Prevention, treatnment and diagnosis of P. gingivalis infection Field of the
i nvention The invention relates to peptides and chineric or fusion proteins
and to t Wwousw/mp4sBhese proteins to elicit cellular andPouanredd/ooe”dponses
for the prevention and treatnent of P gingivalis- related conditions and

di seases. Background of the invention Chronic periodontitis is an

i nfl ammatory di sease of the supporting tilssues of the teeth leading to
resorption of alveolar bone and eventual tooth |oss. The disease is a ngjor
public health problemin all societies and is estimated to affect up to 15%
of the adult popul ation w t impevesdeintepi-aedahbmidal pgodesH% The devel oprent
and progression of chronic periodontitis has been associated with specific
Gram negative bacteria in subgingival plaque. The presence of Por phyrononas
gingivalis er'r?én i | . Sease.
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periodontal pocket depth and bl eeding on probing. OGal infection with P

gi ngivalis has been shown to induce perl odontal bone loss in mce, rats and
non- human t a as been..i ncreasi n g
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reported to contribute to the pathogenicit gi ngivalis including;
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gingivalis infection where there are a plethora of Virulence factors to
sel ect F¥ om)ncﬁheatn(m af carbon rdmmdngsncmnbu;stloﬁ ﬂapl gope InGsengent facuimleemchse
factors is not well unde nor is the rel ati elrmuno en|
epi topes. ofngerglep sPESERIA Nty ebeintiniaioR] (SRR poci af denleled i or
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has been that nmany virul ence factors are formed fromnultiple domains and
are diffi cafmosphergx prhese reservaiys op formatient may dhsriitptedinder lanbposgshi Agothpmt
ound o0 P poBI8sabkeaf Wikiely AERADBGH TG AIE) SIRGSRIRL: B,
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gingivalis. Furt of the many djfferent options for nodifying the
i mmunogeni éP‘i"‘)‘?Sch‘rF]FyadWQ%Véﬁéé’nfa§2§§kgpl ficant sgalgot ¢l ear which woul d be nost
likely to provide for a protective i mune response. In work leading to the
present invention the inventors have identified peptides having an am no
aci d sequerowmthendicld of stody sathat &sownras nhiatrab habemtilonrm/helgyy whtbon dioxiderino

d that f f l.i k
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i ncorporated such a peptide into a chineric or fusion protéin which
used as a ma@'ﬁlhéhatdmmbdeseﬁeqctedraqdrmeassqdom l@gwnrvetexﬁaumdgmt aarbomeswue
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fusion protein for inducing an i nmune response to P. gingivalis, the

protein i ndngeieiyng fermagions e dhe geesersi ineantion neeqncgrmsd Wity Ba gi-siuapatoeeh i a
second ﬂﬁptchx%%ndM}?cL%eauésﬁL é@bﬂnﬁﬁq&% cd?ﬁ Aigf 1 ncludes: (i) part of, or

all of a sequence t onol ogous to the sequence shown
in SEQID No:1 ; or (ii) part of or aII of a sequence that is the sane as,

or honol o e sequence_ s in SE ;o an
g?\}fmera? cartt])onatlo as a num er of potenth aglantages over other methods of carbon



(B) said second peptide includes: (i) part of, or all of a sequence that is
the sanme as, or honol ogous to the sequence of an adhesin donain of the

Lys- X- pr ovei2ne#248 P. gingivalis; or (ii) part of, or RCI/AIR20@/08EdBence
that is the same as, or honologous to the sequence of an adhesin donain of
the Arg-X-proteinase of P. gingivalis; or (iii) part of, or all of a
sequence that is the sane as, or hom)l ogdus to the sequence of a HagA
adhesi n domai n of P. gingi valis. I'n another aspect, the invention provides
a chimeric or fusion protein for inducing an i mune response to P.

gi ngi val i s didxide eqoéstration. ntlllaselhrmm rparm ﬁ&rﬂanieﬁwhmlisteﬁﬁlﬁtky)an@mhetdlrn@ugtbna
linker to a polypeptl de, in: (A sa pept| de includes: (i) part of,
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h S f h
Shoe s SEs A tadon % kiR 36 eloxalniehe € (B SRIRRAA! " flg,
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the Arg- X-protei nase of P. gingivalis; i) or all of

sequence t Ibatreads;lytmmeé ane selyected tmbmmqunmlmmonmdwmémol@glea Fl%agﬁare

adhesin donaln i alls r pec t he invention provjdes
2 bept 1 de.eptehniad 48 I maropBefahan®isaBlY diky bb ety hBhdsaRie I
having a seadRORE: thé lrﬂlnérblabrohdiytl@@vvﬁad%%eﬂﬁntlﬁﬁ h&xotaeh @gematet Qo %B%v&ﬁ!ﬂ’@ﬂpe :
shown in one of SE%ID No: 64 to 66; and (ii) that is the sane as,

honol ogdus quantitics sekiigirahtoesegnesiar allrglgpbentssigns Oératbpnfsigomdmfremelﬂm\@ef@ssﬂ t he
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t hrough a ILnker to a second epti de, mhereln t he second peptide includes:
(i) part ofhemgicalyepctipn fgr seERanbine & §IKAhS'E t he sane as, or honol ogous to the
sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or
(ii) part of, or all of a sequence that is the sane as, or honol ogous to
the sedifence of 'aMgaSib@gOM)do G0+ bgQer A[HOX+FHbb@I nase of P. gingivalis;
or (iii) part of, or all of a sequence that is the sanme as, or honol ogous
to the sequence of a HagA adhesin domain of P. gingivalis. In yet another
aspect, therhenveaitionNaRiid des 2 sGHP Whiaiiy THAdINAGioRide 39t AvARMIE for such
conposition, particularly a vaccine conposition, including a chineric or
fusion pr otr@nerabﬁarbelpﬁtioae Swhtstr@@rm ynageerigindie droan dve gasgst from any yompustion
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adm ni steri ng to the subj ect a chimeric or fusion protein as described
above, or &hémisbappyfaciuciag wﬁsﬁmh&%m@onwwnrg%%@&nt magfacyicantheon
further pr%h&%ﬁa&&? S EarBbn adeJEi'dgEgl' Suf th‘éérh?“m&{)%@' b&3nt ?z%éx&%d vi
above, or a conposition as descri abov In, or'in the manufacture o
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gingivalis - related condition or disease in a subl ect. In anotg]:tar aag
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descri bedabove. In thls aspect, the invention also provides a method of

preventing cgmpoemim hgtheh@ttsevmes thesefsobveRts gﬁp/ttngftha/a;hﬂmnr@balﬂecfrajn shhte or
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medi cament for preventing or reducing the incidence or severity of a P.
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nucl eot’l de sequence enco I'merictor Iron roteln
descri bed gbaesses via the use of oxygen rather than air to feed the combustlon process. Another

process known as gasification produces hydrogen and relatively pure carbon dioxide



optionally operatively linked to at | east one regulatory elenment. In this
aspect, the invention further provides a vector including such a nucleic
aci d nol ewol2e10/@3468€l | as a prokaryotic or eukaryotic ceklAvciomding such a
nucleic acid nolecule. In this aspect, the invention also provides a nethod
of preventing or reducing the incidence or severity of a P.

g/ ng/ Val Zs-rel ated condition or disease-i3r+ a subject, which conprises

adm nistering to the subject a nucleic acid nolecul e as descri bed above, a
vect or as descri bed above, or a prokaryotic or eukaryotic cell as described
above. In thesmaIRRGEh _th@ﬁgdsfﬂ/daﬂbh ot hjdrbbboricetisdafeld MBS Suitibled prokekei C
acid nol ecul e as descri bed above, a vector as descri bed above, or a

prokar yot i ¢oeditieifkar yoti c cell as described above, in, or in the

manuf acture of a nedi canent for preventing or reducing the severity of a P.
g/ ng/ Val Zs-rel ated di sease or condition in a subject. In a further aspect,
the invent iThe ppésent Aesntonneicbackriadl with éhedsalidificsition of cabon divxidiy f6xf exandple

g/ ng/ Val/s-related condition or disease in a subject, which conprises use
of a chiherrPoprdioxide presphiotieths gas Hecapsi Mentionpd \whoYs indhe Proggsy pf mineral
gingi val i s ARLRRRA! & ablriBedineted! ORhiSHTR! fGRARAR!E MONBAly: drehiPlidy
aspect, the invention also provides the use of acchimeric o usion protein
as descri batecabhoviecarban diekeletinah¢ preBentgnvegkion) the uandf hvdir gmritynsteeabisak mgt cal
sanple froma subject. I.n yet another aspect, the invention provides a

met hod f or pméudéEagﬁog%@c‘Bgn nBfi PPeNGG O Waiep, 1y sudfy S{pgars If ofoly Bepessarily
condi tion Qhfb&aBRS&iAdR e PrieSChses WHIGRs SRIRES $ESse UsReOdontdi HdyiRddeadity
descri bed above, to detect the presence of P. gingivalis in a biol ogical
sanpl e & oradpigied iSighjieed. . Furthermpre, thepeytaspackseofi the ewrrérnd nnvention prag\bedepli¢he

use of an antj baod s_descri bed abov, to detect the presence of P..
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i nvention Fooskadple curbtifdiokida seriRbtARnlTRim 0 d@biphefe. Or all of a sequence
that is the sane as, or honol ogous to a sequence of a-P. gingivalis Lys-X
or Arg-X proteinase, or a nucleic acid encoding said peptide for the

manuf act ur f I: L f-usi o ej i I I esponse
to P, g ngi a1 prEsehl Eplin Hroles BnRleah oo pmdte Mot Bl S som e
one of BEQpafichiar thig, inkénticASinoproés. aBrehier ghesess fédcaibedfin tthe Applivam'gSown
Figure 1 shows a Coonassie blue stain of th DS- PAGE. gel of  reconhj nant
Kgp Prot ei Rabligheg ggtfmam@aﬁ-n@ei appljcapian ﬂﬁ%&@ﬁ(ﬁéaﬁe Té@kwnt}or@%énhe_da an
KASI - KSAL Yl &Gtk @i e O1f r R 4 Logi GALAG: & h Fileg k@ic2 1
anti body reco n#tigﬁwg? KK%Z pept?ﬁgﬁgﬁﬁ 5r%%ﬁiﬁ E?FP%@ PF&gan%Sa ?§§WEO
cells. (A feciS®cheputidas wepeptioheadd vihe meaedsaryeimtegrated esdlvient fporaesdes rfokithe ed
P. gingivalis W0 cells (FK-WhQ), reconbinant protein 1- KsAl |

KASD KLAL CoRER BRI TRAPIIS KERRRATE PP, Ry SELTGA or g also
formal i 70 Kiadck@siviEgedi i V920087080 56k Bay &Y BkeH PRErWdehrRRtaktSPF thel greseatl to
formalin killed P.” gingivalis W0 cells (FK-W0), reconbi nant proteins
KAS1- KsAl ,Inwa8on.KI A1 , KLA1 and PBS in an ELI SA. Anti body responses are
expressed as the ELISA titre OD415 obtai ned m nus doubl e the background

| evel, with each titre representing the nean + standard devi ation of three
val ues. Fi (theeprdsenh GienBon en@dryahe vt Usrocesh ahorg ogtoabmbalg hosGsalle than
maxi | | ae nolars of m.ce i mmunised with the reconbi nant proteins and

r econbi nantPT&APYsBr antigipated pad merensQmpREtive ewitl altgmalys, £omms ahgarkan iexide

al one (#BS, NeNs ' cted: I E%Q“ j

figure 82S ¢ é{eﬁl){at?gl' sﬁgﬁggg gs}&g{f%ilﬁr%gllgg\% qﬁ@s%?%%%“? , %%B{yg ﬁ\sl olf S
shown as ASbawdipn K§ Adrbbs dsixddeninasstsi#ld maykesium eaxbohate ffoledecihg & dnsounhef
nmean of the area.ne su[ed in mllimeters squared (mMmR) fromthe

cenent oenarfé{°f o e(aﬁfltf’ tgl%atf‘}?ép}éﬂr?/eol ar bone crest (ABC) of the buccal
side ofeach maxillary nolar of both the left and right maxillae. Data was
normal Iy distributed as nmeasured by Levene's honogeneity of variance and
are presentAsgordinglpathe( present Anvéntionmrowidds weprecess by el selgdificationeofOnarbytay

anal ysi g, of ,..vari ance_ and nett's JT3.test, * i nhdi cat.e raup.has .

lon 1 S I° Gertfioe L Eihamblider i morpdli (Tl Mdapdpinera

i ndi cat es geaidfockashish Pabdess @BinbisdsPdicecd HrmaD & aaBR JfaEs ridpmBsitmesifSde LAL
group. Figure 4 shows serum anti body subcl ass responses of inmunised m ce
in the periltydexide fegdsierkeby campustionagth fhelcle; pradycsraa-astixpted dendstosk. $ayration B
(post-oral inoculation) inmmnised with reconbinant proteins KsAl , KLA1 ,
KAS1- KsAl and KAS2- KLAl and formalin killed P. gingivalis strain Wo0 were
used in the ELISA with the



formalin killed P. gingivalis strain W0 as the adsorbed antigen. Antibody
responses |1gG (black bars), 1g@ (grey bars), Ig&a (white bars), |g&b
(hori zontwp 28twa2ped bars), | gG3 (diagonal striped bars) PCarad2e00M0ed8ed as
the ELISA titre (log 2) obtained mnus the background level, with éach
titre representing the mean standard deviation of three values. Figure 5
shows a PEPSCAN anal ysis of pepti de-speci4f'i c antibody reactivity to

over | appi ng peptides representing the KAS2 peptide sequence 433-468. (A)
KAS2 overl appi ng peptides (offset 1, overlap 7) probed with KASI1-KsAl
(white bar gjom I&kSébtivchAerédstcﬁklofbaetsl) oxidds stdleast sGBjtarkGaBy eaviadingppagngsium
pepti des (off over.l ap. &) pr obe vmth 2- DT tn e‘g}?ntlsefs ) %ach
bar di spl aPXideRBd agnsyus stlisatertp Prodice 6;‘3‘%%‘ agieR t%‘#%ﬁf‘ O1g P5 2l SH
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that recognises P. gingivalis whole cells and the RgpA-Kgp conpl ex. CD1
out bred m centaeling thenvwirg ed revidual ebiivatedafeadstotkAwithoGwymdws il tardnvére the
col | ectesd sena sed ELI SA W th 66‘82 LAL (A), formalin killed P.

gi ngi val’i s “Bt°P8; ho’\?%ntoé}la%f??aluﬁb W35 conpl ex (C) as the absorbed
antigens. In this figure KAS2-KLAl is shown as AS2-LAl . The titre for each
i mmunogl ogulin isotype to each antigen was determ ned and the data
expressed &9 impporEn| Speetjafitee preoobjnvsptien mralvies Hesseperatior of metabaxikey oAt

| evel , wit t f ee
val ues, i qupangercbp o PREERR gt {IEcE B B oPRARS PRI AP ulaikcl
[Asn433 Ly Sédd]red (yrmiAfdivathspdahe féatis’i&ﬂc] AB)a,ugw\x{omosmmmaa@aub@s and

KAS6 570- Tyr580] (D). Det ail ddec ion of the e ments It will
under st d aFlNgYed %C?‘H%}éﬂf’{‘ gha gle*flﬁs '%awdelféﬁ drRygsat ‘?‘H %stlebi?eang.aea'ﬁdon

ext ends €0 gifehi11d GhOHebdshckOMTHB APkl HoalhotTPAiBn OSF, hfAEndsAtth ViRl
features nmentioned or evid fromthe text draw ngs. ese

di fferent dydivixnkt mmml cfoeustqck utsiltgan |thmﬁ)rmlatlem eétforsterites peoagnasiunt idicate,

i nvention. The i.nvent. ?ave f ound % t he. rg%!?ons of . P. ngi val i %
trypsin-| i RAEIFGYHeEX FrafiliFg A T L9HETEF St it Usallyy %alf%f BPAECRy
site for clegastagt et oRRIRE bASINAIANSresne iihe BhM rhikBrANRAQHb&. and i ndeed
sufficient to provide for a hunoral response to P. gingivalis infection. In
particuldar, it has been found that a chineric or fusion prot ei n including
one or nor [e n i C t ol ar _bon Ioss
which is g(r?tea{l %Q\?Sbeen ﬁéc% éreﬁ’ 1%1\‘{ tgg%n‘? gl ﬁa&;% gaggj 511&31 g]Ll't \ﬁ)f%’l BEPME and
ot her i munagknsd rﬁdgaeilumciilt@tel, ﬁaapadvtzar@a@eaﬁdly bs pér}fdiﬂnﬁ:ldrl@teﬁﬂme préresod Riirebhe
catal ytic domain of trypsin-like enzymes of P. ivalis has been found to

be rel ati vé'pe;rn\%awgaﬂpm RERSIRS @. re#lﬁuaé et Wi prb &g Stp stspass gigher; MVBAENesm
provides a i r n P.
D ot var 1< SRR el AEPLE S el RIS, BPORTIRRL SERASRS: 10
t hr ough2(a Ireamhen with @rtacboddpepddhdemovdleif ether medl osalesl sdbstastxalﬂ))emﬂhcte the

i ncl udes: art of, or all of a s nce,that is the sane, as,
honol ogous (df’g?'“gtlﬁ%?‘n%é’(ﬁ?f(?ﬁ%éeoé‘%%ﬁmﬁn M%@?I%“NS that cjy E’?lrF‘}‘o‘pﬁ%ir {n 3?15 p6?°e§§ I
of a Sequeﬂﬂrﬁu&é”'@hdéssoﬁd?ﬁ oY@ HRreSS iré, shf&HH'Q%Hﬁuﬁlomtaﬂ%n%%'é%ﬁﬁuﬁh&‘éﬁel' n

