP-1, SSP-2, Vitronectin binding protein, fibrinogen binding protein,
40 coagulase, Fig and MAP (WO 06/32475, WO 06/32472, WO 06/32500).



25 domains; 1 IsdB and 1 | sdH NEAT Domains; 2 I1sdB and 1 | sdH NEAT donai ns;
1 IsdB and 2 | sdH NEAT Domains; 2 |IsdB and 2 | sdH NEAT domai ns; 1 |sdB and
3 | sdH NBWO 2Domasivs; 2 | sdB and 3 | sdH NEAT donmi ns; | s#Crawrdoiv/obsdH NEAT

domai ns; |sdC and 2 | sdH NEAT domai ns; |1sdC and 3 | sdH NEAT donai ns; |sdA,

1 IsdB and | sdC NEAT donmi ns; |IsdA, 2 |IsdB and | sdC NEAT donmi ns; IsdA

| sdC and In ap gaogment, dB%F%@QY'OC%a" @@ACGH%GOWQ”QMIWQ\EAﬁeWH@%‘%d | sdA,
| sdC and fidm sttHgMEATcatsistingsof CIEA BCIfB,s8@DarktrE s Gdr@amebars; ot sdmpndgahie and

| sdH NEAYgR1ht f?r%rébrf \Nﬁgr% thb%ﬁ&em is €HASEHR o Faldy C#R%hfé‘?mnd 2 n?urlatlon

enbodlrren&) (;1 n§6c é n o thedl ?gtlo I‘IS?E] tﬁ

st aphyl o@hie Vel A PR HERT P a0 AnHla0 kel o R R pral TP ?m 3ifier cof

sel ecged dﬁ%@ﬁttanéncga@@pﬁ%@@m%@ higldieg. D&t mande éléﬁﬁwﬁd with @ ntABHIG va

bi ndi ng priat édbmexdahbié, tydobinB, PBBaShay bei subisti@tdar aitiei an dffebgd®)amibd-Bic(d1f&) | ]

SBI, aut t j GehD,

Sash, i ERSE e R R R AR TLerP e SUE R S Wl

SSP-2, Vitronectin binding protein, fibrinogen binding protein, 40

coagul asé frgnentsl degpibegbecn 34 PBtionally FBBRARRIC frayrosrts 2450 Gpmunggenic

2011A 01;5;@%@!?@?'{( BRZPL0I0K Ihérdtig & igirno@i ﬂé@ﬂ%r}set Betichatyp BYdrereem@aimmune

extrace r S,.S e

consi st i AT G AT 8 bg%bﬁ‘* 3% ng%g S R v e B ene o

t her eof . ’&ﬂ@ﬁ@t ‘f%iﬁ%&'@? OW ‘5%?%‘8“%‘3 @“Pﬁa&@ﬁt aining a

mutation at residue Y474, D321, P336 and/or Y338 can be used. Y474 may be

subst ut edn vh ehbddinfentlithé %gmlo@&a%x&awlulaﬁ BindmyaBR RnBhtSE bAiM@unédphic may

be sqgstlflta En%ﬁt rﬁé}hsﬂ\gﬁé g{a%% di ﬁ%nam d, for exanple tyrosine. P336 may
u t

be s stlt eren 0 acid, for exanple serine. Y338 may be
substituted with a different am no acid, f or exanpl e alanine. Al fragnents
descri bed ligared hirding cggtioroisalal gomamuwblglerbnmds‘ tagmeextsacelan nompawgahifor 10

f:gtgreng&t Velégrlns@mhsgai‘ THEMgaAd bmamgneglawmeg.@@m@m cwBt B@F@'édeanrEaur eus
Strapy 190 R b e HARYF 016 T B8 oogf Z0pg "

or 188 Cdﬁ@i HRASa4R This bebwessn 200 - 600 amipe agidoi iargih and went@tna%ylf\l?cw&m
extracel IN8 adonainsl( Qlgrkeoamb Rester R80& Advamies dgeMicobibfrhasgiolegy Sdortpri2Ring a

l'igand bipydiiRdet £2001J. Bol. cHEMd2 1 Rdiy #0415 £8H) 0N is a domain which binds to
an extracel l'ul ar conponent for exanple fibrinogen. The |igand binding

region (Aregion) of AfA CdfB, SdrC, SdrD, SdrE and SdrGis in the
N-term naﬂheh@nwnegemchéorpm%vtmmfﬂb%ln«mt@ne@h@ﬂalbucompélrs@?meom bgomamod ClfA20
146; 2553 whldd&tarts bt amidoadinsen3@,04D, -416Q0, 4avi 4100845 d@nd extesdygioharaing axnt ai ns

N, N2 ang '\@151 | pg7 ($1aarkg apsl @85@222@9%#\&\5 o BrAMNEr 8Bthah s
Ph I . 210; .
51 495550 2908 A h et oo A1 B R 2 qfn t%ﬂnﬂ@t haying fhp
conpr i sepolypsbtidgosamiuanesd oCSER IDZBIQAm cThestIiAtN;E/aT damiainooptisinglly38ont3i9s 240,
lzlig 4220%3 queéte®hatthg SNSHMRXEMR0 085% 0060) 95%A0TH, 88%, 98%Ser D8, idehilty valkS,
(0]
382987 55E R NO;ZR %, 28 (R 24 ERERGE bOffe SopllichugHOTRID dety i Aibhify
pol ypept iteiihestertiant el asEeih rrgredls arerwere@q%q\ﬁé ANRRH opti onal | y
contai ns a sequence sharing sharing 80% 85% 90% 95% 97% 98% 99% or
100% i denthitimniinbferm® &bddRidNGf2He indéntiocAD b - coftpriesdh RUUoBR of CIfB
speci fi gy AILNgHe 9%.@&1@*0% o S50 12 bise U LaBd £1dnRb A & FA
32 on

f ragnent
t he ﬁﬁve@@ﬁo%%p%ﬁ%ﬁgw 9" & Spr R 27d’0rlr'&|aﬁ %@W@lq %\e &ir8 N domain is

amino acids 53-272, 52-272, 51-272, 50-272 or 51-272 of CIfB, optionally having the

polypeptide sequence of SEQ ID NO:25. The CIfB NEAT domain optionally contains a

sequence sharing sharing 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity with

SEQ ID NO: 26, 27 or 28. Through out the specification, amino acid numbers relating to
40 the start and end of an CIfB fragments are in respect to SEQ ID NO:25.



which starts at am no acid 48, 49, 50, 51, 52, 53, 54 or 55 and extends to
am no acid 35 266, 267, 268, 269, 270, 271, 272, 273 or 274. In an exanple
the C fB WD 20omEsI¥1i S ami no aci ds 53-272, 52-272, 51-27PCTHER2@0A6514 51- 272
of AfB, optionally having the polypeptide sequence of SEQ ID NGO 25. The
Cl f B NEAT domai n optionally contains a sequence sharing sharing 80% 85%
90% 95%!he7immupgenio gmympostion % i tae it vepiiomioptonsty) compriees 28 N dogainygf

Thr ough (Sniertwrecrssteds fat amiricoaid 467 49 F0ci5d, Hrrdsebd ardsatand gxtendd Od hmirgt ar t
and end g %OOZBB 56239@?@63 3B5, 26b, 283 PSH, 269, DRRP. NG, %53 or 94, In an

iSS?éﬂiFFglpﬁ%ptFF%g%@aﬂ O R S BPOER o6 SIBERISD R ol T pali of
50, 59, mtlor@:ﬂy hgying thespplyneptids seqiesce of SRi1B NR#d opdd, szeaﬁdrezm dopein 264,
265, 266 0pl6ally 26@aind G9seqRélice shating 2aring28B/6 085%,790%,| I5Y8 076/ B84, @9%1& Sdr G

N domai fobg, ggAthe wﬂﬁ's‘éﬁ éﬁmé% 49222815, c"T%m?u@i% %%th%%ﬁég? eﬂon%ﬁo

ti onal | y 410 Sdr G
R RN G A e e e R @55/555% r
95% 97%N@8Yjn Bionito Soayeisient SEGR AN 4$IE’QGI|®ON® Hlepidormidis.or 45. Thr ough
out tibe specification, amno acid nunbers relati ng to the start and end of

:RdsgrEg Tﬁ%@ﬁ@hégéﬂ@m? s@cﬁ)t})letﬁttrg |ﬂve$ﬁ§n oﬁ}@gllﬂz Qtl\l 194brhdin BF SEE eus

nogen| c
conposi t I"Bifostatisat ?ﬂ\f@n@?"gﬁoo ti %?nﬁ%l’? cotpia Yel aarNi 6’8‘6 | ?ﬂ“'”@cﬂcﬁ whi ch
starts at228n22fh Z30i 63502325233,5234 235 B43658) ab@xanpletharkdrie X edavainoisam no
ﬁCl g 228 amid® acidd b5-2831 54288, 53333, %@%332%55’0233?%5Sd|'msétﬂloﬂél \Bnd lt‘rfésng)D
| i n r
qE® {E)o|y§a§\me 8?@%9{@?%52&% lﬁéc?%s%'he §dr%)?'§l1 g ﬁ %ﬂ@% ggr#;?]ﬂg §dr D Ni

opti onal

dormi n- o FERGEI Ut BTG 5% oiiter 8o H HEpeo RATH AEYACBOR0EHErio0n oo,
97% 98%SEIDU INO:29 %36 dEmiigly owi the PEQfitdlioNOadihooaci®Bumbarsaettingid thehe
speci fi catdrOihd éHd dtanasdrd fiigeRtsSark & I%TSE@(Q t6 SELh® bast and end of an SdrD
fragments are in respect to SEQ ID NG 3 20The i nmunogeni ¢ conposi tion of
the invention optionally conprises a N donmain of SdrE which starts at

ani néVacildesmmugegempcorposition of ¢ inggntign optionaly cenpesrss 2Nt Mo chedd 257,
258, 259 whifhOsta@® bt adbd, add 30, 2645r532658, 553, r66aor K aarpl extedus BSdarkinbiactomai n

i's am no ,ae| §|§8 92640, Y 262, 2@33'2%§]or 276% £Pin %&arﬁﬂ:l’eaﬁé e SO E@inHt jonal Iy

a0 o) IR IRE e 55, SEUN S A1, B! gg'\g@? 1 2% St oHese LB 3 070,
98% 9tyop@ryp§m@%ﬁeaéﬁmqetqf QP NP8 o Nb THEY dqrh@l@@ghoraﬂjv cowéms a
specbi caky@enceashiaring aﬁardwgrﬁm/bew%,r e0al D5, OT%! B8%S Dav: orattd e idnly weith Sdr E

fragment %E%S ﬂD'Nb 5@%!3% LTRy Qui me'\L%eéﬁcatBheah @ﬂﬂ!ngs&%]%ﬁg kd @y Of

t he mven&)a ona % ? % ?t %EQE 3 which“starts at
am no aci® °f4'?£5‘ B fragh! en ?re%resg% ) 7 and extends to

anm no acid 171 172 173, 174 175, 176, 177, 178, 179 or 180. In an

exanpl e trlh@ |rﬁdfuﬁo©{§n|(§i@cﬁmpcﬁsltloﬁ cﬁmmuav@:ﬁubd%pﬁdnan%omﬁﬁsebw N15dondal® of §drCl77 or
grl 1§§ h%% d&%nré\’la‘é gf?ﬂ% L Q?Vhé‘gﬁ he Bl ypept idesseqienge Qﬁd gﬁ%#jto'\lo 29

onai n_option cont ar’ns yence sharing sharl ng
80% 5%6”9@%‘0'%% 13772%;17§8 V44 999 676 ﬂ@éW%W?dﬁﬂgPt P & PSRN

30, 32 oMN13&maihriswgtinatids bé-198es1-7 & & 1i-bib, 5afﬂ|7ﬁfcor@drt78mjrﬁ@le€som@haﬂm ng to
the star thaqing tengoiRtepiBe SEGfents 20BEQ 1D ROL9idt 32ETRESHIE N1 %’5@&@)&@3&3 The

i mrunogen Vertd OR-HP n 9 omai n
of 0 el SRR e '@?h% A S b 220
221 8P 22%%&%%%%%@% 9. a2 o H47hrgugh o He sperificgtien, asmigo gcid

I n an exanplbers tetatitgfta th@&taibsmd rend of aami BdrCatagheerdd 416 50 rePebt E)BSEQZID6 559,
216- 558 quol6-557 of CfA WO 2011/ 015591PCT/ EP2010/ 061314 optional ly

havi ng the pol ypeptide sequence of SEQ ID NGO 20. The G fA N23 domain
optional Ly contains a sequence sharing sharing 80% 85% 90% 95% 97%
98% 99%I6f IMDDWORERiAGOMPOsEieH o5ig invenoneptiopally ogmprisgspa W43 dgmgin of

i MmuAogergiid. woichosarts anhaomind h@dlZ”MeQUBOm(D[ﬂWOQaBJ 921% 0200, 296 s0ra229 ardo i N
of OB \Wiehbs % afird &did 853, M552656] 5653365 550. fPsn etdiple 498 cirA9R20r 200

. e Rt B P Al IS8 7 a§§89d?4%é§34§é6%870%?@6 Shedtegn "

197-541 or 197-542 of CfB, optionally shaving the pol ypeptide sequence of
SEQ I D NO 25. The CfB N23 donain opti gnal |y contains a



10sequence sharing sharing 80% 85% 90% 95% 97% 98% 99% or 100%
identity with SEQ I D NGO 25, 26,27 or 28. The i mmunogeni ¢ conposition of the
i nvent i orwopbilansddty conpri ses a N23 donmai n of Sdr G whi €RTSP20S6EB4 ami no
acid 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274,
275 or 276 and extends to ami no acid 524, 525, 526, 527, 528, 529, 530. In
an exanplogtiondly HvinaNDs RRAYASPHAS seavsnes HfcPEQ IR0 Thes8lf4 0023 dgmaimg,
268- 527 apti@Ghy sabtainb aSthgGenagpshianing Ishrinta80%.083%.9036)] 9896 (H71%6 ©88e ®9enore  of
SEQ | D NQufd;, igéntitwitt BEQSH GoNd324lamba oppii onal | y contains a sequence
sharing sharing 80% 85% 90% 95% 97% 98% 99% or 100% identity with SEQ
| D NO 41, 42, 43, 44, 45 or 46. 20 The inmmunogeni ¢ conposition of the

i nvenPi oM hgpMMBMRDERIC COMPERiges of the Bvedioni ertionalsueeniifiesh ashad Wemgin airi no
aci d 230,CliB3dhick? 8farts 28 3mird34kid 285,1923695, 296, 097,288, t9tdore2d0e ads ekienagiiano

aci d 564.,,,0854¢i388s, 548/ 4&63&,1,343?,54 7814 x'54501n 2 xanhiile He GXENBE Gokiaf Sdr D
T ok B e e
Sdr D N23 thk pelypentige iseaegnop chﬁﬁ(gilfhé\l(%i%-eﬂ!ﬁeﬁ&% NP atdnrain Shtigrialy) caniedns 86%
90% 185%se§udhce BUring Sharig d00830e90%! 9591 1% S588%| BoNr3f0098 fedtity3vith The

| mmunoge feRsd b0y gfod he invention optionally conprises a N23 domain
of 30 Sdrij—_E i ch st’arbts gt 8tam' no acid 259, 260, 261, 262, 263, 264, 265 or

266 and extends to amino acid 592, 593, 594, 595, 596, 597, 598 or 599. In
an exanplTéetimenuBogenibiz@mypositiom of ¢heamverticacortion2iB2c@orjses62- 823 dopin- 604,
éEZQ I595 @dr%@ﬁ@&aﬂé abdinfro &4 penalday 26@\/2;619 2bbe2amr 2Bperdg, deoseryenge of
38 1.on. - t C I ng

SEQ 4 Egl\%é/@ 27@5%‘?4%&%%%988}%@5@%’}00 %ﬁ%g;‘éud%%, BESR, 85AUSECE S R3D!

In an example the %er N23 domain is amino acids 267-526, 268-526, 262-528, 268-527

or 268-525 of SdrG, optionally having the polypeptide sequence of SEQ ID NO:41 or 44.

The SdrG N23 domain optionally contains a sequence sharing sharing 80%, 85%, 90%,

95%, 97%, 98%, 99% or 100% identity with SEQ ID NO:41, 42, 43, 44, 45 or 46.

20
The immunogenic composition of the invention optionally comprises a N23 domain of
SdrD which starts at amino acid 230, 231, 232, 233, 234, 235, 236, 237 or 238 and
extends to amino acid 564, 565, 566, 567, 568, 569, 570, 571 or 572. In an example the
SdrD N23 domain is amino acids 234-566, 234-567, 234-568, 234-569 or 234-570 of

25 SdrD, optionally having the polypeptide sequence of SEQ ID NO:35. The SdrD N23
domain optionally contains a sequence sharing sharing 80%, 85%, 90%, 95%, 97%, 98%,
99% or 100% identity with SEQ ID NO:35, 36 or 37.

The immunogenic composition of the invention optionally comprises a N23 domain of
30  SdrE which starts at amino acid 259, 260, 261, 262, 263, 264, 265 or 266 and extends to

amino acid 592, 593, 594, 595, 596, 597, 598 or 599. In an example the SdrE N23

domain is amino acids 262-592, 262-593, 262-594, 262-595 or 262-596 of SdrE,

optionally having the polypeptide sequence of SEQ ID NO:38. The SdrE N23 domain

optionally contains a sequence sharing sharing 80%, 85%, 90%, 95%, 97%, 98%, 99% or
35  100% identity with SEQ ID NO:38, 39 or 40.

The immunogenic composition of the invention optionally comprises a N23 domain of
SdrC which starts at amino acid 172, 173, 174, 175, 176, 177, 178, 179 or 180 and
extends to amino acid 424, 425, 426, 427, 428, 429, 430, 431 or 432. In an example the
40 SdrC N23 domain is amino acids 176-426, 176-427, 176-428, 176-429 or 176-430 of
SdrC, optionally having the polypeptide sequence of SEQ ID NO:29 or 32. The SdrC N23



35100% identity with SEQ ID NGO 38, 39 or 40. The i mrmnogeni c conposition of
the invention optionally conprises a N23 domain of SdrC which starts at

am no aciwobd#p/013®3, 174, 175, 176, 177, 178, 179 or 1l8@Canme@xiersds to

am no acid 424, 425, 426, 427, 428, 429, 430, 431 or 432. In an exarrpl e the
40Sdr C N23 dongin i s amno acids 176- 426, 176-427, 176-428, 176-429 or

176- 430 SPMSiY @Rtiopaly eniainga asenge sharinsothppag 80 e 85%qAa%e 85%f 9@@@% NO 29
or 32. TH8YSolr DORRBlekBy 2ith BHTI 558 ORZST SEP20 B2/ 864334 domai n optional |y
contains a sequence sharing sharing 80% 85% 90% 95% 97% 98% 99% or

100% i dentl ty 30, 31, 32 a

enbod gt 2R %ﬁq*}?qmméwdé@q [SPhAEPYSES BeoBasiitee o 1l NG

N, SR2NN2)3 ouf IreIinEs) . An i mmunogeni ¢ conposition conprising a
fragnent of CfB, SdrC, Ser SdrE or SdrG which conprises a N23 dorrai nis

a further H{jﬁ@%@ t s
i ndepen Anll ?ﬁgr&o §|%n %mf) %avffs,{g,?ﬁeqw ?ggtm ggc ?{ ove
n an entRUATERIPISERA NAmiRBUR T & i BWePeRAF L RSRachOt RE dNED

the N23 diomaim o obthig inagpeadend enagimentghayCichbmprigs faBy @dh@,feﬁdﬁel dQ‘SdﬂlEdor

Sdr G1oForgbe¥anpl e, the i munogeni ¢ conposition may contain the N23 donmai ns
of dfA and A fB, CfA and SdrC, 15 CfA and SdrD, CfA and SdrE, C fA and
SdrG dfB and Sdr.C, C fB _and SdrD, CIfBandég}eE Cl fB and Sdr %\?Cand
SdrD, Sdrftcangm "@emsd'i‘?:”aﬂ‘&”%%"@ CAPPFIUGNY INVERHOR SOIEPrSSs Aer

and Sdr Gdomairaof diri2odi Aehor 6tdiEHiAMAIBO§ArT.cSarbnpdes vi Sdr@fFar lexamplee tite on

conpri Se?mihuﬁbg’éﬁ iBEdmpaRioRfmay Edrdih YHeON2S 86thaif tof @ﬁ'ﬂ'ahugﬁﬂB BifAGINASEdrC, .

cO en I | as
SoTRaB oA A SERITRA Al SHECXA LSRG TG é@@‘%ﬁf %/"bd 55}@ C@@ % or
100% i demdrE yC'f'%a&?'\ SEAFned r&c?%sg@q@é’ﬁ%é‘”gédé%st %fcf @Qﬂ’@@' Bi sting
of SEQ | BdNDan@ 5dr@2r SAE artiSdBs, 27, 28, 30, 31, 33, 34, 36 37 39 40,

42, 43, 45 or 46. The fragnent is an i mmunogenic fragnent which is for
exanpl e,

e nacul SR g o SRR RN 0 Aoy 1o INCREAT Efhero B b BRHE "7
in ag0 asé’é? Sz e Pﬁ@aoﬁH‘d?refé'W'B% CayRPARIT f@hﬁ?“?"@ﬁ@@”vﬁqhﬁs'a comprising
st aphyl oeoligzald bindieg region hberanearainpl azidSseq@uehed having dtreast 857 AI%ESE%, t he
| MMunogeryse, aIIpOsdol igen, 8f 1b6% BNRPLS AR SARBTdcRESsddiBndd 8OEBBY from the
group consisting of SEQ ID NO: 21, 22, 23, 24, 26, 27, 28, 30, 31, 33, 34, 36, 37, 39, 40,
42, 43, 45 or 46. The fragment is an immunogenic fragment which is for example, capable
25  of generating an anti-staphylococcal immune response as measured in an assay such as
an ELISA or serum bacteriocidal assay, or in an assay demonstrating protection against
challenge with a staphylococcal infection, for example S. aureus.

In an embodiment, the immunogenic composition of the invention comprises the fragment
30  of a staphylococcal Isd protein which is covalently linked to a staphylococcal extracellular
component binding protein or fragment thereof.

A further aspect of the invention is a fusion protein comprising a NEAT domain of a
staphylococcal Isd protein involved in an iron/heme uptake system and a ligand binding
35 domain of a staphylococcal extracellular component binding protein.

A fusion protein contains amino acid sequences from at least two different proteins
covalently linked into the same polypeptide chain. The amino acid sequences from at
least two different proteins may be directly linked by a peptide bond or any other covalent
40 linkage or may be linked through a linker x which is optionally a peptide chain containing
more than 2, 4, 6, 8, 10, 20, 50, 100 or 200 amino acids. In an embodiment, the linker x
comprises a tripeptide such as glycine-glycine-serine (GGS). In a further example, the

10



300f a staphyl ococcal |sd protein which is covalently linked to a

st aphyl ococcal extracellul ar conponent binding protein or fragnent thereof.
A furtherwaspaatis®fi the invention is a fusion protein cecpmPIngeB1NEAT
domai n of a staphyl ococcal |sd protein involved in an iron/heme uptake
system and a |igand bi ndi ng 35domai n of a staphyl ococcal extracellul ar
corrponent“”'ﬁﬁrr?ﬁi??fgprtﬁeétsﬁ@l ID NG-88i Wherpsr B‘toeﬁ)rnme@n%/rﬂﬁehé sgavenseadyse YeRfuBhces
from at Ineastprétein shigliéesesnbggthet thensaroeliakezndt orydiffénekilihkenk Getjbenceameay

B?lo%/g?ﬁts 'b@ehs%aal'nrbn ém@oo%mlar:ﬂtﬁmgﬁé gweslﬁﬂbllef‘fslqgsg fhgmmtar#nﬁ@%&.g% Y&@r d‘g]felc/s%rgt

Pl hicage dPRdS g iecs e MG Mok dar Tonpinsd & oRbs SNARI 5P Bt de
chai nocouifterent ipkerereeatieraes 2re present igtheyfgsiopgrotgin, 100 or 200 ani no aci ds.
I'n an enbodi ment, the Iinker X corrprl ses a tripeptide such as

gl yci ne- g Fl ﬁ‘ﬁédﬁhé %@n pfr terzjoﬁmyim:eﬁti&%(@m%ﬁ lti'l‘:n'AT ain from a S

2011/ 01559 lO/ 0 t
ore |.n@gfe%§ SEARIAR PP f&?mﬁ@?@F@?ﬁf%@ﬁﬁ%%ahgﬁ)’éegdﬁwgsférpﬁ%nd,mt he

sane |inksdH.x or dlfferent Ilnker X sequences may be used. In an enbodi nent
wheragothe linker x is less than 10 am no acids |long, the sane linker is

used. W‘% SP %nﬁohfrﬁ‘gﬁﬂhexfuélﬁr%g%ﬁ&n to'ﬂ% |f]r\pent|89 C?r‘i_’tglng a I&;gﬂd Bmd[?mgl ﬁqu?(fblong

5di f f erent ar e

| S S
ortbod rofATRE PashbnNar Sl b P! MI23: SRR BAMCB IS aFEUS R SRISERHY f r om
a S. aur eekecleddirgmdheigroupronsigtingyofsefAcClr, Sdbn3Ide grb&dric ondiost ian§. of

| sdA, Isd;ﬁ,dehﬁ@g F&Bt@|n|§@Hastan an enbodi nent the fusion protein of the
|nveq ion contains a ligand binding domain (for exanple the Ni, N2, N3, N23

or N123 domain) froma S. aureus protein optijonal I%/ sel ected from t he group
con5| st i Mgy a0f ingprendey f@nbagient, 4 HVERTPNSHCHAES & fuSianaPTstein SPEIeFsNglics

pr ot ei n NAT dem&droGa fitg staphgiococuvdélsd pdetain sl NEAR romdirh &omraysetiond msd

i ncl udes p?otfa'r\s F@ﬁewnqﬂ@fremqeamrahauws as MEATd PRI g4 A0EN RISHHT %UB and IsdC,
st aphyl oG 0? d'&i | h&q@r a NEAT domain froma second |sd protein. For
sd

exarrpl e ft A and 1sdC, |IsdA and IsdH, |sdB and IsdC,
| sdB28nd | sdH, Ist and I sdH. 20 In an enbodi nent, the fusion protein of
t he i nvenit iapnemasdiar@ngnthadfusion corstequen de dwehiorniag amnamimonacidcseduseguence

Q?nwn ggagfcoht%gzé g9 8P %mi %%.dg%@?@%’/m@ﬁg/%t RB% 8@&%:%599% 139,0dede g ok ygé% an
D ead e B0 oyl Fhami pd SatiedioR sERC gt dh 9r°§p(¥fn§'8”% ohe 10
1-20, 1-5%Q iLDNQ)479Q7- ipthese sgQEenses.1x th%ﬁwlﬂ@r@cﬂodglenﬂ *Pprrﬁirprehﬁoﬂ'ﬁnimt X
degotzss 30am2001-&0| 000 0%0- nzmaul 200 brawb0Q atnire sEdplémae eABodimgnt,andasadi rrent
X enote

DTNDAMMW %?’s Q%ﬁ@%ﬁ%ﬁsm 2 qué)g?'KlnA?[r)%}éSdSe e NSNGN
30TNDKTN KNPAI'l SEQ I D NO 98 Where two |inkers, X,

are denoted, the linkers may be the sanme or different. For exanple,
DTNDAVVTNDQSSSVASNQTNTNTSNONISTINNANNQPOQATTNMSQPAQPKSSTNADQASSQPAHETNSNGN

30 TNDKTNESSNQSDVNQQYPPADESLQODAIKNPAII SEQ ID NO:98

Where two linkers, X, are denoted, the linkers may be the same or different. For example,
the first and second domains may be separated by a GGS linker and the second and third
domains are separated by a 108 amino acid SEQ ID NO:98 sequence. Alternatively, the

35 first and second domains may be separated by a GGS linker and the second and third
domains are separated by a GGS linker. Alternatively, the first and second domains may
be separated by a 108 amino acid SEQ ID NO:98 sequence and the second and third
domains are separated by a GGS linker.

40 In an independent embodiment, the invention includes a fusion protein comprising a
ligand binding domain of a first staphylococcal extracellular component binding protein
and a ligand binding domain of a second staphylococcal extracellular component binding
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the first and second domai ns may be separated by a GGS |inker and the
second and third donmains are separated by a 108 am no acid SEQ I D NO 98
sequence.wllzbevmnaidivel y, the 35 first and second domai ngCr@pP2016/06B8par at ed
by a GGS |inker and the second and third domains are separated by a GGS
linker. Alternatively, the first and second domai ns may be separated by a
108 ami néreeindFoEexampijcha dusien pedieie mmdceHaindigaphindiy dunaies HemaPHs ar e
separ at ecinBySaaDGS8rC iand 63drEASUIC and iSudep8ddkand @ifdo ddn@rand Cifle Sdrideartd on

'stng:oﬁSFi Surk U§ar@‘arRzLQHR3 nSd}QrEWgJ élfﬂgﬁfrd é&gpﬁBbS?gﬁt B8d @gF@' @dr@far’rbl f:lf)é;stndl ng
oanin! ORUE oSt 25t And OB Bl o R wﬁk}ﬁ@n? s aarh oS

2011/ @15519WPEF2@HAOP9@1S§4”°@ blﬂeNRa |30|N2é‘>3a@pré 2B slomadn gnd ﬁh%ﬂ‘léilw may
cont ai n |prgaindogliondliyngordaingitines sémerﬂoﬁwuﬁtho‘Bckth dpoiel@, ddvdexEhi its NS:N:{: and

oS seRER R e e e

opt i onal 1Sdrc end iIC¥As SaE 2nd\eIfB, NgErGmd QANS dep am&%&@r@@‘ﬁmnﬁ @Eifd t he fusion
protapn optionally contains the sane domain type for each protein, for

exanpl e f in r Sdr C
and O waﬁ %‘Hgaﬁq%t (g fﬁﬁ%ﬂ%‘ éﬂ%@segg{ fgeRdd gﬂ@é i ol %%féi(s Sdr D
and O f BSt28yecased! %HF%G EorapRyeat R '”Qd?@eé{ﬁd ef piEmrlgy eoEpiping PN sdr G
and C f B @fiB a@idf SorenGIf&] €I and®SpirD, ﬁifﬁe%dendﬁﬂrE Clffe GlibsarahSerEo CEANSIrC
CO{mr [ Sﬁ%na ddreasAA s HHl S@RIOFAT 580 8nd $drES GA, 8dFD aRABUAG0CEAl SdrD

extr e 0 n (0] S

a1 B 3nd éé@eréoﬂﬁﬁ §%‘Ef%*d“§*a)@%&“’% SEGan & %%WC@%% g Shich.

Sdr G CI 1aRd eI Pdga el SAFACITBgPEDaaRe SUTHCIB SAE apd Bdei Pdsdr 89D A,

Sdr D and asdrSarE;Gdrd, SSd) nd S&CavdriBdBdEE aGHfS4rGSdr E and SdrG O f B, Sdr C and
SdrD; AdfB, SdrC and SdrG dfB, SdrC and SdrE; dfB, SdrD and SdrE; d f B,

Sdr D and [ cfB, . Sdr nd Sdr, Sdr.C - Sdr D and . Sdr E; rC. SdrD and
S G, - Sar B s, uSieh @B B AR mbtiin FEL B Beie Gk py TR Tor e the
i nveRP orﬁroﬁﬁli‘/osééeli 4dfPRRKPE?SSM i fi ed, for exanpl e 20from host cel |l used
for expression. In each case, the sequences of the NEAT domai ns or |igand

bi ndi ng Gor@i-AS.RLE tr%msb&‘ur@"cleé’ @Sthe BNERYT JRRANE - or2@aﬂd Wi GNP TR ard he

I mmunogeni he invention conprises a fusion protein of the
i nventi or?pg?q??'gﬁséﬁ%%l& R\Q.Yﬁ t he i nmunogeni ¢ conposition of the invention

conprises a further staphylococcal antigen, for exanple a saccharide as
descpbbedn el evbodimeatris immohsgedic c3@pbditor bV @1 inventidhessngrises et hasionde
antigen bﬁﬁ&ﬁ%ﬁﬂﬂgmvéﬁﬁ nfragments or fusion proteins of the invention are
optionalI'y present as free or un-conjugated proteins. Optionally they are
conjugated to a saccharide antigen as a carrier protein. Saccharides Poly
N- acet yl dn @0 ehbedmant dlee (rMRAG)genic composition of the invention comprises a further

staphylococcal antigen, for example a saccharide as described below. In embodiments of

30 the invention where a saccharide antigen is present, the fragments or fusion proteins of
the invention are optionally present as free or un-conjugated proteins. Optionally they are
conjugated to a saccharide antigen as a carrier protein.

Saccharides

Poly N-acetylated glucosamine (PNAG)

35
PNAG is a polysaccharide intercellular adhesin and is composed of a polymer of 3-

(1 —>6)-linked glucosamine, optionally substituted with N-acetyl and/or O-succinyl

constituents. This polysaccharide is present in both S. aureus and S. epidermidis and can

be isolated from either source (Joyce et al 2003, Carbohydrate Research 338; 903; Maira-
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35 PNAG i s a polysaccharide intercellular adhesin and is conposed of a

pol ymer of 13(1 ->6)-Ilinked glucosam ne, optionally substituted with
N-acetyl wodboroi®s9succi nyl constituents. This pol ysacchacird®2i1e/opr3esent in
both S. aureus and S. epidermdis and can be isolated fromeither source

(Joyce et .al 20 r.bohydr ate 3

Sorss o1okied Arams e T k@’t‘{rﬁéﬁ?%g a’%’gﬁﬁﬁgﬁf”é%ytbe 'F%ﬁmf%“ 4433) .

For exanpluesusBnNaBG MEGMH&/O SéMas@l). TheopneBaration elisPNAGEs dedehBed (N\WDO04/ 43407) .

The prep i of dPNAG i s described in WO 04/43405. 5The pol ysacchari de
s

previ ous Wn as poly-Nsuccinyl-13-(1 ->6)-glucosam ne (PNSG was
recently shown not to have the expected structure since the identification

of Nsucci on wa |ncorr Mai r a- ran.e | 2 0 | nfect,_ | mun. 70
2033) 5 THEPE S B T SHSB et BP b PR 2SO PRSI N T Sna
be PNAG iwasalesentBNSIMARSEE R¥vd Mg te%éﬂt@d\'éﬁud&% E’ N@@tlﬁ‘@){dé?fﬂfléﬁttloﬂ'éff 1gr ent
sizes varying fromover 400kDa to between to between 10 and

75kDa t o SHFFGORRECHRS INBRFECE OYipEs Elan £l ﬁ'pZOPB @E?CF é’ﬁ‘éaﬂ%r‘iﬁ?’%) (Berefose they

- >6) - | i nkpds8ddnaRGR MfoRBallyORhbRAahs YPRYBShHUWER Yund B asetmiaane also
0-succi nyl "consti tuent SG%A% si ze of PNAG pol ysaccharide or

ol i gosac GREPTERSSREPY bee 15 i nmunogeni ¢ conposition of the
i nvenpi on, for exanple a size of over 40kDa can be used. Sizing may be
achi eved met hod known in the art, for instance by mcrofl uidisation,

b
0l t 1 asoniRNAG Fiaioa Pigfsentoyzeshening rorl /sy 49ekQavio rdweam 62 antpdsanio

EP497525 hatween 18aR8 7T5RDLES QlgoENAEH R Edh &éé@'@ 39 Q0¥dR un@-(3PpXDa,
40- 300kDa, 60-300kDa, 20 50-250kDa and 60- OOkDa G can have dlfferent

degr ee of(1acetlipked i glucdsemite, sedionaltyut substitotedt hmtranNmeg/t oaps KByswcelyht e.

