
Prevention, treatment and diagnosis of P. gingivalis infection Field of the
invention The invention relates to peptides and chimeric or fusion proteins
and to the use of these proteins to elicit cellular and humoral responses
for the prevention and treatment of P gingivalis- related conditions and
diseases. Background of the invention Chronic periodontitis is an
inflammatory disease of the supporting tissues of the teeth leading to
resorption of alveolar bone and eventual tooth loss. The disease is a major
public health problem in all societies and is estimated to affect up to 15%
of the adult population with severe forms affecting 5-6%. The development
and progression of chronic periodontitis has been associated with specific
Gram-negative bacteria in subgingival plaque. The presence of Porphyromonas
gingivalis in subgingival plaque has been strongly associated with disease.
The persistence of P. gingivalis in subgingival plaque from periodontitis
patients after treatment (scaling and root planing) has been reported to be
significantly associated with progressive alveolar bone loss. Furthermore
an increase in P. gingivalis cell numbers in subgingival plaque has been
shown to correlate with disease severity as measured by attachment loss,
periodontal pocket depth and bleeding on probing. Oral infection with P
gingivalis has been shown to induce periodontal bone loss in mice, rats and
non-human primates. In addition, there has been increasing linkage of
periodontal disease, and of P. gingivalis infection, with cardiovascular
diseases and certain cancers. A number of virulence factors have been
reported to contribute to the pathogenicity of P. gingivalis including;
LPS, fimbriae, hemagglutinin, hemolysin and extracellular hydrolytic
enzymes (especially the Arg-X and Lys-X specific proteinases), otherwise
known as "P gingivalis trypsin-like enzymes".The magnitude of the public
health problem is such that there is a need for an antiserum, particularly
specific antibodies that provide a strong protective response to P.
gingivalis infection and means for providing same. One problem has been
that it is not clear how to obtain a strong protective response to P.
gingivalis infection where there are a plethora of virulence factors to
select from. The relative immunogenicity of epitopes amongst virulence
factors is not well understood, nor is the relative immunogenicity of
epitopes on a given factor, particularly where it is not clear as to
whether further epitopes remain to be identified. One particular problem
has been that many virulence factors are formed from multiple domains and
are difficult to express so as to present a conformation approaching that
found on P. gingivalis. Further, when these domains are expressed as
discrete units i.e. in isolation of other virulence factor domains, they
tend to fold into a conformation distinguished from that found on P.
gingivalis. Further, of the many different options for modifying the
immunogenicity of a virulence factor it is not clear which would be most
likely to provide for a protective immune response. In work leading to the
present invention the inventors have identified peptides having an amino
acid sequence that is the same as, or that shares homology with, an amino
acid sequence that forms a region of a P. gingivalis trypsin-like enzyme,
said region defining a site in said enzyme for cleavage of a peptide bond
located C - terminal to Lys or Arg in a peptide containing Lys or Arg, and
incorporated such a peptide into a chimeric or fusion protein which, when
used as a vaccine, provides better protection against periodontal tissue
destruction than purified proteinase-adhesin complex formed from native P.
gingivalis trypsin-like enzyme or killed whole cells. Summary of the
Invention In one aspect, the present invention provides a chimeric or
fusion protein for inducing an immune response to P. gingivalis, the
protein including a first peptide joined directly or through a linker to a
second peptide, wherein:(A) said first peptide includes: (i) part of, or
all of a sequence that is the same as, or homologous to the sequence shown
in SEQ ID No:1 ; or (ii) part of, or all of a sequence that is the same as,
or homologous to the sequence shown in SEQ ID No:2 ; and 



(B) said second peptide includes: (i) part of, or all of a sequence that is
the same as, or homologous to the sequence of an adhesin domain of the
Lys-X-proteinase of P. gingivalis; or (ii) part of, or all of a sequence
that is the same as, or homologous to the sequence of an adhesin domain of
the Arg-X-proteinase of P. gingivalis; or (iii) part of, or all of a
sequence that is the same as, or homologous to the sequence of a HagA
adhesin domain of P. gingivalis. In another aspect, the invention provides
a chimeric or fusion protein for inducing an immune response to P.
gingivalis, the protein including a peptide joined directly or through a
linker to a polypeptide, wherein: (A) said peptide includes: (i) part of,
or all of a sequence that is the same as, or homologous to the sequence
shown in SEQ ID No:1; or (ii) part of, or all of a sequence that is the
same as, or homologous to the sequence shown in SEQ ID No:2 ; and (B) said
polypeptide includes: (i) part of, or all of a sequence that is the same
as, or homologous to the sequence of an adhesin domain of the
Lys-X-proteinase of P. gingivalis; or (ii) part of, or all of a sequence
that is the same as, or homologous to the sequence of an adhesin domain of
the Arg-X-proteinase of P. gingivalis; or (iii) part of, or all of a
sequence that is the same as, or homologous to the sequence of a HagA
adhesin domain of P. gingivalis. In another aspect, the invention provides
a peptide for inducing an immune response toP. gingivalis the peptide
having a sequence: (i) that is the same as, or homologous to the sequence
shown in one of SEQ ID No: 64 to 66; and (ii) that is the same as, or
homologous to the sequence shown in SEQ ID No: 67 or 68. In one aspect, the
peptide having a sequence that is the same as or homologous to sequence
shown in one of SEQ ID No: 64 to 68 may be provided in the form of a
chimeric or fusion protein in which the peptide is joined directly or
through a linker to a second peptide, wherein the second peptide includes:
(i) part of, or all of a sequence that is the same as, or homologous to the
sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or
(ii) part of, or all of a sequence that is the same as, or homologous to
the sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis;
or (iii) part of, or all of a sequence that is the same as, or homologous
to the sequence of a HagA adhesin domain of P. gingivalis. In yet another
aspect, the invention provides a composition such as an antigenic
composition, particularly a vaccine composition, including a chimeric or
fusion protein or peptide as broadly described above, optionally in
association with an adjuvant. In this aspect, the invention also provides a
method of preventing or reducing the incidence or severity of a P.
