WO 2010/ 022463PCT/ AU2009/ 001112 1 Prevention, treatnment and di agnosis of P.
gingivalis infection Field of the invention The invention relates to

pepti des wodowhizpwsi ¢ or fusion proteins and to the usepgii/Athe®®opriot ei ns
to elicit cellular and hunoral responses for the prevention and treatnent
of P. gingivalis- related conditions and di seases. Background of the

i nvention Chronic periodontitis is ansinflanmmtory. disease of the :
supporting tissues of the teeth |eading to resorption of alveolar bone and
eventual tooth loss. The disease is a major public health problemin al

societies and s _estimated to affect. t % of : ulation with
severe forns a*’?%‘(:%‘?‘h%{"é?%%}é“efﬁea'b‘g@éﬁ@b°r?gﬁtj°§fny’%@é#@ﬂﬁ%@o chronic
periodontitis has been associ ﬂ:t.ed V\#'%(h?r.s'ﬁech.fi ¢ Gamnegative bacteria in
subgi ngi val pl aque. The presemdg'd? WN¢PYBnas gingivalis in subgingival
pl aque_has been strongly associ ated with dj sease.  The rsistence_of P. gin
gi val i e iRveptign F@?tﬁﬁgo PERERS anQ FNFaRHGRDWEIAN RIOKRIPS éﬁgéoéti‘? ypeof g’ﬁ%ﬁant_
(scali et | @pég isgni £ i at ed
W th pdr} gber?@gg g@'ta%%rar %@ﬁ@ﬁg@?b urt%@?%? anﬁtﬁgréeﬁads:ge?{nrﬁ%asépp

gi ngi wihgisaks Irélatechtarditions anddisegsesl pl aque has been shown to correlate
with di sease severity as neasured by attachnent | oss, periodontal pocket
dept h and bl eeding on probing. Oral infection with P. gin givalis has been
shown to induce periodontal bone loss in mce, rats and non-human pri mates.
In addition, there has beergi roand of the'ikeeatieh peri odontal di sease, and

of P. gingivalis infection, with cardi ovascul ar di seases and certain
cancer, ; ia {d LUl ene ; 19 LBs Ginheitbefe to
b aechT WeREIrBfis 4 o RISRoIqBhPschRer S BupSAN GakaLgs b e
hemagdéadingito retaptiony of alveotardaneased leventuahjantbllgsas. c The disrase(isspadian | y

the Arg-X and . Lys- X specific pr.oteinases ther wig W " I

gi val (FURP B P RERE A lsoc B8k Bran R Al R AL o o 1 el
nmagni tasiriatont Wigh BeNadre Foeabiféctiigo®leesn i s such that there is a need for an
antiserum particularly specific antibodies that provide a strong

pr ot ecy -ogPedbidh \6tl drrohitf ' B8 ha¥eBaen fsobfated Hithd
sane. q&ééﬁgpggpgﬁﬁe@gbggﬁﬁé@ \6t$ (%rgowg_tﬁ%fdggrhtlhow to obrt] ai r?oa ast ror:g

pr ot ecipecificr eSpamaegative. hgicteriasalin s subgingivabn phties t helthe apeesenseet @br a

e 1 ot PRI oA s ShbaGVL PREICERS e r ARG HsBbLite e

rel at igjgeddg@runogeni city of epitopes on a given factor, particularly where
it is not clear as to whether further epitopes remain to be identified. One
parti ctleheRiQBhEONES RRGIDasIR SUBgHgivar Bla@ue srdrieticdontifls patiBRes Afem

mul ti pl'e domains and are difficult To express so as to present a

conf ortrasatment 4pgaliog cand goatheianinglidsobeen reported, &0 ibe. significaally aghesiatatese

domai ns...are_express i screte unj i LN dsolati on of her.

vi rul evﬁ'yé d 8%5‘%?“’%0%&%%,’ %%}s‘ey%sesndﬁ {J%ﬁ?njg?oﬁei %\'Fo'hg%(:a%%f g’r %t ?’8’%{%/’3 cell

di sti ngihiséredinf subgiridiadl gl has Bkergshogh\al crelfter Wik rdisedset beveritpyas
different options for nodifying the im’runogeni Cir&é of a virulence factor it
i s notmeagyed ki atirchmant lass, rededontrpgckeb dgpthantbbliesding o} BIABIRG-ve i mune
response. In work leading to the present invention the inventors have

i dent i Pradinfpetinn with A ginguplishaghees shawn teipdeee petipdentakbeng loggp mise, or

t hat shares hompl Wi, b am ' e t: Lon of a
b gi g ands ERyEEan e, o T WIS BERIREE pbRR, indiin inkEGEof
enzynmepdrivdontat alisgeseofaral pEP | gleghealisl infectidre dwith cardiowastallart disepserandr g i n
a peptide containing Lys or Arg, and incorporated such a peptide into a

chi merGetah? CRRGEST®N prot ei n whi ch, when used as a vaccine, provides better
protection agai nst periodontal tissue destruction than purified '

rot ei nase-adhesin conplex forned fromnative P. gin givalis tr i.n-1jke
gnzyneb\@wnkhqchd/ir\ymﬂcgp faglorg have been reported to contribute 10 the pathoalé%slcny of

P. gingivalis including; LPS, fimbriae, hemagglutinin, hemolysin and extracellular
hydrolytic enzymes (especially the Arg-X and Lys-X specific proteinases), otherwise

known as “P. gingivalis trypsin-like enzymes”.



Summary of the Invention In one aspect, the present invention provides a
chinmeric or fusion protein for inducing an inmune response to P.

gi ngi val iwp 20feen2psedt ei n i ncluding a first peptide joi neg#caiatetsop1ae
through a linker to a second peptide, wherein: WO

2010/ 022463PCT/ AU2009/ 001112 3 (A) said first peptide includes: (i) part
of, or all of a sequence that is the me as, or honol ogous to the sequence
shown-in SEQID No:1; or (ii) part of, or all of a sequence that is the
sane as, or honol ogous to the sequence shown in SEQID No:2 ; and (B) said
secondTpepnagdeitudec lofidbe: pullic health poplesn ial sudt thatsdipreniseat heedi fort avre
sane as.,.ar honpl.ogous to t.he sequen of an adhesin d in of the

Cys x BiReHaBRrHRHy speelie putBAuRG alhrofids S3h pigtedh BerinSetn bnce
t hat i ginghalis migctid®, art mean® fegsavidig s§dr@esequence of an adhesin domain of
the Arg- X-proteinase of P. gingivalis; or (iii) part of, or all of a

sequence that is the sane as, or honol ogous to the sequence of a HagA

adhesi Ong @iBblenPhadbesh MLl fot dSardiy fe bbaiR aCstrordd Sroteur/at He@Eoﬁé@Yd des
a chinmeric or fusion protein for inducing an inmune response to P. gin

gi val i B, gitgivals tfestion wiaeredhatp arepa plethirajdfivitetengefactors tooseleetrfoergh a

| inker to a pol ypeptide, wherein: (A) said peptide includes: (i) part of,
or all of a sequence that is the same as, or honol ogous to the sequence
shown The SEftive Nemynogenicftyi pf pepitopsfs, anorgdt wirulenseqtanters tihianoi swelhe
sanme as,,or, hgnol o s tp.the sequence.shown..in SEQ ID No:2.: and. sai d
ol y peideteiopficRoaaahe refyve TpFppaeaBig ar SomP< R aumar 4eter PG LA e
as, orwhéevnt RIWITIdR dslte varaHenkethef epiloput@sndin 4o Beiidemificdhe ‘
Lys- X-protei nase of P. gingivalis; or (ii) part of, or all of a sequence
that is the same as, or honol ogous to the sequence of an adhesin donmain of

the Argn&pirduBamsesledh Has Bhei0thadImany Gfulehtd FactdR Aredformed fRbrh rﬁﬁlt%le
sequence that is the sane as, or honol'ogous to the sequence of a Hag
adhesi c}prﬂ@lﬂgiandoarepdlffgquﬁ tgi exaress so as to present a conformation approaching that

found on P. gingivalis. Further, when these domains are expressed as discrete units
i.e. in isolation of other virulence factor domains, they tend to fold into a conformation

distinguished from that found on P. gingivalis.

Further, of the many different options for modifying the immunogenicity of a virulence
factor it is not clear which would be most likely to provide for a protective immune
response. |

In work leading to the presenf invention the inventors have identified peptides having an
amino acid sequence that ié the same as, or that shares homology with, an amino acid
sequence that forms a region of a P. gingivalis trypsin—like enzyme, said region defining
a site in said enzyme for cleavage of a peptide bond located C — terminal to Lys or Arg
in a peptide containing Lys or Arg, and incorporated such a peptide into a chimeric or
fusion protein which, when used as a vaccine, provides better protection against
periodontal tissue destruction than purified proteinase-adhesin complex formed from

native P. gingivalis trypsin-like enzyme or killed whole cells.
Summary of the Invention

In one aspect, the present invention provides a chimeric or fusion protein for inducing
an immune response to P. gingivalis, the protein including a first peptide joined directly

or through a linker to a second peptide, wherein:



WO 2010/ 022463PCT/ AU2009/ 001112 4 P. gin givalis the peptide having a
sequence: (i) that is the sane as, or honol ogous to the sequence shown in
one of SBYOIRDINE24664 to 66; and (ii) that is the sane EET/AARIPWEDBIIBdgoOUS t O
t he sequence shown in SEQ ID No: 67 or 68. In one aspect, the peptide
havi ng a sequence that is the same as or honol ogous to sequence shown in
one of SEQID No: 64 to 68 may be prog ded in the formof a chinmeric or
fusion protein in which the peptide is joined directly or through a |inker
to a second peptide, wherein the second peptide includes: (i) part of, or
all of a sefuéenikfitshaeplide inekidesive as, or honol ogous to the sequence of an
adhesin domain of the Lys-X-proteinase of P. gingivalis; or (ii) part of,
or all of a sequ@neatohair dlsoft heequemceathatds thessinegas) orthondlegees detlhe of
an adhesin domai n of thehA{o(g_'X_Sg(ﬁll@i@a e of P. gingivalis; or (iii) "part
of, or all of a FYFEGES PHRN] Ueas, or honol ogous to the sequence
of a HagA adhesin domain of P, gin givalis. |n yet another aspect, the
i nvention provi 0‘32; Part Hnpiodl of 6%99H8ﬂ°%§ha§dséth? rgE %Svc%ﬁiﬁg?lpgﬁkﬁ to rt]he
particularly a Vs@ﬁ)eﬂ%e%ﬁﬂ%%ﬁ?ﬂgmw&ﬁu‘ﬁnﬂg a chimeric or fusion protein
oad| a ’

or peptide as br y descri be ove, optionally in association with an

adj uvant . I@r)tsgiiossgébqué%tgdgqnagaggti on al so provides a nethod of
g e

preventing reducin I'nci dence or severity of a P. gin givalis -

rel ated condition or.dis ' bj eqt.. .whi ch ri ses inistering to
he subj ect a. crird oot e weafelns it 2 BE B R B 3uRoighoLS 16 nd
conposi tion as drspienbedf ah@dbesintidriain cfEhe Lis-X-protéinuedof N gingikdIRY or
provi des the use of a chineric or fusion protein as described above, or a

conposi tion as dRppaitRAdorRIPYLa seQueRte tiht!id thdTBANEAES WrthddholBghBsl k& ANt
for preventing or reducing the incidence or severity of a P. gingivalis -

rel at ed conditi cdequenge oéasadnasia dampiemf the Wig-20porteinass 8PET RGPS 001112
5 above. In this aspect, the invention also provides a nmethod of preventing
or reducing the (§@part ofy ooall af B.segjurgce dihatsis thé sape ak, srdeenalogoontd theon i n

a subject, which conprises admnistering t.o subj ect an anti body as
descri bed above._sqq‘fg?'ﬁ?g q ?dﬁ?%“idﬁa&wpgz’?ﬂm#@ﬁ- provi des the use of
an anti body, as described abgve in, or in the nmanufacture of a_n&di,camant
for pri@vanftheigagpedte tifcIMYgNHRR Provdes AcehipiericeQl FISsIQn pFotginpiorgndugingaAn s -
rel at g HoRdirbéeBhs¥ tdlifs edingivhlis, AneUBIc&ih- ink LPEhIRL jGRBEdiredte
i nvent ﬁ10n al 50 F%?hovi es ':@n@(‘:/?@s‘f'c acpﬁnl E‘Cmdﬁ ncpggﬁt% @ ﬁgc Itraeoétﬂpdgr
sequertbeoughcatinkey ta acpolpeeptideowhietaginon protei n as broadly descri bed above,
optionally operatively linked to at | east one regul atory el enent.
' (A) said peptide includes: .
(i) part of, or all of a sequence that is the same as, or homologous to the

sequence shown in SEQ ID No:1; or

(ii) part of, or all of a sequence that is the same as, or homologous to the

sequence shown in SEQ ID No:2 ; and
(B) said polypeptide includes:

(i) part of, or all of a sequence that‘is the same as, or homologous to the

sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the

sequence of a HagA adhesin domain of P. gingivalis.

In another aspect, the invention provides a peptide for inducing an immune response to



In this aspect, the invention further provides a vector including such a
nucl eic acid nolecule, as well as a prokaryotic or eukaryotic cell

i ncl udi ngveuetv/e24sacl ei c acid nolecule. In this aspect, pciatU20@01i1oNn al so
provi des a nmethod of preventing or reducing the incidence or severity of a
P. gingivalis-related condition or disease in a subject, which conprises
adm nistering to the subject a nucleig acid nolecule as described above, a
vect or as descri bed above, or a prokaryotic or eukaryotic cell as described
above. In this aspect, the invention further provides the use of a nucleic
aci d nbl gigivalisshelpeptidebbavinpasequangect or as descri bed above, or a
prokaryotic or eukaryotic cell as described above, in, or in the

manuf acture of a nedi canment for preventing or reducing the severity of a P.
gi ngi val i s-r el at @dthdit s& dse samecas dort hamologoas dalithe cequencea shomwrhizr ores péct |

t he i nvention prguid a had for the diagnosis or nonitoring of a P.

gi ngivalis-rel at SEOC@B‘P'( 8%&10 88 ?l‘i‘%ease in a subject, which conprises use
of a chinmeric or fusion protein as described above to detect anti-P. gin
givalis antibodigs.in . a biological sanple fromsaid subject. In thi

aspect, the i nvef 1 iR SyPBASIes RORIoIoRUso e SeaRiERFe ShPWRUR; BRIt ei n
as described abopg, g7 @r@gtect anti-P. gin givalis antibodies in a

bi ol ogi cal sanple froma subject. WD 2010/ 022463PCT/ AU2009/ 001112 6

anti bo [ ee‘?ﬁﬁe SRNCE [ ' iSikh a -
bi ol og?’ggﬁésa%%ﬁg tﬁgg’r%?)?g‘lg?asvﬁj% gc% . I’rl]E?ﬁIhg{ fassg%cgé'%{eh% ngvH(g)rrl‘?(li> Iéq&éﬁé%
provi desqudneeusteovard immonentf B&LY IBSNde§drtob@8l map\be, ptavidiet @ctthé Hermprafsence

of P. gingivalis in a piological sample frama subject. |n another aspect,
Che | nOURIEG prftsnaRetein |8 Srih 476 BRpfuf raned ety dithrou Bhcg Pker & 2
sequenggedrigeptiie! WhefAN & Secdild PEpRIcOROMAes0 @ sequence of a P. gin
givalis Lys-X'or Arg-X proteinase, or a nucleic acid encoding said peptide

for the manufact 4y @b il g5 is%gﬂénéé’ﬁia‘??%mé)ggh% eé),;%iyﬂhﬁH&ﬂoaaue@o iyfgrune

response to P. gi‘ngivalis. I n thi's aspect e pe ave~a sequence
shown in one of SHQenbeldankdhest @dmain dfthe Bysef-preimasetof &h girfgivdls; or
drawi ngs Figure 1 shows a Coonassie blue stain of the SDS-PACGE gel of
reconbi nant Kgp @) pariofsor dliabfalseqkéhce thatlis thesame=dd, Ak hdmolegdaksdithe Lane
4= KAS1- KsAl. Mol ecul ar weight markers are indicated as kDa. Figure 2 shows
anti body recogni $§Bi¢nee okasAdhesin drmaiRefiitae megimpateinage of Fyigfidiva/isi P5 W50
cells. (A KAS2 peptide was probed with antisera raised to formalin killed
P. gingivalis Wi@an ef, oFrll \wh@)sequensaithaldatthe sams as, aAsIMalogous to the

KAS2- KLA1, and s %Eé%f%'&)agﬁgah%%%?’g%pggﬁé‘& ;2 ELI SA. (B)

formalin killed P.gin givali cells Wi th antisera raised
toformalip killed P. i&%ivali%V\BO cg#ls (FK—V\BO%. recomi nant troteins
KAS1- KEaYel RReYISk agPecky WF MIVETHRE PIOVIGESER| CMPARTIPR otHFT 28,8 sRAliggnc

expr esg@fpasitibmepdrtid by htviaecitBbmpsduitiin) astliding S eitierie drifesiba et od

l evel, with each titre representing the nean standard deviation of three
val uesPemtidgurebmagiyigscrbed iabgie apptinaliy in assasiatiorowith aniasiievands s  of

maxi || ae nmolars of mce inmmunised with the reconbi nant proteins and

r econbinntins aspesbrihepinvertions alsoprevideskia madhed ofi prgivealing cinkedagingy e

al one . EA .non-okal ly.jnfec chal | er mce.. .ln thi

F1 gur dnRABok oApePEr RS P 2t R7oRle PBPRTER s Eth AT & sk BN bAISh
shown @smpisessddministéding o theogubjest $ Aimdviasiiieivanbrotdin Renfedcabad iabolbe
mean of the area nmeasured in mllinmeters squared (mMmR) fromthe

cement Feh SABPOSIHAR @S SIeSCtRed aPeVe.he al veol ar bone crest (ABC) of the buccal
side of WO 2010/ 022463PCT/ AU2009/ 001112 7 each maxillary nmolar of both the
| eft alfdthis gsredtathiel inventianafusthgs Provddesthe, uae of | ehimsadicady fusisupwdeinyas

Levene! t f §:Te . r ted = icn, Mg
and el RERVTe 4 B RORAST o8 FosRiPsBERER. B, IndEe dnef gt o T3
test. rhedicadiemtfos pggvemtindas idusing thenincitenics0o08dveritgssf HPegihghalis han
control (i nfected) group. t, indicates group has significantly (P<0.001)
mor e Gkt §98dKiAR QT diseagein pRUbIRGkUp. Figure 4 shows serum anti body

subcl ass responses of imunised mce in the periodontitis nodel. Sera from
m ce; IR @pptesr aspachodhg dbveionamdordes oan -Fitlody ndaitielad)a i menacleadl wi t h

r econbj p i . . ~ d 1 i
Kill eé@%’y hé%gd) :é?als%\ ;au R ’Cméfﬁ;sdﬁ@}?tﬁn’t ﬂﬁééﬁf'%%ld% ?%%?%8?86?'% in
killed P. gin givalis strain W0 as the adsorbed antigen. Antibody
responses |1gG (black bars), 1gGL (grey bars), Ig&a (white bars), Ig&b
(horizontal striped bars), 1gG (diagonal striped bars), are expressed as
the ELISA titre (log 2) obtained mnus the background level, with each
titre representing the nmean standard devi ation of three val ues.



Figure 5 shows a PEPSCAN anal ysis of peptide-specific antibody reactivity
to overl appi ng peptides representing the KAS2 peptide sequence 433-468. (A
KAS2 overweapping24septi des (of fset 1, overlap 7) probed wrautdBlokaAl
(white bars), KAS2- KLAl (black bars) antisera. (B) KAS2 overl appi ng
pepti des (offset, overlap 7) probed with KAS2-DT conjugate antisera. Each
bar displays the antibody reactivity (gpptical density [OD] at 415 nm).
Figure 6. Chinera AS2-LAl induces an anti body response in outbred mice that
recogni ses P. gingivalis whole cells and the RgpA-Kgp conpl ex. CD1 outbred
m ce wabevé.nmuni sed with chinera AS2-LAl1 (50ng/ nouse) and the coll ected
sera used in [LISAwith AS2-LA1 (A), formalin killed P. gingivalis strain
W50 ( Bjn #nid zﬁgméh t Kihe hwentiex /€9 riﬂcevn:ﬂae aaltmelhbdd%fapté\@ema? d>m|réd1jc$ng itigelr e
KAS2- KLAL | s 0 as AS The titre for.each i ogulin i sotype to
each afEYEILh Qia?s%d&”é‘ﬂ’m’/{zﬁe@'%tﬁe dIFeass Ok ceiaswegs'@da%%g phjosComprisd
(* 000) aafité i8Ry 1 Bitssclfeltlh AbtoOicRBlBbRle. W L each titre

tan ard ev

representing t nmean iation o ree values

2010/ 0 | t

w | b%?ﬁ]ﬁsger S%Cgt%%ﬁ ﬁ(l‘%}ﬂﬁ‘%{tﬁ\?gﬁt@%&gﬁhgc dé 'lé(r%ﬁtlg Rt?%fg%\?e
speci flncairnmrthemandactuce of b makticanint fer pn@vbnt‘nag mrredoémgwne Gricidenée of t he
i ndi vi dual L}__ges nment i oned or evj dent\ﬁgﬁromthe text or drawi ngs. All of
t hese %F?‘fqr@f@ # Fc g valtsiofRiated ronditignondigsasesn A swhiget i ve aspects of the

i nvention. The inventors have found that the regions of P. gin givalis
trypsi Y¢tk%“%thﬁ§/ ﬁé@,eqthﬁte fvantion alssy pevidesea dquicieie agid malesile dngudiagta ve

site fon

ut 1 IO S8dtioc RIS RREHELE I bl FTRERREI GaibN e, |,
parti cuﬁmnallytopbaatlvb@elmkbduoétﬂém oaecbgutatarg eteméntsi on protein including
one or nore of these regions provides protection agai nst alveol ar bone | oss

whi ch ' irs tigs emfpett, tthanintéstiors @athéroproities sgrvectdr Bretldigfisteh afiickiceldi¢ and
ot her imunogens. The finding is particularly surprising as, to date, the

cat al ym0&e%ldﬁm@$1 vl apypArAkayREC «izGualyetic pell gnakying BYCh 2 nyelsrc fasithd t o
be rel aliehy weakly immunogenic. In one aspect, the present invention
provides a chineric or fusi on protein for inducing an i mmune response to P.