PNAG pr oduc in.wvitro full ted mno oups.

(95 10005 0TS tydriSin AP s o BES: b rasnd i pico i on a8 atf BB ¢ han
50% 180%imB0¥egetidgomisitiba %l tie ibberitoaciet glamtplon.siddset coér 40kDeaatbel meed PNAG
aIIowso onic Killi of  Gram pqsitive bacteri option ur.eus
Sndror S el BB SPGARL SRR Kot b iR Rl AR i e
bet ween m@anlamfboﬁéﬂbhmbgraderh's:abl@mtgyI(W@@B/smaz,ﬁmgm,Eﬁa975315% 40%
30% 20% 10% or 5% of am no groups are N acetylated. 30In an enbodi nent,
the PNAG is not O-succinylated or is O-succinylated on |less than 25, 20,

15, 10, Size2rangés of POIA/aod for exbehples40-400kDa, 50-350kDa, 40-300kDa, 60-300kDa,

20  50-250kDa and 60-200kDa.

PNAG can have different degree of acetylation due to substitution on the amino groups by
acetate. PNAG produced in vitro is almost fully substituted on amino groups (95-100%).
Alternatively, a deacetylated PNAG can be used having less than 50%, 40%, 30%, 20%,

25 10% or 5% N-acetylation. Use of a deacetylated PNAG allows opsonic killing of Gram
positive bacteria, optionally S. aureus and/or S. epidermidis (WO 04/43405). In an
embodiment, the PNAG has a size between 40kDa and 300kDa and is deacetylated so
that less than 50%, 40%, 30%, 20%, 10% or 5% of amino groups are N acetylated.

30 In an embodiment, the PNAG is not O-succinylated or is O-succinylated on less than 25,
20, 15,10, 5,2, 1 or 0.1% of residues.

The term deacetylated PNAG (dPNAG) refers to a PNAG polysaccharide or
oligosaccharide in which less than 50%, 40%, 30%, 20%, 10% or 5% of the amino
35 groups are acetylated.
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The term deacetyl ated PNAG (dPNAG refers to a PNAG pol ysacchari de or

ol i gosaccharide in which | ess than 50% 40% 30% 20% 10% or 5% of the

am no 35gwoups/Eas®iacetyl ated. WO 2011/ 015591PCT/ EP2010C08P3d4/0631used
herein, the term PNAG enconpasses both acetylated and deacetyl ated forns of
t he saccharide. In an enbodi nent, PNAG is deacetylated to form dPNAG by
cheni cal AP Yseddereig thﬁéersh%w@eer\@@mga%ﬁ&th destylpied aé‘ﬁd’r?ép@et}’bi%écoﬁﬁ% Pﬂ/e
PNAG i s ttheesdceetlandet h a basi c sol ution such that the pHrises to above 10.
For instance the PNAGis treated with 0.1-5M 0.2-4M 0.3- 3M 0.5-2M
0.75-1. S gk e%l}lﬁgﬁt PN%'lso&eaNE{ggféd ’[-Brf&"f‘ﬁ gBRAG, By EREmidhily tRashg iy or 30

m nutes, or 1, hours at a terrperature of 20-100,
25- 809 30atie I@Q'Y@@C*ﬁﬁj'd@r Farsxampte, tféﬂjl‘@li@er?ﬁ%cbéi trﬁaéqﬁaw@uaézg&aégléwrb@whl n VWO
04/ 43405 .tk @hd pH %Qe@ﬂsbé%k/érﬂﬁt ForlilGaR@! the pRatAkitdal)with ¢ h e d 2-amt HS-

|rrrrunogen|c CcO OSItIOI’l of the invention are conjugated to a carrier

protei n 3. 9x2M; Bed- 1b@f’|@w1(M NaPHerk{k Wé‘i“ﬂoﬁn&ﬁﬁ”ﬂg@ﬂ%@r atriegst W) il Type 8
pol ysaCChﬁﬁut@@%rW oM G sai BB b YRRl atsttbRbBRtRE oP20-a0H S24538d, PRts(cause
infection in man contain ei'ther Type 5 or Type 8 polysacchari des.

Appr oxi mB0ei0yor6X3%4 5ot C.HiRAG staydiersepared Ay des@ibad ih WiSho44B40d el y 30% ar e
Type,5. The structures of Type 5 and Type 8 capsul ar pol ysacchari de
antigens are described in Mreau et al Carbohydrate Res. 201; 285 (1990)
and Four i an eetbodlmdrm,fteetpolyQéHcﬁHﬂdE(sﬁEclu&gd lbliﬁé%@muﬁhgdmldmn@déumwmd n
their repeat unit as o S ManNACA whi.ch can q @cqusf intr duc 3/

sul f hydr yI"egPLgre R‘é%”é‘ﬂﬁ% ?Pa(ﬁoﬂe%ar&rr 86?%9'&8% G‘F?&EJ A %V!loor 7 ‘?ﬁati"f 6
(2005)) NkBOrgpgatéd.oscopy revised the structures of the capsul ar

pol ysaccharides to : 25 Type 5 ->4)- 13- D- ManNACA- (1

->3) - 13- DFucNAc (1 -> 30 Type 8

A A) lysacoBarides oM QngeeUss3) - a- D- FucNAC(1 - >

Pol yggcchari des may be extracted fromthe appropriate strain of S. aureus

usi ng Metiadlstrains of S. aureus that cause infection in man contain either Type 5 or Type 8

polysaccharides. Approximately 60% of human strains are Type 8 and approximately 30%

are Type 5. The structures of Type 5 and Type 8 capsular polysaccharide antigens are

described in Moreau et al Carbohydrate Res. 201; 285 (1990) and Fournier et al Infect.
20  Immun. 45; 87 (1984). Both have FucNAcp in their repeat unit as well as ManNAcA which

can be used to introduce a sulfhydryl group.

Recently (Jones Carbohydrate Research 340, 1097-1106 (2005)) NMR spectroscopy

revised the structures of the capsular polysaccharides to :

25

Type 5

—4)-B-D-ManNAcA-(1 —4)-a-L-FucNAc(30Ac)-(1 —3)-B-D-FucNAc-(1 —
30 Type8

—3)-B-D-ManNACA(40AC)-(1 —3)-o-L-FucNAc(1 —3)-0-D-FucNAc(1 —

Polysaccharides may be extracted from the appropriate strain of S. aureus using methods

35 well known to the skilled man, for instance as described in US6294177 or Infection and
Immunity (1990) 58(7); 2367. For example, ATCC 12902 is a Type 5 S. aureus strain and
ATCC 12605 is a Type 8 S. aureus strain.
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35 well known to the skilled man, for instance as described in US6294177 or
Infection and Imunity (1990) 58(7); 2367. For exanple, ATCC 12902 is a
Type 5 S.-wauneuEsdirai n and ATCC 12605 is a Type 8 S. amce®EP2&woaisms WO
2011/ 015591PCT/ EP2010/ 061314 Pol ysacchari des are of native size or
alternatively may be sized, for instance by mcrofluidisation, ultrasonic
irradiation or by chem cal treatnment. The invention also covers

ol i gosacd%dysact&mrldﬁ iaredoff natinet hizet ypaltérnatit8 ey \peasizbdyr fatemsfanoen (&,

ig(r)guZOOO. ‘d@bw{ gﬁé\g%ﬁgﬁ dmtlgﬁ‘élrﬁ CH\@rhBglttrééftmémeTﬁ@%‘?g@t{)Ogﬁs?)dg%ié/o%e of
10000p- 2G00GFCHRER I Qe (5 Okt 5 ng@yaagc RIACCRIS. ERUR: of

sacch rlde herel n refers to the wei ght-average nol ecul ar weight (My of the

:/&Eﬁga{ Lgh‘q rKﬁéeHré{}éréi?' HBIe%QIaPWHj‘\g%tF'ﬂ%‘ s80%hatige %ﬁg%b@%@bfgdﬂ“@e% ;29
descri be&laﬁb]&g)x ﬂr@?@a 0(}'@@ mﬁ%@ d;)ﬁgﬁ’ya@a@?go@g@%hgf i &é@OO%%()@@I umfts

( TSKG500 eyl ocndnnet pverage bwlegsiad wWeight ohd saeahadde hergint iefers ieclbRavaights ar e
el uted i nveagemoléagahasippiedey 6 tdets%ctr%ﬂudushmuaed b@d&tto&@a;uberémgndi@ ect or

(for 4 ”Stn?éé%ﬁre\éx’q% A Tﬁ%@%ﬁﬂlﬂiﬂ@%%ﬂ d R \ﬁeliL rg?rﬂai 'aﬁsﬁfgp E@Qrgm and

anln eronefric ct qonet er

Bt h  PEIGOAE 23 M85 RN FIRTER SO SRS, ANANE O AR e Wot

pol ydi spéfFSKEGOYF anth B0V K amay dej used-in car,nbman'orBanqthB saccharides Breelutedl. 05
and aft efin G@Rrugatdnafdédare EQEEtcEUSPIGOd (ﬁ@;rﬁt,sdah@nr@oaeftabtap@rbsintswn@é VWﬂﬂ

15 5%, Wm b ﬁeegrpo@%dowﬂhﬂeai%%aﬁgo* et e s otatie g, o
8 caﬂéul é?ff 8&6 plgec Wyaitu(?j@a@\%ﬁé}ﬂﬁtﬂ’égdu HE IR &4 %’Wea fer‘ﬁ'nfbtﬁba*em c
conposi t|4<9ﬂnrm Ik ha dnﬁbtﬂﬁhdzrﬂmh@r@b@s@@l%ityloﬁtr\%(i;acbﬂitarwlé |§r’rblo@ll mens,, 1-1 ke1degr ee

of 0- aocet1y{31t t gltﬁa |sp élt C flJ
55 Tog3t, 10T %O?M%% ?goé%o 059%%2%%9.5 %\%rgr@@;ﬁ'??%?é'%degree

of O- acemyeﬁuremertﬁ aneyqyeMBLIcapsul ar pol ysaccharide or ol igosaccharide is
10- 1889% 20-100% 30-100% 40-100% 50-100% 60-100% 70-100% 80-100%

90- 100% 79@- BR% 569H&%%s Zst‘i@a@ 96|y§&c89r%;e |oP &@o%ﬂéﬂﬂhd@%ﬂincldd% fegfee of

O-acetyl ation of type 5 and Be 8 capsul ar %{sacc ari des or
ol i gosac ¢RBVMNAGANIG §°'i'[’(90§'6@%0f2 el@tﬁ?&w@@r&o@fﬂﬁe Biery 0o, am EmpedRedo 8t 1009
70-100% +39rebQ4%- a@&yl&@&%f t?&e @Q%Slﬁé}'p%ﬁp&c&%nag% @rg&,@c&%‘%@je W-tew,ee of

O-acetylation of th o/g L sacchari de or (%gsacc ari de can be determ nhed by
€

any et had-198wn0-h0Q%he 46! P0% 0 @@dw&%m pP-dPeH: NOR Q0%.e9R:7 0% &P- and
Joness 1996y, Gardoohyarados oRes 0% |r28§enﬁ>%d%nt Jtﬁé‘@égir@za%f tﬁé‘@t;ﬂétﬂin@ﬁt 2, J

Phar naceuti cal 35and Bi onedi cal anal ysi s : VWO 05/ 033 or WD

00/ 56357)8. CarstIgF pRgsacehasnen @lgeth%@&%@QVhﬁo 3&/&@00@99 ’y4Q-|€Q;Q %in
(1949) J.50Bi00bs. 6@hﬁm\% 17@01002/4%02@‘0% Goafsioy, 50061 PE0-969, PE-oDSNBVErdo @3y,

hydrol ysis, for exanp treatment with a base such as anhydrous

hydr azi nén ( %rﬁéﬁftpdémer&l t'ﬂ@%@gr%f@cp ageiyialion ©5; YBR4B- b 4YPe 8 103rgiar
2011/ 015%%@8%5ﬁ’8&1&/dh§é§a%handes is 10-100%, 20-100%, 30-100%, 40-100%, 50-100%.

30  60-100%, 70-100%, 80-100%, 90-100%, 50-90%, 60-90%, 70-90% or 80-90%.

The degree of O-acetylation of the polysaccharide or oligosaccharide can be determined
by any method known in the art, for example, by proton NMR ( Lemercinier and Jones
1996, Carbohydrate Resarch 296; 83-96, Jones and Lemercinier 2002, J Pharmaceutical
35 and Biomedical analysis 30; 1233-1247, WO 05/033148 or WO 00/56357). A further
commently used method is that described by Hestrin (1949) J. Biol. Chem. 180; 249-261.

O-acetyl groups can be removed by hydrolysis, for example by treatment with a base

such as anhydrous hydrazine (Konadu et al 1994; Infect. Immun. 62; 5048-5054) or
15



treatment with 0.1N NaOH for 1-8 hours. In order to maintain high |evels of
O-acetylation on type 5 and/or 8 pol ysaccharide or oligosacchari de,

t reat mrentwowhilghssoul d | ead to hydrolysis of the 0-acet PCTEPOUPDH6EN €
mnimsed. For exanple treatnment at extremes of pH are mninised. 5 The
type5a h i i d 0 It nofthe
i nventi onreggr%gngp t?@r:]a Ogﬁ‘irl}gr%bbej‘%t IB Ozid rr}Srni]aerr't Ip?ro e!e&e@ W%%‘?’W%'OE bel ow
or are aldnehypeata arel/gr &ruobﬁsjacrgatidei or ]cﬂ]g’bsiaccln:mdleogeainmmmmhml Woujdlsteazd‘ td he

i nvention Y ei t her e. S
aur cus. 3e0ihEORe Sulte B BhE B oo 27 ckarihs Ry B RUETRROT A e
i nventi orare:mnrpnms:eés the S. aureus 336 antigen descrl bed in U86294177. The
336 asti gen conprises 13-1inked hexosam ne, contains no 0-acetyl groups and
specifically binds to antibodies to S. aureus Type 336 deposited under ATCC
55804. | AMhantypet®mdindeditpolyshechzBBearmialged insthe pmhymagenlmac@rdaosimincbf the of
natlveS| | ternatively . f a

mi cr of | ui'di sa(gl %ﬁé {ﬂq'?bj%ll oﬁ%{rgﬂ%\r{?(gﬁf)a% |C(;eaﬁﬁeorr BIrOtG"Q ng r%%l"r ea‘?IOW nt. fhe

i nvent i onrltainstvatpvmronjugkbiegosacchar i des deri ved from t he 336 antigen. The
336 antigen, where included in the i nmunogeni c conposition of the invention
is optionally conjugated to a carrier protein as described bel ow or are

al t er@at imhelimmunogatjicigatheakitioB® off theanventibh akerdativiely quotaiissasithiea tyipd &sorftypem S.
epi der m @ pyRhEeHamae ATCC- 31432, SE-360 and SE-10 of S. epidernidis are
characterlstlc of three different capsular types, |, Il and III
respectively (lchinman and Yoshida 1981, J. Appl. Bacteriol. 51; 229).

Capsul ar palpisS3RaNligRTs extract ed from each serotype of S. 35 epidernidis
constitute Type I, Il and Il polysaccharides. Pol ysaccharides may be

extr gst ed, by, %ﬁm%&éuhe’ﬁ?tﬂﬂ@du%nhlﬂ‘f?%ﬂc”&)rﬁ&%ut%ﬁtW%edﬁm%éﬁtloﬁegomﬂnééé“t%%@go or

as described i Bacteri ol
one enboﬁ“FFéﬁtS%Sfa”P%%n g?ﬁ?@ﬁ‘f () 42}% ”munogenl c conposition conprises type

| 40and/or |1 and/or 111 polysaccharides or oligosaccharides fromS.
epi der m dihg. 336 anif2r? 0&dmPrides 93-MKEERXbEamite] Tbatdie 116 a0ekastyi drsupdr gndof
native si

. gsc.fagaugbm El?&ht}b%h%s@% 8 eﬁ% ;f'g;% 3§(§)('(i: o@ﬁé@%g gggacggsso{.he

m cr blw I'sa rasonic Irra em ca
i nvefiti on al so covers oligosaccharides extracted fromS. epidermdis
strai ns. In an embodiment, the 336 antigen is a polysaccharide which is of native size or

alternatively may be sized, for instance by microfluidisation, ultrasonic irradiation or by
chemical treatment. The invention also covers oligosaccharides derived from the 336
antigen.

25
The 336 antigen, where included in the immunogenic composition of the invention is
optionally conjugated to a carrier protein as described below or are alternatively
unconjugated.

30 Type |, Il and lll polysaccharides from S. epidermidis

Strains ATCC-31432, SE-360 and SE-10 of S. epidermidis are characteristic of three
different capsular types, I, Il and Ill respectively (Ichiman and Yoshida 1981, J. Appl.
Bacteriol. 51; 229). Capsular polysaccharides extracted from each serotype of S.

35 epidermidis constitute Type |, Il and Il polysaccharides. Polysaccharides may be
extracted by serval methods including the method described in US4197290 or as
described in Ichiman et al 1991, J. Appl. Bacteriol. 71; 176.

In one embodiment of the invention, the immunogenic composition comprises type |
40  and/or Il and/or Il polysaccharides or oligosaccharides from S. epidermidis.
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5 These pol ysacchari des are unconjugated or are optionally conjugated as
descri bed bel ow. Conjugation of polysaccharides 10 Anpongst the probl ens
associ at edowntinisise use of pol ysaccharides in vacci nati @eQl/EP30mwhelsiact t hat
pol ysacchari des per se are poor inmunogens. Strategies, which have been
designed to overcone this |lack of immunogenicity, include the |inking of

t he polysaccharide to large protein carriers, which provide bystander

T-cel | hdloysatehasides arendfodativentsizet tre affedngtaetyc maay des sized, faethsiance hey

i nventi O'Fm@froﬁwlﬂsgﬂfcﬁfj lﬁtpas%nlﬁrlﬂbﬁbﬂorpaf Eh&ﬁlc‘é‘mblgé\/d@éo‘fhg‘?n\@r‘nﬁé@'&%rco-Uerscel |
hel p. Exa e used for coupling to

ese
pol ysacct?glg?sd“&dba}'”dﬁ Fé%%ci%%%% dgpidlﬁfﬁﬂ’ﬂég%rﬁg' i nclude the Di phtheria and
Tet anfis toxoids (DT, DT Crnl97 and TT), Keyhol e Linpet Haenocyanin (KLH),
Pseudonomags@eioligaocsadex ape alreohjudated EiApreangtidrizdly monjugatd ps adedtribed
derivativygQf 20 Tuberculin (PPD), protein D from Haenophilus influenzae,
pneumol ysin or fragments of any of the above. Fragments suitable for use
i ncl ude fragnments enconpassi ng T-hel per epitopes. In particular protein D
fragment will optionally contain the N-termnal 1/3 of the protein. Protein
Dis an ICﬁWHBﬁ Pﬁffﬂ?ﬂyﬁﬁﬁch?%ﬂ?ﬂaermphl | us influenzae (EP 0 594 610 B1).
25 lpgan enbodi ment, a carrier protein used in the i munogenic conpositions
of the i 'A\F&ﬂwtg'spfhe%ﬁﬂéhw%ea%s%at%%!hstfhé Rb 6f%lyfséé’<gﬁﬁ3és p,f vacRbAgHIYS agoccal
| sd protein, the fragment of a staphyl ococcal “extracellul ar conponent
bi ndi ng FRGtBAPlYSagCharises eprset WENPAST IMABINPaGREt SYAtegiesd bishi ke Besive. 30
In an enmbadipABdt o ER¥RomeStRls BRRC P! inka@R@hRitP! &Rfide ithe t iHkid nggeni c
conposition of the invention as unconjugated or free proteins 08/ 19162,
WO 10/ 14Polpacchsgngre tpdpsagabioiein | chederamy/Nise Providedbystandge Teedlr hele- B e n( s)
by any k%dﬁ%rﬁ%e(ﬂﬂsa%’?ﬂé@uhl@édhh lﬂlﬂé Frﬁenﬁénsareﬂﬁﬂ'k%‘ttoﬁ GRind Gty
Armor et al. S. Patent 4, 11/ 015591PCT/ EP2010/ 061314
and JenanWg@ @9V'§13 bystgndgr TPaQ%'H"teM §W&?@Pf th%% Faars yhiclcmew kegifeddat i on
chem str %ohﬁlln%at'br bcﬁ%a‘ébﬁarﬁ%e@r IRBRARRZAR imtln E’unél@@e %@D}ﬂhﬁ{érl'agarfoeagent

1- cyano- di net hyl am no dintumtetrafl uoroborate 5 AP) i's optionally

used for TEfRAUSyIAXRIES| Tof DhoCyaddeandi dd).plevhale H@ﬁ?hd’éﬁeé@cquH@ (KLH),

cyani | at '%@u&&ﬁ&ﬁé&@e@@ﬂo@@ e%gsrfo%nmd (ST af L kiRt 'pMFFr’iéél Bhdtéln cRdhiveOBs -
whi ch avoi ds b{& |¥5| S of the al kaline sensitive polysaccharides. This

synt RBsi JulpICy )e@fot@'adbrfrpﬁgH@@maplaf%nsrmf&ené%tr@iehmohzemr@ frrgnyessehar i de

may be S%' })Q)‘fltﬂez%v'en P’?@érﬁént@rsuﬁab‘?éllfdrrl%eﬁﬁélﬁﬁé fPngéF@é\BnG@rMpep& n@"ﬁﬁ@l g,ed in
acetonitrile and added immedi ately to the ﬁsaccharl de sol ution. CDAP

reacts wiePHorase IR PaFtsKipr p@t@u&fr@@m@miéﬂf'bep ¥ Rentpinehe Hi- hean'ﬁﬁbﬂéﬁ‘aﬁm e

ester. Aff&bint PRI&RD 13 RD-Bin8Rg dro@inCRdrh IHfenRpAlR Nrilehzad ded o S48 o
groups o IyS| ne react wth the activated pol ysaccharide to forman isourea

coval ent Bi)nk. After the coupling reaction, 15 a large excess of glycine
is then added to quench residual activated functional groups. The product
is then passed through a gel perneation colum to renove unreact ed carrier
protei n amcEn egibgdaIent.eageaitiel. PIoeiarUsefbdinee fMuRegenichrgmBeine of the

conposi tiiRnidn BApHOKEBE icBRsISI B theefagindri! dih&Tstaphylococcal Isd protein, the
fragment of a staphylococcal extracellular component binding protein or a fusion protein of
the invention as described above.
30
In an embodiment, EsxA, EsxB, EsaC or EsaB are present in the immunogenic
composition of the invention as unconjugated or free proteins (WO 08/19162, WO
10/14304).

35 The polysaccharides may be linked to the carrier protein(s) by any known method (for
example, by Likhite, U.S. Patent 4,372,945 by Armor et al., U.S. Patent 4,474,757, WO
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20 staphyl ococcal protein which is optionally a S. aureus or S. epidermdis
protein. In an enbodi nent, the i mrunogeni c conposition of the invention
further cwopprigassdone or nore of the proteins descri bed PC/ER 106632475
optionally with the sequences described therein (incorporated by reference)

cat egor | 220 geRabS AUBRI 3o PRI kO Rab G B SPEPEn Reliot BhFR Rl 5ss

pr ot ei ns carriedaxi (x2edM@95/0§84&t or s of virul ence. The i nmunogeni ¢ conposition
of the invention optionally further conprises a staphyl ococcal

extracel | ul ar conponent binding protein or a staphyl ococcal transporter
protei n dom GDAPaiey loyemdatalg teagent drcyaegudinadtbylamfnopyridihiemc etrallb@oborate

U048 PS8l Sk AL SBSA0 e ST 55l AR

I mrunoge rmyanilabop osadtioonsanobe t regformeentniden reletigehi seldacqiditioab) whicbf aymidst ei ns
sel ected (" rot ei i

di fferenth%j@wg icgr’%ﬁg\%fk? @1“ S‘%f t'(lg pﬁgc%%cg%ﬁg%ﬁ% gjnth%fs %sﬁlc ? ée/tg(g)rgl IInsg of
pr ot ei ns taeeaeier padah.l ul ar bi nd| ng proteins, transporter pr ot ei ns such as
Fe acquisition proteins, toxins or regulators of virulence and 350t her

i mmuunodom nant proteins. WD 2011/ 015591PCT/ EP2010/ 061314 In a preferred

enbngdo neFrthe ;sdvy@ae@&@.abc W%bhbmﬂ?d)in Waférld?V@esnr%nsélwdnhebm@wa 3RS a
nu er o al e

ect from
D or S EPPb L sl Rt Lo ETh el 1 e mofsacinBliad Bl eﬂ* hebnent
bi ndi ng priftRirerets wit tbﬁﬁlyﬂﬁoxvlr aiPepdof dre pplysatcaride i Mm@ Cyanrale r%t%r
regul at orsteothevactivhtoncetep Gheuwarrity psdteinds wddéd. phetimd goups of lysina rpaetf vt ed
enbodi mente adtiVHIEAQR)3 b&cr%ﬂﬁé’%fdrﬂn% |9$uré§€ox9d7é’rﬁrlﬁk Oﬂftéruthé r&8upli§ﬁ§ri‘@édtu%ﬁs 10a

nunb of protelns cted from

3gr 2 Broy %%Pf‘g&c'ﬂa MRt sty Tesidial Seuied B iTal fitbeocon
ext racel |T@Bar0@@hﬁdh@hpa$ﬁeﬁ hriegaty B @eepemsation aejwmntto fwwnrg@t%@@aeﬁ rom
t he groupratensingtresigudtedganisni n receptor, SitC/ MtC saliva binding protein,
EbhA, EbhB, Elastin binding protein (EbpS) EFB 15 (FIB), SBlI, AfA Sdr C,
Sdr D, Sdn , S Reson K,
FRbA. Fntl)lg an%&dﬁ?ﬁﬁtf&%ﬂﬁﬁun&%@?g (f)}ﬂ:glnsiﬁtﬁgslap\ EPB Ig(?éi%[)ﬁgrtﬁérs
HBP, 20i t rstaRbylorerdsl nmteng V\dmh i @ptlomallb'r ian%g@tﬁe%i ﬁdﬁn@pmeﬁﬂ@isnprotﬁﬂadnl%e
Fig and I@ﬁ‘%od SHtOWR | muno@fgm%%ﬁ@o@ﬁ\ %W@YA\BHQ&F%UHR&@@?QW%@ gtein
or fragnent ereo se ect roup consisting o nmunodom nant
ABC t rangrp;@;epé,the Proteins desgpoed wd®O 06/324 5 optlonally with the sequences described

therein (incorporated by reference) or immunogenic fragments thereof. Many of the

proteins fall into the categories of extracellular component binding proteins, transporter
25 proteins or toxins and regulators of virulence. The immunogenic composition of the
invention optionally further comprises a staphylococcal extracellular component binding
protein or a staphylococcal transporter protein or a staphylococcal toxin or regulator of
virulence. The immunogenic composition of the invention optionally comprises at least or

exactly 1, 2, 3, 4, 5 or 6 staphylococcal proteins.

30
Preferred immunogenic compositions of the invention comprise a plurality of proteins

selected from at least two different categories of protein, having different functions within
Staphylococci. Examples of such categories of proteins are extracellular binding proteins,
transporter proteins such as Fe acquisition proteins, toxins or regulators of virulence and

35  other immunodominant proteins.
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My2+ transporter, HarA, SitC and Ni ABC transporter; group c) - at |east
one staphyl ococcal regulator of virulence, toxin or fragnent thereof

sel ect ed woamthesogr oup consi sting of EsaC, EsxA, EsxB, PREEPRO0/0aSHS vati ng
protein (RAP), EsaB; 25 group d) - at |east one staphyl ococcal structural
protein or irmunogeni C fra%;rtent t hereof selected fromthe group consisting
of MRPI | madPrafgfref perhedinmgsiti igagnogenipicraPreifien pbthsdnyindisn firthen comgrises

i mrunogera curclosrpafsproteinsodquahéo bnygesaterahan 12¢ 1Bude 51 oA selestdB feomd 2EsAGr 4Sdr C,

| sdA and J&Ralnt gpgjfjggs@%gteﬁsfw. | sdB and EsxA; |sdA, 30 IsdB and EsxA; SdrC,
| sdA and ESéA' d AY IiﬂA and Esxﬁ%i 4.sdB §nd _EsxB; 1sdA, |1sdB and EsxB;
SdrC, |sda gRPEY Zaralifie COMBpREAINGGEOF C | sdA and 1sdB; SArE, |sdA
and | 8dB;* SEragp k) d@pseaiter pEdns:| sdA and 1sdB; CfB, |sdA and |sdB; EsaC and
| sdA; EsaC argipl @ tiXinsksratydmdrshstwitulelsaC and EsxB; EsaC and SdrC. 35 A
further gsp i don is a polynucl eotide having a pol ynucl eoti de
sequenceqenggécillpgg Sgnﬁ%kg@gﬁr{%éﬁn of a staphylococcal Isd protein and a

pol ynucl eoti de sequence encoding a |igand binding domain of a

st aphy! odoecubfegrd reathsiding iy imsaunegaeiatcolipasition opthet invention further satyodserent |
the pol yrutUnessriof prdtéifs 8qSR Gl eNGRaRAEGRMI 213, 8, Dot BReRicidderond0, Bav ung trat

| east 85‘3@'0%?@ . ‘t-}g/g. 96% 97% 98% 99% or 100% identity to SEQ ID NO 2, 3,
4, 5, 7, 8, 9, 9 , 11, 12, 13, 15, 17, 18, 19, 21, 22, 23, 24, 26, 27, 28,
30, 31, 23 9%94p Hg atslﬁastsgpe 456a1p 1@909@] eégacdaﬁlulgg_comonent binding protein of

2011/ 01559 1frPagim &2 0l€ye 06 18:1erted f friomhdhe agprpt ehsistieg | o elatriom  irgceptoracci ne
conpri si ng $&E/MMOMBIRGEHhEIn§ Prowem, tHHAR, EbhBNEldstiy &Hdi protdle (EBSSQMERY Ot ei n

onpr i s . o, En, EbnBhes .
Char B oo TSP SEN CHRESBR YuiD: Shle SSur S, SRYEHRC0 UMD, Bash, sasB.
Unvention nSgSbeSath.(gaske EADALERPE o GNAr B yRERA.| Neassa dtpAUPALSEANERR:

el derly popabatl, &6PEutHBR,sbtrdrectiubieding prottantibripopen kinding prot&ini teHguase,
adj uvants i pgldadevgm al um num salt such as al um num hydroxi de gel or
al um num pho S, t hose

sphate_or _al um _.but ma so be other nmetal salts such

o "cal of dm SRBgRbe b B ViRl S hetfiel bRin HF Rum T e EsR on o
acyl 8Ped t yi@8ithe, grevp £ePsistingdofs [iyaredopdrgand B Gl trapseerieinisshiy. dedf.ylsdC,
derivati zedVgae thaspottes HeoA, $itd yphdspBB2@nesortdrt is preferred that the
Fesponse.” SRR Rl o RS yhRlBLeRldabiiNEonal, T of thfen thoreo
| mabot on oroiurd Mo B Pt oriing  den deeht b RV A TBa kN st
hi gh | evel s(RfP)ThseRiype cyt oki nes

25 o group d) — at least one staphylococcal structural protein or immunogenic fragment

thereof selected from the group consisting of MRPII and autolysin.

Optional combinations to be present in the immunogenic compositon of the invention
include IsdA, IsdB and EsaC; SdrC, IsdA and EsaC; IsdA and EsxA; IsdB and EsxA; IsdA,

30 IsdB and EsxA; SdrC, IsdA and EsxA; CIfA, IsdA and EsxB; IsdB and EsxB; IsdA, IsdB
and EsxB; SdrC, IsdA and EsxB; SdrD, IsdA and IsdB; SdrC, IsdA and IsdB; SdrE, IsdA
and IsdB; SdrG, IsdA and IsdB; IsdA and IsdB; CIfB, IsdA and IsdB; EsaC and IsdA; EsaC
and IsdB; EsaC and EsxA; EsaC and EsxB; EsaC and SdrC.

