WO 97/ 16542

PCT/-AU96/ 00673 DI AGNOSTI CS TREATMENTS OF PERI ODONTAL DI SEASE FI ELD OF THE

I NVENTION Thi's 1 nvention relates to the PrtR-PrtK cell surface proteln of
‘Porphyrononas gingivalis 5 and in particular a multineric cell associated
protein conplex conprising the PrtR and PrtK proteins. The invention also
rel ates to pharnmaceutical conpositions and associated agents based on_said
conpl ex for th¥XBE¥Ei on, prevention and treatnent of Peri o8GHANMZLase
assaociated wth P. gingi vaI is. 10 BACKGROUND OF THE | NVENTI ON Peri odont al
di seases are bacterial -associated inflammatory di seases of the supporting
tissues of the teeth and range fromthe relatively mld formof gingivitis,
the wnon-speci fic, reveDi4GIVOSTICS ANDIREATMENTS OF RERIODONTAL DISKASE oI e
aggressive forns g%g@%&hmch are 15 characterised by the
destruction of th structures. Periodontitis is

associated with a subgingival infection of a consortium of speci fic

G gm negative bactrhis hﬁembmtddsadmemmam btei oﬁPo; BRigRlisum

and is a nmmjor pu i

consi derabl e i B'é 'ﬁpﬁ'g@htr g| va a%a?t%gﬁgg@ovﬁb%x%%"”?ﬁg%&ﬁrﬁﬁ ‘fg%‘ﬁ. sm
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anaer obi cal I'y cul basé@én ﬁxdfdoﬁxblaxfoh‘\hﬁﬂetaaxoﬂ’ préViedtivh vid tréatreht 6fPefibdontfabdigdr €d,
and then in | ow nunbers gk thy sites. A proportional increase in t he
Syl grngr

| evel of P. gingi FEPTE Val pl aque has been associated with an
I ncreased severity of periodontitis and eradication ofthe m croorgani sm

fromthe cult iwabm@@m% IDoF THEINVENRTIOPUl ation is acconpani ed by
resol ution of the disease e progression of periodontitis |esions in non-
25 human primates has been denonstrated with the subgingival inplantation
of P. gingivalis. Petindenalidiseasesragrebactaridhessiciated inflanunatory diseasrs nEthe supperting tssesj or
role folr P. gi nglb }Sﬁlhtéeth'and t e?%ﬁﬂhomm%&ymdfaﬂmwg; ltisQﬂQﬁHnL J%v?snue
gingivalis is a C nt ed,..anger.obi’c, asacc | I C
G am negat i ve rod’ "@bm'“ﬁ“’gng é'}?é? df/a r}a r?g 3’88‘?&& E‘Fohéﬁem fic
am no acids. The nhmcws@&nﬂvmgmwfd@mﬂmmp@mﬂnmPMMmﬁm iron,
preferential l'y i nadsb@ardowith s 1ohb§a5ﬁ|ﬁddldrﬁoﬁﬁécﬂié aﬁdwicteh@em n
and when grown unﬂ" cdopd s .0f cess em n ﬁl\éphfm eﬁ BE
experinental ani 94%? 'B@'E%‘?gmﬁ’g RHbfic, FBatBY in
the pat hogeni ci tybantenﬁlm@thglmwmcomdmhhMepmullastmmmmsfthls
cytotoxins and exhﬁé‘&&wn%n&dﬁlt ﬁtﬁihﬁoﬁ%ﬁ%?mi@é@ﬂh&é\ﬁ Val
pr ot eases havg recei vgd ]aﬁg deal tent | on r _their %BI | Tt
degrade a brodf r iylly E%PBVEW Y Eereyend: gfe@'ﬁg“and
ot hers numbers, from healthy sites. Aproportmnal mcreasemthe level of P. gingivalis in

subgingival plaque has been associated with an increased severity of periodontitis and

eradication of the microorganism from the cultivable subgingival microbial population is

accompanied by resolution of the disease. The progression of periodontitis lesions in non-

25  human primates has been demonstrated with the subgingival implantation of P. gingivalis.
These findings in both animals and humans suggest a major role for P. gingivalis in the
development of adult periodontitis.

P. gingivalis is a black-pigmented, anaerobic, asaccharolytic, proteolytic Gram-negative rod
30 that obtains energy from the metabolism of specific amino acids. The microorganism has an
absolute growth requirement for iron, preferentially in the form of haeme or its Fe(lll)
oxidation product haemin and when grown under conditions of excess haemin is highly
virulent in experimental animals. A number of virulence factors have been implicated in the
pathogenicity of P. gingivalis inchuding the capsule, adhesins, cytotoxins and extracellular
35  hydrolytic enzymes. In particular, proteases have received a great deal of attention for their
ability to degrade a broad range of host proteins including structural proteins and others
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PCT/ A6/ 00673 2 involved in defence. The proteins that have been shown to
be*substrates for P. gingivalis proteolytic activity include collagen types
| and IV, fibronectin, fibrinogen, |amnin, conplenent and plasma clotting
cascade proteins, [err]-antitrypsin, [err]-macroglobulin, antichynotrypsin,
anti t hronbi n idongdaki pl asm n, cystatin C, 19gG and | gA The PCEjALI96/B0673
proteolytic activities associated with this organi sm have been defi ned by
substrate specificity and are "trypsin-like", that is cleavage on the
carboxyl side of arginyl and lysyl residues and collagenol ytic although
other minor activities have been reported. P. gingj val S trypS| n-1ike
proteol ytic actlﬁmlvp@mmn@eé‘hemmﬁ\' bren shovardope es for §. gingiwlisr at i ng
bi o1t ogi ﬁa:lyba gaytﬁieumyim?uécdl@najpaacaﬁalvcﬁgamebnﬁ,tﬁbﬁnog‘eummnf of
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ki ni n cascade. @lhgno@cw&mwemmmemmammﬁ reduced trypsin-like
activity as well as wild-type cells treated with the trypsin-like protease
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Conm 207: 424- 43&?“@3&' *@F‘“‘&r"‘("fé otheywise ien J&ﬂe "B%QLS Erﬁgﬁl?%ﬁﬁaﬁey
characteri sed aeﬁﬁesk@aofglsmwm-bmchvu ythe worecvigylest B gingivalis hagded tothe u| t ur e
fluid of P. gingitahtich tkﬁﬁh sﬂnﬂﬂ&‘iﬁotk&iﬁm@cﬂﬁtggzl eamm bﬁde@&mﬁﬁnﬁfoal gene

sequence for this enzy I scl oSed Jjn WO g osed in
2 ion it

W0 9617936, Howdeshion b fissase, Jiovpraer b £nilas
was unknown25  P. gingivalis have not been characterised to date.
There has been considerable endeavour to purify and characterise the trypsin-like proteases
of P. gingivalis from cell-free culture fluids. Chen et al, (1992) [J Biol Chem 267:18896-
18901] have purified and characterised a 50 kDa arginine-specific, thiol protease from the
30 culture fluid of P. gingivalis H66 designated Arg-gingipain. A similar arginine-specific thiol
protease has been disclosed in JP 07135973 and the amino acid sequence disclosed in WO
9507286 and in Kirszbaum ef al, 1995 [Biochem Biophys Res Comm 207:424-431]. Pike
et al (1994) [J Biol Chem 269:406-411] have characterised a 60 kDa lysine-specific cysteine N
proteinase from the culture fluid of P. gingivalis H66 designated Lys-gingipain and the S
35  partial gene sequence for this enzyme was disclosed in WO 9511298 and fully disclosed in
WO 9617936. However, prior to the development of the present invention it was unknown
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PCT{ AU96/ 00673 3 that there existed on the cell surface of P. gingivalis a
300 kDa conpl ex of arginine-specific and |ysine-specific proteases both
cont ai ni ng adhesin domai ns. The 300 kDa conpl ex has been desi gnated the
Prt R-Prt K conpl ex The presence of the PrtR-PrtK cell surface conpl ex

exhi bi ti ng bot kygémiefane- and | ysi ne-specific proteol ytic actHCTIAUs6MEEgEt her
with 5 adhesin activity was previously unknown. Furthernore, the new
Prt R-Prt K conpl ex of the present invention gs expressed on the cell
surface, is a mgjor virulence-associated factor and contai ns uni que

epi topes not displayed on the individual domains. The previously disclosed
ar gi.ni ne- speci f i @aﬁxﬂemmktqufm gwgtmbépéa%@acoawleupﬁmwwwa@ not

§XPI bi Loany of thﬂsﬁm Ep ﬁ)t@ibdbél‘tﬁ ﬂﬂesﬁidoimmtmuwmte@ﬁpm{hgg »
ate. wever, rt R-Pr
corrpl ex of the | {s&gﬁ@t@“’ﬁﬁ?@(%mg{eﬁ nég%"g?gfghe oﬁ{u?geuan

i mrunopr ophyl actmphx biting bo dHysine-spedific psateat lé’@@

accordingly of piﬁh&dilpdéhﬂfyvlrd@ lfnﬁﬂovﬁi Rt %@MWP&K'&E&I&%@Y

passive inmmunity thraugh. ora 05|t| s containin eutral.si

anti bodi es and bRre¥Y E‘%ﬂ 6’%@% %@F’t?%m%ﬁﬁ“ cefﬁﬁ’@%%g‘g@bﬁ@nt of
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response dir ect eglaBaaichad inARiBE gm@muim@a:sagr (Jesagp“ sing
at | east one nulti rlcgrotenco .argini nes: sgéacqylc an
| ysi ne- speci fic 16PameXe Y 55'8?\’%" Fasive gENihesi n

domai n, the conpﬂmghwﬂmpamﬂmkaul&mnm@mguﬁb@hmm@ywmdﬂﬂnpm%
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form of the k)ges?f"é/ él??ﬂeﬂ‘ﬂn m@%%ﬁmségﬁc@g ?‘g‘“ ci at ed
with virul ent stmmms&bi!ﬂ!ibnmploi]ﬁhematmtsgl ngivalis, preferably has a

nmol ecul ar wei ght of about 294 to about 323 kDa and i s preferably derived
fromP. gingivalj

50MMARY OF THE INVENTION

20  Accordingly in a first aspect the present invention consists in a substantially purified
antigenic complex for use in raising an antibody response directed against
Porphyromonas gingivalis, the complex comprising at least one multimeric protein
complex of arginine-specific and lysine-specific thiol endopeptidases each containing at

least one adhesin domain, the complex having a molecular weight of greater than about
25 200 kDa.

In the context of this disclosure, the terms "adhesin" and "hemagglutinin" may be considered
to be synonymous.

30 In a preferred form of the present invention the multimeric protein complex is
associated with virulent strains of Porphyromonas gingivalis, preferably has a
molecular weight of about 294 to about 323 kDa and is preferably derived from
P. gingivalis W50.
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PCT/ AUO6/ 00673 4 It is also preferred that the nmultimeric protein conplex
is tonposed of 9 proteins. These 9 proteins preferably have the foll ow ng
N-term nal sequences: DVYTDHGDLYNTPVRM. YTPVEEKQNGRM VI VAKKYEGD 5

SGCQRAEI VL EAHDVWWDGSGYQ LLDADHDQYGQVI PSDTHFL PQSVW ERTVDLPAGTKYVAFR
ANEAKVVL AADNVWWeoNTSoéel L L DA  ANEAKVVL AADNVWGDNTGYQFLL DA PCT/AU96/00673
PQSVW ERTVDLPAGTKYVAFR 10 ADFTETFESSTHGEAPAEWTTI DA
ADFTETFESSTHGEAPAEWITIDA. It is presently preferred that the 9 proteins are
Prt K48, PrtR45, PrtR44, PrtK39, PrtK44, PrtR27, PrtR17, PrtK15 and PrtR15
as described herein. 15 As the purjfied antigenic .conplex normall|ly has
enzynmatic acti vI‘ﬂ%ﬂqﬂpfFfs"Td’r ¢ wyltimeric proteim,eqmplex 15 cerapasprdbof G prateirs.
endope]Lot i dases lmmgg@manepfefemmwmemwngwtmm' \BNEes: iln a nu][rber gf
ways, for exanple ' ' tation. It is presently preferre
that the inactivati ?}WWWZO In yet another preferred

enbodi nent of the pr EKWMV%W imeric protein conplex is
encoded by tfie DNA sSGQABIVLEAKMDNWNDGSGYQUELBADHD) PEQVIPSDTHEICONd aspect

t he present inventio&;%ﬁwp é g tion for use in eliciting an 25
I mmune response directed agalns ﬁor romonas _gi ngivalis, the conposition
conpri sing an effectmﬁgﬁgﬂww Y QFL the first aspect of the
present invention angNEAKRVMVIAADNVYWGDRTGYQFRILDA acceptable carrier. In a
third aspect the preggw Q@Fﬁﬂ %];ﬁ in an anti body preparation
conprising 30 ant i €SS gmect ed agai nst the conplex of the
first aspeclOof the APEIERFESSTHGEARAE Ant i bodi es may be pol ycl onal

anti bodi es or nonocl ADETERFESSTHGEEAPAEWTTIDAUrt h aspect the present

I nvention consists in a nethod of treating a subject suffering from

Por phyrononas gingivalis infection, the method conprising 35

admi ni stering t ¥ ispresestlyprgferred thatthe 9rproteins mm;@ﬂﬂiﬁ, BriRA4PsK39n of the

third aspect of prtK44, PriR27, PrtR17, PrtK15 and PrtR15 as described herein.

15
As the purified antigenic complex normally has enzymatic activity it is preferred in a
number of uses the thiol endopeptidases are rendered inactive. This may be achieved in
a number of ways, for example by oxidation or by mutation. 1t is presently preferred
that the inactivation is by oxidation.

20

In yet another preferred embodiment of the present invention the multimeric protein
complex is encoded by the DNA sequence shown in Figures 8B and 9B.

In a second aspect the present invention consists in 2 composition for use in eliciting an

25  immune response directed against Porphyromonas gingivalis, the composition
comprising an effective amount of the complex of the first aspect of the present
invention and a suitable adjuvant and/or acceptable carrier.

In a third aspect the present invention consists in an antibody preparation comprising
30 - antibodies specifically directed against the complex of the first aspect of the present
- invention. The antibodies may be polyclonal antibodies or monoclonal antibodies.

In a fourth aspect the present invention consists in a method of treating a subject
suffering from Porphyromonas gingivalis infection, the method comprising
35  administering to the subject an amount of the antibody preparation of the third aspect of
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PCTLAUO6/ 00673 5 the present invention effective to at |east partially
neutralize the PITRPriK conplex of Porphyrononas gingivalirs. As wll Dbe
recogni sed by those skilled in the art the anti body preparation nay be 5
adm:=ni stered by any of a nunber of well known routes, however, it is
presently pref wéfﬂ&uaat the preparation is admnistered oraldegdoedsrd i fth
aspect the present Inmvention consists in a method of reducing tﬁe pr ospect
of P. gingivalis infection in an individual.and/ or severity of disease, the
met hod 10 conprising admnistering to the individual an anount of the
conposi tion of the second aspect of the present invention effective to

: nduce anfl mﬂﬁn&hé’lﬁ'ﬁ@ﬁﬁﬁﬁenhﬁn effeetivet6iav ieaks phrtidlly ieOirslite @@PHICPrR cofplegoPal i s.
n yet a further nt invention consists in a reco i nant
PoRgf hortz) GrRAS

host cell, the h eing transformed with a DNA sequence(s) _
encodi ng Prt R-PrtK operatively linked to control sequences such that under

appropriate cond&stwm B8 récbgnised by thivose Skilked fri ﬂl&iﬂ&hﬁ{iﬁlﬁb@rﬁr&ﬁaﬁhﬂn aapbéer

20" it R pr Ok SRR ke b B GF Mo 1OV ggww&fbﬁi%f”e%ﬂ@ Vvl DNA

such as hunman viprefesesd thatitheprepagation écadministered prally.r uses, or bacterlophages
whi ch can be used to direct the expressmn of PrtR-PrtK protein in
appropri ate host

d ' f
Anot her aspect JPa aﬁ’igtqg]ﬂ’reseﬁv'gﬁﬂ?% 8 S,,g%ggﬁ,g{, ﬁt)%g‘qa%lﬁtgﬁﬁfgé%fé\
cl oni ng of the dbgigivatitiofictien inaeindividealpndior seyanity of disepse theéthod: aci d

sequences ofy ofyot h%oﬁ’qﬁnsmgomﬁﬂa&?dgw %tmdmaman ﬁﬁoﬂﬁﬁ BFkhi leorﬂﬁlsﬁﬁu loPthe décpdOSt i C
assays for i enetic 0 nucl eic acid

vt 1 di zat i on, *HE SlabERIVROE e OF B b Sy e ResBori e ndipiduny |
ol i gonucl eot i desilrﬁ@cdagamsag gingivalis.s and/ or probes in anplifying, and
detecting anplified, nucleic acids. Additionally, PrtR-PrtK conplex can be

d t d/.or th t '
e us o [ SR, LR, L PO AR e v
i mmunogen i st5cheell beitg tyansfonmerbwitl e DNAssequdnce(s) encadfing PriRyPriki apetatively tinked

purified from a i esmpdiaticeSsueh fabhrder APFipRiateTHAdiBoNs tHY HoSl deftlekprlisys t he
genes encodi ng Prﬁg&%% rTbmaly be incorporated into a bacterial or viral
0

vacci ne conpri si I nant bacteria or virus which is engineered to
produce PrtR-PrtK by itsel f or in conbination with i mmnogeni C epi t opes of

gt [‘E{ Pp?k hogem Qnﬂi!diﬁePl 3 |1!Weﬁﬂ'ﬂ':§dn@&ed éﬁd&fﬁn& : ]
i nt roduced é’nﬂ}-?ﬁﬂf%%?ﬁgni Ve ?&'@ﬁﬁﬂ%ﬁibﬁg\enﬂfﬁ irgn
protective i mTu ryaruses, animal viruses, insect vnruses or bactenophages which can be used to direct the
expression of PrtR-PrtK protein in appropriate host cells from which the expressed protein
may be purified. Another aspect of the present invention provides methods for molecular
cloning of the genes encoding the PriR-PrtK complex. The nucleic acid sequences of the
25  present invention can be used in molecular diagnostic assays for P. gingivalis genetic
material through nucleic acid hybridization, and including the synthesis of PriR-PrtK
sequence-specific oligonucleotides for use as primers and/or probes in amplifying, and
detecting amplified, nucleic acids. Additionally, PR-PrtK complex can be used as an
immunogen in prophylactic and/or therapeutic vaccine formulations against pathogenic
30  strains of P. gingivalis, whether the immunogen is chemically synthesized, purified from 2.
gingivalis, or purified from a recombinant expression vector system. Altematively, the
genes encoding PriR-PriK may be incorporated into a bacterial or viral vaccine comprising
recombinant bacteria or virus which is engineered to produce PriR-PrtK by itself, or in
combination with immunogenic epitopes of other pathogenic microorganisms, In addition,
35  the genes encoding PrtR-PrtK operatively linked to one or more regulatory elements, can be
introduced directly into humans to express the PrtR-PrtK to elicit a protective immune
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PCT/ AU96/ 00673 6 response. A vacci ne can al so be based upon a reconbi nant
coffponent of a nutated PrtR- PrtK incorporated into an appropriate vector
and expressed in a suitable transfornmed host (eg. E coli, Bacillus
subtilis, Saccharonyces cerevisiae, COS cells, CHO cells and HelLa cells)
cont ai ni ng t heyy/@mlse- The vacci ne can be based on an int r a-RITAAUS6/00673
reconbi nant bacterial 5 vacci ne, where the reconbi nant bacterium
expressing an inactivated PrtR-PrtK is a @mensal inhabitant of the oral
cavity. Unli ke whole P. gingivalis cells or other previousl y pr epar ed
antigens based on finbriae or the capsule the Prt R PrtK co ex

i nvention or c@&tpensend vissing canalsa be basedypon a gacam! HH“@?’?W? WP‘P@ for

the preparati Oan!(flnc%mm:ﬂ@aﬁ apréphiateveddrand mﬁﬁlnﬁswabmsﬁ)mdehanom at ed

peri odont al ea m

r econbi nant prz ?I%o"béac {*ﬁ&gﬁ%‘%;? %'Jspaﬁ%@g%e I nven |onel§I SO
provi des anti b@dls)e@nmmbmgar nEhe vageine &40 be R“F’F'E‘Ra'em

cal | ed anti 5Pr tylcilewheithe feesthiitant bhbreriin exiphesstig-s inaetivated PotReprdeid ai nt o or al