gingivalis - related condition or disease in a subject, which comprises
administering to the subject a chimeric or fusion protein as described
above, or a composition as described above. In this aspect, the invention
further provides the use of a chimeric or fusion protein as described
above, or a composition as described above, in, or in the manufacture of a
medicament for preventing or reducing the incidence or severity of a P.
gingivalis - related condition or disease in a subject. In another aspect,
the invention provides an antibody, particularly a monoclonal antibody,
raised against a chimeric or fusion protein or peptide as broadly
describedabove. In this aspect, the invention also provides a method of
preventing or reducing the severity of a P. gr/ngf/Va//s-related disease or
condition in a subject, which comprises administering to the subject an
antibody as described above. In this aspect, the invention further provides
the use of an antibody as described above in, or in the manufacture of a
medicament for preventing or reducing the incidence or severity of a P.
gingivalis - related condition or disease in a subject. In yet another
aspect, the invention also provides a nucleic acid molecule including a
nucleotide sequence encoding a chimeric or fusion protein as broadly
described above, 



optionally operatively linked to at least one regulatory element. In this
aspect, the invention further provides a vector including such a nucleic
acid molecule, as well as a prokaryotic or eukaryotic cell including such a
nucleic acid molecule. In this aspect, the invention also provides a method
of preventing or reducing the incidence or severity of a P.
g/ng/Va/Zs-related condition or disease in a subject, which comprises
administering to the subject a nucleic acid molecule as described above, a
vector as described above, or a prokaryotic or eukaryotic cell as described
above. In this aspect, the invention further provides the use of a nucleic
acid molecule as described above, a vector as described above, or a
prokaryotic or eukaryotic cell as described above, in, or in the
manufacture of a medicament for preventing or reducing the severity of a P.
g/ng/Va/Zs-related disease or condition in a subject. In a further aspect,
the invention provides a method for the diagnosis or monitoring of a P.
g/ng/Va//s-related condition or disease in a subject, which comprises use
of a chimeric or fusion protein as described above to detect anti-P.
gingivalis antibodies in a biological sample from said subject. In this
aspect, the invention also provides the use of a chimeric or fusion protein
as described above, to detect anti-P. gingivalis antibodies in a biological
sample from a subject. In yet another aspect, the invention provides a
method for the diagnosis or monitoring of a P. /' gf/Va/Zs-related
condition or disease in a subject, which comprises use of anantibody as
described above, to detect the presence of P. gingivalis in a biological
sample from said subject. In this aspect, the invention also provides the
use of an antibody as described above, to detect the presence of P.
gingivalis in a biological sample from a subject. In another aspect, the
invention provides a use of a peptide having part of, or all of a sequence
that is the same as, or homologous to a sequence of a P. gingivalis Lys-X
or Arg-X proteinase, or a nucleic acid encoding said peptide for the
manufacture of a chimeric or fusion protein for inducing an immune response
to P. gingivalis. In this aspect the peptide may have a sequence shown in
one of SEQ ID No: 17, 18, 25 or 26. Brief description of the drawings
Figure 1 shows a Coomassie blue stain of the SDS-PAGE gel of recombinant
Kgp Proteins. Lane 1= KAS2-KLA1 , Lane 2=KLA1 , Lane 3=KsA1 , Lane 4=
KASI-KsAL Molecular weight markers are indicated as kDa. Figure 2 shows
antibody recognition of KAS2 peptide and formalin killed P. gingivalis W50
cells. (A) KAS2 peptide was probed with antisera raised to formalin killed
P. gingivalis W50 cells (FK-W50), recombinant proteins KAS1-KsA1 ,
KAS2-KLA1 , and synthetic KAS2-DT conjugate and PBS in an ELISA. (B)
formalin killed P. gingivalis W50 cells were probed with antisera raised to
formalin killed P. gingivalis W50 cells (FK-W50), recombinant proteins
KAS1-KsA1 , KAS2-KLA1 , KLA1 and PBS in an ELISA. Antibody responses are
expressed as the ELISA titre OD415 obtained minus double the background
level, with each titre representing the mean + standard deviation of three
values. Figure 3 shows P. g/ng/Va/Zs-induced horizontal bone loss of
maxillae molars of mice immunised with the recombinant proteins and
recombinant chimera proteins, formalinkilled P. gingivalis and adjuvant
alone (PBS, IFA) or non-orally infected (nonchallenged) mice. In this
figure KAS2-KLA1 is shown as AS2-LA1 , KLA1 is shown as LA1, KAS1-KsA1 is
shown as AS1-sA1, KsA1 is shown as sA1. Measurement of bone loss is the
mean of the area measured in millimeters squared (mm2) from the
cementoenamel junction (CEJ) to the alveolar bone crest (ABC) of the buccal
side ofeach maxillary molar of both the left and right maxillae. Data was
normally distributed as measured by Levene's homogeneity of variance and
are presented as mean (n = 12) in mm2 and were analyzed using the One-Way
analysis of variance and Dunnett's T3 test. * , indicates group has
significantly (P<0.001) less bone loss than control (infected) group .
indicates group has significantly (P<0.001) more bone loss than the AS2-LA1
group. Figure 4 shows serum antibody subclass responses of immunised mice
in the periodontitis model. Sera from mice; A (pre-oral inoculation) and B
(post-oral inoculation) immunised with recombinant proteins KsA1 , KLA1 ,
KAS1-KsA1 and KAS2- KLA1 and formalin killed P. gingivalis strain W50 were
used in the ELISA with the 



formalin killed P. gingivalis strain W50 as the adsorbed antigen. Antibody
responses IgG (black bars), IgGI (grey bars), lgG2a (white bars), lgG2b
(horizontal striped bars), lgG3 (diagonal striped bars), are expressed as
the ELISA titre (log 2) obtained minus the background level, with each
titre representing the mean  standard deviation of three values. Figure 5
shows a PEPSCAN analysis of peptide-specific antibody reactivity to
overlapping peptides representing the KAS2 peptide sequence 433-468. (A)
KAS2 overlapping peptides (offset 1, overlap 7) probed with KAS1-KsA1
(white bars), KAS2- KLA1 (black bars) antisera. (B) KAS2 overlapping
peptides (offset , overlap 7) probed with KAS2-DT conjugate antisera. Each
bar displays the antibody reactivity (optical density [OD] at 415 nm).
