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25 BACKGROUND OF THE INVENTION

. Periodontal diseases are bacterial-associated inflammatory diseases of the

supporting tissues of the teeth and range from the relatively mild form of
gingivitis, the non-specific, reversible inflammation of gingival tissue to the ®
more aggressive forms of periodontitis which are characterised by the

30 destruction of the tooth’s supporting structures. Periodontitis is associated
with a subgingival infection of a consortium of specific Gram-negative
bacteria that leads to the destruction of the periodontium and is a major
public health problem. One bacterium that has attracted considerable
interest is Porphyromonas gingivalis as the recovery of this microorganism

35 from adult periodontitis lesions can be up to 50% of the subgingival
anaerobically cultivable flora, whereas P. gingivalis is rarely recovered, and
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resol ution of ﬁ HmBhg %ﬁggeémﬁeug; Rﬁgﬂoﬁgﬁmﬂ&mﬁc}eﬁ% Pilghé N non-

human primat es een emonsirate ngi val i np] antation of
P. gingivalis. «f R igingiveléss imsuhgingiyal Rlagye H‘eﬂﬁ"%‘ '-tha“‘}raj or

[)(rjlegel;lgre P. gi 'iﬁtx‘é%hétfséﬁhrltbfbf%‘x‘ﬁ)‘d@?ﬁﬁ@taxﬂf exﬁdiﬂa‘tmﬂ&iﬂ thﬁqmdr?mligagﬁm
iS.in athero es. has
Dot at ed wi t iamahe Folitleisbubelvalshiotin baBu bR i AetapRRict 6
tgihntgi vglt is Bs aemla@:conmfghemhmise aTherprogressionodfamriddontitisslesiongdninan- rod
at obtains ener rQ TRy
mi croor gani sm ﬁ%&‘gﬁﬂ n%)t%g'?‘ a%reé&t eh?@(fglfart%&)nﬁtﬂ P& %rggﬂgl% fg?glraent |°? Pf
in the fdt rgmgzvthlmreThese t('zadmg@ lin bpth shimalsendhemass SHSSﬁ‘Sﬁ aa‘h‘éi%hen

grown 15 U”d%leCf?ﬂQi %&ﬁg%amf meeHéE‘&évet@;maent of &hﬂhgﬁrﬂé&bﬁhﬁgtTh@ presence

experimental ani Ta t
inplicated in tafd ﬁ&i&%&’fb’é“nﬁ%?@"ﬁwﬂmus Pla‘\llﬁli’;suéﬁﬁ’u Q %gg%ggﬂﬁ‘%ﬁn‘ﬁﬁf‘ﬁge

fapsug& a(it)gSldESrel opthentod diedindsendar diseabell ar hydrol ytic enzymes.
ol 5 e GO MR ks o G o
that are invol \thdt obtaing enengydrathdhe m/tebuhsmuquspa@f cramisyeeidst dhgener at e
neutralising anhjg8igafism has an absolute growth requirement for iron, preferentially in
the form of heme or its Fe(III) oxidation product hemin and when grown
15 under conditions of excess hemin is highly virulent in experimental animals.
A number of virulence factors have been implicated in the pathogenicity of
P. gingivalis including the capsule, adhesins, cytotoxins and extracellular
hydrolytic enzymes. In order to develop an efficacious and safe vaccine to
prevent P. gingivalis colonisation it is necessary to identify protein antigens
20 that are involved in virulence that have utility as immunogens to generate
neutralising antibodies.

&
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I AU97] OR@led/36923 S 3 pcTIAU9TOEYVARY
THE | NVENTI ,C3]\19 : The present inventors purified and characterised
our major P. gingivalis antigens using serumfroma heal thy subject

t hat harboured P. gingivalis in subgi ngi val plaque as shown by DNA

pr obe anal ysis. The antigens (Agl, S Ag2, Ag3 and Ag4) are listed bel ow.
A9 Merr] SUMMARY QF THE INVENTIONer nal Amino acid sequence

Function T’Ek%%%%é%ventﬁ?seggxgﬁeﬂ &%char%WMEWW%YAKI EK

t
rDﬁgeDENgrL EGDI TQr#riEsens wging serum from a healthy subjegf,that harboured Pagingivedison
DnaK Q)Bé;’h PpRigdeab\SHaW B{: DM blobe analysis. The antigens (Ag1,
honol ogue | PK slvh ;fegqﬁ éL?ik%%beloiv! ayer protéin
VYNASI SAVGNPSA| ? Ap are s '
Ag M, Putative Internal Amino acid sequence
Function
Agl | 32kDa | Haeme DLENKGEATLLVTFGSSYKAPRETYAKIEK
receptor TFAAAYPDQR
Ag2 | 46kDa | Fimbrial DNPDENPLEGDITQTHTEKYVLAED
| protein
Ag3 | 70kDa | DnaK DVLLLDVTPLSLGIETMGGVMTYLIDANTT
homologue IPKLK
Ag4' 10kDa | S-layer protein | VYNASISAVGNTSAIDPVVQIIHHN"
('N-terminal sequence)

Accordingly in a first aspect the present invention consists in a composition
for use in raising an immune response directed against Porphyromonas

10  gingivalis, the composition including a suitable adjuvant and/or acceptable
carrier and one substantially purified P. gingivalis immunogen, the
immunogen being selected from the group consisting of Antigen 1, Antigen
2, Antigen 3, Antigen 4 and epitope containing fragments thereof.
Optionally, the composition may further include at least one additional

15  purified P. gingivalis immunogen, the immunogen being selected from the
group consisting of Antigen 1, Antigen 2, Antigen 3, Antigen 4 and epitope
containing fragments thereof. .
In a second aspect, the present invention consists in a substantially purified
P. gingivalis antigen or epitope containing fragment thereof, wherein antigen

- 20 has an internal amino acid sequence: .

DLENKGEATLLVTFGSSYKAPRETYAKIEKTFAAAYPDQR. It is preferred
that the antigen has an amino acid sequence as shown in Fig 1.
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(*N-term nal sequence) Accordingly in a first aspect the present

I nvention consists in a conposition for use in raising _an_inmune
response WO&#B@A3 agai nst Por phyrononas 10 gingivalis, thgcxﬁﬁB3@¢¥?on
imcludi ng a suitabl e adjuvant and/or acceptable carrier and one
substantially purified P. gi.ngivalis inmmunoden, the | mmunogen bei ng
selected fromthe group consisting of Antigen 1, Antigen 2, Antigen 3,

Antigen 4 and epitgape,contai ping.f . i.onall vee i he

conposition ma nf%ﬁ?‘ﬁ%las?‘ﬁ: 1 ﬁﬁegrgféﬁtg@??hgﬁ}e&g’&gﬁﬁ léh%fuggghggp?fq%cfl#

gi ngi vol i s i nmuPqgirgivalif entigem oo gpitope captainingdfregmenbihererf. whereigy anjigen

consi sting of Aﬁﬁé&?ﬂ}t&m ré?fugl%rhcgd s@tﬁ‘ﬁérﬁﬁeﬁ' 3, Antigen 4 and epitope
ment s

cont ai ni ng fragla er eof . In.a Sﬁ:ond aspect, the present

i nvention consi N?QEN@E@BHQW@W i ed P. gingivalis antigen
or epitope gontgy Afdith bagsRNthe present invehebAiconsists iea sibstahtiallgpurifieat nal

am no aci d sequence:, . ENKGEATLLVTEFGSSYKAPRETYAK] EKTE ' '
preferred HEREIAHS &ﬁ%@% QT GRUORR CORTABINE: 'Tﬁﬁfggﬁjg}? &2@@ 0 ax#n#%._nls g
1 WO 97/ RéO&Binternal amino acid sequence: :

PCT/ AU97/ 00212 VMTYLIDANTTIP - a
third aspect. t']HXL{TPgsVéI;]EtLSlLr%en |%ﬁ consists I'na suf Ittés P?egﬂrﬁdﬁh?ti #‘Hi%ed

P. gingivalis cantiganinsludgs anmpmiee acid sagngnee sgraded bydhegpen igg frame

antigen 19 heSuRtlbons aepatitewith AGAL Gedsreteession No, NM 97/04974 which
DNPDENPLEGDI TOTHTEKYVLAED, 5

Y, In a fourth a h t i ti
consists in a SHYFASES wlﬂ}/dfﬁﬁf’reﬁtgc?mggs coqgggﬁq%ﬁép@gq ?‘éé)éﬁ?%&ﬁ{“g%/e%g‘&?‘?gpe
cont ai ni ng f r agDWMLLDVIRISLGIRNTMEGVMTYLHRANTTIPKLEKas an i nternal am no

aci d sequence: QVLLLD! S Y A ) I :
That tha oo Inp ot anbrtft B gl Byl OEhE M EsubbishBaRy BupiAgs
reading frame R(gingivalinentigenantiged sirepitope contaning fragment theyeph wherein

97/ 04974 WhsCh sntigen RYPAL $hieeSalihihGd@ReHAéRcdr obes corresponding to the
am no acid sequenc% DVLLDVIPL MTYLI DANTTI PKLK. In a

fourth aspect, YW‘“H?WNF%Wi 'sts in a substantially purified

P. gingivalis apfbfep agpédtgctheqiresenttinpentioncansistgin' nagsetide sbguendes

wherein encoding Agl, Ag2, Ag3 and Ag4 and probes which hybridise to these
sequences.

20 The nucleotide sequence encoding Agl and deduced amino acid sequence of
the haeme receptor protein Ag1 is shown in Fig 1. The disclosure of the
nucleotide sequence includes within its scope degeneracy equivalents and
subsequences coding for amino acid sequences corresponding to antigenic
determinants of P. gingivalis W50.

25 A clone containing nucleotide sequence from Ag3, DnaK clone #86, has been
deposited under the terms of the Budapest Treaty with Australian
Government Analytical Laboratories, 1 Suakin Street, Pymble, NSW
Australia on 25 March 1997 and has been accorded accession No. NM
97/04974. Accordingly further nucleotide sequence for this antigen can be

30 obtained by accessing this deposit. Access to this deposit is available under
the terms and conditions of the Budapest Treaty. Where applicable access to
this deposit is to be limited to independent experts (EPC Rule 28(4). AU Reg.
3.25(3)).

" In another aspect the present invention consists in antibodies raised against

35 the antigens of the present invention.

SUBSTITUTE SHEET (RULE 26)



1§ antigen has an internal am no acid sequence:

NASI SAVGNHH ¥ VA | HAN. I n other aspects, the prepghisgonessiti on
onsi sts in nuc otlde sequences encodi ng Agl, Ag2, Ag3 and Ag4 and

obes which hybridise to these sequenges. 20 The nucl eotide
sequence encodi ng Agl and deduced am no acid sequence of t he haene

receptor protein Agl is shown in Fig 1. The disclosure of the
f nucl eoti de sequamtibodied aghésstthe lantigehs cen bpaisdd gr wealaapmpogitions snck asnd

e s GRS BN,
sequence from Ad 5eawa%n@gen§p#@flcmglh9§bw can also b@é{ﬁ@dlfpéﬂl%ﬁ@é}’ detestiosr ns
of the Budapest off Pe §:wfs hn@ﬁﬁgyr%b\iéﬂbl?\%ue samflRY BV BINznAsaL )i&éa?a

Laboratories, 1 Suaki eet Austr on

l,i
1897 and hash be¥RCGIAE BRERAIOR these BT an\almultable adiyypphdeliverg
further nucleotg y$eﬂﬂhf’l@1€b)f mleéﬂims tcapto(nme aspechiic nﬁﬁmmbie%pﬁﬁﬁb bgamst

' | abl
TheCternd g’ o bR aigens FiciRbY Bediitine CoRREM AT o Bt A ingivalis . ¢,
this deposit | sand» tberebyrprewltmg onreshweingdiseasep cFhe g povteimsqnd |, AU
Reg. é@ﬁ% ) peptides &elﬁm@m@a “géﬁﬁﬁés”j BRd Rhe gsﬁtoutg%gegﬁaey

consi sts |n antl al.set agali en resent
i nvention. gyyeggggg, o gogeptuies ) and antigen ch chimerlc pe pepudes containing

PCT/ AU97/ 00212 epltop?]s of one antigen fused with tlée epltopesI of another therein termﬁd
Ant i bodi es agai nst._t he ant.igeps,,can sed in ora orrp03| i ons ;such as
oot hpaste and (OUPHESRORRELHAEPors B HAEPmePr Cnon RN RY b SPR0 &1,

di sease. Anti geimspewigens impropigdactic end/onltherapeutis sdcéioe fotmuledidng; or as
detection aRfaRBgeg'xﬂ%é’ dstic! 1Huﬁhﬂ€és'§9j(]§’ &freﬂeacw%lefé’dﬁuéleéf Py%glglvalzs

di agnostic assa i ne ba ese ant i gens. an
adj uvant deld ve%ftfﬂc%‘}n hyJueasuring ans greggasednferymditep pf Pngiagivadis 1spegifitiuce

a specific i mmaﬁub@&%oonw @lﬁ?%diﬁprotem, peptides; okigbp gpﬁéest éﬁu eRimefguci ng

col oni sati on and vi t here eventj, ng or
reduci ng di seasBeP %Gég %ﬂfﬁeg}gﬁswdﬁg?ﬂ@%ﬁaay be use%ﬁw {?eadil %é’s
t erned "pept i destifibedylwirith gexy lod ugefb fdr szlve]xmm(lheﬂmmpy endad reagents
"ol igopeptides”} | . .epi. es of
one antigen f usefd}%;ﬁ&%%@ﬁ%‘%ﬂg&g&%@?%%ﬂﬁ% t%‘ﬁgﬁ g%ér%ic{%%'f me&mgﬁmﬁ fP
"chimeric pbt i eldricpl sproimens sue tanéubsmml plagumsdmplesaPepidgsed as
i munogens i n paRphpepides orahinekictittRIes thh be\(Hiained HyoékBthilal SPaihess, 8S
purification from P. gingivalis cultures, or produced from recombinant vector
expression systems using the nucleic acid sequences disclosed herein.

Accordingly, in other aspects the invention provides oral compositions
25  including toothpastes and mouthwashes which include antibodies raised
against any one or a combination of antigens Ag1, Ag2, Ag3 and Ag4.
In another aspect the invention provides a method of early detection of
P. gingivalis comprising a diagnostic assay involving the use of antibodies
raised against any one or a combination of antigens Ag1, Ag2, Ag3 and Ag4.
30 In another aspect. the invention provides a method for the detection of P.
gingivalis infection comprising the measure of an increase in serum titer to
any one of the P. gingivalis antigens as herein described.
Other aspects of the present invention are directed to the construction of
-novel DNA sequences involving antigen constructs and vectors including
35 plasmid DNA. and viral DNA such as human viruses, animal viruses, insect
viruses. or bacteriophages which can be used to direct the expression of
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an antigen in diagnostic i Mmunoassays directed to detection of P.
gingivalis 15 infection by neasuring an increase in serumtiter of P.

gi ngi val | WQ9786¥8i f i c anti body. Al so antigen protei RCTHPRTIOGHS,

ol i gopeptides and chineric pepti des of the present invention may be
used to generate antigen-specific antd body which may be useful for
passi ve i mmunot herapy and as reagents for diagnostic assays directed

to detecti t he. PR I Rl LS. 0 lLinigcal ' h
he Subgi g val SHERERRAER, Bepled diotblitel Br cBineit pBbfifes T RSRHAL o
peptides can bhossiselsieam whichdhe expressad ipesiein or peptidesimidyi bapirifier om P.
gi ngi vali s cul hHbfser aQ e&rﬁ%ﬁﬁﬂeééﬂ%{@ﬁgﬁg?@gggy ﬁgeﬁtg{)%s for mofethidrSS! ON

systens using the, nuc]elc acid seg,uen es di
Accordingly, iFloBinget tegenes epge 4%@&@%6&&%@%@%6 ansl g4 andgenes

i ncl udj[ ng 500t frapabaAt @rndgdmgt.l_ﬁﬂﬂgéiflpép?ﬂés?& bhgd '(%@td;g\mmg ' glck\%{ﬁﬂés
agai nst any ong,or _a, conbination o i gens , , and, Ag4.

I g anot heryasggg? nugleic ﬂ@’&ﬁ%’ﬁnﬁ?mfﬂ’& s%@'ﬁ‘?f nﬁgné"&PI WAL on of

P. gingival i s molgsulai diggnosticagsays far Rgingivaliv génetigniaterialsthrofiglhnuclidi es
rai sed agai nst sOre O ' i« ANk K Ag4.
50 T anot her Bk, SONRAAIAR (s sPEURGE Altfher Vel BRARED”
P gi ngi YBanuciegtidesifer use ap Prismers angéonprabes in amplifying evdse in

serum titep todetecting afplidizd, dlucldie a&dsg'Mﬂi@hhﬁy?ﬂﬁﬁ%ﬂﬁrcﬁéirﬂgﬂ'e’?'tiges,
descri bed. 1i th%r aspects. of the present invention are dirécted to the
constructi on of&0Pep dﬁﬁr\fg}mﬁ’{b& g@ﬂf&#&;@ ANEHANIE FGDSITNCI§SOEYRRE uct s and
vect ors i ncl udépitppes canfieasseddasiiNAmunogens fmbrdﬂh&lﬁﬂ@aﬁ@mﬁhﬂﬁaﬁp&hgbse& g
ani mal viruse ' . Vi [ ter es. i can,.be use

to direct t hesféafgg’}gg".t“é‘ﬁﬂ% ons ééﬁﬁ%ﬁﬁf&%@%éﬁalﬂa ofa B, gmgwaﬁs, w%ether the

PCT/ AU97/ 0021 Ammunogen is chemically synthesized, purified from P. gingivelis, or

antigen prgt eiﬁhriﬁ’&?fﬂoﬂ?ﬁyre@&lgﬁmfe&g?ésﬁfn GaUiOPEYsteRE PA ISR tivRly, the
appropriate host ,cells fromwhi ch the express protein or, ‘peptides

may be purifi fnes encodinghp antigens, or ofie oTmoxe 8%’&?1%@%&% PBFOEHNEYI des
met hods for noeptidearor oligopeptides agchimértie peptides, enepbe Mgcdriperasd iiges Agl,

o' qopent | des Betcafil orr AR yadein MBI he TeEOh R hocHER BRI RIER 7 ¢ ne
present i nventenginesred e poedsics one or morendinguunegendc apitopes of emdpastigar by.
gi ngi val i 9p9engelfC ot 86Hdind 6P Weth {H‘iﬁilﬁi‘ogenic %plftt?ﬁésdofmfﬂéf ?ﬁﬁgﬁﬁso and
i ncluding t he_fg%;}t hesi S@,t?xf antigen sequence-specif|c ol'T gonucleoti des
for use as pri OtherPYNOBeRIGIRIGrROERBISIS: yadditien, the genes encoding the

antigens or one or more gene fragments encoding peptides or oligopeptides

or chimeric peptides, operatively linked to one or more regulatory elements,

can be introduced directly into humans to express protein, peptide,

25  oligopeptides or chimeric peptides relating to the antigens to elicit a
. protective immune response. A vaccine can also be based upon a

recombinant component of a mutated antigen incorporated into an

appropriate vector and expressed in a suitable transformed host (e.g. E. coli,

Bacillus subtilis, Saccharomyces cerevisiae, COS cells, CHO cells and HeLa

30  cells) containing the vector. The vaccine can be based on an intra-oral

recombinant bacterial vaccine, where the recombinant bacterium expressing
antigen is a commensal inhabitant of the oral cavity. Unlike whole P.
gingivalis cells or other previously prepared antigené, the four antigens
described herein are safe and effective antigens for the preparation of a

35  vaccine for the prevention of P. gingivalis-associated periodontal disease.
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coli, Baci |Vimsleat i ahimal madelkar onyces cerevisiae, COS cells, CHO

cel | s and HeLa 38,u6eld s), &0 MaH Ao bDBrERLS! 1halRRBESHIo £FP s e
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anti gens, the fqur . antigen escrib ereln t|ve
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Por phyr ononas gibagiterituns , Théneecond fxmbma]bdayspet, ithe typa:sp&mﬁg oa couirnabpdli are
adj uvant and/ or 1?1%3)%3%' &lfaﬁfériﬁq =ation and :,%%'&1 gﬁé &% &nd

sequence encodi ng one I Ngl va I"L e I MMuno el ng,
sel ected fr @ t Hateg Blay %nggltta%fgr%$ uAm\ge@ﬁlql of phagocmsasg the jmyasigen

3, Antigen 4 ancbfemjst tiseus.ONi e ER@robditéiideae; iR fidbriae conslsli’ofgemltml i's
has an absol ute s%b%mn'tip proethms o?rgf)?)}ogx?l{atgﬁr W] {OCPI kbaprlﬁmor propems are also part

of the fimbriae structure. The specific fimbrial binding proteins (adhesins)

are often 28 to 31 kDa and located at the tip or periodically along the length
25 of the fimbriae.
Yoshimura et al. were amongst the first to demonstrate the presence of
fimbriae on P. gingivalis and they purified a 43 kDa fimbrilin subunit which
has no amino acid sequence homology with fimbrilins from other Gram-
negative bacteria. Genco and coworkers have shown that the 43 kDa
30 fimbrial protein and synthetic peptides corresponding to the C-terminal end
of the fimbrilin reduced adherence of P. gingivalis 381 to saliva-coated
hydroxyapatite. In a subsequent study they showed that a recombinant
fimbrilin binds specifically to statherin and proline-rich proteins of saliva.
Immunisation of rats with the 43 kDa protein protected against periodontal
35 tissue destruction induced by infection with P. gingivalis 381. Further, an
isogenic mutant of P. gingivalis 381 with the fimA gene, that encodes the 43
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the formof haene. As such, Agl is of particular interest as neutralisation

of this haene receptor by specific antibodies would prevent haene

upt ake andwOB@36R2Ber ef ore growt h and virul ence. P. gi ngi valACI/AJISGMpR12
hdeme-limted is | ess virulent in ani mal nodels. Finbriae are
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|nvoIved|nth r r of genetj.c.material by the.for i on,of
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genetically cor% 4'%8 stFmg plﬁ&ﬁfg ét\xﬁv 1?%&&%18 Ll%u{rlng{ ﬁ%&@%g{a{kﬂ%ﬁm t ype,
the type speci fmutapt siBidpropduce greater periodanfal tissmei destmstiondhpajoccurred
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|rrportant role In reventl o tOSIS an I nv
tissue. Int het‘Eﬁgéfl&'@é& Eﬁ‘ﬁé’@@éée 8&%'%@"9&)9&}9&01' ?“E%ré%lﬁlthﬁ‘%h
subuni t protei lbsndzhget@rshnvmah@dmwmkyaﬁam&aeas Mdweed pIokai maepémaitso

part of the, fibriae strycture |f|cf| ri.al
proteins (adhe§ hamada eéﬁté agf(? Bﬁo%e{a é%si&ltﬁlﬁtdol dcgé{'%lﬁa[é‘? RtLIE"Eatt I p or
periodi cal | y aB8ag7 biychdmolgghug Secomibimationiafiami ingertionally iviastivated geae aaxk:l

o ngi val | SXona Rt ik ur.‘?“’qﬁmﬂiéﬁﬁ‘%ilt?% RIS, m“ﬂt“’vaﬂhrmﬁ‘ *has no

ani no acid seqtflléﬂéfé Shpridimbrial ﬁﬁﬂFWT% cppléhsié bserired by electron
Pe%tlvle bacgem@ros@e %Et §exfb’éV@fzi3§éEMﬁdtﬂih%bnTaht%rﬁegh . ktDa 30  end
i mbrial protein a etic.pe COr L es n e G-terninal en
of the fi Irorbrl I :'I{I]}e Bﬁﬂ@é&a ﬁ’i‘lé’ é‘ﬁ%gg&ﬁ m&r’r]@ g‘é‘??’% g‘éﬂ i va- coat ed

hydr oxyapat i t e imimumisstios etndied relatedytot tlheytaskiaavpdotbhahwe beaootmdnacted
fimbrilin by “d%\uﬁPﬁ?é p! g:ﬁ%}%{z’s%g@ﬁé Qﬁh@%%@ 3&b9e'1*he§£'sﬂ£ ‘%lr S °f

sal i va. | sat otern ?
agai nst per i odshsaxfxesl@s roRr-innasivesend are epnsidensdde heylepnvisuig nirthemth P.