Phr ouclt 17 et FGEL FEatdlE A erilods oS mathBh (ot mleieley vt RShusinegine
i ncl udggidence Jorpsverityf of aIP. ag/hg,oé//saresaiqdejmlttdmabr di%etab@ lﬁianﬁjti}éct Which
honol ogous to the sequence shown in SEQID No:1; or (ii) part of, or all

oS CESiBrites BHRINSIaNnado daneUBisct g MIe aih Folgeule as Hebnbrscboiut i n
SEQ | qwoga%dégtqm(eﬁ)ab?ﬂbdorsg Pk ﬁt@bf@ukd&ét{@@%has Gbdcriti¥dta tﬂ% or all of
ogou 0

a sequence t 'S the sahe a e sequence an adhesin

of 5 Suothis, Sebtt ‘?‘(e%?%e'@iﬁﬁm%l [ DYORSBE A of B nukleid L Inceoy€la
adhesi destoivet raldvet laevédtor Xsmeﬁcabéd%otvé Br agprudiav@dticsor eukarybtit efads of ,

or all  of @ c%gnce that is the sane a or honol ogn_us to the sequence of
a HagAdesanber Abayralm obin the granmfacivresof a wpedieamend i aprantng e0mdsE 2 9

about ¢ sw'én@ & P. HRgIVENSTelalidisES or ddriiition in®a €0bjelq. N0 aci d residues.

In a further aspect, the invention provides a method for the diagnosis or monitoring of a
P. gingivalis-related condition or disease in a subject, which comprises use of a
. chimeric or fusion protein as described above to detect anti-P. gingivalis antibodies in a

biological sample from said subject.

In this aspect, the invention also provvides the use of a chimeric or fusion protein as
described above, to detect anti-P. gingivalis antibodies in a biological sample from a

subject.

In yet another aspect, the invention provides a method for the diagnosis or monitoring of

a P. gingivalis-related condition or disease in a subject, which comprises use of an



I n one enbodi nent, a polypeptide is used in place of or in other words

i nstead of the "second peptide". The term "pol ypeptide" is used to refer to
an am no woi2digreeusence of at | east about 40 ami no aci d Pesiadre®/ 0oTiirs, in
anot her aspect there is provided a chinmeric or fusion protein for inducing
an i mmune response to P. gingivalis, the protein including a peptide joined
directly or through a Iinker to a pol ypeptide, wherein: (A) said peptide
includes: (i) part of, or all of a sequence that is the sanme as, or

honol ogous to the sequence shown in SEQ ID No:1; or (ii) part of, or all
of a sadibedyeas dasciiled Rboganto dstecdbrthéqretencrioftld givgivaéguene diclhgioal i n
SEQ I D No:,.2 ; and. (B) .said pol ypeptide includes: (i) part of, or all of a
sequerﬁ?énﬂ’ﬁépm§a\dr1%}bé%%e as, or honol ogous to the sequence of an adhesin

domai n of the Lys-X-proteinase of P. gingivalis; or i art of, or all

of a éedn@rﬁseepﬁa*ﬂe argfemen%?epraygde@rtﬁﬁ&%m @@@n@@dﬁ?@ iee%ﬁ@ﬁeéweaw

adhes'd%t?&ﬁﬂé@ré’éeﬁéé f%%fﬁi@ié’é if'd'Bivfo alganﬂilé‘ﬁFWé'sﬁbj[e%f. (iii) part of,
of a the sane as, or honologous to the sequence of

or all sequence that”i

or ot AT e e e et BRIYs,  yoe ol BoREGe FRREY gplt ¥, bERFS "

sel ectsdubhoantiidtas ghe sameoass igtthongologous {0 & seqaencenta P.hgihgivalis hgsaoe as
or honol ogous to the sequence shown I n one of SEQID No: 64 to 66; and

(ii) af\rgegdgﬁt%nqwaton 3 Rygleis Ard gncedingofdidoperiide fori e ManuwartEres®bvh in
SEQ | Y S Ao ‘ 2 . A0 %%}. 1 i s $d ned
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secondsgpept theegpeytidelraay have ai sequente shownpn oneiaf SERIIDdNE:17, (18) 2part260f , or
all of a sequence that is the sane as, or honol ogous to the sequence of an
adhesin domain of the Lys-X-proteinase of P. gingivalis; or (ii) part of,
or all of a sequence that is the sane as, or honol ogous to the sequence of

an adhesin donai n of the migf&egéﬂﬂﬁbﬁaﬁqhgfdrawig'ggi valis; or (iii) part
of, or all of a sequence that is the sanme as, or honol ogous to the sequence

of a haghreaqdhgvdws @Oﬁi%ﬂwa%fsiepbu%i iQ%iiﬁ/?)'fitﬁe %DSE)#:'RGEbgéﬁoﬂ‘?éédth%nt Kgp

enbodi nent a pol ypeptide I s use pl ace of, I n Other words instead of

t he sdvoteinpebanalel= KAE-KLA1ahanhe?=KishbctanteiKaAs!, prand dedKASIhKadii c or

pr ot el MORRLEL et dEE 88 PcaBR ETBETY o through a [l nker to -

pol ypeFeE;tLr%GZ S\Mc])svrseér?t-ibody recognition of KAS2 peptide and formalin killed P. gingivalis
W50 cells. (A) KAS2 peptide was probed with antisera raised to formalin killed P.
gingivalis W50 cells (FK-W50), recombinant.protéins KAS1-KsA1, KAS2-KLA1, and
synthetic KAS2-DT conjugate and PBS in an ELISA. (B) formalin killed P. gingivalis
W50 cells were probed with antisera raised to formalin killed P. gingivalis W50 cells
(FK-W50), recombinant proteins KAS1-KsA1, KAS2-KLA1, KLA1 and PBS in an ELISA.
Antibody responses are expressed as the ELISA titre OD415 obtained minus double the
background level, with each titre representing the mean * standard deviation of three

values.

Figure 3 shows P. gingivalis-induced horizontal bone loss of maxillae molars of mice
immunised with the recombinant proteins and recombinant chimera proteins, formalin-
kiled P. gingivalis and adjuvant alone (PBS, IFA) or non-orally infected (non-
challenged) mice. In this figure KAS2-KLA1 is shown as AS2-LA1, KLA1 is shown as
LA1, KAS1-KsA1 is shown as AS1-sA1, KsA1 is shown as sA1. Measurement of bone
loss is the mean of the area measured in millimeters squared (mm2) from the

cementoenamel junction (CEJ) to the alveolar bone crest (ABC) of the buccal side of
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Table 1. Sequences that flank the active site of Kgp and RgpA. Region
KgpLys- X (nunbering according to SEQ I D No. 62) KgpLys-X Consensus RgpAArg- X
(number i ngoaocanaicdg t o SEQ I D No. 61) RgpAAr g- X ConsenseseTRASMIY00PAS1IR PAS
1K (432-453) LNTGVSFANYTAHGS ETAWADP (SEQ I D NO 30) PAS1R (426-446)

FNGE SLANYTGHGSET AWGT (SEQ I D NGO 34) KAS1/ Si KAS1 (432-454)
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Detailed description of the embodiments

It will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations

constitute various alternative aspects of the invention.

The inventors have found that the regions of P. gingivalis trypsin-like enzymes that flank
or otherwise define a catalytic or active site for cleavage of a peptide bond are highly
immunogenic and indeed sufficient to provide for a humoral response to P. gingivalis
infection. In particular, it has been found that a chimeric or fusion protein including one
or more of these regions provides protection against alveolar bone loss which is greater
than that seen for antisera raised against whole cells and other immunogens. The
finding is particularly surprising as, to date, the catalytic domain of trypsin-like enzymes

of P. gingivalis has been found to be relatively weakly immunogenic.

In one aspect, the present invention provides a chimeric or fusion protein for inducing
an immune response to P. gingivalis, the protein including a first peptide joined directly

or through a linker to a second peptide, wherein:
(A) said first peptide includes:

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence shown in SEQ ID No:1; or

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence shown in SEQ ID No:2 ; and
(B) said second peptide includes:

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the -

sequence of a HagA adhesin domain of P. gingivalis.

As used herein, the term "peptide” is used to refer to an amino acid sequence of up to



LNTGV[ G SWANYTAH GSET[ S/ A] WADP[ S/ L] (SEQ ID NO 27) RASL (426-448)

FNGG SL[ V/ ANYTGHG SETAWGTSH (SEQ I D NO. 31) KAS2/ RAS2 KAS2 (433-468)

NTGV] G S]WANYTARGCSET! S/ Al WADP[ S/ L] [U V] T[ Af THT/ S]  V/ LPEAAUENIGod e K ( SEQ
ID NO 28) RAS2 (427-462) NGG SL[V/ AINYTGHGS ETAWGTSHFGTTHVKQ LTNSNQ ( SEQ
ID NO 32) KAS3/RA S3 KAS3 (436-455) V[ G S] FANYTAFI GSET[ S/ Al WADP[ S/ L] [ WVI
(SEQ ID NO. 29) RAS3 (430-449) ISL[V/ A NYTGHGSETA WGTSHE (SEQ ID NO 33)
KAS4/ RAS4 KAS4 (388-395)

about 40 amino acid residues, preferably from 5 to 4Q amino acid residues.

In one embodiment, a polypeptide is used in place of or in other words instead of the
“second peptide”. The term "polypeptide” is used to refer to an amino acid sequence of

at least about 40 amino acid residues.

Thus, in another aspect there is provided a chimeric or fusion protein for inducing an
immune response to P. gingivalis, the protein including a peptide joined directly or

through a linker to a polypeptide, wherein:
(A) said peptide includes:

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence shown in SEQ ID No:1; or

(i) part of, or all of a sequence that is the same as, or homologoué to the

sequence shown in SEQ ID No:2 ; and
(B) said polypeptide includes:

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(i) part of, or all of a sequence that_ is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase' of P. gingivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the

sequence of a HagA adhesin domain of P. gingivalis.

In another aspect, the invention provides a peptide for inducing an immune response to

P. gingivalis selected from the group consisting of:

(i) a sequence that is the same as or homologous to the sequence shown
in one of SEQ ID No: 64 to 66; and

(i) a sequence that is the same as or homologous to the sequence shown
in SEQ ID No: 67 or 68.

In an aspect of the invention, where the peptide has a sequence of SEQ ID No: 64 to

68, the peptide may be provided in the form of a chimeric or fusion protein in which the



DSMY/ SIWN P/ SJ[K Q[1/V] (SEQ ID NO 64) RAS4 (379-386) EGGPSADN (SEQ ID
NO 67) KAS5/ RAS5 KAS5 (510-516) NSYWGED (SEQ I D NO 65) RAS5 (508-514)

[ N D] J SRObApf/@R483( SEQ | D NO 68) KAS6 KAS6 (570-580) PGHAY20q9M06l 1GAHY ( SEQ
I D NO 66) The inventors have found that chineric proteins including

t hese peptides have a nunber of utilities. For exanple, as described

herein, sonme produce a hunoral responslg) that is highly protective for
treatment or prevention of bone | oss as observed in chronic periodonitis.
The peptides may al so be used in a diagnhostic assay wherein they can detect
or nonpéptidesisgointdditeictig or thrangh rdinked da ' secoad paptidbelredy emsbididentighe

whet her or not the individual is infected and if so, whether treatnents are
requi r SREAN RaptideRfitae him@ria erfusionagrotei iNahdas: ef fect i ve. WD
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(i). part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(ii) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the

sequence of a HagA adhesin domain of P. gingivalis.

In the above described embodiment a polypeptide is used in place of, or in other words
instead of the second peptide. Thus, in another aspect there is provided a chimeric or
fusion protein for inducing an immune response to P. gingivalis, the protein including a

peptide joined directly or through a linker to a polypeptide, wherein:
(A) said peptide includes:

(i) a sequence that is the same as or homologous to the sequence shown
in one of SEQ ID No: 64 to 66; or

(i) a sequence that is the same as or homologous to the sequence shown -
in SEQ ID No: 67 or 68.; and

(B) said polypeptide includes:
(i) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the

sequence of a HagA adhesin domain of P. 'gingiva/is.

As used herein, a reference to a "homologue” of a peptide or polypeptide is a reference

to a peptide or polypeptide having an amino acid sequence that shares homology or



It will be understood that the region of a P. gin givalis trypsin-Ilike
enzyne that defines a site in the enzyne for cleavage of a peptide bond

| ocat ed Gvo 208ware48al to Lys or Arg, does not conprise aPpcomileixosaguence
of the Lys-X-proteinase or Arg-X-proteinase. As used herein, the terns
"het er ol ogous protein” or "chinmeric or fusion protein"” are used to refer to
a protein that is conposed of functioqql units, donmins, sequences or
regions of amno acids derived fromdifferent sources or that are derived
fromthe same source and that have been assenbled so as to have an

or gani it ii9monflagous teli 6t tgUhah eféntio withhthe aktiey \Gelll sBgdemdd of Whe firstom
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P. gingivalis tl‘){ps_l n-1ike enzyme, such as Lys-Xproteinase (Kgp) of
Ar g- X-ipteseleangesble mpuge glycingyAlariee, valine Igycinghisnleuringi proline e tysosioei nes

al so . inin | vS- X-ng ot el nase; .L,he preferred
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preferably less than 10, and most preferably less than 5 amino acid changes.

A region of a P. gingivalis trypsin-like enzyme — especially a Lys-X-proteinase (Kgp) or
Arg-X-proteinase (RgpA) - that defines a site in an enzyme for cleavage of a peptide
bond can be determined following the teaching of the specification herein, particularly in
relation to Figure 7 and Example 9, which exemplify the process for predicting three-
dimensional conformation of the catalytic site as it appears on P. gingivalis for Lys-X-
proteinase. Example 10 provides methodology for modelling of the Arg-X-proteinase

three-dimensional conformation.

In certain embodiments, the chimeric or fusion protein, or first or second peptide

components thereof may be formed from a peptidomimetic. A peptidomimetic is a



KA1(738- 1099) SEQ ID NO 35 KsAl (759- 989) SEQ ID NO 36 KLAL(751-
1056) SEQ I D NO 37 KA2(1157- 1275) SEQ ID NO 40 KA3 (1292 -1424) SEQ D NO
41 KAA ( MDB0101B463 SEQ D PCT/AU2009/001112
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-molecule that mimics one or more characteristics of a given peptide, for example
conformation, and that consists of amino acid residues, some of which may not be

naturally occurring.

Having identified the immunogenic regions of the catalytic site, the inventors have
determined the sequence of various peptide immunogens against which a humoral
-response can be raised. In particular, ‘six’ regions that flank or otherwise define the
catalytic site have been defined as follows: KAS1/RAS1, KAS2/RAS2, KAS3/RAS3,
KAS4/RAS4, KAS5/RASS5 and KAS6 (see Table 1). With this information, the inventors
have been able to interrogate protein sequence databases to determine peptides that
share homology with amino acid sequences that form regions that flank a catalytic site
and hence that represent immunogenic epitopes found on P. gingivalis. The sequence

of these peptides are identified by the following structural formula:



NO 42 KAS (1548- 1732) SEQ ID NO 43 RgpA Arg-X proteinase SEQ ID No. 61
RA1(720- 1081) SEQ ID NO 38 RsAl (831- 971) SEQID NO 39 - RA2 (1139-
1257) SEQ@ODRo@m22464 RA3 (1274- 1404) SEQ D NO 45 RA4 ( PE3AU2009/001112
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Table 1. Sequences that flank the active site of Kgp and RgpA.

Kgp Lys - X|Kgp Lys - X |RgpA Arg -X{RgpA Arg X
Reqi (numbering Consensus (numbering Consensus
egion .
according to SEQ according to SEQ ID
ID No.62) No.61)
: LNTGVSFANYTAHGS .
PAS1K/ FNGGISLANYTGHGSET
PAS1K (432-453) ETAWADP PAS1R (426-446)
PAS1R o AWGT (SEQ ID NO: 34)
(SEQ ID NO: 30)
KAST/ LNTGVIG/SIFANYTAH FNGGISL[V/A]NYTGHG
RASH KAS1 (432-454) GSET[S/AWADP[S/L] | RAS1 (426-448) SETAWGTSH
(SEQ ID NO: 27) (SEQID NO: 31)
NTGV[G/SJFANYTAHG '
' _ NGGISLIV/AINYTGHGS
" | SETIS/AIWADPI[S/L]IL/
KAS2] KAS?2 (433-468) VITIATIT/SIQIVILIKAL | RAS2 (427-462) ETAWGTSHFGTTHVKQ
RAS2 LTNSNQ
TNK[D/NJK
: (SEQ ID NO: 32)
(SEQ ID NO: 28)
KAS3IRA VIG/SIFANYTAHGSET[ ISLV/AINYTGHGSETA
3 KAS3 (436-455) S/AJWADP[S/L][L/V] RAS3 (430-449) WGTSHF
(SEQ ID NO: 29) : (SEQ ID NO: 33)
KAS4/ D[S/Y][Y/SMWNIP/S][K/ EGGPSADN
KAS4 (388-395) RAS4 (379-386)
RAS4 QJ[IV] (SEQ ID NO: 64) (SEQ ID NO: 67)
KAS5/ NSYWGED [N/D]JQ[S/Y]WA[S/P]P
KASS5 (510-516) RAS5 (508-514)
RAS5 (SEQ ID NO: 65) _ (SEQ ID NO: 68)
_ ’ IGN[V/ITHIGAHY
KAS6 KAS6 (570-580)
(SEQ ID NO: 66)

The inventors have found that chimeric proteins including these peptides have a
number of utilities. For example, as described herein, some produqe a humoral
response that is highly protective for treatment or prevention of bone loss as observed
in chronic periodonitis. The peptides may also be used in a diagnostic assay wherein
they can detect or monitor specificities in an individual's serum, thereby indicating
whether or not the individual is infected and if so, whether treatments are required or if

provided, whether fhey have been effective.



1706) SEQ D NO 46 - HagA SEQ I D NO 63 HagAl (26- 351)(SEQ I D NO 80),
HagAl * (366-625) (SEQ D NO 81), HagAl ** (820-1077) (SEQ D NG 82)or HagAl **
(1272- 15299 20 HEQR493NO. 82) PCT/AU2009/001112
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It will be understood that the region of a P. gingivalis trypsin-like enzyme that defines a
site in the enzyme for cleavage of a peptide bond located C — terminal to Lys or Arg,

~does not comprise a complete sequence of the Lys-X-proteinase or Arg-X-proteinase.

As used herein, the terms “heterologous protein” or “chimeric or fusion protein” are used
to refer to a protein that is composed of functional units, domains, sequences or regions
of amino acids derived from different sources or that are derived from the same source
and that have been assembled so as to have an organisation that is distinguished from
that observed in a molecule from which the unit, domain, sequence or region is derived
or related to. A common feature of the chimeric or fusion proteins of the invention is
that they contain at least one peptide having an amino acid sequence that is the same
as or that shares homology with a sequence of a P. gingivalis trypsin-like enzyme that

defines a catalytic site for cleavage ofa peptide bond.

In a preferred embodiment, where the first peptide comprises a peptide from the
-Kgp[432-468] region, it is preferably (i) a peptide which comprises a sequence selected
from VSFANYT and VGFANYT, more preferably a sequence selected from
GVSFANYT, GVGFANYT, VSFANYTA and VGFANYTA; or (ii) a peptide which
comprises a sequenbe selected from ETAWAD, ETSWAD, TAWADP and TSWADP,
preferably a sequénce selected from SETAWAD, SETSWAD, ETAWADP, ETSWADP,
TAWADPL and TSWADPL, more preferably a sequence selected from GSETAWAD,
GSETSWAD, SETAWADP, SETSWADP, ETAWADPL, ETSWADPL, TAWADPLL and
TSWADPLL. More preferably, this peptide is selected from the KAS1[432-454],
KAS2[433-468] and KAS3[436-455] peptides shown in Table 1. Alternatively, the first
peptide may be the PAS1K[432-453] peptide, also known as PAS1(K48), disclosed in
International Patent Application No. PCT/AU98/00311 (WO 98/049192). The sequence

identifiers corresponding to these peptides are shown in Table 3.