SEQ ID No:2 ; and (B) said second peptide includes art of, or all of
a sequence titdraum; soppce, petassivag, pfmsphwmnlca@ous and SOIdBlrrse@Pedesethaf agnofaldivesi n

domai n of the r ot ei.nas i art. of

o sequence DRurTal ¢HE SRS o of Ny 3hy Al cdrodrh Bfh G msisfinbs
domai n of tqh@ntﬁl@“cé(b@bﬁécﬂhﬂ@x%ﬁll Q4luE: subh APihvse bSpotsium, iphdsphdfdus @hd s&fiuml |

of a sequence that is the sane as, or honpl ogous to the sequence of a HagA
adhesi n doran thes bp, wighdraivp Aroms the precess Hew avaste disposgler ihope mataleoxifes afsed
torefer tq f. t

pref or abl y PANAELRAnRE:S ERGRGRC 1 1, AR ot A UL ALk EPh e

pol ypept i deelba&ata&esmlrehm pitercauchfdirect ierabheactivatiogs Sudit edderals whed "tppicalbd
peptide". The ter po ypeptide" is used to refer to an amno acid sequence
of at | eastCOXpHSE! g‘ra?:F}éFOF”é'érPdﬂé%el ang {anganesenot her aspect there is
provi degy a chineric or fusion protein for inducing an i mmune response to P.
gingivalis, the protein including a peptide joined directly or through a

| i nker to dhusl thpegaraimn ofisdiceiand oha) nstl dxmepaﬁﬂdiientﬂmm -activatiopaeduces |
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(i1) part of, or all of a sequence that is the sane as, or honol ogous to
the sequence shown in SEQ ID No:2 ; and (B) said pol ypeptide includes: (i)
part of, WO 2810/022f68a sequence that is the sanme as, or he®GbHIAIGHWHO1O8t he
sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or
(i1) part of, or all of a sequence that is the sane as, or honol ogous to

t he sequence of an adhesin donain of the A g- X-protei nase of P. gingivalis;
or (iii) part of, or all of a sequence that is the same as, or honol ogous
to the sequence of a HagA adhesin domain of P. gingivalis. In another
aspect, thexideypruvides apecenudesean.p@ht beeall proc'essds:th’us geralerddmMmureecomspioalde t o
P. gingivalis select om the consi stin (1) a sequence that is
Che sane acoBpeRior Dyote: st a6 4 BHE ARRR s Prons bt St D No: 64 to
66; and (ii) a seguence that is the sane as or honol ogous to the sequence
shown in SEQ ID No: 67 or 68. In an aspect of the invention, where the
pepti de haén aaogetqiamewﬁt tSEcprcsbnNonvmono tig8 sepdnatiqre of i metahawdhe pt d@aned
in the form of ¢ or_fusion tein i d 0|n

v ect1y omgiBiafh SEfiafe maet AR it ShE pbfmdufh AL len ksl

second peptaudfat@h Be behhdiéved By \taﬂsumepamtoal fhehryG suéele sis ddn)mjaafrtglﬁtuy or
all of a sequence that is the sane as, honol ogous to the sequence of an
adhesi n dorépasation, cpeirifygal xeparafian, rﬁ@;@l%ﬁ filtratiging gagapiic senﬁrat(qnb rlashpstaés |

or all of n

an adhesi n%oﬁa ?r%{.%ﬁ‘ 0 %ﬂ%l ﬁorgs( g?r n%?ree 0 reg?”@aﬂﬁ:%t’zﬁ Qd\faﬁﬁgfcﬁg;’%ﬂ% rt
o]t or all sq{]aralosletgdemlés?ﬁtr theSptldpeses?fr&nﬁmvemLommgmktemd sde® t;tsg@ sphglsence
of a Ha esin donmain of P. valis. In the aboye ecrle

enbodi t%éf‘dﬁtﬂdyp%%‘thi“ae Yegsqﬁgeocyc%nﬁt,acléyd@qcyc@peq na n§ dheserf. of
the second ReMihdfns stdenklfy %P&Jﬁf%n ASHAE Gha r%fngt% esegﬁa{?&?\/ﬁlgfdb@ ]?Jf“i]&ﬁﬁljl)p or
fusion protein for inducing an 'mmune response to P. gingivalis

prot ei n i ndeoefian), @®r pegmpld fo1j re¢aveding ané caricgntoating hroough irepdriicidar t o a

pol ypepti de, wherein: (A) said peptide includes: (i) a sequence that is the
sanme as or honol ogous to the sequence shown in one of SEQ ID No: 64 to 66;
or (i1) a JEQURNCuhdtidtobd byNoSARRIIIRS M thE QDAY AUE tsepdritfonS BRIERES hatoWn
in SEQ ID No: 67 or 68.; and (B) said polypeptide includes: (i) part of, or
al | of b seswsinted separation efficiencipfe thes inypripRroEBYones in @npwéeoséqmm atd an
adhesin doqms Cgl't‘ E)Oe% h@%o%ep 0&18 noafsﬁteogorrl? 0 n@g{ V%l I Sp r%{e tg throther

or all of a sequence that he Sare as, '8 he Sequence’ of

an adhesi n seigurited) sobarhh & ofkganiplel #bRIpOARS dﬁthé:'me@ﬂ Bgidtés?ltd b6 sesparatdd frompke t

of, or all of a sequence that 1s the same as, or honmpl ogous to the sequence

of a HagA Aepidual chivated feqsistask greapy wall jigvarebly, be ccaprasde oner inte cidt assidial o a
"honol ogue” p. i I Spa :

pol ypepti deac aa\}i@dng&g%]tbgﬁ]sﬁ%arg% gig%t]%ﬁsge éh%{r&gﬁgﬁ%%ﬁh "P{g%glgﬁ lfles
hom ogalfs taod/oomaghediurhasslidatke ntay tthrusaalsdn be Hest antorthe aepaﬂats@qmmalmldn‘ strdagns.

firstmenti ed eptide or po i de, ref erably at 90% se ueng

i dentity, "gtv é‘tgf‘e?‘&bt%}oast‘l’%g'&gaﬁlyﬁ% g et Hﬁ?ﬁoé“?ﬂ Bffsétea[’a‘i‘%}le SHm 4Lt
98% sequenGgd inggntditiv syhar ihhge FRlmar AR Btell FedABIobREHBA D cAcBNAGT 0fd8Qkt t hm
wherein the paraneters of the algorithmare selected to give the | ar gést

mat ch bet wdeast substantiglpeertduding e@gmes osidgrant hmgemlumeulmmgarh sotbarathé from

respective ef erence sequences. .S dentlt refer xact ma
betmeen + ndhEREIERES BERIRERloa R RES: lierBH dehimiut T ot BirphRBteS SRS
honol o2 1pRgschteivestidd oM deadflstbstrtidlP Cdludinpd ?ﬁés@tﬂh Sidé Saahatnag&fmtzhe
Lys- Xprote| nase or Arg- X-proteinase of P. gingiva Alternatively, it may
be a "conséHigate \asaadly mgansoaxclyding it leest 59 peqft theetoial magyasaIn jakeder poadn

the Lys- X- s S i

ror e am no TSRS GyGke ARLOERLORSH e oy OO ol dhefiMifis, 3G

conf or mat i aotiendnf dhab,i a0 heasf Sm%mfpleepmlagh&smm poidy Bﬁcﬂ)tﬂa@ﬁesmmeilitdteng rethined by

no neans |imted to, replacenment, of an am nq a wi th one having sim]|ar
properties mAEﬁan‘i?“QE‘i“d%‘:tWafeﬁing cistogk Peaper th |r%é ag hellighgrnBrgRortion: RE the t |
For exaqpl Gnagheliah/ &b{&’é AR HabfiesAith ik Esret‘ﬁth'e& r?n r@ﬁdﬁﬂta%f&eﬂéd"%ﬁ%&
i ncl ude asparagi ne, glutamn serine, cystelne, reoni ne, lysine,

ar gi ni ne, Isirsamgnos prefsqahtytln@xe&sisdfaﬁm byl wetightti ¢ aC| d; nonpol ar/ hydr ophobi c
am no aci ds which may be



i nt erchangeabl e i ncl ude gl ycine, al anine, valine, |eucine, isoleucine,
proline, tyrosine, phenylal anine, tryptophan and nethionine; acidic am no
aci ds whiwp 20ey02p88i nt er changeabl e i ncl ude aspartic aci #@Camd2e0%warBc aci d
and basic am no acids which may be interchangeabl e i nclude histidine,

| ysine and arginine. Preferably such conservative-substitution variants
have | ess than 20, nore preferably |ess-fhan 15, nore preferably |ess than
10, and nost preferably I ess than 5 amino acid changes. A region of a P.
gingivalis trypsin-like enzyme - especially a Lys-X-proteinase (Kgp) or

Ar g- X- pr ot dhaase of ERgmAy separdtivin Ithe beerefouad 3o be phmcalarlgrazlyaimageeus ad & peagies of
a peptide bond c(g ?lghyerninef follomﬁn the teaching

speci fi cat MR pEHEs Whighsare igeraralty 9f low qcen%mcowhteotomegsspaéat?d alﬁa apgQw dspsityg
whi ch exe 0, i | of
he cat al ye ¢ e e A ORPERUAL Inchhetl SHURToS WER SCOTRIe (RR inE A Bh b8
Exanpl e 10spean. dés rcmdlimbdcii\(agp;d fbcdstqckckﬂleammgmtatﬁmngmoé\t of dﬁemrxgirmllmm&sent

t hr ee- dipnmensi onal coqi tion. ert%ln enbodi nents, $€ bp qﬁ%
fusi on profEEACSIYR i¢esgn wa%féeéms EYE (1O R S AR R d0ErRediale ﬁ%{%‘;‘y 8t {5 ned
froma pepkisie dﬁebf&ess%fﬁemérﬁ&mmhiagnésﬁrﬁealbsﬁauée that mmcs one or

nor e characterlstlcs of a given peptide, for exanple conformation, and that
consists of am no acid residues, sone of mhlch nay not be naturally

jd h :
opcur 100, JSRVLIRORRL G bRl TTAIBRE0E.F SRR S 4B PhibGuRs °

agai nst whicefta@ted Wit 3hrbbe SPONGE t€ abneet thal &ebbon UibxRdRY to Glag@dsium Shebonate.
regions that flank or otherw se define the catalytic site have been_defined

as fol |'8hs Prefesblyragid residuatacrated fecdsiorirasgontrated mhssupercitisalRNgaeliaddokAse
(see Tabl ey, i‘% -pridduft ?Qée%u% ’LEPJ ﬂg%e th‘?ul&cf?h[‘ﬁ‘agfnfrc%nb@ﬁ’ &hd&GFho b@%x{]d% to

i nterrogate Pprotein equence ases to determ ne peptides t shar e
honol ogy wintdgnesiumnaaemindtes emneuenns}uglhpxtess‘wds i thegdonreskt offi aliis idisalokura refetsatoyt i c
site and hence that S |nnun |c epito Ff éﬁund on P. gingivalis.
The sequen®ESget Wé’é‘ée%@g &éé“oéf?@rq tyll’PF’ %Fsi)g heart ol | owi ng structural
formul a: Tabl e 1. Sequences that flank the active site of Kgp and RgpA. The
inventors have found that chineric proteins including these peptides have a
nunber 1c5f diypically,gbe nﬁgnemwicete hysirakedee minpeal fhedséiok, cospmsepmostiyc@t east
hunor al §§9 se thgﬁ is hi Qrotectlve for treatnment or prevention of
bone Ioss obs BF\PEY SPRCY perlodonltls The peptides may al so be
used in a dlagnostlc assay mhereln they can detect or nonitor specificities
in an individual's serum thereby indicating whether or not the individual

i s infectedngegetal thy magnesipar Slilﬁfé&th?@m@d%ﬁ@nﬂ@hlfP?déH)CbrWIu‘ bprwbiegted, to
whet her th e t I e the of a
P. gingi Va|%IXS }r{‘;?/(bols?ll ﬁ?icﬁ'{(féﬁgng?éﬁ)% gttt ha ngdse %ggta{oslftfggugcg? {"'l Abs dé’s‘éﬁfg

cl eavage® ofWa2pe8106 1365 peomnlingiinet ¢he final mileﬁwdd porticles SQE d%EtﬁbulﬁiﬁES"oﬂ’l(ﬂie
conprise a c%nplete segquence of the Lys-X-proteinase, or g- X- prot.ei nase.
As used hel® ﬂnatt%'ereﬁqmwnam% o %amge@r%%aﬁtpr the dlre%th@ma& agipvation S§R-

protei n” argeygafddshres ? SQZCadIEH‘IB{Iﬁ(!)I?fOtr I cdrﬁorfé BReSRH.R] é{ bdlcHd fﬁ?l?lms
units, domains, sequences or regions am no acl s derlveé omdifterent
sour ces or ot hias SMhelegemdingdo fthie mze hmyslmnperﬁnmdebeﬁmd thehtitechthernd) @etivation,

assenbl ed so as ,to have an or a sation that is distinguished fromth
observed i A F}di%e %cﬂr'agtag?% TR HBIGh; |°Parsﬁfo?fﬁ'f"ﬁmu§‘88 derfcze of rag]@‘i‘t %}q s

derivedsr niglodt 4 164 pr?oﬂfémﬁ@rﬁlfe%ﬁk%ﬁuﬁfont RGP BR6WE By SubsqRehtPfupthel NS
of the invention is that they contain at |east one peptidé haV|ng an am no
acid sequeﬁ@@mlh@!on b) theesayh iwaladesined tpasticls lsize efor hhﬁmdircbggatwnt Ihamos;leqﬁmhze
of a P. gi that, def.i nes catal ytic sit.

Cl eavage or e Butn ailpdfe ey A REEHE, 86 e dh el e tibfest i o
pepti de comwas@sfeadmtmﬁ@d fvmmomﬁt HaR] padr OB metiokMte separhtforiXt€. eTiRbI ¥
(1) a peptide which conprises a seguence sel ected_ from VSFA and VGFANYT,
nore pref eruaaﬁlyw&r%qa@ﬁe@ltw bhedqre dhe diseat diesmahsati vatiosigryIry bBEaRETNshnd

VGFANYT: A

ETAWAD, 3%ET%\/\/QES%“!: #A%&%&qg{ﬂ%%g,tﬁ%% tﬁ?ﬁﬁf‘? “E"G‘S%E@Céﬁ SR cﬁ‘e ¢ o Hirect
SETAWAD, SkHiesinADyctizdhoi ey, ETSWADP, TAWADPL and TSWADPL, nore preferably a
sequence sel ected from GSETAWAD, GSETSWAD, SETAWADP, SETSWADP, ETAWADPL,
ETSWADPL, TAWADPLL and TSWADPLL. Mre preferably, this peptide is sel ected
fromthe KASL[432-454], KAS2[433-468] and KAS3[ 436-455] peptides shown in
Table 1. Alternatively, the first peptide may be the PAS1K[ 432-453]

pepti de, also known as PAS1(K48), disclosed in International Patent
Application No. PCT/AU98/0031 1 (WO 98/049192). The sequence identifiers
correspondlng to these peptldes are shomn |n Table 3 Slnllarly, |n anot her

o, -



fromthe RgpA[ 426-462] region, this peptide is preferably selected fromthe
RASL[ 426- 448], RAS2[427-462] and RAS3[ 430-449] peptides shown in Table 1.
Al t er nat iWeI2910/@p4s8f i r st pepti de may be the PASLIR] 426- 426T/A3epa%odel18al so
known as PAS1(R45), disclosed in International Patent Application No.

PCT/ AU98/ 0031 1 (WD 98/0491 92).1n the chineric or fusion protein of the

i nvention, the second peptide may be a peptide froman adhesin donain of a
P. gingivalis trypsin-like enzyne, such as Lys-Xproteinase (Kgp) or

Ar g- X- prot ei nase (RgpA) or HagA (see Table 2). These domains are sonetines
al so known Tas mestapglarablaiprscess rintdieesl yptinfalpust of hasteintédiatiqar efreugheat the
donmi ns are KAl , , KA3, KA4, KA5 as identifjed in Table 2 . |In the

Ar g- X- pr ot &Ff&se, H{éﬁzereﬁwr%dr PetPWogePREtigns Ispopiimaliyemplayed tonpropgde heat or

i dentified ehiygFah&e Fequited. HoGH e EhEAifRof BiEBEC LROAL n/dRdAd. *
and HagAl * *g} Tabiceecbu.l eAdhesi nxad rreéﬁ%s oé dtagﬁ% Kgp a%rg@l%gpA pr ot inas}es. I'n
addi ti on t oninenal deddamck hreayh deoachicved sporgs ent ©r angephdatieg ofessdie utitiviept iaan
such as S1 KAS2, KAS3, KAS4, KASH5 and KASH.or RASI |, 2..and S3,.
RAS4 an mgg”aﬁgn&?wcm&_@ﬁ B9 Suak BIOSEP i ﬁée?enpam@shm@ﬁ%c% ZRISTIY
protein, tharbadtesm reaB@srRi Whigh SA1ICRMEATIDStak RO I8 He4ctiOR | VeSRES malRMGEd at

| eading to the production of nultiple specificities to elicit a protective
i mmunogeni dempaspigresebelTwe26Q wigeregs tGrigiug, hmotenpemogelyi belepi ebpisl o degrses
adhesi n dormjn are iLned i form oachi th in a Po.gingivalis
Crypetn -1 GEah 5 TR Sn8 3o RIS R e 3o o8 he ot A0l e
invention iastivitidntprocedativcludihy thé IwatdievapooeFeiéased bl hishydioxylagse aadtbeihaent s
of the invention the chinmeri¢c or fusion protein may contain any one or nore

of the Hbprrdeiediseddodgatier shieptabempalgstivatignsiganaroviadiopntigse poigls mass
KAS5/ RAS5 d / ) . adhes| i a
P. gi ngi valLs Ty ior s RSt Aps Wil nilh {00 ulRRF TR nERtR, E
Lys- X- pr ot epagasaumgsﬂhegtm }gdmdasnﬁm@él feedehdck, IéAB,heKMgd afidh&A&sidwal activated
PgAL | PadPeEe oGk AopgiEain 6 The GarOYTaI P HAclst BESCHORPERBOY FHALS RERITG T
necessary fa0h BRhRIBEBY Nn@RABLA With HLaRoGHR |BMBuHRIR AL Acat{BRS RTINS Br @
P. gingivalis trypsin-like énzyme. For exanple the adhésin donain may be a
fr gg EE 2t15 gfel®;rwht€'gedm$m pla:cnhtvgmsc icanb;aldiOﬁiﬁe_eémitssienls ifpdmfbﬁ@(t af @quEerns 2\)1
an ommi n fragnents e Lys- X-protei nase onai see Tabl e :
Uher et he domiser I BORS oo Bkl e Ra eR' BRTap it SRS R Ctebr e
one or nor gronilREEI RsstTed PlasiP eat Thitnok e LBEE $n efE&ﬁcﬁﬁ%@ﬁé}_ﬁtﬁod f@binks bebher
corresponding to t h&@adhg& nr glgia;{},&? g&gt |tdes %;e@z own in 1@%& 3. | ndone
enbodi ment PEPRESEE SN prRapassgela y PEYRRECouRy| Ud Reacs vy fssfd@m_ §n
one or nor %iﬂ%raﬁﬁgd%tp?l{:gﬁdlgrgaﬁ ?({r7c%m%';.lst?&lemginli)%Feie-hgaftedséﬁir}%s&%’rec!_ct-{%re%hlllég? re
or fusion proteino e present Tnvention may“al SO include one or nore
addi ti ozl ppeptd etneripethe combustionrheatieg Kehn¢l4 Itettfdivelyeancogy fdcovdred from said

Lys- X- prot ei nase and/or one or nore addjtional peptides selected fromthe
ROpA[ 426- 469PIRERRTRIGE MaYPesaplaygst t91dsivE RYEPS AT FYTBPISFIOEY BriBtdPeAitht steant

t he presentg i i i F Us Lo ODr e
of KASL, - KAST R ool oRRUIRE i Fpr R Bl e e R R
RAS3, RAS4 panups RASHNpresmes foe comptessibis Afl the catbbAdiaxidkhus i n certain

enbodi nents, the chineric or fusion protein may include at |east one
further peptide wherein said further peptide includes: (i) part of, or all
of a sepgiergfist HRtni EmbABMSATBS ABe iNenOhO IRAetiOmt Bific A8 AWRIRGEdS HRMEBral N
SEQID No:1 ; or (ii) part of, or all of a sequence that is'the sane as, or
honol ogous feesistogl 1sprgtheated psieptondirast BEM3IRCNKatdn byrapplicdtionpdithe lafat radeased |

of a sequenge that.is same. a nh 0 s_to.the sequepce ,of .
adhes: - dorgieariredrEol € 5 af BeardbshRP R IHE el & S G oS by

or all of acteqctfedstddkednd/cr 1bWEraRR vaste Hoat Mraval g s adseciaftd cafipuaddas of
an adhesin domain of the Arg-X-proteinase of P. gingivalis; or (v) part of,
or all of &rdwdireamenageaps jfacliqoambiigtien, gasifigation ralosgingson electrisity cgnenatien of
a HagA aglhes| j i G i f1 j iLl$,
cequencey droReiRbrndh, ik NELA T, i (Rl MERL BR R AN dng VBl
as descri bendive hedtdrawicfrashecodtin@ihescafbon dioxidk afgericompasssiphors or | i gands
such as Fc binding regions or Fc receptors, domains for inproving half-life
such as al bumin or domains for facilitating expression or purification of
the chinmeric or fusion protein.