Gentitri ces. mitPRReBbHAT 'ﬁ%pmﬁﬁ‘ﬁmv‘&}“%wgﬂr@%é&‘??fi %‘3%"%"2’“’"
gi ngi val mssa@@mmm@a#egpeﬁﬁmﬂﬂleWﬂheSMﬂ@
foodstuffs. 'n@e&h paifdredfde shfe wthéffective Bk apra;saidneﬁiom‘vadmgnw S

for the presence P vall characteri.s e or a
conbi nati on ofcf i WFYeﬂg‘W%I Wﬁ? ﬂﬁ qtaw's&gcf‘g@ v%kmﬁlwe

her ei nbef orl® deawmfmngmemmewmm\mmp@ehm ques

i ncluding for exanpl e, enzyne |inked i mmunosorbent assay. The invention

| id ' tic Kit

hucherc ac o priJayeion i iofi Aol e B 364 83 PR DR el

FI GURES Fig. 1.caltediantirPeRPntinantibadies CThy antibadies giay bg blepdedsintpgomal sompasitions.  The
sonicate in TC Qéﬁis@éoﬂ?ﬁ&é%dwﬂﬁs tootifodiades anddiguid Bertifrices, moutwinhéspBOChA

L T i e Al iy R s st bBlen il

m ) were assayeathdr foodguld eol ytic and amidol ytic activity using azocasein,
Bz- LArg- pNA and Z-L-Lys-pNA. The am dolytic activity of each 6 nml fraction

with Bz-L-Arg sho ‘e dr! tration

FPLC of the po%@ﬂ&wggﬂ? %Ye?'g‘ﬁ]epg&‘?éeggb%mhggfmﬁg o &f'l?il’ os effdzgnl .on

exchange FPLC cBigingivlincharactetissd by the usenfprysing of a-combination yhigenge
20  nucleic acid probe as hereinbefore defined comprising the appllcatmn of known techmques

including for example, enzyme linked immunosorbent assay.

The invention also provides diagnostic kits comprising antibodies, antigens and/or nucleic
acid probes as hereinbefore defined.

25
BRIEF D F

Fig. 1. Anion exchange FPLC of a P. gingivalis W50 sonicate. The sonicate in TC
buffer containing 50 mM NaCl was applied to a Hiload XK 16/10 Q sepharose column

30 and eluted using a linear gradient from 0 - 100% buffer B over 90 min at a flow rate of
2.0 ml min™. Fractions (6 ml) were assayed for proteolytic and amidolytic activity using
azocasein, Bz-L-Arg-pNA and Z-L-Lys-pNA. The amidolytic activity of each 6 ml
fraction with Bz-L-Arg-pNA is shown by the histogram.

35 Fig 2. Gel filtration FPLC of the pooled and concentrated fractions from Q sepharose
anion exchange FPLC containing proteolytic/amidolytic activity. Anion exchange
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7 fractions containing the major peak of proteolytic/amdolytic activity
were€ pooled, equiribrated Tn IC butter contarning 150 nM NaCl, concentr at ed
and divided into four aliquots and each then independently applied to a gel
filtration colum (Superose 12 HR 10/30) and el uted using the same buffer

at a flowrate smM mn[err]. Fractions (0.5 m) 5 Vel TARGRS f or
proteol ytic any%mgg?ytlc activity. Bz-L-Arg-pNA am dolytic act|V|ty S

shown by the histogram Vo and Vt i ndi cate}he void and total vol unes of
t he ‘col um respectively. The elution volumes of the standard proteins
t hyrogl obulin 667 kDa, catalase 232 kDa and al dol ase 158 kDa are nmarked. 10

Fi g.3. SDS- PAGE flatidrls sttaniiC i Majod pedkoss i:ro&foly&x Bamaiofytis rtiviga wefer poolar |
filtration (Supeer 8ﬁ€m€e81 Jbgﬁg,ot)ongﬁt‘g olgbq@ ?ngrng{eglagé)h,ﬁ@ ?ﬁ EPLC

standards (M shgwn
Coonessi e bl ue sﬂ!‘ﬁ‘i‘“%%!‘dg’é?h thgrsmdemr&nﬂmppl tmpaw@msgse(l

with arrows) of 1ofso) Ln&ﬂ&@dﬁsn@'théMeﬂmﬂ’émh!lbw&éﬁmfdohmtduﬁ" Moﬁi(orslml
ol eaved on ¢ Etcc%g“%’%g Bt gl ic 31 iy Y B Ay EIA BBy
Ar g- sephar ose FH#s hayn b)héhe@!)ﬁlﬂﬂﬂm g\§¢ aﬂd I‘{trledlmthse‘m{d éRﬁthMthiigne&rfgf thend
tZg Lys- speCIk f i cohinYespietiive | yC Pieldintioh WolutriRs ofgftdiﬁdhﬂ rBfeFﬁMhﬁG@d g H&ﬁﬁ']&sﬁ? 3' {lg
e maj or pea prot.eo re pool ed "and applied to
an argini ne-sepﬂé?‘ ?8;“ %Hﬁﬁ Sﬁal‘gqaﬁxasﬁgﬁﬁgﬁﬂkfl\é%e 4B) and washed with TC
buffer containing 50 MM NaCd at 0.1 ml mn[err] until the baseline returned
to zero. Thegcol mgpn, WBS-PAGR (boiled/ hucedadhditions) 6hh5@@0|am plediel frohi et ifiltRifion
et el ted i (U8 TMF@J%W%%%@*%@% et ofoy s
foll owed by 750 ﬂmmhylsikﬁe) i Lane ¢ 306G kPalpeak drom IﬂeﬁltraﬁanrFPMés Gaognassie blue
re-equilibrated gpghdgleit ed with 200 mM arginine in the same buffer at a
flowrate of 0.1 mM mn[err]. Peaks were collected and assayed for

am dolytic and proteolytic activity. Bz-L-Arg-pNA amidolytic activity is
shown by t helshi sFiggréam 8petifich cleavage vites nnagked e withe arsowis)t obfoLeeaspin3dy theep

glr adi ten]g Fi tgh Aroéa&&ﬁﬁﬁo&@@béaﬂ%ne uomdatroarwm 6dtfespsiidingQ0 I0Y! UDLS IThe
St andar ds (M SHONEMa-REh vt sieaves on SRS A HERERT A i fpued By
Ar g- sepharose FPLC. Silver stained gel. 35
Fig. 5. Arg-sepharose FPLC of the 300 kDa gel filtration peak exhibiting Arg- and
20  Lys-specific proteolytic activity. Gel filtration fractions containing the major peak of
proteolytic activity (300 kDa) were pooled and applied to an arginine-sepharose column
(5ml arginine-Sepharose 4B) and washed with TC buffer containing 50 mM NaCi at 0.1
ml min” until the baseline returned to zero. The column was then further washed with
500 mM NaCl and then re-equilibrated with TC buffer containing 50 mM NaCl. The
25 column was first eluted with 200 mM lysine in TC buffer containing 50 mM NaCl,
followed by 750 mM lysine in the same buffer. The column was then re-equilibrated and
eluted with 200 mM arginine in the same buffer at a flow rate of 0.1 mi min". Peaks
were collected and assayed for amidolytic and proteolytic activity. Bz-L-Arg-pNA
amidolytic activity is shown by the histogram and the arrows indicate the start of each
30  step gradient.

Fig. 6. SDS-PAGE (boiled/reduced conditions) of 200 mM lysine eluant from the Arg-
sepharose FPLC. Lane 1, Pharmacia molecular mass standards (M, shown in kDa).
Lane 2, 200 mM lysine eluant from Arg-sepharose FPLC. Silver stained gel.

35 '
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8 Fig 7. SDS-PACE (boil ed/reduced conditions) of the 750 mM I ysine and 200
mvVFar gi ni ne el uants fromthe argi ni ne- Sepharose FPLC and the purified 45
kDa Arg- specific endopeptidase. Lane 1, 750 mM Il ysine eluant. Lane 2, 200
mM ar gi ni ne eluant. Lane 3, purified 45 kDa Arg-specific endopeptidase.
Lame 4, Phar ngghaydgeiecul ar mass 5  standards (Merr] showpGmAUHE6Rp673
Coonmassi e blue stained gel. Fig. 8a. Schematic representation of the prtR
gene. The PrtR nascent polyprotein is conpgsed of a | eader sequence, a
prosequence followed by the Arg-specific cysteine proteinase PrtR45, and

t he adh Prt R44, PrtR15 PrtRl7 and Prt R2 d. 10

ar SI ﬁyl eglr nlsys;ﬁgr esSQrﬁé’A@ éb"rﬂsy"edﬂgﬂr‘}l ‘é’&h"ﬁ z@? %%ﬂé‘gﬁgg?ﬁwwdﬁgé '@a

fg hematic r egr Qif ﬁihetehﬁﬂtsoﬁoth hthe prgitinegSepharodd FPEC dhdnthe qparified d5 \kDaoAeg-n i s
conposed o

Lys- spe(r:rPf e cy? §$%°1“§i&%£€'ggr ?@4‘@“‘2‘?@?‘%@?%5| nsqﬁﬁ%‘gﬁe Tgu%nkw

and PrtK44 all l@ﬂgéemmﬁews kBa Argspepific spdoppptdase. 1apesd; Phaymagia mpleculaymassot i de

sequence of sortdfmda@sﬁmgshowmlaﬁﬁ B&Gﬁmrewmtarea@eprm conpl ex purlfled by
diafiltration. Lane 1 shows nol ecul ar mass markers. Lane 2 shows conponents
of the PrtRPrtK purified by diafiltration. 25 Fig 11. ELISA titration of
sera from5 ni cligi feruSrhemstic senreseniation ofifke preRgeps. t%ec?G%PW'%rPBIYBTWQ“EE in

Freund's | ncom&i@séwbw&ader séfiiehces erpaoﬂ&neefoﬂﬁwwbﬂ the Arg-speeifi) Gysteiried

St gen. P s GO ERY and the el iy  Prof P 53807 Bl 37 fl r A, >
wer e used. Bbun‘wtamrslb!i@ylyaﬂmerm ned using horseradish
per oxi dase- conj ugat ed 30 goat anti-nouse anti body and 3,3 ,5,5'

tsgg(r:?;rgtpﬂg![ gﬁgs g€e§ {qu?ﬂéegﬁﬁrgg °ﬂ§£’$ﬁ?$f\é\?2nggapf : :2& e?n a pl ate reader
and recorded as optical density (O D.) readings. WO 97/ 16542
PCT/ AU96/ 00673 g, 94. Schematic representation of the priK gene. The PrtK nascent polyprotein is
15 composed of a leader sequence , a prosequence followed by the Lys-specific cysteine
proteinase PrtK48, and the adhesins PrtK39, PrtK15 and PrtK44 all preceded by an
arginyl or lysyl residue.

Fig. 9b. Nucleotide sequence of priK.

20
Fig. 10. SDS-PAGE of the PrtR-PrtK complex purified by diafiltration. Lane 1 shows
molecular mass markers. Lane 2 shows components of the PriR-PriK purified by
diafiltration.

25  Fig 11. ELISA titration of sera from 5 mice immunized twice with the PrtR-PrtK
complex emulsified in Freund’s Incomplete Adjuvant. Test sera (TS 32-36) and pre-
immune sera (PIS 32-36) were screened using P. gingivalis W50 sonicate as the
adsorbed antigen. Primary antibody dilutions of 1/100, 1/500, 1/2500 and 1/12500
were used. Bound antibody was determined using horseradish peroxidase-conjugated

30 goat anti-mouse antibody and 3,3’,5,5’ tetramethylbenezidine. The reaction product
was quantitated spectrophotometrically using a 450 nm interference filter in a plate
reader and recorded as optical density (0.D.) readings.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention will now be descri bed
in greater detail by reference to the nethods used and applied in the
deveropnent ofthe 1nvention and Dy feference to particul ar exanpl €s whi ch 5
provi de the best nethods known of performing the invention. The intra-oral
bact.eri um Por phyrononas gi ngi valis possesses on its cell surface rraj or

trypsin-like p $es as a 294- 323 kDa heterodinmeric prot gpga gx of
Arg-specific aﬁg)tgl?ys Specific thiol endopeptidases with hemagg?uu ni n

(adhesins) herein designated the PrtR- 10 Prt K conpl ex. The PrtR- PrtK
conpl ex can be purified fromP. gingivalis cells by ultrasonication or

chl orof orm extraction foll ovved by diafilt rat I on or ani on exchange and
Lys-sephar ose oDEYAHEBDE : : DN purified PrtRPrtK
conplex is then used to gener ate ant i bod| es usi ng standard techni ques. The

ani mal s used for antlbody generatlon can be rabbit goats, chi ckens,
sheep, horses, dbsmvention williney bg desrihed in Breates m&lyrefirepqettpg:e dgysed

Prt R- :Drkt K corrp: ?wmmMMIMﬁmmwwmmtap?ammm?mgeggs
or m are go anti body purified using
standard t echni &&ﬁﬁe%%n%%ﬁ“%f%ﬁ@hgm@%ed by fusing spl een

cells with nyeloma cells using standard technl ques. The anti body

(i mmunogl obulin 1fhémﬁhmbammmmmwgwmﬁﬁmﬂiﬁwmm% "
Qhd
'n

fluid, ' .

bnd) o arf i 1y i Sl itedesith 20003 bu hefftineric boft ek B0

preferred. In tHAas-snerific thipl e@pmﬂdmmmmlwm@m)bﬁsnﬁwm%ﬂ@ rated
Wi th anmoni um smm¢0TmmmmeMPWy@sw yzing the

reci pitate agai
imunogl obul 1 o LRl o clthefoPh cRRcidiTolihed 8 Bafich ﬁﬁg n#ﬁ&q"pqee% red
anti body is obt diysrespharessior Argssephagose chromatperaphy somplex isthenm and
mlk. I'nthis i &b geﬂra?e‘imbddbeumtstuwamEad 'TRE anifalb Ged fop khtiBdy M and

| k obt db

be. bi andod ' nt o SRR tdSapbilC ol kel o ot RB6) XSl LR, Y
as well as tlRe ditrepgaingith E@gg’émmdmmw:ﬂﬂ byammmrnassay,the agimals are bled aregewi | k
may be used. EaCdanﬂkmtef&a&etearﬁmnds’eiuﬁa ddAnd/Grakltitidy pmﬂadusmgmmnatlon of

two or nore. Ant e a the F!I‘t
corrp05| tions SUCI I?%HP I P%ugﬁﬁdl F%itﬁrﬂﬂggﬁa%%%ﬁq??'%%‘fﬂlé
Prt R-PrtK and t hisiog M&oﬁq&aﬁb antihedy immunqgiabulia. faction) maybe ssparsted from

al so be used formé&ﬁmeadrlawmwmnmicoPegggiyrsﬂmgaJut,gellﬂtraﬁubwn pl aque

SoTD1 25 O, Sl Bk B i Bl e
adm nistered is 035‘““"@ thoantisera orthe willgis paturated mhmrmmem fetto produged ahove
anti bodi es i s 0.gekipitate, oMt Yy iislyAiipthopredigifatetagainsDplysidiogicdl sdlivie towbaintheof t he
conposi tion.  The, 06 imbhoaRBhiln fHbkich with!'tfe spBf Hhti- BHR-PrK). The preferred antibody
is obtained from the equine antiserum and the bovine antiserum and milk. In this invention
25  the antibody contained in the antiserum and milk obtained by immunising the animal with the
inactivated PrtR-PrtK may be 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 alone or in combination of two or more.
Antibodies against the PrtR-PrtK can be used in oral compositions such as toothpaste and
30  mouthwash to neutralise the PriR-PrtK and thus prevent disease. The anti-(PriR;PrtK)
antibodies can also be used for the early detection of P. gingivalis in subgingival plaque
samples by a chairside Enzyme Linked Immunosorbent Assay (ELISA).