Similarly, in another preferred embodiment, where the first peptide comprises a peptide
from the RgpA[426-462] region, this peptide is preferably selected from the RAS1[{426-
448], RAS2[427-462] and RAS3[430-449] peptides shown in Table 1. Alternatively, the
first peptide may be the PAS1R[426-446] peptide, also known as PAS1(R45), disclosed
in International Patent Application No. PCT/AU98/00311 (WO 98/049192).
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(iii) part of, or all of a sequence that is the sanme as, or honol ogous to

t he sequence of an adhesin donain of the Lys-X-proteinase of P. gingival's
or (iv) wenviwR246er all of a sequence that is the sanepras/Aumoodvomikogous
to the sequence of an adhesin domain of the Arg-X-proteinase of P
gingival's; or (v) part of, or all of a sequence that is the sane as, or
honol ogous to the sequence of a HagA aghesin domain of P. gin givalis.
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di spersion nedia, antibacterial or antifungal agents, and buffers or

di | uent s we 2appnewsi ate. In this aspect, the invention acTapRowodas a

nmet hod of preventing or reducing the incidence or severity of a P.
gingivalis-related condition or disease in a subject, which conprises

adm nistering to the subject a chinerhg or fusion protein as descri bed
above, or an conposition as descri bed 'above. The subject may be a human or
ot her animal subject, and is preferably a human. Typically, the P. gin

gi val i ;- pedfetred embddinments oof thes qreserntsinyBntion, Ctheechirderid iar, fusioverotein may
al so be bone | oss, especially alveolar bone | oss, or coronary artery

di seas'@?’“ﬁ&ﬁ)ﬁ’nﬁeﬁ?rﬁﬁe? ﬁ?@ﬁﬁomsﬁowg’ M$%ﬁn_€f'<%s§ﬁaf2f_c‘?%°bm%§fti on
to a hypen RIASHIRRS3 RREEGhd RRQ‘S%Q@%e@WithW@éA& bfKL@d to intradermal,

intranuscul ar, i'ntraperitoneal, Intravenous, subcutaneous, intranasal,
sub-1i . LLShration. T r 1 0L,S tion
are par e sPHeRCepaniss. BECHIRHERY fRion BEAER el di000e B HAYENS o1
pr ovi digsthen paptidéatigreip sefdeduthbypeptidenincludesl anti body, rai sed against a
chineric or fusion protein as broadly described above. These antibodies may
be proguggd d¥y oblafinsiad def@emdt tHRSs tA8EamY aBe of TRFMJIOgHTS $ ife isBRUBASAL | oNn
of a subject. Accordingly, in this aspect, the invention also provides a
met hodstswipineSERE IDhYodlr; reduci ng the severity of a P. gin givalis-rel ated
di sease or condition in a subject, which conprises admnistering to the
subj ecfii) partaofi ich@dlyofaa seguencd dhhtabdhe.same asft or thoenolagpestq thdseguesent

i nventi,on proxide myicleic acid nol ecul e i ncluding a nucl eoti de sequence
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expression. A variet% of host cell WD 2010/ 022463PCT/ AU2009/ 001112 21
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WO 2010/ 022463PCT/ AU2009/ 001112 is the best known example, in the art, of
an infectious virus that is engineered to express vacci ne antigens derived
from ot heawoangemesns. The reconbi nant |ive vaccinia vir esy/Adnehnoid2
attenuated or otherwi se treated so that it does not cause di sease by
itself, is used to inmunize the host. Subsequent replication of the
reconbi nant virus within the host prou@pes a continual stimulation of the
i mmune systemwi th the vacci ne antigens thereby providing |ong |asting
immunity. OQther |ive vaccine vectors include: adenovirus, cytonegal ovirus,
and pr g EUrR’?' ¥hé hrsp Pepitides @nds adhedin domaimi polyiastidet tintoamd clwer cgpatialU. S.
Patent No. 4,603,112] and attenuated Sal nonella strajins [Stocker et al.,
U.S. PatrapgerRent thappromady obseryedin & P.giagiralistrypsin-like enzyme: Altgrnatively,

soon RSP TR o MBI R e
Sube:SShe el 05 KT Bt B0 BABHRRETE oo b

used i BxpreBsior adysterms (8@sH s ragambiiant DNJA eehndlbhy). of By hehticall §nthédie

| ive vacci ne can be based on a bacteriumthat is a cormmensal |nhabitant of
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ynpnofy Drdior EsPRSE GelaRea RhEF e Bblaingth S Wers it R K6eHd BRBHFL e
this eshragonets.of tisd oigintgricasrflisiontprelenpaleak. t echni ques wel | known in the
art, nucl eotide sequences encoding the chinmeric proteins of this invention
may be inserted into the vaccinia virus genomic DNA at a site which allows
for expresipventond Havet RAARI Bhit eRiRferikopratemet incaldingfthesé pelridasonale 04
replication of the vaccinia virus vector. The resultant reconbi nant virus
can benwdbar £ vhliesnriieio §¥AMPIE, aa§ adesaibedohaiaint isome Rieddgmed fsime@ can
be use rUGE AN A - I 1 Cy f.0 jon
except SoRAPSE AEAt S ot priBEble BrfediFRALR: Blentio T SARCIGNE Asbiera 10
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t he chpmowided, pthetreiribey bpee beeneffeclivenked to one or nore regul atory

el ements, can be introduced directly to vaccinate an individual ("direct
gene transfer") against pathogenic strains of P..gin givalis. D rect gene
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expression plasm d:cationic |iposone conplex [Zhu etal., 1993, Science
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protective i ne response [Fynan etal. 1993, Pro¢c Nat! Acad Sci USA
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further include diluent, excipient, or carrier or chenotherapeutic agent
for treatnment of a P. gingival/is-related condition or disease and may be
adapted for oral adm nistration. The conpositions of this invention may be
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WO 2010/ 022463PCT/ AU2009/ 001112 25 Toot hpaste, creans and gels typically
contain a natural or synthetic thickener or gelling agent in proportions of
about 0. WORIHHYB26310, preferably about 0.5 to about 5%PaTKU2090111Ab] e

t hi ckener is synthetic hectorite, a synthetic colloidal nagnesi um al kal
metal silicate conplex clay available for exanple as Laponite (e.g. CP, SP
2002, D) marketed by Laporte Industri;g Limted. Laponite D is, _
approxi mately by wei ght 58.00% Si 02, . 40% MgO, 3. 05% Na20, '0.98% Li 20,
and some water and trace netals. Its true specific gravity is 2.53 and it
has anVagiqes adjuvantskarkeksowy fof useOnodonjarictidio with staccme Edinposisions abllee

t hi ckeners include Irish npbss,. iota carrageenan, gumtragacanth, ar ch,
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Ami no laca furtfeuaspest, the present invention provides a nucleic acid molecule including a

nucleotide sequence encoding a chimeric or fusion protein as broadly described above,
optionally operatively linked to at least one regulatory element. In one embodiment the

nucleic acid is provided in isolated or substantially purified form.

The nucleic acid molecule may, for éxamp!e, be inserted into a suitable expression |
vector for production of the chimeric protein as a recombinant protein by insertion of the
expression vector into a prokaryotic or eukaryotic host cell. Successful expression of
the recombinant protein requires that the expression vector contains the necessary
regulatory elements for transcription and translation which are compatible with, and

recognised by the particular host cell system used for expression. A variety of host cell



Fragment LNTGV[ G SWANYTAFI GSET[ S/ A] WADP[ S/ L1[ LN] T[ A/ T] [ T/

S] Q V/ LIKALTNK[ D/ N K Kgp[ 432- 468] 2

FNGG SL[ WO]2bMTGRAGESET AWGT SHEGTTHVKQLTNSN Q RgpA[ 426 - 46 PLTATIERAMTE2 4
VGFANYT 5 GVSFANYT 6 GVGFANYT 7

21

systems may be utilized to express the recombinant protein, which include, but are not
| limited to bacteria transformed with a bacteriophage vector, plasmid vector, or cosmid
DNA; yeast containing yeast vectors; fungi containing fungal vectors; insect cell lines
infected with virus (e.g. baculovirus); and mammalian cell lines transfected with plasmid
or viral expression vectors, or infected with recombinant virus (e.g. vaccinia virus,

adenovirus, adeno-associated virus, retrovirus, etc).

Using methods known in the art of molecular biology, various promoters and enhancers
can be incorporated into the expression vector, to increase the expression of the
recombinant protein, provided that the increased expression of the amino acid
sequences is compatible with (for example, non-toxic to) the particular host cell system

used.

The selection of the promoter will depend on the expression system used. Promoters
vary in strength, i.e. ability to facilitate transcription. Generally, it is desirable to use a
strong promoter in order to obtain a high level of transcription of the coding nucleotide
sequence and expression into recombinant protein. For example, bacterial, phage, or
plasmid promoters known in the art from which a high level of transcription have been
observed in a host cell system including E. coli include the lac promoter, trp promoter,
recA promoter, ribosomal RNA promoter, the Pgr and P, promoters, lacUV5, ompF, bla,
Ipp, and the like, may be used to provide transcription of the inserted nucleotide

sequence encoding amino acid sequences.

Other control elements for efficient transcription or translation include enhancers, and
regulatory signals. Enhancer sequences are DNA elements that appear to increase
transcriptional efficiency in a manner relatively independent of their position and
orientation with respect to a nearby coding nucleotide sequence. Thus, depending on
the host cell expression vector system used, an enhancer may be placed either
upstream or downstream from the inserted coding sequences to increase transcriptional
efficiency. Other regulatory sites, such as transcription or translation initiation signals,

can be used to regulate the expression of the coding sequence.

In another embodiment, the vector may be a viral or bacterial vaccine vector, and used
to provide a recombinant viral vaccine, a recombinant bacterial vaccine, a recombinant

attenuated bacterial vaccine, or an inactivated recombinant viral vaccine. Vaccinia virus
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is the best known example, in the art, of an infectious virus that is engineered to
express vaccine antigens derived from other organisms. The recombinant live vaccinia
virus, which is attenuated or otherwise treated so that it does not cause disease by
itself, is used to immunize the host. Subsequent replication of the recombinant virus
within the host provides a continual stimulation of the immune system with the vaccine

antigens thereby providing long lasting immunity.

Other live vaccine vectors include: adenovirus, cytomegalovirus, and preferably the
poxviruses such as vaccinia [Paoletti and Panicali, U.S. Patent No. 4,603,112] and
attenuated Salmonella strains [Stocker et al., U.S. Patent No. 5,210,035; 4,837,151;
and 4,735,801; and Curtiss et al., 1988, Vaccine 6:155-160). Live vaccines are
particularly advantageous because they continually stimulate the immune system which
can confer substantially long-lasting immunity. When the immune response is
protective against subsequent P. gingivalis infection, the live vaccine itself may be used
in a pre.ventive vaccine against P. gingivaIiS. In particular, the live vaccine can be
based on a bacterium that is a comménsal inhabitant of the oral cavity. This bacterium
can be transformed with a vector carrying a recombinant chimeric protein and then used
to colonise the oral cavity; in particular the oral mucosa. Once colonised in thé oral
mucosa, the expression of the recombinant protein will stimulate the mucosél
associated lymphoid tissue to produée neutralising antibodies. To further illustrate this
embodiment, using molecular biological techniques well known in thé art, nucleotide
sequences encoding the chimeric proteins of this invention may be inserted into the
vaccinia virus genomic DNA at a site which allows for expression of epitopes but does
not negatively affect the growth or replication of the vaccinia virus vector. The resultant
recombinant virus can be used as the immunogen in a vaccine formulation. The same
methods can be used to construct an inactivated recombinant viral vaccine formulation
except that the recombinant virus is inactivated, such as by chemical means known in
the art, prior to use as an immunogen and without substantially affecting the
immunogenicity of the expressed immunogen. The inactivated recombinant-vaccine
may be formulated with a suitable adjuvant in order to enhance the immunological

response to the vaccine antigens.

The invention also provides for the use of a nucleic acid molecule including a nucleotide

sequence encoding a chimeric or fusion protein of this invention directly as the vaccine

30 13
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formulation. Nucleotide sequences encoding the chimeric proteins, operatively linked to
one or more regulatory elements, can be introduced directly to vaccinate an individual
("direct gene transfer") against pathogenic strains of P. gingivalis. Direct gene transfer
into a vaccinated individual, resulting in expression of the genetic material by the
vaccinated individual's cells such as vascular endothelial cells as well as the tissue of
the major organs, has been demonstrated by techniques in the art such as by injecting
intra\'/eno'usly an expression plasmid:cationic libosome compiex [Zhu et al., 1993,

- Science 261:209-211]. Other effective methods for delivering vector DNA into a target
cell are known in the art. In one example, purified recombinant plasmid DNA containing
viral genes has been used to inoculate (whether parenterally, mucosally, or via gene-
gun immunization) vaccines to induce a protective immune response [Fynan ef al. 1993,
Proc Natl Acad Sci USA 90:11478-11482]. In another example, cells removed from an
individual can be transfected or electroporated by standard procedures known in the art,.
resulting in the introductioh of the recombinant vector DNA intro the target cell. Cells
containing the recombinant vector DNA may then be selected for using methods known
in the art, such as by use of a selection marker expressed in the vector, and the
selected cells may then be re-introduced into the individual to express the recombinant

protein.

In this aspect, the invention further provides a method of preventing or reducing the
incidence or severity of a P. gingivalis-related condition or disease in a subject, which
comprises administering to the subject a nucleic acid molecule as described above, a

vector as described above, or a prokaryotic or eukaryotic cell as described above.

In other embodiments there .is provided a pharmaceutical composition including a
chimeric or fusion protein or an antibody as described above. The composition may
further include diluent, excipient, or carrier or chemotherapeutic agent for treatment of a
P. gingivalis-related condition or disease and méy be adapted for oral administration.
The compositions of this invention may be incorporated in Iozenges,. or in chewing gum
or other products, e.g. by stirring into a warm gum base or coating the outer surface of a
gum base, illustrative of which are jelutong,-‘rubber latex, vinylite resins, etc., desirably
with conventional plasticizers or softeners, sugar or other sweeteners or such as

glucose, sorbitol and the like.
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An oral composition of this invention which contains the above-mentioned
pharmaceutical composition may be prepared and used in various forms applicable to
the mouth such as dentifrice including toothpastes, toothpowders and liquid dentifrices,
mouthwashes, troches, chewing gums, dental pastes, gingival massage creams, gargle
tablets, dairy products and other foodstuffs. An oral composition according to this
invention may further include additional well known ingredients depending on the type

and form of a particular oral composition.

In certain preferred forms of the invention the oral composition may be substantially
liquid in character, such as a mouthwash or rinse. In such a preparation the vehicle is
typically a water-alcohol mixture desirably including a humectant as described below.
Generally, the weight ratio of water to alcohol is in the range of from about 1:1 to about
20:1. The total amount of water-alcohol mixture in this type of preparation is typically in
the range of from about 70 to about 99.9% by weight of the preparation. The alcohol is

typically ethanol or isopropanol. Ethanol is preferred.

 The pH of such liquid and other preparations of the invention is generally in the range of
from about 5 to about 9 and typically from about 5.0 to 7.0. The pH can be controlled
with acid (e.g. citric acid or benzoic acid) or base (e.g. sodium hydroxide) or buffered

(as with sodium citrate, benzoate, carbonate, or bicarbonate, disodium hydrogen

phosphate, sodium dihydrogen phosphate, etc).

In other desirable forms of this invention, the pharmaceutical composition may be
substantially solid or pasty in character, such as toothpowder, a dental tablet or a
toothpaste (dental cream) or gel dentifrice. The vehicle of such solid or pasty oral

preparations generally contains dentally acceptable polishing material.

In a toothpaste, the liquid vehicle may comprise water and humectant typically in an
amount ranging from about 10% to about 80% by weight of the preparation. Glycerine,
propylene glycol, sorbitol and polypropylene glycol exemplify suitable
humectants/carriers. Also advantageous are liquid mixtures of water, glycerine and
sorbitol. In clear gels where the refractive index is an important consideration, about 2.5
- 30% w/w of water, 0 to about 70% w/w of glycerine and ablout 20-80% w/w of sorbitol

are preferably employed.
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Toothpaste, creams and gels typically contain a natural or synthetic thickener or gelling
agent in proportions of about 0.1 to about 10, preferably about 0.5 to about 5% w/w. A
suitable thickener is synthetic hectorite, a synthetic colloidal magnesium alkali metal
silicate complex clay available for example as Laponite (e.g. CP, SP 2002, D) marketed
by Laporte Industries Limited. Laponite D is, approximately by Weight 58.00% SiO,,
25.40% MgO, 3.05% Na0, 0.98% Li,O, and some water and trace metals. Its true
specific gravity is 2.53 and it has an apparent bulk density of 1.0 g/ml at 8% moisture.

| Other suitable thickeners include Irish moss,A iota carrageenan, gum tragacanth, starch,
polyvinylpyrrolidone, hydroxyethylpropylcellulose, hydroxybutyl methyl cellulose,
hydroxypropyl methyl cellulose, hydroxyethyl cellulose (e.g. available as Natrosol),
sodium carboxymethyl cellulose, and colloidal silica such as finely ground Syloid (e.g.
244). Solubilizing agents may also be included such as humectant polyols such
propylene glycol, dipropylene glycol and hexylene glycol, cellosolves such as methyl
cellosolve and ethyl cellosolve, vegetable oils and waxes contaihing at least about 12
carbons in a straight chain such as olive oil, castor oil and petrolatum and esters such

as amyl acetate, ethyl acetate and benzyl benzo_ate.‘

It will be understood that, as is conventional, the oral preparations will usually be sold or
otherwise distributed in suitable labelled packages. Thus, a bottle of mouth rinse will
have a label describing it, in substance, as a mouth rinse or mouthwash and having
directions for its use; and a toothpaste, cream or gel will usually be in a collapsible tube,
typically alumihium, lined lead or plastic, or other squeeze, pump or pressurized
dispenser for metering out the contents, having a label describing it, in substance, as a

toothpaste, gel or dental cream.

Organic surface-active agents may be used in the compositions of the present invention
to achieve increased prophylactic action, assist in achieving thorough and complete
dispersion of the active agent throughout the oral cavity, and render the instant
compositions more cosmetically acceptable. The organic surface-active material is
preferably anionic, non-ionic or ampholytic in nature and preferably does not interact
with the active agent. It is preferred to employ as the surface-active agent a detersive
material which imparts to the composition detersive and foaming properties. Suitable

examples of anionic surfactants are water-soluble salts of higher fatty acid
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fatty acid material. Examples of water-soluble non-ionic surfactants suitable for use are

condensation products of ethylene oxide with various reactive hydrogen-containing
compounds reactive therewith having long hydrophobic chains (e.g. aliphatic chains of
about 12 to 20 carbon atoms), which condensation products ("ethoxamers") contain
hydrophilic polyoxyethylene moietieé, such as condensation pro'ducts of poly (ethylene
oxide) with fatty acids, fatty alcohols, fatty amides, polyhydric alcohols (e.g. sorbitan

monostearate) and polypropyleneoxide (e.g. Pluronic materials).

The surface active agent is typically present in amount of about 0.1-5% by weight. It is
- noteworthy, that the surface active agent may assist in the dissolving of the active agent

of the invention and thereby diminish the amount of solubilizing humectant needed.

Various other materials may be incorporated in the oral preparations of this invention
such as whitening agents, preservatives, silicones, chlorophyll compbunds and/or
ammoniated material such as urea, diammonium phosphate, and mixtures thereof.
These adjuvants, where present, are incorporated in the preparations in amounts which

do not substantially adversely affect the properties and characteristics desired.

. Any suitable flavouring or sweetening material may also be employed. Examples of
suitable flavouring constituents are flavouring oils, e.g. oil of spearmint, peppermint,
wintergreen, sassafras, clove, sage, eucalyptus, marjoram, cinnamon, lemon, and
orange, and methyl salicylate. Suitable sweete'ning agents include sucrose, lactose,
maltose, sorbitol, xylitol, sodium cyclamate, perillartine, AMP (aspartyl phenyl alanine,
methyl ester), saccharine, and the like. Suitably, flavour and sweetening agents may

each or together comprise from about 0.1% to 5% more of the preparation.
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sodium phosphate; granulating and disintegrating agents, for example, corn starch, or
alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating
agents, for example magnesium stearate, stearic acid or talc. The tablets may be
uncoated or they may be coated by known techniques to delay disintegration and
absorption in the gastrointestinal tract or periodontal pocket and thereby provide a
“sustained action over a longer period. For example, a time delay material such as

glyceryl monostearate or glyceryl distearate may be employed.

Formulations_ for oral use may also be presented as hard gelatin capsules wherein the
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate,
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is

mixed with water or an oil medium, for example peanut oil, liquid paraffin or olive oil.

Aqueous suspensions contain the active materials in admixture with excipients suitable
for the manufacture of aqueous suspensions. Such excipients are suspending agents,
for example sodium carboxymethylcellulose, methylcellulose, hydropropyl
methylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents may be a naturally-occurring phosphatide, for example,
lecithin, or condensation prodUcts of an alkylene oxide with fatty acids, for example
polyoxyethylene stearate, or condensation products of ethylene oxide with long chain
aliphatic alcohols, for example heptadecaethyleneoxycetanol, or condensation products
of ethylene oxide with partial esters derived from fatty acids and a hexitol such as
polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with
partial esters derived from fatty acids and hexitol anhydrides, for examble polyethylene

sorbitan monooleate.