35
A further aspect of the invention is a polynucleotide having a polynucleotide sequence
encoding a NEAT domain of a staphylococcal Isd protein and a polynucleotide sequence
encoding a ligand binding domain of a staphylococcal extracellular component binding
protein. In an embodiment, the polynucleotide has a sequence encoding a polypeptide

40  having at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identity to SEQ ID NO:2,
3,4,5,7,8,9,10,11,12,13, 15, 17, 18, 19, 21, 22, 23, 24, 26, 27, 28, 30, 31, 33, 34, 36,
37, 39, 40, 42, 43, 45 or 46.
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tend to favour the induction of hunoral inmune responses to the antigen.
The distinction of Thl and Th2-type i mmune response is not absolute. In
real ity awmo201tmeiovi dual will support an i mmune respons@®CREPeH00613descri bed
as being predom nantly Thl or predom nantly Th2. However, it is often
convenient to consider the famlies of cytokines in ternms of that described
in murine Cb4 +ve T cell clones by Mosmann and Cof f man (Mosmann, T.R and
Cof f man, ARutther dp@6f) of ThH irevaotiohHR acelctise cdimpfigingitiie ipabdrexyesic@bmpysiptroki ne
secreti O'i‘hé R3Ehtio, ﬁ'feffﬁﬁér‘?BFotéuH '6?¥HeQH\?ént|8:ﬁ BPEYel dimucle OIS thEENERMSAn (25

| mmunol o Tradi tion Thl-type responses are associ ated
wth the%hc?gné%ugﬁa@fa%ﬁ@a?lﬁlﬁ9' gﬂﬁ IL 2 cytokines by T-lynphocytes. O her
cyt okPnes often directly associated with the induction of Thl-type inmune

r esponsed hgrvaceines pr hguresenbinveniiasy may beasiivasted parficulary when mdendedfan- t ype
responsessarg aﬂSQQ&M@@&lé{MoWth "éﬁ’sosﬁﬁrd%%' |F?r?n19';1t éépLﬂ]atIOhg 5SU|tla[aI'e6adJuJaniso

Sui t abl e adj uvant systens pronote a predom nantl res onse

i ncl ude: INHIFEHADSHATAYM f’rqltpﬂtﬂihﬁa%ﬁlua“ﬁéﬁlf\k/éthtﬂ@ gfﬂé?re%ﬂm(%lfn Q@?&‘cﬁ&‘?

lipid A iyrgengiaby alssgR (f)tﬂér fn'é?atl %Q%SWQQM57§%10|mrhb§r\ﬂsﬁH ylron or

3-de- 0- acyl at ed rmnophos é id A (3DMPL) (for i1ts preEaratl on see GB
2220391 AnC. HidMay cQﬂr@T‘ntﬁJﬁP'é |60$U%h@9%d§pﬁ@fﬂ%}¢d ItyioP@e A Or Y lsHgars,

3- de- 0- a%{.a%.@ény%Paﬁen.eglmn%nﬂea%ecréﬂd&é)gﬁrpta%hcwghaz&ie%her an al uni num
salt (for instance alum num phosphate or al um num 35hydr oxi de) or an
oil-in-water enulsion. In such conbinations, antigen and 3D-MPL are

cont ai neg ishrdtifed HER 1RALALT BEQORIIICLILS oribAlth il LBF ofPIrFi1afhd 6 ent
delivery of = WO 2011/ 015591PCT/ EP2010/ 061314 anti geni ¢ and

i mrunost I"BAACAEDr yBushdhiah develst ofdT ktyRav@takineanientde fapumthe indugligneot eell
further %@m&&.mgné IBRSANGC b elnffbraMiRASPINEN AThags hibasen et
al . Vaccine (1998) 16: -14; "EP°689454-Bi]. 5An” enhanced system I nvol ves

t he conbitensg fodavayr the 'ﬁ@#ﬁﬁ'@h@éb‘l‘m@rﬁl immynereapesas o Hamokoen-der i vat i ve,
particularly the conbination of QS21 and 3D-MPL as disclosed in WO

94/ 00153, or a |less reactogeni c conposition where the Q521 is quenched with
chol esterol as disclosed in WO 96/ 33739. A particularly potent adjuvant
formul at ifpg diguRbid 39 TRRSEh TR Blinffichd ACPBRES & nbt%l?é?)ltﬂé' |hr»e\ampearn

emul sion i s described in /17210 I'n one enbodi ment the inhunogenic
conp@8i t irshvicierdiveli énmqwa%dﬁwngégsrwnwwmmls Gmcehareqrw b@@ggﬂzqommﬁ@ﬂy
fornul at iTgR reé&rﬁﬂa h2.S ¢bvet it lsnofmt @dnv@%htsiooébrf%%r HQC eRRREOLr (WO
95/17210) . Unrret h ted CpG contai ni ng bgonuc eoti des (WD 96/ 02555) and
ot her i meviekingslin r@ﬁ;pfdhatgmg@b@omurawe( 82675 reth alene® 03 Mdorer) 2 al so

pr ef er entd@mdnN e Riadin Of R_adEIEFRRRORTE (FURD) ®HE oRHITI-BLEST ffeldApdtferdsot he
present invention. Particular adjuvants are those selected fromthe group

of metal obdymghoking searefian epadrial differen! fwastionpy lpeonestiaspt(BnauagBaYieY, of i n

part bgul ahmlAblog),| Jﬁ%‘f@ﬁ?ﬁ)“ﬂ%dﬁ@ﬁ%ﬂfysﬁm 19 résbgﬁse%e&@pés‘%c@teagﬁlm #e Toll
| i ke receptor 47agonist, Toll like réceptor 7 agonist, Toll |ike 20receptor

8 agoni storeghgtiqlof the ltléFwe:wthoZ aytokipeai it Y-lymelpenyiess @rtthdkamﬂsl often
t her eof . d‘%@c@ﬂﬁé}eﬁg\gﬁedt\/\*ﬂﬁttm&%uﬁﬁod’éﬁﬂn‘é\z@&' rﬁrnﬁnélﬁé\sﬁbﬁ@es%%gﬁbr{)g@% }f the

i nvention ar or outer nenprane v e prepa atl_ons rom _
negat i ve Thegllsesuchlasdtriai rig conicast.abh2-type cespansgs arpyasy@ORed Yithahe secretion

par ticul afhyy N._sM0g, r\ﬂ'1gsd%tf1tat3 uvdﬁglsgéfﬁrg% iv@g(?pﬁﬁoHo?esa?re@n%pé tl 2-|‘s3n1can be

i nproved by refaining L I'gosac onits
t hr o88h esspoase inshidel M@nD@wsobwblrmd Atdrenderpyativietherans ngor pfetwﬂednﬁpldrfttn

- 0,
2u? at1 iﬂ)ogggﬁ%(%gﬁls_gg%]e%h bﬁzﬁ’g%?g‘g q&@&ﬁa%@p?%{é?%?%@%an a(?%(-o)%zgraliérgpr E\(/ed
by r et ai maengpPosmBolhnpicopt i(FRMRLY) (femiyi prgrdetixx) seeo@BnéA?2d¥jdcbdicand i3l ebs.
Adj uvant cBFn‘BPl%'EiBﬁ %Pm%ﬁgpr%sﬁﬁorpﬁididm,r BPé?é?aQy 3t-dé4d39a%§/iafb% monophosphoryl lipid
A, together with either an aluminum salt (for instance aluminum phosphate or aluminum
35 hydroxide) or an oil-in-water emulsion. In such combinations, antigen and 3D-MPL are

contained in the same particulate structures, allowing for more efficient delivery of
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30 the outer core saccharide structure of LOS on neni ngococcal blebs - for
instance via the 1 gtB(-) nutation discussed in W2004/014417.

Al t er nat iwel2g11/tib®1af orenenti oned LOS (e.g. isol ated fr ecr&reslboBet3)4 and/ or
lgtB(-) strain) can be purifi ed and used as an adj uvant in the corrpositi ons

ofthelnv ntlon 35A apt h u

corpost t PORET Apm R Bio ARy Ba0 st VB i BB AP 2 Sttt
lipid A cﬁmrtrmr(éehanmtthwmmheommyaxﬁ ah mhumadsarbed abtigey [2Zhodléd et al. Vaccine
2011/ 015 =p2010/ ol,j.gonucl eoti de, an al kyl gl ucosam ni de
phosphat Z%da%?{c?:zﬁ?% ﬁgmg?égééﬁﬁ%yl on or conbinations thereof. A further
preferred adjuvant is a metal salt in conbination wth another adjuvant. It

2,1 SLE eyl bR RIS e e o Krs B GR h 898 s g,
T e e e
;23/ g(r)nglc%gl}e:stzposl Iapsr glfscle@&(bm W@g!ﬁﬁﬁé;:3Aﬁgargcm;£w%t)ieokgilumzmqormulaﬁor{ wvant
ot WD) SO Ylone i BB BAGER SR Bolort e °
nonophos @70l |Ip|@eﬁembodlmsnetheﬂmrmgmgyhlat@)mrr;bsitibnaatddMenalB! @mprigBk,a or a
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35 A further adjuvant which may be used with the compositions of the invention may be
selected from the group: a saponin, lipid A or a derivative thereof, an immunostimulatory
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30 in olive ail, Wheat germ oil, rice bran oil, and yeast, and is a particularly preferred oil for

use in this invention. Squalene is a metabolisable oil by virtue of the fact that it is an

intermediate in the biosynthesis of cholesterol (Merck index, 10™ Edition, entry no.8619).

Tocols (e.g. vitamin E) are also often used in oil emulsions adjuvants (EP 0 382 271 B1;
35 US5667784; WO 95/17210). Tocols used in the oil emulsions (preferably oil in water
emulsions) of the invention may be formulated as described in EP 0 382 271 B1, in that
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30 Cholesterol) Additionally the oil emulsion (preferably oil in water emulsion) may contain
span 85 and/or lecithin and/or tricaprylin. Adjuvants comprising an oil-in-water emulsion, a
sterol and a saponin are described in WO 99/12565.
Typically for human administration the saponin (preferably QS21) and/or LPS
derivative (preferably 3D-MPL) will be present in a human dose of immunogenic
35  composition in the range of 1ug — 200ug, such as 10-100ug, preferably 10ug - 50ug per

dose. Typically the oil emulsion (preferably oil in water emulsion) will comprise from 2 to
24



The content of protein antigens in the vaccine will typically be in the
range 1-100m 5- 105011,g or 5 - 2511.g. Following an initial vaccination,
subj ect s wayorigusiore one or several booster inmunizati oRSTaRRGUALBILY
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squalene:QS21 (w/w) in the range of 1:1 to 250:1, also a preferred range is 20:1 to 200:1,
preferably 20:1 to 100:1, and most preferably substantially 48:1. Preferably a sterol (most
preferably cholesterol) is also included present at a ratio of saponin:sterol as described
25  herein.
The emulsion systems of the present invention preferably have a small oil droplet
size in the sub-micron range. Most preferably the oil droplet sizes will be in the range 120
to 750 nm, and most preferably from 120-600nm in diameter.
A particularly potent adjuvant formulation (for ultimate combination with AIPO4 in
30 the immunogenic compositions of the invention) involves a saponin (preferably QS21), an
LPS derivative (preferably 3D-MPL) and an oil emulsion (preferably squalene and alpha
tocopherol in an oil in water emulsion) as described in WO 95/17210 or in WO 99/12565

(in particular adjuvant formulation 11 in Example 2, Table 1).

35 Examples of a TLR 2 agonist include peptidoglycan or lipoprotein. Imidazoquinolines,
such as Imiquimod and Resiquimod are known TLR7 agonists. Single stranded RNA is
25



i mrunoprot ective response w thout significant, adverse side effects in

typi cal vaccines. Such ambunt will vary dependi ng upon which specific

i mmunogerwD20ambyed and how it is presented. The prot eci/EPembant31of t he
vaccine will typically be in the range 1 1009, 5- 509, typically in the
range 10 L mal nt, for
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20adm ni sSIRGts anexamdidef al€sRY apedstvacci nes into the skin (I D) forms one
enbodinment of the present invention. Human skin conprises an outer "horny"
cuticle, called the stratum corneum which overlays the epiderms.
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descri bed, for exanple the devices described in W 99/34850 and EP 1092444,
also the jet injection devices described for exanple in WD 01/13977; 5 US
5, 480, 38T heUgctind9Fef@ationdSob{He3dretddt, inUShtion 83y db2usddStob p@ddt At AreaB

5. 390, 163 NReE A1k tyRclbry e e foi (Eodhd B8 <yElic B
4, 59@0556nuddSald rol8a, Rdse 8mMiNiSWdio88 OmalSndiLdel Onje6lion \a I Hﬁft'r‘@ﬁusmdjarvp
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preparatlon onventi onal Syri evi ces
desi gned daﬂahmahﬂarys trespirdtdry, \mnj;tomfnasyotrads vlatremames adMiDisdati@Y 86 13ccines for

t ransder 4 i urface
of the sgﬁéntr??ﬁnfﬁg%f &’MQI”%"" '?5 ?;ggtslscu g%eoﬁgg%grl)epv( ng%%%%%?)%?ﬁa%g
98/ 28037)pneumoancambe viaxre ieffestively praeenped sbu aitenveting oriedioe at ds warliest
adm pist t n | T1 Lt e r

vacc?%e :%ya%% thqt S‘[hé V‘a 6%{Bgrr§e mg r‘cﬁaﬁ%}é&h\% 8%?@ o%d%bgb@ee&r?ggbout
0.05 m a:ndlpbn@tsrtherérdiena;mis;cem cmfadmnnstged@ge’nhetrmtrséxéoanne)hmem ahditeneal

vacci nes tlmes (Po? |R§t§r?ceen6néuw&%éa??> g/gé/%%g(}%sn‘b&ﬁ(ﬁ b%oad%ﬂmgt%%oi ng%lratg'g?gls as

found in i ntramuscular”vacc
the same time or 1-2 weeks after the administration of any bacterial protein component of

the vaccine for optimal coordination of the immune responses with respect to each other).
30  For co-administration, the optional Th1 adjuvant may be present in any or all of the

different administrations, for example, it may be present in combination with the bacterial

protein component of the vaccine. In addition to a single route of administration, 2

different routes of administration may be used. For example, polysaccharides may be

administered IM (or ID) and bacterial proteins may be administered IN (or ID). In addition,
35 the vaccines of the invention may be administered IM for priming doses and IN for booster

doses.
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20 However, it is a feature of skin or intradermal vaccines that the
formul ati ons may be "l ow dose". Accordingly the protein antigens in "|ow
dose" vacwpnres/as®ioptionally present in as little as OPCTER2010/%1314
optionally 0.1 to 5 u.g per dose; and the polysaccharide (optionally
conjugated) antigens may be present in the range of 0.01-1m and optionally
between 0.01 to 0.5 u.g of polysaccharide per dose. 25 As used herein, the
term "i ntThacenowmlt oflebnjugaty ‘antiganis mhi\xaeciye afosé I'raesalemiecﬂ [e ancarhtuent vengghon  of
the derm.s, in t ve t.n [
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derm s byf giyeacchaFidemiypiebigmotibsn syrf aaeloph, th@ugkorni-siggodpbitsccharideocat ed
bet ween the stratum corneum and the epiderms at the surface and the
subcut an€8049¢5§er bel ow. Depending on the node of delivery, the vaccine
may ultimately be located solely or primarily within the dernls or it may
ultimately be distributed within the epiderm s and the 35de
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i nvent i orfropsteninpaitiieaiions adenswtkly pracedf . 5 A further enbodi nent of the
invention is a use of the imunogenic conposition of the invention in the
manuf acture of a vaccine for treatnment or prevention of staphyl ococcal
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causilhg ibmcersulaienivithin lipgremes rsed,esormadd?yaTullyrtmmPh@gt4 235,8The terns
"conprising”, "conprise"” and "conprises" herein are intended by the
inventors 15to be optionally substitutable with the terns "consisting of",
"consi st Toe"vageides' efdhe prasgnighventipe spaydie stedeg in B@Iuwrywnﬁ@tzad}cé)ptmhﬁly

ref erencege QhiRGH Ky BRALAE 7 R Broeh ! oid Bhdart dich RALEEBbsS PEGIdILEALI On
are incorporated by r erence herein n or t hat t i's invention may be
bett er urRitesst dbis, tyrierd thajitheypredyabiliapd esd @x@r@@fan‘e@mlh recphetiietedyioptees are
for rp S onstrued as limting
t he ggopgggf - (ﬂ’ehl ”€Z|n Zﬁ%%ap W%;h%'enﬂﬁﬂgr%ﬁ'pa%%%? 018591 PCT/ EP2010/ 061314
Exanpl es Exanple 1 IsdA/IsdB constructs and |nnunogen|C|ty in mce

Details of drﬁlgr“a 107 4R Y Bf‘r‘drﬂ% aflorg&ggamm tHE \@90@% Uk Eﬁ{ﬁm %ﬁt‘ld?rg in
this exarrpea,re own I N gres LP @/ E)FT?B g]ﬁ‘c
wer e i mmyRIMSEYNY n Paﬂ?@c&fa‘?lg YRY qayRhmagoutigaly ASCeRtore R¥EPIegt oP h of
the fol | owmugogenit ebmeositijru VA diomaim oamtied| fragarent.cibat fasion ngo®@DIVAL thend

Q82125n @@Wauaammewﬂmﬁﬁnagubalon (ASQ2V). A control group of 10 m ce was
i muni sed with adjuvant al one:

The invention also encompasses method of treatment or staphylococcal infection,
particularly hospital acquired nosocomial infections.

30  This immunogenic composition or vaccine of the invention is particularly advantageous to
use in cases of elective surgery. Such patients will know the date of surgery in advance
and could be inoculated in advance. Since it is not know whether the patient will be
exposed to S. aureus or S. epidermidis infection, it is preferred to inoculate with a vaccine
of the invention that protects against both, as described above. Typically adults over 16

35 awaiting elective surgery are treated with the immunogenic compositions and vaccines of
the invention. Alternatively children aged 3-16 awaiting elective surgery are treated with

the immunogenic compositions and vaccines of the invention.
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10G oup 1full length IsdA protein Goup 2full length IsdB protein G oup
3LVL230 | sdA NEAT domain (am no acids 62-184) G oup 4LVL231 |sdA NEAT
dormai n ( awDreo11205%93 58- 188) G oup 5LVL235 | sdB NEAT1 domairepe@wionsiaci ds
140- 269) 15G oup 6LVL237 |sdB NEAT1/2 fusion (am no acids 155-460) G oup
7LVL238 NEAT 1-NEAT 2 |sdB (am no acids 140-462) G oup 8LVL294 |sdA NEAT
(58-188) - GGS-1sdB NEAT 1 - |IsdH IsdB NEAT 2 G oup 9LVL295 | sdA NEAT
(58- 188) {tlisdldo IpedBbINEATN otul@EShealth sdi® WNkERrs 2vitBrtbel padotievif 286 invemidnNEAT
(58-188)- GGS- 1sdB NEAT1 - GGS - |sdB NEAT2 20G oupllLVL321 |sdB NEAT1 -
GGS - 1sdB NEAT2 (am no acids 140-462) G oup 12adjuvant GGS indicates a
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Maxi sor p)oral@imeniaghtrespiratbnCgenitmiripbattestaver e bl ocked with PBS-BSA 1% for 30
mn at RT with agitation. The nouse anti-sera were prediluted 1/500 and
then, further twofold dilutions were made in m cropl ates and i ncubated at
RT fd6 30heiamanint bf agfigeatin each widcere dusshis nglected wschnnamourd varith indigesveas

det ect ed.ysi on 01; 5EF P /1061314 orataqries
e per GITHAGRRENTE Roeblned hholf SRadieel, EREISR S et B VR VR B
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reaction was s_t%pged wth 50 pl HCO, and , .

15  ascertained by standard studies involving observation of appropriate immune responses

in subjects. Following an initial vaccination, subjects may receive one or several booster

immunisations adequately spaced.

Although the vaccines of the present invention may be administered by any route,

20  administration of the described vaccines into the skin (ID) forms one embodiment of the
present invention. Human skin comprises an outer “horny” cuticle, called the stratum
corneum, which overlays the epidermis. Underneath this epidermis is a layer called the
dermis, which in turn overlays the subcutaneous tissue. Researchers have shown that
injection of a vaccine into the skin, and in particular the dermis, stimulates an immune

25 response, which may also be associated with a number of additional advantages.
Intradermal vaccination with the vaccines described herein forms an optional feature of

the present invention.

The conventional technigue of intradermal injection, the “mantoux procedure”, comprises
30 steps of cleaning the skin, and then stretching with one hand, and with the bevel of a
narrow gauge needle (26-31 gauge) facing upwards the needle is inserted at an angle of
between 10-15°. Once the bevel of the needle is inserted, the barrel of the needle is
lowered and further advanced whilst providing a slight pressure to elevate it under the
skin. The liquid is then injected very slowly thereby forming a bleb or bump on the skin

35 surface, followed by slow withdrawal of the needle.
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| sdA with ELI SA result being as good as those produced agai nst the native
protein. Simlarly, the three |IsdA/IsdB fusion WO

2011/ 0155914?PONeERROINEY 06 B 1deperdtieiention bVA ROMe ativirdasredrid the/s@06r mare
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i mpor t antetvadentabeus@06nd aNEAR Mbmai n in the i mune response to |1sdB. The
N-term nal NEAT domain present in LVL235 5 generated only a small ELISA

response (mdpoint titre of 9,043) conpared to the i mmune response
gener at ed heacobidn? 87 anttgeos irc thet skimedinbadgrmah vacodfestdighdNptesent inedntiNEATaydomai n

but all qf t. -ferm N onai ' it L 644) . i§ 1S
deronst r SFetig e PudRiontl apat i, Bunf B, BeRtsblier Zadies s 2B 0,
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0.01 to 0.5 ug of polysaccharide per dose.
25
As used herein, the term “intradermal delivery” means delivery of the vaccine to the region
of the dermis in the skin. However, the vaccine will not necessarily be located exclusively
in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
mm from the surface in human skin, but there is a certain amount of variation between
30 individuals and in different parts of the body. In general, it can be expected to reach the
dermis by going 1.5 mm below the surface of the skin. The dermis is located between the
stratum corneum and the epidermis at the surface and the subcutaneous layer below.
Depending on the mode of delivery, the vaccine may ultimately be located solely or
primarily within the dermis, or it may ultimately be distributed within the epidermis and the

35 dermis.

29



15 since the N-term nal Neat domain of |1sdB (LVL235) generated a | ower
opsono response conpared to LVL237 which contains only part of the

Nt er mi nawoNBEAD1IsMai N and all of the C-term nal NEAT docRiEP201606i30H
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DE3 indicates that the host is a | ysogen of DE3, and therefore carries a
chronosomal copy of the T7 RNA pol ynerase gene under control of the |lacUVs
pr onot er . wluetr/asvai ns 30are suitable for production of PpTGPRIN/061304n t ar get
genes cloned in pET vectors by induction with PTG B2378: 35 The w | d-type
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eluted w mvi TIh Ct| _Logrtaining G fA were
sel ected éorﬁuégsi S oNL{Q/ng‘é fstd?;‘ W@B@Bﬂ&?a%@gla&ga@\d@geri le-filtered on 0.22
pm 20 P@rofip dati ohVoR3Wdda-NEAped@ndiA (ahinaiatidBES/BB)E. coli cell paste

phospnat ST FLr o 2381508 e B e G P PRI L 2 M PIEE 1o
reachdSan @DEHONM ofLV1287 ISTBN BAIBT2 Asiaon(awaso gciterl 33-4e0)t o nmechani cal
di srupti Qg 78 Pandssg NEAT 1-NEAT 2 1sdB (amino acids 140-462)
Group 8 LVL294 IsdA NEAT (58-188) - GGS-IsdB NEAT 1 — IsdH-IsdB NEAT 2
Group 9 LVL295 IsdA NEAT (58-188)-IsdH-IsdB NEAT 1-GGS — IsdB NEAT 2
Group 10 LVL296 IsdA NEAT (58-188)- GGS- IsdB NEAT1 — GGS — IsdB NEAT2
20 GroupT1  LVL321 IsdB NEAT1 — GGS — IsdB NEAT2 (amino acids 140-462)

Group 12 adjuvant
GGS indicates a linker made up of the amino acids glycine, glycine, serine
IsdH indicates the sequence of SEQ ID NO:98.

Anti-IsdB and anti-IsdA ELISA titers were determined in individual sera collected at day
25 42 (post lll). OPA titers were determined on pooled Post Il sera.

Anti-lIsdA and anti-lsdB ELISA response

Purified IsdA or IsdB were coated at 1 yg/ml in phosphate buffered saline (PBS) on high-
30  binding microtitre plates (Nunc Maxisorp), overnight at 4° C. The plates were blocked with
PBS-BSA 1% for 30 min at RT with agitation. The mouse anti-sera were prediluted 1/500
and then, further twofold dilutions were made in microplates and incubated at RT for 30

min with agitation. After washing, bound murine antibody was detected using Jackson
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25 honogeni ser (2 passes - 750 bars) and adjusted to pH 3.8 with acetic
acid 50% After centrifugation at 12200 g for 30 mn at 4C, the supernatant
was cl ariwoediis®145-0.22 pmfiltration and purified omCEBe@loacrdyd HR300
col um equilibrated and eluted with 10 M Na borate pH 9.5. The fractions

Cror 1o MTPCPEHBaBSl R et RRoRTah Bod oa s od RN adty THeRTs

Fi bri nogdref: adhésﬂ36f00|3¢) mmMCEm 80G0A in PBS- BA%Z%FMen nQ 05% eTbeaUeiHchnn 10

pg/m in buf f ere PB | at es
(Nunc Maxm]tgr p%sa\é’gr&'ﬁ?“tﬁtte"dff’?}b 'ﬁT‘%t r°§?"a it 9 urrst%{‘ %do fﬂ&&i A 1%
for 30 mdevelbpedosing enmmgr @P0r € Samilt I|=I2©Eede|rr1@ ml pHA4. 6611M/asﬂmtagguﬁhufmm5
fibripoge .Sl 88 a

40con entnﬁ‘géteg I ﬂ}%hée:gr}l/b F "%gte]r%erwfd di I u i 8HSW%SB%5@&QZ@% %bﬁ{gyr%p? eﬂ es
whi ch wertlee optccabr;b&rsdy (QJID) \&aélmad aa#9B M@ relative ®IGH0iMmgy.. WO

2011/ 015591PCT/ EP2010/ 061314 After washi ng, the bound fi brinogen was

det ect ed [ : d C [ 0 I
ant 1 body (par o RERRTRAHCE G e gl ot RSB B ket 8185,
The det eginbtitezmth GIdivess cadaubatédhton st Hdsdnoples O Orfonthe esntatlsy oom t enper at ur e
with agitation. 5 The col or was devel oped using 4 ng OPD (Sigm) + 5 pl
H202 per 10 mM pH 4.5 0.1Mcitrate buffer for 15 mnutes in the dark at
roomtenperature. The reaction was stopped with 50 pl HCl, and the optical
density was read at 490 nmrelative to 620 nm The results are shown in

Fi gu@ 7 Qpsonepbagoeytesistassay 474 nutant C fA N123 protein bound poorly to
fibrinogen conpared to the wild tpe CfA N123 protein. 10C fA adhesion to
coated fibrinogen Human fibrinogen (ref: SIGVA F4883-16) was coated at 10
pg/m in T@ﬁﬁp%@%@ﬁﬁ@ﬂ%@ﬁ%ﬂ@ﬁ&) ‘("F’B@Ff%ﬁ‘eﬁllrgfpubﬁﬂl@itﬁ@ MicoPies Wi pl at es

(Nunc Na)ﬁ'5§96P91L%ﬁ%’hab&&;tlc %Ils‘l(a@ust-gtﬁ @|7af(%~°l/ mbp%k%ﬁre%tbgc@% BSA 1%

;
for 30 min 'at roomtenperature aki ng FH@@ ter was fA was
added at HhoBibe iRst Aerust @iwﬁlpm@ar&,ﬂbmwrﬁfp&ﬁt@ﬁmp{wt{wﬂ‘lh@rcommtr@ltl@n)du | utions
wer eqgade in mcroplates which were incubated for 1 hour at 37C with

shaki ng. After washing, the bound CfA was detected usi anti-CI1f A
rabbi t pdingdnasiivated st seraeerafitsé dilutesinean N@Mﬁﬁﬁﬁ%@%&gﬁ@@%@ afA)

diluted Jrric@%ﬁteh%t'ﬁ%ss%gs ?\P@N%e@ s89s9au9§8/m?ébqn oP@éﬂl?@BﬁtglnfﬂfO driyomn at

37C with sha ter washing, bound anti body was detected using

Jackson |a|tﬁh9rﬁﬂsiaﬁéheale§tr) fes<40mip at ity ﬁ@g@gcaﬁp&g@w@qn HyerstiginPia®e  Goat
Anti - Rabtﬂ)’réwd&g &rb&h overbbnPRos p&'ﬁ&ief@ién't'ﬁ%glu% G 1ga0fBS- Tween 0.05% The

detection anti di es were incubated for m hut es at roomtenperature W th

shakifg. T2 Hith@0 eellsdpdiuzied ére@é’ﬂ@ﬁé/mlh@ndw@ewlgﬁ@} copplgsing igye thes agpedp02 per
10 m  pHAcpwel M &It Mtk ifdiijaEd é&ﬁpléﬁﬁem%ﬁ% InQIuHQ@fCQ%"aKh st éé}ﬁﬁb

tenperature. The reaction was stopped w P opt i cal
density i€ reagiien mixtugovamineehaied 9376 f@"zQﬁ) rﬁmu Pty asitafions AfROAA/A0 Fi gure

8 denmonstygaddn, 893 &tﬁ@%luh@%a%ﬁﬂew&ﬁé?érr(g |f1t% é\ﬁ'ﬁgbom)ﬁ’itrﬁfcfbpbé?é‘% M%f y poorly

to fibrinogen conpared type A N123 protein. nple 4

| nhi bi ti aggra‘yllqwedfbMQ%@b%%S&eﬂ}éggarnW@ré adéad daitgnatcagiony counts wers
2011@915%%%)&:&(055?@9 %Q/OQQI‘:I‘I?Q:“]{]'IHCUbatlon at 37°C.

The opsonophagocytic activity was expressed as the reciprocal of the serum dilution

giving at least 50% killing.

ELISA Results

30  The results shown in Figure 4 show that the two IsdA NEAT domain fragments in LVL230
and LVL231 both elicited good immune responses against IsdA with ELISA result being

as good as those produced against the native protein. Similarly, the three IsdA/IsdB fusion
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G oups of 20 mce were inoculated intramuscularly with 10 pg of N123 or
mutated 474 CfA fornmulated with the adjuvant ASQ2V, on days 0, 14 and 28.
A controlworoupisss i nocul ated with the adjuvant al one. PCT/EP2@0/06esy4 42
serumwas col lected fromthe mce and pool ed sera fromeach group were 5

tested in no d [ o] a fA
Purified® &ﬁ?'ﬂs\/\g\}ab%at edeﬁf%ag \I/I‘réé6 a%ﬁo%'% %ﬁﬁ‘ eap%)nse \%EH %re( IS%%) on
hi gh bi ndignficemttyr differentefrqmh &t&acr(ledwdcbyl\fabkleslgmp};dmver ni ght at 4C. The pl ates
were bl ocked with PBS- BSA 1% for 30 min at roomtenperature with

agitatio i ng, (Y | d
starti ngq-dfeﬁ%%ﬁ%r? Héﬂgpﬁjb?ﬁgrght%ﬁ%?{%lthgﬁ%q%gﬁ?%r%ggﬁ%y%ﬁnﬁaﬂé at es
whi ch wertlee iimowipat egpatser torsd®npee d¥-teraifabr NEADutomdin hprebek i IngLVWCiEhout a

b m Sconeinri A e sl ERRAER<G5: (bl AR PR B Ayt

for 1 homespmsél gsmerkieddo LYE23 £ whichashiamgd anhyepdrboiritie N-isrmineldbATvasmait ect ed

(rei? AsCMATEEBRTR AR Bihen (i bhRRaR s PoB AL P MRl e e

detecti orhhearﬂspbm s L Wie23s being) lsitee dhdrothabObtainedt with BYL230mML2phdrnat28de wit h
agitation vel oped using 4 ng OPD (Sigm) + 5 pl H202 per
10 m pHLXLEQ% WC”}K‘@‘? %uffer for 15 mnutes in the dark at room
tenperature. 20 The reaction was stopped with 50 pl HCl, and the opti cal
densilfy &psonesmpulis 490 nmrelative to 620 nm The results shown in Figure
9 denonstrate that anti bodi es raised agai nst both wild type and 474 nut ant
G TA N123hueee,iRbh év%d'nﬁ”b'p?bﬁo 5 y?'arﬂéj'sﬂ&m‘?ﬂn Fiderd BOYER §&)dQets@1tMg%
coated plates to about the sane ree. I nhi bi't1on assa aur eus
adhesi on achievesheler fmrnwmﬁ@@@nW@ Nept ngmnc@agm@réswwtﬁc @tat le\él-230 and

I ntranusgy asg) éa\\ﬁhvé Qe%log(f&i GHso%ftlﬁ‘eé\”i‘ﬁ%é?rthéﬂJH%E %ghléJéb & fufr Iéﬂﬁ%o@g gd with

t he adj uvant A control group was 1nocul at ed

with the s dvass Feéutt)fhélso Conf'rf’nwt thfainneptares efihakstedainpldtt b demaim af teslBni ce
and pgol %%cé%é‘th'éﬁﬁhglal%btgfo‘ﬁ% YPlstB (EQLéﬁtg%ﬂeﬂaibdaé‘ Idm%?'&ﬁbéﬁ&%s%wiéy of

S. aureus adhesion to coated fibri nogen unan rno

F4883- 16)compgragdatled-287 Mmhp@rﬁams ﬁn|izshi>@§mfé|ﬁ€éNHQT”ﬁ'é@'e'gE%BIdpﬁ@'r(EPJEB?” eh hi gh
bi ndi ng g &1 Qfelhingl N'E%ﬁeﬁorﬁNH“%u%ﬁ'pﬁ%% wﬁ%mh P caJnt:)ﬁ‘\a&?1 %sts wer e
bl ocked with PBS-B or mn at roomtenp ature w t

2011/ 01550rROTAREPIEYBONe® 1dMRiImuf iang 4 BRve gmmhlaheroqap@nepseswsesﬂw 4f ol d
diluti Oni\@@@rwmﬁ?tﬂﬂé @%)seﬁée Bh%E@f! S NOE SRT & IWRECodRBE itk ARINE

mcroplate 1 n PBS-B 2% Tween 0.05% Then, heat 1nactivated Newman D spa
S. auﬁgus NEfeh domaing Qa\ﬂﬂ)'ééV@?% vVéPY'(}ed/@pért'ﬁ@ia@dg%?dORSﬁéo RSPPOPT-at es were

i ncubated at roomtenperature for 30 m nutes with shaking. 5After washing
of the fibrinogen coated microplates, the mx antisera-bacteria was added
and incubated at roomtenperature for 30 mnutes with shaking. After

washi ng, the bound bacteria were detected using anti-killed whole cells
rabbit p&9RElugiRa| (obtai ned after inmmunization with killed S.aureus
Lowenstein) diluted 1:50000 in PBS-BSA 0. 2% Tween 0. 05% and i ncubated for

30 m nut esdARINEAPNYSBMBET fAdrHr 8miMot icili@s B2KBAgand 58-188 both gave excellent
immunogenicity results, either as free domains or as part of a fusion protein. Anti-IsdA

25  antibodies also gave a higher Opsono result than anti-lsdB antibodies.

The C-terminal NEAT domain of IsdB is more important thatn the N-terminal NEAT

domain for the generation of immunogenicity, particular opsono activity.
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After washing, bound rabbit anti body was detected using Jackson
| mmunoLaboratories I nc. peroxidase-conjugated affini Pure Goat Anti-Rabbit
| gG (ref :wWOR0t108559003) diluted 1:5000 in PBS-tween 0. O05%CT/HP01d®613¢L i ONn
anti bodi es were incubated for 30 mnutes at roomtenperature wth shaking.
15The col or was devel oped using 4 ng OPD (Sigma) + 5 pl H202 per 10 ml pH
4.5 0.1Mcitrate buffer for 15 mnutes in the dark at roomtenperature. The
reaction was stopped with 50 pl HCl, and the optical density was read at
490 nmrelative to 620 nm_ The results shown in Figure 10 denobnstrate
that antif od| e ) L. 74 nutant C fA N123 were
© 4 RADRYI: TR DT sl E ¥R bri nogen coat ed
plate8 to about the same degree V\D 2011/015591PCT/ EP2010/ 061314 Sequences
SEQ | D N&23125 MIKHYLNSKYQSEQRS SAMKKI TMGTAS | | LGS LVY |
GADSQQVNAATEATNATNNQS TQVSQAT SQP | NFQV QKDGS SEKSHVDDYMUHPGKVI
KQ\INKYYFQrT VLNNAS FWKEYKFYNANNQELAT TVVNDNKKADTRT | NVAV EPGYKS LT TKVH | WPQ
| NYNHRYT Thell#BEIeae fmmeW&mewE@ﬂ@@@ﬁWEWodmg for amino

KPTVTT I SKMGONIP THSVXS] LIRS % &NM é@ﬁ%\!@@P KOVRRG %kN%téiH\'KSQ
QTNKVTKHNET PKQASKAKEL PKTGLT SVDNF | AFATLALLGSLSLLLFKRKESK 10 SEQ I D

NO 210 (RegempoNsQATSORNNF d)’@(eSEKQHM]D‘?N@%(M REGINRNEDRY
POKEYKEYWAMIREEAT N 12 HDUKKARIorh RAYEs BBk Biskind a7 ar ) 'd\tANH%YT
THLEFEKAI PTLADAAK SE IVDDYMOHPGKVI
KQ\INKYYF@FW'RINAS“CF\MEB(F@SVNANN@‘E NdQ"\NNDﬁIaQbWRF@Amﬁ FNDRGE YRS Of theTKvH

| VWPQ | NYMT' %n%%'rtldDTmS%%rt@(mwe‘}e added to the second.