For oral compositions it is preferred that the amount of the above antibodies administered is
35  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
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PCT/ AU96/ 00673 10 whi ch contains the above-nentioned serumor mlk anti body
may be prepared and used in various forns applicable to the nmouth such as
dentifrice including toothpastes, toothpowders and liquid dentifrices,

mout hwashes, troches, periodontal pocket irrigating devices, chew ng guns,
dent al pastes,w@iotygdsyfil massage creans, gargle tabl ets, dair pPCHAUIGNOGIIUCE S
and ot her foodstuffs. The oral conposition according to this invention nmay
further include additional well known ingresients depending on the type and
formof a particular oral conposition. In certain highly preferred forms of

the invention the oral conposition nay be s al | idjn
character, suchwhish @mﬁmWwwﬁwmphn@b%Mm% &P peedjnpi | e
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m xture in thi sdevjasy chawing gums, deptalyastes; gingipl E&?‘P%F"Fﬁmf etphlets, dMRY om about
70 to about $9. B%dhb(sﬂﬁloﬁi&tfoﬁdﬂdﬁ Whmdrcamwmni@erdnigcmﬁnslmm@maylfqrﬂmal |y

et hanol or ISOpiB‘%@'a%%d{"ﬁE&lw own ré’édf‘eixﬁrd qT Upﬁhﬂ%ﬂag?ﬁhom about

ot her preparati € I nventiomris gene e range
4.5 to about 9 ersblicampesiien.|y from about 55t08 The pHis preferably in
the range of fromabout 6 to about 8.0, preferably 7.4. The pH can be

Sodi um hydr oxi o <gPn Ma@wﬁ%ﬁhﬁﬁwﬁrﬁ{nﬁhcﬁ’%ﬁﬁﬁ’enzﬂ%ﬂ‘g Bl e,

or bi car bondPe, liglidincharaster, melasamaouihweasthoririase. Josich APeepatian dhrehigle Bsphat e,
etc). QO her desiypniiiyes Watérdicondl niktine desivultyintlading 4 tmectastias described bélovon rray be
substantially s t

dental tabl et or%egggé’hrhe?’e‘%%% %&&m ootf‘rthe?ﬂgb??or%%?&@?ga or gel
dentifrice. The20éth¢M#mg@é¢fW mﬁ‘él!!?gﬂ type of negparation is fygicglyivr al | y
contains dental |t%rﬁ?g%%?fr6rﬁ'a€bumﬁto?abbtﬂ99m Me@nomwiwmﬁomfmelwmrsng
materi al s arlg w?}% %ﬁ”&f’#bl e sodr rretla %a pot assi um

nmet aphosphat ﬂa’"ﬂ & cal ci um phosphat e,

anhydr ous di cal ci um phosphat e, caI cr um pyrophosphat e, 30 magnesi um

ort hophosphat e, TthepHRFRARE nqmd aiawehmmad mmrohmeauyhyme sdngelof

benton fe. and ORIBPRC ipaBoitF i) bl @% ‘E“%“ﬁgter.ﬁ a%&l;l ude

the particul ate mpﬁfmeabquhgtorabs\itﬁé) Bm ﬁéﬂ "'B
ur ea- f or mal dmhyfiﬁﬁeac?dld'bﬁﬁ&&%mh] dt'paed (aelsmmﬂhydi'@ﬁdemcbtﬁ*e&@swmdm ef erred

Co about 5 35 Gl breoats ot G et b uf hiig PRt Hapir °C 0 1P

and a surface ar@ydwgeﬂjﬂmﬁﬂbﬂ@m{

Other desirable forms of this invention, the oral composition may be substantially solid or

25  pasty in character, such as toothpowder, a dental tablet or a dentiffice, that is a toothpaste
(dental cream) or gel dentifiice. The vehicle of such solid or pasty oral preparations
generally contains dentally acceptable polishing material. Examples of polishing materials
are water-insoluble sodium metaphosphate, potassium metaphosphate, tricalcium phosphate,
dihydrated calcium phosphate, anhydrous dicalcium phosphate, calcium pyrophosphate,

30  magnesium orthophosphate, trimagnesium phosphate, calcium carbonate, hydrated alumina,
calcined alumina, -aluminium silicate, zirconium silicate, silica, bentonite, and mixtures
thereof. Other suitable polishing material include the particulate thermosetting resins such as
melamine-, phenolic, and urea-formaldehydes, and cross-linked poiyepoxides and polyesters.
Preferred polishing materials include crystalline silica having particle sized of up to about 5

35  microns, a mean particle size of up to about 1.1 microns, and a surface area of up to about
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conpl eéx anor phous alkal1T netal alumnoSrTicate. VWien visualTy clear gels
are enpl oyed, a polishing agent of colloidal silica, such as those 5 sol d
undey the trademark SYLO D as Syloid 72 and Syloid 74 or under the
trademar k SANTQCEL as _Sant ocel 100, al kali netal alum no-sili exes
are particul arWﬂQgﬁs‘a since they have refractive indices clpgg;é‘ﬁgw
refractive indices of gelling agent-1liquid ‘i ncl udi ng wat er and/ or

hunect ant) systens comonly used in dentifrices. 10 Many of the so-called
"wat er insoluble" polishing nmaterials are anionic in character and al so

i ncl.ude smal | 2150,000 em’fgm. ssiticaifpél er cotividdl ilida, andlcamplex mncrphons slkalionttal m

nmet aphosphat e 'I’ rred in any suitable manner as illustrated by
Thorpe's Dictionary o pplied Chem stry, Volune 9, 4th Edition, pp.
510-511. The forns of insol uble sodi um netaphosphate known as I\/adrel S

sal t and Kurrol 'Vhefisball f:learfgul&ﬁl’éelh Wm@agaubfainbﬂalm@mhﬁho&hese 15

t aph hat
trrﬁefgf gfg grg c%l’ngémfasm Qr}“tlrre %lggls’eaﬁé)g’h&{ﬂ“#c}g‘\g% e“sad Ther e
i s present therw Lras a'&ﬁ??h’rﬂo y seful
i mpurities, usuaintethéy ﬁa%!eﬁﬁh@ﬁﬂtcﬁdbﬁbtﬁﬂldime% igentilih&darmunt of

ol PO o S o i

elimnated by 20 washing with water if desired. The insoluble al kali netal

met aphosphatye | amakdwwwﬁsbm "@amﬁ nﬁeﬁmeémaomemﬁdaﬁosuch

that no nore than, 1% of 7 meron The

pol i shi ng materl"g] Fgmadlea s%%%l l‘%ﬁ’&g "ﬁ& W tions
in weight 25 commmubmﬂmﬂumwa'hMﬂplmqubﬂ Ebemistryl, t i s
present in anduntolunted'®) AhBEdich, ppOSIES10. TheFdimsof iisdlibié diuiiaddpho mdkxfowam

Taterial 1 ;z?f’f&sf@aﬂ%ﬁwﬁw&ﬂ% Mg&éﬁ%ﬁ%&%&@?g#ﬂ% ﬁ%an?' of about
10- 30% by méﬁghtmeta@bmhatpultsm;wmmmt@pbb:hm;nwm ad|theyefore arecpmmpnly anount
of about 30- 75%rérrétiRb 8¢ Thsolublé nefap! f(\mt Qher&ﬂ‘i)rdsﬁﬁﬂieﬂm\ﬁhh&'aﬂmﬂi&}bf

conpri se water d h QE [ 10%
torrgbout 80% by%g\l/g hﬂfosél#at'&"é ‘?@?‘ I'ne, &gﬂgg |t%hﬁr95
sorbi tol and poIVBP@W@fP@'“Q?? WMOMEBMWS@@Wl ers.

Al so advant ageouﬁmaﬁpho!:phﬁtu hﬁhmaxédﬁt%&uﬂé m\éﬁpﬁb&pha@l mifeir@Rcalivd elifindied gl . | N

bout 3.5 - Doy mpekidegies, e it sl Pl thiRlee REBEARCL 0
20- 80% W w of smlmmawdepfm;mefmrqclmlwwnommm 19 of the materiatis
larger than 37 microns.

The polishing material is generally present in the solid or pasty compositions in weight

25  concentrations of about 10% to about 99%. Preferably, it is present in amounts from about
10% to about 75% in 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.

30
In a toothpaste, the liquid vehicle may comprise water and humectant typically in an amount
ranging from about 10% to about 80% by weight of the preparation. Glycerine, propylene
glycol, sorbitol and polypropylene glycol exemplify suitable humectants/carriers. Also
advantageous are liquid mixtures of water, glycerine and sorbitol. In clear gels where the

35 refractive index is an important consideration, about 2.5 - 30% w/w of water, 0 to about
70% wiw of glycerine and about 20-80% w/w of sorbitol are preferably empioyed.
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or 'synthetic thickener or gelling agent in proportions of about 0.1 to
about 10, preferably about 0.5 to about 5% w w. A suitable thickener is
synthetic hectorite, a synthetic colloidal nagnesium alkali netal silicate

5 Tconpl ex clygonygild abl e for exanple as Laponite (e.g. CP, p&¥iadéings3D)
mar ket ed by Laporte Industries Limted. Laponite Dis, approxinately by

wei ght 58.00% SiJerr], 25.40% MO, 3.05% Mp[err] O, 0.98% Li[err] O and
some water and trace netals. Its true specific gravity is 2.53 and it has
an apparent bulk density of 1.0 g/m at 8% noisture. 10 O her suitable
t hi ckeners include Irish noss, iota carrageenan, gumtragacanth, starch,

pol yvi nyl pyrrol n'dammem&ﬁ@ mmdmnﬂdﬂaimensyhmetmwmbk hyl
o o Aol A ek AN Hirch O
silica such as m-tnb!wn mnwngw@heemp@,gs coll mwndgalag@ms@mw
G propyl ;RZ'”?E* T L o ey Lo

celol oggl ve agdy gé'f“?%ﬁd%'@t % %%M@W&a 35?@?*@% at
| east about 12 aaﬁ%MJW%QQ,anngmd;mmsommape¢|ﬁcgrwymr253|

and petrol at um aRg: 183 b hpparehtGlikaensRYT S 1 g/l &89, mEiktlel acetate and benzyl
benzoate. 20 It will be understood thal, as is conventional, the oral

preparations are to be sold or otherw se d| stributed in sui tabl e | abell ed
packages. TA@s, Od}eawngblem@msmbldelmh msamnmwmwmgammm in

sugstance has a pbipHylyird WMW 5 fih legr |bts use;
t oot t t
Vi cal Iy af am REPRPH A Sty et «Bﬁosa?w%@lam%}k‘? B3

pressurised di spuh@mnem;drcelmnserand@llmdal stWQ&sﬁndy)mm%'lmd(am Zﬁ)a | abel
describing it, ispubiEig hﬁﬂﬁéﬂﬁa{ﬁhuﬂ&!tan? yglganl C

o achieve Mor SERAe 5 Uﬁﬂﬁﬂw@ < givob fibgte M%ﬁ%@hr@v&#‘a #Mugh and
conpl ete di sper sellosohyst VQgthlaoliﬂaméwagsmnmml}md!M hzecadmsm@mgm chaimd
render the inst i a5V M) cadtSbH aiPpetrofRBim and @SS buch 88 dnryl AcRDEAN abttatd 1113

organi ¢ surfaces actll ve mat erial is preferably anionic, nonionic or
anphol ytic in ngf'm’é’ eHIPEh does not denature the anti body of the invention,
and it is preferred to enploy as the surface-active agent a detersive

mat eri al whizoh Wgnbé &&ﬁt&hﬂmﬁ%&ﬁﬂv&dﬂ@ﬂdﬁ&ﬂ%&}iﬂa&ﬁémﬁmﬁﬂ dproperties

whi l e not denatu Li bo abl.e ex l.oni c, surfactants
are wat er-sol ubl"ﬂ‘e‘a’aﬁ@‘%&’ g%lefliﬂw gﬂ’r ‘g’?"(‘f will iave a
monosul f at es, s@ubﬁda@nbmsusmm csahamﬂtmmommm@vvmml%&nﬂde of

hydr ogenat ed COqgd)bid A tobthpadie! dfeatdr@el will L&Ay bedd &tilagsibleltaieC§picalt§ Bummmivhdi UM

lauryl sulfate, ki aecthd ofr p%shc, or other squeeze, pump or pressurised dispenser for metering out the
25  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 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

30  cosmetically acceptable. The organic surface-active material is preferably anionic, nonionic
or ampholytic in nature which does not denature the antibody of the invention, and it is
preferred to employ as the surface-active agent a detersive material which imparts to the
composition detersive and foaming properties while not denaturing the antibody. Suitable
examples of anionic surfactants are water-soluble salts of higher fatty acid monoglyceride

35  monosulfates, such as the sodium salt of the monosulfated monoglyceride of hydrogenated
coconut oil fatty acids, higher alkyl sulfates such as sodium lauryl sulfate, alkyl aryl
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hi gfrer—atkytsutrfo-acetratres, nrgner raitty acrd esters of 1,2di hydroxy
propane sul fonate, and the substantially saturated higher aliphatic acyl

am des of |ower ali phatic am no carboxylic acid conpounds, such as those
having 12 to 16 car s in the fatty acid, alkyl or acyl radi 96093 t he
| i ke. Exanpl es Wl ng | ast mentioned amides are N-| auroyl@gfi{:om n?’e,
and the sodium potassium and ethanol am ngssalts of N-lauroyl,

N-myristoyl, or N-palmitoyl sarcosine which shoul d be substantially free
fromsoap or simlar higher fatty acid material. The use of these sarconite

conpounds i n t heulfsrates mhmﬂﬂndndeoylfbenm quifermephighenalieylqulfo-acetatestagher fatty ar | y
d t [ inth
advant ageous si &F‘glggpl f—ﬁfh?&rb@ W ﬂdﬂm WWy in e

I nhibition of aci OI’ITB.tI LNt ora cavity e to dr at es

br eakdown in adcﬂ"P'PBﬁa‘tha“B Pﬂ"WE Mcmaquaﬁldmmﬂwc F’t‘}“”@f t oot h
enanel in acid Subiug lmsc&ba&maswmwm%Whhedﬂmmaﬁke Endripiesiofithe S

suitable for gusq
oxi de’ with varl ous reac{ht | ve ﬁ%%ro eny "Con a n| ng corrpgﬂ’ reac%tmﬁt}ﬁgﬁe
therew t h havi ngaitssf§-mrayl Mmiyssteyl.as N-paimitoyl sarcoging which 5?'%“4: bsubstangiplly fise it 12

0.2 ﬁawarosaﬁmnggmmw i ggggggmzucts
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ot of  about G “’“‘%*’“'““““‘““’““h “““ﬁ“‘“@“‘“@‘“'“*&‘m‘“*kﬂ“ ‘*ﬂ‘;"“‘r"fzce
active agent may at:;ll s"tcl mﬁ%‘% g@ﬁ?\?fﬁ%goﬂ“pﬁég:&é li%wi"g shqt?eei:mnt i on
?t: Egt::?r%t: QZL g:hrsn ;;Mmb@ cblﬂp‘dii\meﬁlﬁihm‘tﬂlﬁvﬂp ggl@hg Wﬁémgipéﬁg :brls
cgrrpoEnds an%o%ﬁ%ﬁtqg :gg: b3n ?lgl’l su %ﬁg;%@?&'éﬁ i
T L i ot i |
flavouring or sweeten n'gdg%‘ér%'{e | aligw%ggﬁ%eég ﬂhﬁ%méei%gtle@?grrpl es of
suitable 30 flavouring constituents are flavouring oils, e.g. oil of
spearm nt, peppesmaaéamwagmisgymnypres%ﬁm&ﬁm ofabéut .1 -muﬁwagucnhypt us,

maj oram  Ci njaAno rldtew gﬁﬂggh&t R BLE0S <. agf ose sg}/i%lt&adisjs& %%ﬁhﬁaﬁm&?gt of ,

sweet eni ng agent's T'h Ucrose, 0se, sor
sodi um cyl amat e, mmﬂ@ﬂﬂﬂdihemdﬂmﬂ(mmtoﬁo iging humgctant needed et hyI ester),

saccharine, and the |ike. Suitably, flavour and sweetening agent S may each
or together co P krivis ng}m?el?igﬂhmy be incorporated in the oral preparations of this invention such
as whitening agents, preservatives, silicones, chlorophyll compounds and/or ammoniated
25  material such as urea, diammonium phosphate, and mixtures thereof. These adjuvants,
where present, are incorporated in the preparations in amounts which do not substantially
adversely affect the properties and characteristics desired.

Any suitable flavouring or sweetening material may aiso be employed. . Examples of suitable
30 flavouring constituents are flavouring oils, e.g. oil of spearmint, peppermint, wintergreen,

sassafras, clove, sage, eucalyptus, marjoram, cinnamon, lemon, and orange, and methyl

salicylate. Suitable sweetening agents include sucrose, lactose, maltose, sorbitol, xylitol,

sodium cyclamate, perillartine, AMP (aspartyl phenyl alanine, methyl ester), saccharine, and

the like. Suitably, flavour and sweetening agents may each or together comprise from about
35 0.1% to 5% more of the preparation.



35 0.1%to 5% nore of the preparation. WO 97/ 16542

PCT/ AU96/ 00673 14 In the preferred practice of this invention an oral
corfposition according to this invention such as nout hwash or dentifrice
containing the conposition of the present invention is preferably applied
regularly to the gunms and teeth, such as every day or every second or third

day-or preferapbynigsgn | to 3 tines daily, at a pH of about Fepatsmadout 9,
generally 5 about 5.5 to about 8, preferably about 6 to 8, for at |east 2

weeks up to 8 weeks or nore up to a lifetijygg. The conpositions of this

I nvention can be incorporated in | ozenges, or in chewi ng gum or other
products, e.g. by stirring into a warmgum base or coating the outer
surface of a gulntheprofases pradtice efthisinyeptionsn orl coshposition sscondiag td thisénvestieh ut ong,

r:Jbbte_r | at ex, Viudl hs héuthvesh Bdentifiice contdii i mlebmpauﬁohomayemhﬂmhom
asticisers or r o ers or such as alucose,
gor bitol and t hg‘i@a&&ﬂﬁq@%%%ﬁ{ |%ﬁ‘s§?dl?%§ucﬁ %Xoﬁfv&? Bbes
targeted del i vethird destorprafesably fiom htp lmdplb'rﬂ@dﬁﬂfaboqbéémm&?,lggmaﬂmn

devi ces, col$agshvut £5 &Sdbbit.8, freferably abiii b fo 8 FHA0REt 2 WRER P RES wekks bi bR
pl aced in the perl ontal pocket or used as a barrier nenbrane or appli ed

directly to t he*t  oot. Anot her I nportant formof the invention is a
conposition for use in eliciting an i mmune 20 response directed against

Pgr phyr frrgn?s gmgéo bsﬁonbf}mﬁlrﬂ&u‘bﬂ&niﬁlsh&&ﬁ{édm f %

adj uvant deliver nasa ora n e on 0

speci fic i mmne t?' 9°[5%dr'l'§15' H}'ﬁﬁ’y WF&EWPRZS "fdﬂﬁ G PHigr °?

col oni sat i okQ of base, llglmngafwbclﬁmbnmmﬁphwg&meﬂmﬁmitmmmby

preventing di seg&fablyWith SersS SOHERLTS, Gugf br' ofher ¥wkentrd &Bﬁ’?
typically the conpl ex M&B**nact | vated. A VaCCI ne can 25 %T e based
upon a reconbin ﬂ% ® he Prt R-PrtK i ncorporated into an

appropriate vector and expressed in a suitable transformed host (eg. E
coli, Bacillus sHbdnip uon%?ﬁmﬁs‘eﬁﬁ%%ﬁnﬁﬁﬂé‘s &&?deh%eﬁﬂéﬁmhg"o cells and
HeLa cel | s) ont a1 p ge vector, .Unli eﬁ? sa&*x El valis cells or
ot her previd 3‘8@ etimeaton feviges oo, agﬁ?t iy, Pr; SYphelic spanges, meru Phe
PrtR-PrtK corrpl ﬁbx‘esEa@dmah@mmnwmk@wmedma@mmmbmmaﬁﬁmddmﬁpw ation
of a conpositi ogeltedthiboe i N the prevention of P. gingivalis-associated
peri odontal disease. The PrtR-PrtK conpl ex can be produced using
reconbi nant DNA nethods as illustrated herein, or can be synthesized
chemical 'y fromAnbtberdmportantfomiofshejmention isia carhpsitidn for usdie efisitinganimmweent i on.
Addi tional |l yo aedspérse Bidectéd dghifist PoRHprimony Singivalls basell n HePRR-PrK complex
and suitable adjuvant delivered by nasal spray, orally or by injection to produce a specific
immune response against the PrtR-PrtK complex thereby reducing colonisation of
P. gingivalis and neutralising the PrtR-PrtK thereby preventing disease. Due to the potent
enzymatic activity of the complex typically the complex will be inactivated. A vaccine can
25  also be based upon a recombinant component of the PrtR-PrtK incorporated into an
appropriate vector and expressed in a suitable transformed host (eg. E. coli, Bacillus
subtilis, Saccharomyces cerevisiae, COS cells, CHO cells and HeL a cells) containing the
vector. Unlike whole P. gingivalis cells or other previously prepared antigens based on
fimbriae or the capsule the PrtR-PrtK complex is a safe and effective antigens for the
30  preparation of a composition for use in the prevention of P. gingivalis-associated
periodontal disease. The PrtR-PrtK complex can be produced using recombinant DNA
methods as illustrated herein, or can be synthesized chemically from the amino acid sequence
disclosed in the present invention. Additionally, according to the present invention, the PrtR-
PrtK complex may be used to generate antisera useful for passive immunization against
35 periodontal disease and infections caused by P. gingivalis.