gi ngi val i s 381inydii¢d&raind'based on théQﬁﬁ&tiQ/erﬁ#bééHs 1ﬁfan|i’ma9 tets! Nen381 with
the fim gene, utnpaasgveesnt(r:gx(rjlgs r;[)g'uce a 1ocahsedV\gscess at%ﬁe challe site, whe
PCT/ AU97/ 00212 P ngegl REH
fimbrilin, insgmvdspvestrainsaache vanednvosium gpre‘adotardthnt sites and rdad)ucw oduce
e S S )R R b SRSy ASESORP A e
strains (381 and ATCC 33277) were phagocytosed and killed by _
polymorphonuclear leukocytes to a high extent whereas the invasive strains
W50 and W83 were poorly phagocytosed and killed. It is interesting to note
that Naito ef al. suggest that there is a difference in the fimbriae of invasive
25 and non-invasive P. gingivalis strains. These workers found that the fimbriae
of non-invasive strains bound to collagen-coated hydroxyapatite (HA) in
high numbers whereas the fimbriae prepared from invasive strains bound to
collagen-coated HA weakly. The P. gingivalis invasive strains W50, W83 and
AJWS are highly virulent in animal models but do no express the 43 kDa
30 fimbrilin as shown by immunocytochemistry and Western blot analysis.
However, on fine negative staining, W50 and W83 are fimbriated although
less densely than other strains. It appears that W50 and W83 possess
inactive fimA genes accounting for the lack of the 43 kDa fimbrilin however
these strains are still virulent and invasive despite lacking the 43 kDa
35 fimbrilin.
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tant still did produce greater periodontal tissue destruction than
ccurred o9 o7isgedshe shaminfected aninmals. The fi mA nut antpcemsusamoarpai r ed

inits ability to agglutinate red blood cells, coaggregate with other
oral bacteria although bi ndi ng to salg va-coated hydroxyapatite was
reduced. In an independent study Hamada et al. al so produced a finmA
mut ant of P. gingivalis ATCC 33277 by honol ogous reconbi nati on of an
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failed to expr | i Lp, short
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by pdtQ noPphis ypbtial Peteies 5 8B v asi ve
strains W50 and WB3 were poorly phagocytosed and ki]l led. It is
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bound t o col | agptsdiaRt RN XYBR N bsrict Wholthoeas, NS HighGIdulae! eas
the finbriae prepar% frominvasive stralns bound to %o a en-coged
HA weakl y.15TheAgnetabggter & @apﬁfm.ﬁéﬁw! &iqqgr%m,,w@xaﬁe oIS, ellg ¢
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fine negati ve@%‘ﬂg&&%?oﬁﬁf'wg?@ ?‘? gg?ifw I%‘ﬁb%the h’gla%é S
dens teI y tpanrm ohtbmplcgyrwithsth_eIm?md%mycyw:ém%uezmem@ si_oln_lam of
i nactive fi S i : r wever
these strains gir\aegﬁ's?l H \y/?%#f%)n_t@%rs\%j ?invlglg%evg %@s%‘ﬂ% gl%(gaéggfyrﬁggg%en’% ‘Da 35
finbrilin20 F, agd G}/ dechegacteristic of the type-IV fimbriae is that they adhere to

@]

- PCT/ AU97/ 0021 2gnkaryotic ceR¥dnd agghifiraes eedi bidoddelkl It iWiRtéresBngap @btatisi n

of P. gingival i conveRHd hé)JIapeptide motif -KYVLAE- which is also present in the P.
gingivalis 46 kDa fimbrial protein has been localised to, or near to, the
receptor binding site of gonococcal pili since antisera to these residues

25 prevents bacterial attachment to eukaryotic cells even by heterologous pili
and precipitates larger peptide fragments which bind to eukaryotic cells. It
has been suggested that the conserved residues of the central domain when
juxtaposed form a cleft which specifically interacts with the carbohydrate
moieties of surface glycoproteins of eukaryotic cells.

30 D. nodosus is the aetiological agent of the contagious disease of sheep,
interdigital dermatitis or footrot, and the type-IV fimbriae are the major
serological and immunoprotective virulence factors. Footrot vaccines have
evolved from simple bacterins to highly specific recombinant DNA fimbrial
vaccines. The initial whole cell vaccines were unsuccessful due to the short

35 duration of immunity and incorporation of limited serotypes. A number of
antigens were examined and the major protective immunogen was the tvpe-
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a study to purify and characterise cell surface protein antigens of
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fragment exhi bikhe hept shogkes stress respaasg,p g@B)%smh?weoefaﬁgépmla abicy|
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char act er | 5t 1 ¢ SUTVAAR yeh Go0 YHOHIE 3t FeBatoERien,of CHiyias pRAPL. sThe Dnak
eukar yot i c10el [familyofqgoteits baid to dendtucediand ihcorrédtly folded ereteinsand o not e
inthe p. | MG ERIGHEABIRL RGN donfoitiiiorand MhOubl, FHEDRSRFT
or near to, thdleat S%QCkéﬂ"@‘ﬁﬁi@{HSPhap ayadiigklysongerisdomolaculan ¢hapeserin
el 1 5 even by ToruiBRORRIetial andRASHYGUS G 2?%? SRR e
fragments V\/niyc H’OBFT%H“%‘?? %eﬂkﬂ?wfqteineaﬁﬁé .15%{0“: bhak 13 CB@G?%‘%& #ﬂ%ﬂdt hat
the conserysd neishdusiclesf DingetrbsssDndkvanrbedwstexpressed txéaumtitat apion a
cleft which spegyfi ' . W LR, .car [ . i es of
surface gl ycop%@%??\@%y Céelm}g{ ggétﬁ?%éﬁ@%g%r%%hﬁgﬁgéﬁ%l clagdechi[g 16t &
aeti ol ogi cal agensitive immmunodiagnodisstast.s Specificfdisgrestic tests for lepresylagdt al

dermatitis or fRkicRlosisRAvd Bert UBFsIbMed batd 88 thé Seddi@tivBIIHaK protein
serol ogi cal an m&gno r%ﬁctlv_e Irulence factors. EqQotrot vacti nes_ have

evol ved from si Buts opllapeissihogmplpeupeel Pnak e sghlysanservedin ey
vacci nes. 2pe itesrhiral helfadfehe Proten oty tite spyctes ssatifie sedivhs 6 ¢hd mdlécule

nunber of i 4RE Colemmpal et SHe £, g5k chndk Himalefe 8P L Bt Cgen
was the type- would ha®edippdication in diagnostic and immunoprophylactic products for
PCT/ A7/ 00212 p gingivalis-related periodontitis.
The four antigens identified (Agl, Ag2, Ag3 and Ag4) are of particular
25 interest for diagnostics and neutralisation by passive immunity through oral

compositions containing neutralising antibodies and by vaccine
development. In particular for the development of an intra-oral recombinant
bacterial vaccine, where the recombinant bacterium expressing the antigens
is a genetically engineered commensal inhabitant of the oral cavity. The

30 superiority of these four antigens to prior disclosed P. gingivalis antigens, is
that these are major virulence-associated factors and contain conserved
epitopes on invasive strains making them ideal for the development of
diagnostic and immunoprophylactic products.
DETAILED DESCRIPTION OF THE INVENTION

35 The present invention will now be described in detail with reference to the
following particularly preferred embodiments which are not limiting to the
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hi ghl y conHer vedlleated landMhe Z8rumearrepa or aiti purified msing $tah

speci es-speci f} ' ' 2 e (e nal | .f:41, The
PI.O gi ngi vgl S gk? %%g%éé%ﬁ%&gpkﬁgyéﬁg? g mdﬁ&&vﬁf‘%lhg\%@eggpﬁepga E%n I n
di agnosti ¢ andmyvelemasels wsing stapdaidotegbnifques; The antibody (igimuneglobuliat ed

periodontitis. fraction)l Ry Bd$epaRdted $i5in tHE Bhlture bridAeites AGT, seadmansiAGH)
are of particular, 25  |ntere r diagnostics and peutral.isation by

t. L
passi ve i muni €58 PREaliE ntagel }1 tra O excRange or afHibheut ral i si ng
ant i bodi esimndchjomatogtdaithy, and ttelikeppritnsaltihp opdbeiggpreferred. I éhe salting

ecombi nant bagbriethpE it BuurERT B B8 byliis ealBSIeY WRh YBRE JBhé "
engi neered contepsslucershpiwcipitate ofolloweedobinflialpxing the Tirecipitatesagadnstori ty of
these four ant bEGlsldgcd)/safihetth HbtAlnafle urffidiint@tndaRibl#fRActiod with thd At
ese are mmj ot Vijpulence-assqci at tors.and contajpn conserved

epi topes on i n¥RaGlYE a§f‘$’8ﬁﬁs ﬁ’éﬁ@rﬁgﬂ?ﬁgﬁ{l’rlm lsf‘lhta%qﬁ% g@%ﬂ’@pﬁ%i‘e of
di agnost i c@ndantizernepand e dovim fitéreinsand milk. DinTWis bivdaitioaRheT! ON OF
i ST ARG aTARL DA b L DR BT
whi ch are not hiirnali withtthetamdigens is blended into the oral composition. In this case

the antiserum and milk as well as the antibody separated and purified from

the antiserum and milk may be used. Each of these materials may be used

25 alone or in combination of two or more. Antibodies can be used in oral
compositions such as toothpaste and mouthwash to neutralise P. gingivalis
and thus prevent disease. The antibodies can also be used for the early
detection of P. gingivalis in subgingival plaque samples by a chairside
Enzyme Linked Immunosorbent Assay (ELISA).

30 For oral compositions it is preferred that the amount of the above antibodies
administered is 0.0001 -50 g/kg/day and that the content of the above
antibodies is 0.0002 - 10% by weight preferably 0.002 -5% by weight of the
composition. The oral composition of this invention which contains the
above-mentioned serum or milk antibody may be prepared and used in

35 various forms applicable to the mouth such as dentifrice including
toothpastes. toothpowders and liquid dentifrices. mouthwashes. troches,
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PCT/ AU97/ 00212 invention but representative of the methods of
per f or mi nYX¥R%3n aspects of the invention. THABIHO02R2: i gens
Agl, Ag2, Ag3 and Ag4 can be purified frorXT P. gingivalis cells by
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various for msorpdentifiite; that ishetoothpasts (tbdfntalscxtéani]ldrr et dentifiiceli The

toothpastes. [GREMPMERT s od babty SratGVephfdtichs geﬁ%?&lm"@&@t%?ns &éz?taﬂes’
acceptable polishing material. Examples of polishing materials are water-

25 insoluble sodium metaphosphate, potassium metaphosphate, tricalcium
phosphate, dihydrated calcium phosphate, anhydrous dicalcium phosphate,
calcium pyrophosphate, magnesium orthophosphate, trimagnesium
phosphate, calcium carbonate, hydrated alumina, calcined alumina,
aluminum silicate, zirconium silicate, silica, bentonite, and mixtures

30 thereof. Other suitable polishing material include the particulate
thermosetting resins such as melamine-, phenolic, and urea-formaldehydes,
and cross-linked polyepoxides and polyesters. Preferred polishing materials
include crystalline silica having particle sized of up to about 5 microns, a
mean particle size of up to about 1.1 microns, and a surface area of up to

35 about 50.000 cm?/gm., silica gel or colloidal silica. and complex amorphous
alkali metal aluminosilicate.
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chew ng gﬁﬁ%?mﬁgﬁtal pastes, gingival massage creans, gargle %fm%s dairy
products and ot her foodstuffs. The oral cag?05|t|on accordlng to this
I nvention may further include additional known i ngredi ents dependi ng
on the type and fornlof a particular oral conposition. 5 1In certain
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The polishing material is generally present in the solid or pasty

compositions in weight concentrations of about 10% to about 99%.

Preferably, it is present in amounts from about 10% to about 75% in

25 toothpaste, and from about 70% to about 99% in toothpowder. In
toothpastes, when the polishing material is silicious in nature, it is generally
present in amount of about 10-30% by weight. Other polishing materials are
typically present in amount of about 30-75% by weight.
In a toothpaste, the liquid vehicle may comprise water and humectant

30 typically in an amount ranging from about 10% to about 80% by weight of
the preparation. Glycerine, ptopylene 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

35  70% w/w of glycerine and about 20-80% w/w of sorbitol are preferably
employed.
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I nclude crystalline silica having particle sized of up to about 5 mcrons,
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in nature, it icasigewilahd petrolatunpard esters suchnesiamyd beetate) etliyl-Retato pnd

wei ght . erials are typically present in amunt of
about 30- 72@) %%hh?ﬁh%}%cfﬁé In a toothpaste, the liquid vehicle

conpri se wat er ‘gm; ﬂqgmdq;ﬁtood that as is conventional, the oral preparations are %é) be
sold or otherwise distributed in suitable labelled packages. Thus, a jar of
mouthrinse will have a label describing it, in substance, as a mouthrinse or

mouthwash and having directions for its use; and a toothpaste, cream or gel
25  will usually be in a collapsible tube, typically aluminium, 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 are used in the compositions of the present
30 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, nonionic or
.ampholytic in nature which does not denature the antibody of the invention,
35 and it is preferred to employ as the surface-active agent a detersive material
which imparts to the composition detersive and foaming properties while
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metering out tproducts (“ethoxamers”) contain hydrophilic polyoxyethylene moieties, such

as condensation products of poly (ethylene oxide) with fatty acids, fatty
alcohols, fatty amides, polyhydric alcohols (e.g. sorbitan monostearate) and

25 polypropyleneoxide (e.g. Pluronic materials).

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

30 Various other materials may be incorporated in the oral preparations of this
invention such as whitening agents, preservatives. silicones. chlorophyll
compounds 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

35 adverselv affect the properties and characteristics desired.
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use with antibodies a %B Fﬂzat I Qqn products of xi de with
various react FRRRUGRSA jGhong JubbER{atex Ay ERssTRRtG o ‘?:‘11? Mt ewi t h
havi ng | o2y hgtnllwmitnmai p&d‘ﬁhcmars or softengrs, sgaplvaidthecdadtenels cityieh ak2 to

. 20 carbon at 08@3 4 on products ("ethoxamers") contain
hydr ophi | i ¢ pdl yoxyet ﬁﬁlﬂ ene nI{)I?eg]Elilcée)s such as condensation products of

poly (ethyl enénai&mé;nmrtamtffarmpfatbe dmverstion is a compabitisiofos usé ah ryisang des,
pol yhydric al g hinfunérébponsd Rirkebd MARN T2 ol divaliiBhsed on the four antigens
and suitable adjuvant and/or carrier. This may be delivered via a number of
25  routes, for example by nasal spray, orally or by injection to produce a
specific immune response against the antigen thereby reducing colonisation
of P. gingivalis and reducing virulence thereby preventing disease. As will
be readily understood the composition may be based upon a recombinant
antigen incorporated into an appropriate vector and expressed in a suitable
30 transformed host (e.g. E. coli, Bacillus subtilis, Saccharomyces cerevisiae,
COS cells, CHO cells and HelLa cells) containing the vector. Unlike whole P.
gingivalis cells or other previously prepared antigens, the antigens described
herein or peptides, oligopeptides or chimeric peptides are safe and effective
antigens for the preparation of a vaccine for the prevention of P. gingivalis-
35  associated periodontal disease. The antigenic protein, peptides,
oligopeptides and chimeric peptides of the present invention. can be
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directing the expression of these sequences in that particular host cell. The
expression system, comprising the recombinant vector introduced into the
host cell, can be used (a) to produce antigenic protein, related peptides,

25  oligopeptides or chimeras which can be purified for use as an immunogen in
vaccine formulations; (b) to produce antigenic protein, related peptides,
oligopeptides and chimeras to be used as an antigen for diagnostic
immunoassays or for generating P. gingivalis-specific antisera of therapeutic
and/or diagnostic value; (c) or if the recombinant expression vector is a live

30  virus such as vaccinia virus, the vector itself may be used as a live or
inactivated vaccine preparation to be introduced into the host's cells for
expression of antigen or immunogenic peptides or oligopeptides or chimeric
peptides; (d) for introduction into live attenuated bacterial cells or
genetically engineered commensal intra-oral bacteria which are used to

35  express antigenic protein, related peptides or oligopeptides or chimeras to
vaccinate individuals; (e) or for introduction directly into an individual to
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response this yayelshtaalﬁswéhewsa isatads at i on of a DNA nol ecul e
I ncl udi ng a sequence encodi ng at one of the antigens or epitope containing

fragnent (s). E@ R esent invention further provides the nucl eotide
sequence of t g ) encodi ng the antigens, as well as the am no

aci d sequence deduced fromthe i sol ated genes. According to one

¢ ecombi no DRRRERRR SERRELIFT. 00 cncoding | the antigens of gene

fragnents encodi ng one or nore peptides or chineras
Extraction and Purification of Agi
P. gingivalis cells were harvested at O.D g5y, 0.18 by centrifugation at
5,000 x g for 20 min at 4°C. The cell pellet'was incubated with 10ml

25 chloroform per L of original cell culture with gentle rocking at room
temperature for 15 min together with 50ml Buffer A (50 mM NaCl, 10 mM
Tris, 10 mM EDTA, pH 8.0) per litre of original culture. The sample was
centrifuged at 6,000 x g for 20 min to separate the phases. The aqueous
phase was removed and centrifuged a further 30 min at 10,000 x g to

30 eliminate contaminating cell debris. The supernatant was passed through a
0.22um filter before being applied to a Q sepharose anion exchange
chromatography column (XK16/10) at 4°C using an FPLC™ System,
(Pharmacia) . Proteins were eluted from the column using a linear NaCl
gradient from 50 mM NaCl to 500 mM NaCl in 10 mM Tris, 10 mM EDTA,

35 pH 8.0 at 2ml/min over 180 min. Elution was monitored at 280 nm. Six mL
fractions were collected and these were analysed by SDS-PAGE and ELISA

SUBSTITUTE SHEET (RULE 26)



0 havi ng i munogeni ¢ epitopes, is incorporated into an expression

ector, and t he reconbi nant vector is introduced into an. a L9 riate
host cel | wbenséwms directing the expression of these 3@&’0@32’&2 n that
particular host cell. The expressi on system conprising the

reconbi nant vector introduced into the 19 host cell, can be used (a) to

produce antigenic protein, related peptldes 25 ol i gopepti des or chineras

whi ch can be purlfled for as an | ati ons;
(b) to produceisipg Adea pﬂr@ﬂ%itﬁ Sefléfin %sgbmegmsemcf‘fm?@%‘35%{” des and
chinmeras to bfhdiﬁg%%@&aaﬁoﬁﬁ/trasgmhcbntramchmmlcusmgalmﬁﬁ@riﬂkﬁg’&g% or for

generating P. ot %g,gtégcg rﬁﬁgbg QbR doid fod f84 30pUfdst 12 (P ha%%ﬁﬁ

di agnostic val expressi vector 1s a live 30
virus such as size:exa:imamn celgmn he vect or |tself may be used as alive or

expresstonCof -t FEeRAERRIAN LOlluhf iR o “9“’“‘“’33“““’ B P et
S.0
peptides; (d) inck5q mM Nace: ?Bﬁﬂ%n'?%s f%’@&\’é @QE&% ‘Pg‘f r qujﬂle“ :
g)e(grete 'Sgagln%fl gmaﬂ&ﬁﬂegm@@m@aénabw sige @bﬁipabsoﬁemth rmluhgaample pdaks 35
rotein
vacci nate i ndi “gﬁﬁ’gll ﬁ?maé‘fg?ﬁmdgg‘f‘* lglﬁlmgl! H&@B?M&??)Wg{] (lgdr;n CFI3alt °
to and these were analyseﬂlhB@D$MEHEE‘EI(I§6L EAZI?Fk eluting ﬂbﬁ@ 923

PCT/ AW97/ 12,
i 2o i nE° (RPLiRBagatgepic ith sorum from e sxbect hasbounte f Ehelial
it s R bY

peptides. or OpiigRispinBRSigRS @ﬁPP@P‘é@nmllﬁ P&P ViR
bacteri al vacclle%r&a;%}l;@ebgﬁgﬂm goprapk@nmensal i nhabi t ant of the human or al

CaILY O BN TGl e Aiutearny GOEPTD) B g ahon,

used to csluamni (s&ppllmd Biaelysteans ) tand mhpeaggmgxexmof@%@u%gmﬁjpmme in
pl aque. on té E).I@és?'g‘% pver 40 nJ?&C}aeélthB Ptk élﬁtéds%%}?goﬁtra%& £8imé band

Wi th per| o net engl neer ed ess the antigen,
peptides or chomSDEPA qzﬁlwaéhafohadnanMron& k@aPTl‘g}ﬁ ﬁ‘gﬂgaﬁss antlgeng

within the oralpfa¥eheldy Nigtmitfal s8fhéndearalfsi® i8ing a Hewlett Packard
1005A automated protein sequencer.
From sequence analysis this antigen is likely to be a Haeme receptor of P.
20 gingivalis and has an N-terminal amino acid sequence:
DLENKGEATLLVTFGSSYKAPRETYAKIEKTFAAAYPDQR;

SDS-PAGE Analysis

SDS-PAGE analysis was performed using a discontinuous system with a 12%
25 separating gel and a 4% stacking gel. Sample buffer included 4% SDS, and

70 mM B-Mercaptoethanol. Protein standards (Pharmacia) were included on

each gel for size comparison. The samples were run at constant voltage of

160 volts in running buffer until the dye-front was near the bottom of the

stacking gel. The proteins were visualised with coomassie brilliant blue R-
30 250m, and destained in 40% MeOH, 7% HAC in water.