43 TVWVTAPEAI RGTRAQGTVWYXKTVQLPAGTKYVAFRHFGC

TDFFW NLDDWVI TSGNAPSYTYTI YRNNTQ ASGVTETTY

RDPDLAT GRVO ¥ AMKOYABPNGESAI ETATLNI TSLADVTA PCT/AU2009/001112
KPYTLTWVCEKTI TVTCQGEAM YDMNGRRLAAGRNTW  YTAQGGHYAVWWVDGKSYVEKLAVK KAS 44
ADFTETFESSTHGEAPAEI NTTI DADGDGQGNLCLSSGQ '
L DW. TAHGGTNVVSSFSWNGVALNPDNYLI SKDVTGA

KVKYYYAVNDG-PCDHYAVM SKTGINAGDFTVWWFEE NG N RA2 45

PQSVW ERTVDLPAGTKYVAFRHYNCSDLNYI LLDDI QFT

MGGSPTPA® 4qiédiydeas e ididasT may FatsdCyAtisNone or more preservatives or antimicrobial

HEYCVEVKYTAGVSPKKCVI VNSTOFNPVKNL KA DGGEDVVL KV\EiAP A 3 46
ANEAK\RQ%B%&\R@WR%E% N?P&‘@Isgﬁﬂ' Oor n-propy! p- ycfr\)gxybenzoate another
PLFTGT, ESANERRIchEANN ég&BQé‘lé,V&%V more colouring agents, one or more
VI PGGVYDYCl TNPEPASGKMAI A ARYDDFTF

EAGKK YITAVEIMRIRG GYEDET M\ BDSPASKT ¥WeaieDing agents, such as sucrose or saccharin.
GTKI KEGLTETTYRDAGVSAQSHEYCVEVKYTAGVSPKV

CVDYI POBYASDSpAQKIRYSL MayGOE FofidlatedMbyDisuspending the active ingredients in a

e A e S35
oil such as liquid paraffin. The oily suspensions may contain a thickening agent, for
vexample beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set
forth above, and flavouring agents may be added to provide palatable oral preparations.
These compositions may be preserved by the addition of an anti-oxidant such as

ascorbic acid.

In a further aspect, the present invention provides a method for the diagnosis or
monitoring of a P. gingivalis-related condition or disease in a subject, which comprises
use of a chimeric or fusion protein as described above to detect anti-P. gingivalis

antibodies in a biological sample from said subject.

In yet another aspect, the invention provides a method for the diagnosis or monitoring of
a P. gingivalis-related condition or disease in a subject, which comprises use of an
antibody as described above, to detect the presence of P. gingivalis in a biological

sample from said subject.

In yet another aspect, the invention provides a peptide for inducing an immune
response to P. gingivalis including the sequence shown in one of SEQ ID No: 17, 18, 25
and 26. In one embodiment, the peptide has a sequence that is homologous to one of
SEQ ID No: 17, 18, 25 and 26. The peptide may have a length of 5 to 40 amino acids.

In yet another aspect, the invention provides a nucleic acid encoding a peptide having
a sequence shown in one of SEQ ID No: 17, 18, 25 and 26.

In yet another aspect, the invention provides a use of a peptide having a sequence
shown in one of SEQ ID No: 17, 18, 25 and 26, or a nucleic acid encoding a peptide
having a sequence shown in one of SEQ ID No: 17, 18, 25 and 26, for the manufacture

of a chimeric or fusion protein for inducing an immune response to P. gingivalis.



KAS2- FOR 48 GACTCGAGITATTTGICCTTATTAGTGAGIGCTTTC KAS2- REV 49
GACCATGECTTGGEGGAGACAATACGEGT TAC KLAL- FOR 50 GACTCGAGACCTCCGI TAGGCAAATCC
KLAL1- REWVOL01000CIA3 TGTCTCCCCATTTGICCTTATTAGTGAGIGC TTTCPEASAR2009l0b1H12 REV 52
CACTAATAAGGACAAATGGGGAGACAATACGEGTTA C KAS2- KLAL1- FOR 53
CATGGATCTGAGACCGCATGEECTGATCCACTTTTC TTGITGGATGCCGAT KAS1- KsAl- FOR1
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In yet another aspect, the invention provides a use of a peptide having a sequencé
shown in one of SEQ ID No: 17, 18, 25-and 26, or a nucleic acid encoding a peptide
having a sequence shown in one of SEQ ID No: 17, 18, 25 and 26, for inducing an
immune response to P. gihgivalis. In one embodiment, the peptide is administered

simultaneously or sequentially with a second peptide including:

(i) part of, or all of a sequence that is the same as, or homologous to the
sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the sequence of a

HagA adhesin domain of P. gingivalis.

Table 3

SEQ| Amino acid sequence Fragment

ID

NO:

1 . | LNTGV[G/S]JFANYTAHGSET[S/A]WADP[S/LYLNMTIA/T]IT/ | Kgp[432-
S]Q[V/L]JKALTNK[D/N]K ‘ 468]

2 FNGGISL[V/AINYTGHGSETAWGTSHFGTTHVKQLTNSN | RgpA[426
Q v -462]

3 VSFANYT

4 VGFANYT

5 GVSFANYT

6 GVGFANYT

7 VSFANYTA

8 VGFANYTA

9 ETAWAD

10 | ETSWAD

11 | TAWADP

12 | TSWADP




54 CCATGCCTTTGAATACCGGAGI CAGCTTTGCAAACT ATACAGCGCATGGATCTGAGACCGCA KAS1 -
KsAl- FOR2 55 CTCGAGGAATGATTCGGAAAGIGIT KAS1- KsAl- REV 56

CCATGCCT RO RAIPAEIBECGAAT TCCCAGGTAGTCA GCTTTGCAAACTATACA ROTAU2000R1113 7
CTTTGCAAACTATACAGCGCCATGGATCTGAGACCGC ATGGGCTGATCCACTT nul ti - FOR2 58
ATGGCCTGATCCACTTCTGAATTCTTATTGGGEGCGA GATCGCCAATATTACC nul ti- FOR3

30
13 | SETAWAD
14 | SETSWAD
15 | ETAWADP
16 | ETSWADP
17 | TAWADPL
18 | TSWADPL

19 | GSETAWAD
20 | GSETSWAD
21 | SETAWADP
22 | SETSWADP
23 | ETAWADPL
24 | ETSWADPL
25 | TAWADPLL
[26 | TSWADPLL
27 | LNTGV[G/SIFANYTAHGSET[S/A]WADP[S/L] KAS1
28 | NTGV[G/SJFANYTAHGSET[S/A]WADP[S/LJ[ILVITIATI[T/S | KAS2
JQIV/LIKALTNK[D/N]K

29 | V[G/SIFANYTAHGSET[S/A]WADP[S/L][L/V] KAS3
30 | LNTGVSFANYTAHGSETAWADP PASTK
31 | FNGGISL[V/A[NYTGHGSETAWGTSH RAS1
32 | NGGISL[V/AINYTGHGSETAWGTSHFGTTHVKQLTNSNQ | RAS2
33 | ISLV/AINYTGHGSETAWGTSHF RAS3
34 | FNGGISLANYTGHGSETAWGT PAS1R

35 | ANEAKVVLAADNVWGDNTGYQFLLDADHNTFGSVIPATG | KA1
PLFTGTASSNLYSANFEYLIPANADPVWTTQNIIVTGQGEV
VIPGGVYDYCITNPEPASGKMWIAGDGGNQPARYDDFTF
EAGKKYTFTMRRAGMGDGTDMEVEDDSPASYTYTVYRD
GTKIKEGLTATTFEEDGVAAGNHEYCVEVKYTAGVSPKV
CKDVTVEGSNEFAPVQNLTGSSVGQKVTLKWDAPNGTP
NPNPNPNPNPGTTLSESFENGIPASWKTIDADGDGHGW
KPGNAPGIAGYNSNGCVYSESFGLGGIGVLTPDNYLITPA




34 59 GATCGGCAATATTACCCATATTGGTGCTCATTACGC nmul ti-  TTGGGGAGACAATACG FOR4A 60
CTCGAGACCTCCGT TAGGCAAATCCAATGCCGGTGT nmul ti - REV  TATCAGATAGITGTCA  SEQ I D
NO Am nowecent/regsence Full length 61 PCT/AU2009/001112

MKNLNKFVSI AL CSSLLGGVAFAQQTEL GRNPNVRLLES
TQQSVTKVQFRVDNLKFTEVQTPKG GQVPTYTEGVNL
SEKGVPTLPI LSRSLAVSDTREMKVEWESKFI EKKNVL,|
APSKGM MRNEDPKKI PYVYGKTYSQNKFFPGEl ATL

PFI LRDVRGQVWNFAPLQYNPVTKTLRI YTEI TVAVSETSE

QGKNI LNKKGTFA

NGRM VI VAKKYE

SPVTANAI QQF VK

GO PNERWEMPRCRAQIDNNYASEHYAVYASSTGNDASN
GDl KDFVDVK RTEVKVAEDI A

(EWAEERDE AL LI GDHKDI PAKI TP

G KSDQVY Gk VG

| HYERNI TTE

NVI ANLLTQYGYT

GHGSETAWGT SHi
DFLFSVMPCRAEAL
PVRGQDEMNEI L(
YKKDGEKM} DTW\
NLTDASVNYSCD
NLTGLTNESTLTL

NLTATTQGQKVTL

m A 5 RASSNLYSANFEYLIPAN
KD REYDPQIITRKNG QAR NABGEYNDY CITNPEPASGKMW

TNS PEI FDVACVNG
%@5&@% DAFH BAGHKY TFTMRRAGMGDGTDM

HEY QVESAMNGAGES RKWENAIXTVEGSNEFAPVQNLTGS

:%&%W%E&?ﬁ%mpmnsey

KsA1

LL SVSDAPEBE
HDQYGQVI PSDTH
PSCSPTNM| MDG]
QGPTKEDDYVFEA
GSDYTYTVYRDGT
VKYTAGVSPKVCH

R

FBENE IR YN AR N FEIVAPATGPLFTGTASSNLYS
TI'LV\PNCSVPANL FAPFEYTVPENAD

M%NWPWW%EWIPGGWDYCITN

B A N R P AT DF TFEAGKKY TFTMRR

AGMEBBIEBMENID DEPASYINVTVYRDGTKIKEGLTATTF
EEDGVAAGNHEYCVEVKYTAGVSPKVCKDVTVEGSNEF
APVQNLTGSSVGQKVTLKWDAPNGTPNPNPNPNPNPGT
TLSESFENGIPASWKTIDADGDGHGWKPGNAPGIAGYNS
NGCVYSESFGLGGIGVLTPDNYLITPALDLPNGG

—d

KLA1

38

SGQAEIVLEAHDVWNDGSGYQILLDADHDQYGQVIPSDT
HTLWPNCSVPANLFAPFEYTVPENADPSCSPTNMIMDGT
ASVNIPAGTYDFAIAAPQANAKIWIAGQGPTKEDDYVFEA
GKKYHFLMKKMGSGDGTELTISEGGGSDYTYTVYRDGT

| KIKEGLTATTFEEDGVATGNHEYCVEVKYTAGVSPKVCK

DVTVEGSNEFAPVQNLTGSAVGQKVTLKWDAPNGTPNP
NPNPNPNPNPGTTTLSESFENGIPASWKTIDADGDGHG
WKPGNAPGIAGYNSNGCVYSESFGLGGIGVLTPDNYLIT
PALDLPNGG KLTFWVCAQ DANYASEHYAVYASSTGNDA
SNFTNALLEETITA

39

DDYVFEAGKKYHFLMKKMGSGDGTELTISEGGGSDYTYT
VYRDGTKIKEGLTATTFEEDGVATGNHEYCVEVKYTAGV
SPKVCKDVTVEGSNEFAPVQNLTGSAVGQKVTLKWDAP
NGTPNPNPNPNPNPNPGTTTLSESF

RsA1

40

ADFTETFESSTHGEAPAEWTTIDADGDGQGWLCLSSGQ
LDWLTAHGGSNVVSSFSWNGMALNPDNYLISKDVTGAT

KA2




RgpA 35 TLKWDAPNGTPNPNPNPNPNPNPGTTTLSESFENG PA
SVKTI DADGDGHGWKPGNAPGH AGYNSNGCVYSESFG

LGG GVL TPORYRIGTRAEL PNGGKL TFVWVCAQDANYAS PCT/AU2009/001112
EHYAVYASSTGNDASNFTNALLEETI TAKGVRSPEAVRG

Rl QGTWRQKTVDL PAGTKYVAFRHFQSTDVFYI DLDEVE

| KANGKRADFTETFESSTHGEAPAEWTTI DADGDGQ@Q/

L CL SSGQL DW. TAHGGTNVVSSFSWAGVAL NPDNYL |
KDVTGATKVKYYYAVNDGEPGDHYAVM SKTGTNAGDF

TWFEETPNG N{EOARFGY SVINAGARCOBVYAV ERSKDG TNAGDF TVVFEETP
LPAGTKYVAFRFhﬁé NY!I LLDDI QFTMGGSPTPTDY

TYTVYRDGTKI KEQ TETTFEEDGVATGNHEYCVEVKYT

AGVSPKKCVIY TN SEAERYAGAGERYWARME HYNCSDLNYILLDDIQFT | KA3
EAPSAKKTEGSREVKRI GDGLFVT| EPANDVRANEAKW

LAADNVVVEDNT G QST KGR VMYRRBT KKEALTETTFEEDGVATGN

SSDLYSANFESLI|P

YDYCl TNPEEPASGW%W STQFNPVQNLTAEQ
YTFTVRRAGMCDGAPES DI A PRANAPXBRDGTKI K :
EGLTETTYRDA AQSHEYCVEVKYTAGQVYSPKVCV/DY

| PDGVADV TARKPYAE YWNERTENGIBASAKTVPDARGDGNNWTTTPPPGGSSF | KA4

VRKLLLLI Ars (ATt AR NV LV TPELSLPGGaTL

KQFDASFSENEVETHVECAGD ANSUI FHPARY YESET GNDASNFANALLEEVL
SPEVPAVRKLI A\ PVGATPWRVKSFTEQ\/Y SLNQYGSE '
KL I\/PHQDSI\/SKS[ KVPFVYNAAAYARKGFVGQEL T

T VAP AR
SFQGADEV/% ANALA Jﬁé%‘ WLPAGTKYVAFRHFGC | KA5

GDL YNTPVRM. VWAGKRAIDNLBPYE/ TTSEGNZHEYTDVIYRNNTQIASGVTETTY

OTOVI SCERGKK] W@Wﬁ@%&ﬂmmmmom

ASSPEEL T | DK\Af¥ TG G BEMPYBMNGRRLAAGRNTVV
VWWSQVGQPTI KY( GYTDVYNYL KAPYTG
CYSHLNTGVSFAN m 36

i\

DKYFLAl LT AN\ /DO O\ AT\ /AW EIWOAV ANV

ssPNSYWGER AR A TG ARERHIDADGDGQGWLCLSSGQ | RA2

TFLEDSYNTVNSI MWENE ANT BNV QYSHSVGNGRA NPDNYLISKDVTGAT
EAYHVL GDGSVMPYRAVPKTNTY TL PASL PONOASY.

QASAGSYVA SK[MW‘GQIXWGD%%M@QTGTNAGDFWVFEETP
GNYDWVI TRSNYL QVGEPSPYQPVSNLTATTQG
QKVTLKWEAPSAKKAEGSREVKRI GDGLFVTI EPANDVR

ANEAKW. ARSIV \\ES BROE RTVAIDIMGBRYMARRHYNC SDLNYILLDDIQFT | RA3

GPLFTGTASSNL YSANEEYL| PANA
EW PGAVYIYCI T iﬂfg %&%%W%LTETTFEEDGVATGN

FTFEAGHK] TF TV RRARDRNAEPEERABINTYLN .
YRDGTKI KEG_TATTFEEDGVAAG\lHEYCVEVKYTWG\/W STQFNPVKNLKAQ

PKVCKDVTYEGSNEFRE DL FISEXEA/ TL KWDAPN

G-I_PNPNPNF DT T C‘l:C‘l_Ell\\:f\ A C\A
HGWKPGNARES AG B G B P LLDADHNTFGSVIPATG | RA4
L1 TPAL DL PNGGKIPLIFHEF A AN RSAINFRESIAPANAD PVVTTQNIIVTGQGEY

DASNFTNAL LEETI TAKGVRSPKAI RGRI %GT
PAGTKYVAFRHFQYTRREX IR YEVEN é&&&WGDGGNQPARYDDFTF

FESSTHGEAPAE\

YAVNDGFP( WHKEGIN—EEIT?IWRW SAQASHEYCVEVKYTAGVSPKV
GGARFGLSTEAN KP%RTVDL PAGTKYVAERH
YAPYHAGKE

YNCSDLNYI LL ¥HETNMGKTITVTCQGEAMIYDM

GLTETTFEEDGVA(ERY RXBANTORY NV
VNSTQFNPYQNL AEQAPEN@K(/DAI LKV\NAPAgﬁgRAgEVL VMVWDGKSYVE.KLA'

NEDFENG PASWKK DADGDGNNW TTPPPGGSSFAGH

NSAI CVSSASYHHNFEGPCONPENYEVAHPEESEPGSGHFH-

VVWCAQDANYASEHYAVYASSTGNDASNFANALLEEVLT

AKTWTAPEAI RGTRAQGTWYQKTVQLPAGTKYVAFRH

FGCTDFFW NLDDVVI TSGNAPSYTYTI YRNNTQ ASGVT

ETTYRDPDLATGFYTYGVKVWYPNGESAI ETATLNI TSLA

DVTAQKPYTUTWGKTI TVI CQGEAM YDWVNGRRLAAGR 37 NTWYTAQGCHYAVMVWWDGKSYVEKLAVK
63 MRKLNSLFSLAVLLSLLCWEOTAAAQGEPKTAPSVTHQ

AN 17N 77N NI~ 7 A 17 FNNESFSE FN A 2SR AA FSE 1 1 P AL ISt A A I I~ 7~N"T" 7 ~\ 7




38 SWNGVALNPDNYLI SKDVTGATKVKYYYAVNDG-PGDH
YAVM SKTGTNAGDFTVVFEETPNG NKGGARFGLSTEA
NGAKPQSVWY BRI MBRPRET KYVAFRHYNCSDLNY!  LLD PCT/AU2009/001112
DI QFTMSGSPTPTDYTYTVYRDGTKI KEGLTETTFEEDG
VATGNHEYCVEVKYTAGVSPKECVNVTVDPVQFNPVQN
LTGSAVGXKVTLKWDAPNGTPNPNPGT TTLSESFENG

ASVKKT! DADGDGNNWVI TTPPPGGT SFAGHNSAI CVS

SYI NFEGPONPDNYL VTPEL SIL PNGGTL TEFVVVCAQDAN
YASEHYAVYASSNGNDASIEakdE [SEGWRTEEKTVVTAPE ‘

Al RGTRV@TI]éVYQ( TVQLPAGTKYVAFRHFGCTDFFW N LDDVElI KAN G KRADFTETFESSTHG
EAPAEWTTI| 'BADG PGQGW.CL SSGCQL GAL TAHGGTNVVASFSWNGVALN

PDNYLI SKIMJGATKVKYYYAVNDGFPGDHYAVM SKTG
TNAGDFTWEEETPNG NKGGARFA_ STEANGAKPQSY.
W ERTVDLRAGT K%AGW%@WCCATCACAATACCGG KAS2-

SPTPTDYTYTVYR WE ﬁ& ATGNHEY
, : FOR
CVEVKYTAGVSPKE | [ TAEQAPNS
NG ﬂ%%%ﬁTTAGTGAGTGCTTTC KAS2-

VDA LKWNARASKRAERAREEE ENG AT

NNW TTPPRGGSSFAGHNSAI CVSSASYI NFEGP
NYLVTPEL SLPGGEGT L TFW/CAQDANYASEHYAVYASS REV
TG\IDASNF | 1 I[_EE Vil 'I'I\I/T\vl\l'l'l\l-\l_l\l DTN IOYCT\ A

VAYA

SYTYTI YRNNTQ ASGVTETTYRDPDLATG-YTYGVKWY FOR
PNGESAI ETATLNL TSLADVTAQKPYTL TNA/CGKTI TVTCOG

EAM YDVNGHRL AAGRRAGROGABASRANPGITAGCECAAMTIER SEQ | D NO| KMo adi d

sequence |Fragnent 64 DISNI[Y SMN P/ S| [K Q[1/V] KA54 39 6§5d\[1__.'§)(V\GED KAS5 66
| GN[ V/ | j THI GAHY| KAS6 67
51 CCGTATTGTCTCCCCATTTGTCCTTATTAGTGAGTGC | KAS2-

TTTC KLA1-

REV

52 CACTAATAAGGACAAATGGGGAGACAATACGGGTTA | KAS2-
C KLA1-

FOR

53 CATGGATCTGAGACCGCATGGGCTGATCCACTTTTC | KAS1-
TTGTTGGATGCCGAT KsA1-

- FOR1

54 CCATGGCTTTGAATACCGGAGTCAGCTTTGCAAACT | KAS1-
ATACAGCGCATGGATCTGAGACCGCA KsA1-
FOR2

55 CTCGAGGAATGATTCGGAAAGTGTT KAS1-
KsA1-

REV

56 CCATGGCTGATTATAGCTGGAATTCCCAGGTAGTCA | multi-
GCTTTGCAAACTATACA FOR1

57 CTTTGCAAACTATACAGCGCATGGATCTGAGACCGC | multi-
ATGGGCTGATCCACTT ' FOR2

58 ATGGGCTGATCCACTTCTGAATTCTTATTGGGGCGA | multi-
GATCGGCAATATTACC FOR3




EGGPSADN RAS4 68 [N'D|Q S/ Y] WA[ S/ P] P RAS5 69 PVSNLTATTQGQKVTLKWDAPST ABML-
RgpAcat 70 PVSNLTATTQGQKVTLKWEAPSA ABML- Kgpcat 71 PVQNLTGSSVGQKVTLKWDAPST
ABML-  Kgpwd 28 8/@YEIL TGSAVGQKVTLKWDAPNG ABML- RgpAl&  PCT/AU2009/001112

34
59 GATCGGCAATATTACCCATATTGGTGCTCATTACGC | multi-
TTGGGGAGACAATACG FOR4
60 CTCGAGACCTCCGTTAGGCAAATCCAATGCCGGTGT | multi-REV
TATCAGATAGTTGTCA
SEQ | Amino acid sequence ' : Full
ID NO: ' | length
61 MKNLNKFVSIALCSSLLGGMAFAQQTELGRNPNVRLLES | RgpA