Figure 6 . Chimera AS2-LA1 induces an antibody response in outbred mice
that recognises P. gingivalis whole cells and the RgpA-Kgp complex. CD1
outbred mice were immunised with chimera AS2-LA1 (50mg/mouse) and the
collected sera used in ELISA with AS2-LA1 (A), formalin killed P.
gingivalis strain W50 (B) and RgpA-Kgp complex (C) as the absorbed
antigens. In this figure KAS2-KLA1 is shown as AS2-LA1 . The titre for each
immunoglogulin isotype to each antigen was determined and the data
expressed as the ELISA titre (1OOO) obtained minus double the background
level, with each titre representing the mean + standard deviation of three
values. Figure 7 . Protein model of the Kgp proteinase. KAS2
[Asn433-Lys468]. (A) KAS4 [Asp388-Val395] (B), KAS5 [Asn510-Asp516] (C) and
KAS6 [He570-Tyr580] (D).Detailed description of the embodiments It will be
understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual
features mentioned or evident from the text or drawings. All of these
different combinations constitute various alternative aspects of the
invention. The inventors have found that the regions of P. gingivalis
trypsin-like enzymes that flank or otherwise define a catalytic or active
site for cleavage of a peptide bond are highly immunogenic and indeed
sufficient to provide for a humoral response to P. gingivalis infection. In
particular, it has been found that a chimeric or fusion protein including
one or more of these regions provides protection against alveolar bone loss
which is greater than that seen for antisera raised against whole cells and
other immunogens. The finding is particularly surprising as, to date, the
catalytic domain of trypsin-like enzymes of P. gingivalis has been found to
be relatively weakly immunogenic. In one aspect, the present invention
provides a chimeric or fusion protein for inducing an immune response to P.
gingivalis, the protein including a first peptide joined directly or
through a linker to a second peptide, wherein: (A) said first peptide
includes: (i) part of, or all of a sequence that is the same as, or
homologous to the sequence shown in SEQ ID No:1 ; or (ii) part of, or all
of a sequence that is the same as, or homologous to the sequence shown in
SEQ ID No:2 ; and (B) said second peptide includes: (i) part of, or all of
a sequence that is the same as, or homologous to the sequence of an adhesin
domain of the Lys-X-proteinase of P. gingivalis] or (ii) part of, or all of
a sequence that is the same as, or homologous to the sequence of an adhesin
domain of the Arg-X-proteinase of P. gingivalis; or (iii) part of, or all
of a sequence that is the same as, or homologous to the sequence of a HagA
adhesin domain of P. gingivalis. s used herein, the term "peptide" is used
to refer to an amino acid sequence of up toabout 40 amino acid residues,
preferably from 5 to 40 amino acid residues. In one embodiment, a
polypeptide is used in place of or in other words instead of the "second
peptide". The term "polypeptide" is used to refer to an amino acid sequence
of at least about 40 amino acid residues. Thus, in another aspect there is
provided a chimeric or fusion protein for inducing an immune response to P.
gingivalis, the protein including a peptide joined directly or through a
linker to a polypeptide, wherein: (A) said peptide includes: (i) part of,
or all of a sequence that is the same as, or homologous to the sequence
shown in SEQ ID No:1 ; or 



(ii) part of, or all of a sequence that is the same as, or homologous to
the sequence shown in SEQ ID No:2 ; and (B) said polypeptide includes: (i)
part of, or all of a sequence that is the same as, or homologous to the
sequence of an adhesin domain of the Lys-X-proteinase of P. gingivalis; or
(ii) part of, or all of a sequence that is the same as, or homologous to
the sequence of an adhesin domain of the Arg-X-proteinase of P. gingivalis;
or (iii) part of, or all of a sequence that is the same as, or homologous
to the sequence of a HagA adhesin domain of P. gingivalis. In another
aspect, the invention provides a peptide for inducing an immune response to
P. gingivalis selected from the group consisting of: (i) a sequence that is
the same as or homologous to the sequence shown in one of SEQ ID No: 64 to
66; and (ii) a sequence that is the same as or homologous to the sequence
shown in SEQ ID No: 67 or 68. In an aspect of the invention, where the
peptide has a sequence of SEQ ID No: 64 to 68, the peptide may be provided
in the form of a chimeric or fusion protein in which thepeptide is joined
directly or through a linker to a second peptide. In an embodiment, the
second peptide of the chimeric or fusion protein includes: (i) part of, or
all of a sequence that is the same as, or homologous to the sequence of an
adhesin domain of the Lys-X-proteinase of P. gingivalis; or (ii) part of,
or all of a sequence that is the same as, or homologous to the sequence of
an adhesin domain of the Arg-X-proteinase of P. gingivalis; or (iii) part
of, or all of a sequence that is the same as, or homologous to the sequence
of a HagA adhesin domain of P. gingivalis. In the above described
embodiment a polypeptide is used in place of, or in other words instead of
the second peptide. Thus, in another aspect there is provided a chimeric or
fusion protein for inducing an immune response to P. gingivalis, the
protein including a peptide joined directly or through a linker to a
polypeptide, wherein: (A) said peptide includes: (i) a sequence that is the
same as or homologous to the sequence shown in one of SEQ ID No: 64 to 66;
or (ii) a sequence that is the same as or homologous to the sequence shown
in SEQ ID No: 67 or 68.; and (B) said polypeptide includes: (i) part of, or
all of a sequence that is the same as, or homologous to the sequence of an
adhesin domain of the Lys-X-proteinase of P. gingivalis; or (ii) part of,
or all of a sequence that is the same as, or homologous to the sequence of
an adhesin domain of the Arg-X-proteinase of P. gingivalis; or (iii) part
of, or all of a sequence that is the same as, or homologous to the sequence
of a HagA adhesin domain of P. gingivalis. As used herein, a reference to a
"homologue" of a peptide or polypeptide is a reference to a peptide or
polypeptide having an amino acid sequence that shares homology orthat is
homlogous to, or that has identity with the amino acid sequence of the
firstmentioned peptide or polypeptide, preferably at least 90% sequence
identity, more preferably at least 95% and even more preferably at least
98% sequence identity when the comparison is performed by a BLAST algorithm
wherein the parameters of the algorithm are selected to give the largest
match between the respective sequences over the entire length of the
respective reference sequences. Sequence identity refers to exact matches
between the amino acids of two sequences which are being compared. Such a
homologue may derive from a naturally occurring variant or isolate of the
Lys-Xproteinase or Arg-X-proteinase of P. gingivalis. Alternatively, it may
be a "conservativesubstitution" variant of a peptide or polypeptide from
the Lys-X-proteinase or Arg-Xproteinase of P. gingivalis in which one or
more amino acid residues have been changed without altering the overall
conformation and function of the peptide or polypeptide; including, but by
no means limited to, replacement of an amino acid with one having similar
properties. Amino acids with similar properties are well known in the art.