Western Blot analysis
Western blots were performed to identify proteins which were recognised by
serum antibodies from a periodontally diseased (D50) and healthy (H10)

35 subject who harboured P. gingivalis subgingivally as shown by DNA analysis.
Proteins to be blotted were separated according to the SDS-PAGE procedure
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10 nmucosal tissues. However, the expressed antigen wll stinulate the
mucosal - associ ated | ynphoi d tlssues (MALT) to produce specific antibody to
neur al i sew@36%duce the virul ence of P. gingivolis. PTG ¢i ng
exanples are further illustrative of the nature of the present

invention, but it is understood that the 2Avention is not linmited thereto.
All 15 amounts and proportions referred to herein and in the appended

| I
oo e ool ¥EhsLihat SRR AR e R R
gi ngival i s cethesdeterminatiorcef eatpletionpicransfer. 1EOBngSDSFR@GEL the gel
ohior of ofm Brerﬁﬁa"g}“%‘?%s Alsthinded A2 Eptl, BUDIEL éﬁ‘?‘?fﬂ“?ﬁ? g, ﬁﬁ“eaom =
tenper at ure f Biosystesms). @@@n&@ﬁm @ws peds M@re Aqpi @rﬁmman 8r M
Trlts f10 r‘d(;/l E@gﬁ%qum% Mé@H@toxca tﬂh@aﬁ‘lfi{ xbt@xﬁs v@iﬂﬁnsﬁl@'FSESWaS
centri uge a. or SES. UGOU?

h efemadionts the PRPmemtteal 868 Soornt yoftEss
gl ??neng?z Egnsawnhatfongo ashl Egénirsnsfihdlesmiﬂﬁ‘rmemhraquséﬂsekbéc’i withuifé a
0.22 f
chr ot L]g?‘aphéﬁ?érm Béﬁﬁ?ﬁé%ﬁ@é'&ﬁgﬁt? R EP Phe it & ‘;‘Pf’éem*ge
(Phar naci a) . ingubgtad withethe puimasgantibedy ﬁ@“@éﬂ@ﬁfﬂlﬁsﬁlﬁ@ 1410 617da@
90 et 2t %”%ﬁgt"é’r‘“ B buffor (27 ’ﬁmﬁ%‘éﬁ%ﬁ@?@“oﬁ?? o) ;&f@%@h@ i
fracti one vor Thesrembrae whiwenbed Stistes st blp efun ez ¥heR | sA
WO 97/ 36923 incubated with the second antibody (Horseradish peroxldasi’eb'ﬁ)ﬁgﬁidd)g&l
19 ) e S RPN DT S e e () The
NMACO c ethourdnOnen eaaiy dreomepiirane wasiwshedp? tiseestin ENduftardor 12
(Pharmacify) 10 midl éa%he@haﬁi\éé'f &ﬁ'id&'ﬂ aﬁu-ﬂ'ﬁﬁaﬁ'lﬁe t84RE WRitiRBn RObAHEInYaS

FPe

li brated and T
igwm\,: EB—?-Ae p%gg vgsel.gnﬁllrsgé &ﬁmgqf-%ii ok Hapthol 2mL MeOWlOn?L TN buH'Nll" s,
and 6ul H,0,. The enzyme reaction was stopped with water.

The Western blot analysis showed that the 28 kDA antigen was recognised
20 by the healthy subject (H10) but not by the patient suffering from
periodontitis (D50).

ELISA
ELISAs were performed using the serum antibodies from a periodontally

25 diseased (D50) and healthy (H10) subject who harboured P. gingivalis
subgingivally as shown by DNA analysis. Microtitre plates were coated with
the 28 kDa protein or 2% w/v skim milk powder as a negative control,
diluted in 50 mM Tris, 200 mM NaCl, pH 7.4 (TBS). The plates were
blocked by adding TBS containing 0.05% w/v Tween-20 (TBST) and

30 2% w/v skim milk powder. The wells were was: -1 three times with TBST
then incubated with human se um diluted 1/5¢: . TBST containing
2% w/v polyvinyl-pyrrolidone-+0 and 1% w/v N_-~ (Antibody Diluting
Buffer, ADB) for 2 hours at room temperature. The wells were washed three
times with TBST then incubated with goat anti-human IgG-horseradish

35 peroxidase diluted 1/3000 in ADB for 2 hours at room temperature. Binding
of the anti-human Ig-HRP to the P. gingivalis cell-surface proteins was
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standards were run to enable size conparison with resulting sanpl e peaks.
Elution was nonitored at 280 nm Five hundred [err]l| fracti %‘fﬁt}&}%ﬁ&‘y

col | ect ed WO97B36833 t hese were anal ysed by SDS-PAGE and ELI SA““X°ped
efuting at 60 kDa 10 was found to be anti%gnic with serumfroma subject
har bouring P. gingivalis but show ng signs of periodontitis. This
fraction was further purified by rever sed- phase chromat ogr aphy.

Eg?/ﬁ;r?lei RgglsiGe Il31|g s ds??‘;el n%g : :“Isﬁ)elér grr d?ie 0 lé(‘)ioi/i 80&901(?{3?2%? Fplslog in
.ang. . 0% et,

15 0.1% TFA o Bpeﬁbxﬁfllprﬁ%lg? &I“éefjpéai?oe‘f’\fﬁé’dl %F%‘ﬁ?%ﬁ?%@%@@%&c% | e

band on SBoffEAGH & 0alndst.e04%ai/ NHJOANTHE enzvdfe teBetiod was gteppedvadth

characteri sed m.n seqguenc n 1S, USl Packard
1005A aut omat egxﬁ 4@“5‘@%&038?‘? metegsﬂg?ég#ﬁesﬁec?ﬁgﬁg}rggﬁq:ts%% this antigen
is likely t® bepectrgmrotometrigally quintitatad by ghersuvernent ofebdozbange a4 t er ni nal
am no acid seqygpesn. DLENKGEATLLVTFGSSYKAPRETYAKI EKTFAAAYPDQR;

SDS- PACE Anal ysi's SDS- PACGE anal ysis was performed using a
di sconti nuous systemwith a 12% 25 separating gel and a 4% stacki ng gel .

garTl e bu: fe (rj mgaféIE{gﬁA 49nfShed ANsk the ?Ta Engmtig@ixrwamdﬁgﬁis{éa}ww .

rotein standa na re inc ed an ,. e el for .size
conpari son. Thg‘eéﬁﬁﬁﬁﬁ‘g@]eﬁgb—glq]ﬁf’r&m@&ﬁﬁ ﬂﬂg\’fgfst%‘bten%fcby the PRI ol ts in
runni ng buid er sufférihg fiven ggeioflontitis [BS0hear t he bottom of the st acki ng
gel. The proteins were visualised with coomassie brilliant blue R 30

250m and destained in 40% MeOH, 7% HAC in water. West ern Bl ot

anal ysi s Western blots were perfornmed to identify proteins which were

recogni sed by EXAMPEE@N anti bodies froma periodontal |y di seased (D50) and
heal t hy (H10) 35 subject who harboured P. gingivalis subgingivally as

shown by DNA anal ysi s. Proteins to be blotted were separated according
to t he SDS1PPACElgningahd sequence an@lysis o6 fitdAgl gene

PCT/ AU97/ 00212 20 above,
except that pre-stained standards (Bi oRad) were included to enable t he

det erm nati on &flathdal GEMbR2 dibranyofHamHI digasted Rogispmalisgenomie DA was
apparatus was gi;3aRed LsthgadihehBratd HigoRUEleotiBBr8hEs 4611 RRl fbin tHNL T ed
terminal sequence of the 28 kDa antigen (Agl1). A probe-positive clone was
20 identified and contained an insert of 4.6 kbp of P. gingivalis genomic DNA.
This insert was purified by phenol extraction and was subcloned into
pUC18. The DNA sequence of the gene revealed that the open reading frame
encoded a protein of predicted mas 32,709. The sequence was determined
using the Sanger dideoxy method and the nucleotide sequence and deduced
25 amino acid sequence of Agl is presented in Fig 1. The deduced amino acid
sequence gives a protein of 32,709 in molecular mass.

EXAMPLE 3.
Construction of a DNA vaccine using the Ag1 gene

30
The plasmid containing the 4.6 kbp of P. gingivalis DNA was used as the
template for amplification of the gene encoding the 32 kDa antigen (Ag1) by
PCR. PCR was performed using the specific oligonucleotide primers with
sequences as follows:

35 N-terminal
Oligo A 5'CAA GCA ACA ACA AGG ATT TGC 3’
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Bi osystens). blotting paper and fibre pads were equilibrated in transfer 5
buf fer (10%CAPS 10% MeOH) for 5 mns. The proteins within the S{%ﬁ
PAGE gel WP83¢Zhsferred onto the PVDF nembrane at a consPGHAUWEME e of

60 volts for 90 mn. After transfer the PV nmenbrane was bl ocked with 5%
skimmi |k powder at roomtenperature for 1%hr. The nmenbrane was then
I ncubated with the primry anti body (human serum H10 1/10 or D50 1/50 10
diluted in TN g f8inaf 25 MM Tris. 0.5 MNad, pH 7.5)) at 4[err]C
over ni ght . nenbr ane iyes for 10 min each in TN
buffer then Ollswcéﬂalf%?wﬁcr‘ﬁ%@@g&ﬁ@ﬁ. body (Horseradi sh per oxi dase
conj ugat ed goat anti-human 1gG 1/1000 diluted in TN buffer) at room
tenperature f 2. hours h ane 3 tinmes in
TN buffer for kbs PGB ‘HPH“b"aE‘FPtaé?eﬁ’d @PE% ﬁﬁ%gﬁ@ “5nWaW3& 18% the
anti geni c protAi808 ng, OligwaB: 80031gal256eniM/dNﬁ‘P6&tj Ultnial polynbrasepfPeckin 2.
MeCH, 10nmL TN r ( on was
lﬁk’r{écrf The thex?n %s fxl.\lolﬁtf bbb fifrition: ‘%?Cegéil nﬁnﬁ?ﬂﬁi%

stopped with tern of "analysI's t’hat 8 kDA
antigen was ré@o@n?%&wtwﬂ?ﬁem&lﬁpﬁy subj ect (HLO) but not by the
patient suffering from periodontitis (D50). ELI SA ELI SAs

e o e R sHEAR S0l DR B A T B G A oo
subgi ngi vabl y mreslhamplmonDWhlarlmhylswas pitifiedtframe 1)096 BEArosy geldn;aphelnuh th

i uted in 50 RuerEeD “Hheleabefliel MerpstYHr by B-h BBRRE ek fhafinto

bl ocked by add@WiglaBadsenuencs mmswmlﬁmenlvtberwwx\cmé the gage $4g1)29% w/ v
skimni |k pom&{codl theefl Ble) ﬂ?sé’hﬁi%ﬂc@rd’f]anttl BR9. tm@g eNé Was thel then

I ncubated with hu se um err Uﬁ‘T cont 9h 2A)vv/v
pol yvi nyl - pyr rS&°€ ipgo Qﬁ e"()A g9e ePpin ‘F£ e full jgpgth
ADB) for 3s5houtgt er(@qmlfae@pafra} LK roihﬁamy kag of parified NABee

per oxi dase Z.Bﬁﬁei}%% PhbBHSRIE Al I?“&@%ﬁ%&%@”-‘ﬁ‘&%s?f %teﬁ&ﬁﬁ. g

of the anti - h/himdII§Prrpega) andeEcoRIdProfnegd)i Isstmﬁommm@ mex}tm@rewas

\é\gl_?z\tgg?ggzubuffer (Promega) at 37°C for 1 hour. Digested plasmid DNsziras run on 1%
Nusieve low melting agarose and the P. gingivalis insert DNA cut from the

20 gel and purified using a Bresaclean kit (Bresatech) according to the
manufacturer’s instructions. The purified insert DNA was resuspended in
20ul of TE buffer. The purified insert DNA from the pUC clones was ligated
into the cut pcDNA vector by conventional techniques using T4 ligase
(Promega) and ligated at room temperature for 2 hours. Ligated pcDNA3 was

25 transformed into Top10F E. coli cells (Invitrogen) which were plated onto
agar plates containing ampicillin. Resultant clones were expanded into 3ml
cultures, plasmids were purified and screened for insertion of the
appropriate sized fragment by restriction enzyme digestion and
electrophoresis on 1% agarose gels. -

30 Clones showing the correct insert size were selected and further restriction
enzyme digests prepared to confirm the insert was correct. This consisted of
digesting the clones with the restriction enzymes HindIII alone, HindIII and
EcoRI together and Ndel alone. One clone was selected 5.1 containing the
full length Ag1 gene. The clone was confirmed by partial DNA sequence

35 analysis using the Sp6 and T7 universal primers following conventional
techniques. The identify of the pcDNA3-Ag1 construct in clone 5.1 was
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/vi sualised with 10 ng/nL 3,3 ,4,4" tetranethyl benzidine dissolved in
*di nmet hyl ggbgl;,gé’gge diluted 1:100 with 0.1 M sodi um acet at pépiapdisoaici d
.0 an '

buffer pH 0.004% wWv Herr](err]. The enzyme reaction was stopped
with 2 MHerr]SJerr] and the colourggntensity of the reaction
product was 5 spectrophotonetrically quantitated by neasurenent of

absor bance at 450 nm The ELI SA confirned that the 28 kDA

antigen was regogfiiaed bpYDXNAsequencd analykis of uhg 6tand B1@&rmini, ehichnger®.as
gingivalis butfq t by the patient 10 suffering from periodontitis (D50).
EXAMPLE 2. 15"%9%hi ng and sequence anal ysis of the Agl gene A
-1 anbda GEM 12 Nrtermuinusof BanHl di gested P. gingivalis genom c DNA was

screened usi Ngs§R8PRAIBEEOATIONNE PTA CRCPACRAGECTGTWALIOTT ET NGG
2 " ont 13 oA TBSATER TabAPra el ToF T ah TR FAmA oG B8 o

DINA. Thi SAGBETG AT GTCO AGIUCAG PUATCGACRECRCCAUGCRTCCAGTE OBA oned

reading frame CTC TAFAGGATCCEE CharEAHER ACK RGNS a6 MGRME cce
was det er mi nedAAG GGG IAGGIORA SHQITTHTGETAAGGTOITGETAHGCE CCEXTAle
sequence and d @éA?m no acid sequence of Agl is presented in Fig 1.

The deduced am no acid sequence gives a protein of 32,709 in nol ecul ar
mass. 10 Ex@NerRimLs Construction of a DNA vaccine using the Agl

geng 30 . TsGAT @Il'(i}ﬁi‘&&mm m'l:'m'l’_d'lEG}I‘-'IGCGLADCGﬂ‘ GITTACQIGET MNQ\@?;/;S ’
isea as the pod KB Ak M ATRNCESRH A G ErcRRaTERETLER i 2 1O
ol i gonucl eot i dEGT ATAr €THI TG GTG GAGACGAGESGAT TCGSIGEILCGHAGET ATl
Aigo A5 CAA Eeh PEE Ak AGE T8¢ AGE Pra AGG ACC CCT AGG TGC GCT TGG
15 TCT AGG CTA AAA CCT CCT ACCAGCGGT GGTGGTTTGCACGAA 3
Bolded bases = insert
Non-bolded bases = vector

Large scale (1L} preparations of plasmid DNA was prepared from the clone
20 5.1 and also from the pcDNA3 without any insert. Qiagen Mega Preps were

used to purify the plasmid DNA from overnight cultures of Top 10F’ E. coli

cells grown in Terrific broth with 150pug/ml of ampicillin. Purified plasmid

DNA was checked by restriction enzyme analysis to confirm the insert size

and the purity of the DNA. The concentration of DNA/RNA was calculated
25 spectrophotometrically by determining the absorption at 280nm/260nm.

Purified plasmid DNA from the pcDNA3-Ag1 clone with insert (5.1) and
pcDNAS3 (no insert) was diluted into 0.9% NaCl in sterile water to 0.5mg/ml
of DNA for injection into animals.

30
EXAMPLE 4.
The ability of the Ag1 DNA vaccine construct to protect against
P. gingivalis challenge in the murine lesion model.

35 10 mice received the pcDNA3-Ag1 construct containing the Ag! gene
described above (test group), an other 10 mice received pcDNA3 vector
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WD 97/ 36923 )
PCT/ AU97/ 00212 | |
C term nalWO9TB36%; 4o B 5' TTG CAT ATC CGC CCG TCC 3' PCEAUMORIZ| xt ur e

contai ned: Tenplate DNA 100 ng, MgC [err]: % MM digo 5 A:800 ng, digo
B: 800 ng, 250 mM dNTP, 3U U tma pol ymer ase“{Perkin El mer). The thermal
cycle involved ; Denaturation: 94[err]C,  30s, Annealing: S2[err]C,

30s, and Ext engidiirol Gb&pY. bgg%@%)é\llq ‘was 13%&@%@ é&lcﬁtnlﬁ?ﬁL ﬁﬁlyﬁé H:%ﬁl

f I | eotl d ro corr
Egﬁgl w:stg Su'r?? ggg ¥ P:N“g(ﬁgo%% af g‘}%%‘b feyaplep§ varkssld. Balb/@mmacﬂ‘mwasrhe
anplified fr;’igf‘cﬂlﬁwddifa rﬁd)nﬂ(ljitl?ﬁi}dmith%bgﬁ oMs %mNg anh‘Po fach nlami@nﬁfge@c d{élng
s confirne resen
The TulT ©eng! RREARRB e GbErRehSE Sibnged Driis harkvith 3.4 5 i dred
i nt o pcDNAP ( | Rvgingivepdis \W5T Iappndmnmtdvr&.&nmefcbmhhebaké of ewtdil. 15 Agl gene
949 b ir
EI nvi tfzgeﬁ;il p g%hmégyand ‘gﬁéﬂf ezl&]ﬁém{ﬁlgw{or ?‘g @8@}?§%sgé%sg%swet h
Hi ndl |1 ( Promed@d bghavicuprAt the snd gd)t mrtqdctheom@wwmsaqnﬁm as wes any
RIUf o (|Pr orreg,la%ouaé vtk alvsight gﬁ?r (ram@@ﬂ&Sé | \}2%3%‘% QUBIN? e e dey (r:ut" fro%(i he
mel t i arose_an
2 el and pofiFt %nggwas Bresiated Biowt blebd Elacied Biycestiss munsgureo t he
manuf act urkr ' sLesien sizetdaiafor ddvh monsé med doli%ﬁfdfd éﬂ‘&ﬁt L fdreﬂ-@ﬁﬁs' &Rﬂmgte”
20 | of T om t he
gated E%%%{Iﬁere ip 8 2 b bl FEB5 Fer G i Biviee R emiafraienténdy 4
| i gase )/Vﬁh@nﬂlygad@aI&N(}\b‘btﬂmgquacwrhandﬂ\danﬁ Whitney Li gat ed
PcDNA3 was 25 ﬁammﬁgﬁfé $iEHidARAAE. This &%dve&?ﬁéﬁiﬁh%'c{mﬁ}es&g%t W1 w:'ﬂnones

| at ed t.0 ates contal nj ng anpi Cl
ﬁﬁg Exﬁaﬁdeé’”% 18 Be@ﬁ?eﬂ Pthe teehw@#%cow gugsweaﬁélmmmnébpaﬁ@zgmned

for insertison pE0t01e) usmg lﬁtﬁthrteﬂis lexbfnified. ed‘hfeé@%m&s éh)bvfe@is{Ha't thé PNANZYTE
di gestion and

SI S ose how ng
the correct i|nSaSFioe é&g lg&geﬁ’ M ét‘ﬂc‘@tqgﬁﬁl %aﬁéﬁﬁ?m&
di gests preparwitht’® gtmwdlbs’rv\iﬂﬂb I nsert was correct ~This consisted of
digesting the clones with the restriction enzynmes Hindl Il alone, H ndlll
and EcoRl Mﬂﬁgher and Ndel alone. One clone was selected 5.1
cont ai ni ng t heE Lk, By | ength Agl gene. The clone was confirned by

partial D38 sdauaaaegenicity of a synthetic peptide corresponding to the C-terminal
region of Antigen 1.

The following synthetic peptide, CIRNIWLKHMKATSAR corresponding to
the C-terminal region of Ag1 was prepared based on the presence of a
25 predicted B-cell epitope. Polyclonal antisera were raised in two dutch
rabbits and one New Zealand white rabbit by immunisation with the 16mer
peptide conjugated to diptheria toxoid.
The rabbits were immunised with 78ug of peptide dissolved in TBS
(50 mM Tris, 200 mM NaCl, pH 7.4) and emulsified with an equal volume of
30 Freunds incomplete adjuvant. The preparation was injected subcutaneously
in four locations on the back. Four weeks later this was repeated and after 2
weeks a test bleed was performed and the serum response observed by
ELISA against a biotinylated form of the peptide. After 2 weeks the rabbits
were immunised again using the same procedures. Two weeks following the
35  final immunisation the rabbits were bled by cardiac puncture and the serum
response determined by ELISA and western blot.
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- 35 analysis using the Sp6 and T7 universal priners follow ng conventional
techni ques. The identify of the pcDNA3- Agl construct in clone 5.1 was

WO 97/ 3692WO 97/36923 PEETAW7R8H2 12
23 confirmed by DNA sequence analysis of the 5 and 3 termni,
whi ch were as fol | ows: N-t er mi nugd 5' GCT CCC GGC ATC CGC TTA

CAG ACA AGC TGT GAC GIC TCC GGG 5 AGC TGC ATG TGI CAG AGG TTT TCA CCG TCA

oon " Crc TR e s AT Rl e R i

GGG AGG CTA CTQ6HIeR. GiErdhie plates Ve TaaGarwiiln2. adug/mL streptavidiaasfhe o

C-termnu G
Clerm Aéc - ﬁg&%& és With f&%ﬁ%x@b&ﬁ? 7Gl EoﬁAﬁh@A
TCG GTG GAG Ac@a@:a g otin Conwﬁtq‘teeﬁﬁe t

JTTA AGG ACC; CCoveehightht £CT mdlﬁowl ikgldayXheGhéllfvaréwashed thfee tifies @ﬁ]h GGT

GGT TTG CAC
vector GA%@O@M*@%@T@%&?‘@?AW@WW sra Bt LB feo
from the cl one 26 w/§ skimmiilkippwder atwotm teopesstune.t Fhetwells/wersswashed) agen
Me P t
of Top 107 & e timkS S ?ngé‘{‘y ifdibaled Wil “%*"t’ﬁ%f’ﬁﬁ{f%ﬁeu P of
anpi cil lin. Purfpid @ﬂubpﬁ%ffpéﬂ 1/100 ippntibedy Riukiag Butterd ADBYETBSE enzyne
anal ysi s thcortfdn&mﬁ%A Rfékxﬁi ﬁﬁlk owdaﬂcfofmonwamm tdiperdidre. TTke

P i Gt e i L R

t he pcDNA3- Agl proxidaseé ttmjupatedtgoad aﬂm-mbblt IgG dihaedlAZB000in ABDBr for 2vkecurs

diluted into O'a%%&%Qen{.ﬂér?ﬁﬁé.i Irfie WP41E! whte $aSHB Hiree times with TBST and
binding of the antiserum to P. gingivalis proteins was visualised as above. A

15  specific response was demonstrated indicating that specific anti-peptide
antibodies had been generated. An ELISA performed using P. gingivalis cell-
surface proteins also produced a specific response indicating that the
peptide had generated antibodies capable of recognising the cell surface
antigen 1 of P. gingivalis.