TQQSVTKVQFRMDNLKFTEVQTPKGIGQVPTYTEGVNL
SEKGMPTLPILSRSLAVSDTREMKVEVVSSKFIEKKNVLI
APSKGMIMRNEDPKKIPYVYGKTYSQNKFFPGEIATLDD
PFILRDVRGQVVNFAPLQYNPVTKTLRIYTEITVAVSETSE
QGKNILNKKGTFAGFEDTYKRMFMNYEPGRYTPVEEKQ
NGRMIVIVAKKYEGDIKDFVDWKNQRGLRTEVKVAEDIA
SPVTANAIQQFVKQEYEKEGNDLTYVLLIGDHKDIPAKITP
GIKSDQVYGQIVGNDHYNEVFIGRFSCESKEDLKTQIDRT
IHYERNITTEDKWLGQALCIASAEGGPSADNGESDIQHE
NVIANLLTQYGYTKIIKCYDPGVTPKNIIDAFNGGISLANYT.
GHGSETAWGTSHFGTTHVKQLTNSNQLPFIFDVACVNG
DFLFSMPCFAEALMRAQKDGKPTGTVAIIASTINQSWAS
PMRGQDEMNEILCEKHPNNIKRTFGGVTMNGMFAMVEK
YKKDGEKMLDTWTVFGDPSLLVRTLVPTKMQVTAPAQI
NLTDASVNVSCDYNGAIATISANGKMFGSAVVENGTATI
NLTGLTNESTLTLTVVGYNKETVIKTINTNGEPNPYQPVS
NLTATTQGQKVTLKWDAPSTKTNATTNTARSVDGIRELV
LLSVSDAPELLRSGQAEIVLEAHDVWNDGSGYQILLDAD
HDQYGQVIPSDTHTLWPNCSVPANLFAPFEYTVPENAD
PSCSPTNMIMDGTASVNIPAGTYDFAIAAPQANAKIWIAG
QGPTKEDDYVFEAGKKYHFLMKKMGSGDGTELTISEGG
GSDYTYTVYRDGTKIKEGLTATTFEEDGVATGNHEYCVE
VKYTAGVSPKVCKDVTVEGSNEFAPVQNLTGSAVGQKYV




RgpAA3 73 PVKNLKAQPDGGEDW.KWEAPSA ABML- HagAAl*/ 74 PVONLTAEQAPNSMDAI LKVVNAP
ABML- KgpA3& HagAA3 75 PVOQNLTOABVSGOTVTLTWQAPAS ABM2- HagAAl 76
YTYTVYRDOYRI2RBM2TI TFEEDGVA ABM2- ABM2- RgpAA4 77 PCT/AU2009/001112

35

TLKWDAPNGTPNPNPNPNPNPNPGTTTLSESFENGIPA
SWKTIDADGDGHGWKPGNAPGIAGYNSNGCVYSESFG
LGGIGVLTPDNYLITPALDLPNGGKLTFWVCAQDANYAS
EHYAVYASSTGNDASNFTNALLEETITAKGVRSPEAMRG
RIQGTWRQKTVDLPAGTKYVAFRHFQSTDMFYIDLDEVE
IKANGKRADFTETFESSTHGEAPAEWTTIDADGDGQGW
LCLSSGQLDWLTAHGGTNVVSSFSWNGMALNPDNYLIS
KDVTGATKVKYYYAVNDGFPGDHYAVMISKTGTNAGDF
TVWFEETPNGINKGGARFGLSTEADGAKPQSVWIERTVD
LPAGTKYVAFRHYNCSDLNYILLDDIQFTMGGSPTPTDY
TYTVYRDGTKIKEGLTETTFEEDGVATGNHEYCVEVKYT
AGVSPKKCVNVTVNSTQFNPVKNLKAQPDGGDVVLKW
EAPSAKKTEGSREVKRIGDGLFVTIEPANDVRANEAKVV
LAADNVWGDNTGYQFLLDADHNTFGSVIPATGPLFTGTA
SSDLYSANFESLIPANADPVVTTQNIIVTGQGEWVIPGGV
YDYCITNPEPASGKMWIAGDGGNQPARYDDFTFEAGKK
YTFTMRRAGMGDGTDMEVEDDSPASYTYTVYRD.GTKIK
| EGLTETTYRDAGMSAQSHEYCVEVKYTAGVSPKVCVDY
IPDGVADVTAQKPYTLTVVGKTITVTCQGEAMIYDMNGR
RLAAGRNTVVYTAQGGYYAVMVVVDGKSYVEKLAIK

62 MRKLLLLIAASLLGVGLYAQSAKIKLDAPTTRTTCTNNSF | Kgp
KQFDASFSFNEVELTKVETKGGTFASVSIPGAFPTGEVG
SPEVPAVRKLIAVPVGATPVVRVKSFTEQVYSLNQYGSE
KLMPHQPSMSKSDDPEKVPFVYNAAAYARKGFVGQELT
QVEMLGTMRGVRIAALTINPVQYDVVANQLKVRNNIEIEV
| SFQGADEVATQRLYDASFSPYFETAYKQLFNRDVYTDH
GDLYNTPVRMLVVAGAKFKEALKPWLTWKAQKGFYLDV
HYTDEAEVGTTNASIKAFIHKKYNDGLAASAAPVFLALVG
DTDVISGEKGKKTKKVTDLYYSAVDGDYFPEMYTFRMS
ASSPEELTNIIDKVLMYEKATMPDKSYLEKVLLIAGADYS
WNSQVGQPTIKYGMQYYYNQEHGYTDVYNYLKAPYTG
CYSHLNTGVSFANYTAHGSETAWADPLLTTSQLKALTNK




YTYTVYRDNW AQNLTATTFNQENVA ABM2- HagAl* 78 YTYTVYRDGIKI KEGLTA/ ETTFEEDGVA
ABM2 Al | ot her adhesins 79 PNGITP(NP)1 6GIT(T)LSESF ABM3- All adhesins 80
GGPKTAPSWYBIQAMe6RT SKAKDLRDPI PAGVARI | LE HagA1l WO PCT/AU2009/001112
2010/ 022463PCT/ AU2009/ 001112 40 AHDVWEDGTGYQVLWDADHNQYGASI PEESFWFANGT

[ 26- 351]
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DKYFLAIGNCCITAQFDYVQPCFGEVITRVKEKGAYAYIG
SSPNSYWGEDYYWSVGANAVFGVQPTFEGTSMGSYDA
TFLEDSYNTVNSIMWAGNLAATHAGNIGNITHIGAHYYW
EAYHVLGDGSVMPYRAMPKTNTYTLPASLPQNQASYSI
QASAGSYVAISKDGVLYGTGVANASGVATVSMTKQITEN
GNYDVVITRSNYLPVIKQIQVGEPSPYQPVSNLTATTQG
QKVTLKWEAPSAKKAEGSREVKRIGDGLFVTIEPANDVR
ANEAKVVLAADNVWGDNTGYQFLLDADHNTFGSVIPAT
GPLFTGTASSNLYSANFEYLIPANADPVVTTQNIIVTIGQG
EVVIPGGVYDYCITNPEPASGKMWIAGDGGNQPARYDD
FTFEAGKKYTFTMRRAGMGDGTDMEVEDDSPASYTYTV
YRDGTKIKEGLTATTFEEDGVAAGNHEYCVEVKYTAGVS
PKVCKDVTVEGSNEFAPVQNLTGSSVGQKVTLKWDAPN
GTPNPNPNPNPNPGTTLSESFENGIPASWKTIDADGDG
HGWKPGNAPGIAGYNSNGCVYSESFGLGGIGVLTPDNY
LITPALDLPNGGKLTFWVCAQDANYASEHYAVYASSTGN
DASNFTNALLEETITAKGVRSPKAIRGRIQGTWRQKTVDL
PAGTKYVAFRHFQSTDMFYIDLDEVEIKANGKRADFTET
FESSTHGEAPAEWTTIDADGDGQGWLCLSSGQLDWLT
AHGGSNVVSSFSWNGMALNPDNYLISKDVTGATKVKYY
YAVNDGFPGDHYAVMISKTGTNAGDFTVVFEETPNGINK
GGARFGLSTEANGAKPQSVWIERTVDLPAGTKYVAFRH
YNCSDLNYILLDDIQFTMGGSPTPTDYTYTVYRDGTKIKE
GLTETTFEEDGVATGNHEYCVEVKYTAGVSPKKCVNVT
VNSTQFNPVQONLTAEQAPNSMDAILKWNAPASKRAEVL
NEDFENGIPASWKTIDADGDGNNWTTTPPPGGSSFAGH
NSAICVSSASYINFEGPQNPDNYLVTPELSLPGGGTLTF
WVCAQDANYASEHYAVYASSTGNDASNFANALLEEVLT
AKTVVTAPEAIRGTRAQGTWYQKTVQLPAGTKYVAFRH
FGCTDFFWINLDDVVITSGNAPSYTYTIYRNNTQIASGVT
ETTYRDPDLATGFYTYGVKVVYPNGESAIETATLNITSLA
DVTAQKPYTLTVVGKTITVTCQGEAMIYDMNGRRLAAGR




PAGLYDPFEYKVPVNADASFSPTNFVLDGIASADI PAGTY

DYVI | NPNPG | YI VGEGVSKGNDYWEAGKT YHFTVQRQ

GPGDAASVWOGRL8EE:F64PVONL QABVSGOTVTLTW PCT/AU2009/001112
QAPASDKRTYVLNESFDTQTLPNGVWTM DADGDGHNW.

STI NVYNTATHT GDGAMFSKSVVTASSGAKI DLSPDNYLVT

PKFTVPENGKL SYW/SSQEPVVTNEHYGVFL STTGNE@Q NFTI KLLEETLGSG

NTVWYTAQGGHYAVMVVVDGKSYVEKLAVK
63 MRKLNSLFSLAVLLSLLCWGQTAAAQGGPKTAPSVTHQ HagA
AVQKGIRTSKAKDLRDPIPAGMARIILEAHDVWEDGTGY
QMLWDADHNQYGASIPEESFWFANGTIPAGLYDPFEYK
VPVNADASFSPTNFVLDGTASADIPAGTYDYVIINPNPGII
YIVGEGVSKGNDYVVEAGKTYHFTVQRQGPGDAASVVV
TGEGGNEFAPVQNLQWSVSGQTVTLTWQAPASDKRTY
VLNESFDTQTLPNGWTMIDADGDGHNWLSTINVYNTAT
HTGDGAMFSKSWTASSGAKIDLSPDNYLVTPKFTVPEN
GKLSYWVSSQEPWTNEHYGVFLSTTGNEAANFTIKLLEE
TLGSGKPAPMNLVKSEGVKAPAPYQERTIDLSAYAGQQ
VYLAFRHFGCTGIFRLYLDDVAVSGEGSSNDYTYTVYRD
NVWVIAQNLTATTFNQENVAPGQYNYCVEVKYTAGVSPKV
CKDVTVEGSNEFAPVQNLTGSAVGQKVTLKWDAPNGTP
NPNPGTTTLSESFENGIPASWKTIDADGDGNNWTTTPPP
GGSSFAGHNSAICVSSASYINFEGPQNPDNYLVTPELSL
PNGGTLTFWVCAQDANYASEHYAVYASSTGNDASNFA
NALLEEVLTAKTVVTAPEAIRGTRVQGTWYQKTVQLPAG
TKYVAFRHFGCTDFFWINLDDVEIKANGKRADFTETFES
STHGEAPAEWTTIDADGDGQGWLCLSSGQLGWLTAHG
GTNVVASFSWNGMALNPDNYLISKDVTGATKVKYYYAV
NDGFPGDHYAVMISKTGTNAGDFTVVFEETPNGINKGG
ARFGLSTEANGAKPQSVWIERTVDLPAGTKYVAFRHYN
CSDLNYILLDDIQFTMGGSPTPTDYTYTVYRDGTKIKEGL
TETTFEEDGVATGNHEYCVEVKYTAGVSPKECVNVTVD
PVQFNPVQNLTGSAVGQKVTLKWDAPNGTPNPNPGTTT
LSESFENGIPASWKTIDADGDGNNWTTTPPPGGTSFAG
HNSAICVSSASYINFEGPQNPDNYLVTPELSLPNGGTLTF
WVCAQDANYASEHYAVYASSTGNDASNFANALLEEVLT
AKTVVTAPEAIRGTRVQGTWYQKTVQLPAGTKYVAFRH
FGCTDFFWINLDDVEIKANGKRADFTETFESSTHGEAPA
EWTTIDADGDGQGWLCLSSGQLDWLTAHGGTNVVASF




81 APAPYQERTI DLSAYAGQQVYLAFRHFGCTG FRLYLDDV HagAl*
AVSGEGSSNDYTYTVYRDNW AQNLTATTFNQENVAPG [ 366- 625]
QYNYCVEVKRVOARMBREMEKDVTVEGSNEFAPVONLTG PCT/AU2009/001112
SAVGKVTLKWDAPNGTPNPNPG TTLSESFENG PASW

KTI DADGDGNNVVTTTPPPGGSSFAGHNSAI CVSSASYI N

FEGPQNPDNYLVTPEL SLPNGGTL TFVWVCAQDANYASR

SWNGMALNPDNYLISKDVTGATKVKYYYAVNDGFPGDH
YAVMISKTGTNAGDFTVVFEETPNGINKGGARFGLSTEA
NGAKPQSVWIERTVDLPAGTKYVAFRHYNCSDLNYILLD
DIQFTMGGSPTPTDYTYTVYRDGTKIKEGLTETTFEEDG
VATGNHEYCVEVKYTAGVSPKECVNVTVDPVQFNPVQN
'LTGSAVGQKVTLKWDAPNGTPNPNPGTTTLSESFENGIP
ASWKTIDADGDGNNWTTTPPPGGTSFAGHNSAICVSSA
SYINFEGPQNPDNYLVTPELSLPNGGTLTFWVCAQDAN
YASEHYAVYASSTGNDASNFANALLEEVLTAKTVVTAPE"
AIRGTRVQGTWYQKTVQLPAGTKYVAFRHFGCTDFFWI
NLDDVEIKANGKRADFTETFESSTHGEAPAEWTTIDADG
DGQGWLCLSSGQLGWLTAHGGTNVVASFSWNGMALN
PDNYLISKDVTGATKVKYYYAVNDGFPGDHYAVMISKTG
TNAGDFTVVFEETPNGINKGGARFGLSTEANGAKPQSV
WIERTVDLPAGTKYVAFRHYNCSDLNYILLDDIQFTMGG
SPTPTDYTYTVYRDGTKIKEGLTETTFEEDGVATGNHEY
CVEVKYTAGVSPKECVNVTINPTQFNPVQNLTAEQAPNS
MDAILKWNAPASKRAEVLNEDFENGIPASWKTIDADGDG
NNWTTTPPPGGSSFAGHNSAICVSSASYINFEGPQNPD’
NYLVTPELSLPGGGTLTFWVCAQDANYASEHYAVYASS
TGNDASNFANALLEEVLTAKTWTAPEAIRGTRVQGTWY
QKTVQLPAGTKYVAFRHFGCTDFFWINLDDVVITSGNAP
SYTYTIYRNNTQIASGVTETTYRDPDLATGFYTYGVKVWVY
PNGESAIETATLNITSLADVTAQKPYTLTVVGKTITVTCQG
EAMIYDMNGRRLAAGRNTVWYTAQGGHYAVMVVVDGK

SYVEKLAVK
SEQ| Amino acid sequence : Fragment
iD
NO:

64 | D[S/Y][Y/S]WNIP/S][K/Q][IV] KAS4




HYAVYASSTGNDASNFANALLEEVLTA 82 PQSVW ERTVDLPAGTKYVAFRHYNCSDLNY! LLDDI QFT
HagAl** MGSGSPTPTDYTYTVYRDGTKI KEGLTETTFEEDGVATCGN [ 820-
HEYCVEVKYWOGVYSIRKEEYNVTVDPVQFNPVONLTGSA 107710r PCT/AU2009/001112
VGAKVTLKWDAPNGTPNPNPG TTLSESFENG PASVKT HagAl1* *

| DADGDGNNWWTTTPPPGGT SFAGHNSAI CVSSASYI NFE [ 1272-

GPQNPDNYLVTPEL SLPNGGTL TFVWWCAQDANYASEHY 1529]

65 | NSYWGED KAS5
66 | IGN[V/IJTHIGAHY KAS6
67 | EGGPSADN RAS4
68 | [N/D]Q[S/Y]WA[S/P]P : RASS
69 | PVSNLTATTQGQKVTLKWDAPST ABM1 - -
| RgpAcat
70 | PVSNLTATTQGQKVTLKWEAPSA ABM1-
Kgpcat
71 | PVQNLTGSSVGQKVTLKWDAPST ABM1-
KgpA1
72 | PVQNLTGSAVGQKVTLKWDAPNG ABM1 -
RgpA1 &
RgpAA3
73 | PVKNLKAQPDGGDVVLKWEAPSA ABM1 -
HagAA1*/
74 | PVQONLTAEQAPNSMDAILKWNAP ABM1 -
| KgpA3 &
HagAA3
75 | PVQNLTQWSVSGQTVTLTWQAPAS ABM2 -
| HagAA1
76 { YTYTVYRDGTKIKEGLTETTFEEDGVA ABM2 -
ABM2 -
RgpAA4
77 | YTYTVYRDNWIAQNLTATTFEFNQENVA ABM2 -
HagA1*
78 | YTYTVYRDGTKIKEGLTA/ETTFEEDGVA ABM2
All  other
adhesins
79 | PNGTP(NP),sGTT(T)LSESF ABM3- All
adhesins
80 | GGPKTAPSVTHQAVQKGIRTSKAKDLRDPIPAGMARIILE | HagA1




AVYASSTGNDASNFANALLEEVLTA 83 PYQPVSNLTATTQGQ ABML[ 436
ECLTATTFEEDGVAA ABM?
WO 2010/022463

[672-686] 85 GIPNPNPNPNPNPNPGT ABM3

40

- 450]

84

PCT/AU2009/001112

AHDVWEDGTGYQMLWDADHNQYGASIPEESFWFANGTI | [26-351]
PAGLYDPFEYKVPVNADASFSPTNFVLDGTASADIPAGTY
DYVIINPNPGIIYIVGEGVSKGNDYVVEAGKTYHFTVQRQ
GPGDAASVVWWTGEGGNEFAPVONLQWSVSGQTVTLTW
QAPASDKRTYVLNESFDTQTLPNGWTMIDADGDGHNWL
STINVYNTATHTGDGAMFSKSWTASSGAKIDLSPDNYLVT
PKFTVPENGKLSYWVSSQEPWTNEHYGVFLSTTGNEAA
NFTIKLLEETLGSG
81 | APAPYQERTIDLSAYAGQQVYLAFRHFGCTGIFRLYLDDV | HagA1*
AVSGEGSSNDYTYTVYRDNVVIAQNLTATTFNQENVAPG | [366-625]
QYNYCVEVKYTAGVSPKVCKDVTVEGSNEFAPVQNLTG
SAVGQKVTLKWDAPNGTPNPNPGTTTLSESFENGIPASW
KTIDADGDGNNWTTTPPPGGSSFAGHNSAICVSSASYIN
FEGPQNPDNYLVTPELSLPNGGTLTFWVCAQDANYASE
HYAVYASSTGNDASNFANALLEEVLTA
82 | PQSVWIERTVDLPAGTKYVAFRHYNCSDLNYILLDDIQFT | HagA1**
"~ | MGGSPTPTDYTYTVYRDGTKIKEGLTETTFEEDGVATGN | [820-
HEYCVEVKYTAGVSPKECVNVTVDPVQFNPVQNLTGSA | 1077] or
VGQKVTLKWDAPNGTPNPNPGTTTLSESFENGIPASWKT | HagA1**
IDADGDGNNWTTTPPPGGTSFAGHNSAICVSSASYINFE | [1272-
GPQNPDNYLVTPELSLPNGGTLTFWVCAQDANYASEHY | 1529]
AVYASSTGNDASNFANALLEEVLTA
83 | PYQPVSNLTATTQGQ ABM1[436
| -450]
84 | EGLTATTFEEDGVAA ABM2
[672-686]
85 | GTPNPNPNPNPNPNPGT ABM3
[455-471]

The invention is further illustrated by the following Examples which are included by way

of exemplification and not limitation of the invention.




[ 455-471] WO 2010/ 022463PCT/ AU2009/ 001112 41 Exanple 1 Methods and
materials. Bacterial strains and growth conditions. Lyophilised cultures of
Por phyr owoasiogizegival i s W0 were grown anaerobical |y atc3AT200/d0yged hor se
bl ood agar plates supplenmented with 5 g/nl haenmin, 0.5 pg/nml cysteine (HB
agar, < 10 passages). After 3-4 days colonies were used to inoculate brain
heart infusion mediumcontaining 5 | Ag/qm haemn, 0.5 pg/mcysteine (1).