DSQQVNAATEAT TQVSQATSQPI NFQVQKDGS  SEKSHVDDYMOHPGKVI KONNKYYFQTVLNNASF
25 \AKEYKIE‘@@\WQ@EVAWWRW\IK}WTW P CRIEIESYK SN JusTREiare ipgpeol site and the

| NYNHIRYT b GREKEialid. La?‘%d%ﬁt%n hidsNeplaRed by SPisEdmFEGIEN the second
SEKSHVDD PCKVI NKYYFQTVLNNAS F EYKFYNAN LAT TVVNDN KKADTRT | NVAVE
PGYKS LT sYRUefiq VW@WN?NPIF@WWMEFEV@KP tPCIELNOSEQ'rItQ) thOPE T340 [NKEXPRETHBFY'S

S S nhhei [
S oSS oSS

L NQEL REAItheNPAAKfrR@neae and the plasmid were assembled S|multaneously Finally, the final
construct was generated following transformation of E. coli strain BLR (DE3) with the

20  expression vector containing the N123 domain (with mut474) standard procedures.

E.coli BLR (DE3) strain: F" ompT hsdSg(rg” mg’) gal dem (DE3) [(srl-recA)306::Tn70

(Tet®). (Novagen)

BLR is a recA- derivative of BL21 that improves plasmid monomer yields and may help
25  stabilize target plasmids containing repetitive sequences or whose products may cause

the loss of the DE3 prophage.

This strain is tetracycline resistant (12.5 pg/ml).

DE3 indicates that the host is a lysogen of DE3, and therefore carries a chromosomal

copy of the T7 RNA polymerase gene under control of the lacUV5 promoter. Such strains
30 are suitable for production of protein from target genes cloned in pET vectors by induction

with IPTG.

B2378:

35
The wild-type sequence of N123 domain (amino acids 40-559 without a mutation at 474)
was restored by site-directed mutagenesis (Quickchange Site-directed Mutagenesis Kit;
Stratagene) using the expression vector containing the N123 mutation (with mut474) as

template. The final strain was generated by the transformation of E. coli strain BLR (DE3)
34



NSRP | DFEMKKKDGTQQFYHYAS SVKPARVI FTDSKPE
| ELGLQSCOFWRKFEVYEGDKKLPI KLVSYDTVKD YAY | RFSVSNGTKAVKI VS S
THFNNKEEKRVOYO LINEFAQP | YNSADKFKTEEDYKAEKLLAPYKKAKTLERQVPED/EP2010/061314
YELNKI QDKL PEKL KAEYKKKLEDTKKALDEQVKSAI TEFQNVOQPTNEKMIDLQDTKYVWYESVENNESMVDT
FVKHP | NGKKYMVYNVET TNDD DENV | KDAKNNTRT | | .
E GRS Vs A A TR BN O EkRRS) SR IGpT P
PVEKESQK GBRAQKIOMKCRdB4EK WO 2011/ 015591PCT/ EP2010/ 061314 ENDAS SE SGKDKT
PATKPTKGEVE S S S TT PTKWS T TQNWAKPT TAS SKT TKDWWQI SAGS SEAKDSAPLQKA NI
Kl\FFNDGHTQ\INKl\erENKAKS LPQTGEE SNKDMTLPLNALLAL S S | VAFVLPRKRKN SEQ I D

i Z of GifANmutated at gaERAINStKBABIRIFTDSKPE | ELGLQ
SGQ:V\RKFEVYEGDKKLP | KLV SYDTVKDYAYl RFSVSNGTKAVKI VS S THFNNKEEKYDYTLMEFAQP
| YNSADKEK‘E‘OESEQI bEstBIGabeSEHIANESRP a cUlidEeVIMIDGH QreYi¥WBr S PASREpETdEKRE0
| ELALQS EDNERS b R HKEZ \ESYdATtaiMIk D 6B Yin RFSYSING TIKMVED Y& aad 1 mM PMSF to
THFNNKEEW&W&N@%%@ neiical mgg@n%?ww@mmmm@%n e

SMVDTEVKHE ol

FPYV %E%@ KYVVYE
e o

FPYVEGKTL R

SYBIEHISIRISVD Rﬁ
DFENVKKKDG! s"é’\ﬁklﬂﬁﬂ\ﬂ‘ TFEBQQFJE FhEL%E <P r@B\l}m”
SYDTVKDYAY1 MRESYRISIEATK e )Sapiibredwidy| W@Q/EFM @CI 120 mM pH 8.1. After
YNSADKFKveswm@mumewmmm@vmmwawmm&m&&mmmenﬁ@m@m
TEFQNEQ BTNEHMIBh QDI YR aSSARKabis| ISRBDT VKGR dquiBERAINSGIKMENERth 10 mM
TNDDYVKDINAMISc6I8\IRT 9 5. SeAKIStOAsIcdntdinikd CBEGKeTE ¥BIBLEd 3 B\ butity by SDS-

DYDGQYHVIRIAG K EbIBGAING eepileSHitdré oG 222 n?APNSRP | - DFEMKKKDGTQQFYHYAS
SVKPARVI FTDSKPE | ELGLQSGQFVWRKFEVYEGDKKLPI KLVSYDT 35 VKDYAY |

RFSVSNGTKAVKI VS S THFNNKEEKYDYTLMEFAQP | YNSADKFKTEEDYKAEKLLAPYKKAKTLE
ROVYELNKI (D | PEKL KAEY E ) Y, TEFQNVQPTNEKMIDL QDTKYVWYESVENNESM
MDTFVRKHP S TOVETNCIIC T VY NEETAROFWIWEGOQRVRT | SKDAKNNTRT ||

FPYVEGKTLYDAI VKVHV KT | DYDGQYHVRI VDKEAFTKANT
E. coli cell paste harvested from a culture in a shake flask was resuspended in 50 mM

phosphate buffer pH 7.2 containing 50 mM NaCl, 2 mM EDTA and 1 mM PMSF to reach
an ODgsonm 0f 120. The suspension was submitted to mechanical disruption in a Panda

25  homogeniser (2 passes — 750 bars) and adjusted to pH 3.8 with acetic acid 50%. After
centrifugation at 12200 g for 30 min at 4°C, the supernatant was clarified by 0.45-0.22 ym
filtration and purified on a Sephacryl HR300 column equilibrated and eluted with 10 mM
Na borate pH 9.5. The fractions containing CIfA were selected on basis of purity by SDS-
PAGE, pooled and sterile-filtered on 0.22 um

30

Example 3 Fibrinogen binding experiments :

Fibrinogen adhesion to coated CIfA :

35
CIfA proteins were coated at 10 uyg/ml in phosphate buffered saline (PBS) on high binding

microtitre plates (Nunc Maxisorp) overnight at 4° C. The plates were blocked with PBS-

BSA 1% for 30 min at room temperature with shaking.

After washing, human fibrinogen (ref: SIGMA F4883-16) was added at a 1mg/ml starting
40 concentration, then further twofold dilutions were made in microplates which were

incubated for 1 hour at 37°C with shaking.
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40 SEQ ID NG 13 WD 2011/ 015591PCT/ EP2010/ 061314 DKDHSAPNSRP |
DFEMKKKDGTQRFYHYAS SVKPARVI FT DSKPE | ELG-QSGQOFVWRKFEVYEGDK

KLPI KLVSWROZKDHAYIORFSVSNGTKAVKI VS S T HFNNKEEKYDYT L MEFARCQP/HP2MBISADKFKTKL
GGS PTNEKMI DLQ DTKYWYE SVENNE SMMDT FVKHP | KTG\/LNG(KYI\NI\/ET TNDDYWKDFMWE

5 SE0 | B! PR AR A TEN oo 127 OPlef RV SRS EIRAOT 'S

| ANDYFNKRBHRYOdenKgddEhordlonial BxtitbdistdVrefT @B)AIEG—MEN) diluskKNT/ARDERT PBS- BSA

SEFEVSKL | DVY, EKYDHEYNL.  TYKEN K

DGTT TGOV SNED LS BRYRRBGIRAGH A=Y We SUREIEATE PR e RN
SEQ I D N@rﬂlﬁeraturéd@ﬂNAélM@h’LNYEWKYl\l'l’NDT S| ANDYFNKPAKY I KKNGKLYVQ I
TVNHSHW TGS | 15 EGHKENI SKNTAKDERT SEFEVSKLNGKI DVY |

TLG/ASY 05@@%6S%@%%W@E%%E@Bﬁ%%ﬁwwﬁ%1'VBKS

QPATQPANTAKNY PrifidEoiS1 . IKIDAY te K IDPNE ENKIE BIDrd onGRIREVAIB L. [TDKNBIETTQW WrFsFSopped

5101 D VS A AR T R N SR e &ARornarsnan. ST
| NNANNQPQATTNVBQP 25 AQPKS STNADQAS SQPAHETNSNGNTNDKTNES .
SNQSDVNQOVPPASESLaBAhKNRAN FigUDKEZHTADNWROWS TR OMKMDKCERERYENASD TRIDreRINVI

evaen | IR MIEAB e BB RE A>T

ERQVYEL EKL QEKL PEKYKAEYKKKL DQTRVEL ADQVKSAVTEFENVT PTNDQLTDLQEAHFWFE SEEN SE
SVVDEF VEGPRAYZdHd SN0 bhAtd IRBBSYWERDE. | VEGKRVT TVSKDPKNNSRTL | FPY | PDKAVYN
30 Al VKVWWAN | GYEGQYHVRI [ NQD | NTKDDDT SQNNT SE PLNVQTGQEGKVADTDVAENS
STATNPKDAR iAo G%er?&e\s IIMIRDAIREY 16 )%’M&d‘i&%ﬁ) /=1 NS ST VR

| AKDTDRNN R BADREVT S SV EOKDSNINKOV

| ADKNNW@RWLMWW@WM@WWW@(NUWW&RW) overnight at 4° C. The
KTKEKAGTR e PREMe B ItPEIS B SRG Y BOLekiH Alm !enP AESttoshaREQ. | D NG 17
NKEHD | GPREQVNFQLLDKNNETQYYHFFS | KDPADVYYTKKKAEVELD | NTAS

TVKKEEVYENNOKL PV RLVSYS PVPEDHAYI REPVSDGTQELKI VS S TQ | DDGEETNYDYTKLVFAKP
YNDPS L vikden (vasking; thenglfhgrvas added at a SQgimalDRiARIPY | coaneeraliorRGEROFVAYRS TVE

PATVI FTW&Bldl dnlutumgrBAﬁaJé/\l'ﬁKﬁ tihRMEvete Linca¥ eHEN ARbRFRVEING MRERVKI VS
S 1EYGEN | lL—IIrI%)YDYTLI\NFAQD TNNPDDYVD

After washing, the bound CIfA was detected using anti-CIfA rabbit polyclonal (obtained
after immunization with his-tagged N123 CIfA) diluted 1:500 in PBS-BSA 0.2%-Tween
20  0.05% and incubated for 1 hour at 37°C with shaking.

After washing, bound rabbit antibody was detected using Jackson ImmunoLaboratories
Inc. peroxidase-conjugated affiniPure Goat Anti-Rabbit 1gG (ref: 111-035-003) diluted
1:5000 in PBS-Tween 0.05%. The detection antibodies were incubated for 30 minutes at

room temperature with shaking.

25  The color was developed using 4 mg OPD (Sigma) + 5 pl H202 per 10 ml pH 4.5 0.1M
citrate buffer for 15 minutes in the dark at room temperature. The reaction was stopped

with 50 pl HCI, and the optical density was read at 490 nm relative to 620 nm.

The results shown in Figure 8 demonstrate again that the 474 mutant CIfA N123 protein

bound very poorly to fibrinogen compared to the wild type CIfA N123 protein.
30
Example 4 Inhibition assay of fibrinogen adhesion to coated CIfA
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SEQ I D NO. 19

TNDQL TDL QEAHFEVVFESEENSESVVDGEVEHPFYTATL NGOKYVWNKTKDDSYWKDL | VEGKRVTTVSK
50DPKNNSRVO 2011RR¥91  PDKAVYNAI VKVWVANI GYEGQYHVRI | NQDI NTRDDEPSQ0SER14 D NO. 20
MNIVKKKEKHAI RKKS | GVASVLVGTLI GFGLLS SKEADASENSVT@DSASNESKSNDS S
SVSAAPKTDDTNVSDTKTS . SNTNNGET PACCETT E GEATTT. TTNOANT
PAT TGS %%@L%ﬁ? @M‘F VTt 23 e it SAPQS
TDASNKDV\INGAIANTUISRERMRAF S EMWWGBB dayENQLTANSAY 26 A @8G0I group was
TVYPHONGIVKL MY CESYPASAGRIFIl, TVPKELNLNGVTSTAKVPPI AG DOVLANGY DS DGWI

YTETDYVNTKSD BPERRIKTGWT LATG | GS T T ANKTVLVDYEKYGKFYNLS |
KGT | DQQn BHTRREERGT wasYaANBSEDNARNL F@EELAtNTodSNAEral fr@ﬁg@*ﬁh Group were

B ORI SRR £ L

| EPI PEDS DS DPGS DSGS DSNS DSGS DSGS DS T S DSGS DSAS DS DSA SDS DSAS DS
SIS 0 B RS AR R e e B R P RS,
DS DS DS nidSolir&patdaS(NficD@axiSrpSoRsnigst &IA TS The DSePSvddS HhekES Wil PIBSDS DS
05 DX 0S4, 08,05, 55 5 P55 Lo B8 58, B R PR ©
SVSNIBIVVRERNS darbiisENASNBNEAIKDSKEY FliliohGIREEAMKES tlvofoldEH luABn$ @fire LrfrRRKIKENKDKK
S0 110 N1 o ORI NG L OV B S e v <
STNATTEE WaBMIGESAEd, ThUmMNQANTNGYEh (Res SNIMABEASAIIESNETST SNIFINEYS 400 pg/ml

SN OELRENSIICRISE S41 P0E, S TSNP STEI
TVPKELNL NGRIEJ-AKVPPI MAG DQ\/LANGVI DS DG\VI YTFTDYVNTKDDVKATLTIVPAY I
DPENVKKTGNVT LATG | GS T T ANKTVLVDYEKYGKFYNLS | KGT | DKTNNTYRQT |

TFPNBROYKUEF PR Big T 1B UORG BAREREETA BRSSP OREEPISN

| WRSIVBV\DNIENAGENGRESGRddnal antibody (ref: ABCAM 7539-1) diluted 1:5000 in PBS-BSA
0.2%-Tween 0.05%. The detection antibodies were incubated for 60 minutes at room

,.2

temperature with agitation. The color was developed using 4 mg OPD (Sigma) + 5 ul
H202 per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark at room temperature.
20  The reaction was stopped with 50 yl HCI, and the optical density was read at 490 nm

relative to 620 nm.

The results shown in Figure 9 demonstrate that antibodies raised against both wild type
and 474 mutant CIfA N123 were able to inhibit the binding of fibrinogen to CIfA N123

coated plates to about the same degree.
25 Inhibition assay of S.aureus adhesion to coated fibrinogen

Groups of 20 mice were inoculated intramuscularly with 10 pg of CIfA N123 or mutated

474 CIfA formulated with the adjuvant AS02V, on days 0, 14 and 28. A control group was

inoculated with the adjuvant alone.

On day 42 serum was collected from the mice and pooled sera from each group were
30 tested in an inhibition assay of S.aureus adhesion to coated fibrinogen.

Human fibrinogen (ref: SIGMA F4883-16) was coated at 10 pg/ml in phosphate buffered

saline (PBS) on high binding microtitre plates (Nunc Maxisorp) overnight at 4° C. The

plates were blocked with PBS-BSA 1% for 30 min at room temperature with shaking.
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30 KPWPEQPDEPGEI EPI PE SEQ | D NO 22 SLAAVAADAPVAGID | TNQLTNVT VG | DSGT
TVYPHQAGYVKLNYGFSVPNSAVKGEDTFKI - TVPKELNLNGVTSTAKVPPI MAG 35 DQVLANGVI DS
DG\VI  YTRVOYUNIHBOVKATLTMPAY | DPENVKKTGNVT LATG | GS TPCTT/EP2010/061314
ANKTVLVDYEKYGKFYNLS | KGTI | DQ | DKTNNTYRQT | YVNPSGDNVI APVLTGNLKPNT DSNAL

S Sy RN B T R T AR N HCRAT T T S R et
|E P | Phvet® d&EQinl dndi@r28ciGpatd inTMER-BISYKT0.¥%-Tw&SGI.05%. Then, heat inactivated
TVYP GYVKLNYGESVP VKGDTEKI TV | AK\V/PPI 45 LAN DS
D R P AR AL o3 v A pbere A B T A3 ated

ANKTVLVDYERY Bi<EydNES at rod@ltempb@tiire D TINNNYIREE WithYSWSRSEDNVI APVLTGNLKPNT DSNAL
| DQONT S | KVYKVDNAADLSE SYFVNPENFEDVTNSVN | TFPNPNQYKVEFNTPD DQ |

e Gl i e

TVYPHQAGHVKIiNIVGHEYRNS VK EDTEKa U EVIPKED Mir@ST@TASOARIPIGVAG

After washing, the bound bacteria were detected using anti-killed whole cells rabbit

polyclonal (obtained after immunization with killed S.aureus Lowenstein) diluted 1:50000

in PBS-BSA 0.2%-Tween 0.05% and incubated for 30 minutes at room temperature with
10  shaking.

After washing, bound rabbit antibody was detected using Jackson ImmunoLaboratories
Inc. peroxidase-conjugated affiniPure Goat Anti-Rabbit 1gG (ref: 111-035-003) diluted
1:5000 in PBS-tween 0.05%. The detection antibodies were incubated for 30 minutes at

room temperature with shaking.

15  The color was developed using 4 mg OPD (Sigma) + 5 ul H202 per 10 ml pH 4.5 0.1M
citrate buffer for 15 minutes in the dark at room temperature. The reaction was stopped

with 50 pl HCI, and the optical density was read at 490 nm relative to 620 nm.

The results shown in Figure 10 demonstrate that antibodies raised against both wild type
and 474 mutant CIfA N123 were able to inhibit the binding of S. aureus bacteria to

20 fibrinogen coated plates to about the same degree.
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DQVLANGVI DS DGNVI YTFTDYVNTKDDVKATLTMBAAI DPENVKKTGNVT LATG | GS T T
ANKTVLVDYEKYGKFYNLS | KGT | DQ | DKTNNTYRQT | YVNPSGDNVI APVLTGNLKPNT DSNAL
| DQQONT SV 2BMYCHIINAADL SE  SYFVNPENFEDVTNSVN | TFPNPNQYKYEFXPRRODG 314

TTPY! VWWVNGHI DPNSKGDLALRSTLYGYNSNI | WRSMVBVIDNEVAFNNGSGSGDG D 5 KPWPEQPDE PGE
IE P | PE SEQ I D NO 25 10LKKRI DYLSNKQNKYS | RRETVGTTSVI VGAT |

LFG GNHQ&GASENSSRDT TQS SKNNAS ADSEKNNM ET PQLNT TANDT S D |
SANTNSANVDSTTKPMBTQTSNTTTTE PAS TNET PQ

PTAI KNQABRHYEINGYPQEANSQUDNKTTNDANS | ATNSELKNSQTLDLPQS SPQT | S

NAQGT SKPSVRTRAVRSL AVAEPVVNAADAKGT NVNDKVTASNFKL EKTTFDPNQSGNTF
MAANFTVTDKVKSGDYFTAKLPDS LTGNGDVDYSNSNNTMP | AD | KS TNGDWAKATYD | 15

L TKTYT FVET DVAANRKENEREE S K PLET BRARAPKEGEYRHIAY N ABEMENNKPS TRYRYST SSPBITXG |
DKPNGAN 10K 858®K b HiDD@VDTAS BN KPR VNP GRA EEKTYNAYN D E IKGY QDKINKEED IS T TNVAY
SGKVSAT DEKE T ST VN S SRS ARRPNDSNE KEMTRRIANRINEHPNASK t i dvoprvEKY

PGPPVDPE 55 PLPE DE PT SOSE Fo: POPE" e B3, FOPLRLE. b b5, D S8 B Dok 20 DS

DSE S DSB8 (5" Hs B8 BB BSE T H5 B &5 BSEC T PS-BE BT DS DS DS DS DS D
SDS & DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS
DS DS DS DS D SDS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS
DS DS DS S NS4S DS DS D SDS DS DS DS DS DS DS DS DS DS DS DS DS DS DS
DSRVT PPNNEQKAPSNPKGEVNHSNKVSKQHKTDAL PE

TCDKSENTNATLFGAMVAL LGSLLLFRKRKQDHKEKA 25 SEQ | D NO 26 LKKRI DYLSNKQNKYS

| RRETVGT PSVY ARBATR INE QKON AQASHOISNDACEV OSISKKKAS VADSERNNM HE TNPOIONTATIANDT S
D | 3BNTNSANASTAKRNVETHGESMNIITKE RASo TINKFR PQHIOFEKATPTLADAAK

PTAI KNQATAAKMDQT VPQEANSQVDNKTTNDANS | ATNSELKNSQTLDLPQS SPQT | S

NAQGT SKP%@@E@%VAEPWNAADAKGT NVNDKVTASNFKLEKTTFDPNQSGNTF

MAANFTVT AKLPDS LTGNGDVDYSNSNNTMP | AD | KS TNGDVWWAKATYD |
LTKTYTFVFTDYVNNKENI NGQFS LPLFTDRAKAPKSGTYDANI NI ADEMENNKI TYNYS S P | AG |
DKPNGAN  1s0STr 801 NGV ORVMENSASSDINDY KEITPER VINEIKEQRYVA FGINT I S i@ QDKINNEE .28 TVVNDN

35 SGRYSA Kl ekl FrinMINDE Dk B ARNRSNLAE YT DXFRKNRI T X EHPNVAS | KFGD |
TKTYVVLVEGHYDNTGKNLKTQVI QENVDPVTNRDYS | FGANNENVVRYGGGSADGDSA VN SEQ I D
NG 27 40 %ﬁWNAADAKGT NVNDKVTASNFKL EKTTFDPNQSGNTF

MAANFTVT TAKLPDS LTGNGDVDYSNSNNTMP | AD | KS TNGDVWAKATYD |
LTKTYTFVFTDYVNNKENI NGQFS LPLFTDRAKAPKSGTYDANI NI ADEMENNKI TYNYS S P | AG |

DKPNGAN ' Ips&owo@na ke A e iinABE I Y KEITWE YINRISQERMA 1St M Yo h pd{GY RIIKIK y D 1S LA S F

A B A DB T R s

NQO 28

SEQID NO: 5

30 SOATSQPINFQVOKDGSSEKSHMDDYMQHPGKVIKONNKYYFQTVLNNASFWKEYKEYNANNQELATTVVNDN
KKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYTTHLEFEKATPTLA

SEQ ID NO:6
35
MNKQOKEFKSEYSIRKSSLGVASVAISTLLLLMSNGEAQAAAEETGGTNTEAQPKTEAVASPTTTSEKAPETK
PVANAVSVSNKEVEAPTSETKEAKEVKEVKAPKETKEVKPAAKATNNTYPILNQELREATKNPATIKDKDHSAP
NSRPIDFEMKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKFEVYEGDKKLPIKLVSYDTVKD
YAYIRFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPIYNSADKEFKTEEDYKAEKLLAPYKKAKTLERQV
40 YELNKIQDKLPEKLKAEYKKKLEDTKKALDEQVKSAITEFQONVOPTNEKMTDLODTKYVVYESVENNESMMDT
FVKHPIKTGMLNGKKYMVMETTNDDYWKDEMVEGOQRVRTISKDAKNNTRTIITFPYVEGKTLYDAIVKVHVKTI
DYDGQYHVRIVDKEAFTKANTDKSNKKEQQDNSAKKEATPATPSKPTPSPVEKESQKODSQKDDNKQLPSVEK
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50 GTNVNDKVTASNFKLEKTTFDPNQSGNTF MAANFTVTDKVKSGDYFTAKLPDS L TGNGDVDYSNSNNTMP
| AD | KS TNGDWAKATYD | LTKTYTEVFTDYVNNKENI NGQFS

L PLFTDRAKKDKBGTVERN NI ADEMENNKI TYNYS S P | AG |  DKPNGANPLTEPSQ0i061314
GVDTASGONTYKQTVFVNPKQRVLGNTWYY | KGYQDKI EE S

SGKVSATDTKLRI FEVNDTSKL SDSYYADPNDSNL KEVTDQFKNRI YYEHPNVAS | KFGD |

TKTYVVL VESHYIINTERNTRF AT FEENVEPVAENRDYS TRY FERAINENYRYCESADCOSAMNAESIEEQ | D
NO: 29 MNNKKTATNRKEANRNRENIKES 1PoTRKY SVEFASP IMALVGE STLARVIEGKRKS GHEAKAAEHTNGE

LNQS KNET T
APSENKTT QTATADQPKVTMSDSATVKET SSNMUSPQNATASQSTTQTSNVTTN DKS ST
TYSNET S TT PKTT T | KQRALNRVAVNTVAAPQQGTNVNDKVHETNI DI Al

DKGHVRKTTGNTEFWATSSDVLKLKANYT | DDSVKEGDT FT FKYGQY FRPGSVRL PS QTQNLYNAQ
10 GNI | AKGENBSKTNDFITREKDETIYVDQSENVS: FESF EEQVAFAKRENATF TR DITAYKMEVTLIGNDTYSKD
VI VDYGNQSGRE oy 2 B 12 s TG rh NG B+ - RNMIRYWING VPRI TASE R T pY TNL TGYKFNPDAKNFKI
YEV TDQNQFVDS FT PDTSKLKDVTGOFDVI YSNDNKTATVDLLNGQS S S DKQYl | QQVAYPDNS ST
DNG KI DYTLETONGKSSWBNSYSNVNGSSTANGDQKKYNL GDYVWEDTNKDGKQDANEKG KGVYVI LK
DSNGKEL DIREQ QFTGLSNGTYSVE FS TPAGYT PT TANAGT DDAVDS DGLT TTGVI KDAD
15 NWOLDSGFYKT PKYS LGI)YVW(DSNKDGKQI)STEKG KGVKVTLQ\IEKGEVI GTTET DENGKYRFD

NL DSCKYKWL BEKPAGLL QL GTINE L ERRK DARGEY %%Fg YYEEE L« 129y 85 DS DS
DSDSDSDSDSDSDSDSDSDSDS SDSDSDSDSDSDSDSDSDSDS DSDSDSDSDSDSDSDS DS DS DS
DS DS DS "BR“BSRHE e B ‘DS DE HEBE DNDS BE B8 s DS DS DS DS DS DS DS DS
DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS
DAGKHTPTISB TDHEHKTAKALPETGSENN 20 NSNNGTLFGGLFAALGSLLLFGRRKKQONK SEQ | D
NO: 3Q = AEHTNGEL NQSKNET TAPSENKT TEKVDSRQL KDNTQTATADQPKVTMSDSATVKETSSNMQSPQON 25
ATASQST TQTSNVTTNDKS ST TYSNET DKSNLTQAKNVS TT PKTT T | KQRALNRVAVNTVAAPQQG
TNVNDKVHE TN TR F ORGP T B AN SE PR CRIAN Y M BB R 1 ¥C

GSVRL PS KTONLLYRAQENKT I AKG/ 4 VHYK DS YKENFVETYOKEETNYWVDOYTNVS GS FEQVAFAKRENATT
DKT AYKMEVTLGNDTYSKDVI VDYGNQKGQQL | S STNY | NNE DLSRNMIVYVNQPKKTYTKETFVTNLT
GYKFNPDA%R@T PANQFVDS FT PDTSKLKDVTGQFDVI  YSNDN 30 SEQ | D NO 31

VAAP NO DI Al DKGHVNKT TGNTEFWATS S DVLKLKANYT | DDSVKEGDTFTFK
YGQYFRPGSVRLPSQTQNLYNAQGNI | AKG YDSKTNTTTYTFTNYVDQYTNVSGSFEQVAFAKRE NAT T
DKTAYKNVEWT L GNDTY 8/ KBV DY SNQKEQQLE TK T SS TNV INNE DL ISRNMIANY WNQRIKKTYTEKEA BB T

TEVTNLTGYRENRRAKNI YEM KN YR VR Bk A (RFDVI YSNDN

SEQ ID NO:11
25
DKDHSAPNSRPIDFEMKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKEFEVYEGDKKLPIKLY
SYDTVKDYAYIREFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPTIYNSADKFKTEEDYKAEKLLAPYKKA
KTLERQVYELNKIQDKLPEKLKAEYKKKLEDTKKALDEQVKSAITEFOQNVQPTNEKMTDLODTKYVVYESVEN
NESMMDTEFVKHPIKTGMLNGKKYMVMETTNDDYWKDEMVEGOQRVRTISKDAKNNTRTIIFPYVEGKTLYDAIV
30 KVHVKTIDYDGQYHVRIVDKEAFTKANTDKS

SEQ ID NO:12

SAPNSRPIDFEMKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKEFEVYEGDKKLPIKLVSYDT

35 VKDYAYIRFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPTIYNSADKFKTEEDYKAEKLLAPYKKAKTLE
ROVYELNKIQDKLPEKLKAEYKKKLEDTKKALDEQVKSAITEFONVOQPTNEKMTDLODTKYVVYESVENNESM
MDTFVKHPIKTGMLNGKKYMVMETTNDDYWKDEMVEGQRVRTISKDAKNNTRTIIFPYVEGKTLYDAIVKVHV
KTIDYDGQYHVRIVDKEAFTKANT

40 SEQID NO:13
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SEQ | D NO 32 MNNKKTATNRKGM PNRLNKFS | RKYSVGTAS | LVGT TL | FGL S
GHEAKAAEHTNGE LNQ SKNET TAPS ENKT TKKVDS RQLKDNTQTATADQ PKVTMS DSATVKET S
SNMQS  PQWADAMN 140596T TKTSNVTTNDKS ST TYSNET DKSNLTQAKDVBCTEPRNO/61B14

| KPRTLNRVAVNTVAAPQ QGTNVNDKVHFSNI DI Al DKGHVNQT TGKTEFWATSSDVLKLKANYT |
DDSVKEGDT FT F KY YFRPGSVRL PS L YNA

| AKG YDSPINTTF 8\‘ TP BRI AVIGEY PCREBNDTYE VSEEDK

| VDYG\IKKA@PIPKLVSESDTSIKDIWYEMWMTSRMMVWH@NRKWWEMRUWWNFKI
YEVT DONQGEYDRSE kvt RIDD &y WKENENR@s o W2 0k kr O B RETAEP2030/ 06 k84 G

DVI YSNDN YSNVNGS
STANWMEW%@&S@%@W%%W%W
SNGTY®VE FS TPAGYT PT TANVGT DDAVDS DGLT TT GVI KDADNMTLDS

GFYKTPKY SESWINBSARDGKQDSTEKG KGVKVTLQNEKGEVI GTTETDENGKYRFD 5

NL DSGKY KVFEERPAGNTGEGHT TEDBRDADCEENBNE AT LN YBADBR NIDNGPYEEET I KBS S DS DS
DS DS DS HBSJES YL IDY NS HhS TOSISPE GBS EDS IDENIS DS HIS IS VIS IDSHPSIES IDNS DS DS
DS DS DS IDEKNS AFS HBS TBS YIS DS FNS HIS VRS ADS. FHOS DS NDS S0S [BS D6 TS VS FNS| DS DS
DS D30DS BSKDSVES HYS NS 103 YIS 2D$ VRS 1B, 103 NS, FMNES. BSNDS DS DS DS DS DS DS
DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DNDS
DS DS DS TRAKPVSTVKDQHKTAKALPE 10

T%ENNNS@E@%F LGSLLLFGRRKKQONK SEQ | D NO: 33

AEHTNGEL NQSKNETTAPSENKT TKKVDSRQL KDNTQTATADQPKVTMSDSATVKET SSNVQSPQN 15
ATANQSTTWEW‘D%I\S“EVE\KSNEN COHSRINTQARTYS KT EPRIEF LT KPR TENRUAINTIVAAPQ
QGTNYAIDKVIFSININDI AT KD GH NGB FERRA FIK VIDDSVKEEGIDH HY N THRYEDY F
RPGSVRL RS TOT@ANEXRAQGNI IAKG | Y DS TTNT TTYT FTNYVDQYTNVRGS FEQVAFAKRKNATT
D KTAYKVEVT LGNDTY SEE | | VDYGNKKAQ PL | S

STNY! NNEDL SRNMTAYVNQPKNTYTKQTFVTN LTGYKFNPNAKNFKI  YEVT DQNQFVDS FT

PDTSKLKDVT G(?Eﬁ/?ﬂr @NEN 20 SEQ I D NO 34 VAAPQQGINVNDKVHFSNI DI Al
§ VLKLKANYT | DDSVKEGDTFTFK YGQYFRPGSVRLPSQTONLYNAQGNI

IA&i?i DSTT“HEEE%E%%&Q@@%Q%E%&@@%%EE%Q%@%%%@%@Hg%SA“@ﬂEﬁEE5Q¥¥E§Bﬁ§ﬁE%§¥535¥§¥§éT
| VDY GNKKAQPE# 2 TS SINK k INNE R SEMYE AADANQRIEN Y T Q& bMINE Dk NNETOY YHEFS TKDPADVY YT
GYKFNPNAKNFi REEVATXONOIVRSK FERR BN SKIIKRMW ERCHRRY D Y SNIINPSEQTO D) i¥s S 1 DDGEET
NYDYTKLVFAKPTYNDPSLVKSDTNDAVVTNDOSSSVASNOTNTNTSNONT ST INNANNQPQATTNMSOQP
25 AQPKSSTNADQOASSOPAHETNSNGNTNDKTNESSNOSDVNOOY PPADESLODATKNPAT I DKEHTADNWR
PIDFOMKNDKGERQFYHYASTVEPATVIFTKTGPT IELGLKTAS TWKKFEVYEGDKKLPVELVSYDSDKD
YAYIRFPVSNGTREVKIVSSIEYGENTIHEDYDYTLMVEAQPI TNNPDDYVDEETYNLOKLLAPYHKAKTL
ERQVYELEKLOEKLPEKYKAEYKKKLDOTRVE LADOVKSAVTEFENVTPTNDOLTDLOEAHFVVEFESEEN
SESVMDGFVEHPFYTATLNGOKYVVMKTKDDS YWKDLIVEGKRVTTVSKDPKNNSRTLIFPY I PDKAVYN
30 ATVKVVVANIGYEGOYHVRI INODINTKDDDTSONNTSE PLNVOTGOEGKVADTDVAENSSTATNPKDAS
DKADVIEPESDVVKDADNN I DKDVOHDVDHLSDMS DNNHEFDKYDLKEMDTQTAKDTDRNVDKDADNSVGM
SSNVDTDKDSNKNKDKVIQLNHIADKNNHTGKAAKLDVVKONYNNTDKVTDKKTTEHLPSDIHKTVDKTV