In the chineric or fusion proteins of the present invention, the Ctermnal
residue of the first peptide may be covalently linked to the N-term nal

resi due ofvoanoadbssi n domai n pol ypepti de, or the N-ternpoalame®icduasof the
first peptide nmay be covalently linked to the C-term nal residue of an
adhesi n domai n pol ypeptide. In this arrangenent, the first peptide and
adhesi n donai n pol ypeptide, are said to-fe "directly |inked" or "adjacent"
I n ot her enbodi nents, the chinmeric or fusion protein includes a |linker for
linking the first peptide to an adhesin domain pol ypeptide. The |inker may
be any |inkey dablosed ;i WaODI008/05¢ PO, Ale trRagheslGhY §IBRItE h§droxite! meeRd fo@dsiockim No
acid and non-amno acid |inkers. Preferabl the |inker is non-inmunogenic.
Sui t abl e | ipatferablynaig-iratedpast disalgsednhaieinads ﬁgalbh heatedyim a suiteblssating y¢ssehan
five am no agi { e d h Y e f

pepti de andﬁl %éﬁ stlh‘?\ hg%trrlfgl%nge% Ol—';lie(ie)otnlgt;d"g hgntog% ah}j#éc:c%g&g&%tu Paf*l a%?rlgnrgeglrlr%%{

t Ihan nor rrala:cyva:i@aaetempeka'tuﬂe af Eth lag?mgjdualsse%l (rjfxopsxamﬂ)l(ej rI<]ﬁaonen«bgnmtesso to 1200°C,
Alternatjvely, it nmay spac e first peptide esin domain

pol ypepti déuélp 3t dromrghot rﬁ8§e'f>. §005¢- 1 g awcwoqéﬂfgygwy AN | QSGHA INGET HESE be
produced b Iy p@ﬁb i
technology%oggﬁggpc I]é;e%ﬁéyn g§|§M§&S s&@?%@c?éh%ﬁﬁggﬁﬁggﬁ§cgﬁ%%wdto
synt hesi s) .magnesiemt shhm qmefersmme welelamhgucwhcal nThére 1ampcra1ﬁhes het ensidegpblyis or
chinmeric protelgli artic arI ad antaﬁeous because it roves%fhe

humor al - ed b Dap G HURCAE FPlYed dB AILERE QBFEOR angking theoysecelc ity
pepti de compemeNtsssaf mbf@erfeh%}f@fﬂc%n@ fand léﬂb%%?lfd%e@'c@staﬁe%@tor vyl Rfatdriakest Be s
have found that chimeric proteins including these peptides hHave a nunber of
utilitiks. usedindiceaepbteyctian, rdducing easts- herein, some produce a hunor al
response that is highly protective for treatnent or prevention of bone |oss
as observed in chronic periodontitis. The peptides may al so be used in a

di agnost i c @asbustivhelies mséday's ted Bedt t0rthédBating veselCwhéreint digst ithermal

i ndi vidual's serum thereby i ndi cating whether .or not the individual _is

i nf ect ed arf§tiv4tiogo0cciifsepe et @leéerhér@ps agy copEue dydscartionpeeoys dedd, TS her
Lhey snave hSeifl {ehd ¥eocikita VHHATRAH eHeatdd SefibhiFR! b cRELiP ORerBlg] o1 "
i nduces a protective 1 nmune response, y a response tha eas

m ni m sEs qﬂarit|wr11tgsncralrlmhe:ton»eniehsﬁmcehajan‘myepmtpbaf WA S eugbisincW e e a8/ 06 1305p.

gingivalis | i on one enbpodi nent the pr ctive response at .| east
i ni m ses o"PQ']‘ gwsstrgawn@ udgreoali 915 mapwy ”eﬁcg@a %hgﬂw engep chip afkargsaryaripgs or

measuring RERGurbOfRrdERdi AL REHBY tdbghOinnWYRI08R6/1 BOE Skl Tudl Snsl) SEH4ESEM]Y or
herein. Typically the protective |nnune response i s predomnantly a hunDraI
reponse. | rpactelyaalso embmsmwdmcatbenmeouecnatmall darived ﬁr@spwnsealde sb)omass

i ncl udes a response. ese |nv ntio SO provi

conpost &1 o IS dPey TRAGR narrd R FoSMsn iR AT BpRe Rty BEZaR mose
above. Jypigatikyt. thig EQAPREbLA I0PRaidSfusNin ﬂh@r}irﬁce@é of QOB EME -acfiddt®n forms
particularly, the invention provides a conposition suitable for eliciting a
prot ect i ve aditional egsean diexidariatkatsubisenivetha gaesent saquesiatign paedess. i Bhescitiisn,

i ncluding t Is r 0 C 0 h an
o R RITEAE ol ARLOLaLE SRS L RSt
nmodul at i ng erelsp@lhcﬂﬂfals aiaturgl tghs allltniwseof ersmmee tﬁhﬁagnmd;t rﬁanachlé\h@ such
conposi tion takes.the formof a vaccine.Various adjuvants are known for use
in conjuncﬂpﬁﬁnﬁﬁ@%’va00|ne conposi tions. The adjuvants aid by nodul ati ng
the i nme response and in attaining a nore durable and higher |evel of

i mmunity using smaller amounts of vaccine antigen or fewer doses than if
t he vacci neAafwihgetaugkrie VEOA008/64 léiﬂédthalddmet thémeakpLieation of thesaahimagnastimude

i nconpl ete Ereun uvant A nt 65. (cont ai ni eanut oil,,.
i de. oD ReTaIae AL R Be) S Rlage g eitabls oAEE Fasprl i
adj uvant, t\@ pdudNPrile Be!f¥Rh Df PRy, HHAES or Akhilsh &%bu@ibﬂ cﬁamee’itnﬁmeann@/PL
Qs 21, nlneral el s such as aluminiumsalts and calciumsalts,

nanopart i clessebudlhe decdntpel mey isatantastedewitly theneqmiispbaigases &toumihei funh grangy,

sugar okdg ne ch a nnan

ChoR o0 IEERS AN BT Sn e RoBuIRANARe G RBRY GSARtaf KR TR RRion
and ot her pladrh itlsafual Gonitslistiviaolintsed C IThe S6MB4 merﬂlﬂdla{em&rmfd’rlﬂtﬁd Btwedn
extensi ve but not exhaustjve |list of other exanples of adjuvants are |isted

in Cox and EaPmbystipyghambey-andyhysajkminegal)feqdstang|is nefareduded, bowmgveplt is less
utilising technol ogy. Bocca Raton; CRC press, 1992; 49-1 12]. In addition
to the adjuvant, the vaccine conposition nmay include conventi onal
pharmaceutically acceptable carriers, excipients, fillers, buffers or

di luents as appropriate. One or nore doses of the vaccine conposition
contalnlng adjuvant may be adnlnlstered prophylactlcally to prevent

L T . M oy L B L



adj uvants are nanoparticles, cholera toxin and heat labile E. coli toxin,
the non-toxic B subunits of these toxins, genetic nutants of these toxins
whi ch hawsoaorgdessed t oxicity. O her nethods which may BETAU2DIYEHI180
deliver the antigenic protein orally/buccally/nasally include incorporation
or absorption of the protein into or onto particles of biodegradable

pol ymer (such as acryl ates or pol yesters-or nanoparticles (such as

hydr oxyapatite) by m croencapsul ation to aid uptake of the m crospheres
fromthe gastrointestinal tract or other nucosal surfaces and to protect
degr adat i osffitfierit.h€Ther we i MstherLinpABINER ,as |emt$lttﬁ')prohl‘ﬂértﬂgﬁbz§t &m &Xiang es.
of ot her potentlal nmet hods which may be further enhanced by t

i ncor por at BRI wfr@?@é*ppﬁgotrﬁ@ne&me regt thermed agtivgtiorand b@ncrsé%wsestable due to
delivery of, tha,aotd ﬁnggghﬁln to the nucosal imMmune system In addition
to the antigenic pro EIﬁ and the nucosal adjuvant or delivery system the
vacci ne conposition may include conventional pharmaceutically acceptable
carriers, e nts, filler, in di sper dia, antibacteria

anti f ungal @&Eﬁf Magnasiyyy %‘é?aée g\“}fa’i‘lgﬁgﬂ'ﬂesralafe ‘% Edgﬁ AgLby digect ﬁ?%ta%té}ﬂgbt
the invent 't&”c&h&%ﬂ@ﬁ Cg‘é'séieﬁoﬁ fﬁ%tﬁlé’ld i0fs RERYMNM td8s@hn TRIYE Ran td3dhbustion

i nci dence or severity of a P. g/ng/Val//s-related conditi oR or disease in a
subj ect, wmisture amph¢ sembastiimickanebdrng This telqelrwby(mn eorgéritneelow e éxast on
protein as ed above 0S| SC d above.. Th

Db ect magteraremstffafRieisah o UmpRi °3bi:B8e 3 srRES GREPERAR e i
Typi cal Iy, will@edtce Jhé1gkténd dBEfurBbRbadattNst frdiPBxides BdRFASE irl theCRAIP Fle@stock
periodontis, however it may al so be bone |oss, especially alveol ar bone

| oss, ok0 c@%wapsovartb@ﬁsorm@edgbw Aithy ireptaxites thatearg sepasatedin dhpnpubisequeat i on
of a vaCC|g& gonp05|t|on to a human or ani mal subject, including but not
limited to IAtradermal, intranuscul ar, intraperitoneal, intravenous,
subcutaneous i ntranasal, sub-lingual, buccal and oral adm nistration.

These routes of gdnlnlstratlon are partlcularly useful for vaccinatiaon.

anot her aspk Etfee Feeki #v Srmirally pReprdes aam #Reyidoadlid Sprepeh 4be feaewﬁcie%nm
anti body, Laii3Rge quélﬁc‘ﬁh h@*ﬂn@?'ﬁbég % vécsgé' Whkro éﬁ’é géeast% k 2§ oAy todg§q{n|aped

above. These ant y be pro y sta t echni ques,

used i nlSpasasmvan mempesdire oby ahe ah@ubpleaﬁed bycam)mhuagdny ofi fuet.hi Asaspeldtt jn t he

i nvention s,a, et hod of ent I the severity of
2" ngi APPARGRLIDS P LR B SRRl Pk oF RY SErgie et SeviEy o Eu Pos
adm ni st eripfgndre shbRartill 8etticAN cRAthbROINd dhefles e RREst8AOMEehatdbdeaniiufder
aspect, the present invention provides a nucleic acid nolecule including a

nucl eot i de cgerqgremeendvict@éawg prods¢dhiy the combiisigingrf the Giebi Altamabvdadhy soli

descri bed ratively |inked. to at .| east .one

el onment 1 Teangtl PP R BE BiaER e ol il BBy POGpnEEe Jpel

subst antQ a|hba/t1rlgtkfeb§ell adflfidrmedid- hﬁplﬁ&bcdr&eﬁseﬁpsldzhrmhm&l@ ¢feher gisag oex@rmé. e,
inserted into a suitable expression vector for production of the chineric
protein as a recombinant protein by insertion of the expression vector into
a_prokar y Ol ggiabn SRR AkLAE FUASEAE il the HOHERARSIHWIRXPHESH B Blioh{tEours is
reconbi nant proteln requires that e expression vector contal

necessary reogflcil ao ythe peovesy sf ﬁa:trvatmlanﬁ thel fmbdsmmlamﬂ to tedliteration othamhfres e
conpatible wth, and recogni sed the part t cel m used for
expr ossi on Sk BIRSKSt §1domaR b alagy sl leﬁremﬁky han i PEaEE Yot ﬁségeak%
reconbi Z‘SantveﬁEP&Q& Be d¥bsa 1o %&HS’@turﬁHEnt%‘i ﬁlsgé’krslvle'omahﬁﬁvé SoRRFIR rtb Gssist in
transforned with a bacteri ophage vector, vector, or cosm d DNA;
yeast cont acimevige yladthydantytation of ukmfeedsimkae:smmrgl fmr&gatfatmctﬂns, therh?e‘omg

cell lines inf cte Wi, th virus . g. bacul gvi ru | i.an l i nes
Cranst ect edewel Megieotiensn Gimplate duaypeagidh Walrindtl gt e fldiieph

r ecombi nantassidtfibl delyRirflky | MAmC(abiivativh). USuch@RAA by be apHIRA-3S BASHG oMby US,
retrovirus, etc). Using nethods known in the art of nolecul ar biol ogy,
various pr&ips.grefershly iarthapesense @éﬁprb‘eadih%@wbéﬂ@dléﬂ apd{pragitation msdisswich as
vector,,4 o se e Qv

Uhat tiS i siePERARA AN BRS¢ W lor iy bESORRCNM BB Huhen RBUEF
with (for ekafipt eowdsrolmdsam ﬂufﬂQ}?d beé fmactdscwgeﬁrli pkufsﬁabkyelhﬂ the \peésentdisLsbmd he
sel ection of the pro ter depend on the expression system used.

Pronot er s \?Qﬁilf,lop ey ewgﬁnﬁygruag%aﬂ%mql%y to facilitate transcription.
Generally, it is desirable to use a strong pronoter in order to obtain a
hi gh | evel of transcription of the coding nucl eoti de sequence and
expression into reconbi nant protein. For exanple, bacterial, phage, or
plasm d pronoters known in the art fromwhich a high |evel of transcription
have been observed in a host ceII systen1|nclud|ng E CO|I |nclude t he Iac

T T . o T - ~ee~




| pp, and the like, may be used to provide transcription of the inserted
nucl eoti de sequence encodi ng am no aci d sequences. Other control elenents
for efficwerpioyeze8cri ption or translation include enhalRC&#MAI206/081118

regul atory signals. Enhancer sequences are DNA el enents that appear to

i ncrease transcriptional efficiency in a manner relatively independent of
their position and orientation with respéQt to a nearby codi ng nucl eoti de
sequence. Thus, depending on the host cell expression vector system used,
an enhancer nmay be placed either upstreamor downstreamfromthe inserted
codi ng sequences to increase transcriptional efficiency. G her regulatory
sites, such_as transcription or trans]ation initiation signals, can be used
to regul at Vil ¥x ﬁ?shsvégq batign ’qufé‘s‘i‘gdiiuﬁgg sB§u gBal peaheR her ARBEEFoRSH
the vector [gRyeRA ida\¥hb@hudt cARh&E F&! us¥@ﬁﬁ1‘irpﬁlegﬁ&&9§ in tﬁ@Qc#é%ﬁ’éjleHy.pr ovi de
a reconbi nant viral vaccine, a reconbinant bacterial vaccine, a reconbi nant
attenuat ed bacterial vaccine, or an inactivated reconbinant viral vaccine.

Vacci ni a virusis the, best kno e e, in the art, of.an infectious virus
Uhat 1's endh rb@reltitih SEpRARial Tt SRRtk b ouisliRu B e Fiiont BecpicRitel

or gani snms. iddeding GReMBinAlRRdating WRsI6RGE Iafi @sdttiall§  drMbt A6 siigh aHat e BdeBStoK is
otherwise treated so that it does not cause disease by itself, is used to

i mmuni ze t hangpested toigpele gaid heatr eyshanggry and kating evesselsowishovd ke gdditien of amyi n

t he host pravi e i i i I 1 he
ecros! an RS ACTRSUT AR, S WEhTUIRGRURLAD W b
vacci ne vegradess.i hicthigdedse alemeVvofrdig meayit ofmegadpovi ¢flihe fégdetopk efrengibihg Hehe
poxviruses such as vaccinia [Paoletti and Panjcali, U S. Patent No, 4,603,1
12] and Gt cEFRPRERE as‘éﬁﬁ%w&weaseémﬁmw@‘[eswéwcalemomq ong ggs cpertes Aredign.