Bat ch cultures were grown anaerobically in a MK3 Anaerobic Wrkstation (Don
Whitley Scientific Ltd., Adelaide, Australia). Cells were harvested during
exponential growth phase by centrifugation (7500 g, 30 mn, 4C) and washed
twce with PG buffer (50 mM Tris-HCI, 150 MM NaCl, 5 nM Cad 2, and 5 nM
cysteine-HCI, pH 8.0) in the anaer &xamplerikst ati on. Growt h of batch
cultures was nonitored at 650 nmusing a spectrophotoneter (nodel 295,

Per ki nNieitheds andunhaterialpuri ty was checked routinely by G am stain,

m croscopi ¢ exam nation and using a variety of biochem cal tests according
to Sl oBactetlal $ieains’ HAH ?fb\ﬁih RBhaRtiees)St Nyephiseane@tutes bfapbrstyomeaEsNCes
and adhesi n sequences with N-term nal addition of Kgp proteinasé sequences.
Kgp r egingiveds '/po eweret grayvipanaeseycallydat Birierom Iyssst gdw- bioadhagacpiatessi t e

AS d KgpAl , adhesi d i - dip E il
F ecbnbTRRIEMERIEENER & e/ MbheRTHas oY sysieles i BR".cs 1D sssaaeveATSr s
(Novagsn) dayd1&olariieL WilrBSusBP IS SFGGIABT SraftAedrt ﬁﬁﬂ?siéllﬁlrﬁéqﬁﬁg cbhtaining 5

r-chineric protelns were r KAS2- KLAL, r KASI-K5A1 and r KAS4
KAS3- KAGIKasEiKLAD (gihnd oysteiner (1¢Batoh asltunestwéeSgridiviignaerbbically moa MK

T el TG e’ IR St 0Bl AL v
anp '.hsﬁeéfee%&ggg?%r%nlﬁal ﬁg‘iﬂﬂ'\ ph¥se b&?&ﬁ?ﬁmghﬁoﬁmg’gp\ﬁr% qﬁalg%gfcpée{@ i's

genom ¢ DNA resp usli primers listed irn Ta
pol ynewasked twige withyB@ buffer G0POMaisHE) 180 rolytNefl,(ToMetaCRegnd iomM

Technol 0gi.es),,~Pr.i airs KAS2- FOR and 2- REV and AlL- F nd

kAL FEPHER LTS of Th et anseseols Hisioton nBiaRit dkation giag was

I especiriontbiedusi 650 e usild 8VdpeetropRcioh®iec andlél 296E, Péfkin-B IMknUiCesture

foll owed by 28 WD 2010/ 022463PCT/ AU2009/ 001112 42 cycles of 94C, 45 sec

( denat PHhitigyas grheckad roptineldsby {arama staig) raigepsepic eEaminaiions apd xyHngidn)

foll OV\@%ié%g f foicﬂanic%Y? &s%c&%fﬁ é@f}& 2 he KAS2- KLA1 chineric PCR product
ced By g Vet ap

was pro éne splicing by xt ensi on (SOEi ng) as follows: PCR

q Y o ( ) . > ECR and _
g e RESTHEABRCOLER TA, RHsBMeR cdifplrind S¥aedife &iances, and aghesin

condi t §ede NS Withe N-efrmiAal AHAItRSFR of'Kgp Protemmacet gl efb adsldaed i nal
PCR was performed with priners KAS2- FOR and KLAl-REV (94C, 2 m nutes, :

f ol | ovEERPTeseNting Reptides @%dsﬁh'@peée peptides gtthesactvecyiedanand ¥\gpAdadhesinds
fol | i . in. i. .
st KR Yotai Are (el ExBleste in T Bl as Roohibind A RILAS il hdfo-His

KAS1- Ka4s- Ring pEiTnexpressibn eectorsf(Nolvagé@ST-hesAprdt€iRs peipressedlweral FKASEn

succession (reaction conditions 94C for 2 m faoll 35, ¢ s of
sac. e dbadannd P Ehmete grate i were KRS TR c AR KeAl e fREST:
KASL- KgAS3RCRS SO E-KLATNGalKhSterkiad- BRI andIikASLKKAAL- FOR% i@ Sicid
contain an 3'extension overl appi % the 5'° of the previous PCR product. For
t he pregauencesnepeseningitie vagesskh hanp@&s dompirsiare feserihagcioekablos 1RIRI s
wer e cgnducted using the multi-REV prinmer with each of the nmulti-FOR
primers 1, 2, 3 and 4 in succession (reaction conditions were 95C, 2

m nut es,_f ol l.owe 3 lLes of 95C 20 seconds: 68C. 1.5 m t

b oducBhe farifi Keehatk KA edafis. Ahie Fab.Saiers sRcura b RE 8 o,

3" ext eBamPi IRVRAaGABRAL iﬁgplm%ﬁbr pf %h?@ﬁ/a% gehomic BNA Raspldaively AsingoprirhBes PCR
fragments encodi ng KASZ, KLAl, KAS2-KLAl, KAS1-KsAl and nulti KAS-KLAL. were
puri f i ksdedisnnfallerd pdear PO irslyroerasengdnyittpageh andl agBEeY6Q rthermalecyler

| oni - j : |4 09
Fol | owaioEh SesgRiFRLcaEideien) oPRRRY paRE HASEE AN RASE R el koAl
const r BORsan® KEAd-REVwerewideu ficgenerateé XOR fragredts endodimpKASZ Ao ¢d At o

Ncol / Xhol di gested pET28b (Novagen) and fransforned into the non-expression

host, fespeetivelynsing theHidlpwingh E2actionnganiliansy P38, coRdRyige: Llipwied bYirdd i ed
and transforned into the E. coli expression host, BL21 (DE3) [HVS174(DE3)]
(Novagen) and selected on LB WD 2010/ 022463PCT/ AU2009/ 001112 43




cont ai ning 50 ng kananycin follow ng the manufacturer's instructions. The
integrity of each insert was confirmed by DNA sequence anal ysis. The

ol i gonuclwotznten2pseBer s ( Tabl e 4) have been desi gned t oPCcmeanpeymiE?
restriction enzyne sites, stop codons and hexa-H s Tags where necessary.
The prinmers used for the rKAS2, rKLAl and r KAS2- KLA1 were designed to limt
t he inclusion of extraneous COdI ng segyence to no nore than three am no
acids plus the hexa-his tag in r-proteins. The rIKAS1 and the rKLAL were
designed to contain a hexa-H s tag at the Ntermnal and Cterm nal ends
r espectyoles yof 84°G,hd4d $émyderatuheg)di62€6t 140 smepadedanoealirg)r &#b272K1,A20
whi ch has a hexa-his tag at and C-termni. |In rKAS1-KsAl and

r mul t | FEEIsAextension) @'%&‘(?é’ l%}fefmah%'%@f (ARC.QM#Anini. WO

2010/ 022463PCT/ AU2009/ 001112 44 Table 4 digonucleotide priners used for
t he aniihefK.esstZ#ﬁnAbfchtmenmmI%opmd&actswlsepmm@dcbyi|ge@et Reliciag ikyuoverlap

sequontgeson SRR RIohar R Hifalgs R ROBTR bipgR&? fuifd ihs2-
GACCATEORT GECRASIL ARG FACGHA 7. SHitet SEOR DD KIWA) -REY
buffer-NcoI@h(l ncl udi ng A(érh-cr;'ﬁgfé;ﬁt) CT- (EEEEXE\—SA (nt fgagf@ 201%) %?52 REV

GACTCaagimg Alrg rondidipnaTdescared@bors TTHhg I diests Apgredhep Anngaleg@ndra A
St op- Kf?‘n%'l P‘&h \%/gs pe%'PoZ'lh;'?ed with primers KAS2-FOR and KLA1-REV (94°C, 2 minutes,

followed by 28 cycles of 94°C, 30 sec; 50°C, 30 seconds and 72°C, 40 seconds

followed by a final cycle of 72°C, 5 min.

For the preparation of the KAS1-KsA1 PCR product, two successive PCR’s were
conducted using the KAS1-KsA1-REV primer with each of the KAS1-KsA1-FOR primers
| 1 and, 2 in succession (reaction conditions 94°C for 2 minutes followed by 35 cycles of
94°C, 15 seconds ; 63°C, 30 seconds and 72°C, 2 minutes) to produce the KAS1-KsA1
PCR product. The KAS1-KsA1-FOR1 and KAS1-KsA1-FOR2 primers contain an

3’extension overlapping the 5’ of the previous PCR product.

For the preparation of the multiKAS-KLA1 PCR fragment, four successive PCR’s were
conducted using the multi-REV primer with each of the multi-FOR prirhers 1, 2,3 and 4
' 'in successiqn (reaction conditidns were 95°C, 2 minutes followed by 35 cycles of 95°C,
20 seconds; 68°C, 1.5 minutes) to produce the multiKAS-KLA1 PCR product. Each
multi-FOR primer contains a 3’extension overlapping the 5 of the previous PCR

product.

All of the PCR fragments encoding KAS2, KLA1, KAS2-KLA1, KAS1-KsA1 and
multiKAS-KLA1. were purified using PCR purification columns (Qiagen), ligated into the
TA cloning vector, pGem-T Easy (Promega) and transformed into E. coli JM109
~ following the .manufacturer’s protocol. Purified recombinant pGemT-Easy constructs
were digested with Ncol and Xhol and dii'ectionally cloned into Ncol/Xho! digested
pET28b (Novagen) and transformed into the non-expression host, E. coli JM109
[DH5a]. The recombinant pET28 constructs were purified and transformed into the
E. coli expression host, BL21 (DE3) [HMS174(DE3)] (Novagen) and selected on LB



r KLAL KLAl- FOR GACCATGGCTTGGGGAGACAATA CGGGITAC (SEQ ID NO 49) A

buf fer-Ncol (including ATG start)-CT-Al (nt 2946-2966) KLAl- REV
GACTCGAGACORCO@mRIHEECAA ATCC (SEQ | D NO 50) GAbuf f er - XiralrsaAk(osr08863- 3845)
r KAS2- KLA1 KA52- KLAl- REV CCGTATTGICTCCCCATTTGICCT TATTAGIGAGIGCTTTC ( SEQ
I D NO 51) Al (nt2961-2946)- KAS1(nt 2099-2075) KAS2- KLAl- FOR
CACTAATAAGGACAAATGGGEGAG ACAATACGEGT TAQ3( SEQ I D NO 52)

KAS1( nt 2084- 2099) - Al ( nt

containing 50 pg kanamycin following the manufacturer’s instructions. The integrity of

each insert was confirmed by DNA sequence analysis.

The oligonucleotide primers (Table 4) have been designed to incorporate restriction
enzyme sites, stop codons and hexa-His Tags where necessary. The primers used for
the rKAS2, rKLA1 and rKAS2-KLA1 were designed to limit the inclusion of extraneous
coding sequence to no more than three amino acidé plus the hexa-his tag in r—protéins.
The rKAS1 and the rKLA1 were designed to contain a hexa-His tag at the N-terminal
and C-terminal ends respectively, so that they may be directly compared to the rKAS2-
KLA1 which has a hexa-his tag at both N- and C-termini. In rKAS1-KsA1 and
rmultiKAS-KLA1 the His Tags are found at the C-termini.



2946- 2966) r KAS1- KsAl KAS1- KsAl - FOR1L CATGGATCTGAGACCGCATGCG
CTGATCCACTTTTCTTGITGGATG CCGAT (SEQ I D NO 53) AS (nt 2025-2057)-A (nt
2970- 298¥P-2010/353 KsAl- FOR2 CCATGGCTTTGAATACCGGAGIC PCT/AU2009/001112
ACGCTTTGCAAACTATACAGCGCA TGGATCTGAGACCGCA Ncol - CT-AS (nt 1989-2042) WO
2010/ 022463PCT/ AU2009/ 001112 45 SEQ I D NO 54)

44

Table 4 Oligonucleotide primers used for the amplification of the nucleotide sequences

encoding the various fragments and chimeras of Kgp A1 and AS

Recombinant | Oli Sequence (5'-3'). Characteristics* (5’-3')

(r) protein
rKAS2 KAS2- | GACCATGGCTCATCACCATCACC | GA buffer-Ncol (including ATG
FOR ATCACAATACCGGAGTCAGCTTT | start)-CT-(His)s-AS (nt 1992-
GCA 2012)
(SEQ ID NO: 47)

KAS2- | GACTCGAGTTATTTGTCCTTATTA | GA buffer-Xhol-TTA Stop-KAS1

REV GTGAGTGCTTTC (nt 2099-2075)
(SEQ ID NO: 48)
rKLA1 KLA1- | GACCATGGCTTGGGGAGACAATA | GA buffer-Ncol (including ATG
FOR CGGGTTAC (SEQ ID NO: 49) start)-CT—A1 (nt 2946-2966)

KLA1- | GACTCGAGACCTCCGTTAGGCAA | GA buffer-Xhol-A1  (nt 3863-
REV ATCC (SEQ ID NO: 50) 3845)

rKAS2-KLA1 | KAS2- CCGTATTGTCTCCCCATTTGTCCT A1 (nt 2961-2946)-KAS1 (nt
KLA1- | TATTAGTGAGTGCTTTC 2099-2075)

REV (SEQ ID NO: 51)

KAS2- | CACTAATAAGGACAAATGGGGAG | KAS1 (nt 2084-2099)-A1 (nt
KLA1- | ACAATACGGGTTAC 2946-2966)

FOR | (sEQID NO: 52)

rKAS1-KsA1 KAS1- | CATGGATCTGAGACCGCATGGG | AS (nt 2025-2057)-A1 (nt 2970-
KsA1- | CTGATCCACTTTTCTTGTTGGATG | 2987)-
FOR1 CCGAT

(SEQ ID NO: 53)

KAS1- | CCATGGCTTTGAATACCGGAGTC | Ncol-CT-AS (nt 1989-2042)
KsA1- | AGCTTTGCAAACTATACAGCGCA
FOR2 TGGATCTGAGACCGCA




KAS1- KsAl- REV CTCGAGGAATGATTCGGAAAGIG TT (SEQ I D NO 55) Xhol - A1(nt
3663-3644) rmul ti KAS- KLAL nulti- FORL CCATGGCTGATTATAGCTGGAAT

TCCCAGGT AEDCABORTIHECAAA CTATACA (SEQ I D NO 56) Ncol - CTPKABAI2(0091001112
1857-1880) - KAS3 (nt 2001-2021) nmulti- FOR2 CTTTGCAAACTATACAGCGCCATG
GATCTGAGACCGCATGGGCTGAT CCACTT (SEQ I D NO: 57) KAS3 (nt 2006-2057) nmulti-
FOR3 ATGGGECTGATCCACTTCTGAATT CTTATT GATCGGCAAT ATTACC (SEQ I D NO 58)
KAS3 (nt 2042-2060)- KAS5 (nt 2223-2240)-KAS6 (nt 2403- 2417)

SEQ ID NO: 54)

KAS1- | CTCGAGGAATGATTCGGAAAGTG | Xhol-A1(nt 3663-3644)
KsA1- | TT (SEQID NO: 55)
REV

rmultiKAS- | multi- | CCATGGCTGATTATAGCTGGAAT | Ncol-CT-KAS4 (nt 1857-1880)-
KLA1 FOR1 | TCCCAGGTAGTCAGCTTTGCAAA | KAS3 (nt 2001-2021)
CTATACA (SEQ ID NO: 56)

multi- CTTTGCAAACTATACAGCGCATG | KAS3 (nt 2006-2057)
FOR2 GATCTGAGACCGCATGGGCTGAT
CCACTT (SEQ ID NO: 57)

multi- ATGGGCTGATCCACTTCTGAATT | KAS3 (nt 2042-2060)-KAS5 (nt
FOR3 CTTATTGGGGCGAGATCGGCAAT | 2223-2240)-KAS6  (nt  2403-
ATTACC (SEQ ID NO: 58) 2417)

multi- | GATCGGCAATATTACCCATATTG | G-KAS6 (nt 2403-2435)-GCT
FOR4 | GTGCTCATTACGCTTGGGGAGAC | (Ala spacer)-A1(nt 2946-2960)
AATACG '

(SEQ ID NO: 59)

multi- CTCGAGACCTCCGTTAGGCAAAT | Xho-A1 (nt 3863-3818)
REV CCAATGCCGGTGTTATCAGATAG
TTGTCA

(SEQ ID NO: 60)

* nucleotide (nt) sequence numbers from lysine-specific cysteine proteinase gene

sequence accession number U75366

Expression and purification of recombinant proteins. Recombinant proteins were
expressed from pET28:KLA1(KAS2, KAS2-LA1, KAS1-SA1, multiKAS-KLA1)
constructs by induction with isopropyl -D-thiogalactosidase (IPTG). All recombinant
proteins were produced as 6-His Tag fusion proteins and purified with NI-NTA
purification system (Invitrogen) under denaturing conditions. Briefly, E. coli (DE3) single
colony transformants were used to inoculate 20 mL of Luria-Bertani (LB) broth

containing 50 pg/ml kanamycin at 37°C on an orbital shaker overnight. This inoculum



multi- FOR4 GATCGGCAATATTACCCATATTG GIGCTCATTACGCTTGGEGGAGAC AATACG (SEQ I D
NO 59) G KAS6(nt2403-2435)-CGCT (Al a spacer)-Al(nt 2946-2960) nulti- REV
CTCGAGACOYQCHDIAEBEEAAAT CCAATGCCCGGTGITATCAGATAG TTGICA (PEEQU2»9N0L1180)
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Resins bearing KAS or RAS peptides were swollen in DMF and the N-term nal
Frmoc group renoved by 2% v/v DBU in DVF containing 2% v/v piperidine. The
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Process for nodelling Arg-X- proteinase to identify inmunogenic regions -
flanking the catalytic site. WO 26Xample863PCT/ AU2009/ 001112 57 Pot enpa J,
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KLA1, formalin killed P. gingivalis strain W50 and the RgpA-Kgp complex were used to
determine and compare the protection induced against P. gingivalis induced alveolar
bone loss using a modified mouse model of periodontal bone loss based on that
reported by Baker et al (4). Mice were immunized (days 0 and 30) with either -
recombinant proteins KsA1, KLA1, KAS1-KsA1 or KAS2-KLA1, RgpA-Kgp complex or
formalin killed P. gingivalis strain W50 (FK-W50) cells or PBS adjuvant alone and were
then orally challenged with viable P. gingivalis W50. Immunization with all of the
recombinant antigens, RgpA-Kgp complex and FK-W50 cells protected BALB/c mice
against P. gingivalis-induced alveolar bone loss as these animals exhibited significantly
(p<0.001) less bone loss compared to the PBS immunized group (Figure 3). However
the KAS2-KLA1 immunised mice had significantly less bone loss than mice immunised
with KLA1 (p<0.01); KsA1 (p<0.001), RgpA-Kgp complex (p<0.001), FK-W50 cells
(p<0.001) and non-challenged mice (p<0.001). There was no significant difference in
bone loss between the KAS2-KLA1 and KAS1-KsA1 immunised mice. Furthermore,
KAS1-KsA1 immunised mice exhibited significantly less bone loss than non-challenged

mice (p<0.01) and RgpA-Kgp complex immunised mice (p<0.05), but were not
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significantly different from KsA1, KLA1, and FK-W50 immunised mice. There was no
significant difference in bone loss between the KsA1, KLA1, RgpA-Kgp complex and

FK-W50 immunised mice.
Example 4

.Antibod_y subclass responses 'induced by immunization with the recombinaht
proteins (KsA1, KLA1, KAS1-KsA1 and KAS2-KLA1) in the mouse periodontitis
models. Prior and post to oral inoculation challenge with viable P. gingivalis cells mice
were bled and the sera collected by centrifugation. Fig 4 shows the antibody subclass
reactivity to formalin-killed P. gingivalis W50 cells for each immunogen (KsA1, KLA1,
KAS1-KsA1 or KAS2-KLA1 or formalin killed P. gingivalis strain W50 (FK-W50) cells) in
the mouse periodontitis model. All of the protective immunogens induced a high IgG
antibody titre to FK-W50. Furthermore, the predominant antibody subclass each
protective immunogen induced was IgG1 with only weakly immunoreactive IgG2a,
lgG2b and 1gG3 FK-W50-specific antibodies (Fig 4). The predominant antibody
subclass induced by each immunogen both pre (Fig 4A) and post—oral inoculation (Fig
4B) was IgG1. |

Example 5

Epitope mapping of KAS2 (433-468). Overlapping biotinylated eight residue peptides
(offset by one, overlap by seven) for KAS2 (433-468) were synthesised and used to
coat streptavidin coated plates. The antibody binding epitopes were then identified
using antisera from mice immunized with KAS1-KsA1, KAS2-KLA1 and KAS2-
diphtheria toxoid conjugate (Fig 5). A two fold increase in optical density (415nm)
above background was considered as a positive antibody response (threshold OD).
The antisera recognised the following peptide sequences derived from SEQ ID No.28
viz. KAS1 - KsA1 recognised peptides 435-442, 436-443, 445-452, 446-453 and 447-
454 (threshold OD = 0.07, Fig 5A) whereas KAS2 - KLA1 recognised peptides 435-442,
447-454 and 448-455 (threshold ID = 0.07, Fig 5A). This suggests recognition of a
number of minimal epitopes viz. peptide 436-442 (VSFANYT and its variant VGFANYT),
peptide 447-452 (ETAWAD and its variant ETSWAD), and peptide 448-453 (TAWADP
and its variant TSWADP). Peptides which include the peptide 436-442 epitope include
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GVSFANYT, GVGFANYT, VSFANYTA and VGFANYTA. Peptides which include the
peptide 447-452 and/or 448-453 epitopes include SETAWAD, SETSWAD, ETAWADP,
"ETSWADP, TAWADPL and TSWADPL, more particularly GSETAWAD, GSETSWAD,
SETAWADP, SETSWADP, ETAWADPL, ETSWADPL, TAWADPLL and TSWADPLL.

Example 6
Synthesis of KAS and RAS Peptides for conjugation to a protein.

Peptides were synthesized manually or using a CEM Microwave peptide synthesizer.
Standard solid-phase peptide synthesis protocols for Fmoc chemistry were used
throughout. Peptides were assembled as the carboxyamide form using Rink-linker
derived AM-sure resin (AAPPTEC, KY, USA). Coupling was accomplished with
HBTU/HOBLt activation using 4 equiv of Fmoc-amino acid and 6 equiv of DIPEA. The
Fmoc group was removed by 20% piperidine in 1M HOBY/DMF.