20 A western blot was performed to identify the components of the P. gingivalis
cell-surface extract that was recognised by the anti-peptide antibody. After
SDS-PAGE of the P. gingivalis cell-surface extract, the proteins were
transferred to PVDF membrane and blocked as already described. The
membrane was incubated with a 1/100 dilution of the antiserum in TN buffer

25 overnight at 4°C. The following day, the membrane was washed three times
in TN buffer and incubated with horseradish peroxidase conjugated goat
anti-rabbit IgG diluted 1/1000 in TN buffer for 2 hours at room temperature.
The membrane was washed three times in TN buffer and the binding of the
serum antibodies to components of the P. gingivalis cell-surface protein

30 extract was visualised as described above. A ladder of bands of 30, 33.8, 37,
40.1, 45.9, 48.8, 51.8, 56.8 and 60.3 kDa was obtained.

These results indicate that the anti-peptide antibody specifically recognised
Antigen 1 of P. gingivalis and showed that the antigen exists on the surface
of P. gingivalis in multiple forms possibly associated with LPS.

EXAMPLE 6.
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of DNA for injection into animals. 30 EXAMPLE 4. The ability of

the Agl DNA vacci ne construct to protect against P. gingivalis

chal | engewm9¥36823ruri ne | esion nodel. 35 10 mice recei veBCTAEBIHIBINAZ- Agl
construct containing the Agl gene descri bed above (test group), an
other 10 m ce received pcDNA3 vector 28\0 97/ 36923

PCT/ AU97/ 00212 24

(control group). 25[err]g of DNA was injected into each tibialis nuscle (a
t ot al of 50[err]g DNA/ nouse) of the 20 fermale. 6 weeks old. Balb/c

m ce. This wasPreparatiowiof Amtigens Zoftand 4(Ag2,vhghanddgd}. of 25[err]g of DNA

t h tibigl d on
the back wi th 5 éﬁ%z"%fwﬁqﬂ 2 &m‘xﬂea*@e?&ﬂé@“ﬁaf??%&@@%Ef‘%%ﬁ%?‘e‘%fg%ﬁscm
from the base &¥d immodified BM medlE&@ﬁtﬂiEVlg pg/ml wtﬁécm@évme
moni t ored &or mﬁirﬁﬁineHQﬁﬁlvs'eﬂﬁhdiﬂe slcs'da plates byprshthepadsags (< AD pdieags

t hi dth t ht
[ 0se br earor | gl ETosBt FekdatCpir Bt cuppre sBwiGinthy ??&%ﬁe?um
was prepared fImdSusxbhaneﬁmm Mastmdnﬁyre;ha’mﬂﬁﬂcnmnglaesped;ﬁophemmetes| ze data
for each ”DUSG(FeSI ﬁ%&ﬁﬁ%gf%ﬁltﬂ?&’mgﬁﬂfv Was @ﬁgé lﬁid%g by Gra GraHE SNt ed

in Fig 2. The on si‘zes
control) wer e BHEP§ERRIC BFamiation gnﬁéWeusrlaswayleém bmﬂmmp@lrreyts Stocks

non- pgr ?mabrl ?ﬁéietaxhhfﬁthﬁﬁdt%s?@b h%ITJBdSCtﬂbQ‘é?dAMuiehﬁf}d'gﬁﬁ fz&m:ara'gg?I esidon
si ze bet ween e 1es n con n I,can an

15 p=0.019) (&EPHE "tS’JF?FE g“‘iim%ﬁgﬁ%éﬁ‘%ﬁeéﬁb%‘ﬂ“ﬁ%af{% DNA
vacci ne const r(ﬁcﬂOOoog,tm rmng4‘fCEie @lylbrgbmm vaohddedtb theceelhpelleisdnd hftet enge
bepti de ’é’zr”?'e%a%. Bdng the suspdiiBE Was left®8: 15 BRAISBL lenpdiefre®y 1 RO €
The fol | owi ng Iallawiagichl p@;f@rméreagmmwmmww E‘sqsdﬂﬂ?pbl 8.8, 50

the C terAgnalmiegihercabtdihai@sait] 5RAKECaCEFESh@thing S0NhRE RAET vis fided

and gently mixed. This mixture was then centrifuged (100,000 x g, 30 min,
4°C) and the supernatant filtered (0.22 um) prior to anion-exchange FPLC.
The chloroform extract was applied to an anion-exchange column (Hiload
XK 16/10 Q Sepharose, Pharmacia-LKB) cooled to 4°C, in multiple injections
20 using a 50 ml superloop (Pharmacia-LKB). The sample was eluted using a

=)

linear gradient from 0 - 100% buffer B over 90 min. The eluant was
monitored at 280 nm and collected. Buffer A was TMC containing 50 mM
NaCl and buffer B was TMC buffer containing 500 mM NaCl. Anion-
exchange fractions were washed and then concentrated in TMC buffer

25 containing 150 mM NaCl. The fractions were then applied to a gel filtration
(Superose 12) column using TMC buffer containing 150 mM NaCl. The
eluant was monitored at 280 nm and peaks collected. The M, values of
eluant peaks were determined using high and low molecular mass gel
filtration standards (Pharmacia-LKB). Collected peaks were then subjected

30 to reversed-phase (RP) HPLC using a Cg RP-300 Brownlee column eluting
with an acetonitrile gradient. The protein concentration of fractions and
purified samples was determined using the Bradford protein assay (Biorad)
with BSA as a standard. Chromatographic fractions and purified proteins
were analysed by SDS-PAGE and Western blotting using sera from subjects

35 with P. gingivalis subgingivally as shown by DNA probe analysis. Serum H10
was from a subject harbouring P. gingivalis subgingivally but displaving no

SUBSTITUTE SHEET (RULE 26)



25 predicted B-cell epitope. Polyclonal antisera were raised in two dutch

rabbits a w Zeal and white rabbit by inmunisation w r
3&})32{2@9 Wp b4 U95i002 PATE

peptide c d to diptheria toxoid. The rabbits were I m”muni sed
with 78[err]g of peptide dissolved in TBS ,, (50 MM Tris, 200 mM NaCl, pH
7.4) and emul sified with an equal volune of 30 Freunds inconplete
adj-uvant. The preparation was injected subcutaneously i n four

locations on t&enikaCiignFerperibabatal divast. SerunbB50apeafroth @ patiefit with?
weeks a test bl eed WE}:S. en 3;n§d a Pt he ser.umre &(‘l)nseloli)served
ELI SA agai nst BEHRIRNT WhoharBpnicsh PraiBsRalt ity subRpeival Plagle SRS appi ¢ s
wer e i nmuni sedFrgaiarcomsbing tibhef ELI8AmEIet Wiksters. blotanalyséssoff cliromatographic 35
final i munisaglQp ' : j 3 erum
Feaponse. det or B fohfiHY difiolShEnahEY ey AEbRanl IR0G5E pRte HIL.C
. PCT/ AU97/ 0§21 2three purified antigens. that were recognised by the H10 sepum but wereg | gp
\fgs |oer1|‘vI orrreg,bﬁlwleélfly d?Qio!(‘akﬁIlQch ikﬁb tlggmswer?ﬁnﬁv&atretia?nhﬁé@d "
nmer . crotitré plates were c with, 2. er i rept avi.gdi n. e
bel s ver o waskas iR aniaenwes 63D SRkl e M-l ko 1y
NaCl ) and i ncussjuedced th 0. 2[err]g/nm biotin conjugated peptide diluted in
TBS 5 overni ' day the wells were washed three
times with gﬁ&%@?éﬁgﬁgﬁg@?ﬁ#@ngqnzo' TBST) and bl ocked for 1
hour with 10  Thizantigensisiafragmaniol®itargen pM@MWQﬁp@ﬁmjah@t hasemadecwaner e

washed L WeMt of ABSuYUS DA, enl BBt sdtfuidhab %nmlbg%: {18 pRedtied Bhbrial
anti serum at 5- I |ut |,oni from1/,100 in Anti body Diluting Buffer

) fold d
(ADB) [TBST 10°URuHt BrotpHyonaahgsin of PretnefieliSonder] for 2 hours at room

tenperature. The wel l's were washed three tines with TBST and

I ncubated wit rseradl sh | . | > | - bit 19G
diluted 1/ 30081“.}%5%%??%1?“% 1%‘3’3?3%%5%@%%%%%3@@?%%&%! Qx?lﬁ]ﬂéoﬁ s were
washed t hride tseguenggt h TBST and bi ndi ng of the antiserumto P.

gi ngi val i s pr oy pspiePrarssietMEd VI TERAYANTFIRRLKSPeci fic response was

denonstrated indicatjng that specific anii-peptide |, anti bo iﬁs had
been gener at ed! Ni&RNHgERATOm Feuange hqmglogy Jgi%grtggpprgalgggmento-t €surface
proteins al so pra@fgivalis a0kDaOridiChorsipognse | ndi cating that the

pepti de had generated anti bodi es capabl e of recognising the cell surface
antigen 1 of P. gingivalis. 20 A western blot was perfornmed to identify

t he conpor#ént sThe thiné aRtiggn megcagalises] by the H10 serum had a molecular weight of

about 10kDa and an N-terminal amino acid sequence:
VYNASISAVGNTSAIDPVVQITHHN .
From sequence homology it is proposed that this protein is an S-layer
protein of P. gingivalis .

25
EXAMPLE 7
Cloning and Sequence Analysis of the Gene encoding Ag3 (DnaK) of
Porphyromonas gingivalis.

30 A partial BamH1 P. gingivalis genomic library (W50 strain), constructed into
bacteriophage vector LambdaGEM-12 was screened with a mixture of
oligonucleotides derived from the amino acyl sequences of Ag3. The
genomic library was screened by in situ hybridization with a mixture of
degenerate oligonucleotides made to the segment of the purified protein

35 sequence for Ag3 the 70kDa DnaK homologue GIETMGG.
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cell -surface extract that was recogni sed by the anti-peptide anti body

Af ter SDS- PAGE of the P. gingivalis cell-surface extract,

prot ei ns W@97/36923 {ansferred to PVDF menbrane and bl ockeﬁcﬂév%]’qoéﬁzdy
descri bed. The menbr ane was i ncubat ed with a 1/100 dilution of the
antiserumin TN buffer 25 overnight at 4C 28e fol | owi ng day, the nenbrane
was washed three tines in TN buffer and incubated with horseradi sh .
per oxi dase conj . t t 1 uf fer
for 2 hours at ﬁggﬁ&{%ﬁggﬁﬁs carrigQdut d?zﬁpﬁl htg&&dfﬁ@}és%/qﬁ%g&?hgg%xﬁt?ms
in TN buf fer arsdlutienfidug lm@rrmgmémDNA J86 SRSapH B&di llersowersmpasked k1 of
the P. gingivalj g get| 10,20 éﬁseat@rgemha e%g;osedw A‘iﬁer‘éﬁénx\/x—“rh'?lﬂy%%@'fxﬁﬁ

descri bed above. AI der q ands . of 48. 8,

51.8, 56.8 and @D tvﬂ% o aatmphase Dﬁ%h‘@@%”"é@ﬁ?@? %aﬁ%é? B"f‘iﬁ'é{F t he
anti-peptidg a hdg@dﬂoﬁ@ebv the pldty lysato grithed! (See AmErsharats cDNA Gloning

G ngi val i 5 ?Rdr%rs?md)@t%%%#ﬁ BN RES I bl seBiion rasienla ) ¢
6. WO 97/v8é@2sibcloned into the plasmid pUC18. Double stranded plasmid DNA was

a2 d g template using the dideoxy-chair?frmination
Preparation of thep,used as squenm TR Y I¥ ideoy-chairf eyt

gsﬁg gingivalis
Ws0 was grown dRE ﬁlqlata‘é]@ ?‘[”é‘rﬁ‘]eéaféﬁ orse bl ood agar and
in rmdlfleqoBM medi a containing 1 [err]g/m hem n. Bacteria were

t d d h o]} t
and used to | ndbarene Gen Pttt b S AR Ab Aﬁ%?lﬁf‘ﬁsﬁgifﬁ
| nf usi on medi urolone #8)kias deed lwlaﬁﬁbamdrdapﬂm@dawmhdber}btpsktmlmm@evemmeqt
(2058 Perkin- ElumtlicaHBdthforh Yrith YclBSisl Bty Ntid4a9hy by G am stain,
m croscopi ¢ exam nation and by using a variety o em cal tests. Stocks

10 were mal ntal ned as |yophilised cultures. A culture of P. gingivalis was
grown to | g pgc phase and the cells harvested by centrifugation

(5000 x . emﬁ‘é‘m el 6 Sren o et e bonding o pu Bfisrael *°

terrperature sequente oﬁAnggehIZifnﬁbrnaipepadepnt TMC buffer [20 niM
Tris-HO pH 8.0, 50 15 mM 2-nmercaptoethanol and 5 mM CaCl [err]] containing

50 mM NaCl was added
The peptide H-DNPDENPLEGDITQTHTEKYVLAEDC-NH, (DNP—EDC]) from

20  Antigen2 (fimbrial protein) from Porphyromonas gingivalis strain W50 was
synthesised and coupled to tetanus toxoid (TT) using 6-maleimidocaproic
acyl N-hydroxysuccinimide ester forming a thicether bond. White Dutch

rabbits were inoculated subcutaneously at 4 sites with 100mg of peptide
coupled to the protein carrier, emulsified with incomplete Freunds adjuvant.

25  Rabbits were inoculated with a second dose on day 35 after the first
injection. Rabbits were bled from the marginal ear vein on day 10 and day
84 from the first inoculation. Collected rabbit antisera was then used for
ELISA and western blot analysis.

Detection of fimbrial peptide specific antibodies bv Enzvme-Linked

30 ImmunoSorbent Assay (ELISA).
Fimbrial peptide solution (50 l at 5 ug ml-! of peptide) in TBS was used to

coat wells of flat-bottomed polyvinyl microtiter plates (Microtiter, Dynatech
Laboratories, VA., U.5.A.) overnight at room temperature in a humidified
atmosphere. After removal of the coating solution, a solution (250 ul) of 1%
35 gelatin in TBS containing 0.05% Tween 20 (TBST) was added to block the
remaining uncoated plastic. After 1.5 h at 37°C. the plates were washed four
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and gently mxed. This mxture was then centrifuged (100,000 x g, 30 mn,
4C) and the s‘gg)ernatant filtered (0.22 [err]m prior to an s¥nsBRoe
FPLC. P} or of or m extract was applied to an anion- excﬁange col um
(*Hi | oad XK 16/ 10 Q Sephar ose, Pharmac LKB) cooled to 4C, in nultiple
I njections 20 wusing a 50 m superl oop (Phggmam a-LKB). The sanple was
eluted using a linear gradient fromO - 100% buffer B over 90 mn. The

el uant was m&a%ﬁﬁ @éqat A dﬁﬁm 90 anstion! drahk elevBif Aitibddivssn THS

cont.ai ni ng 50

. r B wa e ont al ni nvi
NaCl . Anion- contaiipg Snpé ge aéb‘i WEES pmagea,gggcarlgha ‘{‘lr'féﬁd @8?&?33&? &’?Bgtﬁ in
TMC buf fer 25 agdiMdibaitedfor®hoisNe@7°Clihen ﬁnmdufmd&‘ammsphtafeeri’latqsl wext to a

Rac . The  waphehbR BEeRERRET] w2 M fliad ‘555’3%%5%? FRELFIRG, o3 ™

-val ues Iof 5 pmmasenﬁxm)maelmmmaglqbuhuﬂgm inec tcmbhﬁl scul ar
mass ge t \

t hen subj ect ed BRE?OU%\\]/HSG - fgggp%gpmpﬁe%@t‘k e??i_;% SEWG
Brownl ee col unferepvad by was lna/\ihtekplé'ﬁﬁsaﬁ!étt%‘?sc (B g r Y B@dt ei n

concentration @éteEfeﬂCEv gsaddltion of 100ULl dfi stbsEarmpiocs M\acetdte! euffiempH 6usi ng

Chr ot ogr apht EEHAPE LGRS = p{fwéﬁtrmwﬁﬁéﬁmmﬁﬁ&@aﬁ%80005136
SDS- PAGE artd VB3Oer Thisl axloumrpagtipn gvasestapped by hejadditiomsef 2 M
gingivalis SUb@hJ gl’&éﬂxs}{t@@ ﬂgpﬂWﬁ%V %apggﬁng?é\ﬁ%’lﬁk% Blggraﬂg?llégeoreader was

froma subj ect 1 Ngl va 'S Su but ayli ng no
WO 97/ 36923 (onRad USA PCT/ AU97/ 00212

ggt ont Clt 'h ni $Bb bihding dffanﬁl?éiaoﬁih%édaé ahﬁqaﬁp;ﬁgcwaskﬁﬁmm iart@bmoand |

i Wi p i S 0 ure is i ngi va

pl aque sanpl esDNP“‘EbEr HieCWﬂBP?ﬁfts?%‘il gfe “BppRe g‘ﬁa ‘iifj ‘UBF@L{ ghﬁl yses
of dC hr omat1sgr afihibaial peptileahowener dntisera firora malshitseimimanised with PNP—+BDCon

and reversed-p sed
by the HLO serﬁﬁﬁﬁéﬁf 59du°5’d bigiEEaY *fabﬁgﬂ%ﬂ“d&ff“ﬁ R G

D50 serum wer withdmrhe Pﬁpﬁde sequeumeDNPrs D& ranegeimage Bredloep eﬁraé‘?el n
with an N-ter ngf@[en@m no acid sequence: DNPDENPLEGDI TQTHTEKYVLAED
10 This antigen i1s a fragnent of a larger protein (vide infra) that has a

nol ecul ar ~wei ght of about 46kDa, and from sequence honplogy is a
putative fdgrbr Wadstern blot analysis of P. gingivalis strain W50 cell sonicate probed with

anti-DNP—EDC (fimbrial peptide) antibodies.
A SDS-Polyacrylamide gel containing low molecular weight standards
(Amrad-Pharmacia, Australia), low molecular weight prestained standards
(BioRad, USA) and Porphyromonas gingivalis W50 cell sonicate (20 ug) was
25 prepared and transfered onto ProBlott (ABI, USA) using the following
technique. ProBlott was wetted with methanol for a few seconds and placed
in a tray containing the electroblotting buffer (10 mM
3-[cyclohexylamino]-1-propanesulfonic acid containing 10% methanol, pH
11). The SDS-Polyacrylamide gel of Porphyromonas gingivalis W50 cell

30 sonicate was also soaked in electroblotting buffer for 5 minutes. The
transblotting sandwich was assembled and electroblotted at a constant
voltage of 60 volts for 90 minutes. The ProBlott was removed and rinsed
with milli-Q water before staining. The ProBlott was soaked with methanol
for a few seconds and the standards were stained with 0.19% Coomassie blue

35 R-250 in 40% aqueous methanol containing 1% acetic acid. The ProBlott
was destained with 50% aqueous methanol and rinsed with milli-Q water.

SUBSTITUTE SHEET (RULE 26)



subunit protein or adhesin of P. gingivalis . The second antigen was
a 30 kDa protein with an NNterm nal am no acid 15 sequence:

DVLLLDVTPLIV¥ @F/BSPREGVMTYLI DANTTI PKLK This antigen, froRFYa4umRe2

honol ogy, is a Cterm nal fragment of the P. gingivalis 70kDa DnaK
honol ogue. 20 The third antigen recogni sef by the H10 serum had a

mol ecul ar wei ght of about 10kDa and an N-term nal am no acid sequence:

VYNAS| SAVGNTS 1 it hat’
thi's proten | Shay |dtt Was soaked fOMETRAYFBE oL ARMAAIN in' 5 ANPRIRECI DP
7 O oni ngira@d Mejaleh el ASATN buffer) aves nighteathtdei prgverinqmansgifies
Por phyr ononas giraghy althe - Wesern Blditavdd AlcuBatidlatPoof fahyertatdredftRM £/200
l'ibrary (Ws0 strai.nj, cgnst ruct e,dr#]g&&f bact er If h&ge vec@g{s
LanbdaGEM 12 vdutienof tae aptssragn fer for 2 houry,| THe NUestent bt wascthepe
fromthe am nowagkeéd gafenireTNobuffgrSconkaining 0.19g eriton X-100(EINY badferfanéened
by in situ hybridizaty on,w LXLure .de : 0l I | des
made to the seﬁ’r?é#ff"&é# Wit ?J@PlﬁP {Hé@t%%?@%rsﬁ?dlsg’eggg’%@s? o%nA‘g%}Fﬁgg%kDa
PnaK honol ogueariFabtitGlgG (BioRadOUSA)IGIPN buffer for 1 hour. The Western blot was
PCT/ AU97/ 00212 : : : :
Hybri di sation tmt/gg vggsrl}t?de tlgllﬁs é\?ﬁt%lrﬁl\rrr})gﬁr a3 detrh re ]péo iteriné))e(md%?:l.et%c)ze%e“r’ﬁ%r dt's
sol ution, 50[ 9-0pY Ahionegl-gap IBN&}‘] 8pas.53nice ¢p dFPPfti;’é‘Pgl aad 8.09%hed
in 2 10 SSH,00. CulGnSievel@Pinent Was atappedpwithdie-imndsael whitemaXidr the
Hyperfilm verni.ght at, = rr]1 C. Bagi.eriophage DNA was prepared from
single positiv s m&ﬂggﬁuﬂr%&&éﬂpﬁg@ﬁg lépﬂ?f?g‘t e nethod (See Anershani s
cDNA d oni ng System[err]gt protocols booklet). Positively hybridizing
restriction fr : : IR Hﬁﬂni DElivas di . Doubl e
stranded pl asmﬁgg%ﬁ\%gl pr(y@{rt?hen_ gisrg . as ngg"%ﬂ‘?f ng ?gbrr%og‘%@gsi ng the
di deoxy- chai n {BMWNestalRing using antisera raised against the fimbrial peptide-
15 conjugate. Only two bands were detected with molecular weights of 41 and

46 kDa. This suggests that the intact fimbrial protein (adhesin} of P.

gingivalis W50 has a molecular weight of 46 kDa and the 41 kDa band is a

truncated form of the 46 kDa protein.