For example, polar/hydrophilic amino acids which may be interchangeable
include asparagine, glutamine, serine, cysteine, threonine, lysine,
arginine, histidine, aspartic acid and glutamic acid; nonpolar/hydrophobic
amino acids which may be 



interchangeable include glycine, alanine, valine, leucine, isoleucine,
proline, tyrosine, phenylalanine, tryptophan and methionine; acidic amino
acids which may be interchangeable include aspartic acid and glutamic acid
and basic amino acids which may be interchangeable include histidine,
lysine and arginine. Preferably such conservative-substitution variants
have less than 20, more preferably less than 15, more preferably less than
10, and most preferably less than 5 amino acid changes. A region of a P.
gingivalis trypsin-like enzyme - especially a Lys-X-proteinase (Kgp) or
Arg-X-proteinase (RgpA) - that defines a site in an enzyme for cleavage of
a peptide bond can be determined following the teaching of the
specification herein, particularly in relation to Figure 7 and Example 9,
which exemplify the process for predicting threedimensional conformation of
the catalytic site as it appears on P. gingivalis for Lys-Xproteinase.
Example 10 provides methodology for modelling of the Arg-X-proteinase
three-dimensional conformation. In certain embodiments, the chimeric or
fusion protein, or first or second peptide components thereof may be formed
from a peptidomimetic. A peptidomimetic is amolecule that mimics one or
more characteristics of a given peptide, for example conformation, and that
consists of amino acid residues, some of which may not be naturally
occurring. Having identified the immunogenic regions of the catalytic site,
the inventors have determined the sequence of various peptide immunogens
against which a humoral response can be raised. In particular, 'six'
regions that flank or otherwise define the catalytic site have been defined
as follows: KAS1/RAS1 , KAS2/RAS2, KAS3/RAS3, KAS4/RAS4, KAS5/RAS5 and KAS6
(see Table 1). With this information, the inventors have been able to
interrogate protein sequence databases to determine peptides that share
homology with amino acid sequences that form regions that flank a catalytic
site and hence that represent immunogenic epitopes found on P. gingivalis.
The sequence of these peptides are identified by the following structural
formula:Table 1. Sequences that flank the active site of Kgp and RgpA. The
inventors have found that chimeric proteins including these peptides have a
number of utilities. For example, as described herein, some produce a
humoral response that is highly protective for treatment or prevention of
bone loss as observed in chronic periodonitis. The peptides may also be
used in a diagnostic assay wherein they can detect or monitor specificities
in an individual's serum, thereby indicating whether or not the individual
is infected and if so, whether treatments are required or if provided,
whether they have been effective.It will be understood that the region of a
P. gingivalis trypsin-like enzyme that defines a site in the enzyme for
cleavage of a peptide bond located C - terminal to Lys or Arg, does not
comprise a complete sequence of the Lys-X-proteinase or Arg-X-proteinase.
As used herein, the terms "heterologous protein" or "chimeric or fusion
protein" are used to refer to a protein that is composed of functional
units, domains, sequences or regions of amino acids derived from different
sources or that are derived from the same source and that have been
assembled so as to have an organisation that is distinguished from that
observed in a molecule from which the unit, domain, sequence or region is
derived or related to. A common feature of the chimeric or fusion proteins
of the invention is that they contain at least one peptide having an amino
acid sequence that is the same as or that shares homology with a sequence
of a P. gingivalis trypsin-like enzyme that defines a catalytic site for
cleavage of a peptide bond. In a preferred embodiment, where the first
peptide comprises a peptide from the Kgp[432-468] region, it is preferably
(i) a peptide which comprises a sequence selected from VSFANYT and VGFANYT,
more preferably a sequence selected from GVSFANYT, GVGFANYT, VSFANYTA and
VGFANYTA; or (ii) a peptide which comprises a sequence selected from
ETAWAD, ETSWAD, TAWADP and TSWADP, preferably a sequence selected from
SETAWAD, SETSWAD, ETAWADP, ETSWADP, TAWADPL and TSWADPL, more preferably a
sequence selected from GSETAWAD, GSETSWAD, SETAWADP, SETSWADP, ETAWADPL,
ETSWADPL, TAWADPLL and TSWADPLL. More preferably, this peptide is selected
from the KAS1[432-454], KAS2[433-468] and KAS3[436-455] peptides shown in
Table 1. Alternatively, the first peptide may be the PAS1K[432-453]
peptide, also known as PAS1(K48), disclosed in International Patent
Application No. PCT/AU98/0031 1 (WO 98/049192). The sequence identifiers
corresponding to these peptides are shown in Table 3. Similarly, in another
preferred embodiment, where the first peptide comprises a peptide 



from the RgpA[426-462] region, this peptide is preferably selected from the
RAS1[426- 448], RAS2[427-462] and RAS3[430-449] peptides shown in Table 1.