Prt K conpl ex may be used to generate antisera useful for passive

i mmyni zati on agai nst 35 peri odontal disease and infections caused byP.
gingivarrs. WO 9// 16547 '

PCT/ AU96/ 00673 15 Various adjuvants are used in conjunction wi th vaccine
formul ati ons. The adjuvants aid by nodul ating the i mune response and in
attaining a noge. |l e and higher level of immunity using @iRcna@Punt s
of vaccine antigen of fewer doses than if the vaccine antigen were
admi ni stered al one. Exanpl es of adjuvants ifacl ude inconplete Freund's 5

adj uvant (I FA), Adjuvant 65 (containing peanut oi |, made nonool eate and

al um ni um nonostrearate), oil enul sions, Ribi adjuvant, the pluronic
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periodontitis or erapey al’read g'ﬁib ertro %1
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adj uvant andlmdrre':mmhwmdof/otae:tehm;ﬂésadfaapmm arExsamh@bxaﬁd cuawsawm yvant s
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particles of bio ‘g’ﬁ p?i (%PI e ?L,%;Eedo %We%gana&ﬁgn geh?jru%m?lﬁk%gster s) by

m croencapsul ati e m crosphere

gast r oi nt est Ihal a@?‘ﬂt‘t’wﬂﬁt? ﬂmb‘\ca}yéewezglt periedontitis-aritharapspticaltosrest alraady

Li posomes, | SCO\presehypiriogedtitisar e exanpl es of other potential methods which
may be further enhanced by the incorporation of targeting nol ecul es such as
LTB, CIB or lectins for delivery of the PrtR_PrtK conplex to the nucosal

i mmune system | I angther preferred composition e peeparation issombinesowith & mucesaladiwant

del i very system inldadinihstérs®vidthe drﬂ%d!ﬁleﬁmlbfhﬂ&%hl A WAMNDAE dholéra tdriin
acceptabl e 3 %{‘ﬁ@ﬂe ?&‘ 51¥hE nod-toxdcT SubufiRUr k¥ oxiil, PRfdeR nAfladtE A 2

anti bacterial an
of these toxins wh:ch have a reduced toxicity. Other methods which may be utilised to

deliver the PrtR-PriK complex orally include incorporation of the protease into particles
of biodegradable polymers (such as acrylates or polyesters) by microencapsulation to
aid uptake of the microspheres from the gastrointestinal tract and to protect

25  degradation of the proteins. Liposomes, ISCOMs, hydrogels are examples of other
potential methods which may be further enhanced by the incorporation of targeting
molecules such as LTB, CTB or lectins for delivery of the PrtR-PrtK complex to the
mucosal immune system. In addition to the vaccine and the mucosal adjuvant or
delivery system the vaccine may include conventional pharmaceutically acceptable

30 carriers, excipients, fillers, coatings, dispersion media, antibacterial and antifungal
agents, buffers or diluents as appropriate.

Another mode of this embodiment provides for either a live recombinant viral vaccine,

recombinant bacterial vaccine, recombinant attenuated bacterial vaccine, or an inactivated
35  recombinant viral vaccine which is used to protect against infections caused by P. gingivalis.

Vaccinia virus is the best known example, in the art, of an infectious virus that is engineered



agents, buffers or diluents as appropriate. Another node ofthis enbodi nent
~provides for either a live reconbinant viral vaccine, reconbinant bacteri al
vacci ne, reconbi nant attenuated bacterial vaccine, or an inactivated 35
reconbi nant viral vaccine which is used to protect against infections
caused by P. gingivalis. Vaccinia virus is the best known exanple, in the
art; of an infyWebdfss virus that is engineered WO 97/ 1654 8cT/AU9%6/400673

PCT/ AU96/ 00673 16 to express vacci ne antigens derived from ot her organisns.
The reconbinant |ive vaccinia virus, whichgi s attenuated or otherw se
treated so that it does not cause disease by itself, is used to inmunize

t he host. Subsequent replication of the reconbinant virus within the host
proyi des a contthssW'WSWﬁeﬂYPdmWWW-STMNWMWW&%

ant i getns suOtcE adru$ whickistalteridtet o£6theisk treskddab eHayit Odida‘tibtcﬂaﬁﬁ t lwg
i muni ty. er | ve enOV| oVi rus,
and preferably %&XW%&O%%M?%@@%g '?'55?8? “ﬁgﬁ%lezﬂ’f’t u. S.

Patent No. 4, Gmdfzymﬁm%!t ameﬂheammmmmmmnmmesnwdw al .
U. S. Pat ent sNoPtRoPriid Bo théseByPproviding log! ﬂm],gmmﬂ,@% 801; and Curtiss et

al ., 1988, Vaccine 6:155-160). Live vaccines are particul arly advantageous
because they continual l y stinul ate the i mmune system whi ch can confer

substanti al | y |Qheyliveractingyertorsinpiudg:. adenavirus, ysomepalovisus; and prefisablyi the pr ot ect i ve
agai nst subseq%%mﬁsmmw&m%pmmummttbs l*akéﬁ?NHWSrl?z)'a};’ gelf may be

oot e oah b i Sl POR Qi sl 0%, Kt Nop iR i M b o1
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mol ecul ar  bi ol Qgghi Agidls OHArtichiS, &en%eu&mﬁ%mamam:ﬁt%ﬂ may
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expressi on g
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means known i n nepksalising antipedies; Ferexample, asingimolieculan b Wm&rﬂwes thesenes
substanti aldgy adnb m:uhpnx wmﬂeeintmwéacastﬂxsw@ﬂNmmﬁﬁgen In
another var i ati gydowd %mg@sggn%p&dp,&m“&esﬁo&%gam“a.!.efm FEUTAS

replication of the vaccinia virus vector. The resultant recombinant virus can be used as the
immunogen in a vaccine formulation. The same methods can be used to construct an
inactivated recombinant viral vaccine formulation except that the recombinant virus is

25  inactivated, such as by chemical means known in the art, prior to use as an immunogen and
without substantially affecting the immunogenicity of the expressed immunogen.

In another variation of this embodiment, genetic material is used directly as the vaccine
formulation. Nucleic acid (DNA or RNA) containing sequences encoding the PrtR-PrtK

30  protein complex 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 as vascular endothelial cells as well
as the tissue of the major organs, has been demonstrated by techniques in the art such as by

35  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



formul ation. Nucleic acid (DNA or RNA) containing sequences encoding the
PrtR-PrtK 30 protein conplex operatively |inked to one or nore regul atory

el rouar—drTecT

gene transfer") agai nst pathogenic strains of P. gingivalis. Direct gene
transfer into a vaccinated individual, resulting in expression of the
genetic materi al 5)%/ t e VaCCI nat ed |nd| vidual's cells such a i@k')ﬂﬂ%
endot hel i al ce™? as the tissue of the major organs, has been
denonstrated by techni ques in the art such AS by 3 5 I nj ecting

i ntravenously an expression plasnid:cati on! c |liposone conplex (zZhu et al.,
1993, Science 261:209-211). O her effective nethods for delivering vector

DNA (i nto a t ar ggfe kiéWn in the sROTPde biiple, nﬁedrecombmmtplasnndDNAcontmm viral
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(whether parent mwmm&mwomwwpmtgmmngmem@mdm 199%; Prages to
i nduce a prot ecmwasnmnmmé&)nmm&heﬁkmpw%kr&iidmfr&mﬁ Acad.

Sci. USA 90: 1147 1 th SLnSxa e fr.o
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known in the ar tqsultlnguﬂlellmg!dmon@QMWWWAM@M@GMMM vector
then be sel ect g s*'“&““‘“ﬁ“"e“‘*?%‘m‘“"“zwar%t Bie LA et Ko o
mar ker expr esseg1 |aﬁs't' Eﬁ?‘t}"'&m ?ﬁ&’?@%&?’&d"% ?@%&f?‘g‘f’# W“‘HE’V‘L
re-introduced i h@te-mmummtﬂMMFw@dt@WmmPﬁKth conpl ex 10 As an
al ternativejpo act i ve immuni zation, inmunization may be passive, i.e.

i muni zation co m stratlon of purified mTunogJobulln
contai ni ng anti 3&5%%3 a&y @"E‘"'ﬁ’r@ é% L ITRUSHPRGQR, ¢ her
provi des the nucbmmmuedmeqmnmdwhﬁqdhmgm@ulmmdmganﬂbedmmmt K
conpl ex, as wel lppspdxhe am no aci d sequence deduced fromthe isol ated
genes. According to one enbodi nent ofthe present invention, using
reconbi nant DNA techni ques the genes encoding the PrtR-PrtK conplex are
i ncor por at edSi nfTbe preseatapvention funthey provides theaucleqtide sequanonifi thegenes\cocnding thes
i ntroduced i nt o pAR-FHKOSoRiplek Hs Well Bthe sifithd ach d@ade@&frmmeﬁdamea @enes.
expressi on ofthese ?equences 0 thatl\,lgpartlc host cel ""E'H@ﬁ gx reSS| on
system conpri sii'f'fﬁo ‘B A
can be used (a) thegepnso@dmgﬂhmmnﬂ%wmhpmmmmmdmmmmmmonmwm use
?5 gn ' mfgnogenm&e%bﬁﬁﬁhﬁ?e&&gm&hé&%oaﬁ%obﬁm%&gé&%féb}% hfomﬂ ex
o be use an_ant.l or dia iC.. s or f.or generati.n
gi ngi val i s- ?gemeﬂ?'ﬁss'g pfithe Fsdangm% ‘ﬁ‘a’ Tﬂﬁﬁﬁ&%@%%ﬁﬂg Tyg@?’a ) or
i f the the recombinant vector introduced i mto the host cell, can be used (a) to produce PrtR-PriK
complex which can be purified for use as an immunogen in vaccine formulations; (b) to
produce PrtR-PrtK complex 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
25  recombinant expression vector is a live 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 PrtR-PriK complex; (d) for introduction into live attenuated bacterial cells or
genetically engineered commensal intra-oral bacteria which are used to express PrtR-PrtK
complex to vaccinate individuals; (€} or for introduction directly into an individual to
30  immunize against the encoded and expressed PrtR-PrtK complex. In particular the
recombinant bacterial vaccine can be based on a commensal inhabitant of the human oral
cavity or animal if the vaccine is to prevent periodontal disease in animais. The recombinant
bacterial vaccine expressing inactivated PrtR-PrtK can be used to colonise the oral cavity,
supragingival or subgingival plaque. The in;ra-oral bacterium can be isolated from the
35  patient with periodontitis and genetically engineered to express inactivated PriR-PrtK
complex. The production of the inactivated PrtR-PrtK within the oral cavity will not be toxic

({1



25 reconbi nant expression vector is a live virus such as vaccinia virus,
the vector itself may be used as a |ive or inactivated vacci ne preparation
to=be introduced into the hosts cells for expression of PrtRPrtK conpl ex;
(d) for introduction into live attenuated bacterial cells or genetically
engi neered commensal intra-oral bacteria which are used to express

PrtR-Prt K conpiwv@s7iéssyacci nate individuals; (e) or for introggriuseoosrs
directly into an individual to 30 i muni ze agai nst the encoded and
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will not be% ommmlWﬁﬁﬁﬂﬂotﬂnorpepudereqwesthm either the insert comprising the
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The selection of the promoter will depend on the expression system used. Promoters vary in

25  strength, i.e. ability to facilitate transcription. Generally, for the purpose 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 been
observed in a host cell system comprising E. coli include the lac promoter, trp promoter,

30  recA promoter, ribosomal RNA promoter, the Py and P, promoters, lacUV5, ompF, bla,
Ipp, and the like, may be used to provide transcription of the inserted DNA sequence
encoding PriR-PrtK.

Additional, if PrtR-PrtK protein may be lethal or detrimental to the host cells, the host cell
35  strain/line and expression vectors may be chosen such that the action of the promoter is
inhibited until specifically induced. For example, in certain operons the addition of specific



antigen for use as an inproved vacci ne conposition. The selection of the
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Thus, expression of reconbinant PrtR-PrtK protein nmay be controlled by

culturing transfornmed or transfected cells under conditions such that the
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acid sequences or nearby vector DNA sequences using recombmant DNA methods
described herein for insertion of DNA sequences.

25  Accordingly, P. gingivalis nucleotide sequences containing regions encoding for PrtR-PrtK,
can be ligated into an expression vector at a specific site in relation to the vector's promoter,
control, and regulatory elements so that when the recombinant vector is introduced into the
host cell the P. gingivalis-specific DNA sequences can be expressed in the host cell. For
example, the PriR-PrtK specific DNA sequences containing their own regulatory elements

30  can be ligated into an expression vector in a relation or orientation to the vector promoter
and control elements which will allow for co-expression of the PrfR and PriK. The
recombinant vector is then introduced into the appropriate host cells, and the host cells are
selected, and screened for those cells containing the recombinant vector. Selection and
screening may be accomplished by methods known in the art including detecting the

35  expression of a marker gene (e.g., drug resistance marker) present in the plasmid,
immunoscreening for production of PrtR-PrtK specific epitopes using antisera generated to



20 initiation signals, can be used to regul ate the expression of the gene
encoding PrtR-Prt K. Such regul atory elenents may be inserted into DNA
sequences encoding PrtR-PrtK am no acid sequences or nearby vector DNA
sequences usi ng reconbi nant DNA net hods descri bed herein for insertion of
DNA sequences. 25 Accordingly, P. gingivalis nucleotide sequences
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al so be |inked wplotisedthe cral sweoesadr teeth would jexpressithe lﬂﬂCﬁVHted PrtR-PriK to stimulate the '
mucosal associated lymphoid tissue to produce neutralising antibodies.

25  Due to the conservation of the genes encoding PrtR-PriK, the nucleic acid sequences of the
present invention can be used in molecular diagnostic assays for detecting P. gingivalis
genetic material. In particular, PrtR-PrtK sequence-specific oligonucleotides can be
synthesized for use as primers and/or probes in amplifying, and detecting amplified, nucleic
acids from P. gingivalis. Recent advances in molecular biology have provided several

30  means for enzymatically amplifying nucleic acid sequences. Currently the most commonly
used method, PCR™ (polymerase chain reaction Cetus Corporation) involved the use of
Taq Polymerase, known sequences as primers, and heating cycles which separate the
replicating deoxyribonucleic acid (DNA) strands and exponentially amplify a gene of
interest. Other amplification methods currently under development include LCR™ (ligase

35  chain reaction, BioTechnica International) which utilizes DNA ligase, and a probe consisting
of two halves of a DNA segment that is complementary to the sequence of the DNA to be



encodi ng extracellular proteins to produce secreted fusion proteins.
Exanpl es of extracellular proteins that could be used to produce fusion
proterns wih the rnactivated 20 PrtR-PrtK could be the

gl ucosyl tranferases (GIF) or fructosyltransferases (FTF). The reconbi nant
organi smwoul d be then re-introduced into the patients oral cavity and once
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to stinulate t associ ated | ynphoid tissue to produce neutralising
anti bodi es. 25 Due to the conservation of,,the genes encoding PrtR-PrtK
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anplification of pmmcudfllouyﬁimeahmnaquences, speci es-specific nucleic
acid probes gan greatly increase the |evel of sensitivity in detecting
organisnms in a clinical speC| men. Use of these probes may all ow di rect

det ection wi t houPNASnay begxtmsted fiom clinical apgvimens which may i Gngialissgheni cal

i dentification tmehodskaewn inthy a5t. Fobexahinple, tellsebnthiidl if fhe 3pudimeh Mag e washed if
directed TE buffer and pelleted by centrifugation. The cells then may be resuspended in 100 ul of
amplification reaction buffer containing detergents and proteinase K. Using the polymerase
25  chain reaction, the resultant sample may be composed of the cells in 10mM Tris pH 8.3,
50mM KCl, 1.5mM MgCl,, 0.01% gelatin, 0.45% NP40™, 0.045% Tween 20™, and 60
ug/ml proteinase K. The sample is incubated in a 55°C water bath for 1 hour. Following
the incubation, the sample is incubated at 95°C for 10 minutes to heat-inactivate the
‘proteinase K. The sample may then be amplified in accordance with standard PCR
30  protocols.

° ene

The following examples are further illustrative of the nature of the present invention, but it is
understood that the invention is not limited thereto. All amounts and proportions referred to
herein are by weight unless otherwise indicated.
35 '
EXAMPLE 1



15 to prinmers which anplify species-specific sequences ofthe genes
encoding PrtR-PrtK of P. gingivalis, and to probes which specifically
hybtri di ze with these anplified DNA fragnments. By using the nucleic acid
sequences ofthe present invention and according to the methods of the
present invention, as few as one P. gingivalis organismmy be detected in
t he presence owobd@nesgi i extraneous DNA. 20 DNA nmay be extr aptmadudeoasss
clinical specinens which nay contain P. gingivalis using methods known in
the art. For exanple, cells contained in tZ2e speci nen nmay be washed in TE
buffer and pelleted by centrifugation. The cells then may be resuspended in
100 ul of arrpllflcatlon reaction buffer containing detergents and

prot ei nase K ) Fespp °5BTW&se 25 chain reaction, the resultant
sanpl e may be cAmmnicmEsciahged dnd affinity ch peaphy Tris pH 8.3, 50mMM KCl, 1.5mM
MGl [err], 0.01% gel at| n 0. 45% NP40[err], 0.045% Tween 20[err] and 60
ug/ m proteinasg K e sarrple S |ncubated |n a 555‘3” C water bath for 1
hour. Fol | owi ngptgﬂﬁ’"’F WBQWW’PFFE“?W@? <C pmlyspddowseblged agarandin C for 10
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and propor ti onsspecfophatetiettr( 2958, Perkin-Elrer}) YCuliedhitity wak clfetked rb\tinély 5¥ Gram

I ndi cated. 35 %ﬁc
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| ysed horse bl oﬂdsma:heaaummbywﬂm aﬁdn Mm@nzom,rm)mml [err]g/m
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growth in Braind rand Sybincted:tel mild sonicating nsings Branson Sopifien2i0mitinan a
spect r ophot onet autpt 286tkol oP8 atid £50k aawy)cyclétﬂirturnen RUIC! The'\sonicateasdsed

i Lo LA E 0 TR Rl o 8 1
culture of P. gwfg'r%z gnge ﬁﬁ%cgﬂ‘bvmntcmwepmgm mmncexshmecqiamn (Hiload ¢ | | s
harvested by ceXKrli6f 100Q Seghardss, Phftthasial KE)Eobled to #1C firi inGltiple iflectibs using a
50 ml superloop (Pharmacia-LKB). The sample was eluted using a linear gradient from
0 - 100% buffer B over 90 min at a flow rate of 2.0 ml min!. The eluant was monitored
20  at 280 nm and collected in 6 ml fractions using a Frac 100 fraction collector
(Pharmacia-LKB). Buffer A was TC buffer containing 50 mM NaCl and buffer B was
TC buffer containing 500 mM NaCl. Fractions were analysed for proteolytic and
amidolytic activity using azocasein (A-2765, Sigma Chemical Co. St Louis, MO),
benzoyl-L-Arg-p-nitroanilide (Bz-L-Arg-pNa, Sigma) and benzyloxycarbonyl-L-Lys-p-
25  nitroanilide (Z-L-Lys-pNa, Calbiochem, Melbourne, Australia) vide infra. Anion-
exchange fractions containing the majority of proteolytic/amidolytic activity were
pooled, washed and then concentrated in TC buffer containing 150 mM NaCl using a
centricon 10 micro-concentrator (Amicon). The sample was then divided into four
aliquots and each was independently applied to a gel filtration column (Superose 12,
30  HR 10/30, Pharmacia-LKB) using TC buffer containing 150 mM NaCl at a flow rate of
0.3 mi min™". The eluant was monitored at 280 nm and peaks collected using a Frac 100
fraction collector. The M, values of eluant peaks were determined using molecular
mass gel filtration standards (Pharmacia-LKB). The peak containing the majority of the
proteolytic/amidolytic activity was concentrated using a centricon 10 micro-
35  concentrator and then applied at a flow rate of 0.1 ml min™ to an Arg-sepharose column
(5 ml arginine-Sepharose 4B beads, HR 5/5 column, Pharmacia-LKB) and the unbound




resuspended in 160 m TC buffer (20 MM Tris-HO pH 7.4 and 5 MM CaCl [err])
containing 50 mM NaCl and subjected to m|d sonication using a Branson
Sonifier 250 wth an output control of 3 and a 50% duty cycle for 15 mn at
4[err] C. The sonicate was 15 centrifuged (100,000 xg, 30 min, 4 [err] O
and t he supernatant filtered (0.22 [err]m prior to anion- exchange FPLC.
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| ysi ne- HO pH 7. 4Arstasdie BzarrghiNafand z-LigepNo veremsedts rbutinely lassay FPLC fractions

re-equilibratggl T&}Jméf E"f@ Dedabn fittioh ROY W th

200 nmM ar gi ni ne- \A@Bm 4a§1§ glgﬁﬁer coﬁtgaar{igr\&n lb ONQ%] ngf

rate of 0.1 m incublated ai 37 °C with azocasein (5 mg/ml final concentratxon) mTC buﬂ‘er pH 8. o
containing 150 mM NaCl and 10 mM cysteine. For azocasein the reaction was stopped
by the addition of 30% trichloroacetic acid at 4°C. Samples were centrifuged and the

A of the supernatant measured using & spectrophotometer (Perkin Eimer, model
25 552).