20 EXAMPLE9
Preparation of Antibodies
Serum antibodies can be obtained by immunising horses, rabbits, sheep or
dairy cows with Ag (1-4).
Immunizations are carried out using standard procedures. The initial

25 immunisation is with a mixture of the antigen and Freund’s incomplete
adjuvant. The antibodies could be recovered from the animals serum or
milk using standard procedures.

EXAMPLE 10

30 This example illustrates that nucleotide sequences encoding the antigens or
portions thereof, can be inserted into. and expressed by various vectors
including phage vectors and plasmids. Successful expression of the protein
and peptides requires that either the insert comprising the gene or gene
fragment, or the vector itself, contain the necessarv elements for

35 transcription and translation which is compatible with. and recognized by
the particular host svstem used for expression. DNA encoding the antigen.
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met hod (kits obtained fromBresatec and USB). 10 A cl ones cont ai ni ng

t he nucl egévgq, segguences encodi ng Ag3 (DnaK cl one #6) Pﬁﬂ&‘@?’?@&

i sol at ed epoSited with the Australian Governnment

Laboratory with accessi on nunber NM 04974. 3115 EXAMPLE 8 The
i mmunogenicity of a synthetic peptide corresponding to an internal
sequence of Antigen 2 (finbri aI pepti de) The peptide

H- DNPDENPLEGDI FélattEgepadisDer bligepegtiddahir-dEbakric é@'ﬁtﬁﬁs%@h' tﬁéélgéu b#!

h I t esi sed and
Coupl ed to et SHESHARE i %cﬂéﬁi‘r@' o it Bofls doe spagpaces as lispated

N- hydr oxysucci herdine Aegtretyfafrhshgystetrisimay be rutﬁmed to\6ipressDhe@ntigens,

rabbits were i RagHy ?ﬁﬂxé&é%%l%@%ﬁh&‘? Bt cHirfi € SwhcH srep3de) Kile BERLE 4

cou Iedtothe prot carrier
adj 5vant 255 fasl tosbagtpra trapsfarmeswithiab @ctgagph@gmwuomplmuhﬁecam,er

Ej he f1 iorst i d ot Bdaﬁﬁid DNA Rfeabt écﬁlt&ﬁﬁﬁ %sﬁlgetbltﬁmtﬁﬁxairﬁfe;g%dﬂgdnrg%gﬁw n on
a0 and 92 kectors; Sedds 201 1 Hes infetled WAty kit Fog shanulaniEs)s pad

Det ection of fmaimmhape:plhlﬁeessﬂmmféctedamh ipdeckinaiel dixyvanElZetdp?edthkedctSEk or
| mmunoSor bent ﬂtg%ombﬁnggt@lmg&gdvggﬁhiad%rsm u | on c[(:ﬁror-] | at 5

[err]g mM[err]
fl at - bot t okfkd wpyxﬁtﬁ-‘@mms::mrcqvms, picakes (Mcrotiter, Dynat ech

Labor at ori es Mﬁm He&n&ﬂs)krfb&%m% aﬁtofrxﬁ ﬁl?a'i%%l%%g ﬁm’lﬁﬂxﬁg?ﬂ%ﬁ;tﬁ' ed
.at nosphere. er raro_%)gl t he coati ng sol ut rjl)
of 1% 35 gel it Rbgveo KoY PRPTRol65y 49, eBhanis Tt Temse inaernaraled into
bl ock the theeveritor owthe ONA sstjuehss bncdehgt&imgbnﬁarhnﬁi ackd [s8fhidriees! he

| at vva&ﬁ f 6
IgC?' / iﬁg\;v/e(r)g 219 gtgd I%%Mes or oh\égpggtllg’e 8r éhlmeras to increase th§ §Xpression q i mes

with TBST.15a 1therantigendaming acidsequercese pevdded dhati thednereased #8ression of
containi ng 0. Sifeanhitld oiieelupheRas %@@Mﬁwﬁl (1r Shatipfl] RELOSR {)3n0! 21 ©

%?el neubat 323{%%@109 9 € I(S?QW; r % @buf épa]unnsvrrtaalthw 8,1@{ gmemeof

horse radi sh can consist of the genes encoding the antigens, or any segment or combined
segments of the genes which encode functional epitopes of the proteins.

20  Further, the DNA can be fused to DNA encoding other antigens, such as
other bacterial outer membrane proteins, or other bacterial, fungal, parasitic,
or viral antigens to create a genetically fused (sharing a common peptide
backbone) multivalent antigen for use as an improved vaccine composition.
The selection of the promoter will depend on the expression system used.

25  Promoters vary in strength, i.e. ability to facilitate transcription. Generally,
for the purpsoe of expressing a cloned gene, it is desirable to use a strong
promoter in order to obtain a high level of transcription of the gene and
expression into gene product. For example, bacterial, phage, or plasmid
promoters known in the art from which a high level of transcription have

30 been observed in a host cell system comprising E. coli include the lac
promoter, trp promoter, recA promoter. ribosomal RNA promoter, the Pg and
P, promoters, lacUV5, ompF, bla, Ipp, and the like, may be used to provide
transcription of the inserted DNA sequence encoding antigen amino acid
sequences.

35 Additional, if antigen, related peptides or oligopeptides or chimeras may be
lethal or detrimental to the host cells, the host cell strain/line and expression
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20 relatively independent of their position and orientation with respect to a
nearby gene. Thus, depending on the host cell expression vector system
used, an enhancer may be placed either upstream or downstream from the
inserted DNA sequences encoding antigenic amino acid sequences to
increase transcriptional efficiency. As illustrated previously in this example,

25  other specific regulatory sequences have been identified which may effect
the expression from the gene encoding antigen and related peptides or
chimeras. These or other regulatory sites, such as transcription or
translation initiation signals, can be used to regulate the expression of the
gene encoding antigen, or gene fragments thereof. Such regulatory elements

30 may be inserted into DNA sequences encoding antigenic amino ar ‘3
sequences or nearby vector DNA sequences using recombinant DI s
methods described herein for insertion of DNA sequences.

Accordingly, P. gingivalis nucleotide sequences containing regions encoding
-antigen. related peptides, or oligopeptides or chimeras can be ligated into an

35 expression vector at a specific site in relation to the vector’s promoter,

control, and regulatorv elements so that when the recombinant vector is
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WO 97/ 36923 domams may be des1rable to mcrease the safety and so ublhty of the

PCT/ AU97/ 00212 sybfragment to allow for easier purification and safer use. Further, genetic

20 engineering techniques can be used to generate DNA sequences encoding a
portion of the amino acid sequence of antigen. Restriction enzyme selection
may be done so as not to destroy the immunopotency of the resultant
peptide or oligopeptide or chimera. Antigenic sites of a protein may vary in
size but can consist of from about 7 to about 14 amino acids. Thus, an

25 antigenic protein will contain many discrete antigenic sites; therefore, many
partial gene sequences could encode antigenic epitopes. Thus sequences
can be constructed to contain muliple epitopes and used in an expression
system to generate highly antigenic chimeric peptides or oligopeptides or
proteins. Combinations of two or more proteins or peptides may result in

30 increased immunogenicity. When using combinations of antigens these
antigens may be related (ie from the same gene sequence or from a closely
related gene from the same organism). Alternatively, the antigens may be
generated from a related organism (ie another oral bacterium present in
subgingival plaque), or from a more distantly-related organism. In particular

35 the host organism for the vector containing the antigen-related genes and
constructs can be a commensal inhabitant of the oral cavity; for example an
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cl oned gene, it to use ron noter. in er,
obtain a hi gh relpsisest the Hkucﬁﬁ?@ﬁt%ﬁt Wi P. gingg §11'68194vnto

gene proauct. tldéaﬂ’ﬁ ra Fusiohab.s i) miX sociate dids

duct h% R ¢h b, til@xli@lﬁ ther baé‘dhaté drl d
known in the ah% g r% h. IeveJH transcrl ption have 3 been
observed in a %P}"O tlbeﬁ’l’iag § antiBogies.c i i ncl ude t he Iac
pronoter, trp ﬁﬂmrﬁ)NArfragmemmmd)ngan antigeaunaybﬁlmsqﬂtmoﬁmrDNAe Plerr]
and Pho PT QR GHC3s 1b A0MPfor dffftitovel BxpleRlon TG BulifiéRiof BodBuieed o

provi de SCrip h se e enco g ant]gen
am no acid (Ie%l&dewa@gncg%c lopgd iintoothe) vecter plhickysnarerepiesse ﬁérfﬂlﬁw or

ol i gopepti des @ thdENBsIAprotBin Hioredoxin)e Tk 1ikade impaPithe charddieristas! of
cells, the hosgchl%%lacioﬁh S Itﬂé lfﬁsqgn%r}gte?x%vhlcﬁ 'offers soluble expression of normally
insoluble or difficult to express proteins. After purification, the native

25  protein is released by removal of the entire thioredoxin by digestion with
enterokinase). Furthermore, the antigen may be used as a hapten by fusion
to other sequences which may increase immunogenicity, if the expressed
protein or peptide is not immunogenic. Alternatively, insert DNA sequences
cloned into vectors may contain the native promoter sequence of the gene.

30 Therefore, transcription of the protein or peptide of interest is primarily
directed from the promoter contained within the insert rather than a
promoter contained within the vector sequence itself.

The plasmid expression system described uses the pUC-derived pTrcHis
expression vector from Invitrogen. This vector allows high-level expression

35 of DNA sequences by the presence of the Trc promoter (containing the -35
region of the Trp promoter together with the -10 region of the lac promoter)
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5

a nickel-charged sepharose resin that is used to purify recombinant proteins

containing a poly-histidine binding domain. Bound proteins are eluted from
the Probond] resin with either low pH buffer or by competition with
imidazole or histidine. The poly-histidine leader peptide may be
subsequently removed by digestion of the recombinant expressed protein

30 with Enterokinase. Enterokinase recognises the endopeptidase recognition
sequence that is engineered between the poly-His affinity tag and the
multiple cloning site in the vector to allow for cleavage of the poly-His tail
away from the protein of interest. The purified, recombinant antigen may
then be used in the generation of antibodies. vaccines and the formulation of

35 diagnostic assays as discussed.
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25 Nucleic acid probes that are capable of hybridization with specific gene

sequences have been used successfully to detect specific pathogens in
biological specimens at levels of sensitivity approaching 10° - 10* organisms
per specimen (1990, Gene Probes for Bacteria, eds. Macario and deMacario,
Academic Press). Coupled with a method that allows for amplification of

30 specific target DNA sequences, species-specific nucleic acid probes can
greatly increase the level of sensitivity in detecting organisms in a clinical
specimen. Use of these probes may allow direct detection without relying
on prior culture and/or conventional biochemical identification techniques.
This embodiment of the present invention is directed to primers which

35 amplify species-specific sequences of the genes encoding the major antigens
of P. gingivalis described herein. and to probes which specifically hvbridize
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re-int roduced ﬁPSCWE& 1{1 e%?‘ﬁ&ca\ﬂ??ﬂé gge%en{){r%'ﬁm W onr sed t he
oral nucos@ ogingietls Slpﬁﬂ:llﬁ'lb B)ﬁehgonuelephdg iprignerslare uged g hybridize todapt i de,
chimera or fug*r%)‘y %éd ﬁé\tﬂl'ﬁt # SACHI Bb@dekﬁﬁ%t@&'fﬁbma tissue

S| ANt |

to produce ne ment encaqdi an
antigen may béli épﬁﬁll’éﬁfhén I%QWEENAT ‘%‘?q} &%/SPBPI’?‘ ed
expression an Wireéhlﬂh tW@ﬂlaﬁm fnwfﬁsn enzyﬁiaelc[iyﬁthmslan es cl oned
to th t b F y g o d g d
into the vec us resse |
protein thior 3‘8‘6‘2’ “}& ?lﬁf)’g %39 ﬁ%ﬁlﬁ%‘t’%n s&?@gl:zgf&ﬁb to
t hi or edoxi t ¢hé Wegingmaim mraeatide séusmces bfatha preiseii inverfiondeiwhichithey
normal |y H[agh}g @egpls‘?nﬂgegﬂefdffocéarﬁ lte?hé?ﬁf)&%&) L ﬁ&‘iﬂ?d of\tHefdouble-

purification, roteln IS re E‘ g Hoval of he entire
t hi or edoxi n bytianged ONA. W}k‘ﬁs the reaghiop s Rt eveRipt he anti gen

may be used afinﬁr&i@ﬂhf&uiﬂt%ﬁ?lﬁtbpﬁ'etemlogém DNFﬁrFGxeﬂ!et anapessdioithisay t
i ncrease i mu | Gi i e ,ex at ei.ny or S no
i mrunogeni c. %?HE??«%@%PH?‘EE g?flefﬁlﬁos’etﬁlﬁeeﬁec%%me of ﬂé? B Rggﬂ}er{ggné)ect ors
may contaga tkeandtof\RNArwitbbe refeegddnas the “phsitiye primex), ant éhe poimeer
transcription %vteﬁ%rcprhochg 's@g&%n&e&dfh@q%%tauw&&ftﬁﬁfedm%tﬁfg}) Rl w1ll be

al ne sert

directed fromthe pronoter c her t a
pronot er cont aefesrediioras thet negatéve Brim&Guence itsel f.

Amplification of DNA may be accomplished by any one of the methods
commercially available. For example, the polymerase chain reaction may be
25 used to amplify the DNA. Once the primers have hybridized to opposite
strands of the target DNA, the temperature is raised to permit replication of
the specific segment of DNA across the region between the two primers by a
thermostable DNA polymerase. Then the reaction is thermocycled so that at
each cycle the amount of DNA representing the sequences between the two
30 primers is doubled, and specific amplification of the P. gingivalis DNA
sequences, if present, results. Further identification of the amplified DNA
fragment, as being derived from P. gingvalis DNA, may be accomplished by
liquid hybridization. This test utilizes one or more labelled oligonucleotides
as probes to specifically hybridize to the amplified segment of P. gingivalis
35 DNA. Detection of the presence of sequence-specific amplified DNA may be
accomplished using any one of several methods known in the art such as a
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The plasm d expression system descri bed uses the pUC-derived pTrcHi s
expression vector fromlnvitrogen. This vector allows high-|ev SW%E ession
il

35 of DNAveewd®tes by the presence of the Trc pronoter. (ESE t he
-.35 region of the Trp pronoter together with the -10 region of the |lac
pr onot er) WO 97/ 36923 38

PCT/ AU97/ 00212 35 and an
rrnB anti-termnator, el enent e | I Hide quences£OPY
of the Iacl [elg??r%%%\ﬁﬂﬁsﬁa%w d%‘géﬁdgbglgx’%&églz%%égggﬁgtel r(lﬁ Her ef or e,

expressi on of of tee pesembimentioprprovide hasis fardhesynthrsisal eligennsleetdest
1M | PTG ( de- L, 121G dlicAHews ih QidBrbstiedkif s ¢he dbRcEUA ofP.
fragment is i @%giék?%%ﬁﬁglﬂucﬁéh?ggﬁ 1%?15@1133%1@90\,@ ch -ie osci.t i o%ed
downst r eam angingivalisarkd arelated %E@filﬁ&!‘ttﬁﬁo o #ﬁx}}%‘% PREMEERsi on
pept i Fle. Tye Bhdwehdidilied aﬁie@ﬂy,ﬁﬁmjrﬂﬂesi?uﬂédemdoﬁ‘pmmtélahedx Bepending/it
translation injtiation codon, a.series. Q r ‘i
function as adle i*&)eullré‘ts%ﬂ?’-t&er‘?d? 1t quq%mttgég{‘ ?@%‘gﬁgtdggécg%?“ efliér%‘:ﬁlgdmg
transcript st ahtd asiaffinithendifix, ssingesotopic oncglonimaiicidetpptige: 77, and an
ent er oki nase v |11 Hibk ncodi ng a
P. gingivali S‘ﬂgﬁgi %ﬁbe exuaEf‘eg%%lﬂgﬁﬂ gpeﬂ?liegsee‘(,)r cr{lérgggm:aisnfin ted to
t he expr essi ogin&fmliﬁruiingmtglpds knowphia thesar rF%gxﬁPPCﬁ'&ﬁ F&OPF%&?@&PW th
cal f int ﬁgb | Nqhe BRESIRMA! ARG HeOwRSIRER! TE buffer eadnsélldted byreatrifugation.

- . Th [ [ ' . 1 f E.
ColT <t rain Tdieralls Wive Habe dtisponied tA 1PRAt s HhTlifch b rdeCABR e
har _bO_Ulr : ng t h%toh_mi_ﬁtﬁg' detetgerts ind pooteimdse KveUsingthecpolymerase chain
A I n-contai,nin n-
I‘(TS) : glt ant col 5ﬁ‘i1°et§° qgggﬁgﬁ%gh Fl(?rlgﬁgﬁ %@gﬁ?g‘% %Pf ?‘%cé%n%%st by
DNA restricti qH &8ss Iéﬁiﬁ WM&&'&LK@W%&&?@W&&@%NR@U , 0.045

anti gen- SREct thiedtPa0™ I GRNME LERAI ioteinasb KIVTHY SEAPIH 8 iabubitlidn.a 53rE
met al - bi ndi ng doma| n of

purification Matﬁhbaﬁb@ﬂbh%éwt Oﬁéj"‘s’{“(ép@gggﬁt:\ég%ﬁlFl M%Ph%gﬁgsn}%ﬁf%%?% Bt ni ty
Chr onmat ogr aphys°@46e N indianites to heatrinaciivate the prdteindse K e Thesamgpleghayel | s
her bout 1 1y SR T o iy bR ol b P,
sephar ose resireadthan as setufoeth l_Dedowur i fy reconbinant proteins cont ai ni ng
5 000 LA PRI Tt PR T i kS gt
| mi dazol e or HPEamBiEnERCIEt 4ris B top RelNBSASE chefR Feagtng, Tone mode
~ subsequent |y rgfrRkesmByd Bhaes thepend ehduling theDinaXnmagter amplified foami n
clinical isolates of P. gingvalis using the following conditions. DNA to be
amplified (1 pg of genomic DNA) is distributed to 0.5 ml microfuge tubes
25 and the volume adjusted to 50 ul by adding a reaction mixture comprising
0.2 mM dNTPs (dATP, dCTP dGTP, dTTP), 0.25 ug of each positive and
negative oligonucleotide primer, 1 unit of Tagl polymerase, Tagl 10x buffer
(5ul), 1mM MgCI2 (final concentration), and sterile distilled water to achieve
the total volume. The Taqi polymerase is added to the reaction mixture just
30 before use and is gently mixed, not vortexed. A layer of mineral oil,
approximatley 2 drops, is added to each tube and then the tubes are placed
in the thermal cycler. Thirty to thirty-five cycles are general sufficient for
bacterial DNA amplification. One cycle consists of 1 minute at 95°C, 1
minute at 37°C, and 1 minute at 72°C. The first cycle includes a 12 minute
35 | incubation at 95°C to assure complete denaturation.
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/30 wi t h Ent er oki nase. Enteroki nase recogni ses the endopepti dase

recognition sequence that is engi neered between the p?%mﬁ;‘ﬁoogizﬂ nity
tag and t¥O 9736923 tiple cloning site in the vector to al or "tl'eavage

of the poly-H s tail away fromthe pggtein of interest. The purified,
reconbi nant antigen may t hen be used”Yn the generation of antibodies,
vacci nes and the formul ati on of 35 diagnostic assays as di scussed.
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11 Met hothe geme enaoding the BaaK 9f & ingivaliscand userbin Pl amplifiGation
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Because of th of the es, engadi nti S

“econservatiqn e t he 0
descr i bed her Biafrt: o e HiRe S A RCHY HERIEe0dn P PERIL AT ent i on
can be use&d iThewpedificity of the oliganudsotidesford gifgivaliecan be whekedybygi val i s
genetic mat e.r%&lebahﬂ %‘E&ﬁds& lfﬁ@'ﬁbanlg sfea?c!}f AR AYARERAISRGEEhES In
ol i gonucl eoti¥ies can be synthesize or _use as u@“ mer's and/ or_ probes
in anpl i fyi nggenesal. dee cligomercleptides shauld bgaelscted dorlow G-C cpptantp For
gi ngi v?l i's. R@&@'aﬁoﬁﬁmp&%@] tHe apgcﬁﬁiéu@dt_idusqifqgw prasetRh G EeH iy bes evtelr al
means for enz i.C . i f.yi ng nucleic acid sequences. rrently
t he nost corm%‘;ﬁ';allf’z"éijx‘ﬂé{rg ,lg’tf’@gf[lé"‘rr#m%)ﬁéleﬂﬂﬁ?‘éesgel tﬁ&?"ﬁ to the twg, .t i on
Cet us Corgeor aprineys usedforennplification of theageriédeguenes.anakbevend-labeleslequences
as prinmers, ap ' I ' 1286, 18 P |
deoxyri bonucla‘éﬁggggt E&?B%%@?F%&qn gé(%%‘ﬁaen i% ) ll‘g'r;%tt&f / %lsi&géol(wﬁ 15
i nterest. Ot hNAaipkinfaise duffen (FmNO¥sis cpHr 76 10mMMetld buM lithiathreitel, ude
Ler] (| Sensadguiniaspiacn o BTeny. o apepabih gy 061 o0
S conpl S%,Eﬁ’@ar]s:}‘%ﬁ) ?ﬂ&i%g@éﬂiét g?°‘:tt fr bmu’f-oL%EeqﬁW‘i%\IqA@d; enzyme QB
repl : casels( Cesepatdted fioatuiii¢orpocatad Nalwsl wicde8% acziyﬁhrﬁmb%%el&&mfame}mz@ )
tenplate atta a. i c
o bsed to mtd WU ERRR SRR ol pldtet sF Rl blipiftine. Edbetea
conpl enent ar ypiRke;is first InoseA[bor expasing the acryltamidecgel o aerayfiloufor three
anplificationg; e LWAB | ] 0
DNA as the nﬂﬂﬁ“gf‘%ga??‘o?q%éﬁﬁ%‘%i%iﬁ eé‘%%‘pf_”?%e?é‘.’fgfﬂé&'? AR e
that are capatedasd ¢RIHRINNG She Hf<§3ﬁe‘€i=‘?f pXCiget gom the g@lq.}@m&e} have
been useggpsucdissis Pulverifediit &itd milliitef bf seallé dgilled Water, anditid peiteals
specimens at igyel &, Oha RS Tabbbatidn oBBRIGRCN FRCI OHEL bhuraa B 1o 07 9T ST
separated from the gel fragments by centrifugation using a chromatography
prep column. Radioactivity of the probe is determined, by counting one
microliter of the labeled probe on a glass fibre filter, by liquid scintillation.
25 Such probe sequences may be chosen from any of the sequences disclosed
herein provided the probe sequence is internal to the two primers used for
amplification of the desired nucleotide sequence disclosed in the present
invention.
Alternative methods known in the art may be used to improve the detection
30 of amplified target sequences in accordance with the compositions and
methods of the present invention. The sensitivity of detection of the
amplified DNA sequences can be improved by subjecting the sequences to
liquid hybridization. Alternative methods of detection known in the art, in
addition to gel electrophoresis and gel electrophoresis with Southern
35 hybridization and autoradiography, that may be used with the compositions
and methods of the present invention include: restriction enzyme digestion