Resins bearing KAS or RAS peptides were swollen in DMF and the N-terminal Fmoc
group removed by 2% v/v DBU in DMF containing 2% v/v piperidine. The N-terminal
amino group was then derivatised with S-Acetylmercaptoacetic acid (SAMA) group
using 5 equiv of SAMA-OPfp and 5 equiv of HOBt. The reaction was monitored by the
trinitrobenzene sulphonic acid (TNBSA) test. When a negative TNBSA test was
returned the resin was washed (5 x DMF, 3 x DCM and 3 x diethyl ether). The reSin was
then dried under vacuum. Cleavage of peptides from the resin support was performed
using TFA:phenol. TIPS:EDT:water (92:2:2:2:2) cleavage cocktail for 2.5 hours or 4
hours depending on the arginine content of the peptide. After cleavage the resin was
removed by filtration and the filtrate concentrated to approximately 1mL under a stream
of nifrogen. After the peptide products were precipitéted in cold ether, they were
centrifuged and washed three times. The peptide precipitates were dissolved in 5 to 10
mL of water containing 0.1% v/v TFA and insoluble residue removed by centrifugation.
Peptides were purified by RP-HPLC. '

A number of different chemical moieties can be used for derivatising peptides for

conjugation to proteins, these would introduced reactive groups such as; halides
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(bromo, chloro and iodo), maleimido, succinimidyl, hydrazinyl, oxime, thiol, which would
then be used conjugate the derivatised peptide to a protein such as KgpA1 through' its
native cysteine residues or has been derivatised with the complementary reactive group

that allows the chemical ligation to proceed to form a peptide-protein conjugate.

- Conjugation of SAMA-Peptides to KA1. To a solution, containing 10mg/mL of
recombinant KA1 or other adhesin domain of the RgpA-Kgp complex in
phosphate-buffered saline (0.1M sodium phosphate, 0.9% NaCl, pH 7.4) was added
0.1mL of a 1% w/v solution of m-maleimido benzoyl-N-hydroxysuccinimide ester (MBS)
in DMF. After 30 min unreacted MBS was removed and MBS-modified KA1 collected by
gel filtration using a PD10 column (Pharmacia, NSW, Australia) equilibrated in
conjugation buffer (0.1M sodium phosphate, 5mM EDTA; pH 6.0). Purified
SAMA-peptide (1.3umole) was dissolved in 200ul 6M guanidine HCI containing 0.5 M
Tris; 2mM EDTA, pH 6.0 and diluted with 800uL MilliQ water and deprotected in-situ by
addition of 25ul. of 2M NH,OH (40 equiv) dissolved in MilliQ water. The collected
MBS-KA1 was immediately reacted with deprotected SAMA-peptide and stirred for one
hour at room temperature. The peptide-KA1 conjugate was separated from unreacted
peptide by gel filtration using a PD10 column equilibrated in PBS pH 7.4 and lyophilized.

_ The reaction was monitored using the Ellmans test.
Exainple 7

Preparation of Antibodies. Polyclonal antiserum to recombinant proteins are raised in
mice by immunising with the proteins subcutaneously. The mice are immunised at day
0 with 25pg of protein in incomplete Freund's adjuvant and day 30 with 25ug of protein
in incomplete Freund's adjuvant. Immunisations are carried out using standard
procedures. Polyclonal antisera having a high titre against the proteins are obtained. If
desired monoclonal antibodies directed specifically against recombinant proteins are

obtained using standard procedures.

EXAMPLE 8
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Immunization for the generation of antibodies. BALB/c mice or CD1 (Swiss out bred
mices) 6-8 weeks old (10 mice per group) were immunized subcutaneously (s.c. 100
pL) with either 50 pg of the KAS2-LA1 chimera and the antigen emulsified in incomplete
Freund’s adjuvant (IFA). After 30 days the mice were boosted with antigen (s.c.
injection, emulsified in IFA) and 12 days later the mice were killed and cardiac bled to

collect sera.

Determination of subclass antibody by an ELISA. To determine the subclass
antibody responses of mouse sera, enzyme-linked immunosorbent assays (ELISAs)
were performed in friplicate using a 5-ug/ml solution of KAS2-LA1 chimera or formalin
killed P. gingivalis W50 or the RgpA-Kgp complex in phosphate-buffered saline (PBS)
(0.01 M NaHPO4, 1.5 mM KH2PO,4, 0.15 M NaCl), pH 7.0, contaihing 0.1% (vol/vol)
Tween 20 (PBST) to coat wells of flat-bottom polyvinyl microtiter plates (Dynatech
Laboratories, MclLean, VA). After removal of the coating solution, PBST containing 2%
(wt/vol) skim milk powder was added to wells to block the uncoated plastic for 1 h at
room temperature. After the wells were washed four times with PBST, serial diluﬁons of
mouse sera in PBST containing 0.5% (wt/vol) skim milk (SK-PBST) were added to each
well and incubated for 16 h at room temperature. After the wells were washed six times
with PBST, a 1/2,000 dilution of goat 1gG to mouse IgM, IgA, 1gG1, IgG2a, IgG2b, or
IgG3 (Sigma, New South Wales, Australia) was added in SK-PBST and allowed to bind
for 2 h at room temperature. Plates were washed six times in PBST, and a 1/5,000
dilution of horseradish pefoxidase-conjugated rabbit anti-goat immunoglobulvin (Sigma,
New South Wales, Australia) in SK-PBST was added to each well and incubated for 1 h
at room temperature. After the wells were washed six times with PBST, bound antibody
was detected by the addition of 100 pl of ABTS substrate [0.9 mM 2,2"-azino-bis(3-
ethylbenz-thiazoline¥6) sulfonic acid in 80 mM citric acid containing 0.005% (vol/vol)
hydrogen peroxide, pH 4.0] to each well. The optical dénsity at 415 nm was measured

using a microplate reader (Bio-Rad microplate reader, model 450).

Antibody subclass responses induced by immunization with the recombinant
protein KAS2-KLA1 in outbred (CD1, Swiss) mice. CD1 (Swiss) mice were
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immunised with the KAS2-LA1 chimera, bled and the sera collected by centrifugation.
Fig 6 shows the antibody subclass reactivity to KAS2-LA1 chimera, formalin-killed P.
gingivalis W50 cells and the RgpA-Kgp complex. The KAS2-LA1 chimera induced a
strong IgG antibody with a predominant IgG1 antibody response that recognised the
KAS2-LA1 chimera and cross reacted strongly with FK P. gingivalis W50 cells and the
RgpA-Kgp complex (Fig. 6). Furthermore, the KAS2-LA1 chimera induced only weak
immunoreactive 19gG2a, IgG2b and IgG3 antigen-specific antibodies (Fig 6).
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Example 9

Development of a Kgp structural model and Identification of Active Site Surface

Accessible Sequences.

Our work has shown that Kgp proteinase active site peptides are highly immunogenic
and induce high levels of protection against P. gingivalis-induced bone loss. In an '
attempt to identify further proteinase active site peptides as vaccine candidates a model
of the catalytic domain of Kgp was developed using the Orchestrar suite of programs
within Sybyl7.3 (Fig 7). The model is based on PDB structure 1crv of the RgpB protease
from P. gingivalis, the proteins have a 23.58% pairwise identity and the Z-score is 25.09
(a high-confidence model). The Meta-PPisp protein interaction servér predicts two
protein-protein interaction surfaces for Kgp: the substrate binding surface (as in RgpB),
and a second surface unique to Kgp. The major differences between the RgpB and Kap
models are in the loops that frame the second interaction surface and a 19-residue gap
(Val526 to Phe545) that couldn’t be modeled in Kgp that falls within the second
interaction surface. Figure 7 shows the Kgp model with the thicker ribbons showing
surface accessible sequences around the proteinase active site of Kgp, the surface
accessible sequences were found to be Asp388-Gin394, Leud21-Alad23, Alad43-
Glu447 with Ala451, Asn510-Trp313, and 1le570-Gly577 with Tyr580. From the model
(Fig 6) it is evident that along with KAS2 (A) three other sequences KAS4 (Asp388-
Val395) (B), KAS5 (Asn510-Asp516) (C) and KAS6 (lle570-Tyr580) (D) are prominent
and of sufficient length to be vaccine targets. Thus a recombinant chimera protein can
be produced that has each of these peptides in sequence and joined on to the N-
terminus of KLA1 to produce multiKAS-KLA1, that can be used to induce an immune

response and hence to protect against P. gingivalis related diseases or conditions.

Example 10

Process for modelling Arg-X- proteinase to identify immunogenic regions

flanking the catalytic site.

The Arg-X proteinase three dimensional structure was determined according to the
methods of Eichinger A, Beisel HG, Jacob U, Huber R, Medrano FJ, Banbula A,
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Potempa J, Travis J, Bode W. Crystal structure of gingipain R: an Arg-specific bacterial
cysteine proteinasewith a caspase-like fold. EMBO J. 1999 Oct 15;18(20):5453-62

Example 11

The following is an example of a toothpaste formulation containing antibodies.

Ingredient % wiw
Dicalcium phosphate dihydrate 50.0
Glycerol 20.0
Sodium carboxymethyl cellulose 1.0
Sodium laury! sulphate 1.5
Sodium lauroyl sarconisate 0.5
Flavour ' 1.0
Sodium saccharin 0.1
Chlorhexidine gluconate 0.01
Dextranase 0.01
Goat serum containing specific antibodies 0.2
Water balance
Example 12
The following is an example of a toothpaste formulation.
Ingredient : % wiw
Dicalcium phosphate dihydrate 50.0
Sorbitol 10.0
Glycerol 10.0

Sodium carboxymethyl cellulose

Sodium lauryl sulphate

Sodium lauroyl sarconisate

Flavour

Sodium saccharin

Sodium monofluorophosphate 0.3
Chlorhexidine gluconate 0.01
Dextranase 0.01
Bovine serum containing specific antibodies 0.2
Water balance
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Example 13

The following is an example of a toothpaste formulation.

Ingredient % wiw
Dicalcium phosphate dihydrate ‘ 50.0
Sorbitol - 10.0
Glycerol : 10.0
Sodium carboxymethyl cellulose 1.0
Lauroyl diethanolamide 1.0
Sucrose monolaurate 2.0
Flavour 1.0
Sodium saccharin 0.1
Sodium monofluorophosphate 0.
Chlorhexidine gluconate - 0.01
Dextranase 0.01
Bovine milk Ig containing specific antibodies 0.1
Water balance
Example 14
The following is an example of a toothpaste formulation.
Ingredient A % wiw
Sorbitol _ 22.0
Irish moss S 1.0
Sodium Hydroxide (50%) 1.0
Gantrez _ 19.0
Water (deionised) 2.69
Sodium Monofluorophosphate ‘ 0.76
Sodium saccharine 0.3
Pyrophosphate 2.0
Hydrated alumina - 48.0
Flavour oil 0.95
Mouse monoclonal antibodies 0.3

'sodium lauryl sulphate 2:00
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Example 15

The following is an example of a liquid toothpaste formulation.

Ingredient % wiw
Sodium polyacrylate ' - 50.0
Sorbitol ' 10.0
Glycerol ' - 20.0
Flavour . 1.0
Sodium saccharin 0.1
Sodium monofluorophosphate 0.3
Chlorhexidine gluconate 0.01
Ethanol 3.0
Equine Ig containing specific antibodies 0.2
Linolic acid 0.05
Water balance
Example 16

The following is an example of a mouthwash formulation.

Ingredient % wiw
Ethanol : . 20.0
Flavour 1.0
Sodium saccharin : 0.1
Sodium monofluorophosphate : 0.3
Chlorhexidine gluconate 0.01
Lauroyl diethanolamide _ 0.3
Rabbit Ig containing specific antibodies 0.2

Water balance
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Example 17

The following is an example of a mouthwash formulation.

Ingredient ' % wiw
Gantrez S-97 2.5
Glycerine _ 10.0
Flavour oil _ 04
Sodium monofluorophosphate 0.05
Chlorhexidine gluconate 0.01
Lauroyl! diethanolamide 0.2
Mouse monoclonal antibodies 0.3
Water balance
Example 18

The following is an example of a lozenge formulation.

Ingredient ' % wiw

Sugar 75-80

Corn syrup 1-20

Flavour oil 1-2

NaF ' 0.01-0.05

Mouse monoclonal antibodies 0.3

Mg stearate 1-5

Water : balance
Example 19

The following is an example of a gingival massage cream formulation.

Ingredient % wiw
White petrolatum 80
Propylene glycol ’ 4.0
Stearyl alcohol 8.0
Polyethylene Glycol 4000 25.0
Polyethylene Glycol 400 37.0

~ Sucrose monostearate , 0.5
Chlorohexidine gluconate ' 0.1
Mouse monoclonal antibodies 0.3
Water - : balance

Example 20

The following is an example of a chewing gum formulation.



Pol yet hyl ene @ ycol 4000 25.0 Pol yethyl ene G ycol 400 37.0 Sucrose

nonost earate 0.5 Chl orohexi di ne gluconate 0.1 Muse nonocl onal anti bodi es
0. 3 Wt erwbabsmeets3Exanpl e 20 The following is an exanplPeTaU2e09loeme ng gum
formul ati on. WD 2010/ 022463PCT/ AU2009/ 001112 61 | ngredi ent% w w Gum
base30.0 :

61

Ingredient % wiw
Gum base 30.0
Calcium carbonate 2.0
Crystalline sorbitol 53.0
Glycerine 0.5
Flavour oil : 0.1
Mouse monoclonal antibodies 0.3
Water | , balance

Example 21
The following is an example of a pharmaceutical formulation
Ingredient % wiw
Humanised specific monoclonal antibodies 10
Sterile phosphate buffered saline 90

Example 22
The following is an example of a periodontal gel formulation.
Ingredient % wiw
Pluronic F127 : 20.0
Stearyl alcohol 8.0
Specific antibodies - 3.0
Colloidal silicon dioxide (Aerosil 200) - 1.0
Chlorhexidine gluconate 0.1
Water balance

It should be understood that while the invention has been described in details herein,
the examples are for illustrative purposes only. Other modifications of the embodiments
of the present invention that are obvious to those skilled in the art of molecular biology,
dental diagnostics, and related disciplines are intended to be within the scope of the

invention.



Cal ci um carbonate2.0 Crystalline sorbitol 53.0 dycerine0.5 Flavour o0il0.1
Mouse nonocl onal anti bodi es0.3 Wat er bal ance Exanple 21 The following is an
exanpl e olvoaophaessaceuti cal formul ati on | ngredi ent % w wrHEnani®adigpeci fic
nonocl onal anti bodi es10 Steril e phosphate buffered saline90 Exanpl e 22 The
following is an exanple of a periodontal gel fornulation. Ingredient%ww
Pl uronic F12720.0 Stearyl al cohol 8.0 $pecific antibodi es3.0 Coll oi dal
silicon dioxide (Aerosil 200)1.0 Chlorhexidine gluconate0.1 \Waterbal ance
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| NVENTI ON ARE AS..FOL : chinmeric qr fusion protein for inducing an

i mune res ponseﬁf'gpa&%é??\r %‘, é‘giaisg,qumcée ﬁ}a&t'%iﬁ?we F‘ﬂ'%leu%ﬁ’r?d @r‘??lpg?u%gﬁ)?‘i‘%e
joined directly gqueRtesabwa ihISE@ID Nb:2; sefond peptide, wherein: (A) said
first peptide includes: (i) part of, or all of a sequence that is the sane

as, or hombygarrsddndseptinausfiGeshown in SEQ ID No:1; or (ii) part of,
or all of a sequence that is the sane as, or honol ogous to the sequence

shown in SEQ I D gk bquSHREP J L . ] f,
or all of a sequ(y?ﬁ:ag1 '?ﬁart? al(”s%ftigég%ne a@‘%t(E;f&téognﬁp%gr%uswﬁmﬂéb%%%ﬁ%méé of
an adhesi n donumisequencéef ap adRepinaiamainsd thé Lirs-Xgprogeinase sf Pogingfvalis; par t
of, or all of a sequence that is the sane as, or honol ogous to the sequence
of an adhesin dqitppart of, érall 6f g-s¥qpendeetharie tief sdnedis@r Wimslogeus to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the

sequence of a HagA adhesin domain of P. gingivalis.

2. A chimeric or fusion protein according to claim 1, whérein said first peptide

includes the sequence shown in SEQ ID No:3 or 4.

3. A chimeric or fusion protein according to claim 1 or claim 2 wherein said first

peptide includes the sequence shown in one of SEQ ID No:5 to 8.

4. A chimeric or fusion protein according to any one of the preceding claims,

wherein said first peptide includes the sequence shown in one of SEQ ID No:9 to 12.

5. A chimeric or fusion protein according to any one of the preceding claims,

wherein said first peptide includes the sequence shown in one of SEQ ID No:13 to 18.

6. A chimeric or fusion protein according to any one of the preceding claims,



(iii) part of, or all of a sequence that is the sanme as, or honol ogous to
t he sequence of a HagA adhesin domain of P. gin givalis. 2. A chineric or
fusi on prwoebn/@ewmerding to claiml1l, wherein said first Ppe@td@/tonakudes
t he sequence shown in SEQ ID No:3 or 4. 3. A chinmeric or fusion protein
according to claim1 or claim2 wherein said first peptide includes the

sequengRe? $8id fitsOpeptiie iREIRHEOHOsEGlehcB. shibwh iblirEesf SEQN D N8I 1@osedt ei n
according to any one of the preceding clains, wherein said first peptide
i ncl udes the sequence shown in one of SEQID No:9 to 12. 5. A chimeric or

fusi on,protgi . rdi . . 1 he, precedl cj.ai herein said
first Popt i Aecercott Wit ARG SoBrahd ohain oty et eI ST §. o
chi merwhemin §aidifost gapideiinclades thd seuencershowman@net dreSEQEDENb2T € 301s,

WO 2010/ 022463PCT/ AU2009/ 001112 wherein said first peptide includes the
sequence shown in one of SEQ ID No:19 to 26. 7.A chinmeric or fusion protein

accordeang t € : ced) =l ai Mher ej e PRI - de
i A R R T e L e R N T
f usi oninpludesitine sequerdienshavwn inl cnenofISE@NEr Bo131dtai3d.f i r st - pepti de i ncl udes
t he sequence shown in one of SEQ ID No:31 to 34. 9. A chineric or fusion
protein according to claiml1l, wherein said first peptide includes a

sequenge t hRtcHigehensy AaMHE pfr@teﬁf“éc%rfdﬁfgﬁéé R 13 WRerdth sh Arshpaptides or

fusion protein according to any one o recedi ng clal ns,
includes a sequence that is homologous to one of SEQ ID No: 3 to 34.

10. A chimeric or fusion protein according to any one of the preceding claims,
wherein said second peptide includes the sequence shown in SEQ ID No: 35 or a

fragment thereof that includes the sequence shown in SEQ ID No: 36.

11. A chimeric or fusion protein according to any one of the preceding claims,

wherein said second peptide includes the sequence shown in SEQ ID No: 36 or 37.

12. A chimeric or fusion protein according to claim 1, wherein:

(a) said first peptide includes the sequence shown in one of SEQ ID No:27 to
30; and ‘

(b)  said second peptide includes the sequence shown in SEQ ID No:36 or 37.

13. A chimeric or fusion protein according to any one of claims 1 to 9, wherein said
second peptide includes the sequence shown in SEQ ID No: 38 or a fragment thereof

that includes the sequence shown in SEQ ID No:39.

14. A chimeric or fusion protein according to claim 13, wherein said sécond peptide

includes the sequence shown in SEQ ID No:39.

15. A chimeric or fusion protein according to claim 1, wherein:

(a) said first peptide includes the sequence shown in one of SEQ ID No: 31 to



wherein said second peptide includes the sequence shown in SEQ ID No: 35 or
a fragnent thereof that includes the sequence shown in SEQ ID No: 36. 11.A
chi meri c wo 2bwgi2ess3pr ot ei n according to any one of the pcecadoogociiai ns,
wherein said second peptide includes the sequence shown in SEQ ID No: 36 or
37. 12. A chineric or fusion protein according to claim1, wherein: (a)
said first pepdrndde i ncl udes the sequence shown in one of SEQ ID No:27 to
30; and - (b) said second peptide includes the sequence shown in SEQ ID

No: 36 _or 37(p)13. £higRbBRd Beplidd INtlUiRsRhesehlcAcE ShélvAth BEGITY Nogg. of clai s
1 to 9, wherein said second peptide includes the sequence shown in SEQ ID

No: 38 or a fragnent thereof that includes the sequence shown in SEQ ID
No: 39. 14. A chineric or fusion protein according to claim 13, wherein said

seconds gep QAR HERIA B AERYTERUENE AN in SO B3 . Windh Bl TS ©
or fusion proteln according to clarm1, ereln:

2010/ Opré&in RCTudihg GO sideljdined4ireatiyl of throaglhl adimkentb peplyipadetidacihdesn:t he
sequence shown in SEQ I D No:39. 16. A chineric or fusion protein for

I nduci ng anA)saingeptifdipBr@les0 P. gingivalis, the protein including a
peptide joined directly or through a |inker to a pol ypeptide, wherein: (A

sai d peptide i nchuystas of, drdil BP4 lse§liendd tidltlis He §aﬁ1%°é’§,r6}9ndrﬂ?4bgb§s tdghesane
as, or honol ogous to the sequence shown in SEQ ID No:1; or i) part of,
or all of a sequeamencashoive inEQdNGE; olor honol ogous to the sequence
shown in SEQID No:2 ; and

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence shown in SEQ ID No:2 ; and
(B) said polypeptide includes:

(i) part of, or all of a sequence that is the same as, or homologous to the
sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(i) part df, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the

sequence of a HagA adhesin domain of P. gingivalis.