For the synthetic chromogenic substrates samples of each chromatographic fraction (5 -
50 :1) were incubated at 37 °C with Bz-L-Arg-pNa or z-L-Lys-pNa (1.0 mM final
.concentration) in a total volume of 350 :1 100 mM Tris-HCI pH 8.0 buffer containing

30 150 mM NaCl, 10 mM cysteine and 5 mM CaCl,. Inhibitors and activators were added
to the purified enzymes in 100 mM Tris-HCI pH 8.0 buffer containing 150 mM NaCl.
Absorbance was measured at 410 nm in a Hewlett Packard 8452A Diode Array
spectrophometer and the amidolytic activity expressed in U, where U = pmol substrate
converted min™ at 37 °C. Trypsin (E.C.3.4.21.4, T 8253 Sigma) was used as a standard.

35  The protein concentration of FPLC fractions and purified samples was determined using
the Bradford protein assay (Biorad) with BSA as a standard.
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current of 30 - 50 mA and a potential difference of < 200 V. For silver staining, gels
were fixed in methanol/water/acetic acid (45/45/10, v/v/v), washed in Milli Q water,
reduced with 5 pug/ml dithiothreitol and then washed in Milli Q water, all for 30 min
periods. Gels were then stained for 20 min with 0.1% w/v AgNO; and developed with
25 3% wi/v sodium carbonate containing 0.1% v/v formaldehyde and development stopped
with glacial acetic acid. For Coomassie blue staining, gels were fixed in 12% TCA and
stained overnight using 0.1 % (w/v) purified Coomassie brilliant blue G 250 in 2 %
(w/v) phosphoric acid, 6 % (w/v) ammonium sulphate. Gels were destained with
methanol/water/acetic acid (50/40/10, v/v/v). Proteins were transferred onto 2 PVDF
30  membrane (Problott, Applied Biosystems Inc. (ABI)) for sequence analysis using a
transblot cell (Biorad). PVDF membrane was wetted in 100% methanol and soaked in
transfer buffer (10 mM CAPS/10% methanol, pH 11.5). Transfer was performed using
a potential difference of 60 V (300 mA) for 90 min. Membranes were briefly stained
using 0.1% (w/v) Coomassie brilliant blue R 250 in methanol/water/acetic acid (5/5/1,
35  v/vi). Protein bands were excised, destained for 10 - 30 sec in 50% methanol and then
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these two 44 kDa proteins were assigned after further purification. The N-terminal
sequence of one of the 44 kDa proteins was identical to that of the 17 kDa protein and
the 39 kDa and 27 kDa proteins also had identical N-termini (Table 1).




sequencer or a nodified ABI 471-02A protein sequencer fitted with a blott
cartridge. The ultrasonication procedure was effective at releasing the
cekl -associated Arg- and 5 Lys-specific proteolytic activity of P.
gingivalis We0 and 15 mn was required for maxinmal release of activity. The
sonicate of P. gingivalis W0 cells contained 0.30 ng m[err] protein and
2.6 and 2.3 [ aydbfiyseari n[err] ng protein[err] activity w th gciaodéesrs
Bz-L-Arg- pNA and z-L-Lys-pNA as substrate respectively at 37[err]C. The
crude sonicate was subjected to Q sepharosggani on exchange FPLC and a
representative chromatogramis 10 presented in Fig. 1.

Proteol ytic/amdolytic activity eluted as one maj or peak between 246 - 320
mV NaCl (Fi g. 1)Tnbz|1ch wel-tesinabsenuencescaf praseing intha FA0KkDacomples separatest byl 0
(Anmi con) and then appl [ edsmsx.pmm Super ose 12 gel fil trat [ on coI um (F| g.

2). Mol ecul ar 17y ‘ ) i he
Merr] of the w‘a’ TS et e a2 s MoV RNV E AR o V-1 aLnse —exmbt_ted t he
maj or proteol yti48/ am dcmmmmnnmmm corresponded to 300 kDa (Fig.

2). Proteol yticlyghidol QN sociated with the high
nmol ecul ar mass ma;erlal err| Da) el ut ed fromthe gel
filtration col uff, The VWN‘?@G HDQYGQUIPSDIHEL hands at

38 OI45 44, 39, 4217 17deTEKD¢DDHAGDKW9m anal yS| S (F| g. 3). IThe seven
ands were tran otte ,ﬁg ﬁqgkﬁ @ﬁg sequence anal ysis
(Table 1). Thi sggnal y5| 8K reveal e WP&X& HEQ;Da band contained two
proteins and th Nt er ANE 4 kDa proteins were
assi gned after figfther NSVWHEHTVDDPAGITKWAmtm nal sequence of one of the
44 kDa proteins ]\ges |de&t)' S 3 ] : 6K k Da prote| n and the 39 kDa

and 27 kDa pr ot-etfas~at-so-nttt-ie Pt ABD~B-4+ 16542
PCT/ AU96/ 00673 26 Tabl el N-term nal sequences of prote| ns in the 300

kDa conpl ex separmhisehted e by 2001,-@@[ @al sequence (kDa) 48
SGOAE! VLEA DAVNDEEFH? em%%ﬁ%@“@zﬁ Btk 5\ ERTVDLPAGTKYVAFR
39 ANEAKVWLAADNVWGDNTGYQFLLDA 27 ANEAKVWLAADNVWGEDNTGYQFLLDA 17
PQSVW ERTVDL PAGTRepatédgel filtration analyses of the Q-sepharose purified material or crude sonicates
indicated that the major proteolytic/amidolytic activity was associated with a peak
corresponding to 300 kDa and higher molecular mass (0.6 - > 2 x 10° Da) material that
10 when boiled in SDS and subjected to SDS-PAGE analysis contained the same seven

bands at 48, 45, 44, 39, 27, 17 and 15 kDa (Fig. 3).

The 300 kDa gel filtration protein complex was incubated with o,;-casein. The
o -casein peptides released by the action of the proteolytic activity of the 300 kDa

15  complex were purified by RP-HPLC and identified by amino acid composition and
sequence analyses. The sites of a,,;-casein cleavage by the material of the 300 kDa
complex were the carboxyl side of arginyl and lysyl residues only (Fig. 4). All arginyl
and lysyl residues of o,;-casein were cleaved except the N-terminal Arg and the Lys
residues flanking the Ser(P) cluster sequence, presumably due to the high negative

20  charge density (Fig. 4). The 300 kDa complex was then applied to an Arg-sepharose
column and washed with TC buffer containing 500 mM NaCl (Fig. 5). The Arg-
sepharose was eluted first with 200 mM lysine in TC buffer (Fig. 5) which eluted a
small amount of the 48 kDa, 44 kDa, 39 kDa and 15 kDa proteins of the 300 kDa
complex as shown by SDS-PAGE (Fig. 6 and Table 1). N-terminal sequence analysis

25  ofthese transblotted proteins revealed that only one of the 44 kDa proteins of the 300
kDa complex was eluted with 200 mM lysine (Table 1). This fraction eluted from Arg-
sepharose with 200 mM lysine contained only Lys-specific proteolytic/amidolytic



15 ADFTETFESSTHGEAPAEWITI DA Proteins eluted from Arg-sepharose by 200
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PCT/ AU96/ 00673 Proteip elutedwith N@ﬂMfﬂﬁ@eATQjﬂes’éphar ose colum was eluted with
750 mM lysine (Fig. 5) which renpved the majority of the protein bound as

prot of ns)as. ohanPy e b flfied o AR AR5 Bt IR,
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proteol ytic/am qbohﬁﬁatlaxn over the original crude sonicate (Table 2, Fig. 7). The specificity of the 45

20  kDa proteinase for arginyl residues was confirmed by the enzyme cleaving Bz-L-Arg-
pNA but not z-L-Lys-pNA. The Arg-specific 45 kDa enzyme was activated by thiols
(particularly cysteine), not inhibited by PMSF or AEBSF but inhibited by sulphydryl-
directed reagents, leupeptin and EDTA (Table 3). The inhibition by EDTA could be
reversed by the addition of Ca>* (Table 3). The pH optimum of the enzyme was 7.5-8.0

25  and activity dropped off dramatically as the pH was lowered below 7.0. These resuits
indicate that the 45 kDa enzyme is a calcium-stabilized, Arg-specific cysteine
endopeptidase. The Lys-specific activity was characterized using the substrate Z-L-Lys-
pNA and was associated with the 48 kDa protein purified from the 200 mM lysine
eluant by Mono Q FPLC. The Lys-specific enzyme was also activated by thiols and

30 inhibited by sulphydryl-directed reagents but was not inhibited by leupeptin or EDTA.
Non-reducing SDS-PAGE without boiling of the 300 kDa complex produced bands
corresponding to the relative molecular masses of approximately 300, 150, 104, 88, 76
and 66 kDa.



activity. N-term nal sequence analysis of these transblotted proteins
eluted with 200 10 nmM argi ni ne reveal ed that only one of the 44 kDa
pr.otei ns of the 300 kDa conplex was eluted with 200 mM arginine and this 44
kDa protein was different to the 44 kDa protein eluted with 200 nM | ysi ne
(Table 1). The proteins eluted fromthe Arg-sepharose colum with 200 niV

| ysi ne and 20Qo%hédaa argi nine were washed, concentrated an@8CTalipé/006T3at ed
with TC buffer containing 50 mM NaCl and 1.0% octyl-[err]-D-gl ucopyranosi de
and applied i ndependently to a Mono Q ani @8 exchange colum. Elution from
the Mono Q columm with a NaCl gradient associated the Arg-specific
proteolytic activity with the 45 kDa protein with a 25 fold purification
over the origi dable ude Busificationeof theA5 kDaArgesperificproteipgse kR4S i ity of the
45-20 kDa proteinase for arginyl residues was confirned by the enzyne

cl eaving Bz-L-/Arg- pNA but not z-L-Lys-pNA The Arg-specific 45 kDa enzyne
was activated by thiols (particularly cysteine), not inhibited by PMSF or
AEBSF but i nhi [Siteeed by sul phy&rasein JProteslvtie Spegifiont Purifigationpt Yielhind EDTA
(Table 3). The inhibition by gahA coatiditye r estivitged fold t he ad¥% tion of
Cal[err] (Table 3). The pH optimum of e enzyfg, and
activity drop cH-8 —ea-y—a Te—pH—wers ' n
results indicate that the 45 kDa enzyne is a calciumstabilized,
Arg-speci fic cygpfafae endopepigg@ase. 12ihe Lysaogpeci fip activityooas
characterized using the substrate Z-L-Lys- pNA and was associated with the
48 kDa protein purified fromthe 200 mM | ysine eluant by Mono Q FPLC. The
Lys-speci fi c ensnioExchangel so activated by thiols and 30 inhibited by

sul phydryl -dir _ge\'gg% H wasgfot inhipyg ted by | eupeptisp or EDTA
Non-r educi ng Sg%ng%((% th}c')éut ty{)%i ling of the 300 kDa conpl ex produced bands
corresponding to the rel ative nol ecul ar nmasses of approxi mately 300, 150,
104, 88, 76 andGédiltkdtian FPLCWO 97/ 16542

PCT/ AU96/ 00673@!,%@@ 9)2 Fyirifiggtion ofjitghe 455kDa Arg-gpecific
prot ei nase Prt tep Protein Proteolytic Specific

hese

Purification Yield (ng) activity activity fold % (U*) U
ng[err] Soni cat Affinity FPLC 48. 0 124 2.6 1 100
Ani on Exchange FGbGeftatoiphar age) 8. 17 64 243 97.8 143
52
Anion exchange
FPLC 0.2 13 65.0 25 1
{mono Q)

* Amidolytic activity using 1.0 mM Bz-L-Arg-pNA; 1 unit = pumol min™ at 37 °C.



Gel filtration FPLC (Superose 12) 3.9 46 11.8 5
37 Affinity FPLC ( Arg-sepharose) 0.7 17 24. 3 9
14~Ani on exchange FPLC 0.2 13 65.0 25
11 (nmono Q * Amidolytic activity using 1.0 nM Bz-L-Arg-pNA; 1 unit =
[ert]mol mn[err] at 37 [err]C 5 WO 97/ 16542

PCT/ AU96/ 0067?\?,8%}'@?; 3 Ef fects of various activators/pdfiteions?3 on
the activity of fhe kDa Arg-specific proteinase Conpound

Concentration Activity (mV) ( 2- mer capt oet hanol 1.0
100 10.0 158 50.0 189 Dithiothreitol 1.0
109 10.0 174 L-cysteine 0.1 183 1.0
320. 10.0 Table 387 PBHEL1s of Yarious activators/inhibiitofs on the activity of thd 4DkD®. O
90 AEBSF[err] Aréasgeciﬁcproteinase 93 10.0 80 | odoacetic
acid 1.0 82710.0 19 PCVB[ err] 1.0
100 10.0 14 Leupeptin[err] 0.1 0 EDTA
1.0 Chiipound Concentration | Activity
(mM) (%)
2-mercaptoethanol | 1.0 100
10.0 158
50.0 189
Dithiothreitol 1.0 109
10.0 174
L-cysteine 0.1 183
10 320
_ 10.0 487
PMSF™' 10 100
10.0 90
AEBSF"' 1.0 93
10.0 80
Iodeacetic acid1 1.0 32
: 10.0 19
PCMB™' 1.0 100
10.0 14
Leupeptin’r 0.1 0
EDTA' 1.0 100
10.0 4
50.0 0
+ Ca™ 50.0 97
o-phenantln'oline'f 10.0 100

* PCMB, p-chloromercuribenzoic acid; PMSF, phenylmethyl sulfonyl fluoride;
AEBSF, [4-(2-aminoethyl)-benzenesulfonyifluoride]

' These incubations also contained 1.0 mM 2-mercaptoethanol



10.0 4 50.0 0 + Ca[err] 50.0 97
o- phenant hrol i ne 10.0 100 * PCMB, p-chloronercuribenzoic acid;
PVSF, phenyl et hyl sul fonyl fluoride; AEBSF,

[ 4- (2- am noet hyl ) - benzenesul fonyl fluoride] [err] These incubations al so
contained 1.0 nmM 2-ner capt oet hanol WO 97/ 16542

PCGT/ AU96/ 006 4god%heslie 45, 27, 17, 15 kDa and one of the 44 RCEHAPAN06I3n
conmponents of the 300 kDa conplex are encoded by the gene the PrtR as
presented schematically in Fig. 8a. The coopl ete nucl eoti de sequence and
deduced am no acid sequence of the PrtRis shown in Fig. 8b. Each PrtR

conponent is preceded by an argin resi due (Fig. 5
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20  The other proteins of the 300 kDa complex, the 48 kDa Lys-specific proteinase, the
other 44 kDa protein and the 39 kDa and 15 Da proteins are encoded by a single gene
the priK presented schematically in Fig 9a. The complete nucleotide sequence and
deduced amino acid sequence of the PrtK is shown in Fig. 9b. The priK is similar to the
priR in that it encodes a putative leader sequence, a prosequence followed by the

25  proteinase domain which is then foliowed by sequence-related adhesins that have high
homology with the C-terminal adhesins of the priR. We have designated the 48 kDa
Lys-specific proteinase the PrtK48 and its associated adhesins the PrtK39, PrtK15 and
PrtK44 (Fig. 9a, b) based on the sizes measured by SDS-PAGE which fit reasonably
well with the predicted sizes from the deduced PrtK amino acid sequence (55.9, 44.8,

30  14.3 and 47.9 kDa respectively). The PrtK48 has the same enzyme characteristics as
the 48 kDa proteinase purified from the culture supernatant of P. gingivalis 33277 by
Fujimura et al. (1993) [Infect Immun 55:716-720]. The PrtK48 also has the same N-

terminal sequence and enzyme characteristics as the 60 kDa Lys-specific endopeptidase
previously purified from the culture fluid of P. gingivalis H66 by Pike et al. (1994) [J

35  Biol Chem 269:406-411] and designated Lys-gingipain. The PrtK39, PrtK15 and
PriK44 are all sequence-related and have high homology with the PrtR



hormol ogy with the CGterm nal adhesins of the prtR W have designated the
48 kDa Lys-specific proteinase the PrtK48 and its associ ated adhesins the
PrtR39, PTTKI5 and PrtR44 (H g. 9a, D) based on the sizes neasured by
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deduced PrtK ami no acid sequence (55.9, 44.8, 30 14.3 and 47.9 kDa
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whi ch is identi dalthd 300ddDaproreinasepdhsinciomples gndbighen oldealar sy fermsiaed ei ns
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genes, the prt Rdasignaed: PR-PeKcomplexes. (Theded tw mslsctd%,rwgﬁa they mature PR fs<
conpl exes. The deoiunemgfmagh)uhdmanmsrmﬁs tdB&DiﬂFigr%)EﬁéH?hit&hdﬁ&szﬂne( Fig.