SUBSTITUTE SHEET (RULE 26)



per specinmen (1990, Gene Probes for Bacteria, eds. Macario and deMacari o,
Academ c Press). Coupled wth a nethod that aI lows for anpli of 30
speci fic tWOJEB6NA sequences, speci es- specific nucleic acit ET&%}g@ﬂé
greatly increase the level of sensitivity in detecting organisns in a
clinical speci nen. Use of these probég may all ow direct detection

w t hout relying on prior culture and/or conventional biochem cal
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sequences of Bindihgghrubisiolfirad by B6R80h: in/d MEFRIN-based d¥dy fekCd T om

clinical specrnens-in % s at.um | 0od

subgl gue
abscess and oERE¥A) ag d’énPﬁgg gh??ﬁmg‘é‘iq%?“‘i:l?ﬁe ‘?qta%’rﬁg fluoraphores
has occuriegd. fdllowed grfhﬁﬂemtetﬂetédtmmr esent invention, a pair of P. 10

gi ngi val i s- sp CI fi c ol .i nuc%sz)gg%é gsen%dtﬁf%,@i‘gefﬁﬁggﬁr}Oga‘?XgH%&fntbo P.

gingivalis ge
clinical specthaanhg@mcblemmrmtgrsmﬁéhsmeﬁiem invandiamt The 5yaminogrong of
between the t f; ﬁr&f%ﬁ%?%é Bﬁtﬁ}ﬁﬁtéagwﬂﬁ@ﬁ%tms%ﬁhﬁieﬁf Blcﬁﬁgmav be

tenperature cyc alr o rimers_are bridiize only to

es |
15 the P. gi ngqomprast,ed]dmeeﬁyllat@ ﬁ@q%mbymgh&%rlsébﬁm s to
whi ch theys resaﬁ&e ob BstirsYdtelerd dRErPst orlwmh-smnpm lﬁbeleﬂcplﬁﬁei‘s aferthed of

t he doubl e- t t th
present of G PR VA P81 5P i BheoiBibsh T ﬁﬁﬁc*%l?'fféi'ﬂbhr”posis
of this mencebr absendecofiamplified daigetsequemees mayshe secamplis Etdnby

posi tive (gen ?%%%an%{empﬁﬁa%\%% Eéqlpﬁlc@ﬁhﬁf g‘«ﬂ\ ng1erﬁ§r H&Erm @ﬁ%iﬁ%

prinmer"”, and e hegat
(conpl e ment ar §yidén mmdvmpretgefollowedr by dnguhation withianeavidin geningajs | rrer

Ampl i fi Cazl‘tll OnCQﬁtaPNgl rﬁé’@ﬂﬁ@h'oﬁhﬁﬂa @éédatﬁ)/v@ﬁ'ﬁlﬁ;] tHel®nipleRaoh ]
comer e S i 0B S RSP0 SRR b, 2,
sequences may be immobilized by hybridization to the corresponding probes
of the target sequence wherein the probes have been affixed onto a matrix.
Detection may be accomplished using an'avidin conjugate containing an
25 enzyme which can be used to visualize the complex with subsequent
substrate development.

EXAMPLE 12
Methods for using antigenic proteins, peptides or chimeric peptides in

30 diagnostic immunoassays.
The P. gingivalis antigens described herein, related peptides, oligopeptides or
chimeras can be purified for use as immunogens in vaccine formulations;
and as antigens for diagnostic assays or for generating P. gingivalis-specific
antisera of therapeutic and/or diagnostic value. The antigens from P.

35 gingivalis or oligopeptides or peptides or chimeras thereof, or recombinant
protein. recombinant peptides, or recombinant oligopeptides produced from
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/strands of the target DNA, the tenperature is raised to permt replication

of the specific segment of DNA across the region betwggh

priners bng£7136923t her nost abl e DNA pol ynerase. Then the react {%élbq,logm

t-her nocycl ed so that at each cycle t anount of DNA representing the
sequences between the two 30 prinmers is doubled, and specific
anplification of the P. gingivalis DNA sequences, if present, results.

fur t hg r ident 'alﬁ' éie’ﬁréé%'ibx?freétb? sdtehd, fchﬁdJeQNﬁqﬁed wifll ﬁ@ﬁlﬁﬁs, mmhen nhe detr i ved
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PC;” A(Lngt?/ 00212y another 111us%rat10n of th1s embodiment, a recombman% Ag8 or haemege|
retardation assa au eot i de sequences

of the present®¢ %PY‘Hﬁl &'hgﬂ gpﬁleﬁyfomﬁep@hﬁlﬁ@éﬁl% e¥pression p pldsinid.

ol i gonucl eot i dBs purify wdfummmvmbymhlslmbﬂmﬁpthe:g&neoequmgiifﬁﬁh(fagJ B kits
for the detect] an. eégbﬂ%
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synt hesi z#@ t ¢lnvitrogeroCarponatine), supbbatinpen @npresswntwelraém idi®ed, the
anplification r9£18%‘§§] ofytiistidfie tﬁﬂ”}jﬁteed%id%ﬁed%ttﬁé aﬁhﬂg té\¥ninus of RHE R

affinity matrix,.  usi I'sot opli c_.or coloringtric may be
extracted fronidFagmeny canlaining the sene e n&&lpﬁgﬁ’ was ﬁgatedd%&\!;g i s

usi ng nethods eb’cpﬁweldmvédwr which had beﬁﬁlméﬁous 181 testrivted avittedn iappidpridtee
speci nen may be \wash |

The cell's t eAoAdgunEass Bnd sl Be e VAt St in@ibol phSidtke

buffer 15 cditedigation tdximrgavassuseddomlesteoporate K. cowitragntm@l;f)BE?het?

chain re

1 Omlvl Tris %ﬁHﬁ@us@ﬂﬁsﬁt@%ée%l?%ﬂpﬂ@ré%mﬁ;a eﬁgitals %Bn&ﬁﬁu%eﬂﬂe
NP4O[err] 089&5%1%&1“&/%53 112(5{1% Propergy %ﬁ% g’@ Nﬂsm sanpl e
i s incubated iplomotéil aDh¢ Such cloraives isokitbd fanid ﬁash@lldb shaInl tovéstjgesshe

i ncubati on, le. is ba 5err]Cfor 10 minutes to
heat - i nact i va?ﬁﬁ‘gp t%‘%dﬁ'&sg R{ &’rﬁ?}éscg . then be anplified in
accor danc20owi tRecbtrﬂnpamt HBB| waoputified ps|fy asé\ thailvolume ofgecultere ofs set

forth bel ow. %ns-ﬂ}‘fnﬁxt Qbﬂgiﬁ{ﬁg‘fﬁxe% Qﬁﬁﬁ@%ﬂ%ﬁgv %mﬁnmgone of

several protoc el c acl nerase chain
reacti Onp | n @mepigdlia broth at3 'Hle?ollowmg morning, 135m o? brot ywas

inoculated with the overmght culture and grown for 1 hour at 37°C. Cells
were removed by centrifugation at 5,000 x g for 10 minutes at 4°C. The

25 supernatant was concentrated to 10 ml by ultrafiltration through a 10kDa cut
off membrane and then mixed for 10 minutes at room temperature with 1.6
ml of a resin (e.g., ProBond™, Invitrogen) which, via nickel on the resin,
binds to the polyhistidine tail of the recombinant HRP. The resin was then
isolated by centrigugation. The HRP was eluted from the resin by first

30 washing the resin twice with 4 ml of denaturing wash buffer (8 M urea, 20
mM sodium phosphate, 500 mM sodium chloride, pH 7.8). The resin was
then washed 2 times with 4 ml volumes of denaturing wash buffer at pH 6.0.
This was followed by washing the column twice with 4 ml volumes of
denaturing wash buffer at pH 4.0. Fractions of 1 ml each were collected and

35 dialyzed against phosphate-buffered saline (PBS) containing a detergent
(0.1% Triton X-100). Analysis of the eluted protein by gel electrophoresis

SUBSTITUTE SHEET (RULE 26)



of this enbodi ment, the gene encoding the DnaK nmay be anplified from
clinical isolates of P. gingvalis using the follow ng condj 10 to be
anpl i fi edWQ9TR%#) g of genonmic DNA) is distributed to 0.5 *r)r{:f%ﬂ?:"ro tuge
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at 200 vdds détr&'dtlfﬁorﬁ%atlmrﬁiﬁﬂogifﬁli roperties ofithe peptideopeligopeptidd.abe| ed

probe s 111 st 0GRt Pin AP BRI o DR CBELH AU A iRl adk ol Bl Bt o

three oradrogrami oned under
the gel, and peptide heoligopentise et ¢h1ngera ﬁbeneabeneﬂ bprﬂétﬁée y renlar:stwoma om
the gel. The gelnore amino acids with functionally equivalent amino acids resulting in
an alteration which is silent in terms of an observed difference in the
25 physicochemical behaviour of the protein, peptide, or oligopeptide or
chimera. Functionally equivalent amino acids are known in the art as amino
acids which are related and/or have similar polarity or charge. Thus, an.
amino acid sequence which is suﬁstantially that of the amino acid sequences
depicted in the Sequence Listing herein, refers to an amino acid sequence
30 that contains substitutions with functionally equivalent amino acids without

changing the primary biological function of protein, peptide, or oligopeptide

or chimera.

In an illustration of production of chimeric peptides containing epitopes of

the fimbrial protein (FP) and the HRP, defined regions of the respective

35 genes can be ligated in a construct and then expressed in an expression
system wherein the plasmid expression vector (pGEX2T) directs the
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20 slice is pulverized in one mlliliter of sterile distilled water, and

t he probe %'697136923(3' uted by shaker incubation overnight at Pgﬂ«yyﬂ,@u The

‘el uted probe i's separated fromthe gel fragnents by centrifugation

tsi ng a chromat ography prep colum. Rgadioactivity of the probe is
determ ned, by counting one mcroliter of the | abel ed probe on a gl ass
fibre filter, by liquid scintillation. 25 Such probe sequences may be
chosen from awmfesishﬁfaaa ﬁ@;@e;q)aj:tﬁi@bdﬁewcobasaﬂasmupmmsdedht he probe
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and met hods ohntEmeresuntlonmkerun the 3'rexidusiethat dlse ampthfmd chimeriz di gesti on

\Ié\gT?Z/USg?(Z)g 5 1£ragment can be directionally cloned into pGEX2T. The seguence of eac:h

el ect r oph¥? estrecombigang plasmidis canfigmed by didposy segnansipg. To purify each
ol i gonucl eot i G&d@ﬁmmnt Bptidé, thetre dﬂvbheaomam@itqhsdxﬁfa eontaiiingthet i de

Sout her p pybr fr%éﬁ?s%“naﬁrasgiﬁ%@ hﬁa@#oam@ tnffe s folf B The ﬁrpxzf‘?“‘” ant °
radi ol abel ed jv grosvn in 400md bf bBdiro#indomiaining #5agimbbf/amaigillid byaﬂdmg WI th
ol | gonuc eot | gty Gl Aeuflclue 12985 sifofrobh Al incRbalig 511

|ncorporat|ng and Uence spec or a

DNA 1 ndhayrsaiod BChwithothaking ét @iﬂﬁdoﬁﬁ! 9. ﬂlmM andithe wlimg ed assay

]g Ie g. ] EL§Adbatéd SoredPhdditioakl 8Mhotirs. NCells afmze&hﬁqged 2650000k 3) ald'the
uor opnor es

|| owed b [e det ecti on |rrent of
honcl ontorte ek gelleh eeanendeel iy b SNt eflS e Fopicated sBd theppdurS
ol i gonucl eot i denmfugad at @6,00be fmsmmnnmeenmlmmu Emataht tsamxmi wﬁtlmp of

i ncor por at ed B LET }’9%4rw%'1‘ﬁ§%%%§‘e-%éff& T wiin 81 g AnffierC 15
presence 20 babmqm |tampemumhs beaiﬂm(whfusgnmmdle I@dtopﬂErrer s ar e then
used in anpli by|tRethibh¥) dreQFashed! 2 AddifonaPRfieSRRith PHES EGitBflihgA9% BitdnIR-

100. The beads are then washed once in 0.05M Tris, pH 8.0. To cleave the

FP-HRP chimeric peptide from the glutathione-S-transferase, the washed

beads are incubated in 0.25% (final concentration) human thrombin in Tris

25  Dbuffer for 1 hour at room temperature. A protease inhibitor, PMSF, is then

added to a concentration of 100 ug/ml. The beads are removed by

centrifugation and the supernatant contains the purified FP-HRP chimeric

peptide. Immunoblot assays affirm that the fusion peptides are

immunoreactive, with Agl- and Ag2-specific rabbit polyclonal antisera.

h gel

30
Purified antigens, peptides, oligopeptides and chimeras may be used as
antigens in immunoassays for the detection of P. gingivalis-specific antisera
present in the body fluid of an individual suspected of having an infection
caused by P. gingivalis. The detection of Ag(1-4) or related peptides in

35 immunoassays, includes any immunoassay known in the art including, but
not limited to. radioimmunoassay. enzyme-linked immunosorbent assay
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presence or absence of anplified target sequences nmay be acconplished by
capturing the anplified target sequences using an affinity matrj é@ Vi ng
avi di n boqu’?’lﬁgF@t o, followed by incubation with an avidi rr%ﬁ}’%? ?’@ 20
contai ning an enzyne which can be used to visualize the conplex with
subsequent substrate devel opnent. Alter nat4% el y, the anplified target
s$quences may be imobilized by hybridization to the correspondi ng probes
of the target G be . be £, X a matriXx.
Det ecti on may (@2@@@0% I'S ng%ﬁ%‘{&gé)g %ﬁ?’g\?ﬁ g‘l?a \r%%gghjs%@t@aég’%téa%%ﬁng an 25
enzyme whi ch diworeecent dmmunegssay| and-chemiluptippicensehased hasauaogssay.
substrate devel opnent. EXAMPLE 12 Met hods for using antigenic
proteins, pept]| r.chimeric peptides in 30 diagnhostic inmunoassays.
The P. gingi veﬁ:’ggﬁ'gﬁiﬁ ?g%ns descri bed herein, related peptides,

ol i gopept i gdes Methods andhéompesndsforifermpuldtiomdelated ts Agis-4) andmrelped i n
vacci ne fornul ati 43 'and chi ag%ras antigens for diagnostic assays or for
generating P. %qpﬁlaqggﬁ shég'g iC antisera of therapeutic_and/or
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pepti des, or :Bg(;rm(;{ ' ﬁgﬁtaésgﬁllt %%%%%’??Sgﬁﬁpr odugelaseflrlon%&,lmun\?\g 97/ 3%923
PCT/ AU97/ 0021 prophylactic and/or therapeutic compositions for active immunizationyto

_eXplr ez_si ongv teqirafec;ﬁ hgii;ﬁ@i of_ﬁ-@abi@xfi&ﬂdﬂsit ﬁixs\éﬁtri]iy m@ﬁgﬁaﬁ&mpwvﬁmﬁbe art
i ncl udi ng detergent extraction t omat ogr aphy. (€. i an, exghange
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standard techn _ . b fal | Of =] : not her
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protein (HRP) cRiseryedamengst sEAnS Qfo’f’-x&%ﬂ&'ﬁ’?ﬁine expressi on plasmi d. To
purify reggnbiraaie itidet@iioh Uf theeiwittiod, P 0RMEnE 1hE ProyertBE dekirablelof a
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| hiy g ERROP .
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resi dues (" polmeéthetd désoebed hetgindndamplelt: dMice ammmadefmgfﬂm (r)]]? the

[T A TR GG LRS00 DL b g ©

appropriate week intervals. Blood from the immunized mice is drawn 32 days after the

20 lastimmunization and the immune sera was pooled. The pooled immune
sera assayed against whole bacteria (P. gingivalis strain W50) by an enzyme
linked immunosorbent assay (ELISA). For the whole cell ELISA, overnight’
cultures of bacteria are harvested by a swab and suspended in PBS to an
absorbance of 0:1 at 600nm. Aliquots (100 ul) of the bacterial suspension are

25 added to the wells of a 96 well microtiter plate and dried overnight at room
temperature. The plates are blocked with 100ul of 0.1% (w/v) gelatin in PBS.
This, and all remaining incubations, are for one hour at room temperature.
The blocking solution is removed and 100 ul of the immune sera, diluted in
PBS with 0.1% (w/v) gelatin, is added to the wells and incubated. After

30 washing three times with PBS, the bound antibodies are detected by
incubating with 100 ul of alkaline phosphatase Conjugated recombinant
protein G (1:1500 in PBS with 0.1% (w/v) gelatin). The plates are washed
and color development is facilitated by the addition of 100 ul/well of
p-nitrophenyl phosphate (2 mg/ml in diethanolamine). after 30 minutes, the

35 reaction is stopped by adding 50 ul of 3M NaOH. The absorbance is read at
492 nm using an ELISA reader. Endpoint titers are determined as the
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endonucl ease and subsequently treated wth calf intestinal phosphatase. 15
The ligation m xture was used to electroporate E. coli strain BL?W[&DB)
cells, wQeB6d23ansf ormant s were anal yzed for reconbi nant (ﬁﬁg 12

cent ai ning the gene encoding HRP in the proper orientation with
respect to the plasmd promot er. One %®uch clone was isol ated and was
al so shown to express the HRP when introduced into the E. coli host
strain. 20 Reconbl n RR. r l
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ol i gopeptides can. be sy one of t ver a of 10
peptide synt hé’§F§1%rfeﬁmuﬁquqm@tﬁrt h@%?h@“é‘t‘%ﬁﬂi‘\ed"%mq}e‘%ha‘g’ésf)ept i de

include, but are not limited to, intradermal, intramuscular, intraperitoneal,
intravenous, subcutaneous, ocular, intranasal, and oral administration. The
vaccine may further comprise a physiological carrier such as a solution, a

25 polymer or liposomes; and an adjuvant, or a combination thereof.
Various adjuvants are used in conjunction with vaccine formulations. The
adjuvants aid by modulating the immune response and in attaining a more
durable and higher level of immunity using smaller amounts of vaccine antigen
or fewer doses than if the vaccine antigen were administered alone. Examples

30 of adjuvants include incomplete Freund's adjuvant (IFA}, Adjuvant 65
(containing peanut oil, mannide monooleate and aluminium monostrearate), oil
emulsions, Ribi adjuvant, the pluronic polyols, polyamines, Avridine, Quil A,
saponin, MPL, QS-21, and mineral gels such as aluminium salts. Other
examples include oil in water emulsions such as SAF-1, SAF-0, MF59,

35 Seppic ISA720, and other particulate adjuvants such as ISCOMs and ISCOM
matrix. An extensive but not exhaustive list of other examples of adjuvants
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synt hesi s using tertbutyloxycarbonyl amno acids (Mtchell et al., 1978, J.
Og. Chem 43 2845-2852), using 9-fluorenyl net hyl oxycar boni%ggg})ﬂ&fﬁcl ds
ra

on a pon 7é363ﬁ3pport (Dryland et al., 1986 J. Chem So ns. |,
125-137); by pepscan synthesis (Geysen et, , 1987, J. I nmmunol. Methods 15
03:259; 1984, Proc. Natl). Acad. Sci. usat 1 3998); by standard |iquid
phase peptide synthesis; or by reconbi nant expreSS|on vector systens.