5,210, 035; 4,837,151 ; and 4,735,801; and Curtiss et ai, 1988, Vaccine

6: 155-160]. Live vaccines are particul arly advantageous because they

cont i nual | Vraspomilodittiee miveeral nfaedseck thrbegh piyes lor chambas iretheshebséxahbtngelrd ynd

| ong-lasting immunity. Wien the . i ne. response i s prptective agai.nst .
subsequent hg?mtﬁ Xgieaimpy aﬁﬁ?@%‘f‘?llﬁrﬁg‘ruﬁcﬁ@’ﬁ? ¥ (WsRRas fF”t“g/é‘?l'fd ﬁﬁ‘?” B@QJi‘léﬂP in
a preventi \¢BmpaiSiak REhSGRsESIr IRuidsl N YR éae of @laﬁ_ﬁlfdi . ahe cariBr ASV&oVilﬁ€§i ne

can be based on a bacteriumthat is a commensal inhabitant of the ora
cavi t y. 15Thiagitgftaey andi afficicatrhcgetransfarsilielrady ietemhanoed dydrigle gas ffowgates during

mbi hi i C. [ d.h d | oni .or al ity, i
par 1 cul ar "ehebenyof B felibol B 3iGnoaR efhaRgisdfnd e tersil " "

expression of the reconmbinant protein will stinmulate the nmucosal associ at ed
| ynphoid tissue to produce neutralising antibodies. To further illustrate

this enbodiAHsaratively, Hig melcen deedstosk apayghe rnsperehihyoesh thelheakershpngers ane
art, nucl eqt.i i e ghi. ] (o] =Y f. | Se.l.hvention
may’ b i nert o RAMEALE S AN SARacd i AQUTRRIrPRIVE Paeliy LSl O
for expllesshomtiofof djguidspe solistin diwedirsro thenaglddtivetion sthdeclod kdphn éovgramdtususity
replication of the vaccinia virus vector. The resultant reconhi nant virus

can be used®%S AR thalsHpiysA 11 theylates Caronatiosy siePp 4r PHIST torFriues thermak #SEYY can
be used to tdeH&tin &8sib ' j el ; ' o]y
e R A A Sl e G o s A
known i n t lboelri80°@y foo exangple Sromasboain 580 fargrxampledfrowmtaboutt S&Ub 4 260RG, alithy

affecting the.i no Lcity 9f the expressed.i.nmunogen. .The .jnactiyated

r econbi nant® 3&%%8“&&@ & %")&{M‘E‘Bd&a et ancghf)‘fsaﬁllwg‘_ ﬁﬂl‘j“ §/§Y‘lll e léfe‘_?e to
enhances heupdriesied. OTheCtseh8S HONSE allRQuid @rN@GHANSsANN ©8 A8hydIHE 14tIMITHRON

al so provides for the use of a nucleic acid nolecule including a nucleotide
sequence emagdEHamasibpatergydtoxide mirdrainfosdsioek andfliberdtioni ofy sitied by provisling y

as the vacci r [ i ce codi t he chineri

ot oi ns. ot i HenftSh HEASEAoP AR E B ST b e HBRRS R iy
i nt r oduced aslistagtdisruptiov elslicilageran In thdi enitsbdaher(ts dor tembp@re BEthe Ifestisiok 'Via
agai nst pa%ﬂﬁgenLc strains, of P. gingivalis. Direct gene transfer into a

vacci nat ed

! g .
FRTIgafald CRIBIGTS GOMPIISHIESIBER §aFs AT Hauidhdheg divanalengigyesupaliedy
the vacgj nag ag fadhy VEWalmsy bldieaus r | |
wel |l as the tissue %f tﬁén%§§of o?%gﬁgf ﬁgﬁﬁiggﬁéggﬁ%ﬂg@?@%ggkggﬁgggﬁﬁﬁhues
in the art vesseh #be bylid mjirecali fagdsiack mearebo stisyangnlle xqmaegad from the carrier fluid
pl asm d: cati.oni c. |i posqne.conpl e hu, et ai, ,1993, Science 261 :209-21 1].
D her o 1 oeliPs<inoeh SR MR TRISEL ahd Tl atist TERATIES! 4o, rgutorsPHngAL
known in the art. In one exanple, purified reconbinant plasm d DNA
containing viral genes has been used to inoculate (whether parenterally,
mucosal ly, or via genegun imruni zation) vaccines to induce a protective
i mmune response [ Fynan et al. 1993, Proc Natl Acad Sci USA 90:1 1478-1
1482]. In another exanple, cells renoved from an individual can be

Y T o - o o, . - o,



in the art, such as by use of a selection marker expressed in the vector,
and the selected cells may then be re-introduced into the individual to
express tWO220uduMsBnant protein. In this aspect, the i nPEMAWRMNOLLIREr

provi des a nethod of preventing or reducing the . incidence or severity of a
P. gingivalis-re\a\.ed condition or disease in a subject, which conprises
adm ni stering to the subject a nucleic atld nol ecul e as described above, a
vector as described above, or a prokaryotic or eukaryotic cell as described
above. In other enbodinents there is provided a pharnmaceutical conposition
i ncl udi ng deedbiobie thircuglt theUtating pésaéleittruseﬁalauauﬁmg iroedyf e theani ehady alfolve.
The conposition ma further{kggb de diluent, excipient, or carrier or

chenot her apéiied fuidyenubytatia tseatrataorpmagmg@q%ﬂw% byepell-kBows RIS ON
or di sease g fﬁgpg s e conpositions of
this invention d%gdﬁe (%%ﬂ% r% ?I];a?éré’cblreﬁ r1 é&ia?&tlogﬁo'r?iﬁr% (E}WI ng gum or ot her
products, e.g. by stirring into a warm gum base or coating the outer

sur f ace _of ase, . illustrative of e je on rubber | at
Tinyt st oor el it SRR topmal AT o s A R s RS iy o iy e
sof t eners, efipled QVhepé 1) 8 nﬁ’t’i@le&ﬁﬁ&'irﬁui% &&&C&lzﬁﬁ/egj U&aﬁ‘%,ms&ﬂé’ﬂ tPtedaBd thehe
i ke. An oral conposition of this invention which contains the

above- ment ipariete q@mrt@ﬂé emptooeqr l@@nﬂdm fineogrindang ey p¢ eprafm@@bdamt!hensfetjon dry.

vari ous for ap le to t h s s _den lnc

! ot hpast oS i B ot S el creFmiih S SHE s FPae Mt o Afiece! e S
chew ng guagwxﬂeﬂkahtgaﬁmgseﬂﬁma@gﬁaamgassage creans, gargle tablets dairy
products and ot her foodstuffs. An oral conposition accordlng to this

i nvent ilsh may further include additional well known ingredients depending
on the typ@rh@’}g%afradh‘&f si apaf?{ct?qr%%e% aﬂfap‘te rﬁﬁ@l%?ss tefBred bfiof fq%'cﬁ Gt "Ed
forms of the'i |on oral conposition nay Be Stpstant i a flqu

char act er, reagtibn.aghis rsopdrhi@s mayr be iankieved miasuvarioua peapakadwrD o tth@ nvlﬁérabl e

i's typicall a water-al cohol mxture desirably including a hunectant as
descr | bed BEACGRINCGHHEREY | including densgiit o gravey SEPHATRR. PUAfEBhSTPFRIPNOE he
range of fremRROHbtatiod, hegmbeWr eflirdstatlSephRidh o?@@hﬁ@tnaﬁgné"ﬁﬁteﬁerofalﬂéﬂgi%l
mxture in this type of preparatlon is typically in the range of from about
70 to alboute3®atdnn brpvides ghparttulatiy spitaparayteonDerbity wpemtioh may bymchlawq

t hanol | hanol f h
ot hor _pr op i RRRL RSP o ehidiieins kBnth © Feferkined AR plou PRy umiree PefFSoout
S5 to about c§clanss, hydtb&ldngs kpidls,3h-uhd Phdliked Wafer mHySbePddded o aeabt@émeeht ed

with acid (e.g. citric acid or bénzoi ¢ acid) or base (e.g. sodium
hydr oxi de) operapei pethest ymts. ibe Hreg silicarmnd pthentosy valupmsial exidea pisgamored ava
by car bonat ¢ YeRH) HILMILAPRR BRRSANG" G BRcindth Sl 2080 RARSRITL Sigh
etc). In ot er ira ot s of I'nvent I on rrveceut |

CoNposi 20 omendity ﬁﬁ:tﬁ)ﬂbStFaiﬂﬂlbﬁlehxyclﬁlﬁﬂnlt @fdfonp@attes may QJ&adoMEIved Vid mdgna&: or
t oot hpowder, a dental tablet _or a toothpaste &dental crea

denti fri ceclephgsiqtishpepreatign. stﬁresWﬁlSotddséét hese atpeetlewangmaartse sepvsred |y
cont ai ns d?fbtrr?'t}{e)’seﬁ&%?eﬁttﬁptbﬁoﬁ% 'sﬁ@drﬁgﬂdﬁ% &d & the! oé’es% 0qtBRBS bl au'i@ated
l'iquid vehicle may conprise water and humectant typically in an anoun

rangi ng fr deadatookst cm&%utmgaﬁmumaﬁﬁ%frbgtmmbghntecrﬁechhte qhemspg,r &t itloem. rlcher in

A ycerine, propyl ene col,.sarbitol_..and polypr ene col exenplify
sl tabl 6 haERER epY Bl ine SoroeRAY s BRHES R e o on (HAESoR 1
wat er, g ycerine and sorbitol. In clear gels where the refractive |ndex IS

an |nportant consi deration, about 2.5 - 30% w w of water, O to about 70%
w w of gl y&élplrmdtahactmmqltanﬂdir&m/gwmd &edsto¢lb18ttb¢n suspensiedfie thepdlyrry solution

enpl oyed. T th aste els t ontain

oynt ot o e R 3ok g foE AT ARSHTY kBT o sfiERLS aFe GGl asidic,
10, prefer atgheoualwumxed 5qt1@ualaﬁuﬁor AW oy otaelswlteahbd midclibl€ kanesarbén arideet i ¢
hectorite, a synthetic col|oidal nmagnesiumalkali metal silicate conpl ex

clay avai | dBeeohgRtseRapr ehasen fzqrs miny oof (watey, wepk agids 3pdpas thosprdnrendd thy
Lebor ey gk RS GEIE e AP LA SEUTBLELL. B b Blo0000

Its true spei Sitric gridMbtryiciasidorsaltaotitiohs hfaﬁlcarmappaxﬁe,rﬂahbu bdutiess admeooé

1.0 g/ at 896nD|sture O her sujtable thickeners include Irish i ota
car r ageenar! AR SO4ER Rirarponate solytions, Rajassivg Bgar 81“"?%8‘1%@“0“5 mixed aqueous
hydr oxyet hyl propyl cel | ul ose, hydroxybutyl nethyl cellul ose, hydroxypropyl
nmet hyl cel | ul ose, hydroxyethyl cellul ose (e.g. avail able as Natrosol),

sodi um car boxynet hyl cellul ose, and colloidal silica such as finely ground
Syloid (e.g. 244). Solubilizing agents may al so be included such as
hunectant polyols such propylene egcoI dlpropylene egcoI and hexylene



carbons in a straight chain such as olive oil, castor oil and petrol atum
and esters such as anyl acetate, ethyl acetate and benzyl benzoate. It wll
be under sWoadiw®a468 as i s conventional, the oral prepar raioayook118sual |y
be sold or otherwi se distributed in suitable |abelled packages. Thus, a
bottle of nmouth rinse will have a | abel describing it, in substance, as-a
mout h ri nse or nout hwash and having,direézrons for its use; and a

t oot hpaste, creamor gel will usually be in a collapsible tube, typically
alumnium lined |lead or plastic, or other squeeze, punp or pressurized

di spenser faad athel sahgtiongtsu¢thes aprbentthandiavimghandl ablationke sikedaqu@oud and n
subst ance, g@gﬁ tglo.t hpast e, gel or dental cre%m, Organi c surface-active
agents rmay SH6OLSBRUORSt exedosptsens rihlyterelngolpiense or anyy eRrnbigiany thesehleve
i ncreased ' [ ' j e t by : I

di sper si on%@?ﬁég@%{gw\ﬁ%&gﬁs S?ﬁr%gﬁ%’h%éﬁ‘t‘ %tg ﬁ‘(lgﬁ\éilrn %ncéﬁktgw&gggq?%ﬁggrﬁpﬁe

i nst ant comspdisim bicarbomate may bs weplayadl.| Ptler seittddsadyventhehaohayamien identified by
surface-active material .is ef erabl y..ani oni c, non-ionic or anpholytic in
nature and “EeE rLBrs feld wel st s Rl o BicabP e Sl 1t 1 s
preferred to enploy as the surface-active agent a detersive material which
inparts to the conposition detersive and foam ng properties. Suitable
exanpl es ofThgnsaishiresidnat fagidvadent feedptecivavspendesl ibltle selvens isfthen gbmtacteditwith
aci dnonogl rid fa h he [ salt_af t.h n | f at ed
nonogl ycer %églg)ogfﬁ%)gg?g%géna [énggf&ec?i%ﬁﬁ? %glnigtef a}t§rfgg {;/ier%gl dtge Sﬁ@g%éyggﬁgﬁ%E%Cf(s
sul f at es suaspeaseds odlithgnsbiawiity| aré Wohated altkyduparcyiticaulligasteddesr higbprassure
sodi um dodecyl benzene, sul fonate, hi gIIher al kyl sul f o-acet ates, higher fatty
aci d estlr gaggoug carben Higypdsdy highbppulens m,mﬁl@ dispgrsivierps altiBeg waetion yepsels

sat urated hj ' j l4 [ ) . iC
et d compotpdanienfell PG (REUrANERs ) e, rblaplel PRI i Sty

al kyl or adyi200abbrc alose paeferablyes50-1 &@ baEaaddrepgeratirdshia thastngeei-Rohedgrass des

are N-laurqyl .sarcosine, and.t sodi u ot assi um and et hanol am ne salts
of N1t OISR Y BRGREY gp NS SEERFT bbieTos are oun ke ot Bt ot
substantially free fromsoap or simlar higher fatty acid material.

Exanpl es of water-soluble non-ionic surfactants suitable for use are
condenskht i dwitpblodeastion yfssels myayesrenmice deghwpriehsuwyaagitaied vessals,ipireline reactors or

chai ne. (e, o APl BRIy O eENs e 254e% ot rls PapBiRy i RER i€

condensat i RixRigoghdcititloned By 3nmrftiyate® fcaktocky dFRiMibdd bedoRhMorsySiriotl1fne
noi eties, such_ as condensation products of poly (ethylene oxide) with fatty

aci ds, f at tWithathe gditign of grinding picdiagnayps ddypatageouslyctdpyed( e. g. sorbi t an
nonost ear ate) and pol ypropyl eneoxide (e.g. Pluronic materials). The surface
active agent is typically present in anount of about 0.1-5% by weight. It

i S not eX@r tThy,cohixatioh lo€ tisuficbdsteckato tmapdesig@ndaromgteaia shS teattor herecths sadiduang
of the active agfﬁgt of the invention and thereby djmnish the anount of

sol ubi | i zi AGUYRIFReEeAMOC Ettsa it Aressidscet ehomaiogideals SmpEgred by HEdIEdtiat ed
in the or ?‘lcirQﬁl‘ﬁf?ﬁ’% f%dgerasst&amt \m@h'cﬁ&&eﬁmes%d%gﬁmaﬁg)emt&mea&oa@% hent and
preservatives, siTicones, chlorophyll conpounds and/or amoni ated nateri al
such as ur edherdicagersnitaunthehompbrmtion sackion »essebs Whdumiedr. sephmsion agd¢pivaay s,
where present, .are i,ncorporated. in. the preparations in amunts which do not
Subst ant i alfyAUERAGRYEI SRRt irBisiegdl S AnderBmus e TGt BegRes L d.
Any sui g;ablcarbohaté QeHckiBe pRSduSWERInE MeGhrBHaBbh fdachiBYY, vHiSP chifveREIMe Y REbrite or
Exanpl es of suitable flavouring constituents are flavouring oils, e.g. oil
of spear ni MeagnEEpMe sikicate, injp rmagngsiven cabgnaiaf ank silishovidis,s thye recycleastyganus,,

marj oram Gj I nd..or ange,., and th salicylate. Suitable
et ent ho ASHRTER: o FIREr BRfhBh YR8 A TRoTRAgHly EPuie s and b i
sodi um cyclcattehate fa6rhi dubstahtilB, uibitiédsepdsiork tohefivi saildadube@ntidlBt tyreacted
ester), saccharine, and the like. Suitably, flavour and sweeteni ng agents
may each oricqdstpskfRedeasit se from about 0.1 %to 5% nore of the

pr epar ajd on. Conposi tions intended for oral use may be prepared according to
any nethod known in the art for the manufacture of pharnmaceuti cal

conposi ti onss esed is tiehsepanapas ptacessaftenirennhamal actevaton,nmarieuagpaiatos eleans ed
fromthe gro consi sting of .sweeteni ng agents, flayourin gents,

col ouri ng %éﬂt@ Ry r Us BF R g SeRgRHPY ‘?“ﬁgoﬁ'g&@r bega WWE‘%‘S&é‘F‘?fié%Lﬁffefél |y
el egant and pal at abl e preparati ons. Tablets contain the active ingredient
in adm xture with non-toxic pharmaceutically acceptabl e excipients which
are suitable for the nmanufacture of tablets. These excipients may be for
exanpl e, inert diluents, such as cal cium carbonate, sodium carbonate,

| act ose, cal ci um phosphate or sodi um phosphate; granul ating and

oy o o,y



absorption in the gastrointestinal tract or periodontal pocket and thereby
provi de a sustained action over a |onger period. For exanple, a tine delay
mat eri al WOchiig24Byceryl nonostearate or glyceryl dist®@eTaRPPILIE

enpl oyed. Fornul ations for oral use nay al so be presented as hard gelatin
capsul es wherein the active ingredient is mxed with an inert solid
diluent, for exanple, calcium carbonate;!%al ci um phosphate or kaolin, or as
soft gelatin capsules wherein the active ingredient is mxed with water or
an oil medium for exanple peanut oil, liquid paraffin or olive oil.
Aqueous sus@RRaionfont et ratyrld tecant t Thessiligat s ifall B rdadted gt sl @ dakboate may
exci pients suitable for the manufacture of aqueous suspensions. Such.

exci pi ent s Paremeyrdsfalongr ey dractign whilgthg eemaiping gpreacted magnesium silicate
car b oxymet Eé{ﬁs‘fi?dtin | @l’?eezhi%}:ﬁ' ha(énﬁf& Lﬁ'&c‘?i%ﬁ’ cg}y %reogﬁl%@ﬁlti fi’?t%@ﬁ&l lHéL:Q S the
sodi um al gi nate, polyvinyl pyrrol1done, gun1tragacantﬁ and gum acaci a;

di spersi ngcabomsioni negctarg ehhs ramgved esilacanmtlunadreyiuoc carbonateg) ispdeyegpdrad iadd thef or

exanpl e,. lecithin, or condensation prodycts of | kyl ene oxjde with fatty
o o, For ST APRBL RS R BERETLHS Bt auraran G Dl desrosl By dubk (@
et hyl ene oxérfentiet MinOBE BAYN Thé RBGVefedaldtORN and FRE EXSRRIdC feedstock are

hept adecaet hyl eneoxycet anol , " or condensati on products of ethyl ene oxide
wi th parti &cyelsd ée thedisa¢tor dAfposiier ef thy sdich dpd amagnesitmxdattwinasa ofaydss further

pol yoxyet hyl ene _saqrhit ol nool eat . condepnsation products of ethylene
oxi de mth}gf)"acF%sF;FS‘e‘%%eé%‘/ng’ P%"&afeﬁr‘i%ﬁ‘?rfpé?‘?‘v?ﬁ’éisﬁ%- and hexitol anhydrides,
for exanpl e pol yet hyl ene sorbitan nonool eate. The aqueous suspensi ons may

al so contain one or nore preservatives or antinicrobial agents, for exanple

benzoat¥ds, liswidhbaaprsedigted byrthesepkiing in sha i ek o nseorit BichprOCPRSrUNSR aHEH @ |
chl or he.X' d'kﬁﬁs %111’189&85 eothé}r}%af?lﬁﬁ)o&rsas,c&ln%ﬁnhﬁgn g%%?&%g s%Eaﬁat%n c&sses and
flavouri ng agénts, and ohe Of rée sweetening agents, 'suth as sucrose or
sacchari n. réactiyn sessplenefearnd toriy thiesgeoifienti@t B8chopYinsitedpendy partichiar aambeeof
ingredients in a vegetable oil, for exanple arachis oil, olive oil, sesane
oi | or cocdWi Vessels- g‘ﬁurﬁlnwhrﬁnﬁé%y Rsi smelgus, guhen iguserien af arrellel, 1mrpdepiq y
suspensi ongdiaYe ARMeRhiRed phddb &GRS R tany f Rk &XAR) K ity.
paraffin o?rcefyl algoh%fp Smeeteﬁgﬁgaggeﬁ? I%ﬁéh as gﬁg§§%3et ?%??%ﬂggove,
and f| avouFongxagdetis arder theohdifieend seqpester abeuphi atilbiohdomrealof grebpa dadxidns.
These conpositions may, be preserved t addition of an anti.-oxidant,K such
25 ascor by el Spfillyr G BrERRuFealy heldingd slsshierh nereRTAGA Hrd e 4
net hod for plilRndbAgRdTiserpeiititeaRinel Wotideed t&be Bidteiskdlahsuali§! athedregainglid i on
or disease in a subject, which conprises use of a chineric or fusion

protei n as fapelétymreredsing ov exqess del @tkileipmries pf seppagfineapdr slag or ik c¥eass of ASY