9a, b d t h
P?t R- ?Dr?rll hg?elrjg ﬁﬁ%h&éﬁ%ﬁ% @&’Q’Et’ﬁﬁ &Pgsnf'h&%&c%agnreerren fhe teh t he
Merr] deterni néeteggmgbtwsefﬁimﬂmaﬁnaﬂramh% Q@@’F&Eﬂ thepmpienGE of
the sanple 10 aftériteiling @rdduced tﬁéﬁdﬂﬂﬁdim%weﬂ mors 7ahd 48kD45, 44, 39,

2T, b a0 15 e i o 6 0T ol S P BOR,

the PrtR and Prt ) e sanplé b0|Ied
with or without demainewars onlyseen when thpsamplegv qsmﬂedtm;hebwamrqdémmm ghtly

non-coval ently asggaai@ttm tif dofrlainP FentaiiDfightly foteaRitl BgocialédrafRe protedlific cat e
and the chromat g BaReC thi 86f doifise BRANE LitoMloafabhil Bactons ndl dhit) ¥f de

activity in the uctng a ensur i ng m.ni enzynic
activity durlPng Preteo ﬂ!ﬁ%ﬁﬂb’d@ﬂ&pﬁ-‘feﬂ reducing ageptithu wrelsammam| on of

the 300 kDa cel Iacmgmh@gmdcmmh phi€ pixificaGons O ThO SiafhcRfizdtioR @€ €2 AJ0 UDARI NS

f the t ih K PrtR
and Prik proter Re-aseBitd ol 5&@%0%%?%95@*“%99@%5 R e |
The identifi cat PR %ﬂP%vMFStﬁhattth@mi mtum?rtRmd HTH%PIIDM“R a&‘i?ﬁ'“@rﬂ!‘k in
the cul ture supahénic@procdaded] peliups MstoNtically OTRSiIderfificidnios beveial ¥ théddnins

proteol yti ¢ aut pin'diR afd BHIEH the \Quitlle s&ﬁ@&a@ax& 8) 3BERb&dnl Sroups is consistent with

the proteolytic (autolytic) processing of these polyproteins.

The relative molecular mass of the processed PriR-PrtK complex is likely to be
attributable to the composition of 1 PrtK48 + 1 PrtR45 + | PrtR44 + 1 PrtK39 + 1
25 PriK44 + 1 PriR27 + 1 PrtR17 + 1 PrtK15 + 1 PrtR15 = 294-323 kDa depending on C-

terminal truncation, that is the 300 kDa complex would contain the five domains of the
priR and the for r domains of the preK gene products (Figs. 8 and 9). As highM,
material (0.6 - = 2 x 10° Da) on gel filtration (Fig. 2) was also composed of the seven
PrtR-PrtK bant s then this suggests that the 300 kDa PrtR-PrtK complexes may further

30  associate to for n larger cell-associated aggregates. The high amino acid sequence
homology betw sen the PrtR44, PrtK39, PrtK44, PrtR27, PrtR17 and the 15 kDa
protein of both the PrtR and PrtK suggests that these adhesins are responsible for the
non-covalent ¢ >hesive interactions between the components of the PriR-PrtK
complexes an‘. between the complexes themselves in the larger aggregates. It is

35 interesting tu note that some dissociation of the 300 kDa PrtR-PrtK complex occurred
during the affinity chromatography on Arg-sepharose, although the majority of the



The rel ative nol ecul ar mass of the processed PrtR-PrtK conplex is likely to
be attributable to the conposition of | PrtK48 + | PrtR45 + | PrtR44 + 1
Prd K39 + 1 25 PrtkK44 + 1 PrtR27 + 1 PrtR1l7 + 1 PrtK15 + 1 PrtR15 =

294- 323 kDa depending on G termnal truncation, that is the 300 kDa

conpl ex woul d contain the five domains of the prtR and the for r domai ns of
the prtK geneywgyosgses (Figs. 8 and 9). As high Merr] natemcaiAuoc06H73
[err] 2 x 10[err] Da) on gel filtration (Fig. 2) was al so conposed of the
seven Prt R-PrtK banes then this suggests tijgmt the 300 kDa Prt R-PrtK

conpl exes may further 30 associate to for n larger cell-associated
aggregates. The high am no acid sequence honpl o bet ween the PrtR44,

Prt K39, PrtKa4, proteirrelgted gy thwidisspciatedeomplexapith lysinse Theppatithe Prt R and

Pr th K suggesz S tmteaocﬁmﬁatﬁdm@tlé%mwimmgaam&ublmyfbea nicdRani3f byoshiél thet .
cohesi ve interac ns, be r S an
bet ween the co g‘staﬁé rﬁfélggt 'ﬁa%&%g I?J %?Bgf%"g“‘a'{@‘g er;ﬁ;%%%’é&

i nteresting to domnainsatshe taxgetsiteion bindingt i on of the 300 kDa PrtR-PrtK conpl ex
occurred durgng the aff| nity chromatography on Arg-sepharose, although the
majority of the 1654
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| ysi ne. The par speaiﬁcdndsbmpa@ﬁmotﬁna!mGﬂdzmnskl‘@!ﬂed)!dhdﬁwnmed by thetwoe may
be a nechani sm Eéhewlhﬁ?hﬁ B gl ex targets specific host macronol ecul es
and cells releaSing the proteinase/adhesin domains at the target site on
binding. 5 This exanple describes the purification of a novel cell

associ ated d8npl ex of Arg- specific and Lys-specific proteinases and
sequence-rel at eg gHRALE L0 DpdRdidy the two genes, the prtR and prtK 10
B. Utrafiltration and tratiron P. gi nglvalls W50 was grown

anaerobically at 37[err]C on |ysed horse bl ood agar and in nodified BM
medi a cont ai ni nd. grrgmlnwﬂwmmmnmﬁm&marﬁmngysﬂmwﬂmundesed hor se

15 bl ood pl at &g, Whéﬁnpemaﬂ%mﬂm%l mﬁcul ate
moni tor ed a1S6 af?’ﬁ% %rtoﬁ&és 5%“ e o 35L4p i “ﬁbﬁf“ﬁmﬁﬁ%’@a ture
purity was checlcelummwneB;mﬂieamhfgﬂ mmme@éptﬁsemmm on and by
using a variety sﬁéctr&stﬂﬁmter COE [FRAGEEIme)0 Chiffur¥ puirity Wits dhécked\fltinkly by\Grahi | i sed
cultures. A cUl e R ostopictxhifination s By using s 4ty oPbioHeRich IR, STolll'viere
maintained as lyophilised cultures. A culture of P. gingivalis was grown to late logarithmic
20 phase and the cells harvested by centrifugation (5,000 x g, 20 min, 4°C). Chloroform was
added to the cell pellet and afier gentle mixing the suspension was left for 15 min at room
temperature. Following chloroform treatment, 20 mM Tris-HC1 pH 8.0 buffer containing 50
mM NaCl was added and gently mixed. This mixture was then centrifuged (100,000 x g, 30
min, 4°C) and the supernatant diafiltered through a 100,000 M, cut-off membrane (Amicon)
25  with five volumes of distilled water. This purifies and inactivates by oxidation the 294-323
kDa PrtR-PrtK which is freeze dried and used as an immunogen. The PrtR-PrtK purified by
diafiltration was composed of 48, 45, 44, 39, 27, 17 and 15 kDa components as shown by
SDS-PAGE (Fig. 10).

30  (2)Preparation of Antibodies

Polyclonal antiserum to PriR-PriK was raised in a rabbit by immunizing with the
Oo-inactivated PrtR-PriK subcutaneously. The rabbit was immunized at day O with 40 pg of
protein in incomplete Freund's adjuvant, day 14 with 90 ug of protein in incomplete Freund's
35  adjuvant, and day 28 with 60 pg of protein in incomplete Freund's adjuvant. Immunizations
were carried out using standard procedures. Polyclonal antisera having a high titre against



20 phase and the cells harvested by centrifugation (5,000 xg, 20 m n,
4[err]C) . Chloroformwas added to the cell pellet and after gentle m xing

t he™susSpensrton was 1ert 1or Ib mn at roomtenperature. Follow ng
chloroformtreatnent, 20 nM Tris-HC pH 8.0 buffer containing 50 M NaC
was _added and gently m xed. This m xture was then centrifuged (100,000 x g,
30 min, 4[err] he supernatant diafiltered through a 1 O9%6ddsar ]
cut - of f nenbraﬁe 5‘?&gn{%‘%on) 25 with five volunmes of distill ege'\l/.\gter ?hi s
purifies and inactivates by oxidation the 4-323 kDa PrtR-PrtK which is
freeze dried and used as an i munogen. The PrtR-PrtK purified by
diafiltration was conposed of 48, 45, 44, 39, 27, 17 and 15 kDa conponents

as shown by SDSPWEWOW E’(ilesue(ﬂ\)eaﬁhbeqhwdmampeﬁﬁcﬂlnaghndl es

Pol ycl onal anti pe sﬁ% Gre@ rabbit by immunizing wth
the Jerr]-i nact| at ed PrtR—PrtK S cutaneously ‘The rabbit was i muni zed
at day O with 40 [err]g of protein in inconplete Freund' s adjuvant, day 14
with 90 [err]g of protein in inconpl et EXAMBROE2s 35 adj uvant, and day 28
with 60 [errig of protein in inconplete Freund' s adjuvant. |mmwnizations

were carried out using standard procedures., Polycl onal antisera having a
high titre agai Metho dsmr“gogmésfggmcmnefomnﬂaﬁonsrelatedto -PrtK.
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rel ated to Prt Rinspynegemin a prophylastic PM@‘"}S‘F'@% fonactiveimaminizasionite protect
provi de Prt RoPr mmatmmommwrmmrmm@mmmw@@w actic

and/ or therapeu I ai nst or
treat infecti ong)"g' seg Qba‘?%;&l@ |'S. For vaccﬁ%‘g pur oses éoﬁgant i gen
of P. gingivali 8t 0@%%&%%‘%9@@’@11@@6“% rrhgeeinthe and

i nduce functi onaﬂ;nop@(&)%&ﬁvedhﬁx&@sﬁhh@oﬁﬁl@n@blﬁore surf ace- exposed
epitopes on intact bacteri a wherein the epitope(s) are conserved anongst
strains of P_ gingivalis, In one illustration of the PrtR-PrtK protein

havi ng t he ;!Popmqeélélmnp%wnﬁmeméhwww4@%9@%3
purified from Pantiges tmﬁwusp;mgedm asingthdxrehdiadesiibed Heremianpl e 1.

M ce were i mruni tlohcg @{lﬂ‘%&% ﬁtuﬁgtrng{ehggﬁ "{ﬁe@'{’&f“gw"fé}% ug)

wi th adjuvant ( err
purified PrtR Pi“t“ka%‘@ﬂﬁ @QES QWW"&? At faye wesk intsrvalspiThe purified, PetR.
i uni zed m ce msmddtm@&lrdﬂhmmafB%dﬁomthelmmmzednucewasdmwnndaysaﬁer

20  the last immunization and the immune sera was pooled. The pooled immune sera was
assayed against whole bacteria (P. gingivalis strain W50) by an enzyme linked
immunosorbent assay (ELISA). For the whole cell ELISA, overnight cultures of bacteria
were harvested by a swab and suspended in PBS to an absorbance of 0.1 at 600nm.
Aliquots (100 u1) of the bactenal suspension were added to the wells of a 96 well microtiter

25 plate and dried overnight at room temperature. The plates were blocked with 100#1 of 0.1%
(w/v) gelatin in PBS. This, and all remaining incubations, were for one hour at room
temperature unless otherwise specified. The blocking solution was removed and 100 1 of
the immune sera, diluted in PBS with 0.1% (w/v) gelatin, was added to the wells and
incubated. After washing three times with PBS, the bound antibodies were detected by

30 incubating with 100 2l of alkaline phosphatase conjugated recombinant protein G (1:1500 in
PBS with 0.1% (w/v) gelatin). The plates were washed and colour development was
facilitated by the addition of 100 ul/well of p-nitrophenyl phosphate (2 mg/ml in
diethanolamine). After 30 minutes, the reaction was stopped by adding 50 #l of 3M NaOH.
The absorbance was read at 492 nm using an ELISA reader. Endpoint titers were

35  determined as the reciprocal of the dilution at which the absorbance was greater than that of
the blank wells. The results demonstrated that immunization with inactivated Pr{R-PrtK



20 the |l ast inmunization and the i mune sera was pool ed. The pool ed

| mmune sera was assayed agai nst whol e bacteria (P. gingivalis strain WO0)
by. an enzyme |inked i munosorbent assay (ELISA). For the whole cell ELISA
overni ght cultures of bacteria were harvested by a swab and suspended in
PBS to an absorbance of 0.1 at 600nm Aliquots (100 [err]l) of the
bacterial sus@gygesszwere added to the wells of a 96 wel | nMPROTHUISBITYS

pl ate and dried overnight at roomtenperature. The plates were bl ocked with
100[err]l of 0.1% (wv) gelatin in PBS. Tis4s, and all renmaining

| neubations, were for one hour at roomtenperature unless otherw se

speci fi ed. The bl ocki ng sol ution was renoved nd 100 ggrr | of the inmmune
sera, diluted ielicigtibogiespvhich can '{‘W‘VP“@%‘]%’?W |l's and

i ncubat ed. Aftep gnghdling three tinmes with PBS, the bound ant| bodi es were
detected by 30 incubating with 100 ml of al kaline phosphat ase conj ugat ed

reconbi nant protein G (1:1500 in PBS with 0, 1% atl Th | at es
were washed andAddisiopahevidenge pupporting the immyng quﬁét&?’bygf‘k %"g‘f“ 100
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i nconpl ete Freu Qm}{]gt e
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Freund' s adj uvamstK prefeina0omplemient selfeq COBRIUAE VKH?"P’&E‘E%’F‘HP“’I’}!‘%‘VH& i dal
15 activity a%ﬂhmaﬁ@tawmo%&nbéd:& ang ithepalanded salt Bolatidna Alleedgentswsere gr own

Lo ogarth e RAT, o REo (8 bso IYURD ARGIRlsor 28 B df the/Maciib ! O t he
bacterial cul t uP& Was 0 1
removed and plated in triplicate on BHI agar at times 0 and 60 minutes. The plates were
incubated and colonies were counted the next day. The percent killing was calculated using
the average of the three triplicate values at the 2 times. A representative example of data
25  generated by the bactericidal assays is shown in Table 4. The results indicate that the
polycional antiserum raised to the inactivated PrtR-PrtK is bactericidal for P. gingivalis. As
illustrated by Table 4, controls show that the antiserum does not kill bacteria in the absence
of complement, and that the complement source does not kill the bacteria in the absence of
 the antiserum, indicating that the bactericidal activity is antibody directed and complement
30  mediated.



colony formng units (CFU) per m in 10% bovi ne serum al bum n in a bal anced
salt-solution. The bactericidal assay reaction contained bacteria,
pol'ycronal antiserumto Inactivated PrtR PriK proteln, a conpl enent source
consi sting of normal human serum whi ch was absorbed 20 with protein Gto
renpve anti bodi es, and the bal anced salt solution. Al reagents were added
to the reactiog, 9g Xéd gld a 250 [err]l volunme. Aliquots of 25pbghbémegs t he
reaction were Penoy and plated in triplicate on BH agar at tinmes 0 and
60 ninutes. The plates were incubated and gglonies were counted the next
day. The percent killing was cal cul ated using the average of the three
triplicate values at the 2 tines. A representative exanple of data 25
generat ed by thedableat eri ciBieterickiabmtivityiof amii@viR-Prik) dnlibody 4. The results
indicate that the polyclonal antiserumraised to the inactivated Prt R PrtK
i's bactericidal : S T .

t hat "'the anti serum does not kill bacteria in the absence of conplenent, and
that the conpl ersamplesour ceAmigunsm Not CGompleniehe bCFU & i & | NCFUiat absenPeceat t he
antiserum indicating that the bactericidal acfivity is gndédody di:i[lﬁgt ed

and conpl enent 30 nedi at ed. WO 97/ 16542

PCT/ AU96/ 00673 35 Table 4 Bactericidal activity of anti-(PrtR: PriK)
anti body Sanpl e Anti serum Conpl ement CFU at CFU at
Percent tinme O tinme , king 1 O[err]l

22 [err]| P - Rowo O 189%¢ 11
0 : 227 390 0% 3 0 22
[err]l 254 10l 286 0 0%4yy furthersggl | ustrat pggg t hat

the PrtR-PrtK protein possesses properties desirable of a vaccine 5
antigen, pooled immne sera raised to strain W0 was shown to have
cross-reactivity with het € ol ogous 22#ins. TH$4pool ed i BPune ser a®%
prepared against PrtR-PrtK protein as descri bed above, was exam ned for

cross-reactivity wih nine P. gingivalls strarns rromadiverse clrinical and
geogr aphi cal sources. Bacteria fromeach culture were harvested by swabs
and suspended i fin RiBSertilinstating fhat thePriRe-Bak picteis possésses p@pertiesdisgrable ofe yacgnw| i t er

grlg\%g éL 8 drSsu The Inég?r]br aneﬁgmd i,n tgasta‘aelg“f)sggﬁﬁ%)%%@&& @&ﬂwf}v';fi rein
y ub ure i

a sol ution of 5AFEIEOUS sty W ob ?WBWMM?@E% i ng

sites of t he nentsescribed abbre, wmfmommymﬂlmeﬂwmmmﬁmﬂﬂmhen

i mrersed in the diefe kiinitdl sn@ %F&#m&&nih&nm&rﬁﬁéﬁh&%st&

1.1000. The rrerrbragsanx\@uspmgc m §to Qcai%%orgnt'gﬂd(yat%&mm@mcm F&&E”C

with gentle
10 suspension was applied to a nitrocellulose membrane and allowed to dry. The membrane

was incubated one hour at room temperature in a solution of 5% non-fat dry milk in PBS to
block the residual binding sites of the membrane. The membrane was washed twice with
PBS, and then immersed in the blocking solution containing the immune sera diluted to
1:1000. The membrane was incubated with the antibody overnight at 46°C with gentle

15  shaking. The membrane was washed three times with PBS and then incubated for 2 hours
at room temperature with alkaline phosphatase conjugated recombinant protein G (1:1500
in PBS with 5% non-fat dry milk). The membrane was washed three times with PBS and
bound antibody was detected by the addition of substrate. The immune sera reacted with all
strains as strongly, ot to a greater extent than, strain W50. Thus, the antibodies elicited by

20  immunization of the PrtR-PriK protein isolated from strain W50 cross-reacted with all
heterologous strains tested.

For vaccine development, PrtR-PrtK may be purified from a host containing a recombinant
vector which expresses PrtR-PrtK. Such hosts include, but are not limited to, bacterial
25 transformants, yeast transformants, filamentous fingal transformants, and cultured cells that



15 shaki ng. The nmenbrane was washed three tinmes with PBS and then
I ncubated for 2 hours at roomtenperature with al kal i ne phosphat ase

conj ugat ed reconbi nant protein G (1: 1500 in PBS with 5% non-fat dry mlk).