Alternatively, the first peptide may be the PAS1R[426-446] peptide, also
known as PAS1(R45), disclosed in International Patent Application No.
PCT/AU98/0031 1 (WO 98/0491 92).In the chimeric or fusion protein of the
invention, the second peptide may be a peptide from an adhesin domain of a
P. gingivalis trypsin-like enzyme, such as Lys-Xproteinase (Kgp) or
Arg-X-proteinase (RgpA) or HagA (see Table 2). These domains are sometimes
also known as hemagglutinins. In the Lys-X-proteinase, the preferred
domains are KA1 , KA2, KA3, KA4, KA5 as identified in Table 2 . In the
Arg-X-proteinase, the preferred domains are RA1 , RA2, RA3 and RA4 as
identified in Table 2 . In HagA, the preferred domains are HagA1, HagA1 *
and HagA1 * * . Table 2. Adhesin domains of the Kgp and RgpA proteinases.In
addition to improving the humoral response to a peptide of the invention
such as KAS1 , KAS2, KAS3, KAS4, KAS5 and KAS6 or RAS1 , RAS2 and RAS3,
RAS4 and RAS5 when included with such a peptide in a chimeric or fusion
protein, the adhesin domain also contains immunogenic epitopes, hence
leading to the production of multiple specificities to elicit a protective
immunogenic response. The finding that the immunogenic epitopes of the
adhesin domain are retained in a form approaching that in a P. gingivalis
trypsin -like enzyme when provided in the chimeric or fusion protein of the
invention is unanticipated. It will be understood that in these embodiments
of the invention the chimeric or fusion protein may contain any one or more
of the peptides selected from KAS1/RAS1 , KAS2/RAS2, KAS3/RAS3, KAS4/RAS4,
KAS5/RAS5 and KAS6/RAS6 together with any one or more adhesin domains of a
P. gingivalis trypsin-like enzyme, in particular with any one or more of
Lys-X-proteinase adhesin domains (KA1 , KA2, KA3, KA4 and KA5) or
Arg-X-proteinase adhesin domains (RA1 , RA2, RA3 and RA4) or HagA domains
HagA1 , HagA1* and HagA1 * * . It will also be understood that it is not
necessary for the adhesin domain to be a complete domain as observed in a
P. gingivalis trypsin-like enzyme. For example the adhesin domain may be a
fragment of such a domain, in particular, preferred fragments are the KsA1
and KLA1 domain fragments of the Lys-X-proteinase A 1 domain (see Table 2).
Where the domain is a fragment of an adhesin domain it generally contains
one or more adhesin domain specific epitopes. The sequence identifiers
corresponding to the adhesin related peptides are shown in Table 3. In one
embodiment the second peptide or polypeptide includes a sequence shown in
one or more of SEQ ID No: 69 to 79 or one or more of 83 to 85. The chimeric
or fusion protein of the present invention may also include one or more
additional peptides selected from the Kgp[432-468] region of the
Lys-X-proteinase and/or one or more additional peptides selected from the
RgpA[426-462] region of the Arg-X-proteinase.In preferred embodiments of
the present invention, the chimeric or fusion protein includes one or more
of KAS1, KAS2, KAS3, KAS4, KAS5 and KAS6, or one or more of RAS1 , RAS2,
RAS3, RAS4 and RAS5, together with KsA1 or KLA1 . Thus in certain
embodiments, the chimeric or fusion protein may include at least one
further peptide wherein said further peptide includes: (i) part of, or all
of a sequence that is the same as, or homologous to the sequence shown in
SEQ ID No:1 ; or (ii) part of, or all of a sequence that is the same as, or
homologous to the sequence shown in SEQ ID No:2; or (iii) part of, or all
of a sequence that is the same as, or homologous to the sequence of an
adhesin domain of the Lys-X-proteinase of P. gingivalis; or (iv) part of,
or all of a sequence that is the same as, or homologous to the sequence of
an adhesin domain of the Arg-X-proteinase of P. gingivalis; or (v) part of,
or all of a sequence that is the same as, or homologous to the sequence of
a HagA adhesin domain of P. gingivalis. Other examples of domains, units,
sequences or regions that may be included in a chimeric or fusion protein
as described herein include domains for binding to receptors or ligands
such as Fc binding regions or Fc receptors, domains for improving half-life
such as albumin or domains for facilitating expression or purification of
the chimeric or fusion protein. 



In the chimeric or fusion proteins of the present invention, the C-terminal
residue of the first peptide may be covalently linked to the N-terminal
residue of an adhesin domain polypeptide, or the N-terminal residue of the
first peptide may be covalently linked to the C-terminal residue of an
adhesin domain polypeptide. In this arrangement, the first peptide and
adhesin domain polypeptide, are said to be "directly linked" or "adjacent".
In other embodiments, the chimeric or fusion protein includes a linker for
linking the first peptide to an adhesin domain polypeptide. The linker may
be any linker able to join a peptide to a polypeptide, including both amino
acid and non-amino acid linkers. Preferably, the linker is non-immunogenic.
Suitable linkers may be up to 15 amino acids in length, although less than
five amino acids is preferred. The linker may functionto bring the first
peptide and adhesin domain polypeptide into a closer spatial arrangement
than normally observed in a P. gingivalis trypsin-like enzyme.