17. A chimeric or fusion protein according' to claim 16, wherein said peptide includes

the sequence shown in SEQ 1D No:3 or 4.

18. A chimeric or fusion protein according to any one of claim 16 or claim 17 wherein

said peptide includes the sequence shown in one of SEQ ID No:5 to 8.

19. A chimeric or fusion protein according to any one of claims 16 to 18, wherein said

peptide includes the sequence shown in one of SEQ ID No:9 to 12.

20. A chimeric or fusion protein according to any one of the claims 16 to 18, wherein

said peptide includes the sequence shown'in one of SEQ ID No:13 to 18.

21. A chimeric or fusion protein according to any one of claims 16 to 20, wherein said



(B) said polypeptide includes: (i) part of, or all of a sequence that is
the sanme as, or honol ogous to the sequence of an adhesin donain of the
Lys- X- prowveizneer248 P. gingivalis; or (ii) part of, or patiAtbososaguence
that is the same as, or honol ogous to the sequence of an adhesin donain of
the Arg-X-proteinase of P. gingivalis; or (iii) part of, or all of a

sequergeptidbancludes e S&jiRnee shownhinBMeasf@EQLID Nbﬂgaaqal@ence of a HagA
adhesin donmain of P. gin givalis. 17.A chineric or fusion protein according

to claim 16, wherein said peptide includes the sequence shown in SEQ ID

N0: 3 91 4 A B OB onirolet? AECBI ]y AGROBALENS 63051 Rl St T 10

or claim ereln sal I'de 1 nc sequence shown’ SEQ

| D No.;fepmdeiincm&esﬁ\thd\éemrance(shomsnmemf@lé@ﬂDMch?dtm@pto any one of
clainms 16 to 18, wherein said peptide includes the sequence shown in one of
SEQ ID No:9 to 12. 20.A chineric or fusion protein according to any one of

the clay ms AlBhingeriSor W@ﬁfﬁr‘&teﬁﬁ"a@c@ﬁﬂ%q Hﬁcl‘aﬂﬁ'%d%etr@iﬁ s%‘ﬁ%@@
one of SEQ ID No:13 to 18." 21. A chimeric or fusion protein accordi ng to any

one ofthelsafquendsshaowe @) ontef SEQ KaNd:3Wo 24.10/ 022463PCT/ AU2009/ 001112
peptide includes the sequence shown in one of SEQID No:19 to 26. 22. A
chinmeric or fusion protein according to any one of clainms 16 to 21, wherein

sai d epti gechiftdritdgsfusin ﬁgwiﬁié@@o@h@/\fb bl@lrﬁﬁ% Wheﬁﬁﬁ?éaﬁa peptide trﬂzl&@és 23. A

chimeric or fusion protein accordin laim 16, wherein said peptid
i ncl udesequancedhakisdwmnolegpus to o E@El@ No: Bido 34. t 0 34.

25. A chimeric or fusion protein according to any one of claims 16 to 24, wherein said
polypeptide includes the sequence shown in SEQ ID No: 35 or a fragment thereof that
includes the sequence shown in SEQ ID No: 36.

26. A chimeric or fusion protein according to any one of claims 16 to 25, wherein said

- polypeptide includes the sequence shown in SEQ ID No: 36 or 37.

27. A chiméric or fusion protein according to claim 16 wherein:

(a) said peptide includes the sequence shown in one of SEQ ID No:27 to 30;

~and

(b)  said polypeptide includes the sequence shown in SEQ ID No:36 or 37.

28. A chimeric or fusion protein according to any one of claims 16 to 24, wherein said
polypeptide includes the sequence shown in SEQ ID No: 38 or a fragment thereof that
includes the sequence shown in SEQ ID No:39.

29. A chimeric or fusion protein according to claim 28, wherein said polypeptide

includes the sequence shown in SEQ ID No:39.

30. A chimeric or fusion protein according to claim 16 wherein:

(a) said peptide includes the sequence shown in one of SEQ ID No: 31 to 34;



24. A chineric or fusion protein according to claim 16, wherein said peptide
I ncl udes a sequence that is honol ogous to one of SEQ ID No: 3 to 34. 25. A
chi meri c wo 2bwgi2ess3pr ot ei n according to any one of cl ai meTM20@/@4,12wWher ei n
sai d pol ypeptide includes the sequence shown in SEQ ID No: 35 or a fragnent
t hereof that includes the sequence shown in SEQ ID No: 36. 26.A chimeric or
fusion protghg according to any one of clains 16 to 25, wherein said

pol ypeptide includes the sequence shown in SEQ ID No: 36 or 37. 27.A

chimeric orgfusi b | il t X TR UN ] i) sai d peptide
I ncl udes thbsseq%g%gee,gﬁgﬁm%@l n oc%esqgf S%E% I D Nﬁ%@’f&??@%!ogfﬁég_( b) said
pol ypepti de includes the sequence shown in SEQ ID No:36 or 37. 28. A

chimeric or fusion protein according to any one of clainms 16 to 24, wherein

id tide  includes.th h | EQ 1D No: 38 f t
AN N A e B
f usi ongreuptcdinBistirgof.di ng to claim 28, wherein said pol ypeptide includes the

sequence shown in SEQ I D No:39. 30.A chinmeric or fusion protein according
to claim16 wherein: WD 2010/ 022463PCT/ AU2009/ 001112 and (b)said

pol ypepti de i nclgdesedithceeMYe RCMSIEME ak br e dIBYdEs BPthe3dedudRBl v or
I nduci ng an i nmune response to P. gingivalis seleCted fromthe group
consi sting of: in one of SEQ ID No: 64 to 66; and

(ii) a sequence that is the same as or homologous to the sequence shown
in SEQ ID No: 67 or 68. |

32. A chimeric or fusion protein comprising a first peptide joined directly or through a

linker to a second peptide, wherein said first peptide is a peptide according to claim 31.

33. A chimeric or fusion protein according to claim 32, wherein said second peptide

includes:

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(ii) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gihgivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the

seduence of a HagA adhesin domain of P. gingivalis.

34. A chimeric or fusion protein according to claim 33, wherein said second peptide
has a sequence that is the same as, or homologous to the sequence shown in SEQ ID
No: 35, or a fragment that has the sequence that is the same as or homologous to the

sequence shown in SEQ ID No: 36.

35. A chimeric or fusion protein according to claim 33, wherein said second peptide
has a sequence that is the same as, or homologous to the sequence shown in SEQ ID
No: 36 or 37.



(1) a sequence that is the sane as or honol ogous to the sequence shown in
one of SEQID No: 64 to 66; and (ii) a sequence that is the sane as or
honol ogowsot2e10resssequence shown in SEQ I D No: 67 or 68PCIATRI®WOMAERI C Or
fusion protein conprising a first peptide joined directly or through a

| inker to a second peptide, wherein said first peptide is a peptide

accor i3g1g tR chlmérie 81 fusich 6rc$t@lnn§d5ddid|ﬁg tbltf’ralﬁﬂBBrWhéréin 3afrPsetdH peptidedi M
32, wherein said second peptide includes: zypart of, or all of a
majearHs

Zequerib'iﬁ alsenueRrce Hatdsthe a@neoan 96 ReMaieary ! theesem@inen chopn lansﬁ@hl&: In
of 5 4§08 d8 el FREREEHfe Fealionét B8 it sofle e orbifibedio Pl

adhesigeqilense BhoWntinSEQ ¢ Xio3gt ei nase of P. gingivalis; or (iii) part of,
or all of a sequence that is the sanme as, or honol ogous to the sequence of

a HagA adhesin domain of P. gin givalis. 34.A chineric or fusion protein

accor dmg tA chilméra 8B fusidie prItBinSAdcdreiRg A EIFHRPSE AwhbBASN %aﬁﬁ%@?@epéﬂﬁe i's
t he sane as, or honol ogous to the sequence shown in SEQ I D No: 35

fr agmetas @ saaueRes that is tha eame asnar hpgalggousaieethgssegiuensasheydus $60t lPe

sequengg spown in SEQ ID No: 36. 35.A chinmeric or fusion protein .according

to claim33, wherein said second peptide has a sequence that is the sane
or honol ogous to the sequence shown in SEQ ID No: 36 or 37. WO

2010/ B RSP TRE SR e AT 1 anf okl T R R Byt

or horgadcogdyeptide iprovitiadeindhe sdravof a polyp@ptiie No: 38, or a fragnment that has
t he sequence that is the same as or honol ogous to the sequence shown in SEQ

ID No: 39. 37.A chineric or fusion protein according to claim 36, wherein

sai d sggondy Bﬁm%ﬂﬁfﬂﬂ%é@ Pgﬂﬁgw”&gcotr@gg tk%rﬂ“@né%%la? Plio RHNG 999936t ©

t he sequence s i meric or usion protein
accor dndgding atngasime@edirtbénpeptide2vbere8i7 wherei n t he

(C).said further peptide includes:

(i) part of, or all of a sequence that is the same as, or homologous to the

sequence shown in SEQ ID No:1 ; or

(ii) part of, or all of a sequence that is the same as, or homologous to the

sequence shown in SEQ ID No:2; or

(iii) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(iv) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis; or

(v) part of, or all of a sequence that is the same as, or homologous to the

sequence of a HagA adhesin domain of P. gingivalis.

40. A chimeric or fusion protein according to any one of claims 1-to 30 or 32 to 39,
wherein the C-terminal residue of said first peptide is covalently linked directly or
through a linker to the N-terminal residue of said second peptide, or wherein the C-
terminal residue of said peptide is covalently linked directly or through a linker to the N-

terminal residue of said polypeptide.



second peptide is provided in the formof a polypeptide. 39. A chineric or
fusion protein according to any one of clains 1 to 30 or 32 to 38 including
at | east woeofumnedser peptide wherein: (C) said further peptaudeovoociindes:
(i) part of, or all of a sequence that is the sane as, or honol ogous to the
sequence shown in SEQID No:1 ; or (ii) part of, or all of a sequence that
'S t heq$ameaahimBfic P TR4i6N PrételrPabiiidFRAEANP oA AMIAiMsSER 138 o3 2ito B,
(iii) part of, or all of a sequence that is the sane as, or honol ogous to-
t he segherede tbe Mriecadinetiresidueredfnsaid firsed pspide- jsr covalpate lipkee. digeetlyi val i s;

2o ¢ bkl b Bker G Pt AFASE ot Bl KBS pRfie ot whiprd ReOR1S

gi ngi vidkinfial @ésidie bf Bawitpeptideds calhlently inkedidrecy sMrough hhinkept@tRsC- or
honol ogous to the sequence of a HagA adhesin domain of P. gin givalis. 40. A

chi merfeEminal resides opsaid Polypepdedi ng to any one of clains 1 to 30 or 32 to
39, wherein the Ctermnal residue of said first peptide is covalently
linked directly or through a linker to the N-term nal residue of said
seconddept A dhimeric whéusiom prdteinCateordingalo s bdei®f elaisai ttpepterds? its 41,
covalently linked directly or through a linker to the N-termnal residue of
sai d pwm%gbﬁ?@'eﬂrst DEPIRR by IO EESP R RI5000) RRPIBEANTOUGN A TEKPREF e By 15
fusi on, Rt 5 inn | gyt : t : ein
the N7 AefsEdBGTRARIAY (ORE Rl S S 2o A eRbly 4 A )
or t hrpemideasljoinkdrtotsaid hely@epiderthraugh aslinkes obupstai 1t amirumdcidspnildrgthor
wher ei n *heb{)\ll-ter ] ngg r esi dus of sai,d peptide is covalently |inked

di r ectR¥'HSR H??ﬁu%n PIRQACEY 1R [ED9M)¢ or i nal resi due of said pol ypepti de.
42. A chineric or fusion protein according to any one of clains 1 to 30 or
32 to 41, wherein said first peptide is joined to said second peptide

t hrough3-a 1A rmesnpesitiar incuding shchinerds @5 fusioneprgtein grcerdingtioyanysne phn 5
am no i i - wherein said peptide is joined to said

pol ype%ﬂ"%’? M?gg)g%rzgolﬁker of up to 15 amno acids in length, preferably

|l ess than 5 amno acids in length. 43. A conposition including a chineric
or fusion protein according to any one_of clains 1 to 30 or 32 to 42. 44.
A conp%iti%ﬁOHP@§F@Pr?§°PB’gQ9§?H?H@ﬁ3f fthesincluding @nAgiayddj uvant . 45, A
met hod of preventing or reducing the incidence or severity of a P. gin
givalis - related condition or disease in a subject, which includes
adni ni4d.er iAgnetbod o psengndiog ar retizaipgitbe anciflesdenar pevardy of acPogiigng/ise- any
one of clains 1.t0 30.or 32 to 42, or a conmpositiqgn.according, to claim43
o ol deAtas TondgoR Fatittast o subiect orfiel dnaioes AORITSEERE A s TBISHF one
of cl adnimelictdt RGN prAeinCactdrding 1 SRAYRAR bf ERIMAS COESI30T0f B2CIRUD 63 LT
claim44 in, or in the manufacture of a nedicament for preventing or .
r educi ¢RiNpORitiomacersdidg torclaimAs ot glaih 44. P. gin givalis - related condition
or disease in a subject. 47. An antibody raised against a chineric or
fusion protein according to any one of clains 1 to 30 or 32 to 42.

46. Use of a chimeric or fusion protein according to any one of claims 1 to 30 or 32 to

42, or a composition according to claim 43 or claim 44 in, or in the manufacture of a
medicament for preventing or reducing the incidence or severity of a P. gingivalis —

related condition or disease in a subject.

47. An antibody raised against a chimeric or fusion protein according to any one of
claims 1 to 30 or 32 to 42.

48. An antibody according to claim 47, which is a monoclonal antibody.

49. A method of preventing or reducing the severity of a P. gingivalis-related disease

or condition in a subject, which includes administering to the subject an antibody



48. An anti body according to claim47, which is a nonoclonal antibody. 49.
A net hod of preventing or reducing the severity of a P. gingivalis-related
di sease owocorndize468n i n a subject, which includes adm nipstratzog/molikhe

subj ect an anti body WD 2010/ 022463PCT/ AU2009/ 001112 according to cl aim 47
or claim48. 50. Use of an antibody according to claim47 or claim48 in

t he mapeé@eing © ddinfaTedckare® for preventing or reducing the incidence or
severity of a P. gin givalis - related condition or disease in a subject.
51. A nucleic acid nolecule including a sequence encoding a chineric or

f usi ongRr ot g (o [ - - ; 0} 3 A
nucl of Poaci JeRcdtettiny BBttty Rlaih &1 B daif 480 the hahfitdthure, ¢
oper at megligarhémtkfed greveritingeas reduting ¢igellimdidencesloerseverity 68a R \winjivdlis —

i ncludin nucl ei ¢ acid nol ecul e according to claim51 or claimb52. 54. A
vect orr%lgt@gr‘mnﬁ{:}'ot”cpr I3¢aRes9 a $WhIeH i s a viral or bacterial vaccine vector.
55. A prokaryotic or eukaryotic cell, including a nucleic acid nolecule
according to claim51 or claimb52, or a vector according to claim53 or

cl ai m 54. B6nudleiceatiddmofecpieswreoitding arseqednce remcoding acchieresie or fesoerity

of a P_ gin gival.isrelated conditiq di se.in a subject, which
i ncl ud@"soq%\'arﬁq??f) g {q,gny Bn?WgC%'IBFBEIPO%p ?i-ru\ifgq gzaci d nol ecul e according to
claim51 or claimb52, a vector according to claim53 or claimb54, or a

proka%oti c or eukaryotic cell accordi ‘ng to claim55. 57. Use of a nucleic
aci d nbRecufenyeleinr @city meleculgi acearding 4o a¢lains251,awheceior saidlc seduenrce ds

claim . 1 I karyotic cell according to
claim éée%ﬁv%l&@h%ﬁﬁ? gg@&?‘ﬁ@?@%@bﬁ%@éﬁ%f-or preventing or reducing the
severity of a P. gingivalis-related disease or condition in a subject. 58.
A nmethod for the diagnosis or nonitoring of a P, gingivalis-related

condi t P3n of Vgt dReidinga Rugleis @cid Mepledile Aesarding g 5h ot klawdrdZ% or
fusion protein according to any one of clains 1 to 30 or 32 to 42 to detect
anti-P. gingivalis antibodies in a biological sanple fromsaid subject. WD
2010/ 02246 3RVECHUZ@E0rdIN] Id @aind B3, Whichds aavithionbacierial vacsn®regtoot ei n
according to any one of clains 1 to 30 or 32 to 42, to detect anti-P. gin
givalis antibodies in a biological sanple froma subject. 60. A nethod for
the di ggnospsprekafeE o dukaniticecdtt il%lﬂsi'npaé intrelefd AbRAMoMId iRBoRin &%rease

in a subject, which includes use of an anti body according to claim

cl ai m dlgim 64 afclaint 52,y yestenrecosding to glaimdid/ar ¢lgin #4a bi ol ogi cal sanpl e
fromsaid subject. 61. Use of an antibody according to claim47 or claim
48, to detect the presence of P. gingivalis in a biological sanple froma
subj ec56. 6&.méthpeapdf preventing bavedudngithe MBidehoeesiPeasRity of B PYighgivdist S
i ncl udi n% t he sequence shown in one of SEQ ID No: 17, 18,25 and 26.
related condition or disease in a subject, which includes administering to the subject a
nucleic acid molecule according to claim 51 or claim 52, a vector according to claim 53

or claim 54, or a prokaryotic or eukaryotic cell according to claim 55.

57. Use of a nucleic acid molecule according to claim 51 or claim 52, a vector
according to claim 53 or claim 54, or a prokaryotic or eukaryotic cell according to claim
55 in the manufacture of a medicament for preventing or reducing the severity of a P.

gingivalis-related disease or condition in a subject.

58. A method for the diagnosis or monitoring of a P. gingivalis-related condition or
disease in a subject, which includes use of a chimeric or fusion protein according to any
one of claims 1 to 30 or 32 to 42 to detect anti-P. gingivalis antibodies in a biological

sample from said subject.



63. A peptide according to claim®62, said peptide having a sequence that is
honol ogous to one of SEQ ID No: 17, 18, 25 and 26. 64. A peptide according
to cl ai m\8Q 2010/B2463sai d pepti de having a | ength of 5 toPGU/AARDPWIPOETRdS.

65. A nucleic acid encoding a peptide according to any one of clainms 62 to
64. 66. Use of a peptide according to any one of clainms 62 to 64, or a
Pucl ei §9.aci lds@ofarodimgitt or fusmpioteih @ccoitingrnayaohe o claima 1Ct|bi3ﬁ9d3i 82 &5
usion protein for inducjing an. immune response to P. gin givalis 67. Use
of a p tth’@t%Fé@GF'dlb'rﬂj”Q’&a gnihndies ing Biojpgies) S?H‘Fégfr%maigsh'&?&t-ng an i mmune
response to P. gin givalis. 68. Use according to claim67 wherein said
peptide is adm nistered sinmultaneously or sequentially with a second

pept i d@0.i ncA udethgd fonhe 0i@nO2B466 PONtALRY @f/20 &L Yir2gisalifretated aforaliticadbesi n

d in,of the Lys: X- t.ej f P. gingivalis; t  of . all
of 2 SUgrRID TP WhEh JERGagE vis B nelleadoraing b el ad rctaint
adhesi 48,4 @atet He bRBeALs K FDLRIGhIAIRS® alfioBgicdl SampRd from id slibjell. part of
or all of a sequence that is the same as, or honol ogous to the 'sequence of

a HagA adhesin domain of P. gin givalis. 69. Achimeric or fusion protein

according t | ai r.clai ' 2 N o) ept.i incl ‘
consi 57 or 05 SE allcthuBogh fteBloife K0 St 8P sRRERAY. (B iiecidnetiede™s 8 ne
or norp @hg®alis in Bbiologi€al sAntdié e & sabjdotisi on protein according to claim
69 wherein the first peptide includes or consists of a sequence shown in

one of nmore of SEQ ID No: 3 to 26 or one or nore of SEQID No: 64 to 68.
62. A peptide for inducing an immune response to P. gingivalis including the

sequence shown in one of SEQ ID No: 17, 18, 25 and 26.

63. A peptide according to claim 62, said peptide having a sequence that is
homologous to one of SEQ ID No: 17, 18, 25 and 26. -

64. A peptide according to claim 62 or 63, said peptide having a length of 5 to 40

amino acids.
65. A nucleic acid encoding a peptide according to any one of claims 62 to 64.

66. Use of a peptide according to any one of claims 62 to 64, or a nucleic acid
according to claim 65 for the manufacture of a chimeric or fusion protein for inducing an

immune response to P. gingivalis

67. Use of a peptide according to any one of claims 62 to 64 for inducing an immune

response to P. gingivalis.

68. Use according to claim 67 wherein said peptide is administered simultaneously

or sequentially with a second peptide including:

(i) part of, or all of a sequence that is the same as, or homologous to the
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sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or

(ii) part of, or all of a sequence that is the same as, or homologous to the

sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis; or

(iii) part of, or all of a sequence that is the same as, or homologous to the

sequence of a HagA adhesin domain of P. gingivalis.

69. A chimeric or fusion protein according to claim 1 or claim 32 wherein the second
peptide includes or consists of a sequence shown in one or more of SEQ ID No: 69 to

-79 or one or more of 83 to 85.

70. A chimeric or fusion protein according to claim 69 wherein the first peptide

includes or consists of a sequence shown in one of more of SEQ ID No: 3 to 26 or one
or more of SEQ ID No: 64 to 68.