Modi fi cation f 1ishsd ﬁ?@bkdﬁﬁl @6u1@é14 ﬁl YPSng WK led§ Ahy;n%l neand
substitution of a:,n “Z’ aci d cI u eééény ons 5} ns to

am no aci ds) CRRHO Fﬁ’&te Dﬁé RTesH 193¢ 49dde ally 20
detract fromaddétibomtuinhe adjmht m@pardmemayf 1mh@d@eMVaiﬁmralol i gopept | de.

| h
norein, o PiarlacohtZa Ry RiCeREh AEAURT SRRt AU, biRER Seatiensl
by repl achng asrappropriate: @pe er@mmaiqggs of the vatccmmcontmmﬂngwdeqmnxaneyn _
am no aci ds b%saﬂ:trhirﬁgte'n‘-[)(]iI grc?hﬁﬁﬁﬁéa{lﬁf & ﬁ@eﬂf‘bgﬁﬂa&ﬁﬁé EPFhétr gét?ﬂi&ﬁil fan

observed difference i n SICOCh ehavi our o pr ot
peptide, or dritirdairendy Ripsent Pe”éﬂp gEts: Functional |y equival ent amino

acids are kn@uibﬂl@rbhﬁ:o@imeﬁsoﬁmxeenode of&ﬁaildﬁem:ﬁbﬁhnﬁébeé thé prsthatibor

h by e oh i
Cubst ant 1 af | PreeBerRRGa st oo e BablR, I RaGRR Fplch " ' °
Sequence 10i stdangohbydtself elifitas iinmare responseacinissayoase; ¢h8haptenamnay et ai ns

substituti On%o%fetﬁtfxplg&ﬂ[l&’ a3k %r"&h@f‘ftpﬁm %eﬁfd ﬂﬁ)l&!&l@%ﬁmh will

changi ng the primary og] ca unct I on pepti d
ol i gopept i de confer inmumogehigity to the cupled h@mtgﬂr‘ah% ﬁxmseslrf@ctbetlmum

chimeric pepisydRin CahB Hhdlda aRtigeRapesific ha teﬁ'l‘ﬁxk%drfbrdﬁrnﬁf aideéuleFP) and
t he HRP, defined r%gl ons of the, res ectl\é; \?,l %enes can be ligated in a -
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chinmeric 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 such as Ag(1-4)

25 protein, related peptides or chimeras, 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

30 Nos. 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

35 preventive vaccine against P. gingivalis. In particular, the live vaccine can
be based on a bacterium that is a commensal inhabitant of the oral cavity.
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fragnent can be directionally .cI oned into pGEX2T. The sequence of each 10
recombinant plasmd is confirmed by dideoxy sequencing. To ri ch

r econbi naﬁYOS@ﬁ”ﬁe the respective reconbinant plasmd coﬁ&gﬂ‘h;%&g
chineric gene fragment is transforned intq,E. coli JMLO9. The transformant
s growmn in 400m of LB broth containing Sug/m of anpicillin by adding
forty m of an overnight culture to 360 m of broth, and incubating for 1.5
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~(final Concenbfcﬂbgleal) telahﬂﬁglets%@h‘@srthbﬁb fllistratdd nlpEScﬁﬁr lé qz ﬂxehgwesat room
tenperature. 'F)r@% rﬁ[’] | bi tor., PNSFE IS‘#BG ‘f
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W Eh Agl. andWhidh ?&éﬁ”fs ok Bipehelbn dfRofoRe But 668 AbEnegpiivel JRHACH4R° V€
anti gens, pepgiayed 0@@&}@9@911 jofl ke uperinig vmusagemy Bheesaitant anti gens

;)pelsmn?ﬁsts?éco&mnhh@vﬁﬁs pah besel &R thelifihiAbictr SPE Yhédifie S5iERATRY.

| I ndi ¥ dual suspected. of havi an infection
P ruecd by P | ThA AR MEtHoRR oL A b SISOl AR InGF iy P TE OB S, 96
| MTmunoassH®y's, vaduihe desmalayionrexceptitisat\thé nesombinahb eirastis imadtivdtedd) subhitas

not Limted tgy chaflioliTARARSMm i8MRYTF, Hridi 36 sB Y IRSREAAbe R 8AY

PCT/ AU97/ 002 1 without substantially affecting the immunogenicity of the expressed

(ELISA), "sangWhiitho ﬁswmﬂflﬁ@d@hﬁmwaqa&wg@es AMSEN b prdst ANFFSRRRY

fl uorescent i m‘runoa he um n ence- ba noass
EXAMPLE 13 epitopes ma be used in t@e fo rmuFa con ofam tlvaient mactlva%gd

20 vaccine. In either case, the inactivated recombinant vaccine or mixture of

inactivated viruses may be formulated with a suitable adjuvant in order to
enhance the immunological response to the vaccine antigens.
In another variation of this embodiment, genetic material is used directly as
the vaccine formulation. Nucleic acid (DNA or RNA) containing sequences

25 encoding Ag(1-4), related peptides or oligopeptides or chimeras, operatively
linked to one or more regulatory elements can be introduced directly to
vaccinate the 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

30 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
intravenously an expression plasmid:cationic liposome complex (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

35 recombinant plasmid DNA containing viral genes has been used to inoculate
(whether parentally, mucosally, or via gene-gun immunization) vaccines to
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5 Methods and conpounds for fornulations related to Ag(1-4) and rel ated
pepti des and chi neras. Thi s enbodi nent of the present_in %

rel ates t oYWh?T8%s and/ or pepti des or oligopeptides Rt ﬁ ?i}s
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therapeutlc conpositions for active i muni 4&tion to 10 protect against or
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absor2 gancélqtgl)o:‘]I ?nétpabfemmﬁbt&&d afvdctinaiith wlnht ndti&etlnb?ﬁ‘iaifcbﬁi $s63thBsSi on
are added t.0 ate a
overni ght at r8RAC admlf’@i%%?%?%%ée ’"thlda g&%“ﬁ&&‘%ﬁ}é@a W’éﬁmhiagom of O.
1% (W v) gel até¢omprisé2BSnucleic adit sequande shdt enevdenforprenauinare ohdg(kdp f or

h t d 100
0 of “the | mmted BRptRley i oligopeptid€s B 86ilthfihs o%*‘%'mhﬁ“‘f TR e o
added to the waolesudeis @mbaeb'dhnhqd & OBPOT TEIHTERN ﬂméequmm th PBS,
the bound gnt | hx¥seiryTor efpfessiond The nucleid Mﬁhﬁbleﬁﬁléf\téxhbéganﬁhﬂéred

W th 0190 (w iR satqr?fnljsy %&%ﬁéﬁt%wwégﬁ%@r o0 Sd5ifpiglafedt el opront
is facilitatedvdnyor. HEhadm:iemacml‘ mblétulé car be adiministereat imdr ophenyl
phosphate (2 Blind bR ety T 5 ol B A
nm usi ng an ELﬂ@Aca@@nbnnCEﬂmﬁ)@ﬂfmtwane&: of theovansine.nThese additinnal
SUBSTI TUTRgSHE empbthds Aflude, but are not limited to, adjuvants that enhance the
immune response, and compounds that are directed to modulate the
immune response, e.g. cytokines, collectively referred to as “immune
modulators”; or other compounds which increase the uptake of nucleic acid
by the cells, referred to as “nucleic acid uptake enhancers”. The
25 immunization with the nucleic acid molecule can be through any parental
route (intravenous, intraperitoneal, intradermal, subcutaneous, or
intramuscular), or via contact with mucosal surfaces of the nasopharynx,
trachea, or gastrointestinal tract.
As an alternative to active immunization. immunization may be passive, i.e.
30 immunization comprising administration of purified immunoglobulin
containing antibody against Ag(1-4) epitopes.

EXAMPLE 14
The following is an example of a proposed toothpaste formulation containing
35 anti-Agl antibodies.

Ingredient w/w
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reci procal WR9¥382Yi | uti on at which the absorbance is great@’éﬁ%ﬁ‘f’o?'ﬁat of
t he bl ank wel|s. In further illustrating that antigens from W0
possesses properties desirable of a v&8cine anti gen, pool ed immune
sera raised to strain W0 was shown to 5 have cross-reactivity with

het er ol ogous s devel antigen-specific amno
acid sequences%lgﬁlén Ph°splg‘”&(? d}{ﬂg‘%}aggom a hgés)p‘scont ai ni ng a reconbi nant
vect or whi ch effyeeseks antigen or rel at 8#0peptides or chineras. Such -
hosts incl ude, ghy lnﬁhﬁ thvlgéuﬁﬁﬁg to, bacterial transformants, yeast
transformants, IT a 10 transformants, and cul tured cells
that have been @11{% a‘i“ii( éE transfécted with a vector which
encodes antlgeSOanﬁQa@mgﬂs@@dnﬁa&es Pegti des or ol igopeptides or

chi ner as correﬁgpgﬁlng to portions of the 1.0 antigens may be produced
from chem cal Eynatlc cl eavage of the ™ antigens; or chemcally
synt hesi zed usSediumisaegharkmown in the art a&d 15 wth the anino acid
sequence deducefidheRidiig g | de sequencggqf the genes encodi ng
the antigens as a ref eren§ Alternatively, peptides nay be pr oduced
from a reconbi REXIARRK or . The protein, peptg 8 or oligopeptide or
chi mer a -i munogeat s@unﬂcdymdﬁgingsm&im tel evang.2i mmunogeni ¢ material in

t he vacci ne foyﬁ#%ﬁtlon and in therapeutlcaél effective anounts, to

i nduce 20 an e response. Many net hods hown for the |ntroduction
of a vaccine formulation into the human or animal to be vacci nat ed.
These include, but are not Iimted to, intradermal, intranuscul ar,

i ntraperitoneal, i ntravenous, subcutaneous, ocul ar, intranasal, and
oral adm nistration. The vacci ne may further conprise a physi ol ogi cal
carrier such as a solution, a 25 polyner or |iposones; and an adjuvant, or
a conbi nation thereof. Various adjuvants are used in conjunction with
vacci ne formul ati ons. The adj uvants aid by nodul ati ng the i mune
response and in attaining a nore dur abl e and higher level of inmmunity
usi ng snmall er amobunts of vaccine antigen or fewer doses than if the
vacci ne antigen were adm nistered al one. Exanples 30 of adjuvants include
i nconpl ete Freund's adjuvant (IFA), Adjuvant 65 (cont ai ni ng peanut
oi I, manni de nonool eate and al um ni um nonostrearate), oil emul si ons,
Ri bi adjuvant, the pluronic polyols, polyam nes. Avridine, Qil A,

saponin, MPL, QS-21, and mineral gels such as alumniumsalts. O her
exanpl es include oil in water enulsions such as SAF-1, SAF-0, MF59, 35
Seppi ¢ | SA720, and other particul ate adjuvants such as | SCOvw and | SCOM
matri x. An extensive but not exhaustive |ist of other exanples of adjuvants
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listed in WOITAMM3Coul ter 1992 [In: Wng WK (ed.) Ani mal s REGTAVL7O0212
control utilising technology. Bocca Raton;, CRC press, 1992; 49-112]. In
addition to the adjuvant the vaccine may PHcl ude conventi onal

pharmaceutical |y acceptable carriers. excipients, fillers, buffers or
diluents 5 jate. One or nore doses of the vaccine containing
adj uvant may Mg&ggﬁm ni stered prophylactically to prevent periodontitis
or therapeuti Taelfgllowing isoan exampld ofka pyopused dnothpasteofbommuilatien.

Anot her enbodi@gaiegft this node of the i nve%i nvol ves the production

of anti gen-spa? agl C anm no acid ﬁe uences as ten, i.e. a nolecule which
&

10 cannot by gium phogphatgi @ respoP@® |n such case, the hapten
may be cSutdigit |y bound to a carrier onp@t her i munogeni c nol ecul e
which will

GlvEs fer inmunogenicity to thﬁO@OUDl ed hapten when exposed to
. the i nmune yse% em Thus. such a antigen='Specific hapten |linked to a
carrier nol ecSbdium carboxyniethyheellwlosmogen 1@ a vaccine fornul ation. 15
Anot her node i i provi des for either a |ive reconbi nant
viral vacci neg&#é%?%m%gl‘ggg% erial vacci n(&a',5 reconbi nant attenuated
bacteri al vacgp‘ﬂi‘él,mé@uré’ﬁﬂ Fargenisatd ed reconbPPant viral vaccine which is
used to Plagbaet agai nst infections cauggd by P. gingivalis. Vaccinia
virus is the ._best .knpwn exanple, in the art, of an infectious virus
that is engi neet¥E FBCH MLy by ess vacci ne aftli gens derived from ot her
or gani sns. Th8odisow mmafluorophosphate vacci ndd virus, which is attenuated or

ot herw se treﬁhﬁﬁh@)‘?idi@@gldéon%ees not gayse di sease by itself, is used
e host. Su i

to i mmuni ze t sequent replication of the reconbinant virus
within the hoBexigaragedes a conti nual s@0dul ati on of the i mune system
wi th the vaccph@ingier@onttitinganfAdz 4) 282 protein, related peptides or
chi ner as, the{[@lg%/ provi ding long lastfng i mmunity. O her live
vacci ne vecto Incl ude: adenovirus, cyt orre]a%lPBW rus, and preferably

t he poxviruses such as vaccinia (Paoletti and Panicali, U S. Patent

No. 4, 603, 112ﬁx§§fhﬁ%tlgnuat ed Sal nonella strains (Stocker et al., US.
Patent 30 Nos. , U35; 4,837,151; and 4,735,801; and Curtiss et al.,

1988, Vac®i neThe follayirgsis ms0gxanmplesficaproiposed toathpastei formatdtioradvant ageous
because they jperediegpti nually stinul ate thmne system whi ch can confer
substantial | y_, . ong-l sti gghic{nmni ty. he i nmune response is
protective agaicalgium 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 0.3
Chlorhexidine gluconate 0.01
Dextranase 0.01

Bovine milk Ig containing anti-Ag1 0.1
Water balance
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subsequent P. gingivalis infection, the live vaccine itself may be used in

a 35 prevgdbiy@zyaccine against P. gingivalis. In particup@faubfidziz ve

vacci ne can be based on a bacteriumthat is a commensal inhabitant of

the oral cavity. WO 97/ 36923 51

PCT/ AU97/ 00212 47 Thi s

bacterium can be transforned with a vector carrying a reconbi nant

Ag(1-4), peptEMAMPLEdgopepti des or chineric peptides and then used to

col oni se t he phakoliAbiais drlehithblsH propBEe Idbith BHi8 trmifonco! oni sed the
p Ion of ern, pep

oral mucosa, e expre e reconbi nant pr I°de or chimera

5 will stinulbgeedigBt micosal associ at ed | yr#iwWl ti ssue to produce
neutral i sing Subife@di es. To further ildugtrate this node of the
enbodi nment , { ng nol ecul ar bi ol ogi cal _ t echni ques such as those
illustrated i l%éﬁﬂfﬁe 12, the genes ehfodi ng Ag(1-4) or gene

fragment s enc®otiingn Biyeroxideys@dapept i des or 110 chi meras may be inserted
into the vacc(i;g}'l& é/i rus genomc DNA at a sif%e0 whi ch all ows for
expressi on of epl?op_es but does not negatively affect the growt h or
replication oWaterd(deiamibed)a virus vector. Th89resul tant r econbi nant
virus can be gsfdndMIFddFopRSGMAE N a vaggyge formul ation. The same
net hods canng?%élsed to,construct an inactivated reconbi nant viral 15

vacci ne for uphsaseh8Ee: hat the reconmbithdnt virus is inactivated, such
as by chHeyrophbsplestes known in the art,2.@rior to use as an inmunogen
and W t rﬁﬁ&ra?é@ﬁfuﬁﬁiﬂaal ly affecting t 4 Mmunogeni city of the
expressed i'munogen.” A m xture of inactivated viruses which express

di fferent Flagpur oides nmay be used in the G.8%nul ation of a nultival ent
inactivated Zfh+i-W34GhBfse hidbrkidifal case, thgzinactivated reconbi nant

vacci ne or m xture of knactl vated viruses nmay be forrmulated with a
sui t abl e adj (SPgaam lqugylsulphafe enhance 49@ i munol ogi cal response to
t he vacci ne anti gens. I n another variation of this enbodi nent, genetic

material is W‘Fﬁﬁ ly as t he vaccine fornulation. Nucleic acid
(DNA or RNA) i sequences 25 encoding Ag(1l-4), related peptides or

ol i gopept BdesThe fallhwimgas ancpample wflayproposed liguistitapth paste fornmslation.
regul atory e'%@?éﬁiénf:a” be introduced di re%lvyﬁo vacci nate the
t

i ndi vi dual (' "ett‘—g ene transfer") agains ogeni ¢ strains of P.
gingivalis. [¥9&ump 8Ct¥latsfer into a vad@hated individual, resulti ng in
expressi on ofSdrb&topeneti c material by the vgegi nated i ndividual's cells
such 30 as valscul gr endot helial cells as \%I& as the tissue of the major
organs, has ~*YCe€TO :

Flavour 1.0
Sodium saccharin 01
Sodium monofluorophosphate 0.3
Chlorhexidine gluconate 0.01
Ethanol 3.0
Equine Ig containing anti-Ag2 0.2
Linolic acid 0.05
Water balance
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been denonstrated by techniques in the art such as by inj ecti ng
i ntravenously an expression plasmd:cationic |iposone corrpl # & et al

1993, Sci eWGP78%3209- 211). Ot her effective nethods for del¥ 03%2ct or
DNA into a target cell are known in the ar In one exanple, purified 35
reconbi nant plasm d DNA containing viral es has been used to inocul ate

(whet her parentally, nucosally, or via gene-gun inmmunization) vaccines to
WO 97/ 36923 XAM

PCT/ AU97/ 00212E PLE 19 i nduce a
protective i nmmefalloyspgds apmxamplaofa prom@smqwtbwasmzﬁwmuh@a@ Sci .
USA 90: 11478 Ihéfedientl N anot her exanpl e. celdysyrenoved from an

i ndi vi dual ;E Re tLansfect ed or el ectropor & y standard procedures
known in the art@Pesylt | ng in the introductton of the reconbi nant vector
5 DNAinto tﬂ%lavwrget cell. Cells containimg0the reconbi nant vector DNA
may t hen %lﬁﬁi&%‘:ﬁgnﬁor usi ng net hods d(fown in the art such as via a
sel ection ssed in the vector, and the selected cells may

t hen be re- Sodlummaegl@amphqspbnée i ndi vi U3l to express the antigenic
protein, rel at(ﬁﬂorhexxd lue6sater ol i gopeptiglgp or chinmeras. 10 One
preferred nethod of aci@qcﬁtlo({%jvmth genetic material conprises the

step of adm ni @MIGEi vi dual the Shéicl ei ¢ acid ol ecul e t hat
conprises a andbdmtIgamniaﬁﬂqglentiaﬁghat encode® for one or nore of Ag(1-4),
rel ated pepti C‘Wﬁteror ol i gopepti des or chi nenas \é@er ein the nucleic acid
nol ecul e is operatively linked to one or nore ?% ul at ory sequences 15
necessary for expression. The nucl eic acid nol ecul e can be adm ni stered

di rectly, or fEXAMPLE F@duced into a viral vector and administered via the
vector. | el ¢. acid nol ecul e .can be adm pistered in a

phar maceut gcaﬁﬁ]ﬁ éﬁ’g]&%?&ﬂ? 80 EXpmRple of A RIPPY n‘é’h‘(ﬁh‘ﬂﬁ@ g‘b‘m‘blﬁﬁoﬁ‘orrpounds
that can enhajngredientef f ecti veness of the vagayme. These additional 20
conmpounds |ncI qﬁ{f ?% are not limted to, ?d$ uvants that enhance the

i mmune response r? grrpounds that are dir ed to nodul ate the

i mune responédycerine cyt oki nes, collectivel¥.@eferred to as "imune

modul ators”;  @laphfi&dil compounds whi ch increggg the uptake of nucleic acid
by the cells, referred tg as "nucleic acid uptake enhancers”. The 25

i muni zati on wodiumHEoRgHperephasphatfol ecul e & be thr ough any parent al

route (i ntrave]muﬂlexu@h@agméd,ﬁageal i ntradeygpl , subcutaneous, or

Lauroyl diethanolamide 0.2
Mouse anti-Ag2 monoclonal 0.3
Water balance
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intrarruscul ar), or via contact wth nucosal surfaces of the nasopharynx,

trachea, gastroi ntestinal tract. As an alternative_to active

i-muni zat |"8ﬂ 34¥%ini zat i on may be passive, i.e. 30 inmuni ZeFREI B si ng
adm ni stration of purified imunogl obulin cont ai ni ng anti body agai nst
Ag(1-4) epitopes. EXAMPLE 14 TR2 . f ol I owi ng i s an exanple of a
proposed t oot hpaste fornul ati on containing 35 anti-Agl anti bodi es.

| ngr edi ent XAM w w WO 97/ 36923

PCT/ AU97/ 0021§ PLE 21 Di cal ci um

phosphat e di hygp delowingsis an exampje,ofcd proposed lozenge formulatlon 20.0

s C%I)Sf’ﬁﬁ?——ﬁJ e “sarconi sate | 0 oM EY L P
1.0 Sodi utt'€¥ccharin 0.15-80  cnl or hexi di ne gl uconat e
0. 01. DexCommswmp 201 Goat serum cont ai ni ng

anti-Agl 0. Rjavour Y8t €T 1-2 bal ance

NaF 0.01-0.05

Mouse anti-Ag1 monoclonal 0.3

Mg stearate 1-5

Water balance

EXAMPLE 22

5 The following is an example of a proposed gingival massage cream

formulation.

Ingredient % wiw

White petrolatum 8.0

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 anti-Ag2 monoclonal - 0.3

Water -~ balance

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WD 97/ 36923

PCT/ AU97/ 00212 Wﬁﬂﬁg

The foll oWﬁ&”P?zén exanpl e of a proposed toot hpaste forrrul
l-ngr edi ent % w

54
EXAMPLE 23
The following is an example of a proposed chewing gum formulation.
Ingredient % wiw
Gum base 30.0
Calcium carbonate 2.0
Crystalline sorbitol 53.0
Glvcerine 0.5
Flavour oil 0.1
Mouse anti-Ag1 and anti-Ag2 _ 0.3
monoclonals
Water | balance

It will be appreciated by persons skilled in the art that numerous variations

5 and/or modifications may be made to the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore, to be
considered in all respects as illustrative and not restrictive.
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Di cal ci um phosphat e di hydrate 50.0 Sor bi t ol

10.0 d ycerol 10.0 SOdI um I
cel | ul ose W@336923 godj um | auryl sul phate i\’eg}xglwlﬂﬁ?gﬁroyI
sar coni sat e 0.5 Fl avour 55 Sodi um
saccharin 0.1 Sodi um Ronof | uor ophosphat e 0.3

Chl or hexi di ne gl uconate 0.01 Dext ranase

0.01 Bovi figAmpfsum cont ai ni ng anti - Ag2 0.2 V\at er

bal ance EXAMPLE 16 5 _The_.foll ow n an_exanp pr ed
t oot hpast e fotmul at PSemPosifion forhsein ra?smg ah lmman respons d@}'e\fﬁ?ﬁs

Oi cal ci um phoagahﬁstepoiphyﬂm:bms gifigivalis, thBamopasition including a suitable
10.0 €] ycer

cel | ul ose Bvant E%CHPIO‘ Fcecptalglﬁacnaaler ara& 81’19 SubSéBﬁhgg‘gﬁﬂ{f@P r%hgﬂ)ahs

nonol aur atse 1mrnunogen theznmnunogma ging selected from the group consisting ofy

Sodi um SaCChaAhﬁgen 1, Antlcgen 2, Antigenl3, Anﬁg’&i 4 Endtdpe bR Aaments

0.3 Chl or h’&x l£ onat e Dext ranase
0.01 Bovi n HFQ"IEBhfal ning anti -Agl 0.1 Vat er
bal ance Antigen 1 is an antigenS3055 pirigitfddisSkiid-hag Bhlifte2fi3} amino
acid sequence:
10 DLENKGEATLLVTFGSSYKAPRETYAKIEKTFAAAYPDQR;

Antigen 2 is an antigen of P. gingivalis and has an internal amino
acid sequence:

DNPDENPLEGDITQTHTEKYVLAED -

Antigen 3 is an antigen of P. gingivalis and has an internal amino

15 acid sequence:

DVLLLDVTPLSLGIETMGGVMTYLIDANTTIPKLK

Antigen 4 is an antigen of P. gingivalis and has an internal amino
acid sequence:.