Alternatively, it may space the first peptide and adhesin domain
polypeptide apart. The chimeric or fusion proteins of the invention may be
produced by recombinant expression systems (such as recombinant DNA
technology) or by chemical synthesis (such as solid phase peptide
synthesis). These techniques are well known in the art. The heterologous or
chimeric protein is particularly advantageous because it improves the
humoral response obtained over that obtained using the first or second
peptide components of the chimeric or fusion protein alone. The inventors
have found that chimeric proteins including these peptides have a number of
utilities. For example, as described herein, some produce a humoral
response that is highly protective for treatment or prevention of bone loss
as observed in chronic periodontitis. The peptides may also be used in a
diagnostic assay wherein they can detect or monitor specificities in an
individual's serum, thereby indicating whether or not the individual is
infected and if so, whether treatments are required or if provided, whether
they have been effective. In one embodiment, the chimeric or fusion protein
induces a protective immune response, typically a response that at least
minimises or limits connective tissue damage otherwise associated with P.
gingivalis infection. In one embodiment the protective response at least
minimises or limits P.gingivalis induced bone loss. A model system for
measuring bone loss mediated by P. gingivalis infection is discussed
herein. Typically the protective immune response is predominantly a humoral
reponse. In certain embodiments the protective immune response also
includes a cellular response. The present invention also provides a
composition including a chimeric or fusion protein as broadly described
above. Typically the composition is antigenic or immunogenic. More
particularly, the invention provides a composition suitable for eliciting a
protective or therapeutic immune response against P. gingivalis infection,
including the chimeric or fusion protein, optionally in association with an
adjuvant. Such a composition may also include another component for
modulating or potentiating the immune response. One embodiment, the
composition takes the form of a vaccine.Various adjuvants are known for use
in conjunction with vaccine compositions. The adjuvants aid by modulating
the immune response and in attaining a more durable and higher level of
immunity using smaller amounts of vaccine antigen or fewer doses than if
the vaccine antigen were administered alone. Examples of adjuvants include
incomplete Freund's adjuvant (IFA), Adjuvant 65 (containing peanut oil,
mannide monooleate and aluminium monostearate), oil emulsions, Ribi
adjuvant, the pluronic polyols, polyamines, Avridine, Quil A, saponin, MPL,
QS-21 , mineral gels such as aluminium salts and calcium salts,
nanoparticles such as hydroxyapatite, calcium phosphate, aluminium salts,
sugar oligomers and polymers such as mannan, chitosan. Other examples
include oil in water emulsions such as SAF-1 , SAF-O, MF59, Seppic ISA720,
and other particulate adjuvants such ISCOMs(tm) and ISCOM matrix(tm). An
extensive but not exhaustive list of other examples of adjuvants are listed
in Cox and Coulter 1992 [In: Wong WK (ed.) Animals parasite control
utilising technology. Bocca Raton; CRC press, 1992; 49-1 12]. In addition
to the adjuvant, the vaccine composition may include conventional
pharmaceutically acceptable carriers, excipients, fillers, buffers or
diluents as appropriate. One or more doses of the vaccine composition
containing adjuvant may be administered prophylactically to prevent
periodontitis or therapeutically to treat already present periodontitis. In
a preferred composition, the chimeric or fusion protein is combined with a
mucosal adjuvant and administered via the oral, buccal or nasal route.
Examples of mucosal 



adjuvants are nanoparticles, cholera toxin and heat labile E. coli toxin,
the non-toxic B subunits of these toxins, genetic mutants of these toxins
which have a reduced toxicity. Other methods which may be utilised to
deliver the antigenic protein orally/buccally/nasally include incorporation
or absorption of the protein into or onto particles of biodegradable
polymer (such as acrylates or polyesters) or nanoparticles (such as
hydroxyapatite) by microencapsulation to aid uptake of the microspheres
from the gastrointestinal tract or other mucosal surfaces and to protect
degradation of the proteins. Liposomes, ISCOMs(tm), hydrogels are examples
of other potential methods which may be further enhanced by the
incorporation of targeting molecules such as LTB, CTB or lectins for
delivery of the antigenic protein to the mucosal immune system. In addition
to the antigenic protein and the mucosal adjuvant or delivery system, the
vaccine composition may include conventional pharmaceutically acceptable
carriers,excipients, fillers, coatings, dispersion media, antibacterial or
antifungal agents, and buffers or diluents as appropriate. In this aspect,
the invention also provides a method of preventing or reducing the
incidence or severity of a P. g/ng/Va//s-related condition or disease in a
subject, which comprises administering to the subject a chimeric or fusion
protein as described above, or an composition as described above. The
subject may be a human or other animal subject, and is preferably a human.
Typically, the P. gingivalis-related condition or disease is chronic
periodontis, however it may also be bone loss, especially alveolar bone
loss, or coronary artery disease. Many methods are known for administration
of a vaccine composition to a human or animal subject, including but not
limited to intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal, sub-lingual, buccal and oral administration.
These routes of administration are particularly useful for vaccination. In
another aspect, the invention provides an antibody, preferably a monoclonal
antibody, raised against a chimeric or fusion protein as broadly described
above. These antibodies may be produced by standard techniques, and may be
used in passive immunisation of a subject. Accordingly, in this aspect, the
invention also provides a method of preventing or reducing the severity of
a P. gingivalis-re\ate disease or condition in a subject, which comprises
administering to the subject an antibody as described above. In a further
aspect, the present invention provides a nucleic acid molecule including a
nucleotide sequence encoding a chimeric or fusion protein as broadly
described above, optionally operatively linked to at least one regulatory
element. In one embodiment the nucleic acid is provided in isolated or
substantially purified form. The nucleic acid molecule may, for example, be
inserted into a suitable expression vector for production of the chimeric
protein as a recombinant protein by insertion of the expression vector into
a prokaryotic or eukaryotic host cell. Successful expression of the
recombinant protein requires that the expression vector contains the
necessary regulatory elements for transcription and translation which are
compatible with, and recognised by the particular host cell system used for
expression. A variety of host cellsystems may be utilized to express the
recombinant protein, which include, but are not limited to bacteria
transformed with a bacteriophage vector, plasmid vector, or cosmid DNA;
yeast containing yeast vectors; fungi containing fungal vectors; insect
cell lines infected with virus (e.g. baculovirus); and mammalian cell lines
transfected with plasmid or viral expression vectors, or infected with
recombinant virus (e.g. vaccinia virus, adenovirus, adeno-associated virus,
retrovirus, etc). Using methods known in the art of molecular biology,
various promoters and enhancers can be incorporated into the expression
vector, to increase the expression of the recombinant protein, provided
that the increased expression of the amino acid sequences is compatible
with (for example, non-toxic to) the particular host cell system used. The
selection of the promoter will depend on the expression system used.