KTKEKAGT PSKENKLSQSKMLPKTGETTSSOSWHGLYALLGMLALF I PKFRKESK

35
SEQ ID NO:17

NKEHDIGPREQVNEFQLLDKNNETQYYHEEFSIKDPADVYYTKKKAEVELDINTASTWKKFEVYENNQKLPV
RLVSYSPVPEDHAYIRFPVSDGTQELKIVSSTQIDDGEETNYDYTKLVFAKPIYNDPSLVKS
40

SEQ ID NO:18

KEHTADNWRPIDFQOMKNDKGERQFYHYASTVEPATVIFTKTGPIIELGLKTASTWKKEFEVYEGDKKLPVE
45 LVSYDSDKDYAYIRFPVSNGTREVKIVSSIEYGENIHEDYDYTLMVEFAQPITNNPDDYVD

SEQ ID NO:19

TNDQLTDLQEAHFVVEFESEENSESVMDGEFVEHPEYTATLNGOKYVVMKTKDDSYWKDLIVEGKRVTTVSK
50 DPKNNSRTLIFPYIPDKAVYNAIVKVVVANIGYEGQYHVRIINQDINTKDDDTSQ

SEQ ID NO:20
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30 M_NRENKTAI TRKGWSNRLNKFS | RKYTVGTAS | LVGT TL | FGAGNQEAKAAE S
TNKELNEAT T SAS DNQS S DKVDMQOQLNQEDNTKNDNQKEMVS SQGNETTSNGNKL | EKE SVQS T
TGNKVEVS WoKs1 IDEHAS PKSTNEDLNT KQT | SNQEAL QPDL QENKSVVNYCIFTEREHBIGKINDAKTE S T
TLNVKS DAl KSNDETLVDNNSNSNNENNAD | | L PKSTAPKRLNTRVRI AAVQPS STEAKNVNDL | T
SNT TLTVVDADKNNKI VPAQDYL S LKSQ | TVDDKVKSGEY 35 FT | KYS DTVQVYGLNPED | KN
| GD | KDPNNGET IATAKHDTANNL I TYTFT DYVDRFNSV%EI NYS | YMDAD TI

PVSKNDVEF HEK j%EWKENPGWqu |
YVNPSENS Tll. E

YQUPKGYTly " NNSAVL, DB NADSAVIMNTKFQYTNSES
PTLVQVAT 31 S BL AR Iﬁ{/M}A@ENMPPIM}\G
VQELGEKG\@NA/AMWE@NMW&MK&B@MWQMMMMVEE@N&E&@YEVTPSKQG\JNEEL DSN
40 GLS SVNKTNMNGKDNIGKSADISGKET IYKPEYNN CDONEDTENKNG 12 PODQDEKES! T

SGVTVTL KDENGNVRATRET FDADTKA AKST B IDNERVIOVERTS VI T PEBYTO FVEFNIPISGS D | EKDSNGLT T
TG\/I N@ADNW{@S@WHWEWGW STEREY AFNSESEPGTE KNENGEVL QT

‘ﬁﬁ? PRGSPS 1 BERET ST P EVA “KDKDNDT |
DSGFYKPT
Eﬁ%@%@%ﬁf RS B S saorecsa
T TGYs KD%BBMBSIQ% KRV NEKGEVI GT

TW%N@%@EMSB&%%MS&E&%@V?@ WMTN‘REM@A@BMVME!)EMDDFTL DNGYFEEDT
S DS DS BS1D&1bss10S1.DSHRSkB&DRES DS DS DS DS DS DS DS DS DS DS DS DS DS DS
DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS D SDS
DS DS DS%@ I@%g DS DS D 5SDS DS DS DS DS DS DS DS DS DS DS DS DS DS DS
DS DS DS DS DAGKHT PVKPMS T TKDHHNKAKALPE
TGSERNGSNNATLFGG_FAALGSLLLFGRRKK K SEQ I D NO. 36 10 AE S TNKELNEAT T SAS
DNQS S 5 B WHTQS%Q PSP TGNKVE VS TAKS
DEQAS PK T . ENKK KTESTTLNVKSDAI KSN
DETLVDNNSIN (i ?I‘A VD
TSNTDETVVEARNNNE ﬁ%ﬁh&ﬁ&@%z{vﬁyﬁfﬂﬁwﬁﬁ@%ﬁfﬂ_@wSTAKVPPIMAG
| KYSDTVQWYE ANRE Db 46N GO DPNMWGE T D A TAKHRT AN vk TOXT ETA2 S YVERFNSVOMAE NYS |
YNVDADT | ARKSKNDVEENYTYNLSGET IDQ TR NTANIT I QYPRDYMVNEKNS ANLESSAFTETVSHVGN 15
KENPGYYKOQFNALIVONIPSEKRSY HVPNAKRIKRYEATVHSESYPNRN § VNGLY ENYKDXAMBDENT ]

YQUPKGY T IDRKE VKT RIEE TER STRRIALEKT L Y G YNSN T TWRSMSWDNEVAFNNGSGSGDGTD

TYCDRBISAV G RAENNTREQY TNSESPTLVQVATLSSTANKSVSTGNAL GETNNQSG GAGQE SEQ
| D NO. 37

SEQ ID NO:22

SLAAVAADAPVAGTDITNQLTNVT

VGIDSGTTVYPHQAGYVKLNYGEFSVPNSAVKGDTFKITVPKELNLNGVTSTAKVPPIMAG
35 DOQVLANGVIDSDGNVIYTETDYVNTKDDVKATLTMPAYIDPENVKKTGNVTLATGIGSTT

ANKTVLVDYEKYGKEYNLSIKGTIDQIDKTNNTYRQTIYVNPSGDNVIAPVLTGNLKPNT

DSNALIDQONTSIKVYKVDNAADLSESYFVNPENFEDVTINSVNITEPNPNQYKVEEFNTPD

DOITTPYIVVVNGHIDPNSKGDLALRSTLYGYNSNIIWRSMSWDNEVAENNGSGSGDGID

KPVVPEQPDEPGEIEPIPE

T DTK
NTN

40
SEQ ID NO:23

GTDITNQLTNVT
VGIDSGTTVYPHQAGYVKLNYGEFSVPNSAVKGDTFKITVPKELNLNGVTSTAKVPPIMAG
45 DOQVLANGVIDSDGNVIYTETDYVNTKDDVKATLTMPAYIDPENVKKTGNVTLATGIGSTT
ANKTVLVDYEKYGKEYNLSIKGTIDQIDKTNNTYRQTIYVNPSGDNVIAPVLTGNLKPNT
DSNALIDQONTSIKVYKVDNAADLSESYFVNPENFEDVTINSVNITEPNPNQYKVEEFNTPD
DOITTPYIVVVNGHIDPNSKGDLALRSTLYGYNSNIIWRSMSWDNEVAENNGSGSGDGID

KPVVPEQPDEPGEIEPIPE
50
SEQ ID NO:24

MAGTDITNQLTNVT
VGIDSGTTVYPHQAGYVKLNYGEFSVPNSAVKGDTFKITVPKELNLNGVTSTAKVPPIMAG
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20 | AAVQPS S TEAKNVNDL | T SNT TLTVVDADKNNKI VPAQDYLS LKSQ I TVDDKVKSGDYFT
| KYSDTVQVYGL NPEDI KNI GDI KDPNNGET | ATAKHDTANNL | TYTFTDYVDRENSVOQMGE NYS |
YNDADT | WOSKNONMEPINVT | GNT T TKT TAN | QYPDYWWNEKNS | PCT/EP2010/061314
GSAFTETVSHVGNKENPGYYKQT | YVNPSENS LTNAKLKVQAYHS SYP NN | GQ | NKDVTD | Ki

SRR ISIROR Y ACREREIE

SNBlNKIES o RIYARNGEAS 1ls s EMGTip ke ENEFSrIENAKQDDAT T S
DNKE WSE@ENNSI{FV\MEND&NENEMMKEENE@S@EAKEEWSNWAFSN&G'E@Iﬂ,\ll\l\/‘l’AT
TETKPENI EKENVKRS, TRKTATE DT SVI LEEKKAPNYTNNDVT TKPS T SE | QTKPT T PQE S
TNI ENSQPQPT PSKVDNQVTDATNPKE PVNVSKEE L KNNPEKL KELVRNDNNTDRS TKPVATAPT
SVAPKRL NAKVRFAVAQPAAVASNNVNDL | TVTKQT | KVGDGK 35 DNVAAAHDGKDI EYDTEFT |
DNKVKKGDTMT | NYDKNVI PS DLTDKNDP | D | TDPSGEVI AKGTFDKATKQ | T YTFTDYVDKYED
| KARLTLYSEQ IDHIBVESNET S LNLTFATAGKET SQNVSVDYQDPMVHGDSNI QS | FTKLDE NKQT
| EQQ | YVNPLKKTATNTKVD | AGSQVDDYGNI KLGNGS T | | DQNTE | KVYKVNPNQQLPQSNRI
YDFSQD YEDWHR SUEDNKIKSESNNYATEDE Gy daNSAY: Thnh dWSKETDPToSxRGELD | AQGTSVRT
TDKYGYYNYAGYSNF T £\ T SNITCEENEEVKRER KLY PIEWWEDNVDKRGYQETREKEKPMANVL VTL
TYPDGT TRSYRTDANGHYEPES EA0AN SKDGEIYTVKEE EPAGYEPTKVNGTIRSEEKDSNGS S |
TVKI NGKDIRSE TS K VAR PR NN ARE TNIKD VN DKV TASNFKLEK T TF DPNQSGNTE
ICDANEPGWﬁﬁﬁ@ﬁ?@ﬁ@?@RVW@#W#*E@%@K?Kﬁ%ﬁEBN@&??VE@E?“@%@W@ﬁTVKNTTAEDKDSNGLT

TTGVI | LNEKGEVI Gr
TKTDENGK X g » | LDNGYFEEDT
S DS DS QAR ﬁ‘iDGDS

; -
SEfifsDS[ﬁﬂ@§£§33$Eﬁﬂﬁﬁﬁﬁiﬁﬂ@SﬁﬁﬂEﬁEﬁiﬁﬂ@SEﬁﬂﬁﬁﬁﬁiﬁﬂ@$ﬁ§ﬂgﬁ BPStaSDSDSDSDSDSDSDS
DSDSPSDShShSHEESHSDSDSIISESHSDS DSISHENSDSDSISESHSDS DSISEHSHSDACKHT PVKPMSTTK
DHHNKAKAIDBEIESENNGBISINATEDE G F5ARE IS b IFERRIKIKONKS I DSDSDSDSDSDS

DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSRVTPPNNEQKAPSNPKGEVNHSNKVSKQHKTDALPE
TGDKSENTNATLFGAMMALLGSLLLFRKRKQDHKEKA

25
SEQ ID NO:26

LKKRIDYLSNKONKYSIRREFTVGTTSVIVGATILEFGIGNHQAQASEQSNDTTQSSKNNAS
ADSEKNNMIETPQLNTTANDTSDISANTNSANVDSTTKPMSTQTSNTTTTEPASTNETPQ
30 PTATIKNQATAAKMODQTVPQEANSQVDNKTTNDANSIATNSELKNSQTLDLPQSSPQTIS
NAQGTSKPSVRTRAVRSLAVAEPVVNAADAKGTNVNDKVTASNEFKLEKTTEFDPNQSGNTE
MAANFTVTDKVKSGDYFTAKLPDSLTGNGDVDYSNSNNTMPIADIKSTNGDVVAKATYDI
LTKTYTEFVFTDYVNNKENINGQFSLPLFTDRAKAPKSGTYDANINIADEMENNKITYNY S
SPIAGIDKPNGANISSQIIGVDTASGONTYKQTVEVNPKORVLGNTWVYIKGYQDKIEES
35 SGKVSATDTKLRIFEVNDTSKLSDSYYADPNDSNLKEVTDQEFKNRIYYEHPNVASIKEGD
ITKTYVVLVEGHYDNTGKNLKTQVIQENVDPVTNRDYSIFGWNNENVVRYGGGSADGDSA

VN

SEQ ID NO:27
40
SLAVAEPVVNAADAKGTNVNDKVTASNEFKLEKTTEFDPNQSGNTE
MAANFTVTDKVKSGDYFTAKLPDSLTGNGDVDYSNSNNTMPIADIKSTNGDVVAKATYDI
LTKTYTEFVFTDYVNNKENINGQFSLPLFTDRAKAPKSGTYDANINIADEMENNKITYNY S
SPIAGIDKPNGANISSQIIGVDTASGONTYKQTVEVNPKORVLGNTWVYIKGYQDKIEES
45 SGKVSATDTKLRIFEVNDTSKLSDSYYADPNDSNLKEVTDQEFKNRIYYEHPNVASIKEGD
ITKTYVVLVEGHYDNTGKNLKTQVIQENVDPVTNRDYSIFGWNNENVVRYGGGSADGDSA

VN

SEQ ID NO:28

50
GTNVNDKVTASNFKLEKTTEDPNQSGNTF
MAANFTVTDKVKSGDYFTAKLPDSLTGNGDVDYSNSNNTMPIADIKSTNGDVVAKATYDI
LTKTYTEFVFTDYVNNKENINGQFSLPLFTDRAKAPKSGTYDANINIADEMENNKITYNY S
SPIAGIDKPNGANISSQIIGVDTASGONTYKQTVEVNPKORVLGNTWVYIKGYQDKIEES
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SEQ I D NO: 39 AENT S TENAKQDDATT SDNKEVVSETENNS TTENDS TNP | KKETNTDSQPEAKEES
TT S S TQUQONNVTATTE TKPQNI EKENVKPS TDKTATEDT SVI LEEKKAPNYTNNDVTTKPS T SE
| QTKPTT REB0TiMIENSQPQPT PSK 10 PCT/EP2010/061314

VDNQVTDATNPKEPVNVSKEEL KNNPEKL KEL VRNDNNTDRSTKPVATAPT  SVAPKRL NAKVRFAVAQPAAVA

P TOHE | B FOPSCA AR OKTRE T TEBINBRVE L SLYox | DkoavereT

SLNLTFATAGKET SQNVSVD YQDPMVHGEDSNI QS | FTKLDENKQT | EQQ

YVNPLKKTATNTKVDI AGSQVDDYCGNI KLGNGS T | | DONTE | K VYKVNPN@_P@NRI YDFSQYEDVT
SQEDNKKSFSNNVATLDFGDI NSAY | | KWSKYT PT SDGELDI AQGT

15SVRS TDISEQY YRINWZ2INF|I VTSNDTGGCGDGTV SEQ | D NGO 40 FAVAQPAAVASNNVNDL | TVTKQT

| KVGDGKIDINMARAEX A2 MT pPEY GRS Ak vIoNKYAKEGITEVI 1 NYDKIW A Rps Rrid@r hvkiNer | D

e i L A b

| KWSKYT DEGHENDGEHDEARST SMRTHEDKYGY Y NYAGYSNEIT VT SNDIGEEDGT VR 2BS SEQLIYBANO. 41
M NRDNKKAINT KKGv MESYWWSNtWMﬁ@WMﬁW&SKD

TTSDNKEV%%%BEN@I ﬁﬁ@%@'}‘ﬁ’% YEV
KEN\/KPSTDKTATED EKKAPNYTNNDVTTKPST KPTTP SIN ENS %ESK 30
VDNQVT DATNEREPYRR/SKEEL KNRPEKT KRELVRRINNTDRS %&%\9 DNG
A@MVASWN&ﬁWWWWWWE?W WW@?FWWWI LK
| PSDL TDKNBRLRE: TDPSGEYNAKGTFDKATKOY TYTFTDYWRK YEDA KARLHAY SYbOKOAVRNEDA D

TSL Ny ZFA IhaKE S SENVSYE ¥ QEPMAKIARNLERO b &Sl ARSI+ EC VNP T ARINESVRE

VATLDF GOl REAYT T KSR S D AT SV RV TRV AT P SN G

TVKPEEKL YRPEDYNAREINADRBEVERSTESIERPRRRNE RANS PYPEETI KSR FORRBHYERGEIRDS DS
GETYTVKFEJ'BDA@MDW’$D@E$¢EBMBSSS DI NEKDDIVEE DAIGHAKEPRY BIDGENANEDT DS

NKDG QDANEBSh KEMKEHDSBED S5 455 BE hEASK T Bl PRI MEREE O RAGYHATIPASNE Ev

20 NSNNGTLFGGLFAALGSLLLFGRRKKQNK

SEQ ID NO:30

AEHTNGELNQSKNETTAPSENKTTEKVDSRQLKDNTQTATADQPKVTMSDSATVKETSSNMQSPON
25 ATASQSTTQTSNVITNDKSSTTYSNETDKSNLTQAKNVSTTPKTTTIKQRALNRMAVNTVAAPQQG
TNVNDKVHFTNIDIAIDKGHVNKTTGNTEFWATSSDVLKLKANYTIDDSVKEGDTEFTFKYGQYFRP
GSVRLPSQTONLYNAQGNITIAKGIYDSKINTTTYTETNYVDQYTNVSGSFEQVAFAKRENATTDKT
AYKMEVTLGNDTYSKDVIVDYGNQKGOOQLISSTNYINNEDLSRNMTVYVNQPKKTYTKETEVTNLT
GYKENPDAKNFKIYEVTDONQFVDSETPDTSKLKDVTGQFDVIYSNDN
30
SEQ ID NO:31
VAAPQOGTNVNDKVHEFTNIDIAIDKGHVNKTTGNTEFWATSSDVLKLKANYTIDDSVKEGDTEFTEFK
YGQYFRPGSVRLPSQTONLYNAQGNIIAKGIYDSKTNTTTYTEFTNYVDQYTNVSGSFEQVAFAKRE
NATTDKTAYKMEVTLGNDTYSKDVIVDYGNQKGOQOLISSTNYINNEDLSRNMTVYVNQPKKTYTKE
35 TEVINLTGYKENPDAKNFKIYEVTDONQEFVDSETPDTSKLKDVTGQEFDVIYSNDN

SEQ ID NO:32
MNNKKTATNRKGMIPNRLNKESIRKYSVGTASILVGTTLIFGLSGHEAKAAEHTNGELNQ
SKNETTAPSENKTTKKVDSRQLKDNTQTATADQPKVTMSDSATVKETSSNMQSPONATAN
40 QSTTKTSNVITNDKSSTTYSNETDKSNLTQAKDVSTTPKTTTIKPRTLNRMAVNTVAAPQ
QGTNVNDKVHESNIDIAIDKGHVNQTTGKTEFWATSSDVLKLKANYTIDDSVKEGDTETE
KYGQYFRPGSVRLPSQTONLYNAQGNITAKGIYDSTTNTTTYTEFTNYVDQYTNVRGSFEQ
VAFARKRKNATTDKTAYKMEVTLGNDTYSEEITVDYGNKKAQPLISSTNYINNEDLSRNMT
AYVNQPKNTYTKQTEVTNLTGYKENPNAKNFKIYEVTDONQEFVDSETPDTSKLKDVTDQF

44



TAEDKDSNGLTTTGVI KDADNMT L DSGFYKTPKYSLGDYVWDSNKDGKQDSTEKG KDVKVTLLN 40

EKGEVI GTTKTDENGKYRFDNLDSGKYKVI FEKPAGL TQTVTNTTEDDKDADGGEVDVTI TDHDDF

| LDNGYFEBRDSDSBSRSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDEDSBSREnSHS14
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS . WO
2011/ 015591PCT/ EP2010/ 061314 DS DS DS DS DS DS DS DS DS DS DS DS

DAGKHT PVIKBWSS NI EK AR PEN {ESENRESSNNAHS SEEEST FASLESPEE FERRIRKONK SEQ | D
NO 42 5 AENTSTENAKODOATYSL ONKEBRVSER BN ANERENDSY TNR.HDKKEFMIDSOREAKEE S T TS

IS TSS%; ONMEAT o FESIIKIR@NY EENVKRS v TBIKT ATREEID 52Vb s bEEKIKARNY DNNRYITIHP EIT T Dgg
TRPVATAPT S VAR NARMEEA %@éﬁ@ﬁ%ﬁw  RVCECLERNARAN DGRD
EYDTE® FT NPPERKA 10 HREDTRATS RVE PP BLPOIRNDR Y P L P C Pt SEEH SAKGT FDKATKQ

| TYT FT IDYVDKYEDIIKARD STENSYS DS CRROAVPINED SSISNE PHFATIATKEF DSORANSYVAQDPMVHGDSNI

QS | FTKIRESKET s h$3Qs DY D YiNE. IS DA DNID KV ASSQVBDY N KL BNGSHs bshsps

PAAVASNUNBL L UTROT | KB ARAEEERDY By DT B T ORRVRGRTMT | Y DK

B D ERREE TSP R R o Rer RS TR N O P AR, TLYSY |

DKQAVPN EFSENNNENGIATACKET SENNSYEREENVHCDSNI QS | FTKL DENKQT

| EQQ YVNPLKKTATNTKVD 20 | AGSQVDDYGNI KLGNGST | |

DONTEI KV@Q@W%NH YDFSQYEDVTSQFDNKKSFSNN SEQ | D NO : 44

M NKKNNLLTKKKPI ANKSNKYAI RKFTVGTAS | VI GATLLFGLGHNEAKAEENSVQDVKDSNTDD ELS

DSNDQS SDEEKNDVI NN | NTDDN | KKEETNNYDA EKRSEDRTESTTNVDENEATFL 25

QKT PQDNT BETEREARESSNEPESP SNES KK@?A@@W%TﬁWW@?AgvmgQEFANSK

| KE SAT ESCREENTTH TEQRPNKYKEDSTITSORIGY TN T GV S SNEOPELTINMPR TLNEYENKARRES TT SAQP

S | KRVTVNQEAMNISENINHIB L KYTEX M0 TTEGYERGEGVIDGAKDALGN T 1pYVE EEYREKMKS 0GR TMI!
RPGSVRLPSQTONLYNAQGNITAKGIYDSTTNTTTYTETNYVDOQYTNVRGSFEQVAFAKRKNATTD
KTAYKMEVTLGNDTYSEETIIVDYGNKKAQPLISSTNYINNEDLSRNMTAYVNQPKNTYTKQTEVTN
LTGYKENPNAKNFKIYEVTDONQEVDSETPDTSKLKDVTDQFDVIYSNDN

20

SEQ ID NO:34

VAAPQOGTNVNDKVHESNIDIATIDKGHVNQTTGKTEFWATSSDVLKLKANYTIDDSVKEGDTETEFK

YGOQYFRPGSVRLPSQTONLYNAQGNIIAKGIYDSTTNTTTYTETNYVDQYTNVRGSFEQVAFAKRK
25 NATTDKTAYKMEVTLGNDTYSEETITIVDYGNKKAQPLISSTNYINNEDLSRNMTAYVNQPKNTYTKQ

TEVINLTGYKENPNAKNFKIYEVTDONQEFVDSETPDTSKLKDVTDQEFDVIYSNDN

SEQ ID NO:35

30
MLNRENKTAITRKGMVSNRLNKESIRKYTVGTASILVGTTLIFGLGNQEAKAAESTNKELNEATTSASDNQSS
DKVDMQOLNQEDNTKNDNQKEMVSSQGNETTSNGNKLIEKESVQSTTGNKVEVSTAKSDEQASPKSTNEDLNT
KOTISNQEALQPDLOENKSVVNVQPTNEENKKVDAKTESTTLNVKSDAIKSNDETLVDNNSNSNNENNADITIL
PKSTAPKRLNTRMRIAAVQPSSTEAKNVNDLITSNTTLTVVDADKNNKIVPAQDYLSLKSQITVDDKVKSGDY

35 FTIKYSDTVQVYGLNPEDIKNIGDIKDPNNGETIATAKHDTANNLITYTEFTDYVDRENSVOMGINYSIYMDAD
TIPVSKNDVEENVTIGNTTTKTTANIQYPDYVVNEKNSIGSAFTETVSHVGNKENPGYYKQTIYVNPSENSLT
NAKLKVOAYHSSYPNNIGQINKDVTDIKIYQVPKGYTLNKGYDVNTKELTDVTNQYLOKITYGDNNSAVIDEG
NADSAYVVMVNTKEQYTNSESPTLVOMATLSSTGNKSVSTGNALGETNNQSGGAGQEVYKIGNYVWEDTNKNG
VOELGEKGVGNVTVTVEDNNTNTKVGEAVTKEDGSYLIPNLPNGDYRVEFSNLPKGYEVTPSKOQGNNEELDSN

40 GLSSVITVNGKDNLSADLGIYKPKYNLGDYVWEDTNKNGIQDODEKGISGVTVTLKDENGNVLKTVTTDADGK
YKFTDLDNGNYKVEFTTPEGYTPTTVTSGSDIEKDSNGLTTTGVINGADNMTLDSGEYKTPKYNLGNYVWEDT
NKDGKODSTEKGISGVTVTLKNENGEVLOTTKTDKDGKYQF TGLENGTYKVEFETPSGYTPTQVGSGTDEGID
SNGTSTTGVIKDKDNDTIDSGEYKPTYNLGDYVWEDTNKNGVQDKDEKGISGVTVTLKDENDKVLKTVTTDEN
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VDI DKNTVP S DLT DS FT | PKIKDNS CGE | | ATGTYDNKNKQ

TYTFTDYVDKYENI KAHLKLTSYl D KSKVPNNNTKLDVEYKTALSSVNKT |
TVEYQRPNBXOPANWQSWETN | DTKNHTVEQT | Y | NPLRY 30 SAKETRUNEP3GHNGRBGE T | |
DDS T | | KVYKVGDNQNLPDSNRI YDYSEYEDVTNDDYAQLGNNNDY NI NFGNI DS PY | | KVI

SKYDPNKDDYT T |

QQTVTMIT T | NEYT GE FRTASYDNT IAFS T S S GQGQG DLPPEKTYK |

GDYVW\EDVIOKBE T CENTNBREKPL E SRV TPEPERSF CSREVIR T BEDCRYOFDEE KNG T EFYARCDTHRET
PEGYTPT L KEiSGINR AL TBSECNSVWYITLNEXKGDONTK 1 DERDSK G YIRICY SLGINY WAMADT N VINT TEDDK

KDG QEDDEK &3 WtV KBENGIN 6 ¥ re8D s DE bs TdENGKIAI DM INGs SN b VT ED SHAMEAIIbsTT DS

G 35 DDDI%gg

DS DS_DS

e R 5 T s P o B 13 TG T 5 P 1B L 1 b8 s

DS DS°Ds SB3 B5 B 1585 1 SBE DSBS 1585 155 SBEP 1585 1 B8 BE X BIE 'BEP B DS S DS DS
DS DS DS TBSENIESDS DSOS APS-DSLORABEODS DS DS DS DS DS DS DS DS DS D S DS DS
DS DS DNDS DLGNSS DKSTKDKLPDTGANEDYGSKGTLLGTLFAGLGALLLGKRRKNRKNKN 40 SEQ | D

NO: 45 EENBORNRS

NIPDEL SDSNDQSS DEEKNDVI NNNQS | NT DDNNQ

| KKEETNNYDG EKRSEDR TES TTNVDENEAT FLQKTPQDNT HLTEEEVKES SSVESSNS Sl
DTA SHTT | NREESVQTS DNV WD 2011/ 015591PCT/ EP2010/ 061314 EDS HVS

I KEESNIFE LBEREEATDNOE CPNRVRELNDS DN TR NGO S MGYTGNE DERICNSNGBEE Y MIPFINEY
ENKARPL STrASARRS Hr K RUDYNQLAAEQESNYNHLOENKAF NDQENE ET ECYRRSEGYLIKANDAENN YDV
TFEVDDW@%}@M@NNM‘{P%@T};%MRMRﬁb&b&%@%ﬁwbﬁ%ﬁ%&@ﬁmiﬁAﬁ

DYVDK YENI
DTK 5 NHFY

I KVYKVGDN@IE@ES‘RN NDOYSEYEDF WWE@WNNT @E@TPW NEP A6 NEN I PYRIIEARECQSSNVNHL
| KVT 1806 xkeNTECYDDSEGHS MAHDAENKY YDV FENDDEYKEGDTMRYDL HBKNIVRS Y DINTRSL 1 |

PKI KDNSGnh v 1 AT SIINKINKQrEnabé & v A AVMEICY RN AR 1, & chik KSKnaT TN

VPNNNTKL
ETNVNI S

aci ds.
20

25

30

35

40

TALS SVNKT | TVEYQRPNENRTANLQSMFTNI DTKNHTVEQT | YI NPLRYSAK
T | | DDST | | KVYKVGDNQNLPDSNRI YDYSEYEDVTNDDYAQLGNNN 15 I n
the foll owi ng sequences, x denotes either a coval ent bond or 1-200 am no

SEQ ID NO:37

IAAVQPSSTEAKNVNDLITSNTTLTVVDADKNNKIVPAQDYLSLKSQITVDDKVKSGDYFTIKYSDTVQVYGL
NPEDIKNIGDIKDPNNGETIATAKHDTANNLITYTETDYVDRENSVOMGINYSIYMDADTIPVSKNDVEENVT
IGNTTTKTTANIQYPDYVVNEKNSIGSAFTETVSHVGNKENPGYYKQTIYVNPSENSLTNAKLKVQAYHSSYP
NNIGQINKDVTDIKIYQVPKGYTLNKGYDVNTKELTDVTNQYLOKITYGDNNSAVIDEGNADSAYVVMVNTKE
QYTNSESPTLVOMATLS STGNKSVSTGNALGETNNQSGGAGQE

SEQ ID NO:38

MINRDNKKAITKKGMISNRLNKESIRKYTVGTASILVGTTLIFGLGNQEAKAAENTSTENAKQDDATTSDNKE
VVSETENNSTTENDSTNPIKKETNTDSQPEAKEESTTSSTQOQONNVTATTETKPONIEKENVKPSTDKTATE
DTSVILEEKKAPNYTNNDVTTKPSTSEIQTKPTTPQESTNIENSQPQPTPSKVDNQVTDATNPKEPVNVSKEE
LKNNPEKLKELVRNDNNTDRSTKPVATAPTSVAPKRLNAKMREFAVAQPAAVASNNVNDLITVTKQTIKVGDGK
DNVAAAHDGKDIEYDTEFTIDNKVKKGDTMTINYDKNVIPSDLTDKNDPIDITDPSGEVIAKGTEDKATKQIT
YTFTDYVDKYEDIKARLTLYSYIDKQAVPNETSLNLTFATAGKETSONVSVDYQDPMVHGDSNIQSIFTKLDE
NKQTIEQQIYVNPLKKTATNTKVDIAGSQVDDYGNIKLGNGSTIIDONTEIKVYKVNPNQOLPQSNRIYDESQ
YEDVTSQFDNKKSESNNVATLDEGDINSAYIIKVVSKYTPTSDGELDIAQGTSMRTTDKYGYYNYAGYSNFEIV
TSNDTGGGDGTVKPEEKLYKIGDYVWEDVDKDGVQGTDSKEKPMANVLVTLTYPDGTTKSVRTDANGHYEFGG
LKDGETYTVKFETPAGYLPTKVNGTTDGEKDSNGSSITVKINGKDDMSLDTGEFYKEPKYNLGDYVWEDTNKDG
IODANEPGIKDVKVTLKDSTGKVIGTTTTDASGKYKFTDLDNGNYTVEFETPAGYTPTVKNTTAEDKDSNGLT
TTGVIKDADNMTLDSGEFYKTPKYSLGDYVWYDSNKDGKODSTEKGIKDVKVTLLNEKGEVIGTTKTDENGKYR
FDNLDSGKYKVIFEKPAGLTQTVTNTTEDDKDADGGEVDVTITDHDDFILDNGYFEEDTSDSDSDSDSDSDSD
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SEQ I D NO 47 20 STQVSQATSQPI NFQVQKDGS SEKSHVDDYMQHPGKVI  KONNKYYFQTVLNNAS
FVWKEYKFYNANNQELAT TV VNDNKKADTRT | NVAVE PGYKS LT TKVH | VWPQ | NYNHRYT
THLEFEKAIWPBLADAS#t SLAAVAADAPVAGTD | TNQLTNVT VG | DSGPCT/EP2010/061314
TVYPHQAGYVKLNYGESVPNSAVKGDTFKI  TVPKELNLNGVTSTAKVPPI MAG DQVLANGVI DS DG\VI
YTFTDYVNTKDDVKATLTMPAY | DPENVKKTGNVT LATG | GS T T 25 ANKTVLVDYEKYGKFYNLS
| KGT | DBESPSIBRTNNEYRETPSPS SAASPSEHNGF AR TENISRPRPP SBERGAIS DF PIXOORAS S DpPSDS
KVYKVDNAABD SE DSYFRVINR ENFEBNIING'YNS 1S DT FRNPRQYIOVEFNRRED I D DIDATK PYCUKYNANGH |
DPNSKGDL Al RS 2 kb YEaINSNInd SWRSVBWENEYAENNGSGSGRek D KPVWPEQPDEPGE |E P | PE
30 SEQ I D NO 48 STQVSQATSQPI NFQVQKDGS SEKSHVDDYMQHPGKVI  KONNKYYFQTVLNNAS
FVWKEYKFYNANNQELAT TV VNDNKKADTRT | NVAVE PGYKS LT TKVH | WPQ | NYNHRYT
THLEFEKAI PTLADAAKX 35 SLAVAEPVWNAADAKGTNVNDKVTASNFKLEKTTFDPNQSGNTF
MAANFTVTSIERIBINCBALPDS LTGNGDVDYSNSNNTMP | AD | KS TNGDWAKATYD |
LTKTYTFVFTDYVNNKENI NGQFS LPLFTDRAKAPKSGTYDANI NI ADEMENNKI TYNYS S P | AG |