bi ol ogi cal le f s@d d. subj ect . | e ot her, aspect .. the inventi,on
pr ovi des. a SBFRaS" (SR Rl T EF asbyERhee SRR Ry 8P RERuirdd o WP b

g/ ng/ ValoZs thirehighipael condi ti on or di sease in a subject, which conprises use
of an antibody as described above, to detect the presence of P. gingivalis
in a biological sanple fromsaid subject. In yet another aspect, the

i nvention prQw f i i RO i t

i gt val | s el G aTREefRR oL 4 REnddi et B Pthe ERRGuAGH AR Golijg dragm
26. | n one fenbddutasireamd bedipeplyi feem hissatmosglgpue ncerdehmt redscehtheehibgo wsoxide one
of SEQID No: 17,.18, 25 and 26. The.ﬁegtige g?é h %g a Ieng}h of 5 to 40
am no aci d§OPGERUGRIN JhHehRiMosRINER f0 mufgate fhe SHieHH ogr oba) c¥arinipg @pd jclimats §
encodi ng acR&Rk! d& WAV GpprSRAVERER KNRANIN! the AREHAT tRERoLEsBOsuch’as thse 2°
and 26. In yet” another aspect, the invention provides a use of a peptide
havi ng a sdipalosed i HhevsuirantomyentionSEQy | 12 Aldapted? and 8ised Fommech? 6bsogptiom and

nucl ei ¢ aci d.encaodi ng. a _peptide, having a seqguence . shown in one,of SEQ I

oo 17° T souBRERDR BBEP i S Rt e OGRS Cit it et S, AL P g ¢
for induci pghcass iimptovemess PARS applicaliondidi@losad ierdin MY B RpRsyedSREGhch t he
invention provides a use of a peptide having a sequence shown in one of SEQ
| D No: 17, Pi®essgs, lapartiaglarothe aise g€ fisect thesingl agtivademprogessepviagenthastiongofza
SEQUeNcg, Srﬁ?é’lwhiécrl]os%@quepefin A t+p SMFCHFE?& m]eﬁal 0%’(? ea&%gt?a%bﬂ; 2 We d Ciha%oRnt

i mmune response to P. gingivalis. one enbodi ment, the peptide I's

f'idmi ni(jst er @d?c)ei;sm;l h§ dﬂf?t)'béﬂ Iyerleiih aﬂ?ﬂ]htﬁdithétadalrﬁbuy\bltohess_iﬁ@mﬁmmcﬂfsmnﬂdpplications
including: (i). part of, or all of a sequence that is the sane _as, or

honol ogous dtg—%?rkbﬁi Lgr@a’u@me %e smp!rme%h&cl’ﬂﬁaﬂafﬁa?f{]?amow%xlé?@pm the GHrBPSRRSS- of
P. gingivalis; or (ii) part of, or all of a sequence that is the sane as,

or honol ogous to the sequence of an adhesin donain of the Arg-X-proteinase
of P. gingivalis; or (iii) part of, or all of a sequence that is the sane
as, or honol ogous to the sequence of a HagA adhesin donmain of P.

gingivalis. Table 3l nproved integrated chem cal process




The present invention relates to a process for the permanent and safe
sequestration of carbon dioxide gas and is particularly concerned with an
ef fi ci entwandiogea+8m cal |y vi abl e i ntegrated process foPCTad20096x1108]
conversi on of carbon dioxide to solid carbonates thereby reducing the
accunul ati on of carbon dioxide in the atnosphere. The sequestration of
carbon di oxide gas in repositories that-4te isolated fromthe atnosphere is
a devel oping technology that is wi dely recognised as an essential el enent
in global attenpts to reduce carbon di oxi de em ssions to the atnosphere.
The rapi d iAscrdessbed nhatimpspket | oxidew Babstatitakly dexdodiag ninaghdsais osidef and
concern due to i.ts qro erties as g{r(ﬁgnho%se gas dits contribution to the
phenonena SReSFOWRISIHERISHPAAra AEPEF FHEPR VR AArtediesiseskivay Bas ks dnosed
facilities bB&(tottH@nﬁ@qO&r%fu‘ﬁn?Wf&%PgﬁkE bll P8t sfe 45 ADH raalﬁafb&lfctsew st in
several countries. Wile various technologies exist for the capture and
concentration of carbon dioxide in conbustion flue gases, nbst current
facilities ytilise underground sequestration kno as.geosequestration.
This my odbTPHRTGEAEr IGH By P S LLard T PE o agitiop: T SRGPatARFcd
porous for matilge ot ahcladifg BYidirdbH réadtRalvaitiestn{dspiericharbh SRAE N8 theTfA8SEr
reservoirs or formations may be situated under |and or sea. Another

possi bl e sbice pbsoiRitan toasEs nap rufilise emezanim ar disexdverk agawniascampawls sechsad i ne
aquifers. D) . st | OXI de . h ocean h al sp been
i nvesti gat egﬂ{ [ﬁoa}tlu'ﬁézgltb%g?teﬁ é a%g&gﬁg%gérs ﬁ%ﬁ%/x’&;ceﬁgﬁlsgfg{geea 0 asgﬁg%grioﬁﬁﬁfﬂilecant
scal e. Anottdwsrs fiyetshveftingt icty drimbhiain birawonas. NThe catbos alibgiatrhgnthenhss eby
carbon dioxide is chemcally reacted with al kaline and al kal i ne-earth netal
oxi de oY sit¢leessd an ws?mea&r%teg streas Ands thgamumenipmrarhongisfagasraterhly appdicaion hi s
route in ao?"(kj;@zﬁ.r a\*he%ﬁ%ﬂﬂ%{e'd%ﬂe%%?%ﬁfboﬂ!d%uidéjﬁ'tH&r B?o@g SQA ?hlthQ%lmQ?l&epseen
extracted and processed 1's known as ex-situ m neral carbonation, as opposed
t 0 i n-situasdespoibad herin\beforebyn der buer cisaxthe sequestt@pasnie proceddomureddogisound
m neral formations, and reacts. over |onger tineframes with such mnerals in
exi sting ufthlr Br BERPTISSHRAERSIOR. Vepsrls: greaerthpless otg: Magneswin sihicar r%li"n
the ex-sit YeARRERAGVal £ATs0BfREH 8X hideal SRRLRESHArMdrOR thight MERRL Aetal oxides
carbonation. M neral carbonation has a nunber of potential advantages over
ot her ikt hodscofomyavbluadanbe dertharquessssest foo male ek downalluedmetabbsities/ean be

Car bon di ot s HBek i I BRsh I Slioelt Btk Sl PuipRaNuiRE P Ghem GRReR ekl
geosequest IsRirfyodantk) aBSHrpteoti Biwedd, adtated 96cKpileNsr WP I8adhh@YangE ekt GuntaRing The

chem cal reactions of mneral carbonation are also thernodynamcally
favour ed, Whe IesidHalaetivated magnesiyne sdisatgthydroxidpymingeal fepdstaek Mixadavitly puitably he

abundant _ancarsfirvciefeiEhe i3 tipaeaRbE, sidt WeRAy Rag Ry

m ned a0l slatsgeabisegtibn tdwnanor soamd swekpites apHeayt lesch drempaatiiginas be Besignad e
general ly benign and the environnental and safety risks are readjly
manageabi e ' Pﬁg‘ﬁ‘éﬁlif .Féllﬂsér&}? piya rfé’r"ﬁ¥al e & P?_dm% pieferablypianst disedlvedsapeen
i 551 ons. S e R R N e S o5} i Be P BRI, Flcrelutpe

i nventi on faotvakmorera, iprthe fosm dfonagmiessiemadarhmatw,rshbuldrbemferiaiiigaiasﬂeumved to

silicate hydroxide such.as serpentine .o alg. The m neral, carbonation,
cheni cal ré Vi GHPOPYFE ggruﬁéw{eﬁea‘it’é’aﬁfiv%t‘?éﬂg‘ﬁ%:to \}E‘ﬁfg@&(ﬁ’cﬂ( €4 0% G@pgonic
MICOB 2/ 3Sidhqiedus2figheO Thehd YN AlokpResTES: ERahpla, %arc%@mﬁ‘}@x@t Rladi B9

carbon dioxide is available for such m neral carbonation. Such’streans nay
ori gi nat e Peoeditdllyesqgensdsoff thaexpoped owibarss iofsaigdr Heckpiles. edpeaembyed miatssial f or

gi nat . e frta ot i
Phe art oo QuefPREaR BB T’ P o RERPhCL P ool PG RREaL iR ol

manuf act ur iadgarpageoeast$ dacls Ue hiaed-anmMarBasdo Othe ARk drcaineh Sidio®e thydRyXided fdetlsteck The
concentration of carbon dioxide in such streans may be substantially raised

vi a t echnol™¥§t €aflU&Put es known in the field. These include so-called carbon
capt ur eyd echnol ogi es such as those enpl oyi ng menbrane separation technol ogy
or alternatively those enpl oyi ng carbon di oxi de sol vents such as am nes,
amoni a or \anoos e@abedimeotsrds. méthod for 1biag-tedin seqesiratidresfrasminuiionide dapsolid

t he carbon dioxi.de fromdilute streans, such as flue gas f and then,_undergo
sol vent r eEHEFUYNSATOFateR flhagcardapee B AL Pe SN VR IR BPW D8 SHTIDIRORY dlo
and the regenerated solvent for use in further capture. Alternatively, in a
process known as "oxy-fuel conbustion", streanms of concentrated carbon

di oxi de and wat er vapour nay be fornmed directly in the conbustion processes
via the use of oxygen rather than air to feed the conbustion process.

Anot her process known as gasification produces hydrogen and relatively pure

o " o o, o o o o



carbon di oxi de present in the gas streans nentioned above, in the process
of m neral carbonation as described herein. Wile it is advantageous to use
hi ghly conoentw@e4d streans of carbon di oxide in the pr@SExU2DNENIBoON, the
use of |ower purity streans is not precluded. In particular, the presence
of water in such streanms is not necessarily unfavourable since the process
uses aqueous slurries whose water contentdmay be readily adjusted if
required. Furthernore, the key aspects of the current invention nay be
applied to slower or |less intensive processes for carbon dioxide -
sequest r at mag.of dxesplendyly] with ueferdnoe terrrartempaiyimn deivaxgsd eFigaepd estor eitatedn
fromthe atnosphere. The present invention provides significant

i npr ovementi@Wgtagrams dNnsgaungths peecegssof theprsssnt invgnten-t hi's i nvention i nproves
an earlier process described in the Applicant's own published International
pat ent applicati on WO2008/061305. That invention described an integrated

di rect fueFigure édllasttdtesas igonerplissd ebmv fdoagraah lodiithe duveatitmal It shaws o proteab for
silicate mneral feedstocks such as serpentine d the necessary integrated
sol vent pr 8‘2‘8’?@8@ O‘f SF PEHECCHP LG @8@?@%@9%@%@8@@8% gF gt%ﬂ‘%/fbar BIRE QLS ¢ y
sequestr at g@diry Rl @H@BIth®sEPEntdlet ordaS R Pedd Gk A RHSE domBuNBROPI AGHBRS
and may be taken as reference prior art for the present invention. The
present i nvdeimiog oredlersrieity Benesationaplhntp cdmse rerwnedioxidei anzibdignsf aredartabl e
t han previ I ticipa a e c etjithve with. alternative forns of
carbon di o%’r@g%ggguéensdt rBa%ti?e%Irlﬂ Q%]gg rbtf%bl{:n%s”glet Praf BTy g\ﬂxb‘fgseqew & mineral
econom cal katbbmatiour plahte (3yedessprell aesrdaipSic0 theOmetddbREyY dbfOMidenvention. StRR €
magnesi um car bonate for reducing the anmount of carbon di oxide released to
the atnfdsphEPEUNEEDITFHEIsd andrzowdaacsomminyaen Fiseniis o) fode pamiclsr beceefslessor

t he solidify 100R,; [+ 0% ' heack L oxide w
magnesi um ST Biont BP R GO ey ST HERC bR 20 10 EhQl i e
direct t hefesd$tockcandvafindrheofing Yassetdginfes dinent shdrinakbdosivhtyelr. CRhederiteetisitionkl by
conmbustion,of fuel to produce an activated feedstock, separation- A - from
the acti valel creaees R bRl et GAMREm Other ROMtS e RFtaea IMere colies fig
magnesi um epfeded. aBAcHTBORRSindMde IchbIFf fiel@riINAGME Reatof E)?é(ﬂl‘d?sl (g@f, tdo\ﬁﬁﬁ? the
feedst ock, before or after said separation step suspension o he activated
f eedst dék tempresssveanbort diokodengas Q1hirang,coahng ¢lon heittaitanly faesgtoskt aftery thefmal

resi dual act.ivate eedstoeck wi,th carhon.di oxide to convert _.the carbon

di oxi de i n% otwr?gé%glsq)uﬁﬂkeaﬁ%%ﬁggé’.sseﬂ ali heating Xrise a@%éB?pBFest%@Wgsfgﬁ?%y a

i nvention hydtetarBsndcbeussapiaiaihisdasOhati@l gs @t PFovald8irect ARPMABARO SO
oxi de and nagnesiumsilicate fromthe activated feedstock after the direct
fuel - i r edtheh@enaisingcits Jempaatuet ta Aelepiteareunt RB04s Waighof sphyirpxd@i@ss305,
activation_J i C St u i he, heat .rel eased b
sai d conbursétc?\(])éralr&gglﬁ}rﬁ[{gaﬂlg% ¥ %gp %]?lrde(g({;ﬁdgﬁste gdt)hgép £ @é&{rérgﬁtpe THEMERP 4 i 898

t her mal20ac {2 ahd awedin thegrresdssinfos bxdnepsle @s Riyelwo hedeinhaldngp fte Ga410&feous
results in the L rmati orheof forsterite or magnesiumsilicate, magnesium
oxi de, si| PIEHYAHY RUQE & thesgeronaionieatiord®her . usual |y minor in proportion,
constituent netal oxides originally present in the said mneral feedstock.
It has now been discovered that the separation of netal oxides, other than
magnesi um Oxtied eoading, thegantivatechasé s Bather, groapd s vendeasiyed finkly pdrticlp aidecsfiies

ft th . of dj t th | ti i t d i dual
Rct i vat ed TEBGSTBiERons: bR A @TIng Hiatso Ol HhHe vk s G GRS forcat e
and wi 5 r gpbis@sh GfUMBIskpAraBorPita®l N2, W& kmePat i B8RRI 4)04ndt @35 Qﬁfﬂbﬁ’t@r&t‘ﬁl h

carbon di oxide. Such renoval of other netal oxides substantially reducés
t he downst peParatest Heas ther eesiduek aetivated Magrdsivox istlisatet fratistockn (bD wang deusiiyn

this proce i ude i.des of . one qre.nore of.iron Llicon,. al um ni
nmanganese, §e§)ﬁ}raéﬁ§1h'uﬁnl thﬁ%(gg%rp p 1%tt’lh'f élheit%n?x@egB?P@F%tloﬁos?%%ségxcoﬁ’ﬁ%eﬁh%rsffée,s of
cal ci um anhbindedi gentlifgadlesint dvaibiadtRnolitl BYdr6QMBReS] The YAk WensityCiRactidn(IPse
of silicon and alum nijum_ or are present in insufficient quantities to be
of commer cFAMPRSES BStak griden suehas silise Waithass @i loyheroppmic alugrandsmay the

can thug bg: i t ' t ' | or t.al
oxt des oy "EishhsedR L ck f6 el ife RMFEE Feck Oy IO RHOSE hich BIRSSIR i
al so be rethevroeds,ffboexdnyde ae(l®) at slibvat heamThbthigh demshy diacded (t4)eonmplises

activation, ch. mnerals would typically. conprjse the oxides of iron

hr om . TReRL MR A HiEreBuBIc VAHRSSICh A 8B Suides Pk POYCTS Rl Heber RIOGRESHEk
metal oxides after direct thermal activation reduces the downstream process
requi rements and costs while the recovery of the val uabl e netal oxi des

provi des a revenue stream The overall process is thus rendered nore
econom cally conpetitive with other fornms of carbon di oxi de sequestration

I n accordance with the present invention, the separation of nmetal oxides at

o, a4 = . Y T



separation, centrifugal separation, flotation, filtration, magnetic
separation, electrostatic separation and conbi nati ons of one or nore

t her eof . Wwar201002R48| y advant ageous density separati on t @CHaAd120070081180r t he
purpose of this invention include processes using spirals, hindered
settling vessels, cyclones, hydrocycl ones and conbi nati ons thereof.
Conbirnati ons of density separation and m@neti c separation may be
particularly beneficial, for exanple for recovering and concentrating iron
ore in particular. It will be understood by those skilled in the art that
such separ o1 e Procesvey dfageeassobicatsethiske peer mtused irefhkiproeesci €sg restiusl
invariably resulting in ipperfect separation and thys carry-oyer of sone
portion of aftﬁ‘@'#ecdg)é‘?ﬁ%ﬁ%(égf (@ngglsggggfgg[ye@agqﬁsgnq Ffi!‘c%? H@P,enééi) é"f"g’ﬂ,natlon
stream FokeR¥ARNRER] () PRl WRA thd@ediRHAIRNL SR%nt AndPBiIREP&HRART 16y OM
the residual activated feedstock streamw || invariably be carried over
into sai d neépfierdicatieg (23htoelbie lesitpdireaskios tereparatured in/thisecage | Yadegrees éielsiim
proport i50n of magnesi um oxi de and/ or magnesium silicate may thus al so be

| ost into the separated netal oxide streans. However, the aimis to

subst anti alThy daeichiation heaction g8B veRelopRKtddeantabedubly BRI Citdfid0 4hd Qrttaitidn,
magnesium sjlicate in the residual activated feedstock stream Hence netal
oxi des, at citBdsta mgplaniasl mepnsordlaw-induge. da gre sxamnle thegelvgnbsysegnd$) iman
silicate apgueBRARNEE i Wilk! Wan' & thiqtfde! HR Sl RSk BGHAT MRk dibdic!
thermal actrvation. For the purposes of the present I nvention "at |eas
subst ant i aldioxidexadntadning stregn&3) fromothie deseitdedragnisstion) gdsificaddg refpemargadd v -
means cludi ng.at | east 50% qf .t he total nagnesi um oxi de and nesj u

ST catlh oPfegiThi leghSRatRTe G) b Eomer B PRI CRmRTasat 61D 46 & THEY ol
activati onforh{\gsto AprebedSin KRLsV 115Dl BHSER! dhiRriXs ARl APEbABGN RSLI Vessel
silicate is retained in the residual activated feedstock stream 4