Promoters vary in strength, i.e. ability to facilitate transcription.
Generally, it is desirable to use a strong promoter in order to obtain a
high level of transcription of the coding nucleotide sequence and
expression into recombinant protein. For example, bacterial, phage, or
plasmid promoters known in the art from which a high level of transcription
have been observed in a host cell system including E. coli include the lac
promoter, trp promoter, recA promoter, ribosomal RNA promoter, the PR and
PL promoters, lacUV5, ompF, bla, 



Ipp, and the like, may be used to provide transcription of the inserted
nucleotide sequence encoding amino acid sequences. Other control elements
for efficient transcription or translation include enhancers, and
regulatory signals. Enhancer sequences are DNA elements that appear to
increase transcriptional efficiency in a manner relatively independent of
their position and orientation with respect to a nearby coding nucleotide
sequence. Thus, depending on the host cell expression vector system used,
an enhancer may be placed either upstream or downstream from the inserted
coding sequences to increase transcriptional efficiency. Other regulatory
sites, such as transcription or translation initiation signals, can be used
to regulate the expression of the coding sequence. In another embodiment,
the vector may be a viral or bacterial vaccine vector, and used to provide
a recombinant viral vaccine, a recombinant bacterial vaccine, a recombinant
attenuated bacterial vaccine, or an inactivated recombinant viral vaccine.
Vaccinia virusis the best known example, in the art, of an infectious virus
that is engineered to express vaccine antigens derived from other
organisms. The recombinant live vaccinia virus, which is attenuated or
otherwise treated so that it does not cause disease by itself, is used to
immunize the host. Subsequent replication of the recombinant virus within
the host provides a continual stimulation of the immune system with the
vaccine antigens thereby providing long lasting immunity. Other live
vaccine vectors include: adenovirus, cytomegalovirus, and preferably the
poxviruses such as vaccinia [Paoletti and Panicali, U.S. Patent No. 4,603,1
12] and attenuated Salmonella strains [Stocker et ai, U.S. Patent No.
5,210,035; 4,837,151 ; and 4,735,801; and Curtiss et ai, 1988, Vaccine
6:155-160]. Live vaccines are particularly advantageous because they
continually stimulate the immune system which can confer substantially
long-lasting immunity. When the immune response is protective against
subsequent P. gingivalis infection, the live vaccine itself may be used in
a preventive vaccine against P. gingivalis. In particular, the live vaccine
can be based on a bacterium that is a commensal inhabitant of the oral
cavity. This bacterium can be transformed with a vector carrying a
recombinant chimeric protein and then used to colonise the oral cavity, in
particular the oral mucosa. Once colonised in the oral mucosa, the
expression of the recombinant protein will stimulate the mucosal associated
lymphoid tissue to produce neutralising antibodies. To further illustrate
this embodiment, using molecular biological techniques well known in the
art, nucleotide sequences encoding the chimeric proteins of this invention
may be inserted into the vaccinia virus genomic DNA at a site which allows
for expression of epitopes but does not negatively affect the growth or
replication of the vaccinia virus vector. The resultant recombinant virus
can be used as the immunogen in a vaccine formulation. The same methods can
be used to construct an inactivated recombinant viral vaccine formulation
except that the recombinant virus is inactivated, such as by chemical means
known in the art, prior to use as an immunogen and without substantially
affecting the immunogenicity of the expressed immunogen. The inactivated
recombinant-vaccine may be formulated with a suitable adjuvant in order to
enhance the immunological response to the vaccine antigens. The invention
also provides for the use of a nucleic acid molecule including a nucleotide
sequence encoding a chimeric or fusion protein of this invention directly
as the vaccineformulation. Nucleotide sequences encoding the chimeric
proteins, operatively linked to one or more regulatory elements, can be
introduced directly to vaccinate an individual ("direct gene transfer")
against pathogenic strains of P. gingivalis. Direct gene transfer into a
vaccinated individual, resulting in expression of the genetic material by
the vaccinated individual's cells such as vascular endothelial cells as
well as the tissue of the major organs, has been demonstrated by techniques
in the art such as by injecting intravenously an expression
plasmid:cationic liposome complex [Zhu et ai, 1993, Science 261 :209-21 1].
Other effective methods for delivering vector DNA into a target cell are
known in the art. In one example, purified recombinant plasmid DNA
containing viral genes has been used to inoculate (whether parenterally,
mucosally, or via genegun immunization) vaccines to induce a protective
immune response [Fynan et al. 1993, Proc Natl Acad Sci USA 90:1 1478-1
1482]. In another example, cells removed from an individual can be
transfected or electroporated by standard procedures known in the art,
resulting in the introduction of the recombinant vector DNA intra the
target cell. Cells containing the recombinant vector DNA may then be
selected for using methods known 



in the art, such as by use of a selection marker expressed in the vector,
and the selected cells may then be re-introduced into the individual to
express the recombinant protein. In this aspect, the invention further
provides a method of preventing or reducing the incidence or severity of a
P. gingivalis-re\a\.ed condition or disease in a subject, which comprises
administering to the subject a nucleic acid molecule as described above, a
vector as described above, or a prokaryotic or eukaryotic cell as described
above. In other embodiments there is provided a pharmaceutical composition
including a chimeric or fusion protein or an antibody as described above.