VYNASISAVGNTSAIDPVVQIIHHN.

20 2. A composition as claimed in claim 1 in which the composition
further includes at least one additional purified P. gingivalis immunogen, the
immunogen being selected from the group consisting of Antigen 1, Antigen
2, Antigen 3, Antigen 4 and epitope containing fragments thereof, in which:-

Antigen 1 is an antigen of P. gingivalis and has an internal amino

25 acid sequence:

DLENKGEATLLVTFGSSYKAPRETYAKIEKTFAAAYPDQR;
Antigen 2 is an antigen of P. gingivalis and has an internal amino
acid sequence:

DNPDENPLEGDITQTHTEKYVLAED

30 Antigen 3 is an antigen of P. gingivalis and has an internal amino

acid sequence:
DVLLLDVTPLSLGIETMGGVMTYLIDANTTIPKLK
Antigen 4 is an antigen of P. gingivalis and has an N-terminal amino

acid sequence:
35 VYNASISAVGNTSAIDPVVQIIHEN.

* c L M S *
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51 d_ /:;]5? The following is an exanple of a propo ﬁd#ijg_ﬁ&g{)aste

formul ati on. ngr edi ent % W w

22.0 I rish noss 15% Sodi um Hydr oxi de (50%
1.0 Gantrez 19 Wat er (dei oni sed)

2. 69 Sodi um Monof | uor ophosphat e 0.76 Sodi um sacchari ne

0.3 Pyr ophogphat €A composition as claimed i&- c,Qaun 1184 2 8! whidMPAntigen 1
48. 0 Fl avo anti-Agl nouse nonocl onal

0.
0.3 sodi um uf‘%ﬁﬁ‘}?“&ﬂ?ﬁﬁ’é’tﬁfq“ence as 51"’2’1’0’6l Fig 1.exaVPLE 18 5 The
following i s aft exanhlcermfositiqu apokxinhediigudlaint Qairltﬂaashe 1hmirhw}ﬁAhﬁ§en 3

ggggedl ent bi ¢ifcludes an amino acid seuihte en(i(glfegi W‘tl@f égﬁ 5¥a¢ﬁng frame of the
20. 0 |:| g\,ouqzlone deposited with AGAL under accegsion P%dﬂMﬁb’&dﬂMwhch

0.1 Sodi um kR iseO W WsgenRtdte probes Qorgespo q%w% &infiSo ?gfldﬁél?!r@teﬁce

0.01 Et han Ine 1g con
0,98 pg2™ " VLT SLFRMGGVMTYLISARTIIPRIKy 5o © Comt o

bal ance 5. A substantially purified P. g1ng1valzs.ant1gen or epitope containing

fragment thereof, wherein antigen has an internal amino acid sequence:

10 DLENKGEATLLVTFGSSYKAPRETYAKIEKTFAAAYPDQR;
6. A substantially purified P. gingivalis antigen or epitope containing
fragment thereof as claimed in claim 5 in which the antigen has an amino
acid sequence as shown in Fig 1.
7. A substantially purified P. gingivalis antigen or epitope containing

15  fragment thereof, wherein antigen has an internal amino acid sequence:
DNPDENPLEGDITQTHTEKYVLAED.
8. A substantially purified P. gingivalis antigen or epitope containing
fragment thereof, wherein antigen has an internal amino acid sequence:
DVLLLDVTPLSLGIETMGGVMTYLIDANTTIPKLK.

20 9. A substantially purified P. gingivalis antigen or epitope containing

fragment thereof as claimed in claim 8 in which the antigen includes an
amino acid sequence encoded by the open reading frame of the clone
deposited with AGAL under accession No. NM 97/04974 which hybridises
with degenerate probes corresponding to the amino acid sequence

25 DVLLLDVTPLSLGIETMGGVMTYLIDANTTIPKLK.

10. A substantially purified P. gingivalis antigen antigen or epitope
containing fragment thereof, wherein antigen has an internal amino acid
‘sequence:

VYNASISAVGNTSAIDPVVQIIHHN.

30 11 An antibody preparation comprising antibodies raised against the
composition as claimed in any one of claims 1 to 4 or against the antigen as
claimed in any one of claims 5 to 10.

12. An antibody preparation as claimed in claim 11 in which the
antibodies are polvclonal antibodies.

35 13. An antibody preparation as claimed in claim 11 in which the
antibodies are monoclonal antibodies.

R ) ) A
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s SHeaeHds Bkdn n exanple of a Pr PR t hwash
for mul at Wh&ﬁ:ﬂ ngrﬁ“m II “‘I “ |ird % W W %ﬁﬂ%no

20.0 Fl avour ' arin
0.1 Sodi um nonof | uorop osphat e THI'S S Bath gl uconat e
0.01 Laur oyl di et hanol ani de . R@MED I g céntai ni ng

ggt i - Ag% . |0|1¥ A\Méthod of treatmg ? subject suf erélng from P&qir{@mmnas EXAMPLE
5 The fo .O\Nln X a _pro ose Was r atlo

| ngr edi ent 0918 mfecﬁo ﬁlrg) hod ﬁPl%.p SHIg gpegx?ug ol Rle Bl Ubfect an

2.5 a yceamnant of the antibody preparation as d:lmmed in amlyaueuef elaims 11 to 13

0.4 Sodi ué@f%@(ﬂ%f {ou&rlggﬁ%%g’{eﬁﬂﬁ suppress tﬂ%Bgthogenﬁ; geligpedine gl uc.onat €

0.01 Laur oy d|e hano use anti-Ag2

nonocl onal5  Porphyrgngnas gingivadis. bal ance

\5/\? 97/ 36%)2(§\NP15E L A method as cla1med in claim 14 in Wthh the anifdd bt a?&?d;?
formul ation. B istens cﬂﬁaﬁ [ MW %sn 8r &0 F5AHRG. O % Wlawpr Opogugar ozenge
75- 80 16. A method of reducing the prospect of P. gingivalis infection in an

individual and/or severity of disease, the method comprising administering
10 to the individual an amount of the composition as claimed in any one of
claims 1 to 4 effective to induce an immune response in the individual
directed against P. gingivalis.
17. A composition for use in raising an immune response directed
against Porphvromonas gingivalis, the composition including a suitable
15  adjuvant and/or acceptable carrier and a DNA molecule including a
sequence encoding one P. gingivalis immunogen, the immunogen being
selected from the group consisting of Antigen 1. Antigen 2, Antigen 3,
Antigen 4 and epitope containing fragments thereof, in which:-
Antigen 1 is an antigen of P. gingivalis and has an internal amino
20 acid sequence: _
DLENKGEATLLVTFGSSYKAPRETYAKIEKTFAAAYPDQR;
Antigen 2 is an antigen of P. gingivalis and has an internal amino
acid sequence: '
DNPDENPLEGDITQTHTEKYVLAED
25 Antigen 3 is an antigen of P. gingivalis and has an internal amino
acid sequence:
DVLLLDVTPLSLGIETMGGVMTYLIDANTTIPKLK
Antigen 4 is an antigen of P. gingivalis and has an internal amino
acid sequence:
30 VYNASISAVGNTSAIDPVVQIIHHN.
18. A composition as claimed in claim 17 in which the DNA molecule
includes a sequence as shown in Fig 1 or an epitope encoding fragment
thereof.
19. A composition as claimed in claim 17 in which the DNA molecule
35 includes a sequence as present in the open reading frame of the clone
deposited with AGAL under accession No. NM 97/04974 which hybridises
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Cor n syrup 1- 20 Fl avour oil

Nagio 97736923 0.3 0.01-0.05 Nbu?&f?@&'}/dofﬁ\ll\at or

m)nocl onal My stearate

bal ance EXAMPLE 22 5 The follow ng i? an exanple of a proposed
gi ngi val massage cream fornmul ati on. 8hgredl ent

% wW w White petrol atum 8.0 Propyl ene gl ycol

4.0 St ear y|wﬁhﬁﬁ§9ﬁerate Probes corresponding tgl the difintFddiY s6gertdeycol 4000

25.0 Pol yet Sucr ose nost ear at e
0.5  Chl o)r/or%h‘ﬂ‘ GGVMTm IPKEK s er anepitege epsadiizonal

0.3 Wat er fragment thereof bal ance WO 97/ 36923

The Tol | o no 2% an ABseled NG melsoule, the DA molssHis Brvine 4 eghence

| ngredi ent5 encoding the amino acid sequesey shown imkig Hasean epitope thereof.

30.0 Cal cigym carfipfifified DNA molecule as clangxeg in clalﬁ %tlﬁlvlrﬁlerl tRETDNAC!
53.0 A ycerine our _ ol

0.1 Mouse TBelerulghas,the sequengg shown indig 1 or angpifepe gRFading fragment
bal ance thereof.

22. An isolated DNA molecule, the DNA molecule having a sequence as

23

10 present in the open reading frame of the clone deposited with AGAL under
accession No. NM 97/04974 which hybridises with degenerate probes
corresponding to the amino acid sequence
DVLLLDVTPLSLGIETMGGVMTYLIDANTTIPKLK.

23. A nucleotide probe, the probe having a sequence which hybridises

15  specifically to the DNA molecule as claimed in any one of claims 20 to 22.
24. A polynucleotide probe as claimed in claim 23 in which the probe is
labelled.

25. A recombinant host cell, the host cell being transformed with a DNA
sequence(s) encoding at least one P. gingivalis immunogen operatively

20 linked to control sequences such that under appropriate conditions the host
cell expresses the at least one immunogen, the immunogen being selected
from the group consisting of Antigen 1, Antigen 2, Antigen 3, Antigen 4 and
epitope containing fragments thereof, in which:-

Antigen 1 is an antigen of P. gingivalis and has an internal amino

25 acid sequence:

DLENKGEATLLVTFGSSYKAPRETYAKIEKTFAAAYPDQR;
Antigen 2 is an antigen of P. gingivalis and has an internal amino
acid sequence:

DNPDENPLEGDITQTHTEKYVLAED

30 Antigen 3 is an antigen of P. gingivalis and has an internal amino

acid sequence:
DVLLLDVTPLSLGIETMGGVMTYLIDANTTIPKLK

Antigen 4 is an antigen of P. gingivalis and has an internal amino
acid sequence:

35 VYNASISAVGNTSAIDPVVQIIHHN.
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It will be appreciated by persons skilled in the art that numerous
variations 5 and/or nodifications nay be made to the invention as shown in
the speci f WO 97369%8nhodi nents wi t hout departing fromthe spiBGHAYRT08H3pe of

t$he invention as broadl y described. The present enbodi ments are,
therefore, to be considered in all resﬁ%cts as illustrative and not
restrictive. WO 97/ 36923

PCT/ AU97/ 0021 . . . , . |

L A compost on 4 Spoqjabinagt bestoell as claimed tn claim 283 which thegiost”

agai nst Por physedhisraasoxgil ggmmensal. t he conposition including a suitable
adj uvant and/or acceptable carrier and one substantially purified P.
gingivalis 5 inmunogen, the i munogen being selected fromthe group

consi sting of Antigen 1, Antigen 2, Antigen 3, Antigen 4 and epitope
cont ai ni ng fragnents t hereof, in which:- Antigen 1 is an
antigen of P. gingivalis and has an internal am no acid
sequence: 10 DLENKGEATLLVTFGSSYKAPRETYAKI EKTFAAAYPDQR;

Antigen 2 is an antigen of P. gingivalis and has an internal am no

aci d sequence: DNPDENPLEGDI TQTHTEKYVLAED Antigen 3
is an antigen of P. gingivalis and has an internal am no 15 acid
sequence: DVLLLDVTPLSLG ETMSGVMIYLI DANTTI PKLK

Antigen 4 is an antigen of P. gingivalis and has an internal am no

aci d sequence: VYNASI SAVGNTSAI DPWQ | HHN. 20 2. A
conposition as clainmed in claiml in which the conpositi-on further

i ncludes at | east one additional purified P. gingivalis imunogen, the
i mmunogen being selected fromthe group consisting of Antigen 1, Antigen
2, Antigen 3, Antigen 4 and epitope containing fragnents thereof, in

whi ch: - Antigen 1 is an antigen of P. gingivalis and has an
i nternal am no 25 aci d sequence:
DLENKGEATLLVTFGSSYKAPRET YAKI EKTFAAAYPDQR; Antigen 2 is an

antigen of P. gingivalis and has an internal am no

* ¢ L M 0§ x
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aci d sequence: - DNPDENPLEGDI TQTHTEKYVLAED 30 Antigen 3

Is an antigen of P. gingivalis and has an internal am no aci d
sequence WO 97/36923 DVLLLDVTPLSLG ETM3GVMIYLI DANTTI PKLKECTAU97/00212
Antigen 4 is an antigen of P. gingivalis and has an N-term nal am no

aci d sequence: 35 VYNASI S SAI DPWQ | HHN. WD 97/ 36923
PCT/ AU97/ 00212 56 3. A

corrp05| ti on asteta@iaredcCACKICHCATIGTRTCOr BEARTICLRCORAACIADMNCTRRNTGERARCE has

A Tt o L LR Y T bt bt e bt ombrhaket ekl El R SO R bt -ulr -t

glnaamego ‘;’:Cé;ldg_ﬁéﬁﬂg&@A@k&@%GA@ﬁG@GéATGATCGTC&%TGGG@G?@M’I%&@QQ%Sno
[ [ ~t-or-€t e 2=t whir e At r e 3t o --o-
aci d sequeqgge CERtARES % ﬁ%&g%@ AT Cﬁﬂéf}ghiﬁgﬁ&ggﬁpom ted

R R R b el St rrtada St i rdairie Rt i el ettt 8

degener at et $F obes correspondl ng' to fhex am np aci (i sgqupnqe ¢ L

M
. DVLLLDVTPLSLG ET. D, rified
P. gingi vaﬁls 5&%3&5&%} ﬁ%ﬁ&%@?ff??ﬁ?%é@&‘éﬁ?ﬁ wher ei n
antigen has ama i Ateanaf dm Bo @QciSd Seqliedcek W L £ N K G E A
DL ENKGEATL L VT EGRaMietBEI XA 6 T rdcPilianceTec Koo canhAc S PRI NGRY T Y

purified FBOng-rrg-l—\ranF a-r%gen-w- rt;p-p‘ei c m;a'l-%rng ------ *f'rag =~t her eof
ch tﬁe A

as clained intcl&i ntig as an am no aci d sequence
as shown ip FGQG@GACWWWCGCAGATW%?‘FWEAWGQ'PIGéGCPT AMAGRICTAFT S

- e T - S S G G o ST AP @ SR e e e e wnf wm o b o o o ol e o e -

antigen or 6e]pL:‘;t ORE €ONE aizni MY A5y fpagmsr@t Rher ecgf TwWher & ntangi gen has an

i nternal am no - A
substanti aidy E&'Jilcg:l_ﬁ@%&ce&g@ﬂ_@g%%ﬁ%ﬁggg%m&'r S
fragment therdof I wRerki X aktide®R hls @nlinferhaP abi ® &i 8 séqdence
DVL|—|—DVTPLSLC‘tﬂﬂﬁ@%&’ﬁ@@f&&ﬂ%sﬂﬂ&&mmm@c%ﬁ@t@ﬁ Ardrcaripocd fied P.
gi ngi val i sé&ntigenor s epjtapey 'cb'lm'q{ MY YT Tgtonent - tirereof - ay ¢l ai med
in claim8 in-which’ tﬁ‘e ant1 gen 1ncl udes an afi ng aci sequence

encoded by, t} h@f%ﬁ%é‘éﬁ?ﬁ*@hp ARET GACTRECRAAGRBACTTTAX GEEAHET AR 2T B AT AGAL
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10. A substantially purified P. gingivalis antigen antigen or epitope

containin nt thereof, wherein a cid
sequence: 9VJ&W&%NASI SAVGNT SAI DPWA | HﬁI\IHI‘SCSHEﬂ m{s Hﬁéﬁ_&%@ %gar ation

conprising anti bodi es rai sed agai nst the REPDAGESs | ¢ i as clai in any
one of clains 1 to 4 or against the anttgemas clainmed in any Bne of
claims 5 to 10. 12. An anti b preparation as clained in|@8l& m 11
in which the anti bodi es are polyclonal antibodies. 35 13. *

anti body preparation as claimed in claim11l in which the ant ¥ bodi es
are nonoclonal antibodies 57

14. The use of an antibody preparation as clained in anyfjpne of clains 11
to 13 in thﬂ,.smheqﬂﬂﬁsaxebmﬁéeda medi canent for the at |eastfjpartial -

suppressi on ic effects of Porphyrononas gi glvalls 15. The
‘use as cl ai in which the nedicanment is 5w MMEh wash or a
ifi € use o Aﬁr
O

dentrifice. a conposition as clained infafy one of clains 1
to 4 in the preparatlon of a nedi canent effective to i de an i nMmune
response directed against P. gingivalis. A Cerpoy pfa for use in

rai sing an i mmune response directed agalnst Porphyr gingivalis, the
conposi tion including a suitable adjuvant and/or accg Jlje carrier and a

DNA nol ecul e i ncluding a sequence encodi ng gne P. I § i munogen, the
i mmunogen being selected fromthe group consisting ﬁEn 1, Antigen 2,

Antigen 3, Antigen 4 and epitope containing fragng erjeof , in which:-
Antigen 1 is an antigen of P. gingivalis and has 5 rraI anm no
acid sequence: DLENKGEATLLVTFGSSYKAPR PDOR;
Antigen 2 is an antigen of P. gingivalis and ha nal am no
aci d sequence: DNPDENPLEGDI TQTHTEKYVLAED
: . ©
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'Antigen 3 is an antigen.of P. gingivalis and has an-intengg{|qqigog 7 MAY 997
Ant | gen J

aci d sequence: DVLLLDVTPLSLG ETMGGVMIYLI DANTTI PKLK
s an antigen of P. gingivalis and has an internal am no acid
‘sequence: VYNASI SAVGNTSAI DPVWQ | HHN. 18. A conposition as gt &|ned
in claim17 in which the DNA nol ecul g jqicl udes a sequence as shown | &fig 1
or -an epitope encodi ng fragnment thereof. 19. A conposition as cla din
claim 17 in which the DNA nol ecul e i ncludes a sequence as present i{gﬁke
open reading frane of the clone deposited with AGAL under ac si on . NM
97/ 04974 whi ch hybridi ses WO 97/ 36923
PCT/ AU97/ 00212 58 with
degenerate probes corresponding to the am no acid sequence
DVLLLDVTPLSLA ETMGGVMIYLI DANTTI PKLK, or an epi tope encodi * fragnent
t her eof . 20. An isol ated DNA nol ecul e, the DNA nol e¢ulle having a
sequence 5 encoding the am no acid sequence shown in Fig /L Jlor an epitope
t her eof . 21. An isol ated DNA nol ecul e as cl ai ngd_i LM 20 in
whi ch the DNA nmol ecul e has the sequence shown in Fig 1 Qr an epitope
encodi ng fragnent t her eof . 22. An isol ated | ecul e, the
DNA nol ecul e having a sequence as 10 present in the ogen r¢gding frane of
the cl one deposited with AGAL under accesdt 4974 whi ch
hybri di ses with degenerate probes corresponding fo thef gm no acid
sequence DVLLLDVTPLSLG ETMGGVMTYLI YLI DANTTI PKL 23. A
nucl eoti de probe, the probe having a sequenc I | diysgs-15
specifically to the DNA nol ecule as clainmed in any pne of £lgins 20 to 22.
24. A pol ynucl eotide probe as clainmed in claim23 in whifch |the probe is
| abel | ed. 25. A reconbi nant host cell, the host cell Qeing
transfornmed with a DNA sequence(s) encoff & P. gingivalis
i mmunogen ogfratively 20 linked to control sequyences spch that under
appropriatewonditions the host cell exprgsses th¢g at | dast one
innunogen,tgyeinnunogen bei ng sel ect ed, — 1 1o
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fromthe group consisting of Antigen 1, Anti ge.RﬁPLﬁ@Ehmg ?i gen UsSamohy -

epi tope containing fragnents thereof, 'i.n which: fgen 1 is
an antigen of P. gingivalis and has an internal{ gm no 25 aci d
sequence: DLENKGEATLLVTFGSSYKAPRETYAKI EXTFRAAAWRROR;

Antigen 2 is an antigen of P. gingival P€ and has |an internal arfi jo '
aci d sequence: DNPDENPLEGDI TQTHTEKWLAED 30 © jAntigen 3
is an antigen of P. gingivalis and has an interjpal _anmno ... acid

sequence: VLLLDVIPLSLG ET MTYL.| DANTTI PKLK, .
Antigen 4 1% anThhpseiangpt .dyﬁrmﬁqw%ﬁ%%ﬁ@ﬂ?ﬁéﬁﬁ“hm Fbin

aci d_SequepgaieriBation of a mediArhASIESAHENT RAMIRUEPsh#®bsion of the PRISFA6923
DT AU 002% ion of a medi LRG0 swnoSQe%h ¢ e

r econbi naneffdetsof Petphyrmnanasgingivalin cl aim 25 in which the host cell is

an oral co nsal . . ] . ] ] ) ]
ig ﬂxe use as claimed in claim 14 in which the medicament is a mouth wash or a

dentrifice.
16.  The use of a composition as claimed in any one of claims 1 to 4 in the
preparation of a medicament effective to induce an immune response directed against
P. gingivalis.
17. A composition for use in raising an immune response directed
W against Porphvromonas gingivalis, the composition including a suitable
adjuvant and/or acceptable carrier and a DNA molecule including a
sequence encoding one P. gingivalis immunogen, the immunogen being
selected from the group consisting of Antigen 1, Antigen 2, Antigen 3,
Antigen 4 and epitope containing fragments thereof, in which:-
Antigen 1 is an antigen of P. gingivalis and has an internal amino
acid sequence:
DLENKGEATLLVTFGSSYKAPRETYAKIEKTFAAAYPDQR;
Antigen 2 is an antigen of P. gingivalis and has an internal amino
acid sequence:
DNPDENPLEGDITQTHTEKYVLAED
Antigen 3 is an antigen of P. gingivalis and has an internal amino
acid sequence:
s DVLLLDVTPLSLGIETMGGVMTYLIDANTTIPKLK
Antigen 4 is an antigen of P. gingivalis and has an internal amino
acid sequence:
VYNASISAVGNTSAIDPVVQIIHHN.
18. A composition as claimed in claim 17 in which the DNA molecule
includes a sequence as shown in Fig 1 or an epitope encoding fragment
thereof.
19. A composition as claimed in claim 17 in which the DNA molecule
includes a sequence as present in the open reading frame of the clone
deposited with AGAL under accession No. NM 97/04974 which hybridises
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