Pr ef er abl y (8)a Heagmay bpresouered ¢l )dfom e sysigmesfi composssors and dtilisgne sthenparts
silicate i Sehet ai ned in.sai.d residual actilvatt ed fegdstoic)(lﬁ ztrean}) nost

or ef er abl y oM<} 2ES regpiniggfcal mpub Kof ol s XSBEer (24 L pA eIl e
been found (19 deupedstfubsthaidlly @fvaddagaRKs] Bscki fo hercaitofatit RhctoX (Zeafiwhi ch
are generally of |ow economic value to be separated into a | ow density

st ream hhi BePastion ek aley i degsithdrastion| substpaiallyo fompusing csilignied vargnesiup o a
hi gh densi : resi I [ t e inin

et of t hetisordE Mgl Brddl (9 wiEh A B RIS B SLORRTEEANDE B
a stream ofl1Hntenpedngtdensionseparaticar. t ke higise qdesity pntion Scdiiﬁpr(bemvl@ffsiyon
i nt o magnesi um cgr bonat e. . The residual activated feedstock is suspended in

a sol vent &PIFRsted Srdsiechhwith ddteh gonteHof cragaesipmysilicatepwhicliisoserrded 98 backer t
t he carbon;dioxi SA L e f . I esl :
nctivat od Toltr St REICAME LS SPRARKCoroth (70 this MufpLeER £ fhes of

hi gh- pr2dss byérogedemss Thar benddistyisttearh (2 §uisstubstantéd! lyydeveatared tin sétdingatablon

di oxi de t i te. T hi gh- in t text of
This i sci 8 PReRPEl B BsGurit B Gl friisions D epabding i o
excess of B il dispysil GAK 96, thé RENEBIGRSIHUT) Bhd tHeabEo VRV BN HEisTeiRRU3h the

feedst ock conprises nostly (at |east 50% by weight) serpentine or talc. In
gener al theresasmbercan(1d i cate hydroxi de mneral feedstock will be
subjected to comm nution by crushing and/or grinding subsequent to its
extraction. As described in WR008/061305, conm nution to the final desired
particlXs siThe glosdss iibustiaed fOFiguke 1 Cadisbissat foand neaset énomaxipevisiogoeitkdrer
before or after the direct thernmal activation step. The final desired
particle sPs@narest splidifications of 1dhMtcaemanaim opf cerher | dpxide emjssiens7drom & ons
or |ess. i i gy ; i i.7 1 or i

thermai actruarrondlHhNerkél ot Slcclety MRKeiafioh S RRPEle] Thd BEa Bitn
conmi nut i ohag oun 02 VWO fzemdvatats thB8expoer abvsit 355002 63VIp peodntum tohthedilécrddity

conbustion heating fol |l owed by subseque further _comm nution to the said
final desi |gé‘§ andy gqnsprgess Ao t&ert%“@a?fggﬁﬁlfi% 'rggﬁtﬂr‘b‘ﬁ.ss ey Féstednt

gri ndi ng mMayhigebianer Y09 nhaRént AR &oﬁd@%@q@s{rmm&)rﬁ{uﬁﬁﬁs%o‘% 8h ther

activated feedstock m xed wth solvent slurry prior to the netal oxid

separ at i onasnwp of Terpentitietand| 0.8 Mtger acoumriofimatuorl daefintle fublefigdrfeotaceshthanal
activation_step may advant ousl.y,be.do in a.dry grinding process
thereby redeH egthf:%grpﬁ%tg}e' IE}% o erregc‘f&icfrécdtyintﬁmf‘ Elée %chitﬁc‘g’i geélgfat'gﬂ é’iar?giwouw be

activation step. The nost preferable process involves optinmal use of heat
i ntegration throughout the process. Heat recovered in cooling operations is
optimally enpl oyed to provide heat or energy where required. For exanple,
pre-heating of the magnesium silicate hydroxide mneral feedstock nay be
achi eved using one or nore heating vessels utilising heat recovered from
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activation process including the water vapour released by dehydroxyl ation
and the hot activated feedstock after direct thermal activation. Heat
recover edwbnorwibese points nmay be used in other procesecstaapsow@OUBri Ng
heat input such as said pre-heating of the magnesium silicate hydroxide

m neral feedstock, and heating of the residual activated feedstock slurry
streamto the carbonation reactor vessetltenperature. Further heating may
al so be achieved by integration with an associ ated conbusti on,

gasification, reformng or electricity generation plant, whose carbon

di oxi de enraht@hso 88% bhehesomiaslt supplyt RRhOwr deqidstra8i Gt 1@ ith® ReqirefRES o | N
particul ar, use may be made of any | ow grade heat recovered fromsaid
associ at ed Sﬁmpéhﬁlee%@tty danthstcogunigyden pfﬂﬂéﬁémemn@- t Vheyprosesst widhavoig pyeteld or
ot her pr ocggﬁg Wil i cj.at e ium
silicate hydr oifﬁﬁe‘hﬁi"géﬁfﬂ? @st%%k&gthg# %?St %]fifr?\g?\{%{r}&lgaglnﬁoqugw‘éﬁé Egrytgﬁ%’ngfs

pr e- heat ed cabomdiozidehaftercakieg ado haaunpthe sdle bbirembdetle rgotéred Conbihsd process.
heati ng vessel. Alternatively, energy recovered fromsaid cooling

operati ons may be enpl oyed to drive punps or conpressors. In this regard,
st eam fr omranye 3 AliuaRe hisBrARRhakl QS VR YiaBAhi gwie%-hﬂotﬂ&vamoﬁ%%%ﬂhebe
enpl oyed in driving punps or conpressors for conpression of the carbon

di oxi de. Tinventiom Hrshewbadpnoesss fof adtivetiomug serpanint lvee, msgreetic unetboddlagt ef
hydr oxi de mi.neral .f eedst,ock is .pre-heated prior to direct thernal

not T vat | onHS TRERiOEaTt o1t oHEE Rk dearon bhebeuhe sEimbtitt b hreimued.

usi ng heat atsobiatedt @thtusasn,t HRifIcaasH, | @ﬂnrﬁfn(%c&f BleBiriditP deHeranbi !plénhgz)a%béeat ed
f eedstock and/or |ow grade or waste heat drawn from an associ ated.

car bond®eoqarber dipxiflecunisponsare bube sagupsteredbud @ soerm hsiontaining 81¢, saidedashan ng
or electrigi t] d t.drawn from cqol i

products ﬁ@%%?’c}eﬁe%@e?@%d_@ﬁeé’%%ﬁ%%ﬁ ?tgc{g}l é/lgrgs(gf&as@ @ra ccf%gl?‘ gé? ({ahv‘\:nm%r 8@@%@’0?% ng
t he carbontids éxvetidof tiar thisoeyargsis, the. Asoddated lcomddstion, \MERIGIOM 6 k8@Pmirigher
magnesi um sj |l i cate hydroxi de m neral feedstock, preferably pre-heated as

di scl osed REFBICHY gpaeratiomplapt (g AHEes hrsubsiantial approriemef Fyevaklednonss|(1®) ng
the heat r [QN:-af.: L j
oqui Ted act iar mr AR TR R st e RERIRR 20RE e B IR el
about 3580 net wRbd@yvalsefcdartas diosithe dbomtheS@Mobphedd) Ghice Thest pif dleesmissibns from
dehydr oxyl gti on occurs under these conditiaons, releasing water vapour. The
magnesi um g?el ?Sé%?‘%teﬁ&:)?a?@ﬂftﬂaél’ jast F%t{?nc69{9’é?lpéd’rtege%ﬁ$¥eg?‘1‘}mt’é’inlHlérﬁtég 8re
forsteritegedueb®@aiinehis ptd€ds anth®e ScdrEWRES Bt bRSnAL FekRIVSk DR6PR) sslafVBs
than those typically enployed in calcining operations, nmaking the use of
such a heapfasgssweishsshwerearboredioxigle fesinf theiatmespherg. al | owi ng | ower cost
refractory materials to be used in its construction, reducing costs.
Conmbustion fuels used to supply the heat to the heating vessel wherein

di r ect 2ohemMialemeitineadre @@c@@l@d&r@d@bumin@mmuﬁmmraﬂw @PRY @ pheidle size of
hydr ocar bonaceous_ fuel . Fuel s available to the associ ated conbusti on,

gasi fi cati & thaerdPmigernsrand| fad intp @jseyesgeirhephexchangsraid) e Prehgettbe minsrabe
conveni ent I . -] 5 fouel s
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vari ant s odiredtxtherred attiveationf . ThAssetids bheptidraligédt eixchad@RR0B4 D GtlixSheas dedwrf uel
may substanti al or. partially al so conpri se hydrocarbonaceouys materi al
dot i ved f r o %th%wa}smg i fhs radess BHgreCI0URE 1S RS e SHALRD IR A e gobing the

ot her misxt WL BsnAf [ L§I : ' of
o e LeanionRhARE PRS2 HpRE nEOEditeiokd cation ABGIEAARUSTY B
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it is advantagepus jJ3.an overall process sense.to.mninise such additional
carbon di o%ag‘_g. Rﬁ?}e{zrsé) sé}éw_na_groﬂhttﬁ? aﬁssoééaé?fa?f’wgﬂﬁtéonorgqs elam! éefg?’&‘ﬁﬁs%r
assi st in grbirRity PEnékdtibn Plant (2)SBtutRed AS pleHEdtGr (2 RuEhnidenal MEERRRAO6HRO5,
the direct thermal activation of the said magnesiumsilicate hydroxide

m neral fed&aal ek cateptialakeatipigaresseln(@ngomepriseaid eothryakilmpry sislal .comhustion | |

usual | ot a f i) furn .or,.sim | arn. conhusti on _cha r,.or
noat i g O eLBabl r88 Bl & nftula ot 08, S 1R Sl GREE B 0Bp R E S
fromthe fuglewablenpiymass Redat(@Y tonprosidk afiteon ter@al hdiationvfsthe Qe GaisRE v a
radi ati on, conducti on Pr convection fromthe fuel combustion chanmber. The
use of an FGRRETFHEY Gk ReACMdEYer Thewise obenawable bimass ksl dereoideses tser
and the said mneral feedstock is not precluded, however it is

| essefficient. The use of other nmeans such as electricity to provide the
heat, such as in an electric furnace, does not constitute direct thermal
activation and hence is unsuitable due to excessive energy requirenents.
Where the magnesium silicate hydroxide m neral feedstock is heated by
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and inprove the econom c value of the iron oxides that are separated in the
subsequent stage. The feedstock is typically transported as a ground solid
t hrough tWe 28avi2e®8o0f heat exchangers including the fin2CTAGRIIIMBSSE]
where the feedstock is raised to its final activation tenperature by the
heat rel eased by conbustion of fuel. As taught in W0O2008/ 061305, the heat
activation vessel may be of vertical shat®-design conprising one or nore
substantially vertical chanbers and wherein the feedstock is charged and
flows counter-currently to gases produced by the conmbustion of the fuel.

Al t er nat i valgitioh b&cabbn diokrieds thecktmosphekefrémhalsaantidoi bf the @il ahé irsproves  of
heat exchangers including the final heating vessel in fluyid nedia_in pipes
or vessel s % @igh SFqUsHERLIRe P GaidPR 1EpXige sachicyrd | Byg thea g veralyi Rraggsyn  Bfatsrh

m neral fe jebh j r r I Y@t | is
Benet i al g R R il M ol LR L Y bR REF o

| i ber at i on tlyf reamyngf fleegases (292 apd asesinaielproagssafbr @réaplecs shgwip bererip Intakadg i n
t he heati ng vessel,. The heati vessel, may be.desi gned . to provide turbul ent
o dt spet o pdo pralaapstis SR I8 RS 1S e othodfuor FAARE D evi gt he
dehydroxyl ati on of the feedstock essential for activation. Thus, the

heating vessel na%mbe designed to rotate and/or agitate the feedstock
duri ng heatAfteg coplengsdhe adivatedi are i$ furthehgriruosdyib 4h¢ desited dinal paritiols) sizeSpicless

o esence of t¥onamatilt Toptirst Rk dRockty () ot onBhih bRk Pote

bal I s. Alt epeatiby of yhe stpamtiagstagd (1), Whdtrehfietalbdadared 4y hd CIBY AfLsubstahfigit
gas flow in shaft or tower kilns or fluidised bed furnaces, again

pref er afl y seraratpd fipme dbe aesidial astveatedi magnesiam yhicateliferssesk/(b) Hging density
medi a. Wat er, h [ L I oy i j
advant ageon e FE HEARLa M ERATRAR LMk tlke OPRE oAl s oF
process i natsheesgfispaals aad hindgred|sattlingotaakeinrcathémdimdi wienhy dréey cloaes sTlclow s

heated in the . sefies of heat exchangers. .including . the final heating vessel
in an esseffRHp {raﬁw é?bf@ngu%q% IhRaL oXies FisbiRt JHRR Pdig %Fﬁs‘golPYVe%FOPﬂ'inéfugh
sai d heat g3rRaRIy RMIsPOSA (18PbHRTS BheSmMel (1P erBRVRANDE) OMNthO Ivafd WwHidui d
to said feedstock thereby decreasing the thermal requirenents for the

heat i ngl pr ecwsgcled mto Miesproesss, fohexanyde of (16h) ps seaws hak. tTharksghodansity friabidon
feedst ock thr.ough the heat .exchangers and heating vessel . j.nyvol v

mechani cal (hBrGoRTse> wephaxiday o MER earicae V4{Ps sugtuFy oy ovife Whih pig further

f eedst ock tohscebh i ReSaflsr réddBIIfaghdbul REIVERBIWIHNEC B RGAES ikt HoddssMbhe
vessel may alternatively be achlevea by two-phase fluid/solid flow, said
f1uids conﬁ@ﬁl@lﬁh@%ﬁt%¥eeg§9@%(léa, cqnaprisirg larerly mpagnesive vlicaia dresointats ftheow,
the carrier oyl i i flL.GheE f i ch may be
enhanced bfa%?’gﬁp"é‘agea gv\\//g}ggt @ agﬁ;rr ﬁ%e%ﬂ rpahvgt%o@% %? 1<§1ésCia|g<%’Jgér]rlﬁ rf'g%tga{‘\(h%nedegtgf 1Egck
t hr oughe®t heedgenats (@& changisrsheanoy (E3)ttb N deshied| reaciohaempéraiued, in thibeass n&y al
feedstock may be transported through the heat exchangers and heating
vessel s as 9§8%FLFEYSuspended in a liquid carrier. In such cases, it is
preferable that the ratio of liquids to solids in the direct thernmal
activation stage be kept low, and usually | ower than that enployed in the

| at er car bdihatdaoboratiep reaction d8y vesel ethycal vahegemislye ngligyagitagon raadeattrgionn

raising the.slurry feedstock to its.desired activation t erat ur f at
| east  aboutiBg00s MechariSal Fsrns ¢ I-insbiged- 48 6eS cXapPle LR 3aNent oI AR ESs JBo
to 12008C, agsdus e}ﬁixhlrr@ragamelt wathOsddPur AQRSrideUnte Sodi@SKic 88 | ane %ﬁ'&i‘h

liquids wll general e superheated. The presence of such a liquic

carri er mayieddd-eantainingsérearmHydl frory thetdssriaséd combusignegasifinatiph,i refarming or
hydr oxi de mneral feedstoc .liberatign.of silica b rovi di ef.ficient
et r ans DSy, asFEo pleafl2 it BSHrRlSa St bl Brestmbéssiis O it by
assi sting dost gptd Opreddursid ¢xeass FylBSDar bfiot {veerterhpiiaitetdrborfafibn kdadtbs Ressk] Of
the feedstock via fluid carriers, said carriers conprising either gases or

i qui ds, tK&-tieat may beresaygredyppl frem thesysisan plcompigssosand utiksgd ipethes paded
. 3 =T : . . | >
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after exiti(h® titmaldesanibsgnidbsetreanet aatediat dack ar thel tehctor, eftyrc kq@drdtioncar 4 y
nor e ninerqlfe dst ock through th? heating vessel,  thus naintai ni ng nost of
the t her mal'O¥n&ngyy SRR SHESGATY |COMPrSmMERS ot £ MAEH SIS 648 QPakeFAFAM on
may be achi eved by wel | -known process nethods such as density separation,
centrifugal separation or filtration. After the direct thermal activation
step, an optional second fine grinding stage nay be enpl oyed where the
initial commnution was relatively coarse, in order to reduce the particle
sizes to 75 mcron or less. This fine grinding may be performed either wet
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filtration, flotation, magnetic or electrostatic separation or conbinations
thereof. Density separation provides a particularly suitable route. Density
separ at i omormayw/Ress8chi eved t hrough the use of technol ogipes/Anoswmwoinst hose
skilled in the art such as hindered settlers, cyclones, hydrocycl ones
spirals, jigs and the like. Water nmay be added to enable efficient
operation of these units. The free silicHand other | ow val ue netal oxides
are renoved as a low density fraction and the iron other val uabl e netal

oxi des are be renoved as high density fractions. Further enrichnment of iron
oxi des may pRRuas M2 HVEHicH iafe WRBMGWGTd IR REbhdSdpatation PERREALI7P AsinyVi_ASty
water is added to these operations, it nmay be recovered fromthe Separated
nmetal oxi decpgtatioansl htedtigheédelssetm fractine cpmpnwslargqibremr@fftedtfmdsmh wigh adigh
feedst ock, c&ﬁ&'ﬁt 'ftn% ?ll(g.?é 1c§1r19¥ec gl@d %; (?ﬁi 'r%%cqord@ﬁsﬂx ’densslt t hen
richer in nagne5|un1 rendering i it o e e subseqﬂbnt

car bonat i oaepraeamhlmacesi het}ﬁesxaintﬂé maetsm@t(ffduy@ﬁfbytloned yTbé tindehsigdsteask i s
then suspended in e slurry saolution that is required for the carbonation

reacti on. ™% wh?@ﬁtlélba%w?@dmsrtymgetawﬁyarl&cﬁltﬁr% (% Fed e wbswp%lbv s@}ideous
and/ or sal beﬁﬁon%fte QB@‘%fhcﬁ%:éﬁﬁur@ss(l%akmtﬁdrﬁbvhhfo?%rngpﬁls b QX b8k tol iR fﬁﬂLV&m S

may be chosen from an acl such as those known i.n

prior art foarryeldaapd Eheaemwemdesol\(ént ioxalsed imathe grocassg berbiac (1&g d, phthal i c
acid, orthophosphoric acid, citric acid, formc acid or salt solutions of
such weak aci ds, saline solutions, aqueous saline and sodi um bi carbonate
sol uti ons, F@t@ﬁnw@ams%btmh%@ cﬁ@éﬂdﬁﬂ&% arfitigdeRBOERREAHOHRiGRREbn. In
sol utions such as aqueous et hanol or nethanol sol utions, m xed aqueous and
gl ycol 190l this exampler edmaqlttearbgnaemd pgdnyéférls)smsbrmth@hshowrmeFmgprcdrmmacn on

t hereof. Advant age an_agueous en nprisin ous
Sl e sor oI 0F RS bt e RGP BERER kMl VR T e tanere” SRR

sol vents t H@&ld&&yﬁrab@\eﬂom(iﬂ@ﬁthﬁdsﬁl%r@m M@éd@ﬂl’c&apmrémﬁ éﬁ) ﬁlhduseaglrblgtete@@uaeous
sal i ne potassi um bj carbonate sol utions. The said residual activated

f eedst ock §%r§wén@%hum fu¢thes apmoaiator selutiprsrpf@ginenie eemppunds sughbssrangnesivde t o
form ”ﬁgneéért! a‘%é‘{ R@th fhe h oAk det Efox?ﬁbﬂb@r?eftésvoqtb‘?garlﬁo%%?é ?Sge ric
suspended I N e SO ents are contac W supercritica I querl

hi gh- prléssuamu@qﬂmt(g) tenboncelitaxdsdae |carbbh gllitwdet (@D uhe ntgemeratezpand Iy:cycles

di spersive or attritive r tion vessels to s ntially convert

carbon di ofiecrePtuEe H’&Fib‘ﬁhfa?tegg ac et}q%F%EBP’S? PB‘F‘&S( tlge e R ] thcﬂ’)‘@?nbar ,
more pref enghiae §9id RabRY (815 hERRST SkbisBfioh B ¢sy 4A0% d0afof-daaNgeR