The nenbrane was washed three tines with PBS and bound anti body was
detected by the addition of substrate. The i mmune sera reacted with all
strains as stwoywhssszOr to a greater extent than, strain o@cr/Awveeosthe
anti bodies elicited by 20 i mmuni zation of the PrtR-PrtK protein isolated
fromstrain W0 cross-reacted with all hetgrol ogous strains tested. For
vacci ne devel opnent, PrtR-PrtK may be purified froma host containing a
reconbi nant vector which expresses Prt R-Prt K. Such hosts include, but are
not |inited to,haysheensithen infocted ortrapsfected with amvectorpehich eneodes RrRy PR Many

fil ?rrent ;)us f ungetiods 4re kidvai foRIhE introdudtiorteflatviidcing fatfiulation ikdthe humdiCoChhind 54 2
PCT/ AU96/ 00673 ﬁ!ge |m t. ﬁnﬁéﬁ? a vector
whi ch encodes ﬁgﬁﬁ@ G‘ll\/gm(% ﬂ%ogggrg@eﬁ&ﬁ%d’v%”‘éor ewtron of a
vacci ne for mul anuwtm%lnwmmmrw intsanggal,\and

|an ude, {outs a:‘y@cd“é?nalylﬁm}kﬁﬁ; mh,ef-mhamt ﬁHh%rplol e“g I

i ntraperitonea ntrav u an u , Intranasal, and ora
adm ni stration. "P?“r?g“% '@@vﬂ% ?’%ﬁ@%ﬁ' hpri se a physi ol ogi cal
carrier such as a solution, a polyner or |iposones; and an adjuvant, or a
conbi nati on thereof. EXAMPLE 3 10 PrexamMpngesef ficacy of i nmuni sation
with the PrtR-PrtK conplex in an animal nodel. Various preparations of
purified P. gingivali sdEr oteins were tested in the nouse abscess nodel .

This nodel §0s |Ryotestive efficacy of immpuisationwith thrRriR:Bytl{ complesdnon hninst! al
(1992) [Infect ,{,mn 60: 1455- 1464] A typi cal experinment is outlined bel ow.

Briefly BALB/c mce were.o Per t tralia), and were
i muni s/ed subcu WE&B@PV“?WSPEB‘"@E’E pingiya fﬁ?&%&é M‘HZ use abaeess
and doses accormodely This madel is lgosslybesed wh@m@h@}bwtibmswtgﬂﬂg(ml s
strain WO, m'[@lﬂbd@%nﬂh&@M%—lMé @YpicaDéxperifient Y Allind@ below! BBy BAIGEs Of

vacci ne at an f e. lin kil ngi val i s
W50 cells re "Hg‘afﬁm ?tﬂﬁ'a% gﬁlﬁé oef'elgg'f"‘n@g‘? ﬁ"‘t"g gl / vol )
20 of bufferelaﬂiecﬁmﬂofs nenbwnbﬂ:emrwt:ausmpépsqs@cwmmmab!eérmextract

of P. gingival Iammge ﬁitﬁl]v?éﬁckz %amb w.lso' ah.Erraaapgﬁe:Qat IBWeblEdde é. omdaf
Prt R-Prt K conpl ex

| ed Exa Th r t K
domai ns were p r‘effg Fgﬁ" °fe5 Rfeﬁ“{'%%‘ W?SF{ %f%’s &E’m& Fc? "P‘ﬁ'
the presence of&agrlisN ap'pmmmdlbyrwb@na ap aliquot of cells in 0.5% (VOVVOI)
20  of buffered formal saline overnight at 4°C. The chloroform extract of P. gingivalis was

prepared as detailed in Example 2. Purification of PrtR-PrtK complex was performed
as detailed in Example !. The PrtR-PrtK domains were prepared by taking the PrtR-
PriK complex and incubating in the presence of 50mM 2-mercaptoethanol for 8 h at
4°C. This resulted in the breakdown of the PrtR-PrtK complex to domains that were

25  15-115 kDa proteins as shown by gel filtration FPLC and SDS-PAGE as performed in
Example 1.

All preparations were emulsified with an equal volume of Freund’s Incomplete
Adjuvant (FIA; Sigma) prior to injection.

30
Animals were bled before and 1 week after the immunisation schedule. Sera were .
screened by ELISA using a P. gingivalis sonicate (prepared as in Example 1) as the
adsorbed antigen. The immunogenicity of the purified PrtR-PrtK complex is shown in
Fig. 11.



4[err]C. This resulted in the breakdown of the PrtR-PrtK conplex to donains
that were 25 15- 115 kDa proteins as shown by gel filtration FPLC and
SDSTPACE as pertorned 1n exanple I. AT preparations were enulsified with
an equal volune of Freund' s Inconplete Adjuvant (FIA, Sigma) prior to
injection. 30 Aninmals were bled before and 1 week after the imunisation
schedul e. Sera_were screened by ELISA using a P. gingivalis odSoe73
(prepared as iWq':%ZQFﬁ?Fe 1) as the adsorbed antigen. The inmunogenicity of

the purified PrtR-PrtK conplex is shown in Ei g. 11. WO 97/ 16542
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n Doses 1 2 1x10[err]Formalin killed P. gingivalis cells in

Fl Al.err] 11 2 2 Chl orof orm extracted P. gingivalis proteins
in FIA 10 2 . flR urified P. gingivalis PrtR-PrtK
complex in FIA é'b!fs‘ Immnguzaﬁ&bécﬂ - rItOK Domai ns i% F?A

10 5 . 2 Tris-cysteine huffer in FIA 10
6 2 Tris-cysteine buffer 10 5

[err]FIA = Freupds in e dj uvant For the preparation of the bacteri al
chal I'enge P. gi ﬁﬁﬁ'\?al ﬁ@ngtl Itrg“\?@‘lr"g grown at 37[err]C on |ysed horse bl 8od
agar (HBA) plates untilloselay 3 or 4 in an anaerobic chanber (Mark 3

Anaer obi ¢ Workstation, Don Wiitley Scientific Limted; with an air m xture
of 8% H[ err]1 0 9 gnr{ into 20m of
brain heart infusion broth (BH B; Oxoid) supplenented with 0.5g/L cysteine

and 1ng/L haem n §for 24,hounS,de ! ] r. 137C. Finally,,;3m
of this culture V\i/;s add%d t3§hd080@?aﬁ%?|ﬂ%'%’hgg@fggyﬁemﬁ%%i a and incubapgd

for approximately 15 hours in a standard incubator at 37[err]C, until the
optical density a 650N r egqiipchoihn diracted ®. lisYoeint Ertape! | et ed byygls
centrifugation at 10,000 g for 30 mnutes uSihg a JALO rotor in a Beckman
Hi gh Speed centrifuge and then resuspended to a final dilution of 3x10[err]

cell's per mM in BHIB- 2  Affinity purified P. gingivalis PrtR-PrtK complex in FIA 5
4 2 PrtR-PrtK Domains in FIA 10
5 2 - Tris-cysteine buffer in FIA : 10
6 2 Tris-cysteine buffer 10

5 ! FIA = Freunds incomplete adjuvant

For the preparation of the bacterial challenge P. gingivalis cells were grown at 37°C on
lysed horse blood agar (HBA) plates until day 3 or 4 in an anaerobic chamber (Mark 3
Anaerobic Workstation , Don Whitley Scientific Limited; with an air mixture of 8% Hj,
10 12% CO,, 80% N3), then passaged into 20m} of brain heart infusion broth (BHIB;
Oxoid) supplemented with 0.5g/L cysteine and 1mg/L haemin for 24 hours in a
standard incubator at 37°C. Finally, 3mi of this culture was added to 400 ml of BHIB-
cysteine media and incubated for approximately 15 hours in a standard incubator at
37°C, until the optical density at 650nm reached 0.18. The celis were then pelleted by
15 centrifagation at 10,000 g for 30 minutes using a JA10 rotor in a Beckman High Speed
centrifuge and then resuspended to a final dilution of 3x10" cells per ml in BHIB-



WD 97/ 16542

PCT/ AU96/ 00673 38 cystei ne nedia according to previously established growth
curves for the Wh0 strain used in these experinents. Mce were marked for

i dentification, their backs and chests shaved to nake neasurenent of

| esi ons possi bl e, then weighed prior to inoculation with the chall enge dose
at =a singl e siWw@gossizne m ddl e of the back. A 0.1m dose wasPCE/AB6/00673
representing a predicted chall enge dose of 3x10[err] bacteria per nouse.
The inocul um dose was confirnmed by culturigg various dilutions of the

chal | enge dose on |ysed HBA pl ates and exam ning the nunber of colonies 7
days later. Follow ng challenge mce were exam ned daily for the nunber and
si ze of | esi onscysteineanediapscarding tn pravieusiyrstablished growth curygsder the Wb straini ng t he
aﬁr‘)r OXi mte S U fised & thesRxpetiniiilseMice were/ mhrkedifor Rentification, ehelrdacksani ahdﬁﬁd _
shown that in u [ 0 . . m ce
Fol l'ow ng. i nocufAPREA TBe pidhiFemenf oY iGhs BRI, R wlintd ict i inbgfyion W

di stressed ani ntheshallenge dose atacsinglesise inthe misidle afshebagly AiOckml dgse wasgivenno
weeks and a $unjgpreering @ predictedthalteRgy dose B 3:10° badtEriR pershshsh e ndclluma bl e 6.
In this 15 exper i ment %IE‘W aldose of 3@%1%‘%%][&&3&% er|$ ger lmﬁﬁrﬁﬁ was
the desired nunb®f Ygf¢© Ya‘?“‘gf'??eY"'BF% 05 ot rnee fFrsen AWas
cal cul at ed t hat pletgs Andexaminingshe aimber pkgolanies d daysdatar. | enge dose of
3.17x10[err] live P. gingivalis bacteria strain W0. \Wen nmce were

: oed i th ! a1e pastena st o0
oauct s ons ( p <FRRRE et ek AFk Pt AR Ip! B b d WS Rrericmn on o
formalin ki l9edtheir bgdy ghd their size estimated bg messring the @pproximate sutfhce agealin maf’or m
extracted prot ejR§ived PHRions expelmbiiehdd shEwi iHatinGiNitiized HiRURsidAs When
O e Lo BevelsoR RS bt oo her b pafon i e Brteb b b o ©
di d not signifi sidetAyy disthssed anipwlsovere culled.cObssevationsywere carried g overdwnt r ol
(Goup 5). Thﬁ; w&a&u{n%suﬁh?gbgune;ﬂwpéabd: gbgsuiﬁlgﬂkeﬂbelwm?aﬂﬁ%e(ﬁ uﬂselt y as
an | nminoge er eas ad - Pr I QS - [ 0§ elLns 0O not.
The only gr gap 8¥P°3H\°Wa‘1%’§":ﬁ1‘8?° ﬂ?&“g%ﬁ%ﬁ%ﬁ’e W“%%W??g%d%ﬂfﬁxﬁuqmﬁ}i?‘dexhi bi t ed
no visi bl e | esi banteria; after platingsoutiof therinarulbm ikwasaajsnlated ghas gpch(use pctagily Al |
ot her groups, | Réeivéld éhalletigaBbiedf3.17:36° 16RIA ﬁmgﬁmt%a sthidtwaol ani mal s

e

exhibiting visible lesions indicating that t PrtR- Prt K conpl ex was

a better inmmunogen than formalin killed cells. WD 97/ 16542
PCT/ AU96/ 00673 en mice were immunised with the various P. gingivalis fractions significant

20 reductions (p < 0.05) were seen in the size of the lesions with whole formalin killed P.
gingivalis strain W50 cells (Group 1), the chloroform extracted proteins (Group 2) and
the PrtR-PrtK complex (Group 3) when compared with the lesion size of the animals
receiving FIA (Group 5) (Tabie 6). The PrtR-PrtK domains (Group 4) of the broken
down PriR-PrtK complex did not significantly reduce lesion size compared with the

25 control (Group 5). These results clearly show that the complex works effectively as an
immunogen whereas the PrtR-PrtK domains (15-115 kDa proteins) do not. The only
group of animals that had a number of animals (40%) that exhibited no visible lesions at
all was the PrtR-PrtK complex group (Group 3). All other groups, including formalin
killed cells (Group 1), had all animals exhibiting visible lesions indicating that the PrtR-

30 PrtK complex was a better immunogen than formalin killed cells.



39 Table 6. Inmmunisation with the PrtR-Prt K conplex can protect mce from

challenge with P. gingivalis Lesion size G oup Mean maxi mum | esi on
si zemmmierTi P I 30.2 28. 4] err]

0. 0008 2 39.0 33.2 0.009 3

30.0 36.0 0.0028 4 88.3 32.2

NS 5 - 86.8 41.1 6 201. 7 p&PiaBosooe7s
0.012 5 * probggﬂ fy cal cul ated by Mann Whitney rank sumtest conparing
Goup 5 with other groups [err] nmean SD 1Q

EXAMPLE 4 d oni ng and sequence anal ysis of ?he prtR and prtK genes
Bacterial strains. 15 P. gingivalis W0 was grown in nodified BM nedi um
suppl emented with 1[err]Jg/mM haem n in an atnosphere of 10%CCIerr] 10%

ol | LES02 32%“’&?%*&% ?“'"'ﬁ'ﬁia% b TR Mo G ol S

har bouri ng puc MathP-gégivedisvere grown in LB medi um suppl emented with
100[err]g/ M anpicilin at 37[err]C. 20 Genomic |library construction
Chronosormal DNA"was 1solated from P. gingivallss s described by Smth
et al., [Oal Mcrobiol. Inmmunol. 4:47-51 (lgéﬁ'}éﬁexcept that cells were
pel | eted from a_5@@8AepP | at emMﬂbwmmmmm e genomic Libr
constructed from BanH 25 part i ally-di gested W0 DNA whi ch was
partially-filled with dGIP and dATP MWD 97/ 16542

PCT/ AU96/ 00673 40 Iﬁgat ed into Lanb&%é\%"e?r]-lz Xhol hal f - si t &%9P%s
(Pronmega) and packa@ed usi ng Package¥®J+B3.2 (Pronega). 0.009

3 30.0 £36.0 ' 0.0028
4 883+322 NS
5 86.8 £41.1 -
6 201.7+1258 0.012
5

* probability calculated by Mann Whitney rank sum test comparing Group 5 with other

groups

' meantSD

10 EXAMPLE 4

Cloning and sequence analysis of the priR and prtK genes

B ial strains.

15 P. gingivalis W50 was grown in modified BM medium supplemented with 1jig/m}
haemin in an atmosphere of 10% CO,, 10% H; and 80% N; at 37°C. Escherichia coli
IM109 and Escherichia coli LE392 were grown in LB medium at 37°C. Escherichia
colj strains harbouring pUC18 plasmids were grown in LB medium supplemented with
100pg/ml ampicillin at 37°C.

20
Genomic library construction
Chromosomal DNA was isolated from P. gingivalis W50 as described by Smith ez al.,
fOral Microbiol. Immunol. 4:47-51 (1989)] except that cells were pelleted from a
500ml late-exponential culture. The genomic library was constructed from BamHI

25  partially-digested W50 DNA which was partially-filled with dGTP and dATP and



prt R gene characterisation: The genom c |ibrary was screened using
degenerate 5 synthetic oligonucl eotides derived fromthe Nterm nal
sequence information of the purified PrtR45. The oligonucl eoti de probes
wer e based on the am no acid sequence YEGDI KD (anti sense) and KDFVDWKNQ
(sense) and were-5' end-labelled using [err] ATP and T4 pol ynucl eoti de

ki nase. Approxywadakssz 1. 5 x 10[err] phage were screened by | iptiriavgeousi
Nyl on menbrane filters and hybridi sed with radiol abel ed ol i gonucl eoti des 10

overnight in hybridisation buffer: 6xSSC (3gC is 15mM sodiumcitrate, 150nmM
NaCl pH 8.0), 0.25% SDS, 5x Denhardt's solution and 100[err] g/ m sal non
sperm DNA at 44[err]C e re washed extensively in a solution of

. Filters
5xSSC cont ai ni ndigated e Emap - 14 Xap] half-siteqrmp(Rromegad layd packaged using g
pl aqgues were purpatk enc®Prongd)d protocols for end-labelling of
ol i gonucl eoti des and screening procedures were essentially as described 15
I n Sanbrook et al. (1989) [Mdl ecular doning: A Laboratory Manual; 2nd ed.,
Col d Spring Har tpstRt geneisharacterigatione SHie genomib Hbran! wasscieened using tiegenerateser t
512, Of 3PDr S IALS oihickpades Bk Hort N o SRSB4 DMl e

[ - ut wi I . | cti
enzynes and t he PP @fgﬂﬁ@?g?'&'é%%%a'@m&%h“&‘%é%%m@wmﬁ col i
JMLO9 was t r ansfOEGRIKRantisense) agd KDFYDIVKENQ:(sense)land wierts>’ and-labelled using y*P
encodi ng Pri K veisr® i BERBORGR Aiak UpphKimatg 13 1 /phidhets erliged LT,

[ N i br, Crl ] ve.
The genomic |i \t,)\ﬁg'r“ig ?ﬁé@hg‘ef‘ E@H@H“ﬁ&tﬁﬁa@ @Eﬁ@%rvg{lga@yafq\?/ﬂgf@gonucfeotﬁes
ol i gonucl eot1e avemightin Hybudisatinebiffer 86 {5SE ischio eodittin citmtept 50aiM diaCbf t he
Cequence D TDHAN Soy A9, Aerhts ﬁ*é‘???ﬂ?"‘?"ﬁ%‘“‘“"%??@”?‘ " and
washi ng conditio ;él il“&"’é&“ﬁ'@@’@?‘* 88%]’5‘35‘8\‘}}9“ WBQBP? ’?ﬁﬁ% 'fqli'!" '@%@ﬁ}als&%e was
48[ err] C and t he(wiv)iat 44°C. Bositivelprbybeidising iplaquéswwesiry purified. Standard protasblsImSSC
of appr o .ol - A e U ofgondd¥ofiésid sirBftyrScetites ke Mseflinifad didiibeq = 5
f ragment mngfﬁ i"dﬁ%@'ﬂg@ﬂwﬁﬁt ‘81 ggﬁf’i&?&ﬁﬁ*’@ﬂ?’"&&i&%@%@? P@ 86‘ i IM
109 transformed Syring Hatteur batendsony Piness)o [ Lasbiiaiciane fdeswith freidseprsizeiofus| y. Due
to an internal ?ﬂxi:ﬁdt%ﬂlﬁ]ﬂbt\bds'}el%tmndttﬁﬁ fragrierk Bofaifid thé R g TN ed
I&r K whi ch
!

e B L DA o Ao 3 R AR B i
35 sequence ergsoefiated sabcloiedingmpliQl & EsgherichinaolidM102 v tranisfosmed with the

Subsequent | y2g0 a ResmbishnPplhdsidssigUedcHEporatiae (1 ysur) specific to the
sequence THI GAH which is found wthin WO 97/ 16542

PCT/ AU96/ 00673
prtK gene characterisation: The 5’ portion of the gene encoding PrtK was isolated

from the same genomic library described above. The genomic library was screened
using a degenerate synthetic oligonucleotide derived from the N-terminal sequence

25  information of the purified PrtK48. The oligonucleotide probes were sense to the
amino acid sequence DVYTDHGD and radiolabelled as described above. Hybridisation
and washing conditions were as described above except that the temperature was 48°C
and the filters were washed extensively in a solution of 3xSSC containing 0.01% SDS
(w/v) at 48°C. Lambda clone 12 with an insert size of approximately 15kb was selected