DKPNGAN |, % 3@k p p SV AREEINT Y KM VINEIS GRML GO, PEM&%&Q%E&%E%OVFATTE

SGKVSATDTKLRI FEV! TSKLSDSYYADPNDSNLKEVTD%KNRI YYEHPNVAS
TKTYVVL VEGERDNTERNER TV " EENVDPVRRDYS ™' FGRRERVY! 98EG" D

NO. 44045 VSN SERTISERY NFEOTEKDESE SEESHVIDY R HERVA TR DN YR OFVERNASEAA VA
FWKEYKFY NANMNGEL ATTKDY 1 MNDNKKARERTDdKNVEANVE £ PGYKSY KRG DTV v MY RQs b INYIMKERYTD 1
VLKL RN o DN D Sl L oD NS LA M S G v
N PR P oS R A S D A e e e
NATTDKTAYKKEVTRENIPYSERFF YO EIKKEATPE f ISSTRYT IURED N SRRMEAYVNGPRRASEFR R QG T
TFVTNE TGYKRENPNAKNEK R YEMFDONQEVESHERPDTSKLKDVTDQFDVI YSNDN 5 SEQ | D NG 50
STQVSQAT SQP | NFQVOKDGS SEKSHVDDYMOHPGKVI  KQNNKYYFQTVLNNAS
FV\KEYKFY%B@. 4'IbV VNDNKKADTRT | NVAVE PGYKS LT TKVH | WPQ | NYNHRYT
THLEFEKAI L Kx 10l AAVQPS S TEAKNVNDL | T SNT TLTVVDADKNNKI VPAQDYLSLKSQ
| TVDDKVKSGDYFT | KYSDTVQVYGL
FAVAQPAAVASNNVNDLITVTKQTIKVGDGKDNVAAAHDGKDIEYDTEFTIDNKVKKGDTMTINYDKNVIPSD
20 LTDKNDPIDITDPSGEVIAKGTFDKATKQITYTFTDYVDKYEDIKARLTLYSYIDKQAVPNETSLNLTFATAG
KETSONVSVDYQDPMVHGDSNIQSIFTKLDENKQTIEQQIYVNPLKKTATNTKVDIAGSQVDDYGNIKLGNGS
TIIDONTEIKVYKVNPNQQOLPQOSNRIYDESQYEDVTSQEFDNKKSESNNVATLDEGDINSAYITIKVVSKYTPTS

DGELDIAQGTSMRTTDKYGYYNYAGYSNFIVTSNDTGGGDGTV

25
SEQ ID NO:41
MINRDNKKAITKKGMISNRLNKESIRKYTVGTASILVGTTLIFGLGNQEAKAAENTSTENAKQDDA
TTSDNKEVVSETENNSTTENDSTNPIKKETNTDSQPEAKEESTTSSTQOQONNVTATTETKPONIE
KENVKPSTDKTATEDTSVILEEKKAPNYTNNDVITKPSTSEIQTKPTTPQESTNIENSQPQPTPSK
30 VDNQVTDATNPKEPVNVSKEELKNNPEKLKELVRNDNNTDRSTKPVATAPTSVAPKRLNAKMREFAV
AQPAAVASNNVNDLITVTKQTIKVGDGKDNVAAAHDGKDIEYDTEFTIDNKVKKGDTMT INYDKNV
IPSDLTDKNDPIDITDPSGEVIAKGTEFDKATKQITYTFTDYVDKYEDIKARLTLYSYIDKQAVPNE
TSLNLTFATAGKETSQONVSVDYQDPMVHGDSNIQSIFTKLDENKQTIEQQIYVNPLKKTATNTKVD
IAGSQVDDYGNIKLGNGSTIIDONTEIKVYKVNPNQQLPQSNRIYDESQYEDVTSQEDNKKSESNN
35 VATLDEGDINSAYITIKVVSKYTPTSDGELDIAQGTSMRTTDKYGYYNYAGYSNEIVTSNDTGGGDG
TVKPEEKLYKIGDYVWEDVDKDGVQGTDSKEKPMANVLVTLTYPDGTTKSVRTDANGHYEFGGLKD
GETYTVKFETPAGYLPTKVNGTTDGEKDSNGSSITVKINGKDDMSLDTGEYKEPKYNLGDYVWEDT
NKDGIQDANEPGIKDVKVTLKDSTGKVIGTITTTDASGKYKFTDLDNGNYTVEFETPAGYTPTVKNT
TAEDKDSNGLTTTGVIKDADNMTLDSGEYKTPKYSLGDYVWYDSNKDGKQDSTEKGIKDVKVTLLN
40 EKGEVIGTTKTDENGKYREDNLDSGKYKVIFEKPAGLTQTVINTTEDDKDADGGEVDVTITDHDDE
ILDNGYFEEDTSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
DSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDS
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NPEDI KNI GDI KDPNNGET | ATAKHDTANNL | TYTFTDYVDRENSVQMAE NYS | YMDADT |
PVSKNDVEFNVT | GNT T TKT TAN | QYPDYVVNEKNS | GSAFTETVSHVGNKENPGYYKQT |
YVNPSENS WONAUKSAQAYHS SYP NN | GQ | NKDVID | Ki PCT/EP2010/061314
YQVPKGYTLNKGYDVNTKELTDVTNQYLQKI  TYGDNNSAVI DEGNADSAYVVM/NTKE

QYTNSESPTLVOQVATL SSTGNKSVSTGNAL G-TNNQSGGA 15 SEQ I D NO 51 STQVSQAT SQP
| NFQVQKDGESP Eﬁ@ﬁﬁﬁﬁWﬁEﬁP@RVﬁ“KéﬁﬁKgggﬁﬁvt NASH RARNGEE AT 90
VNDNKKADTREALBSEAME PGYXKSNKET TKVH | VWWPQ | NYNHRYT THLEFEKAI PTLADAAKX
FAVAQPAAVASNNVNDL | TVTKQT | KVGGKDNVAAAHDGKD | EYDTEFT | DNKVKKGDTMI

| NYDKNVI %@#ﬁlﬁgﬁp | DI TDPSGEVI AKGTFDKATKQ | TYTFTDYVDKYEDI KARLTLY SY |
DKQAVPNE TAG KET SQ\VSVDYQDPMWHGDSN | @S | FTKLDENKQT | EQQ |
YVNPLKKTATNTKVD | AGSQVDDYGN | KLGNGS TI | DONTE | KVYKVNPNQQLPQSNRI
YDFSQYEDVENSEFDNKKEPSNNYATK L \DREEDENSAY T BN KNG SKYTTPD S PZEKEESTTS STOQQON
DGEL DI AQGiT/SWRTH IR(GY YINY AGYSINFI N RSNDT SEGIERY 2 Sk Qrini NOxe2 T 301 STHMSQAT s SQP

! NFQVQKD%%1%W%M%AM%W\E@%M%E%%%Nﬁ'ﬂb@q&hﬂms
VNDNKKADT R PGYKS- LT TKVH IWP% | NYNHR%%&THLEFEKN PTLADAAKX

VTVNGL AAECRERVRL VT BOR 15 T B BERE G KADAERE - Syiogie” 7112 21Nk
FEVI KSESPIMAT VD Y IR T YPSL PRENPERS T EPE § CHK ARKDNSK QI VAT GTYDNKNIROKRRFYT FT
DYVDKYENITKARKH KhJ0 2SN NiE TEKSKT MANNE KE OVEXKOAIDSMBWMNEIN 10 S TYEN (RENENREANI QSVFTNI

DTKNHTVEQL p1 ¥kt NRERYSAK: 387 NNk SENEPEGS btk kiPRSA voo1.posNRTYDFSOYED

I KVYKVG[)I};%E)FB%%%F\%?EYEDWNDDYAQ_G\INN SEQ I D NO 53 40 SLAAVAADAPVAGID |
TNQLTNVT PHQAGYVKLNYGESVPNSAVKGDTFKI  TVPKELNLNGVTSTAKVPPI MAG

DQVLANGVI DS DGNVI YTFTDYVNTKDDVKATLTMPAY | DPENVKKTGNVT LATG I GS T T
ANKTYEVDBEQMMNGI4S | KGT | DQ | DKTNNTYRQT | YVNPSGDNVI APVLTGNLKPNT DSNAL
| DQONT S | KVYKVDNAADLSE SYFVNPENFEDVTNSVN | TFPNPNQYKVEFNTPD 45 DQ |

2011/ mﬁé@%ﬁﬁk?ﬁﬁﬁ%%%%%@@m
| NFQVQKDES T SERSHVBIVVEIHPERYA ™ KON TNAST PYRE GV RARNCEL AT DAV PN

VVNDNKKABTREN | KRS KEGYRS/ $7D YERVMY HYVRG O Y NKRYFN AL IEREKAVN PTHEABAAKK 8D SEQ
| D N@054 18AYAERINAARAK ST NVIIKY T ASNRIK ST LB DENQSENTHO v EDVTSQF DNKKSFSNN
MAANFTVTDKVKSGDYFTAKLPDS LTGNGDVDYSNSNNTMP | AD | KS TNGDVWAKATYD |
SEQ ID NO :44
MINKKNNLLTKKKPIANKSNKYAIRKFTVGTASIVIGATLLFGLGHNEAKAEENSVQDVKDSNTDD
ELSDSNDQSSDEEKNDVINNNQS INTDDNNQIIKKEETNNYDGIEKRSEDRTESTTNVDENEATEL
25  QKTPQDNTHLTEEEVKESSSVESSNSSIDTAQQPSHTTINREESVQTSDNVEDSHVSDFANSKIKE
SNTESGKEENT IEQPNKVKEDSTTSQPSGYTNIDEKISNQDELLNLP INEYENKARPLSTTSAQPS
IKRVTVNQLAAEQGSNVNHLIKVTDQS ITEGYDDSEGVIKAHDAENLIYDVTFEVDDKVKSGDTMT
VDIDKNTVPSDLTDSFTIPKIKDNSGEIIATGTYDNKNKQITY TFTDYVDKYENIKAHLKLTSYID
KSKVPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLOSMETNIDTKNHTVEQTIYINPLRY
30 SAKETNVNISGNGDEGSTIIDDSTIIKVYKVGDNQNLPDSNRIYDYSEYEDVTNDDYAQLGNNNDV
NINFGNIDSPYIIKVISKYDPNKDDYTTIQQTVTMOTTINEYTGEFRTASYDNTIAFSTSSGQGQG
DLPPEKTYKIGDYVWEDVDKDGIQNTNDNEKPLSNVLVTLTYPDGTSKSVRTDEDGKYQFDGLKNG
LTYKITFETPEGYTPTLKHSGTNPALDSEGNSVWVTINGQDDMTIDSGFYQTPKY SLGNYVWY DTN
KDGIQGDDEKGISGVKVTLKDENGNIISTTTTDENGKYQFDNLNSGNYIVHFDKPSGMTQTTTDSG
35 DDDEQDADGEEVHVTITDHDDFSIDNGYYDDESDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSD
SDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSD
SDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSDSD
SDSDSDSDSDNDSDLGNSSDKSTKDKLPDTGANEDY GSKGTLLGTLFAGLGALLLGKRRKNRKNKN

40 SEQID NO:45

EENSVQDVKDSNTDDELSDSNDQSSDEEKNDVINNNQSINTDDNNQITKKEETNNYDGIEKRSEDR
TESTTNVDENEATFLOKTPOQDNTHLTEEEVKESSSVESSNSSIDTAQQPSHTTINREESVQTSDNV
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LTKTYTFVFTDYVNNKENI NGQFS LPLFTDRAKAPKSGTYDANI Nl ADEMENNKI TYNYS 10 S P 1 AG |
DKPNGAN | S SQ | | GVDTASGONTYKQTVFVNPKQRVLGNTW/Y | KGYQDKI EE S

SGKVSAT DWORN AEVBOT SKL SDSYYADPNDSNLKEVTDQFKNRI YYEHPNVAS PCIKEBR) 10/061314
TKTYWVLVEGHYDNTGKNLKTQVI  QENVDPVTNRDYS | FGANNENVVRYGGGSADGDSAVN xS TQVSQAT
SQP | NFQVOKDGS SEKSHVDDYMOHPGKVI  KONNKYYFQTVLNNAS F\/\KEYKFYNAN%LAT T
VVNDNKKABPREY f RIVAVE IBEYKE™ $ T SRRV L PG H INYRERYTC THLEFERAN P ADAARE L5 SEQ
| D NO 55 FYAARCQETINVNIDKY KR SN DIPAE O DKIGHYNQRTEKD EFTWATS DS PV KKAAMEN LIT YDV

DDSVKEGD | 723 p 5/ R 6o MRER S HeNG YINAREN phAKS 1 A0S v bk Nt d 1 T DYy vpK

TAYI NEDUSHMP ATV TR EVPRE T G NERARNEK. 1 7E7t BUS B B DT

SKLKDYT DOEBVE YSNON PLRY SAKETNVNISGNGDEGSTIIDDSTI IKVYKVGDNQNLPDSNRIYDY SEYED

x STQVSQATSEBD MNECMPKIDGSSEKSHVDDY MIHPGKVI KONNKYYFQTVLNNASFWKEYKFYNANNQELATT
VVNDNKKADTRT | NVAVEPGYKSLTTKVH VWPQ NYNHRYTTHLEFEKAI PTLADAAK 25 SEQ | D

NO: 56 IA%%%@@FN\/NDL | T SNT TLTVVDADKNNKI VPAQDYLS LKSQ |

TVDDKVKS I VQVYGE NPEDI KNI GDI KDPNNGET | ATAKHDTANNL |
TYTFTDYVDRENSVQVE NYS | YMDADT | PVSKNDVEFNVT | GNT T TKT TAN | QYPDYVVNEKNS
| GSAB TETNSHYGNKENRGYYKOTK VT DOAYRBENSD $HEVAKIKVQAYHS, ISYIRESO DN 4 IBRTI NKDVTD |

Kl YQUPK S
PTLVOVATL S SRR\ CRAL G TRCECOACLE w8 OV SO o7 %W%&M%é%@%
SEKSHVDDYMEHPERR V ERERRKY YEGTVLINRAST ﬁ%ﬁ\%&ﬁ TV AFNVAVE
PGYKS LT ETKVHIL $ GRE GSNYNPRYITL TRMYEFERADN IPTISABABKY 35 FSEQNPDY A BN
FAVAQPAAVASNNVNDL | TVTKQT | KVGDGKDNVAAAHDGKD | EYDTEFT | DNKVKKGDTMT

| NY | PS D LTDKNDP | D | TDPSGEVI AKGTFDKATKQ | TYTFTDYVDKYED | KARLTLY SY
| DKQAVPNET S LNLTFATAG KET SQNVSVDYQDPMVHGDSN | QS | FTKLDENKQT | EQQ |
YVNPLKKT AT eI WWingarausnses X [derpiefiesherereovelepihant QFMMPNQ@Q%SNH
YDFSQYEDVT SQFDNKKS FSNNVAT LDFGD | NSAY | | KWSKYT PT S

DGEL DI AQSERYRD TS 4FY YNYAGYSNFI VTSNDTGGGDGTV xS TQVSQAT SQP | NFQVQKDGS
SEKSHVDDYMQHPGKVI  KQNNKYYFQTVLNNAS FWKEYKFYNANNQELAT T VWNDNKKADTRT | NVAVE

PGYKSOLT s P s YYRGRrbINANEE K s Etb 5Bt o AR LR 2Rk B d¥A Ao Lar Ty

VNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYTTHLEFEKATPTLADAAKX
SLAAVAADAPVAGTDITNQLTNVT
VGIDSGTTVYPHQAGYVKLNYGEFSVPNSAVKGDTFKITVPKELNLNGVTSTAKVPPIMAG
DOQVLANGVIDSDGNVIYTETDYVNTKDDVKATLTMPAYIDPENVKKTGNVTLATGIGSTT
25 ANKTVLVDYEKYGKEYNLSIKGTIDQIDKTNNTYRQTIYVNPSGDNVIAPVLTGNLKPNT
DSNALIDQONTSIKVYKVDNAADLSESYFVNPENFEDVTINSVNITEPNPNQYKVEEFNTPD
DOITTPYIVVVNGHIDPNSKGDLALRSTLYGYNSNIIWRSMSWDNEVAENNGSGSGDGID

KPVVPEQPDEPGEIEPIPE

30
SEQ ID NO:48

STQVSQATSQPINFQVOKDGSSEKSHMDDYMOHPGKVIKONNKYYFQTVLNNASFWKEYKEYNANNQELATTV
VNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYTTHLEFEKATPTLADAAKX

35 SLAVAEPVVNAADAKGTNVNDKVTASNEFKLEKTTEFDPNQSGNTE
MAANFTVTDKVKSGDYFTAKLPDSLTGNGDVDYSNSNNTMPIADIKSTNGDVVAKATYDI
LTKTYTEFVFTDYVNNKENINGQFSLPLFTDRAKAPKSGTYDANINIADEMENNKITYNY S
SPIAGIDKPNGANISSQIIGVDTASGONTYKQTVEVNPKORVLGNTWVYIKGYQDKIEES
SGKVSATDTKLRIFEVNDTSKLSDSYYADPNDSNLKEVTDQEFKNRIYYEHPNVASIKEGD

40 ITKTYVVLVEGHYDNTGKNLKTQVIQENVDPVTNRDYSIFGWNNENVVRYGGGSADGDSAVN

SEQ ID NO:49

45 STQVSQATSQPINFQVOKDGSSEKSHMDDYMOHPGKVIKONNKYYFQTVLNNASFWKEYKEYNANNQELATTV
VNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYTTHLEFEKATPTLADAAKX
VAAPQOGTNVNDKVHESNIDIATIDKGHVNQTTGKTEFWATSSDVLKLKANYTIDDSVKEGDTETEFK
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WD 2011/ 015591PCT/ EP2010/ 061314 VTVNQLAAEQGSNVNHL | KVT DQS | TE GY DDSE

GVI KAHDAENL | YDVT FEVDDKVKSGDTMIVDI DKNTVPS DL T DS FT | PK | KDNS GE

| ATGT YDNKN&Q011/0E¥5P1 FT DYVDKYENI KAHLKLT SY | DKSK VPNNNTRCDWERYKOALS16VNKT
TVEYQRPNENRTANLQSMFTNI  DTKNHTVEQT | Y | NPLRYSAK 5 ETNVNI SGNGDEGST | | DDST

| | KVYKV LP DSNRI Y DY SEYE DVTNDDYAQLGNNN xS TQVSQAT SQP | NF DGS
SEKSHNDDV%%&/WWQRWFWWM@KE& MAKRERAP T&&ﬁ\%&@fﬁ%{?ﬁww
PGYKS LT NFRVBEKT AVMREVITNSNBRYIE ENHIVER EKAK A GPTLIABARKI ISED LISBNNCOR BN AHXNDKDKSAPNSRP
| DFEMKKKRGTQOFYHRASNSMIKPARM: T RGKPES #7 HHlzGk Q« SERIMRKITEVYEGEDKKLP | KLV
SYDTVKDYAY | RFSVSNGTKAVKI VS S THENNKEEKYDYTLMEFAQP | YNSADKEKTX
SLAAVAADAPVAGTD | TNQLTNVT VG | DSGT TVYPHQAGYVKLNYGESVPNSAVKGDTFKI
TVPKEPNLNGVTSTAKVPPI MAG 15 DQVLANGVI DS DGNVI YTFTDYVNTKDDVKATLTMPAY |
DPENVKKT@EQA IDANG:50 GS T T ANKTVLVDYEKYGKFYNLS | KGT | DQ | DKTNNTYRQT |
YVNPSGDNVI APVLTGNLKPNT DSNAL | DQONT S | KVYKVDNAADLSE SYFVNPENFEDVTNSWN |

TFPNPNQY
| V\RSI\/BV\D%yE@]: %@&Q@%&B@!ﬁ%&%@ P ity @WEYK%N%%NQ%IR%T%APNSRP
| DFEMKKRBPETEORVRYAS SURPARV T “FTDSKRE M B GG SO EVYEGDKKLP | KLV 25
SYDTVRDYAX2Y RESVSNGYT KAV EVE 1S VT HENNKERRY DYSMEFAORD PKWRSABREKTSOTVOVYGL

SL AVAEPV\NAAAK T IMWINIDIKE TASNERKD B L F DPNQBENIRF NS VOMG INYS I YMDADT I PVSKNDVEFNVT

MAANF TVT DKV KSERYERIAKE RS 1 GNERYDYSINGNNEVRE Al %@Wﬁ@kmmms SYP
LTKTYTFVFTDYVNNKENI N SLPLFTDRAKAPKSGTYDANI NLA I\/ENNKI SPIAG I

DKPNGAN M SSG PP TVFVRPRORVEGRITAY 1™ EE%ADE%W§MVNTKF
30SGKVSAP@?KE?PFEWN@TSKESESY@A@WN@SN@KEV@BGﬁKNRIYYEHPNVAS | KFGD
TKTYYYLVEGHYDNTGKNLKTQVI  QGENVDPVTNRDYS | FGANNENVVRYGGGSADGDSA

SEQ ID NO:51

STQVSQATSQPINFQVOKDGSSEKSHMDDYMOHPGKVIKONNKYYFQTVLNNASFWKEYKEYNANNQELATTV
20 VNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYTTHLEFEKATPTLADAAKX

FAVAQPAAVASNNVNDLITVTKQTIKVGDGKDNVAAAHDGKDIEYDTEFTIDNKVKKGDTMTINYDKNVIPSD

LTDKNDPIDITDPSGEVIAKGTFDKATKQITYTFTDYVDKYEDIKARLTLYSYIDKQAVPNETSLNLTFATAG

KETSONVSVDYQDPMVHGDSNIQSIFTKLDENKQTIEQQIYVNPLKKTATNTKVDIAGSQVDDYGNIKLGNGS

TIIDONTEIKVYKVNPNQOLPOSNRIYDESQYEDVTSQFDNKKSESNNVATLDEGDINSAYITKVVSKYTPTS
25 DGELDIAQGTSMRTTDKYGYYNYAGYSNFIVTSNDTGGGDGTV

SEQ ID NO:52

30 STOQVSQATSQPINFQVQOKDGSSEKSHMDDYMOHPGKVIKQNNKYYFQTVLNNASEFWKEYKEYNANNQELATTV
VNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYTTHLEFEKAIPTLADAAKX
VIVNQLAAEQGSNVNHLIRKVTDQSITEGYDDSEGVIKAHDAENLIYDVTFEVDDKVKSGDTMTVDI
DKNTVPSDLTDSFTIPKIKDNSGEITATGTYDNKNKQITYTEFTDYVDKYENIKAHLKLTSYIDKSK
VPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLOSMETNIDTKNHTVEQTIYINPLRYSAK

35 ETNVNISGNGDEGSTIIDDSTITRKVYKVGDNONLPDSNRIYDYSEYEDVTNDDYAQLGNNN

SEQ ID NO:53

40 SLAAVAADAPVAGTDITNQLTNVT
VGIDSGTTVYPHQAGYVKLNYGFSVPNSAVKGDTFKITVPKELNLNGVTSTAKVPPIMAG
DQVLANGVIDSDGNVIYTFTDYVNTKDDVKATLTMPAY IDPENVKKTGNVTLATGIGSTT
ANKTVLVDYEKYGKFYNLSIKGTIDQIDKTNNTYRQTIYVNPSGDNVIAPVLTGNLKPNT
DSNALIDQONTSIKVYKVDNAADLSESYFVNPENFEDVTNSVNITEFPNPNQYKVEFNTPD

45 DQITTPYIVVVNGHIDPNSKGDLALRSTLYGYNSNIIWRSMSWDNEVAFNNGSGSGDGID
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VN 35 SEQ | D NO 61 DKDHSAPNSRP | DFEMKKKDGTQQFYHYAS SVKPARVI FTDSKPE |
ELGLQ SGQFWRKFEVYEGDKKLP | KLV SYDTVKDYAY | RFSVSNGTKAVKI VS S
THENNKEEKVOYTUNEFAQP | YNSADKEKTX VAAPQQGTNVNDKVHESNI  DIPCAIEP2010/061314
DKGHVNQTTGKTEFWATS SDVLKLKANYT | DDSVKE GDT FT FK 40
YGQYFRPGSVRLPSQTQNLYNAQGNI | AKG YDS T TNT T TYT FTNYVDQYTNVRGS FEQVAFAKRK
NAT T DKTRYKIWVIZVTESRDTRSEE | | VDYGNKKAQPL | SS TNYI NNEDLSRNMTAYVNQPKNTYTKQ T
FVTNLT GYKENRISAKNEKNFOEYTs DENQREVDSoFTKRT DNNSKUKDVIDEEDVEEISKDNMBESED | D
NG 62 VWOyROEkkA 0156 HRECHERAG 01063 3d A IKDHSAPNSRR 1 br1REEMKKKDGT QQFYHYAS
SVKPARVI FTDSKPE | ELGLQ SGQFWRKFEVYEGDKKLP | KLV SYDTVKDYAY! RFSVSNGTKAVKI VS
S THFNN%%& YNSADKEKTX | AAVQPS S TEAKNVNDL | T SNT

TLTWPA s LKSQ | TVDDKVKSGDYFT | KYSDTVQVYGL NPEDI KNI GDI KDPNNGET
| ATAKHDTANNL | TYTFTDYVDRENSVQMG NYS | YMDADT | PVSKNDVEFNVT 5 | GNT T TKT
TAN | QYPDYANERNS DX ESAFTETYSHUGIKENPGYYROTT|  YVNPSENS LTNAKLKVQAYHS SYP
NN I GQ IMRIRWWIFV%FDKWERW@VBWEEW ([VARATYDI
TY SAEY%Q% "AA A/ ‘ g@%& L GFTNNQSGGAGQRE
’% ' "TDSKPE | ELGLQ
SGQFV\RKF %ybmi@«\@ f};{ﬁ%‘m MMK)R\! EEKYDYTLIVEFAQP
YNSADKEKTX FAVA AAVASNA DGKD |, EYDIEFT |
DNIWKKGD ! @@KB i?KE%%%%HEi ?QNFB%F&”VF%W hi ©

TYTFTDYVWWKIARWLI'WME@‘FYIFSW@&WNEQ’I“@NENLTFIHAEWE@AREEPAB@QVSVDY@PWHGDSN |
QS | 16TKLDENKQT | EQQ | YVNPLKKTATNTKVD | AGSQVDDYGN | KLGNGS TI | DONTE

| KVYKVNPNEh RO 55YDF SQYEDVT SQFDNKKS FSNNVAT LDFGD | NSAY | | KWSKYT PT S
DGEL DI AQGT SMRTTDKYGYYNYAGYSNF VTSNDTGGGDGTV 20 SEQ | D NO 64 DKDHSAPNSRP |
DFEMKKKDGTQOFYHYAS SVKPARVI FTDSKPE | ELGL WRKFEVYEGDKKLP | KLV
SYDTVKDYAYFRESVERGHAVRP VS S FREERNREEKYD WE AP HLEPNSADRERTSE 25 FTEE
VTVNQLAAEGGSRE/NHEVAIRGD T DS § ACHEGY BRSEG KARDAERE T VDD EVDRKVKS G FRIEYD
DKNTYRS R TREx TAY dvERKILKINGEES H 1 AT GIMENKNKQs Irv ¥ YN EDIL SBYMPDKY i iy ikkd SY |

DKSK VPN %EP}@N/%%%NE\}T@é%%ﬁ@ﬁﬁ@%’ﬂk%&%w%ﬁw VEQT

| YI NPLRYSAK ET
| KVYKVGDRONE BRAFNDD VAN 36 SEY 1D NG 65 " SLARVRADRPVAGTD |

TNQLTNVT VVNDNKKADTRT INVAVE PGYKSLTTKVHIVVPQINYNHRYTTHLEFEKAI PTLADAAK
25 SEQ ID NO:56

IAAVQPSSTEAKNVNDLITSNTTLTVVDADKNNKIVPAQDYLSLKSQITVDDKVKSGDYFTIKYSDTVQVYGL
NPEDIKNIGDIKDPNNGETIATAKHDTANNLITYTETDYVDRENSVOMGINYSIYMDADTIPVSKNDVEENVT
IGNTTTKTTANIQYPDYVVNEKNSIGSAFTETVSHVGNKENPGYYKQTIYVNPSENSLTNAKLKVQAYHSSYP
30 NNIGQINKDVTDIKIYQVPKGYTLNKGYDVNTKELTDVTNQYLOKITYGDNNSAVIDEGNADSAYVVMVNTKE
QYTNSESPTLVOMATLS STGNKSVSTGNALGETNNQSGGAGQE
XSTQVSQATSQPINFQVOKDGSSEKSHMDDYMOHPGKVIKONNKYYFQTVLNNASEFWKEYKEFYNANNQELATT
VVNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYTTHLEFEKATI PTLADAAK

35 SEQID NO:57

FAVAQPAAVASNNVNDLITVTKQTIKVGDGKDNVAAAHDGKDIEYDTEFTIDNKVKKGDTMTINYDKNVIPSD
LTDKNDPIDITDPSGEVIAKGTFDKATKQITYTFTDYVDKYEDIKARLTLYSYIDKQAVPNETSLNLTFATAG
KETSONVSVDYQDPMVHGDSNIQSIFTKLDENKQTIEQQIYVNPLKKTATNTKVDIAGSQVDDYGNIKLGNGS
40 TIIDONTEIKVYKVNPNQOLPOSNRIYDESQYEDVTSQFDNKKSESNNVATLDEGDINSAYITKVVSKYTPTS
DGELDIAQGTSMRTTDKYGYYNYAGYSNFIVTSNDTGGGDGTV
XSTQVSQATSQPINFQVOKDGSSEKSHMDDYMOHPGKVIKONNKYYFQTVLNNASEFWKEYKEFYNANNQELATT
VVNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYTTHLEFEKATI PTLADAAK

45 SEQID NO:58
51



VG | DSGI' TVYPHQAGYVKLNYGESVPNSAVKGDTFKI  TVPKELNLNGVTSTAKVPPI MAG 35
DQVLANGVI DS DGNVI  YTFTDYVNTKDDVKATLTMPAY | DPENVKKTGNVT LATG I GS T T
ANKTVLVDYWERYEAOTBE9 | KGT | DQ | DKTNNTYRQT | YVNPSCGDNVIPAPHIPTGHI0KBINT DSNAL
| DQONT S | KVYKVDNAADLSE SYFVNPENFEDVTNSVN | TFPNPNQYKVEFNTPD DQ |

TTPYI VWWNGHI DPNSKGDLALRSTLYGYNSNI | WRSMSVWDNEVAFNNGSGSGDG | D KPVWPEQPDEPGE
IE P 1 PE 40 xDKDHSAPNSRP | DFEMKKKDGIQQFYHYAS SVKPARVI FTDSKPE |

EL G- QSGOFIRK B EMYEEEDKKINPL [ KKLDOS Y DT VRDYAN IK ARPSYSNGTRAVEN V8K B SGDTMTVDI

THFNNKEEKYRNF L MEFACIR T o N« SATIHK R 7 S R NP6 6 =W v DK YEN TKAHLKL TS Y TDKSK

2011/ 015 Al K GNTE
AANE T TROR T AL BT TN SRENR T B Kt OO AR YDt R
LTKTYTFVEFBYVANRENI FGEHE SPPE FHRAKEPREGIVEDRNRNY ADEVENNKN DCPYANS MNP | AG |
DKPNGAN 158018021 d > IGUDTASGNRY KIGDVRYINPK QRN GNTYNOY v LK GY QDKIKFERNBOELATT
S SCKVSAT R Kb i EMND oK S BSY ABRNESNRAEN 1 XImCNRE YR HENYAD it KFCD |
TKTYWWLVEGHYDNTGKNLKTQVI QENVDPVTNRDYS | FGANNENVVRYGGGSADGDSAVN
X DKDHSAPNSRP | DFENKKKDGTQQFYHYAS SVKPARVI FTDSKPE |
ELGLQSGORRAR\N@IKKLP | KL VSYDTVKDYAY | RFSVSNGTKAVKI VS S
THENMBEEKYDYTLMEFAQP | YN SADKFKT 10 SEQ I D NO 67 VAAPQQGTNVNDKVHFSNI DI Al
DKGHVNQT PERAEEWATIS DEENAHKDKANY T A DB I B KPT L FIKLOSCGOFWRKFEVYEGDKKLP KLY
YGQYFRPGSVRE RSO ONIE Y KACGKR V4 I VAKTY FNYEEKE DYNFETATY N FANYYDOY TNVRGS  FEQVAFAKRK
NAT T WAWWE@QBW@@ETWH VDYGNKKAL ,.SS TY] NNEDLSRNMTAYVNQDKNTYTKQ
g : SRS DVI YSNDN

LG RO VRV | R SR | K <
THENYEEROTLTEAG |l ARG ok B bt Ao e s e | T
NPEDI V@W%%A%KHDTANNL | TYTFTDYVDRENSVQMVIG NYS | YMDADT |
PVSKREVEFNVT | GNT T TKT TAN I QYPDYVVWNEKNS | GSAFTETVSHVGNKENPGYYKQT |

YVNPSENS LTNAKLKVQAYHS SYP NN | GQ I NKDVTD | Ki
YQUPKGYTISEGYD\GIEE- TDVTNQYLQKI  TYGDNNSAVI DEGNADSAYVVMVYNTKE

DKDHSAPNSRPIDFEMKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKEFEVYEGDKKLPIKLY

25 SYDTVKDYAYIRFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPTIYNSADKEFKTx
SLAVAEPVVNAADAKGTNVNDKVTASNEFKLEKTTEFDPNQSGNTE
MAANFTVTDKVKSGDYFTAKLPDSLTGNGDVDYSNSNNTMPIADIKSTNGDVVAKATYDI
LTKTYTEFVFTDYVNNKENINGQFSLPLFTDRAKAPKSGTYDANINIADEMENNKITYNY S
SPIAGIDKPNGANISSQIIGVDTASGONTYKQTVEVNPKORVLGNTWVYIKGYQDKIEES

30 SGKVSATDTKLRIFEVNDTSKLSDSYYADPNDSNLKEVTDQEFKNRIYYEHPNVASIKEGD
ITKTYVVLVEGHYDNTGKNLKTQVIQENVDPVTNRDYSIFGWNNENVVRYGGGSADGDSA

VN

35 SEQID NO:61

DKDHSAPNSRPIDFEMKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKFEVYEGDKKLPIKLV
SYDTVKDYAYIRFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPIYNSADKEFKTx
VAAPQOGTNVNDKVHESNIDIATIDKGHVNQTTGKTEFWATSSDVLKLKANYTIDDSVKEGDTETEFK
40 YGOYFRPGSVRLPSQTONLYNAQGNITAKGIYDSTTNTTTYTEFTNYVDQYTNVRGSFEQVAFAKRK
NATTDKTAYKMEVTLGNDTYSEETITIVDYGNKKAQPLISSTNYINNEDLSRNMTAYVNQPKNTYTKQ
TEVINLTGYKENPNAKNFKIYEVTDONQEFVDSETPDTSKLKDVTDQEFDVIYSNDN

45 SEQID NO:62
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25 QYTNSESPTLVQVATLSSTGNKSVSTGNAL GFTNNQSGGAGQE X DKDHSAPNSRP |
DFEMKKKDGTQQFYHYAS SVKPARVI FTDSKPE | ELGLQSGQFWRKFEVYEGDKKLP | KL
VSYDTVKDYW 201 IRASYSNGTKAVKI VS S THENNKEEKYDYTLMVEFAQP | PNTSRDKBKGISSEQ | D
NO 69 30 FAVAQPAAVASNNVNDL | TVTKQT | KVGDGKDNVAAAHDGKD | EYDTEFT |
DNKVKKGDTMT | NYDKNVI PS D LTDKNDP | DI TDPSGEVI AKGTFDKATKQ |