Cel sius, nore preferably 10-175 degrees Celsius are enp o In the
reaction véwselo§ FigSuetlahhd unkas:Spmrﬁede@bet“ssmaynmmmrcowomrghlqbeﬂ&h as dor

agi tated vgsselg, pi peline reactors or the like, or nore preferably, high
velocity r { On vessels to pronote turbul ence, rapid mxing and attrition
of thepaid activated feedstocks. Fluidised bed reactors particularly with
t he addltlon of grinding nedia nmay be advant ageously enployed. The

conver si onFigurg hellysirates apether Bomémsgm wrhacpartotertembodiment ofdhe inyentigrer n t he
resi dual a S rbo dIOX

mpr oved byt Reuills BF SThAS o BaF Ry Wil 81 BRI RARD: Gt B
returns unrragﬁés(ﬁdnfsﬁﬁﬂﬁet Redtoxidenviaeral &rdstoékend beReQUBNS séphréthﬁ?z @fathBQﬂ@thll on
reaction vessel. A further separation step nmay advantageously be enployed
inthis re€§/‘éF% bptantialbyo exelyding F}i’én%ﬁ“!mcax‘%dafhjagh%eﬁlﬁmcét Kdtfat ut the
eact | 98 Pegllihdn LANdIR AARARULOM LEAELLAN WALER FOMCT Il g
forsterite or magnesiumsilicate Into nmagnesium car ona e and Si us

t he recycl exanpleae carbongpponatasioa dcantshersysemanéiopen vedsalge fitldat slurry dams,
substantial]y separates S|Ilca(imge%agge5|untcarbonate from subst ant| al

Iy
unreact ed FROBHGCREE> AERHHISIS taRneRe FYANBRMERIS R RIBg hOERIAA! { he
reactor. Agctiaed fedistdiR aBERRpSIE RIthR ra%@s'bﬁet@fté Brovitle @ftact WA TBboRGldxYdL | ON,
vari ous separation neans such as gravity or density separation may agaln be
advantageously used to effectseparation fromthe recycle stream The silica
and fuII eact e dgowgneSIuntcarbo enopve

Froct G ERREE FrBREATRIne S BRRNE) SueRlnR SudefiRum i oS e e TR S e

hi gher denskitactdd: amie ihefais &tﬁslﬁ:’d kil afdundlih Yorheemtloadilkaitk(4) @ h Perticle size
carbonation reactor. The renoved silica and magnesi um carbonate i s

dewat er ed &hdess hars §P) anickans gt d it aiseriesaof Beat cxehangers (40D Herriokeat die
final disposal, usually back to the serpentine mne or quarry. The
recovered solvents and the unreacted feedstock are recycled to the reactor.
A portion of the silica and nagnesi um carbonates may be further processed
as necessary to produce a further product for sale. It will be appreciated
by those skllled |n the art that the use of sald process unlts such ‘as
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produced annually by a gigawatt-scale coal-fired electricity generation

pl ant, about 40 mllion tonnes of serpentine mneral would need to be
processedvennialbis This requires a facility processi ngpcmaaec@aniag 100

ki | ot onnes of serpentine per day or in excess of 4500 tonnes per hour.

Mul tiple |large parallel processing units are required to neet such

t hr oughput. Anot her application of this-2hvention may be in the
sequestration of carbon dioxide drawmn fromdilute streans or directly from
the atnosphere in order to reduce the carbon di oxide concentration in the
at mospher e niifieral fee@adck driden fidl GedtingOfes@l ph)for WrEdTHIRGmaNsttivhiidiat EncCRAiBges | t
wi || be apparent to those skilled in the art that the processes such as
those di scloptepplihgat gxchangerselR0) ubilishheas firany fioan gthep pemtsiidthgswacess whstech
absorption ga&ﬁnegs?é bfEdd s aéd.\cﬂn%&fltsci%ﬂ%a@ AbAxs e LR PocALIDS RASH fher{égy
aspects and t assocl ated process I nprovenents and applicatrons di sclosed
her ei n may abivatiopl(d§)eghd eoading hhephockss gases land pandensing avatert (99 atisiag dfondlithieect
t hermal _act,j vatjon ?rocesses vi%égogﬁu%tion of a fuel disclosed herein and
the subseqd¥Ret thespnal aghiadian Ye5ak @0 ons Tigal d gssepdiaf heating vgesst (Grovpsses as
descri bed hgmgtdfirRAthy Hoy@opSboNREH R URRIRRS %_aéermzftﬁx‘éﬁggﬁgﬁ, Srovide direct
applications descri béd hérein may be enployed in such Capture of carbon

di oxi de fr dharmabacitvabepéthe. gts rdsbyy itbethpreateiertp atde¢ast axndS80¥LbNatet ofal | y
excl udi ng ngsi um oxi de and nesi silicate that are separated from
The act | vated FoRiaigek el eisd Brper The dsstel baertrshis Shaecs fogs v
or further r@hgiaRSIRE Jadds (38 Mdaked HMNB HEdRLs, PErQstHmbRe asAhORE RBRITH trakfhgn

di oxi de may be concentrated prior to reaction, or nmay be sequestered in

di | ut e ¥or @& slume (LY fo5 W railking (1D daca fioal partiple sizepebiess ithanc &Y buerods eftede.
In the for . ion towers may utilise amoni a or dissol ved
anmoni a cogggﬁﬁggegg%ﬁﬁgéggnnnniunlcarbonate to absorb the carbon dioxide
fromair streans passing through the towers by converting it to anmoni um

bicarbonat%, The carbon dioxi de may then be rel eased in a concentrated

st r eam and FURBCTaRAHSARL et St ePtioBgln be added KY6)afos| apsktion rofghe separatiorhe
concentr at ggost{Bam, b I @4 | ~ L0, AR ess
as descri bedglélgrzgi n g%frgftél. <9{I}%&t({r?eﬂ ?fgqt {IZ’P tagéggshgg {a? ﬁ%ﬁz% 3%%&12@}1% ng@ruglc

pr oceed Snoretisitaivnggrdsam sihicdte géedstoek € U¥)eusirgpddnson semsaains In thiy exdntysé dss

usi ng nagnesi%n1silicate. dr oxi f eedst ock activag q $nd subhgcte to

h
metal oxi d&'% pﬁ’flgfisﬁﬂarégo‘%/ﬂ@ﬁt @ér‘@rﬁ"}?”ﬁ%t"msm&?ﬁ ges™t ered sRbHRg ¢ BSul® can
be further cpmBGRAGSENiThOKydatyBlondd.| The W \Rh4s fRlR @%) Beself RbmpAsdi magsed
back to the magnesiumsilicate hydroxide m né. Systens of open vessels,
fields, sl|@Kidgs@geshsas slicsowhich ere elblesr econamicivale andolayiteatisposech@fp bhaatoh

arrangenen {\n] t he residual ,activated nesj.um silicate hydroxide
n ner al fetéﬁsfn g@iﬂn)l é(@% r\/f\:nc?‘ﬁr\s'&h?)agf f}lesg‘f”g(?fl%&og'?&tlsrvhl§g}%%ﬁ??’cf?aym the
enpl oyexd i prdcliss fepprdngié ia016)SAsCshovwashat S, THe Rigl SdenSity! Fia¥tishA (B RRHPKEE | on
towers or aerated stockpiles or heap | each arrangenents nay be designed to
optimal |y &§Rieidesof fugh srapemicnyales sichias itomr Gadesdingxviiieh assr furtherampoessed: st
di ssol ved [ olpr-Tod Mo Ea, o Vi

at o zer s, o e kGEoREy o byl SOVET R art P STh Hpr8LesS B e o
magnesi um ¢bbdihetresidus hotivaledofeegaockodisy abhprisiagitargely tnoagakdiony selxqaasid rtgernof
unreacted actj vated feefdstoc to thg aar on di oxj de or carbonic

aci d/ aqueol&e% \NoRstemspliagrated,aropan Uelds idamse ¥essels: ksannlpach arrangements pa e s
My be er 1iReiafdl tetowey APRCF ME faqhdfis BRAARANAUEL AL 8P <8l SRS I ARKRLLES;
The renoved material conprising carbonates nmay then E)e transporte Por

di sposal , $ucixanipkpsshowhbemgt Bld)ant ageously back in mined-out areas of the
magnesi um si |l i cate hydroxi de feedstock mne or quarry. Various enbodi nents
of a nmethod for |ong-term sequestration of carbon dioxide into solid
magnesi um ¢aFpaRateshd Actiaear MaieRkWs thixedavitd Siely Vet sRRyWolenfiOMMdE
descri bed, byway of exanple only, with reference to the acconpanying

drawi ngs. [agents§16) thay mpyzaseistip sigsaivtign afatmdsphesicrearbonglieide prtbe sxsterns oft he
present,n N 1100 El Ll ustrates e lised flow.di agram of .t he
vent 12on. PRlelorkh B, dute, ASELZhER, B B E o RIS B B Bsidme
met hodol ogyf alfie tdrbsn idivaddd toomaghdsiih @atboRates.NETHR! saidi3ydiyms bf adfaideort bgen
serpenti ne o[e i s extracted, an associated conmbustion, gasification,
reforming &Flds) danps vessels. krapdsash agangaments erthe fike gee desiahedh taprsimally expose

em ssions are to be sequestered and a stream (3) containing the said carbon
di oxi de entering a mneral carbonation plant (5) designed according to the
met hodol ogy of this invention. The serpentine ore is crushed and ground in
comm nution circuits (4) to a particle size of |ess than 500 m crons and
fed into a series of heat exchangers (24) to preheat the mneral feedstock
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activation (10). The final and essential heating vessel (6) conprises a
furnace fired by a hydrocarbonaceous fuel, in this case natural gas (7), to
provi de dwvoeecto/begsnmal activation of the ore raising itecranperaburie to at
| east around 5800C. Water of dehydroxylation is recovered fromthe flue
gases in a condenser (9), separated fromthe renmaining flue gases (27) and
used in the process, for exanple as showdl here in nmaking up the final
aqueous slurry (16) prior to the carbonation reactor (8). After cooling,
the activated ore is further ground to the desired final particle size of
|l ess than fie mésiduansactivgeé incdalVed dontdei NGitPr@eRsS dioxidel)in fher bidgdspherter
may be added (25) for operation of the separation stage (12), where netal
oxi des (14y\regngemardy forr enhangssh ainflow (2§) g@gérsaﬁ lutgory ploptmospharissqaghny dioxide,
activated S i n
this exarrpmn% gy At{oa%?&enéglggﬁgg ?lglﬁﬂt@ d}g i{' ﬂ%ﬁ@{‘& tth?s? glgygggtggéfr ? I%ge%'f
hi nder ed S@hﬁhern@ré aniaﬁgememomhmarsolwantwealrnghyylﬂ@oyﬁieﬁﬂﬁ&es T)l’}ﬂchWOdﬁhﬁi ty

fraction (13), .conprises oxi des such as. sj.lica |ch are of |lo

econom iqaalan&ﬁaer?ﬁgz% 0@\&9& é%forarg)vv%tmw@@y tbﬁé"n?ﬁ peds 1 Fxpaspesy oerN fredvery

(26) of t h%m%%tw aéuoatudcﬂaeas'ioak%mb%q ditNiQe m?bpea%ééd b} LontiX@RNfoval of
.(19) as shown here. The high density fraction (14) conprises netal oxides

of hi gh ecosoteiddayead Qfemsmmascarbmtasxfodesarapid bwr/rpeuhdrarserfawsctwmg Layers
pr ocessedf ter ove of aqu s whi ch are re-used.in
Phe pr oces s iRy BLEH, oF GPRALPRE Pottis Buivet 18,0 shBRLAHGS Ph ARty (1)
magnesi um siheieGhé Makh@uf RIIRER HyBR xERMRREA! isukuh@agt or vessel (8) after
make-up Wi th the desired solvent systemand other reagents (16) and after
heat i ng0(23) to the desired reaction tenperature, in thr s case 155 degrees
Cel sius. The 8. S var

agitation gtn ? Llleﬁ{,] tc{a?@% S%rl}eg %et\é' aaﬁtechép%rr%g%s or ﬁ%ggélfsr nau u%suc)rns P

this exarrplaadltlbﬁs ﬁq@y\benha@eys\ﬁmam( déphrting Remageeos® off thelheerionwahieh i¥vnbh
sodi um chl orr de and sodi_.um bhi carbonate. The carbon di oxi de-cont ai nj 23

stream (3) litshie Mg specifie iembed neanibinsk pamplegslesaribed hewsin. Hds by ba wefessiood
electricit Yhag?&em%ﬂt% 191:1%18&5 &1{?Ludhsva(fﬁﬁvﬁseéﬁieﬂoéﬁ'f@?@oﬁéﬁ%telml vbhift WPEric Or S
(20) to aliquid formor to a pressure In excess 0O ar prior to
entering sand scapeboridici owentgactlsp welsded all 8)f. thelesiepsyreyatbes,r emnpmmhs(ﬁiki)

fromthe systemof c ressors,.and utilised Jn.othe s of roce
requiring %‘QPOWWJ‘?@QP%FO Q% inffitatedyin hisygpegt ‘Gﬂta‘ﬁbé‘r‘é %gg};y 0%\091&%9%& eam
(19) ci rCuhﬁ‘i§1§daﬂp&ﬁﬁﬁﬁﬁﬁcﬁlsbfalg'?f»@@&txﬁgrer@tsﬁﬁ's fpslaaféat&rathe car bonatl on

reactor (8), after separation a low density fraction substantially
conprising sili ca and magnesi um car bonate reaction products (25) which are

eparati on 1ANE G REr SREIGRRGH Apadps BRTEE R FoFETBls  iF eBSERtphuires

f eedst ok WtHehw@e htlhl hv&ﬂm(ﬁﬂ{pr@é” g NesiatitsSéuch Gt ‘Q:olﬂﬂ)'n@ék”l dnd eosrRthgl19)
back to the react or (8). The density separation process (17) in this

exanpl e i sl deupderstepd fy HnRly e mbisionpha staigd iaagst exsten pegipnp 26)ntegers or

substanti a f '

subst ant 1 artels SR eRRehRioR e bl el IS, 8eq b dr B iR P8 1 or

final disposal back to the m ne or quarry (1) and the recovered sol vent is
i ocess, here at The. process illustrated jn Figure

reused in hj&e gfr CEL:Q

has been fddfd FE?“B"etcéé%BﬁP%a‘ltI‘?ﬂr}? abffcéﬁanPnt‘%BOtpé’r‘ hratkd ngbbg EﬂkFP@é’t‘irbn
of 14 p WHEe 1+QRS o t I

pul ver :wrssed%?]ﬂ% el eg{e?rpgf ? gpgfg*nrgrgatr § égnégr}?& %é(%\uésptt ?% i aiggljjll'r?!(gqHél Cornmon
station hageriem&lrknﬁwd)‘:dlgﬁ\b@é‘rmoanmesmWhtchelxpapphcabmuts fils®00 GWh per annumto
the electricity grid and consunes 6.4 M per annum of black coal. The
process shown in Figure 1 achieves over 80% per manent carbon di oxi de
sequestrati on consum ng about 32 M per annum of serpentine and 0.85 M per
annum of natural gas in the fuel-fired furnaces that activate the
serpentine. Delivered electricity fromthe electricity generation plant
woul d bereduced to 98% of the original supply wthout sequestration due to
the requirenent to supply electricity for the conm nution of the
serpentine. The process will avoid over 11 M per annum of carbon di oxi de
at a cost, of less than Australian dollars A$9 per tonne of carbon di oxide,
after taking into account the sale of iron oxide recovered fromthis
process. Figure 2 illustrates a second generalised flow di agram show ng
anot her enbodi nent of the invention. It shows a process for activation of
serpentine ore, using the nmethodol ogy of this invention. It shows a mne or
quarry (1) where the serpentine ore is extracted, an associated conbustion,
gasr f| catr on, ref or m ng or el ect rici ty gener ation pI ant (2) V\/nose car bon

e . M o o e o o, .



t he associ ated conbustion, gasification, reformng or electricity
generation plant (2) are sequestered in this process and the regrow h of

t he bi omrewe 2badstedck 916) to sustain this process w thecande@vdoonsdi oxi de
fromthe atnosphere. The serpentine ore is crushed and ground in

comm nution circuits (4) to a particle size of |ess than 500 m crons and
fed into a series of heat exchangers (24¥2to preheat the nineral feedstock
and a final heating vessel (6) which in this exanple conprises a rotary
kiln for direct thermal activation. The series of optional heat exchangers
(24) utilise heat drawn fromother points in the process where cooling is
ef fected. Such points include cooling the carbonation reactor products
(22), cool ML CRAIVISBEERISG HFI N BN ATyadSEQ AW cool i ng ¢ he
activated feedstock after thermal activation (10). In this exanple, |ow
grade or ste he ) e dr rom_t.h i ated_goybustion, ..

gasi fi cat ;Ngh, r 2* %r(r)r(l('e%g fgfl Cg)mg%rinrl c‘ia%?/&ggri%‘?%t i‘%‘ﬁ E)(ﬁhdr:?m%zr}a’i gv htlﬁhi PFEESF in
pr eheat ing copyisdshke sepesfal feedst ock. The final and essential heating
vessel (6) conprises a rotary kiln or simlar conbustion chanber fired by a
hydr ocar bonaceod® f udliretiherrial agtyationaf pagnesaun sibstte digioxileaninerg! fppdstock
renewabl e i Vi bl ermal activation of the ore
raising it?&?gﬁgggg#ﬁ#gﬁaéogﬁﬂfggg%&gﬁgggégﬁﬁg%?’The use of renewabl e

bi onass fuel herlk) r edepeatidnrfean thet dctimatod fexdstooln ofiimetal deidevattiémt aitbsmapilbr e
fromthe comqusti on of the fuel and inpr.oves.the net sequestration of

car bon di ofRGHIEE PEGRRTIUTy I BHbASTOTRE. SLSAEVR BIGUFE doFulBk gFaAGh | s
recovergd fg@mickke kiln flue gases in a condenser (9), separated fromthe
ream ng flue gases (27) and used in the process, for exanple as shown here
in making up thdc) i ndefaaearalier sgidusepyralidis ytep sispension of thecatibaediféedstocleact or
(8). After CORJiﬁ%’ t he @Fthﬁfed ore is further ground to the desired
final partF@Peeg ébg?aﬁ {'Y> #fan 75 microns, in a further mlling process (
11). Water may @@f i orahiaptidpethad df2Rs3idhAracapREdFde@itotl witheafRRiGHIOR
stage (12), where netal oxides (14) .and (13) are substantially separated
from t he ré8nvpubihe sarbpy dioxiflertplgrivagngsivgy darkapete. f eedst ock (15) using density
separatjon. In this exanple the netal oxide separation stage (12) may
conprise cyclones or a series of spirals and hindered settling tanks in
conbi nati o2. wi t A pydescagcordingo clblive 1, dukicckim et iadresiai silicdtd Bydroxidp his&sal
nmet al oxi des sucQ,as sllica whi ch are of |ow econom c value and nay be

di sposed ( 1%Is95k kS PesthrromArised ehserpentiae of Blovery (26) of the water which
is recycled into the process, for exanple at (16) as shown here. The high
density fraction (14) conprises netal oxides of high econom c value such as
i ron oxi des. whi ¢hpmxcessfagedriiag tprlooed sedldimr2, sdieeeimfleenetalenxides sypaviitediffoaous

sol vent i ch ar -used in the process. The residual act.i.vated feedstock
(55 <" BrprhS hrafed TStk s PLidRs ok 079 R vl S KopnsiEah GOWRIR G
reactor vessoafdds, shloffiufBkkeR Whiilnt NBpPasS gorms®al, Visdspiored, edniand ader
reagents (16) and after heating (23) to tﬁe desired reaction tenperature,

in this casedisBs degrees Cel sius. The carbonation reaction (8) vessel may
advant ageously utilise agitation and attrition, either via nechanical means
or flowinduced. In this exanple the solvent system (16) is an agueous

m xture of 4nat erA prddasssadbtrding b ey dfe andhe prbcedh ictamb owhdrein diRet Garian

di oxi de-contai njng stream (3) fromthe assocjated conbustion, gasification,
refornidng GFUVAtERIfiths magrrsivier sitiran hpdranide mineral fecdpipele e by aprlicatjen afn

of conpres [ QWL ‘ 1 S . ar
prior (o ongart SdackEbfeopBitkth bERABLabohaBeRl3RE R hitall kAR Glisdd Bed
recovered @@bpcd oraimilimecompsistion cifambenfrr leatng sesseld utilised in other parts

of the process requiring heat input, for exanple at heat exchangers (24). A
recycle stream (19) circul ates substantially unreacted material back to the
reactor, afster $epajcald foingol AW GRNSH fhy Jré&ﬁfdg%aiﬁﬁ?%@ﬁ?d ﬁ%el Magnesium
conprising silica and magnesium car bonate reacti onproducts (25 wﬁ%cﬁ are
wi t hdr akh fstisatet Inalrexsdo minereh fgedstodn ip preksted piidr tesdinert dbersial ycsepi@nalty on.