30 and digested with BamHI and a 3.3kb fragment was ligated into plasmid BamHI-BAP
pUC18 and Escherichia coli IM109 transformed with the recombinant plasmid as
described previously. Due to an internal BamHI site within przK , the 3.3 kb BamH1
fragment contained the 5° portion of prtK which constituted the end of the lambda 12
clone. Sequence characterisation of the 3.3kb BamH1 fragment showed that the DNA

35 sequence encoding PrtK48 contains an internal EcoRI site. Subsequently, a second
oligonucleotide probe (lysur) specific to the sequence THIGAH which is found within



41 the Prt K48 was generated to determine a suitable strategy for cloning
the 3' end of prtK Southern blot analysis of genomic DNA indicated that a
7. 5k—EcoR—fTagment contained the entire 3 poritron of prtK. I'n order to
characterise the 3" end of theprtK gene a second genomc library was
prepared EcoRl digested DNA fragnents of 6-8 kb 5 were purified from an
agarose gel and subsequently ligated to EcoRl digested Lanbdg£a f}iymmgalf

i ntesti nal phdyﬂﬁﬁqggﬁ-treated vector (Stratagene). The genom c rary
enriched for 6-8kb P. gingivalis EcoR fragpents was packaged using

G gapackl Il Gol d packagi ng extract (Strataggﬁe) according to the

manuf acturer's instructions. The |library was screened as descri bed

frevi outsl y, usi memh( tb?tbldelﬁiﬂfne@&ﬁﬁblesh’ﬂ&ﬁyﬂdﬂclonhghiellﬂleﬁxﬁbf on
enperatures wero nd..f i h?iﬂ
0. 01% SDS (vv/v) a P‘h t alys'so e@oﬁ??ﬁé‘é‘ﬁ%@ﬁ&fﬂiﬁn@@%@ﬁ p05| tive
genoni ¢ cl one W&gntpm @pmreésem nofcpréKi nsarderde chasacterise thep’ ¢ Qf)ﬂ‘ﬁlg' t he
gghagﬁgre l Iotn f|oh<'r:1n&1 tf%ﬂ“”%‘*ﬂ%"“*?ﬁgsﬁw FeoRKdiges ﬁdﬂm&ﬁﬂggmsﬁomkb

spondi
Sequenci ng. %oub’f é"m&gﬂ‘ aﬂlaﬁfﬂﬁ% efwe?fﬁ eﬂﬂhﬁ%}egqg%%ﬁ% %Lé%bm
procedure of Li Zapdi-@iffinestinalphpspbatass-tzegtedoyector (31!99'89113) geaomishibeagy i n bot h
directions usi n%&ﬂ@ﬂ&ﬁ@ﬁdﬁ@gﬂf’ Vil £Eco RS Yraphits WasPak &u@:hnagtﬁgissakm

?

folLowing the di St gy ae (S ne) cbncoe ) Bp apBifcsors”  papaiipps, e

74:5463-5467 (1
sequenci ng kit [hbmcshwmrefenﬂmsﬂmctlbﬁd pEeviqusly, wingatigenusieptide hye except that and

st ral i an hat f%ﬁ%%ﬁgﬁvg@ﬁgw*%ﬁﬁ ﬁﬁ%ﬁ%ﬁgﬁ%&%ﬁ RS0 S T ?izt e
PCT/ AU96/ 00673 AP v m Tfpositivs ggpsu

t oot hpast e f or mslone was performed fStngtgmmstmmmﬂnmuulk)o exais¢ &saﬂbssmt I ngr ed| ent
% w w Dical ciu mpﬂw h wamﬂﬂﬁéﬁbﬁlﬂy sequenced to ﬁégﬂ& tft ¥egRének information

20.0 Sodium car *%8%% ;;]thotﬁeyénfgﬁheprﬂ{gme
15

DNA Sequencing. Double-stranded plasmid template DNA prepared following the
procedure of Li and Schweizer [Focus 15:19-20 (1993)] was sequenced in both
directions using DNA sequence-derived, synthetic oligonucleotides, following the di-
deoxy termination method [Proc. Natl. Acad. Sci. U.5.A. 74:5463-5467 (1977)], using
20 the Sequenase version 2.0 nucleotide sequencing kit purchased from United States
Biochemicals. Nucleotide and protein sequence data were analysed using programme
suites accessed by the Australian National Genomic Information Service (ANGIS).



Sodi um | auryl

0.5 Fl avour

sul phate

0.1 Chl or hexi di ne gl uconate
0.01 Goat serumcontaining anti-(PrtRPrtK) 0.2 Water
bal ance EXAMPLE 6 The following is an exanple of a proposed toothpaste

% W w BtnaUssoess

f orsmul ati on.

phosphat e di hydrate

G ycerol

Mo bissgdi ent

1.0 Sodi um | auryl sul phate

0.5 Fl avour

0.1 Sodi um nonof | uor ophosphat e
0. 01 Dextranase

anti-(PrtR-Prt
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K)l‘he follg\in%g %‘%ﬁ gagmnple of a proposed toothpaste formuiation contai:lxj,@r

1.5 Sodi um | auroyl sarconisate
1.0 Sodi um saccharin

0. 01 Dextranase

50. 0 Sor bitol

10. O4p0di um car boxymet hyl

10
cel | ul ose

1.5 Sodi um | auroyl sarconisate

1.0 Sodi um saccharin

EXAMPREGh| or hexi di ne gl uconate
0. 01 Bovi ne serum cont ai ni ng

bal ance
/ AU96/ 00673

43 EXAVPLE 7 Thenti-RriRobi)pntibodies, exanpl e of a proposed toot hpaste -
formul ati on. sl ngredi ent

phosphat e di hydrate,.

d ycerol

10

Ingredient

% w w Di cal ci um

50. 0 Sor bitol

10.0  Lww

Dicalcium phosphate dihydrate 50.0
Glycerol 200
Sodium carboxymethyl cellulose 1.0
Sodium lauryl sulphate 1.5
Sodium lauroyl sarconisate 0.5
Flavour 1.0
Sodium saccharin 0.1
Chlorhexidine gluconate 0.01
Dextranase | 0.01
Goat serum containing anti-(PrtR-PrtK) 0.2
Water balance
EXAMPLE6

The following is an example of a proposed toothpaste formulation.

Ingredient

Dicalcium phosphate dihydrate
Sorbitol

Glycerol

Sodium carboxymethyl cellulose

Sodium lauryl sulphate
Sodium {auroyl sarconisate
Flavour

Sodium saccharin

Sodium monofluorophosphate
Chlorhexidine gluconate
Dextranase

Yo wiw
50.0
10.0
10.0
1.0
1.5
0.5
1.0
0.1
03
0.01
0.01

Bovine serum containing anti-(PstR-PrtK) 0.2

Water

balance

10.

.0

)

0



Sodi um car boxynet hyl cel | ul ose 1.0 Lauroyl diethanol am de

1.0 Sucrose nonol aurate 2.0 Fl avour

1. O¥Sodium saccharin 0. 1 Sodr um nonot I uor ophosphat e
0. 3 Chl or hexi di ne gl uconat e 0. 01 Dextranase

0.01 Bovine mlk Ig containing anti-(Prt-PrtK) 0.1 Water

bal ance 5 EXAMPLE 8 The fol | gud ' n
exanpl e of a pr"xgggb‘a“t oot hpaste formul ati on. Sorbitol P Gheluders
22.0 Irish noss . 0 Sodi um Hydr oxi de (50%
1.0 Gantrez 19. 0 Water (deionised)

2. 69 Sodi um Monof | uor ophosphat e 0. 76 Sodi um sacchari ne

0. 3 .Pyrophosphat e EXAMPLERdr at ed al um na

48. 0 Fl avour oil o finladdr t R- PrtK) nouse
monocl onal O'.r fgllgaxm&#?nae&?m !egfuﬁpp ate m&h&ﬁe ac 2.00 VO
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EXAMPLE 9 The folnprdiestg i S an exanple of a pyowesed |iquid toothpaste
% w w Sodi um pol yacryl ate

f58r (r)rulsgﬁ Ibiotn-ol ! ngﬁﬁﬂ,&'&m’hosphmdlhydme 160% d ycerol

20.0 Fl avour Sorbitol 1190
Glycerol 100
Sodium carboxymethyt cellulose 1.0
Lauroy! diethanolamide 1.0
Sucrose monolaurate 20
Flavour 10
Sodium saccharin 0.1
Sodium monofluorophosphate 03
Chlorhexidine gluconate 0.01
Dextranase 0.01
Bovine milk Ig containing anti-(PriR-PrtK) 0.1
Water balance

5 EXAMPLE 8

The following is an example of a proposed toothpaste formulation.

Ingredient % wiw
Sorbitol 220
Irish moss 1.0
Sodium Hydroxide (50%) 1.0
Gantrez 19.0
Water (deionised) 2.69
Sodium Monofluorophosphate 0.76
Sodium saccharine 03
Pyrophosphate 20
Hydrated alumina 48.0
Flavour oil 095
anti-(PrtR-PrtK) mouse monoclonal 0.3

sodium Jauryl sulphate 200



Sodi um saccharin 0.1 Sodi um nonof | uor ophosphat e

0. 3 Chl or hexi di ne gl uconate 0. 01 Et hanol

3.0 Equine I g containing anti-(PrtR-PrtK) 0.2 Linolic acid

0. 05 Water bal ance 5 EXAMPLE 10 The
following is an exanple of a proposed nout hwash fornul ation. Ingredient
% w/ w Et hanol 20. 0 plcravgé00673
1.0 Sodi um sa?:vc 9<';1”rl|65r‘1‘2 0.1 Sodi um

nmonof | uor ophosphat e @43 Chl orhexi di ne gluconate

0. 01 Lauroyl diethanol am de 0.3 Rabbit Ig
containing anti-(PrtR-PrtK) 0.2 Water

bal ance 10 It will be appreciated by pEXAMPLEXi|led in the art that
nuner ous variations and/or nodifications may be nade to the invention as
shown in the specific.enpbodi nents. wthout, departing fromthe spirit or
scope of the iE‘Sﬁfﬂ“ﬁ’w&&mﬁwﬁﬁ‘3“@&@8?‘1%@‘8'53?%%"?’@5@3&“0&m0di ments are,
therefore, to be considered in all respects as illustrative and 15 not
restrictive. Q7 16542 °
PCT/ AU96/ 00673 I  dains: 1. A substantlﬁﬁvrdl'wy purified antigenic conplex
for use in rai SHYMIONAHIMEody response dire®¥ed agai nst Por phyr ononas

gi ngivalis, theSoesiopl ex conprising 5 100at | east one nultinmeric
protein conpl exgferddr 9i Ni ne-specific and |yg4ge-specific thiol

endopept i dasesdﬁ ch containing at | east one_ adhesin domain, the conpl ex
havi ng a nol ecdi’8P¥ei ght of greater than ab8ut 200 kDa.

Sodium saccharin 0.1
Sodium monofluorophosphate 03
Chiorhexidine gluconate 0.01
Ethanol 30
Equine Ig containing anti-(PrtR-PrtK) 02
Linolic acid 0.05
Water balance
5
EXAMPLE 10
The following is an example of a proposed mouthwash formulation.
Ingredient % wiw
Ethanol ' 200
Flavour 10
Sodium saccharin 0.1
Sodium monofiuorophosphate 03
Chlorhexidine gluconate 0.01
Lauroyl diethanolamide 0.3
Rabbit Ig containing anti-(PrtR-PrtK) 0.2
Water balance
10

It will be appreciated by persons skilled in the art that numerous variations 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
15 not restrictive.



2. A substantially purified antigenic conplex as clained in claiml in
whi ch the 10 multimeric protein conplex is associated with
vi rfiTent stralns of_Por phyrononas gt —3- substantrally

purified antigenic conplex as clai Io.claimil or claim2 in which the
mul timeric protein conplex has a rmrrﬁ. tl fl gﬂ " Labout 294 to 15
about 323 kDa. %a?" A substanti al I'y} i nic com%;la. Mjnai med

in any one of by % to 3 in which the nultinmeric protein conplrex s
conposed of 9 proteins. 20 5. A subst‘tgnt ially purified antigenic
conplex as clainmed in claim4 in which the proteins have the foll ow ng
N-term nal sequences: DVYTDHGDLYNTPVRM., YTPVEEKQNGRM VI VAKKYEGD,

SCQAEI VL EAHDVW\NIgShimy'Q LL DADHDQYGQVI PSDTHFL, 25

PQSVW ERTVDLPAGTKYVAFR, ANEAKVWLAADNVWGEDNTGYQFLLDA,
ANEAKVVLAADNVWEDNTGYQFLLDA, PQSVW ERTVDLPAGTKYVAFR, . ]
ADFTETFESSTHGEAHAEWT TA0bstagially purified antigeqiy-qompiexSempeinasingman amibody A

substantially purifiegs éﬁ%&idﬂaﬁﬁmlf’@?h%nﬁ}ﬁ vdii, mbadggmé‘&dwmhgh the
9 proteins are PrtK48 rt R44 rt K3 a4, Prf’ted‘"i PrtR17Z
RSP YSHisRnd fypingspacific

r{ R45. .F It
or PKI5 and PeCRLS. 358t lesshghe nuifihens prote coliiek o i
conpl ex as cl ai ned i nthiolgndapeptidasesmachisontaining|at ighst oneiasthesie lorpain shegomplex
rendered inactive. 8. having #'méleduldr dightbf predtétthdniabsut200 kDANIi C conpl ex as
claimed in claim7 in which the thiol endopeptidases are rendered inactive
by oxidation. 9. A substantially purified antigenic conplex as clained
inclaim7 in w#ch tAcsubsntinllypvgb igenic complexaas claimedrie daimhintwhich the

mutation. 100 A subgifbic pldtein Bomigidx is SssalibtbdRith Gind&iTRiraNs FS Cl ai med in
claim1l in which the E%? | meric rotc;r.lsn conplex is encoded by the DNA

sequence shown in Fi glif @ SERH "S5,
3. A substantially purified antigenic complex as claimed in claim 1 or claim 2 in
which the multimeric protein complex has a molecular weight of about 294 to
15 about 323 kDa.
4. A substantially purified antigenic complex as claimed in any one of claims 1 to

3 in which the multimeric protein complex is composed of 9 proteins.

20 5. A substantially purified antigenic complex as claimed in claim 4 in which the 9
proteins have the following N-terminal sequences:
DVYTDHGDLYNTPVRML,

YTPVEEKQNGRMIVIVAKKYEGD,
SGQAEIVLEAHDVWNDGSGYQILLDADHDQYGQVIPSDTHFL,

25 PQSVWIERTVDLPAGTKYVAFR,
ANEAKVVLAADNVWGDNTGYQFLLDA,
ANEAKVVLAADNVWGDNTGYQFLLDA,
PQSVWIERTVDLPAGTKYVAFR,
ADFTETFESSTHGEAPAEWTTIDA,

30 ADFTETFESSTHGEAPAEWTTIDA.

6. A substantially purified antigenic complex as claimed in claim 5 in which the 9
proteins are PrtK48, PriR45, PrtR44, PriK39, PrtK44, PrtR27, PrtR17,
PrtK15 and PrtR15.
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11. A conposition for use in eI [ response directed

agai nst Por phyrononas gi ngivalis, mlﬂllmmu““ I“H‘“l)n‘pl’l sing an effective
anpunt of the conplex as clained in any owe Bf Tld&inms 1 to 10 and a

sui tabl e adjuvant and/or acceptable carrjer 12 An anti body preparation
conpri sing antibodi es specifical |yl THIGeSHEET [WRBAEEN |t he conpl ex as cl ai med

in:any one of wd @iiiB,1l to 10. 13. AnRgp;A{l;ggjy pr Lpar ati orpcapadbgei®d i N
claim12 in whic t e anti bodi es are—potyet-erat—eanttbodi es. 14. An

antibody preparation as clained in claimZg in which the antibodies are

nonocl onal anti bodi es. 15. The use of an anti body preparation as cl ai ned

in any one of clains 12 to 14 effective to at |least partially neutralize

Prt R-Prt K conml. ex ofA sabstaitighypmified angigenjc carhplex asrcldithed ipcljpmi drt which tile a

nedi canment for the tyed tfa éggﬁp,lgﬁ&% veli ngivalis infection. 16. The
iﬁ w?n ch the nedi

use as clainmed in claiml canent is a nmouth wash or a

dentifrice. 47 17. The use of a conposition as clained in claim11
effective to i uce arsubstmmﬂypmﬁp(bmigehmcanplémwixdubhcliimédnwlichgmi nst P.
gingivalis ign the prepar JRA mr hn reducing the
prospect of sn. gi ngi va @ael’l% %esgl}'] | ndegn I ndi Vi du and/or severity of

di sease. 18. A reconbi nant host cell, the host cell being transforned

with a DNA Seﬁwaﬂce(@mﬁﬂmﬁllﬁﬂldﬁbﬂ&t@ehﬂcaﬂﬁleﬂdm& in'climdlultwh:enﬂterol
sequences such that st ce expr esses
Prt R-Prt K. 19. A ﬂc%‘n‘%&ggﬁ%ﬁ ﬁlﬂg@&@?gxﬁgﬁu{%ﬁ claim 18 in which

the host cell is an oral commensal. 20. A reconbi nant host cell as
"clainmned in 1 air. 18 afsub!stalitm)lﬂmmduhﬁgeﬁ_chhaplb;oﬁclﬁmbd inichairh 1 dmwhioh thed Wi t h
the DNA sequences Sh%tﬁé}ic%&einggmﬁiggis%h&de@ py the DNA sequence shown in Figures

8B and 9B.

11. . A composition for use in eliciting an immune response directed against
15 - Porphyromonas gingivalis, the composition comprising an effective amount of
the complex as claimed in any one of claims 1 to 10 and a suitable adjuvant
and/or acceptable carrier.

12. An antibody preparation comprising antibodies specifically directed against the

20 complex as claimed in any one of claims 1 to 10.
13. An antibody preparation as claimed in claim 12 in which the antibodies are
polyclonal antibodies.
25 14 An antibody preparation as claimed in claim 12 in which the antibodies are

monoclonal antibodies.

15. A method of treating a subject suffering from Porphyromonas gingivalis
infection, the method comprising administering to the subject an amount of the
30 antibody preparation as claimed in any one of claims 12 to 14 effective to at
least partially neutralize the PrtR-PrtK complex of Porphyromonas gingivalis.

16. A method as claimed in claim 15 in which the antibody preparation is
administered as a mouth wash or as a dentifrice.
35
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17. A method of reducing the prospect of P. gingivalis infection in an individual

18.

19.

20.

and/or severity of disease, the method comprising administering to the
individual an amount of the composition as claimed in claim 11 effective to
induce an immune response in the individual directed against P. gingivalis.

A recombinant host cell, the host cell being transformed with a DNA
sequence(s) encoding PrtR-PriK operatively linked to control sequences such
that under appropriate conditions the host cell expresses PriR-PrtK.

A recombinant host cell as claimed in claim 18 in which the host cell is an oral
commensal.

A recombinant host cell as claimed in claim 18 or claim 19 in which the host
cell is transformed with the DNA sequences shown in Fig. 8b and Fig. 9b.
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