TYTFTDYVDKYEDI PRARL TPE IS TPROAVPNETESIVINE TEATAG IRETS SENVSVDYEPPM/EEESN | QS
| FTKL DENKQIVHDY EQQF v NANREKKTATNTKVEE 1 sAGSOVDBYGN vis KIFGNGS TI | DONTE

::)&V\L(EYEPN@H&%E\B{KNﬁf%ﬁ@éﬁW T SEATRINKKSIERDINVAT k $ D GDbINGAYD e rh KA T S 35
DFEVK K &I@E%%é&%ﬁ%ﬁ%@ﬁ@-@g‘mﬁﬁﬁ@éﬁaEESITNDVEFNVT
VSYDTVKDYAY" | TERESVSNETRAVKINS ¢ S FHHENNKEE AP FENASABKERTISES |1 D
NO 70 40 NWIYNGERAAEQGSMNKEY TIKYFY IDQSKE L TPETIGY LDRSE GO KAHDAERD S A Y WRVNTKE
FEVDDKVKSEENMEYDL v dpKINTAAREN ) s TS cFTnNosBEadd&DNS GE | | ATGTYDNKNKQ | TYT FT
DYVDKYENI KAHLKLT SY | DKSK VPNNNTKLDVEYKTALS SVNKT | TVEYQRPNENRTANLQSMFTNI
DTKNHTVEQT | Y I NPLRYSAK ETNVNI SGNGDEGST | | DDST I | KVYKVGNONLP DSNRI Y
DY SEYE DVTNDDYAQLGNNN WO 2011/ 015591PCT/ EP2010/ 061314 x DKDHSAPNSRP |

DFEVREKDSERHIHNAS ISVKPARVI FTDSKPE | ELGLQSGQFWRKFEVYEGDKKLP | KL
VSYDTVKDYAY | RFSVSNGTKAVKI VS S THFNNKEEKYDYTLMEFAQP | YN SADKFKT SEQ I D

TEOKDEWECCRUHT | SO TR T EREGH L BATr

DYDGQYHVRI'V/ FTRCARTOIS L VISV AAVEABABPVAGT B EFFRIOITRAAF NG | DSGT
TVYPHQAG¥KAMNEESWINSANVKEDTHK KV ANARREY ANIANGELS T AKR PP NIKGKLEP TDOVEYANGYT PIDS
DGNVH 5 YT ETEDMAINT KDEWK AT ENBAY ki T R NVIIO LN DL AdHG Th. Y 65 DR oAVPNE TS INLTFATAG

ANKTVL VD DSNAL
T

WG T PR EA Ba o eSS s KB PEEPCE.

lE P | |DEGELDIAQGTSMRTTDKYGYYNYAGYSNFIVTSNDTGGGDGTV

20
SEQ ID NO:64

DKDHSAPNSRPIDFEMKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKFEVYEGDKKLPIKLV
SYDTVKDYAYIRFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPIYNSADKEFKTx

25 VIVNQLAAEQGSNVNHLIRKVTDQSITEGYDDSEGVIKAHDAENLIYDVTFEVDDKVKSGDTMTVDI
DKNTVPSDLTDSFTIPKIKDNSGEITATGTYDNKNKQITYTEFTDYVDKYENIKAHLKLTSYIDKSK
VPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLOSMETNIDTKNHTVEQTIYINPLRYSAK
ETNVNISGNGDEGSTIIDDSTITRKVYKVGDNONLPDSNRIYDYSEYEDVTNDDYAQLGNNN

30
SEQ ID NO:65

SLAAVAADAPVAGTDITNQLTNVT
VGIDSGTTVYPHQAGYVKLNYGEFSVPNSAVKGDTFKITVPKELNLNGVTSTAKVPPIMAG
35 DOQVLANGVIDSDGNVIYTETDYVNTKDDVKATLTMPAYIDPENVKKTGNVTLATGIGSTT
ANKTVLVDYEKYGKEYNLSIKGTIDQIDKTNNTYRQTIYVNPSGDNVIAPVLTGNLKPNT
DSNALIDQONTSIKVYKVDNAADLSESYFVNPENFEDVTINSVNITEPNPNQYKVEEFNTPD
DOITTPYIVVVNGHIDPNSKGDLALRSTLYGYNSNIIWRSMSWDNEVAENNGSGSGDGID

KPVVPEQPDEPGEIEPIPE
40 xDKDHSAPNSRPIDFEMKKKDGTQQOFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKFEVYEGDKKLPIKL
VSYDTVKDYAYIRFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPIYNSADKEKT

SEQ ID NO:66
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15 SEQ I D NO 72 PTNEKMIDLQDTKYWYE SVENNE SMVDTFVKHP | KTGVLNCGKKYMVMVET
TNDDYWKDFMVEGQRVRT | SKDA 20 KNNTRT | | FPYVEGKTLYDAI VKVHVKT |
DYDGQYHVRVODBBARTIANTDKS x SLAVAEPVVNAADAKGT NVNDKVTASNFRCEKXPTHDBMIGCNT F
MAANFTVTDKVKSGDYFTAKLPDS LTGNGDVDYSNSNNTMP | AD | KS TNGDVWAKATYD |

LTKTWFV@I%WW%@g m NI ADEMENNKI TYNYS S P | AG |
DKPNGAN |y 2vp2r bicifs 2 MR cbis@XRI EE S
25 SCKVSA Tt b=t NI S SESPEY ADPNIRSNL W X ARKNRI DEMEINVAS d KFGD |

TKTYVVL VEGHYOINK SiMKT i1 c QaNBRVRNRDYIS bk IGARNENYYRYEBESARCDSA VN 30 SEQ | D
NO: 735 PTNEKMEDDQDFRYWANE S SMENXEA SMVETIFRVKERD HKN KTIGVE NGISYNVVE T

TNDDYVK DR EGTRVIGF. Y PN SRIDAK KNNPRTV PV [N R VEGRTEN DAY YROAAVKTS VN

DYDGQYHVREMRIKEARTHANTIIS <56 M AAPQRSEMAMBKYAHFSNb: 1 cAbs IKGANGT= FRKTERMATS S
DVLKLKA ﬁﬂ%%%%%%ﬁ@g&g%&g@ﬁ%%%Eﬁ%ﬂ%@?\"

| AKG@ YDSTTNTTTYTFTNYV AFAKRK

NATTDKTAYKMEVTLGNDTYSEEI | VDYGNKKAQPLI SSTNYI NNEDL SRNMTAYVNQPKNTYTKQ

TFVTRO TGREQRARANGIFI YEVTDQNQFVDSFTPDTSKLKDVTDQFDVI YSNDN 40 SEQ I D NO 74
PTNEKMIDLQDTKYWYE SVENNE SMVDTFVKHP | KTGVLNGKKYMVVET TNDDYWKDFMWEGQRVRT |

el |1 S TR BIBRIUBACH € 1B T HEBRUS G TS e
45 NPEDI KNPEDNKDPRNGER T PATAKISTANRE S ¥ TV T DVVERENSVENE KYS TENBADT |
PVSKNDVERRYT DK GNIKME VIKEN TAKS BE TQYPDYNKNERNS SB TEEARTEDDISHYGNKENEGYYR T |

YVNP3IENS TeVNAKEAQKPAHNE K SYPT WO 1200bEF 0 S5HRCRLEP2OIEY 6 Y3Hdan NN | GQ | NKDVTD

L{bq%%é%ﬁ#a%‘ﬁ%%%@%%s% LTSS b NG 7S DTRERMIDL OB RAANE
SVENNE SMVETFUVRER’ 1R F RTGVE NSRRYREAVET MAEGRRTETT SKDA KNNTRT ||

FPYVEGKTLYDAI VKVHVKT | DYDGQYHVRI VDKEAFTKANTDKS x FAVAQPAAVASNNVNDL |
TVTKQT | SEGIOHIDNGEAAHDGKD | EYDTEFT | DNKVKKGDTMI | NYDKNVI PS D

20
IAAVQPSSTEAKNVNDLITSNTTLTVVDADKNNKIVPAQDYLSLKSQITVDDKVKSGDYFTIKYSDTVQVYGL
NPEDIKNIGDIKDPNNGETIATAKHDTANNLITYTETDYVDRENSVOMGINYSIYMDADTIPVSKNDVEENVT
IGNTTTKTTANIQYPDYVVNEKNSIGSAFTETVSHVGNKENPGYYKQTIYVNPSENSLTNAKLKVQAYHSSYP
NNIGQINKDVTDIKIYQVPKGYTLNKGYDVNTKELTDVTNQYLOKITYGDNNSAVIDEGNADSAYVVMVNTKE

25 QYTNSESPTLVOMATLS STGNKSVSTGNALGETNNQSGGAGQE
xDKDHSAPNSRPIDFEMKKKDGTQQOFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKFEVYEGDKKLPIKL
VSYDTVKDYAYIRFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPIYNSADKEKT

SEQ ID NO:69
30
FAVAQPAAVASNNVNDLITVTKQTIKVGDGKDNVAAAHDGKDIEYDTEFTIDNKVKKGDTMTINYDKNVIPSD
LTDKNDPIDITDPSGEVIAKGTFDKATKQITYTFTDYVDKYEDIKARLTLYSYIDKQAVPNETSLNLTFATAG
KETSONVSVDYQDPMVHGDSNIQSIFTKLDENKQTIEQQIYVNPLKKTATNTKVDIAGSQVDDYGNIKLGNGS
TIIDONTEIKVYKVNPNQOLPOSNRIYDESQYEDVTSQFDNKKSESNNVATLDEGDINSAYITKVVSKYTPTS
35 DGELDIAQGTSMRTTDKYGYYNYAGYSNFIVTSNDTGGGDGTV
xDKDHSAPNSRPIDFEMKKKDGTQQOFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKFEVYEGDKKLPIKL
VSYDTVKDYAYIRFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPIYNSADKEKT

SEQ ID NO:70

40
VIVNQLAAEQGSNVNHLIRKVTDQSITEGYDDSEGVIKAHDAENLIYDVTFEVDDKVKSGDTMTVDI
DKNTVPSDLTDSFTIPKIKDNSGEITATGTYDNKNKQITYTEFTDYVDKYENIKAHLKLTSYIDKSK
VPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLOSMETNIDTKNHTVEQTIYINPLRYSAK
ETNVNISGNGDEGSTIIDDSTIIKVYKVGDNOQNLPDSNRIYDYSEYEDVTNDDYAQLGNNN
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10 LTDKNDP | D | TDPSGEVI AKGTFDKATKQ | TYTFTDYVDKYED | KARLTLY SY |

DKQAVPNET S LNLTFATAG KET SQNVSVDYQDPMVHGDSN | QS | FTKLDENKQT | EQQ |

YVNPLKKTATNEEMD 15AGSQVDDYCN | KLGNGS Tl | DONTE | KVYKVNPRO@PRGBNRI314

YDFSQYEDVT SQFDNKKS FSNNVAT LDFGD | NSAY | | KWSKYT PT S

DGEL DI AQGTSMRTTDKYGYYNYAGYSNFI VTSNDTGGGDGTV 15 SEQ | D NO 76

PTNEKMT DEOETHOPMAE ISVENNEP SNMYD T ARER 12 RKTAVSREKIV VRS R TNBB Y WKBERVEGORVRT |

SKDA KNNTRID VKDY ERYYEGTE YDAIIVEMHVKTkH EDYDEQYFMRIIVDKEAFTKANTDKS X 20

VTVNQLAAEQGSNVNHL | KVT DQS | TEGYDDSEGVI KAHDAENLI YDVTFEVDDKVKSGDTMIVDI

DKNTVPS FT~l,PK KDNSGE | | ATGTYDNKNKQ | TYT FT DYVDKYENI KAHLKLT SY |
SR 3

DKSK VPN LS SVNKT | TVEYQ?PNENRTANLQSI\/FTNI DTKNHTVEQT
| YI NPERYSAK ETNVNI SGNGDEGST | DDST |
| KVYKV! W@W%‘?@@?E@Wﬂﬁ @\W@G% SE W“@TR@DF’?’K@WWBA%D I

TNQ_TNVT NTRPKELNLNGVTSTAKVPPI MAG

AT Aq%? i i%ﬁﬁ%?%‘?@ RSN AVLTGULKPNT DSA
ANKTYHVD YN it n'o (e LTGNLKPNT DSNAL
| DQQNT Sk RN KYENAAD S SHYRRENSERENSMN sk FRNPNQYKYERNTPD DQ |

TTPYI vwmm&&mm&smmw&wwm&wwm&ﬁm@@@m D KPVWPEQPDEPGE
|E P | PBO35rrPTNENTDLGBTKYVYE YSVENNE  SHMDPRVKERN 6 AEEMINGKKYM/NET
TNDDYVKDRMAEGQRVIRE sk £ SR AKNNTRT | | FPYVEGKTL YDAl VKVHVKT |

DYDGQYHVRI VDKEAFTKANT DKS SEQ | D NO: 78 40

SLAVAEPVWNAADAKGTNVNDKVTASNFKL EKTTFDPNQSGNTF  MAANFTVTDKVKSGDYFTAKLPDS
LTGNGDVDYSNSNNTMP | AD | KS TNGDWAKATYD | LTKTYTEVFTDYVNNKENI NGQFS
LPLFTDRAISEG$DINOA NI ADEVENNKI TYNYS S P IAG | DKPNGAN | S SQ | |
GVDTASGQNTYKQTVFVNPKQRVLGNTWY | KGYQDKI EE S

SGKVSAT DByt Mo VN kSR STOSYMAT IRMNRSNE KENTTRRRINR XEINPINAGK b KeBh T skpa
TKTYZUL VEGHYDNT GNIEKT Quip2 QENVDRYIENREYSvE T RGANNEMIWRYGGGSADGDSAVN WO

2011/ 015584 REHVER2020¢ 061344 A% PIINEKNTDEQDTHRYYVYESVENNESMVDTFVKHP |

KT GVL NGKKEMUVE T 7K FDRNARBF NAECGRVIRPY $ N SSK D! PRRRRTIT GPVYAKEPYMEGKTL YDAl VKVHVKT
I DYEK}jprﬁgXﬂ@KE&QﬁVﬁ%@@ﬁIﬁﬁgf%;EE%?QBAKKEK?QTYDANINIADEMFNNKITYNYS

SPIAGIDKPNGANISSQIIGVDTASGONTYKQTVEVNPKORVLGNTWVYIKGYQDKIEES
25 SGKVSATDTKLRIFEVNDTSKLSDSYYADPNDSNLKEVTDQEFKNRIYYEHPNVASIKEGD
ITKTYVVLVEGHYDNTGKNLKTQVIQENVDPVTNRDYSIFGWNNENVVRYGGGSADGDSA

VN

30 SEQID NO:73

PTNEKMTDLQODTKYVVYESVENNESMMDTEFVKHPIKTGMLNGKKYMVMETTNDDYWKDEMVEGQRVRTISKDA
KNNTRTIIFPYVEGKTLYDAIVKVHVKTIDYDGQYHVRIVDKEAFTKANTDKSX
VAAPQOGTNVNDKVHESNIDIATIDKGHVNQTTGKTEFWATSSDVLKLKANYTIDDSVKEGDTETEFK
35 YGOYFRPGSVRLPSQTONLYNAQGNITAKGIYDSTTNTTTYTEFTNYVDQYTNVRGSFEQVAFAKRK
NATTDKTAYKMEVTLGNDTYSEETITIVDYGNKKAQPLISSTNYINNEDLSRNMTAYVNQPKNTYTKQ
TEVINLTGYKENPNAKNFKIYEVTDONQEFVDSETPDTSKLKDVTDQEFDVIYSNDN

40 SEQID NO:74

PTNEKMTDLODTKYVVYESVENNESMMDTEFVKHPIKTGMLNGKKYMVMETTNDDYWKDEMVEGQRVRTISKDA
KNNTRTITFPYVEGKTLYDAIVKVHVKTIDYDGQYHVRIVDKEAFTKANTDKSx
IAAVQPSSTEAKNVNDLITSNTTLTVVDADKNNKIVPAQDYLSLKSQITVDDKVKSGDYFTIKYSDTVQVYGL
45 NPEDIKNIGDIKDPNNGETIATAKHDTANNLITYTETDYVDRENSVOMGINYSIYMDADTIPVSKNDVEENVT
IGNTTTKTTANIQYPDYVVNEKNSIGSAFTETVSHVGNKENPGYYKQTIYVNPSENSLTNAKLKVQAYHSSYP

55



5 VAAPQQGTNVNDKVHFSNI DI Al DKGHVNQTTGKTEFWATS SDVLKLKANYT | DDSVKE GDT FT
FK YGQYFRPGSVRLPSQTQNLYNAQGNI | AKG YDS T TNT T TYT FTNYVDQYTNVRGS
FEQVAFAKRKONAT /0TSPKTAYKVEVTLGNDTYSEE | | VDYGNKKAQPL | SBCT/EP2010/061314

TNY! NNEDL SRNMTAYVNQPKNTYTKQ T FVTNLT GYKFNPNAKNFK | YEVT DQNQFVDS FT P DT
SKLKDVTDQFDVI YSNDN 10 x PTNEKMIDLQDTKYWWYE SVENNE SMVDTEVKHP |

KT GVL NGKRY WEAVETL T NDEYVRBE RAVEGORR T TIE ISROT KINRIF R CPNY S AP ANGR T Y TRV NAHVKT |
DYDGQYHVRI VDKEAETIANTL DKENSEQTHID INOTBRsEEAAAVOPS S TEAKNVNDL | T SNT
TLTVVDADKNNKI VPAQDYLSLKSQ | TVDDKVKSGDYFT | KYSDTVQVYGL NPEDI KNI GDI KDPNNGET
| ATAKHDTANNL | TYTFTDYVDRENSVOVG NYS | YMDADT | PVSKNDVEFNVT | GNT T TKT TAN
| QUPDYVWNEKNS | GSAFTETVSHVGNKENPGYYKQT | YVNPSENS LTNAKLKVQAYHS SYP NN |
&0 | NRDVIEQ IRINQB K GY TLNKGYDVNTKEL TDVTNQYLQKI  TYGDNNSAVI DEGNADSAYVWMNTKE
QYTNSESPTLVQVATL SSTGNKSVSTGNAL GFTNNQSGGAGOE 20 x PTNEKMTDLQDTKYWYE SVENNE

EI\PAYV\[;EE\?FHBNEKM@MMM sTNBENVEDRMYECKIRVIR Fode ﬁ@y@%ﬁil\lho{ﬁs&lr@lz\m& ISKDA
FAVAGPAATRENKVNL | T UTROT 1 R RV ARAADCRDY T BIOTEET | DAKYRKGDTMI

| NYDKNVI FPS 2R TEIRNDID |+ TR E A DRSSP ARG E BRI REP TE T YR ETBYSAORY ED IARLALY SY |
DKQAYPNE T SkNIET FATASS KEEK SNV S VRXODPVVHEDS! DI K Q8. TIL ¥ KK DENKETS INLEQQAG
YVNPLKKTAENI SNy b ACSEMARYEN I 1 ik CaNo0 Tl ob 1 EXGINTEx K HVINESN I PEEBNRL GG s

%ﬁ%ﬁi&ﬁé@%%@&@ﬁ%&%@%%ﬁ%&é@%%@ﬂ%%& e

SMVDTFVKHE® 1P RPE REKRYIAWIET T REDYWKDETECSORVRT | SKD AKNNTRT |
FPYVEGKTLYDAI VKVHVKT | DYDGQYHVRI VDKEAFTKANT DKS SEQ | D NO: 82 35
VTVN@SAAEQGSNVNHL | KVT DQS | TE GY DDSE GVI KAHDAENL | YDVT
FEVDDKVK%IYQ\@.S@(NTVPS DL T DS FT | PK IKDNS GE | | ATGTYDNKNKQ | TYT FT
DYVDKYENI DKSK VPNNNTKLDVEYKTALS SVNKT | TVEYQRPNENRTANLQSMFTNI
DTKNHTVEQT | Y | NPLRYSAK ETNVNI SGNGDEGST | | DDST | | KVYKVGDNQNLP DSNRI Y
DY SEYE DVENDDYAQUGXNN BePTINEKNTDLQRT KUY R CBYENNE T SNVDTRMIGHRGORVR T I SKDA

KT GVL NGKKIVMME T NP VKR MAEGRVI Db o IR Aok rAKNNTIRDkd x |

0117015801 ST EBSO1B) G681 507 STOUSOAT. SO KPOVORDES SRS 5T

KONNKY Y F TV NRAS- TRARE YRE YR ARNGEL ATC TP RBRRR ABT R 1 NVAVER BGYKS 47 DRRYH
I VWPQ | NYNNRNTKITINEERERAB S PTLADAAKQ R DRDHSARNSRIZE TN DEEMRKIKDGT QURNHRASAK
SVKPARVI ETRSIPE:1k: fEleGk Q1 SORRMRKREVYB G sR b v Ky B SYREMKDYAY nhy
RFSVSNGTKAVKI VS S THFNNKEEKYDYTLMEFAQP | YNSADKFKTEEDYKAEKLLAPYKKA
KTLERQVYELNKI QDKL PEKLKAEYKKKLEDTKKALDEQVKSAI TEFONVQ PTNEKMIDLQDTKYVVYE
SVENZ28E SMVDTFVKHP | KTGVLNGKKYM/NET TNDDYWKDFMWVEGQRVRT | SKDAKNNTRT | |
FPYVEGKTISERAIID NOHRKT | DYDGQYHVRI VDKEAFTKANTDKS 10 SEQ | D NG 84
DKDHSAPNSRP | DFEMKKKDGTQQFYHYAS SVKPARVI FTDSKPE | ELG.Q SGOFVRKFEVYEGDKKL
Pl KLV SLAAVAADAPVAGTDITNQLTNVT
VGIDSGTTVYPHQAGYVKLNYGFSVPNSAVKGDTFKITVPKELNLNGVTSTAKVPPIMAG
30 DOVLANGVIDSDGNVIYTEFTDYVNTKDDVKATLTMPAYIDPENVKKTGNVTLATGIGSTT
ANKTVLVDYEKYGKFYNLSIKGTIDQIDKTNNTYRQTIYVNPSGDNVIAPVLTGNLKPNT
DSNALIDQONTSIKVYKVDNAADLSESYFVNPENFEDVTNSVNITEPNPNQYKVEENTPD
DOITTPYIVVVNGHIDPNSKGDLALRSTLYGYNSNIIWRSMSWDNEVAEFNNGSGSGDGID

KPVVPEQPDEPGEIEPIPE
35 XPTNEKMTDLODTKYVVYESVENNESMMDTEVKHPIKTGMLNGKKYMVMET TNDDYWKDEMVEGQRVRTISKD
AKNNTRTITFPYVEGKTLYDAIVKVHVKTIDYDGQYHVRIVDKEAFTKANTDKS

SEQ ID NO:78

40 SLAVAEPVVNAADAKGTNVNDKVTASNEFKLEKTTEFDPNQSGNTE
MAANFTVTDKVKSGDYFTAKLPDSLTGNGDVDYSNSNNTMPIADIKSTNGDVVAKATYDI
LTKTYTEFVFTDYVNNKENINGQFSLPLFTDRAKAPKSGTYDANINIADEMENNKITYNY S
SPIAGIDKPNGANISSQIIGVDTASGONTYKQTVEVNPKORVLGNTWVYIKGYQDKIEES
SGKVSATDTKLRIFEVNDTSKLSDSYYADPNDSNLKEVTDQEFKNRIYYEHPNVASIKEGD

45 ITKTYVVLVEGHYDNTGKNLKTQVIQENVDPVTNRDYSIFGWNNENVVRYGGGSADGDSAVN
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SYDTVKDYAY | RFSVSNGTKAVKI VS S THFNNKEEKYDYTLMEFAQP |
YNSADKFKTEEDYKAEKLLAPYKKA 15 KTLERQVYELNKI QDKLPEKLKAEYKKKLEDTKKALDEQVKSAI
TEFQNVQ PYORKMIDEXIDTKYVVYE SVEN NE SMVDTFVKHP | KTGVLNGRKYMPRE /061314
TNDDYWKDFMVEGQRVRT | SKDAKNNTRT | | FPYVEGKTLYDAI V KVHVKT |

DYDGQYHVRI VDKEAFTKANTDKS xS TQVSQAT SQPI NFQVQKDGS SEKSHVDDYMHPCKVI
KQNNKYYFOT VRINASE FAOAKEVRIE Y KARRCEL AT Vi H RAIBIIRIRADTRTE F NVAVE PEYRSAVRT T3%WH

| WPQ | NYNHRRE 1 TiivEEEKAlY DRTIRABNAK D2 0 SEQR I DKNEF BENTDKS

DQTKTQTAHT VKT AQT AQEQNKVQT PVKDVAT AKSESNNQAVSDNKSQQTNKVTKHNETPKQASKAKEL PKTG
LT SVDNF §F|:§ @WA/&ALLGSLSLLLFKRKESK 25 SEQ I D NO 86 MKKKDGTQQFYHYAS
SVKPARVI GLQSCFWRKFEVYECDKKL P | KLVSYDTVKDYAY | RFSV
SNGTKAVKI VS S THFNNKEEKYDYTLMEFAQP | YNSADKFKTEEDYKAEKL

L APYKKAKT2ERQMYEINNKIK vEBDS KL P EKI KAE YKEKE EDTERKAL DEQVMKSAIANY TIDDSVKEGDTFTFK

TEFONVOPTINE KM EL SRHICX WYY T o VENNE 1 2MYPIEMSHR v #1188, 00 Y TNVRG S FEQVAFAKRK

%Lﬁéﬁﬁ%%&%ﬁ @% g RORRIDITRT rhy b DR RV NS !

DQTKTQT AHTFVRIFREST AEEENRGT SESNNGAFS BN RNV TR ANET PKQASKAKEL PKTG
35 LT0 SVRNENEKMSD TOMARATEAL L GBESHl FKRKESKEM MEKKDETOORYHYAS rSVERARYI FSHDSKPE |

EL G QSCORMRNTEY YEGERIKr 1R b i MoV DYKEXAY R ty IREDMIGNETKAVKI VS S
THFENNKEEKYDYTLMVEFAQP | YNSADKFKTEEDYKAEKL LAPYKKAKTLERQVYELNKI QD

KL PEKL KAEYKKKL EDTKKAL DEQVKSAI  TEFQN\VQPTNEKMTDLQDTKYWWYE SVENNE SMVDTFVKHP |
KT GVMLNGIERNRNPNSOYWKDFMVEGQRVRT | SKDAKNNTRT || FPYVEGKTLYDAI VKVHVKT |
DYDGQYHV 40 Rl VDKEAFTKAHTD SEQ | D NO: 88 WO 2011/ 015591PCT/ EP2010/ 061314

VKKKBET Q@EX@@%&ﬁ%ﬁ%ﬁ}ﬂTEM%@&DADK%%%\AB@ME%&D&leKﬂﬂ\f%’%\ﬁKDYAY
| RFSV SN VK] Vﬁ]@? THFENNKEEKYDYTL ADKFKTEEDY

LAPYKKAKT] 5 "KE PEKCKAEYKK FE%WN%&% SRR havesve
TEFW@?W@PKWEE@WNWT@WWGWWIYVNPSENSLTNAKLKVQAYHSSYP
GVLNGKKY MyMEIT FNDDYOAK DRMYE GORMRT Y v NSKIDAKNRIIR Lok 1 T IEPNNAZGKT £ K RAE ASNVMVIKTK F

DYDGQYHV o i ePKEAI ] KA BNk s 7S TGNAT.GFTNNOS GGAGOE

GT OO STORKATEAL LGSl ST RAKEER SE0 | DNG. 80 1L oo LEmIRk i P

DQTKTQT ATV FAGTACEENKVOPPVKDV AT ARSESNNQAVSIHRKSOET N T KHNETPKQASKAKEL PKTG
LT SVDNF | STVAFATLALLGSLSLLLFKRKESKXx

SEQ ID NO:81

25 FAVAQPAAVASNNVNDLITVTKQTIKVGDGKDNVAAAHDGKDIEYDTEFTIDNKVKKGDTMTINYDKNVIPSD
LTDKNDPIDITDPSGEVIAKGTFDKATKQITYTFTDYVDKYEDIKARLTLYSYIDKQAVPNETSLNLTFATAG
KETSONVSVDYQDPMVHGDSNIQSIFTKLDENKQTIEQQIYVNPLKKTATNTKVDIAGSQVDDYGNIKLGNGS
TIIDONTEIKVYKVNPNQOLPOSNRIYDESQYEDVTSQFDNKKSESNNVATLDEGDINSAYITKVVSKYTPTS
DGELDIAQGTSMRTTDKYGYYNYAGYSNFIVTSNDTGGGDGTV

30 XPTNEKMTDLODTKYVVYESVENNESMMDTEVKHPIKTGMLNGKKYMVMET TNDDYWKDEMVEGQRVRTISKD
AKNNTRTITFPYVEGKTLYDAIVKVHVKTIDYDGQYHVRIVDKEAFTKANTDKS

SEQ ID NO:82

35 VIVNQLAAEQGSNVNHLIRKVTDQSITEGYDDSEGVIKAHDAENLIYDVTFEVDDKVKSGDTMTVDI
DKNTVPSDLTDSFTIPKIKDNSGEITATGTYDNKNKQITYTEFTDYVDKYENIKAHLKLTSYIDKSK
VPNNNTKLDVEYKTALSSVNKTITVEYQRPNENRTANLOSMETNIDTKNHTVEQTIYINPLRYSAK
ETNVNISGNGDEGSTIIDDSTITRKVYKVGDNONLPDSNRIYDYSEYEDVTNDDYAQLGNNN
xPTNEKMTDLODTKYVVYESVENNESMMDTEVKHPIKTGMLNGKKYMVMET TNDDYWKDEFMVEGQRVRTISKD

40 AKNNTRTIIFPYVEGKTLYDAIVKVHVKTIDYDGQYHVRIVDKEAFTKANTDKS

SEQ ID NO:83
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MKKKDGTQQFYHYAS SVKPARVI FTDSKPE | ELGLQSCQOFWRKFEVYEGDKKL P | KLVSYDTVKDYAY
| RFSV SNGTKAVKI VS S THFNNKEEKYDYTLMEFAQP | YNSADKFKTEEDYKAEKL
LAPYKKAKTWBROMYEENKI QD KLPEKLKAEYKKKLEDTKKALDEQVKSAI  PCT/EP2010/061314
TEFQNVQPTNEKMIDLQDTKYVWVWYE SVENNE SMVDTFVKHP | KT 15

GVLNGKKYMVMET TNDDYWKDFMWVEGQRVRT | SKDAKNNTRT | | FPYVEGKTLYDAI VKVHVKT |
DYDGQYHV RI VDKEAFTKANTD SEQ I D NO 90 20 MKKKDGTQQFYHYAS SVKPARVI FTDSKPE

EL GL QSGEWERKFEEVYEGDKEOKPG b S B WYY MIKEBEAY K ONNRFF SRO TSINBTACAVKE WS YBANNQELATTV

THFNNKEEK Y BN MERAQR A1 £ pENSARKEKT EERY KARKR v tAPY KKAKT LEROVYELNKI - QD
KLPEKLKAEYKKKLEDTKKALDEQOVKSAI  TEF TNEKMIDLODTKYVWYE_  SVENNE SMVDTFVKHP
BRI e AL

KT GVLNGKK DAKNNT EYORAVKVEVKT |
DYEK}j?F“/SRPQH&QEﬁxfﬂEANﬁﬁ§T§5VKIVSSTHFNNKEEKYDYTLMEFAQPIYNSADKFKTEEDYKAEKLLAPYKKA

x DQT KT QT AtTRACTACTAQE QNI QTR BN EAKSESNNQA SDNKS QT MOYRKHNET PIKOASKAKEL PKT

CJ:T S“AJV%EEMﬁ%E¥€%%§Ek@%ﬁﬁ§§ké%ﬂﬁ&g*%ﬂﬁg§w%ﬁ§§§£%g%%&g%é%%AKNNTRTIIFPYVEGKTLYDAIV
DQTKTQTAI—FI'VKTAgI’%g\IKI\\/gFE’VKDVATAKSESNNQAV KSQQTNKVTKHNETPKQASKAKEL PKTG
30 LT SVOREGTIST TEAPEESIEEI TFRRKESKX  MKKKDGTQQFYHYAS SVKPARVI FTDSKPE |

ELGLQSCGOFWRKFEVYEGDKKL P | KLVSYDTVKDYAY | RFSV SNGTKAVKI VS S
THFNMEEEKYDYTLMEFAQP | YNSADKEKTX PTNEKMIDLQDTKYWYE SVENNE SMVDTF VKHP
KTGVLNKIGEW NS NONPYVKDFMWEGRVRT | SKDAKNNTRT | | FPYVEGKTLYDAI VKVHVKT | D
YDGQYHVRI VDKEAFTKAHTD 35 SEQ I D NO 92 MKKKDGTQQFYHYAS SVKPARVI FTDSKPE
ELGLQSCOFWRKFEVYEGDKKL P | KLVSYDTVKDYAY | RFSV SNGTKAVKI VS S
THFNNKEERYBPY-HENEFAOPENKRYRSAIOKEKBE Y NEKGVIF LG T RYANFYES SVFERINE VEMATTEE - WKHP |
KTGVLNGKKY MWMET 2 TINBEY WKIDEMEGQRUE TN K E SSKDAKINNFEIP 1y vk A TP YYEGK KR MDAR WIAMAVKT | D

YEK}?YE“””KYEE%%%E%égiéégkLPEKLKAEYKKKLEDTKKALDE VKSAITE%?NV PTNEKMTDH%%TKYVVYESVEN

x DQTKTQTAHTVKTAQT A %IKV PVKDVAT AKSESNNOAVSDNK NKVTKHN PK(%ASKAKELPKT
GLT SVDNESP"STAFATEALLCSESIIEEKRRESK D 20T 17 015591 PET EP20101"061814 SEQ
| D NO 93 KVHVKTIDYDGQYHVRIVDKEAFTKANTDKS

DQT KT QT AHE WS IsAGIT A CNFMEID BAAURY ATAK SES QAN SINKS QDT NN BKIiNEY KPKQAGKAKEITPKTG

LT SVDNF o SEVAEATLALAFSL Phds L KRGS K 1 MIKHBGT QR YENAS, SVKPARVI FTDSKPE |
ELGLOSGQFVRKFEVYEGDKKL P 1 KLVSYDTVKDYAY | RFSV SNGTKAVKI VS S

THFNNKEEKYDYTLMEFACP | YNSADKEKTX PTNEKMIDLQDTKYWYE SVENNE SMVDTF VKHP
KTGVLNGKISBRNBIN@NSDYWKDFM/EGORVRT | SKDAKNNTRT | | FPYVEGKTLYDAI VKVHVKT | D
YDGQYHVRIDYDKEARTKANEDr 203 ONKVOT PVKDVATAKSESNNQAVS DNKSQQTNKVTKHNET PKOASKAKELPKTG