The hi gher density fyaction conpri.ses |argely reacted, f stock with a
hi gh cont efAP Slb‘fat’ﬂég?{; Fu ag i"fClF%g? eby\/\ﬁ?reﬁuﬁ%é’nr %tg @ﬁ?e‘ﬁm(glbﬁa? ﬁg’@???‘f) fn[oma thé
react or (8yeactibg ofteaichydisgipanath e REi95e88 FedddtdcRi hdR¥ aBR! Gads o wastei 1Rt Of
hydrocycl ones. The | ow density stream (25) is substantially dewatered in

settling tanks and filters (26) and the substantially solid carbonate and
silica residues (18) are withdrawn for final disposal back to the mne or
quarry (1) and the recovered solvent is reused in the process, here at
(16). Figure 3 illustrates another flow diagramof a particul ar enbodi nent
of the invention. In this exanple the mneral carbonation plant (5) is
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the capture nmedium (28) back to the capture plant (2). The concentrated
stream of carbon dioxide (3) is then fed to the m neral carbonation plant
(5) whosevOepwvd2g46are simlar to those of Figure 1 and BAradroeometiigi ed
ot herwi se conprises conponents | abelled as for Figure 1. Figure 4
illustrates another flow diagramof a particul ar enbodi ment of the
invention. In this exanple the nineral cad?bonation plant (5) provides
direct thermal activation of the magnesium silicate hydroxi de m neral
feedst ock and subsequent separation of the netal oxides substantially
excl udi ng nriegmesfrom exi descaiatedragnlasiackousi bi Cldeocabbinatdvmis C diid) 0vatbediion,
reaction i s nqt Condeg.ct ed in pressuri sed reaction vessel, Instead, in

this exanple@'{fdi08afPOWRAIEOH §EATPNOESSEROPPIPIFSS PaYBrcardrapa rirare soeling
fields, slugd yrdRbR r&RSPRPILARY t}fé‘ﬁffﬁg wessel %ﬁ(%’gr %E%C&Qg\}[?eg%%r s %@?tﬁrgtht he

arrangenments containing the residual activated feedsto expose

at nospher e diaxigw after dempeasiat wi t h carbon di oxide. Figure 4 shows a mne or
qguarry (51) where the magnesium silicate hydroxide mneral is extracted. The
m neral 1s crushed and ground in conmnution circuits (4) to a particle
size of |egs thanpaQRsyrhedRiingadhy bR of ThO pRecs@inh €faitts, MARkeif XARBN UedrMal 20)
to preheat them neral feedstock and a final heating vessel (6) for direct

t her mal ac@pietionof ththteedsdpsketakest plagr by rrasing end maxdiningethe t¢aratute of sid
heat drawn h ' ien, .0 I where cooling is effected. Such
points i nclf%ege{gglg% ?%ﬁ%tagﬁrgé)tfﬁ/%flsg38?@253??%0k after thermal activation
(10) and cooling the hot flue gases and condensing water (9) arising from:
the direct thermal activatign vessel (6). The final and essential heating
vessel Y%6) 7conprt SESCSS aqsPHHBS any ravg afythe MEGreABE 4 HB15a c¥hSTRIN fthe feedptack g s

case natur AR ' ' gﬁ:j Lan €. _
raising i tzlk%tg@ngnergg%ﬁ?%&t lgéagt\ék%%gg%r‘é gﬁ%&%ﬁﬁ@ggé&s t%éri;"te%s? Htéﬂhy%&oﬁ%? gfl(l:hon

i s recover ¢t theofredshaxkf ik trengrested through saddskeies ef hé¢ A exclampens ahe dedtimpnvestuds
remai ning flue gases (.21 d used.jn the prqocess,. faqr exanpl.e as shown
nere i raRTGUE S fifith ot ) T feosath FReRraER thersbs SeaeRy R vy STl o
si ze of Ies&luthlgg@mg?fomhgh@g}&g]agrg,@erss.cool ing (10) the mneral. Further

aqueous sol vents may optionally be added (16) for operation of the
separ ati’on stage (12), where netal oxides (14) and (13) are substantially

separated forom the residual ;.activated nesi ym si.l.i cate feedstac 5)

usi ng densi8ty s b BFETOASCOTHNE 3y Oé’fa(ﬁ)iﬁg W%cggwgtﬂ?'mgxiw reé‘églier getelﬁﬁtg?g]%t‘%ge
(12) conprihegsd an Selidatifig ObssBi Henedesigidd! tongtadBkSor Agit@erhe Rled @Bk Iting
hydrocycl ones, The | ow density fraction (13) largely conprises netal oxides
such as si heatinathereef Wrassigin dghydsewridiinandrcinetiond nmay be di sposed (18)
back to the mne (1) after recovery (22) of the aqueous solvents which are
recycled into the process, for exanple at (16) as shown here. The high
densi t y20f r &ct i oA piotpsscastprdisg anyreinal ofotkie pescedinghdl githse vdizesin Ghey &dedetosligh as

iron oxides and which are further processed for sale after recovery. of
aqueous sol"G¥f¢ 40 (i?ﬂ?nafrgmr the cambyston gasesrefctbs fuel ya radigtipn.econdugtian or The

resi dual a%ﬁw&ﬁ&sﬂfrtﬁecﬁé?mKo&gés)tio%m%ﬁiﬂla élslﬁ‘a{lggt%siéﬁgﬁﬁtiim Ly cate is

then used in systens of aerated or open e vessel s; heap | each

arrangenents or the like after recovery (3) of the aqueous solvents and
re-use of id solvents in.the process or anpl e. as. shown here, at. (16).
In Figure 6 t hé* BOFF Aeeydineda any ope of C(?—i%?%%ﬁ”&hﬁ‘f%ﬁ%ﬁf% %‘E‘c"éﬁ(’%Pgr ry
sol vents amik FRAGEK faked Plack NAtan"BYyRA It cdribudlis® ikt sueh tRANRS RIXGEF
carbon dioxide in the systens of aerated or open fields, dans, vesserls,
heap | each canteainefethe sembystiangas| is kewemnhae drevsipichiometric rdquiremeitofor ¢gpwplete t o
magnesi um e T ajd. s f aerated o en.fields, dams,
Vessel s heaEBRARLRT e AR B Ao BB R B DR B e Binsmt 1y
exposet he residual activated mneral to contact with carbon dioxide in the
at nosphere. Arrangenents fqor enhanced air flow (23) and di ssol ution of

at mospher i d I car BoRrogessacerading fe gny §ne 9k the psecsflingj claimpayhesein water wtgageshy
sprays 4y | | ! i : T S 0 r 1

Stch as soltsa Sl P A A IR B RS o S PRl ErpF RLBETR
oper at i ons pf@esssinl ventlensec pusidedvar dn dytputcgaséous Bereanitony det. sakck pivsas tleermial
fresh unreac% activated feedstock to carbon dioxide will be enhanced by
continual PENGVAN SGP- reacted | ayers of magnesi um carbonates, for exanpl e by
periodi c surface scraping. Layers thus renoved can be di sposed back to
voids fornmed in the original mne or quarry (1) where the magnesi um
silicate hydroxide mneral is extracted. It will be apparent to those
skilled in the art that various nodifications, om ssions or additions may
be made w thout departing fromthe scope of the invention which is not
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any and all conbinations of any two or nore of said steps or features.
Throughout this specification and the clainms which follow, unless the

cont ext rEQuIrER248her wi se, the word "conprise", and vaPCRAWHEY/OUAR as
"conprises” and "conprising”, will be understood to inply the inclusion of
a stated integer or step or group of intggers or steps but not the

excl usion of any other integer or step o?4group of integers or steps. The
reference to any prior art in this specification is not, and should not be
taken as, an acknow edgenent or any form of suggestion that prior art forns
part of the conmon general know edge of the countries in which this
applicatioq is filed. THE gbAINB DEFI NI NG THE | NVENTI.ON ARE AS FOLLOAS: 1.
process for2confePICRY XEPHHIE @i aYi M6 qfhe Pesrding plpims, Whereigthe fieedptogle dss
conpri ses g &ELRS cHhmiifibndb h&flke HRefMRto %Jey | Qe TRINRIL WhSIbbhcat e
hydr oxi de m neral feedstock by con%ustlon 0 uel~to proéuce an activated

f eedst ock; 50@miempar ati on fromthe activated feedstock of netal oxides at

| east s%pstantially excl udi ng nmagnesi um oxi de and magnesium silicate to
produce "a residual activated feedstock; (c) before or after said separation
step suspensi on Phrddags acbidiad @8l ahp M tdTCike igte@daRY VIBMts, WhekQh Thé asfivhiddy:
and (d) contacting the slurry of residual activated feedstock w th carbon
di oxi de t o fexdpipek ts mixed vethoamaqiicons sobvenhamsl subgaetssi tarfuthertsomaisution afigr the

process acgardi t |.aj-m rein the magnesi um sil.i cat e hydr.oxi de

i nor a1 ogtedtlgma bR vep ISR ol SoRRARSERD SR Are b s
accordi ng tianCisanhierdnsor claim 2, wherein the netal oxides separated from
the activated feedstock conprise oxides of one or nore of iron, silicon,
al umi ni ¥m manganese, chrom um nickel, titanium copper, potassium
phosphor us,jscal ¢ i q | 3
Precedi ng. ofa; e HoaRaelagindh oty o 8F 333 ABRPLEID iRl Wfordion HF
si | i cat e hyldrmeiat exidenatrledst fesdsitioltk exaduding magnesyrh ioxadei amd mdgnediemhiladate

rel eased by conbustion, of hydrocarponaceoys fuel .in a furnace, kiln, |

f1 ui di sed %%ar F%aé%“%}af agt aFeﬁrfgingPﬁgéf P@He%?ﬁd}wh%ra graVHE &F feRpity serasptions  a
process acggkgggg to any one of the preceding clains, wherein the nagnesi um
silicate hydroxide mneral feedstock is pre-heated prior to direct thermnal
activatlilon by application of the heat rel eased by conbustion of fuel using

heat |ib df th ti f dioxide with th tivated
feetist ock. At of' PO AHICHE ALE 81 ShE b o KoriF - Aenin BEcapateion of

car bonaceouse @etahyddecarioan aaRemsaliy etcleRAp Hiph@um SRfdel dnaahd @BsiutafIRatd ng
or electricity generation process and/or heat drawn from cool1ng the

products ffoPreduce aresiquabactird frgdsteclsés aghidyast usisge dembmatioroef slsosifing

car bon di ox] t i on.. 6. [ ccor.di ng any_ one of the

pr ecedi ng éh%ﬁﬁg%‘ﬁ %%%gﬁhgﬁﬁgggki g#ﬁgﬁwggggé% J%ﬁﬁg?pﬁﬁﬁs Sedst ock takes
pl ace @0 rai sing and maintaining the tenperature of said feedstock to a
tenperature of at |east abouyt 580C. 7. A process according any one of the
precedi ng dPai mé® PRPREFLIARCAABLT AN0SRO K the preedare ichimss @%F@sn dae petiyated
exchangers i J el |y .

Foedat ook 1onpoRe R ABRES REL Bonly ARGRAZEPM A el Yool SnSURTE obef, g
vessel s wi sblvent mikeibkddith carboroflioaily befogeicahtaa vati e tabds imxidet her eby
decreasing the thermal requirenents for the heating process. 8. A process
according any one of the preceding clainms, wherein the feedstock is heated
in a hegting vessploctdiaiccdrdindas ctmad ¢l WheR Bt SoRBAY 9'ch8@h Rl ohd16r RISt 0Ck
during heating thereof to assist in dehydroxylation and activation. 9. A
process acagiadi wepkaarydsopadt splutione opwedeatiidyy sdingi sobitionhaiquéqusishlinefanddediouk i s

heated in isglati the combusti f the.fuel via radjati
conduct i onbRrapGase RS ERREY e uBRo sorfonc i ol €11 Alaghr

desi gned healutiogs, wasadqueddd and gbycdt 8siGtiABCANEdNGuEsusanY gBReroPlolalidiss 1- 8,
wherein direct thermal activation of the feedstock takes place in an
oxygen-| ean conbustion m xture, such that the oxygen content of the
conmbustqoon jgas i oj.chi rig. nequir [ et e
combustion o1t e PREHEE b RRARE 6 SLPDAC SR IEE rCeapBRLLARE Ve, SOTREHS
di oxi de. 1dioxAdepis aicedwe aremisirigdiaonatizecdn éoaf the Aengpheredi ng cl ai ns,
wherein water rel eased by dehydroxylation reaction in the direct thernmal
activation step is recovered for re-use in the process in a condenser
provi ded on an out put gaseous streamfromthe said direct thernal
activation step.12. A process according to any one of the preceding clains,
wherein the feedstock is



subj ected to comm nution to reduce the feedstock average particle size to

| ess than about 500 m crons. 13. A process according to any one of the

pr ecedi ngvol2aiwme2468her ei n t he activated feedstock is m RPEWAU2009/6@N18queous
sol vent and subjected to further comm nution after the direct therma
activation step but before the separation step to achieve a particle size
of less than 75 microns. 14. A process aétording to any one of the

precedi ng clai ns, wherein the separation of the nmetal oxides at | east
substantially excl udi ng magnesi um oxi de and magnesiumsilicate to produce a
resi dual ad®i vateprotessdstwdingiany aaébfthe precsding chaigs,aviersin dlic debai diyxide is

separation process. 15. A prqcess according to any of the precedi ng
claims, whé @Pﬁeﬁf Wéthsfg‘f)%\‘it‘é’tgFegrfe toch & fraYsim 8 RIS, sy dagshepemileapt y
excl udi ng RRGNEILHBIVLLERrAN hERIREH MPnskhk & ESthiRi HGRatd ESdstitR!

! _ : ngie r%rtﬁg _
activated feedstock is achieved using a Conbination of density separation
processes and magnetic and/or el ectrostatic separation processes. 16. A

process acqg@rdi ng_any one of the precedin | ai ms, wherein.the activated
Feedst ock P8 sudpBIEEY FroRHRaY PrE8r diaims dabhugbessin s agtvalth SsdStark for
sal i ne or @biested OWMEN§updtcERichl, eliqeliBd Car Bogh-preSstkd 8RN BarbORt diekiddd th
the carbon dioxide. 17. A process according to claim 16, where the sol vent

i s chosen sukstangaky eenvierithe edrbomdioxideie glagagsium carbanatessol ut i ons of weak
acids, saline solutions, aqueous saline and sodi um bi carbonat e sol uti ons,
pot assi um bi carbonate sol utions, m xed aqueous and al cohol solutions, m xed
aqueous andlgl yepprosedsuict@rtihg toickeat A0uehets tiechrbdry dokide analredid@nactivdled A
process according to any one of the preceding clainms, wherein the carbon

di oxi deld s T5edstgelf aeccontaciednip ageagtiongyessch that rsedosigned fopovide gty dprkaleat an. A
process accHl gl o : i I o6 N b

i oxi do | o By NREHODF ok oR R o NPT suhRERELY cbRfe Bl Bbon
fields, sl|dioxydedammgnssiomkoaitiomstenr sinmi | ar aerated structures or heap | each
arrangenments containing the activated feedstock. 20. A process according
any one of clains 1-17, wherein the activated feedstock is contacted with
supercritioal, o gHRESLECOFifE 90 cRIBSSU $hA@IROYScAdH RRRei OBl HAfdedOwith a
substantially convert the carbon di oxi de to magnesi um carbonates. 21. A

pr ocessl Sac eesydiestyearn vdlieti eirquintes andgeamshmresgteddpeddtooki éveahand etbedigagents
activated fteﬁjgsc%r%%kataor e.contacte in a reaction vessel that is designed to
provi de hi g‘?’n y ur U et ol rvﬁf)sie |y dispersive or attritive conditions to
rapidly and substantially convert the carbon dioxide to magnesi um
carbonates. 22. A process according to claim?21, where the reaction vessel

i s provi ded3wi t B BIoFess\asrrdung the slahi 22h Whierectlie agwsleairgamanenrperatas raefictherd

feedst ock, ;SOLMRRAL s P% gt(?l%{: gs{llé{tﬁﬁgiﬂgtz §ep\%1vﬁatésh %H‘%Qr hen %%@@séipgla%gb%ﬂat\é € %r%?nl '

23. A process accor aim ere the recyc ream 1 ncor porat es
a furtr sepemtbilpunsbhage feddstockubsteant isaidl substapidiat @fresdtéd €dadck to the
magnesi um car bonate from substantially unreacted feedstock to return said
subst ant i af¥%'"%nr eact ed feedstock to the reactor. 24. A process according
to claim23, where the separation stage utilises gravity or density
separation. 25. A process according to any one of the preceding clains,
wher e ener g¢- r edopercess facording toelaimg2ipelrcat itlon s¢pmratiopl wagedutiltses rgrarétypoinps
or conpressors for conpr ession of the carbon dioxide.

y s€paration.

25
25. A process according to any one of the preceding claims, where energy recovered

from a cooling operation is employed to drive pumps or compressors for compression of

the carbon dioxide.