LTSVDNFISTVAFATLALLGSLSLLLEFKRKESK

25 SEQID NO:86

MKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKEFEVYEGDKKLPIKLVSYDTVKDYAYIRESV
SNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPIYNSADKFKTEEDYKAEKLLAPYKKAKTLERQVYELNKIQD
KLPEKLKAEYKKKLEDTKKALDEQVKSAITEFONVQPTNEKMTDLODTKYVVYESVENNESMMDTEFVKHPIKT

30 GMLNGKKYMVMETTNDDYWKDFMVEGQORVRTISKDAKNNTRTIIFPYVEGKTLYDAIVKVHVKTIDYDGQYHV
RIVDKEAFTKANTD

SEQ ID NO:87

DOTKTQTAHTVKTAQTAQEQNKVQTPVKDVATAKSESNNQAVSDNKSQQTNKVTKHNETPKQASKAKELPKTG
35 LTSVDNFISTVAFATLALLGSLSLLLFKRKESKx

MKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGOFWRKFEVYEGDKKLPIKLVSYDTVKDYAYIRFSV

SNGTKAVKIVSSTHFNNKEEKYDYTLMEFAQPIYNSADKFKTEEDYKAEKLLAPYKKAKTLERQVYELNKIQD

KLPEKLKAEYKKKLEDTKKALDEQVKSAITEFONVQPTNEKMTDLODTKYVVYESVENNESMMDTEVKHPIKT

GMLNGKKYMVMETTNDDYWKDFMVEGQRVRT I SKDAKNNTRTIIFPYVEGKTLYDAIVKVHVKTIDYDGQYHV
40  RIVDKEAFTKAHTD

SEQ ID NO:88
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SEQ | D NO 94 MKKKDGTQQFYHYAS SVKPARVI FTDSKPE | ELG-QSGOFWRKFEVYEGDKKL P |
KLVSYDTVKDYAY | RFSV SNGTKAVKI VS S THFNNKEEKYDYTLMEFAQP |

YNSADKEKTWO BNEKIVEDIL QDTKYVWYE SVENNE SMVDTF VKHP | KTGWL RGREEPRANEG1314
TNDDYWKDFMWVEGQRVRT | SKDAKNNTRT | | FPYVEGKTLYDAI VKVHVKT | D 15

YDGQYHVRI VDKEAFTKANTD

x DQTKT QT AFFRACE AT ACECNKVERT PVRBYATFAR SESNNEAVSONKS GO NIV T KHNE T PRGASKAKEL PKT
GLT SVDNENETSTYAFRSTEANKEEK ST FRRIGE SKI s20 K SHEEE b DX ANGL 05 YREQOVRRAVEATNATNNGQS

TQVS QAT Skl kh NFEVOKEXER 2 SES VDR MANRGME NN @Fy £ s VENNE SMMDTEVKHPTKT

THLEFEKAL BT L ADAARGES TREHEAPRSHP | 5 EMKKIDCT OOF VVRSSUKBARM £ T BkPE. |

EL GL QRGOEWRKEEVYESDKKLP | KLVSYDTVKDYAY | RFSVSNGTKAVKI VS STHFNNKEEKYDY 25
TLMVEFAQ RDRTRINSADKERAQ BIRDAVZTRIDQ VST X SSYMSNUT NTHDSRONITK STE T PRISNINOPIKTTNVEQP
AQPKS STNADQAT F SERAHETINSNGNINDKINESS SNQS  DVNQQYPPADESLQDAI KNPAI | PTNEKM
TDLQDTKYWYESVENNESMVDT FVKH P | KT GVLNGKKYMVME T TNDDYWKDFMVEGQRVRT | SKD
AKNNTRT YDAl VKVHVKT | DYDGQYHVRI VDKEAFTKANT DKS 30 SEQ | D NO 96
DSQQ\/NAA TQVS QAT S QP | NFQVQKDGS SEKSHVDDYMOHPGKVI KQNNKYYFQT

VL NNASFWRE YKIRE RARNORER X POVARINR KA FRAK  E SNV DICIRSN KV KERE A KRS APGEL PIIENHRY T
THLEFEMILTWDNEAM@TNDAVWND@K}S&VASNQFWW SNONI S T | NNANNQPQATTNVBQPA

QPKSS TN&Q@&%@ EAR%%IBMI&%WADTWQ@M 35

NSRP | VKPARVI FT DSKPE VRKFEVYEGDKKL P |
KLV SYDTURBVAY %ﬁ‘f@m R Ao %ﬁm&&%ﬁﬁ% AR Cas. P
TNEKM TDEECEHORAESYENNESMVETT X FAAGHF P QPRIFE RS NEKIKY KAV V FN NENHIOVARBERAVEGORVRT
| SKD5 AKNNTIRIK Kl kv iERYNEGKT D MDAGYRANKAD AN DYDEQY MR Y DIKBAFTHANTT DKSca0vSEQ | D
NO 97 DSQRVYNAATEATNATNNGS TQVS QAT S QP | NFQVQKDGS

SEKSHVDDYMOHPGKVI KQNNKYYFQT VL NNASFWKEYKFYNANNQELATTVVNDNKKADTRT | NVAVE
PGYKS LT TKVH | WPQ | NYNHRYT WD 2011/ 015591PCT/ EP2010/ 061314 THLEFEKAI PT
LADAAKGS GGS DKDHSAPNSRP | DFEMKKKDGTQQFYHYAS SVKPARVI FT DSKP

El ELGL SGHFQRRMNOGOCDKKLPI KLVSYDTVKDYAY! RFSVSNGTKAVKI VS STHFNNKEEKY DYT
LVEFAQP  ux iNSADKIFKITKE §555 » RINEK ML QET O MG Y EENNE SMM TR MRk Kl N s v

CKKYMMEL] WMEDYITLI§Eﬁg%m&FéTEIED?IPWELA%E%XIQAEW@NL%DY%

5 YHVRI VDK FTKANTDKS SE

T | AR N S FR AN S A R T FRIRIGEG DT VRH LAY

SNQSDVNQOYPIRADBESY MEDAN KNFAPENVEGIYY RIQ IV Y BEXLPCTYVERPRULOAOGIZY 4T TYAFNMEV
RIVDKEAFTKANTD

25 XDOTKTQTAHTVKTAQTAQEQNKVQTPVKDVATAKSESNNQAVSDNKSQOTNKVTKHNET PKOASKAKELPKT
GLTSVDNFISTVAFATLALLGSLSLLLFKRKESK

SEQ ID NO:91
DOTKTQTAHTVKTAQTAQEQONKVQTPVKDVATAKSESNNQAVSDNKSQQOTNKVTKHNETPKQASKAKELPKTG

30 LTSVDNFISTVAFATLALLGSLSLLLEFKRKESKxX
MKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKEFEVYEGDKKLPIKLVSYDTVKDYAYIRESV
SNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPIYNSADKFKTXPTNEKMTDLODTKYVVYESVENNESMMDTE
VKHPIKTGMLNGKKYMVMETTNDDYWKDEFMVEGQRVRTISKDAKNNTRTITFPYVEGKTLYDAIVKVHVKTID
YDGQYHVRIVDKEAFTKAHTD

35

SEQ ID NO:92
MKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKEFEVYEGDKKLPIKLVSYDTVKDYAYIRESV
SNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPIYNSADKFKTXPTNEKMTDLODTKYVVYESVENNESMMDTE

40 VKHPIKTGMLNGKKYMVMETTNDDYWKDEFMVEGQRVRTISKDAKNNTRTITFPYVEGKTLYDAIVKVHVKTID
YDGQYHVRIVDKEAFTKAHTD
XDOTKTQTAHTVKTAQTAQEQNKVQTPVKDVATAKSESNNQAVSDNKSQOTNKVTKHNET PKOASKAKELPKT
GLTSVDNFISTVAFATLALLGSLSLLLFKRKESK
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1. An i mrunogeni c conposition conprising a fragnment of a staphyl ococcal | sd
protein which conprises a NEAT domain. 5 2. The i nmunogeni ¢ conposition of

claim1l wNereiwnisise st aphyl ococcal |sd protein is from 8caprgéionestus

aur eus. 3. The i mmunogeni c conposition of claiml1l or 2 wherein the
st aphyl ococcal |sd 10protein is selected fromthe group consisting of |sdA
| sdB, IsdH and |sdC. 4. The i nmunogeni ¢ conposition of claim3 wherein the

fragment SEQADNQ@EB3/| ococcal |sd protein is amino acids 58-188 of |sdA

155. The poRFRyIQgeniTaoeAFpast driporyaira 6drinid S swhed Rirfkt eyt Fag ARk r 0Pk
st aphyl O%QQ%FIEMFRE%L%I Lélﬁ.L%@gK ci ds140- 269 of |sdB. 6. The

|mmn8gen| C conposit wherein the fragnent of a Aghﬁ/l ococcal
| sd pPot eFRFRE? ?ﬁHﬁFéS%\Yﬁ%&"@?‘?sﬁ%EB?LQS&@“RKEBV%EGD W T MTo g @?ﬁ

conposi t |SﬁﬁTWKéV%TﬁFWHEﬁéY@ﬁTﬁMIﬂW@PﬁYP@@%FKTX@EN%WDWW@G@@@@NNEISMUDE otein
i s am no vagrdeclitisr40@neh risdBroopEsonalrt yriavimg ramwecreivds r268v33h

del eted %G§%§%AF%@%TDThe i mmunogeni ¢ conposition of claim6 or 7
wherein at Teast part, optionally all, of the N-term nal NEAT domain of

| sdB éam no acids 140-269) is not present. 9. The i mmunogeni ¢ conposition
of cl8im 3 wherein the fragment of a staphyl ococcal |sd protein is anino
aci ds 23-SEQ IDrN@®4154 of |sdC. 30 10. The i nmmunogeni ¢ conposition of claim

3 wher ei Rkhesr bﬁﬂﬁ%vﬁﬁR@IE%%@MEQ@%%@MEJK%QV@G@R@&KL§S@%MAYIRFSV
aCI dS]'Ol 2§ Q]KIV S E{FN KEEKY]%YTL%E]TAOQPIYNS%P glgﬁJP%g&MT D%W\?\?Y IQNNE lt/IMDC!éFaI m 3

wherei n the cocca TS Al Cl
341-471 éﬁKHlf’%ﬁﬂMLWKYWTFWWB@@W%Q%V@%%AWWT&F F%W&Wfﬁlﬁ]?%‘ézrvéi’ﬁ tPthe
f ragrient yotowvstapinygkococoal | sd protein is am no acids 539-664 of |sdH
?013- TP%Dbfﬂﬂdﬁ@}gﬁﬁ_ﬂdf ﬁQ@@_@Q@@jQ&‘bWbV@&AWN@A@tSQIfIKS@b?—ﬂ.HgE‘é}ﬂLN%T%K@At _lﬁdt A@%ﬂPktThe
ragmen aving at | eas oidentity to an
ami no aci @g%%géﬁfygeg%%;gi%ﬁ%%%%/ EP2010/ 061314 sel ected fromthe
group consisting of SEQID NGO 2, 3,4, 5, 7, 8, 9, 10, 11, 12, 13, 15, 17,
18 and 19, or an imunogenic fragnent thereof.

20 SEQID NO:95

DSQQVNAATEATNATNNQSTQVSQATSQPINEFQVOKDGS SEKSHMDDYMOHPGKVIKONNKYYEFQT
VLNNASFWKEYKFYNANNQELATTVVNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYT
THLEFEKAIPTLADAAKGGSDKDHSAPNSRPIDFEMKKKDGTQQFYHYASSVKPARVIEFTDSKPEI
ELGLOSGQFWRKFEVYEGDKKLPIKLVSYDTVKDYAYIREFSVSNGTKAVKIVSSTHENNKEEKYDY
25 TLMEFAQPIYNSADKEKTDTNDAVVTNDQSSSVASNQTNTNTSNONISTINNANNQPQATTNMSQP
AQPKSSTNADQASSQPAHETNSNGNTNDKTNESSNQSDVNQQYPPADESLODATIKNPAITPTNEKM
TDLODTKYVVYESVENNESMMDTEVKHPIKTGMLNGKKYMVMETTNDDYWKDEMVEGQRVRTISKD
AKNNTRTIIFPYVEGKTLYDATVKVHVKTIDYDGQYHVRIVDKEAFTKANTDKS

30 SEQ ID NO:96
DSQQVNAATEATNATNNQSTQVSQATSQPINEFQVOKDGS SEKSHMDDYMOHPGKVIKONNKYYEFQT
VLNNASFWKEYKFYNANNQELATTVVNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYT
THLEFEKAIPTLADAAKDTNDAVVTNDQSSSVASNQTNTNTSNONISTINNANNQPQATTNMSQPA
QPKSSTNADQASSQPAHETNSNGNTNDKTNESSNQSDVNQQYPPADESLOQDATKNPATITIDKDHSAP

35 NSRPIDFEMKKKDGTQQFYHYASSVKPARVIFTDSKPEIELGLOSGQFWRKFEVYEGDKKLPIKLV
SYDTVKDYAYIRFSVSNGTKAVKIVSSTHENNKEEKYDYTLMEFAQPTIYNSADKEFKTGGSPTNEKM
TDLODTKYVVYESVENNESMMDTEVKHPIKTGMLNGKKYMVMETTNDDYWKDEMVEGQRVRTISKD
AKNNTRTIIFPYVEGKTLYDATVKVHVKTIDYDGQYHVRIVDKEAFTKANTDKS

40 SEQID NO:97

DSQOVNAATEATNATNNQSTQVSQATSQPINFQVQKDGS SEKSHMDDYMQHPGKVIKQONNKYYEQT
VILNNASEFWKEYKEYNANNQELATTVVNDNKKADTRTINVAVEPGYKSLTTKVHIVVPQINYNHRYT
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14. The i nmmunogeni ¢ conposition of any one of clainms 1-13, conprising a 5
st aphyl ococcal extracellul ar conponent binding protein or fragnent thereof
sel ect ed wpamttesogr oup consi sting of |am nin receptor, PEIERLMa&Y334Al | va
bi ndi ng protein, EbhA, EbhB, Elastin binding protein (EbpS), EFB (FIB),

SBI, autolysin, AfA SdrC SdrD, SdrE, SdrG SdrH, Lipase GehD, SasA,
FnbA, FnBBLEEREET @lfA@AAﬁ%%@SW@éPNfF%%WFﬁM@&KD%E%QE YHE@ESVISW‘@ FT8§PE 2

Vi t r0nectEiIIELBLQ@EQ@W@V@E@DKWIKDWBh@Ué@Y@lYﬁHFSI‘qSWWRmVS@B&@INI@@@Y Fig
and NMAP. Dk@.LMEh@Qﬁmmm@g@mmmmmkmmmwwtmmmm@fw}tmmm

st aphyl o i omthe
o oD, ConaT T B B R B o By g B o e 5 i dageni ¢
fragnéntﬁﬁﬁgFgggﬂE¥§Af§Dk%he i munogeni c conp05|t|on of claim 14 wherein

t he staphyl ococcal extracellular binding conponent is a fragment conpri sing
a |1 gand SEQAJDr¥O!r 98i on. 17. The i mmunogeni c conposition of any
one of clains 1-16 conprising the N23 20domai n of G'fA 18 The i nmunogeni ¢
conposition of an |%% in of CfB

oD The NI G LR GO Por T3P g B T P AT o TS R LRSI g e
N23 dBnaﬁﬁDEHES@MﬁDvggﬁﬁTh@ﬁﬂ@ﬁﬁﬁ@@éﬁic conposition of any one of clains
1-19 conprising the N23 domain of SdrD. 30 21. The i mrunogeni ¢ conposition
of any one of clains 1-20 conprising the N23 donai n of SdrE. 22.
The i mmunogeni ¢ conposition of any one of clains 1-21 conprising the N23
35domai n of SdrG 23. The inmunogeni c conposition of claim14 wherein the
fragnment conprising a ligand binding region has an am no aci d sequence
having at |east 85%identity to an am no aci ds sequence selected fromthe
group consisting of SEQ ID NO 21, 4022, 23, 24, 26, 27, 28, 30, 31, 33,

34, 36, 37, 39, 40, 42, 43, 45 and 46 or an inmunogenic fragnent thereof.
WO 2011/ 015591PCT/ EP2010/ 061314 24. The i nmunogeni ¢ conposition of any one
of clainms 14-23 wherein the fragnent of a staphylococcal |sd proteinis
covalently linked to a staphyl ococcal extracellular conponent binding
protein or fragnment thereof. 525. An i mMmunogeni c conposition conprising a
fragnment of AfB, SdrC, SdrD, SdrE or SdrG which conprises a N23 donain.

26. The i nmunogeni ¢ conposition of any one of clainms 1-25 conprising a
further staphyl ococcal antigen.
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10 27. The inmunogeni ¢ conposition of claim 26 wherein the further

st aphyl ococcal antigen conprises S. aureus type 5 and/or 8 capsul ar
sacchari d&Q 20pta163%al |y conjugated to a carrier protein. PCSAR2010/0€1314

i rmunogeni ¢ conposition of any one of clains 26-27 wherein the further
st aphyl ococcal antigen conprises PNAG optionally conjugated to a carrier
protei n. @AMPhe i mmunogeni ¢ conposition of claim28 wherein the PNAG i s
| ess than 50% 40% 30% 20% or 10% N-acetylated. 20 30. The i nmunogeni c

conposi ti onq ofarAmARSyeRlc ebRPOJItAP ARG & Traheni W thefaphlBRibEaPtRCCal
ni c. fragment thereof or the fragnent

antigen is an | sd protein or Imﬂj’#ﬁg

of any one of pé(?stg'inﬁ@'clh-%fprfg%f. eg?'ﬂﬂlﬂnogeni c conposition of any one of
cl ai 1-30 conprising an EsxA, EsxB or a conbi nation of EsxA and EsxB. 32.
The i nmunogeniThedmmesyénioompogilian of ddimmheweemint the skptiNooscda B prstein
conjugated to; ' tiggn. 30 33. The i munogeni c conposition of
any one of cl é?fﬁgrﬂ%q 2’)1:%%%%{%5% ng an EsaC or EsaB anti gen. 34. A fusion
protein conprising a NEAT domain of a staphyl ococcal |sd protein 35invol ved
in an iron/$emMbeuptrakegsyisteampostion dfi gizind 1 erndiwhgrelo e starhylecoccal Isd

st aphgl ococcalpr&¥inrigisgibdtold #bmapEpBURHonSibtind 6TdsdX, ®daB, lsdH3and [§B€. f usi on
protein of claim34 wherein the NEAT domain is froma S. aureus |sd protein
optionally sel %ct,ed fromthe group Oﬁolﬁsi ti ng of IsdA 1sdB, |1sdC and | sdH.
40 WO 2011/ H1556 1PEHNRESTA 6DRASEICA obg'airy é"”f%%‘f‘é'??%%?%ﬁtﬁ BtaPM¥PRRsal or 35
wher ei n t he | ilgfhprater isdinmigo dadabdr188 of Isdm a S. aureus protein optionally
sel ected fromthe group consisting of AfA dfB, SdrC, SdrD and SdrE. 537.

The fusion pr i i rei . i i ndi i i sts
of 15 K23 HorErPaBhededt Eoqiieaelsd dhirk e RS, Bt e SOBHROEARS 51 2, |
of claim 36 whedepien samingasigs Homfoe 'stimi n consists of the N123 domain
of AfA dfB, SdrC, SdrD or SdrE. 10

6. The immunogenic composition of claim 3 wherein the fragment of a staphylococcal

Isd protein is amino acids 337-462 of IsdB.

20
7. The immunogenic composition of claim 3 wherein the fragment of a staphylococcal
Isd protein is amino acids 140-462 of IsdB, optionally having amino acids 269-337
deleted or replaced.
25 8. The immunogenic composition of claim 6 or 7 wherein at least part, optionally all,
of the N-terminal NEAT domain of IsdB (amino acids 140-269) is not present.
9. The immunogenic composition of claim 3 wherein the fragment of a staphylococcal
Isd protein is amino acids 23-154 or 28-154 of IsdC.
30
10. The immunogenic composition of claim 3 wherein the fragment of a staphylococcal
Isd protein is amino acids101-232 of IsdH.
11. The immunogenic composition of claim 3 wherein the fragment of a staphylococcal
35 Isd protein is amino acids 341-471 of IsdH.
12. The immunogenic composition of claim 3 wherein the fragment of a staphylococcal
Isd protein is amino acids 539-664 of IsdH.
40 13. The immunogenic composition of any one of claims 1-12 wherein the fragment has

an amino acid sequence having at least 85% identity to an amino acid sequence
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39. The fusion protein of claim34 or 35 wherein the |igand bindi ng domain
is froma S. epidermdis protein, optionally from SdrG 40. The
fusi on prwoebn/wmfs9el ai m 39 wherein the |igand bi ndi ng decaiRr2@o/nsi3st s of
the 15N23 domain of SdrG 41. The fusion protein of claim39 wherein the

| i gand bi ndi ng domai n consists of the N123 domain of SdrG 2042. The fusion
protein of anyeseddrontthei grgumacnsistingaef AEQHR M 454G d- 8eudndt Halbng at

| east 85% i den 17,y18tandat®, amaminracnaesiedragneat theleét ed from t he group
consisting of SEQ 1D NO 47-97. 43. A fusion protein conprising a

NEAT domai n, pof_a f.irst stagh(\lll ococcal |sd protei %Sand ! NEAT domain from
a second | sif'pl'8i dinffiunogenic: compgsion el “gnys o8k BFo‘i%F‘ﬁ 3F 131 QAR AmPer ei n

the fPrst staptaphylesescal axgceiuir epompanensdpinding protein orgdragmigst fthereeh
protein of cl aekckd vdrerted graupecdnststihg of &phiginoeogstal, SitodVpICéativa birglirlgs dB.

30 46. The f U} ABnDERhA! Ebﬁz ElgiMMofRingh SRl EE%)NE{AE @asRig | LABNLRAB i s
the C term nal WAL Hochrnr( A %é@%w
e corm i 0 S ClonCiind T Con g s U
optional | y al IFbp8f Nphge, NsardPisin &saB85RRATSEBaiSPR2, Yivasegtanbinding oraiein,
140-269) is nabripsgReBMdindiprotean, fcas@ased Faf SHdWAP. 48. The fusion

protein of claim43 wherein the first staphylococcal |sd protein is |IsdC
49. The fusion prqotein of claim43 wherein the first staphyl ococcal |sd
protein is ?%crithl.e 405098 e FREPSHIBY otfei HRIBf 1é‘nyW'?n"ﬁ’@'”oftﬁ‘?:| éﬁﬁ’gy'ﬁéo%‘?' 45- 49
wher ei n t he sextactlisiaashybocernt daiding grateintieselected IfedAthegoup consisting of

2011/ 015591 PCUIAPZRBOs§D1 SHAE, ThirG bR & df @I 5 i ogeRiciragmeanthefpe of cl ai ns
43, , 48 or 49 wherein the second staphyl ococcal |sd protein is |IsdB.

552. The fusion protein of claimb5l wherein the second |Isd protein is the
C-terninal NEATeddmEIUROGENIE s a@nPositions30f whaims yih onheset dhe §1PEYIaFeRCa or
52 wherei n at extasdlulpabindinggbmpoadntys afragmeft domgrisinger ligand bindBgTedionai n  of
| sdB (ami no acids 140-269) is not present in the fusion 10protein. 54. The
f usi t el f. . of cl al,. 3-47 9, wh o the s d
S?Z'pg\gl 82gcf}a{l'hgslwi?ﬁq%ggﬁlﬁO(iog?qoghlgnfs cﬁ’ any or?eg o?' clalmser1e-ll(§l com%rlglﬁg(me N23
omain O .

18. The immunogenic composition of any one of claims 1-17 comprising the N23
domain of CIfB.

25 19. The immunogenic composition of any one of claims 1-18 comprising the N23
domain of SdrC.

20. The immunogenic composition of any one of claims 1-19 comprising the N23
domain of SdrD.

30
21. The immunogenic composition of any one of claims 1-20 comprising the N23
domain of SdrE.
22. The immunogenic composition of any one of claims 1-21 comprising the N23
35 domain of SdrG.

23. The immunogenic composition of claim 14 wherein the fragment comprising a

ligand binding region has an amino acid sequence having at least 85% identity to

an amino acids sequence selected from the group consisting of SEQ ID NO: 21,

40 22, 23, 24, 26, 27, 28, 30, 31, 33, 34, 36, 37, 39, 40, 42, 43, 45 and 46 or an
immunogenic fragment thereof.
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1555. The fusion protein of any one of clains 43-48 wherein the second

st aphyl ococcal |sd protein is IsdH 56. The fusion protein of any one of
clai ns 43wb20mas®iin the first staphyl ococcal |sd protePoTiEP20N00er3m nal to
t he second staphyl ococcal |sd protein. 20 57. The fusion protein of any one
of clainms 43-55 wherein the first staphyl ococcal |sd proteinis Cterm nal

to the secoftl I§edPRNBEHITE BPMPRHiHr @8y @ne of claiges 14rRd Whagsgipiefragmanhobf any
one of clai ms dAdabify/lodoecailsd payeéings aovaderitipdinked tb 2 Ssahyleocecahaxtravgldar | east

85% identitiy Cbﬁ,p@ﬁe,ﬁryim bg,r§&qu=gme$,t fRi&gted fromthe group consisting
of SEQ ID NGO 47-9 A fusion protein conprising a |ligand binding

domain of a first st aphyl ococcal extracel | ul ar conmponent bindi ng protein
and adl i gané- tﬁtnﬁmm@oégrﬁiﬁﬁﬁméps%ms@lfmf&'r@(%frmj‘ﬂwtdtfo@'ffaISdéQt$<éf9e§ldtﬁ ar
conponent bi nddn@ whicht &intipriseéd a NDi3eddmsesm.on protein of clai m58 wherein the
first staphyl ococcal extracellular conponent binding protein is selected

f th NSi st i f Sd SdrD, Sdr E dr G, 35 61.
The e on K e R ooP e ogmposiion g vy, 318 of ABTRcam CPAIyd Gebibd

extracel | ul ar staphplopessel itigdhng protein is selected fromthe group
consigting of SdrC, Ser SdrE, SdrG dfA and CfB. 4062. The fusion

protein of apyang, uno b%b”@qrﬁ’%sggn"‘&eélgw 2T6h§hér‘gﬁlaﬂ% Ri-Adt %%é)gﬂ[}&sd%apf the

first staphylocqcca trac corrpone Qtﬂ@rpmt% sl st? of a
N2N3 domai n. aﬂﬂﬂ%fﬁ??“@i% P@F’/%iﬁzb’f@/%@f gap FAGNEHIGr RUONANOf  any
one of cl ai ns cbBjugdtediteaeamiet pwtdin.gand bi ndi ng dOITB.I n of the second

st aphyl ococcal extracel |l ul ar conponent binding protein consists of a N2N3

domg. 5 0% TePBnMELAR AR I, BELXINCLRS dEaSROHEN fc

encoalng a nucleoti de
sequence encodtangyigceqGeghaiosn ﬁ@mHQSQfoDn%ﬁ 0@?'0%”%8%9%@&%ﬁﬁrr'é&ﬁ’rroéf‘é%l | ul ar
conponent binding protein. 1065. The pol ynucl eotide of claim®63 encoding a

sequence hayg ﬁ%e%n{mgén.@%%{?gggﬂéd bY cian an,mev@ﬁnﬁ% BRI ATE BURES ehareb@g! ed

fromthe groupg,g0 : A vacci ne conprising
t he |rmunogen:%8/ g’%o?b?lg%rg]o ar??gtlt)aﬁ%d ‘of clains 1-33, the 15fusion protein

of aB® one of clains 34-62 or the polynucl eoti de of any one of clainms 63-64
and a phar ng ki icahinpgasic ephadositior i gnyesrie of claims 26-29 wherein the further

staphylococcal antigen is an Isd protein or immunogenic fragment thereof or the
fragment of any one of claims 1-24.

25 31. The immunogenic composition of any one of claims 1-30 comprising an EsXA,
EsxB or a combination of EsxA and EsxB.

32. The immunogenic composition of claim 31 wherein the EsxA or EsxB is
conjugated to a saccharide antigen.
30
33. The immunogenic composition of any one of claims 1-32 comprising an EsaC or
EsaB antigen.

34. A fusion protein comprising a NEAT domain of a staphylococcal Isd protein
35 involved in an iron/heme uptake system and a ligand binding domain of a
staphylococcal extracellular component binding protein.

35. The fusion protein of claim 34 wherein the NEAT domain is from a S. aureus lIsd

protein optionally selected from the group consisting of IsdA, 1sdB, IsdC and IsdH.
40
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67. A process for making the vaccine of claim®65 conprising the step of
addi ng a pharnmaceutically acceptabl e excipient to the i nmunogenic
conposi t iwo 20f/Eampione 200f clains 1-33, the fusion protreirmredloansione of
clainms 34-62 or the polynucleotide of any one of clains 63-64. 68. An
| munogeni ¢_conposition according to an one of clainms 1-33 for use in the
treat nent o#6-ghevision piotey Ofs(f@mﬁ?/\ @ro'i)’i:‘t‘! greinrthe dganshbinding fewaisds rg® anSuse of
t he i munogeniaurasnpoteirt optivnally selyctediéroof thel groas carsSaingroft GIEA, AR, @ur@r ot ei n
or any one of gBipg s3fE62 or the polynucleotide of any one of clainms 63-
64 in the preparation of a nedicanent for the treat ment or prevention of
st aphyl ococcal disease. 70. A nethod of treatin preventing
st aph§1 ococealThgifysiar ereteiRp icim Poauherainsthe ipa bWé'nQrﬁﬁmﬁj@éﬁ”%Sté@ﬁﬁ@sl tion
of any one of NJ3alommaid oBSIfA,ICIHB, ISdsC,@urProptSerh of any one of clainms 34-62 or
t he pol ynucl eoti de of any one of clains 63-64 to a patient in need thereof.

38. The fusion protein of claim 36 wherein the ligand binding domain consists of the

N123 domain of CIfA, CIfB, SdrC, SdrD or SdrE.
10
39. The fusion protein of claim 34 or 35 wherein the ligand binding domain is from a S.

epidermidis protein, optionally from SdrG.

40. The fusion protein of claim 39 wherein the ligand binding domain consists of the
15 N23 domain of SdrG.

41. The fusion protein of claim 39 wherein the ligand binding domain consists of the
N123 domain of SdrG.

20 42. The fusion protein of any one of claims 34-41 having an amino acid sequence
having at least 85% identitiy to an amino acid sequence selected from the group
consisting of SEQ ID NO: 47-97.

43. A fusion protein comprising a NEAT domain of a first staphylococcal Isd protein
25 and a NEAT domain from a second Isd protein.

44. The fusion protein of claim 43 wherein the first staphylococcal Isd protein is IsdA.

45. The fusion protein of claim 43 wherein the first staphylococcal Isd protein is IsdB.
30
46. The fusion protein of claim 45 wherein the NEAT domain from IsdB is the C
terminal NEAT domain (optionally comprising amino acids 337-462 of IsdB).

47. The fusion protein of claim 46 wherein at least part, optionally all, of the N-terminal
35 NEAT domain of IsdB (amino acids 140-269) is not present in the fusion protein.

48. The fusion protein of claim 43 wherein the first staphylococcal Isd protein is IsdC.

49. The fusion protein of claim 43 wherein the first staphylococcal Isd protein is IsdH.
40
50. The fusion protein of any one of claims 43 or 45-49 wherein the second
staphylococcal Isd protein is IsdA.
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

The fusion protein of any one of claims 43, 44, 48 or 49 wherein the second
staphylococcal Isd protein is IsdB.

The fusion protein of claim 51 wherein the second Isd protein is the C-terminal
NEAT domain of IsdB.

The fusion protein of claim 51 or 52 wherein at least part, optionally all, of the N-
terminal NEAT domain of IsdB (amino acids 140-269) is not present in the fusion
protein.

The fusion protein of any one of claims 43-47 or 49 wherein the second
staphylococcal Isd protein is 1sdC.

The fusion protein of any one of claims 43-48 wherein the second staphylococcal
Isd protein is IsdH.

The fusion protein of any one of claims 43-55 wherein the first staphylococcal Isd
protein is N-terminal to the second staphylococcal Isd protein.

The fusion protein of any one of claims 43-55 wherein the first staphylococcal Isd
protein is C-terminal to the second staphylococcal Isd protein.

The fusion protein of any one of claims 43-56 wherein having an amino acid
sequence having at least 85% identitiy to an amino acid sequence selected from
the group consisting of SEQ ID NO: 47-97.

A fusion protein comprising a ligand binding domain of a first staphylococcal
extracellular component binding protein and a ligand binding domain of a second
staphylococcal extracellular component binding protein.

The fusion protein of claim 58 wherein the first staphylococcal extracellular
component binding protein is selected from the group consisting of SdrC, SdrD,
SdrE, SdrG, CIfA and CIfB.

The fusion protein of claim 58 or 59 wherein the second staphylococcal
extracellular component binding protein is selected from the group consisting of
SdrC, SdrD, SdrE, SdrG, CIfA and CIfB.

The fusion protein of any one of claims 58-60 wherein the ligand binding domain of
the first staphylococcal extracellular component binding protein consists of a N2N3
domain.
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63.

64.

65.

66.

67.

68.

69.

70.

The fusion protein of any one of claims 58-61 wherein the ligand binding domain of
the second staphylococcal extracellular component binding protein consists of a
N2N3 domain.

A polynucleotide comprising a polynucleotide sequence encoding a NEAT domain
of a staphylococcal Isd protein and a polynucleotide sequence encoding a ligand
binding domain of a staphylococcal extracellular component binding protein.

The polynucleotide of claim 63 encoding a sequence having at least 85% identity
to a polypeptide sequence selected from the group consisting of SEQ ID NO:47-
82.

A vaccine comprising the immunogenic composition of any one of claims 1-33, the
fusion protein of any one of claims 34-62 or the polynucleotide of any one of
claims 63-64 and a pharmaceutically acceptable excipient.

A process for making the vaccine of claim 65 comprising the step of adding a
pharmaceutically acceptable excipient to the immunogenic composition of any one
of claims 1-33, the fusion protein of any one of claims 34-62 or the polynucleotide
of any one of claims 63-64.

An immunogenic composition according to any one of claims 1-33 for use in the
treatment or prevention of staphylococcal infection or disease.

A use of the immunogenic composition of any one of claims 1-33 or the fusion
protein or any one of claims 34-62 or the polynucleotide of any one of claims 63-
64 in the preparation of a medicament for the treatment or prevention of
staphylococcal disease.

A method of treating or preventing staphylococcal disease comprising
administering the immunogenic composition of any one of claims 1-33, the fusion
protein of any one of claims 34-62 or the polynucleotide of any one of claims 63-64
to a patient in need thereof.
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