The composition may further include diluent, excipient, or carrier or
chemotherapeutic agent for treatment of a P. gingivalis-related condition
or disease and may be adapted for oral administration. The compositions of
this invention may be incorporated in lozenges, or in chewing gum or other
products, e.g. by stirring into a warm gum base or coating the outer
surface of a gum base, illustrative of which are jelutong, rubber latex,
vinylite resins, etc., desirably with conventional plasticizers or
softeners, sugar or other sweeteners or such as glucose, sorbitol and the
like.An oral composition of this invention which contains the
above-mentioned pharmaceutical composition may be prepared and used in
various forms applicable to the mouth such as dentifrice including
toothpastes, toothpowders and liquid dentifrices, mouthwashes, troches,
chewing gums, dental pastes, gingival massage creams, gargle tablets, dairy
products and other foodstuffs. An oral composition according to this
invention may further include additional well known ingredients depending
on the type and form of a particular oral composition. In certain preferred
forms of the invention the oral composition may be substantially liquid in
character, such as a mouthwash or rinse. In such a preparation the vehicle
is typically a water-alcohol mixture desirably including a humectant as
described below. Generally, the weight ratio of water to alcohol is in the
range of from about 1:1 to about 20:1. The total amount of water-alcohol
mixture in this type of preparation is typically in the range of from about
70 to about 99.9% by weight of the preparation. The alcohol is typically
ethanol or isopropanol. Ethanol is preferred. The pH of such liquid and
other preparations of the invention is generally in the range of from about
5 to about 9 and typically from about 5.0 to 7.0. The pH can be controlled
with acid (e.g. citric acid or benzoic acid) or base (e.g. sodium
hydroxide) or buffered (as with sodium citrate, benzoate, carbonate, or
bicarbonate, disodium hydrogen phosphate, sodium dihydrogen phosphate,
etc). In other desirable forms of this invention, the pharmaceutical
composition may be substantially solid or pasty in character, such as
toothpowder, a dental tablet or a toothpaste (dental cream) or gel
dentifrice. The vehicle of such solid or pasty oral preparations generally
contains dentally acceptable polishing material. In a toothpaste, the
liquid vehicle may comprise water and humectant typically in an amount
ranging from about 10% to about 80% by weight of the preparation.
Glycerine, propylene glycol, sorbitol and polypropylene glycol exemplify
suitable humectants/carriers. Also advantageous are liquid mixtures of
water, glycerine and sorbitol. In clear gels where the refractive index is
an important consideration, about 2.5 - 30% w/w of water, 0 to about 70%
w/w of glycerine and about 20-80% w/w of sorbitol are preferably
employed.Toothpaste, creams and gels typically contain a natural or
synthetic thickener or gelling agent in proportions of about 0.1 to about
10, preferably about 0.5 to about 5% w/w. A suitable thickener is synthetic
hectorite, a synthetic colloidal magnesium alkali metal silicate complex
clay available for example as Laponite (e.g. CP, SP 2002, D) marketed by
Laporte Industries Limited. Laponite D is, approximately by weight 58.00%
Siq 2, 25.40% MgO, 3.05% Na2O, 0.98% Li2O, and some water and trace metals.
Its true specific gravity is 2.53 and it has an apparent bulk density of
1.0 g/ml at 8% moisture. Other suitable thickeners include Irish moss, iota
carrageenan, gum tragacanth, starch, polyvinylpyrrolidone,
hydroxyethylpropylcellulose, hydroxybutyl methyl cellulose, hydroxypropyl
methyl cellulose, hydroxyethyl cellulose (e.g. available as Natrosol),
sodium carboxymethyl cellulose, and colloidal silica such as finely ground
Syloid (e.g. 244). Solubilizing agents may also be included such as
humectant polyols such propylene glycol, dipropylene glycol and hexylene
glycol, cellosolves such as methyl cellosolve and ethyl cellosolve,
vegetable oils and waxes containing at least about 12 



carbons in a straight chain such as olive oil, castor oil and petrolatum
and esters such as amyl acetate, ethyl acetate and benzyl benzoate. It will
be understood that, as is conventional, the oral preparations will usually
be sold or otherwise distributed in suitable labelled packages. Thus, a
bottle of mouth rinse will have a label describing it, in substance, as a
mouth rinse or mouthwash and having directions for its use; and a
toothpaste, cream or gel will usually be in a collapsible tube, typically
aluminium, lined lead or plastic, or other squeeze, pump or pressurized
dispenser for metering out the contents, having a label describing it, in
substance, as a toothpaste, gel or dental cream. Organic surface-active
agents may be used in the compositions of the present invention to achieve
increased prophylactic action, assist in achieving thorough and complete
dispersion of the active agent throughout the oral cavity, and render the
instant compositions more cosmetically acceptable. The organic
surface-active material is preferably anionic, non-ionic or ampholytic in
nature and preferably does not interact with the active agent. It is
preferred to employ as the surface-active agent a detersive material which
imparts to the composition detersive and foaming properties. Suitable
examples of anionic surfactants are water-soluble salts of higher fatty
acidmonoglyceride monosulfates, such as the sodium salt of the monosulfated
monoglyceride of hydrogenated coconut oil fatty acids, higher alkyl
sulfates such as sodium lauryl sulfate, alkyl aryl sulfonates such as
sodium dodecyl benzene sulfonate, higher alkylsulfo-acetates, higher fatty
acid esters of 1,2-dihydroxy propane sulfonate, and the substantially
saturated higher aliphatic acyl amides of lower aliphatic amino carboxylic
acid compounds, such as those having 12 to 16 carbons in the fatty acid,
alkyl or acyl radicals, and the like. Examples of the last mentioned amides
are N-lauroyl sarcosine, and the sodium, potassium, and ethanolamine salts
of N-lauroyl, N-myristoyl, or N-palmitoyl sarcosine which should be
substantially free from soap or similar higher fatty acid material.
Examples of water-soluble non-ionic surfactants suitable for use are
condensation products of ethylene oxide with various reactive
hydrogen-containing compounds reactive therewith having long hydrophobic
chains (e.g. aliphatic chains of about 12 to 20 carbon atoms), which
condensation products ("ethoxamers") contain hydrophilic polyoxyethylene
moieties, such as condensation products of poly (ethylene oxide) with fatty
acids, fatty alcohols, fatty amides, polyhydric alcohols (e.g. sorbitan
monostearate) and polypropyleneoxide (e.g. Pluronic materials). The surface
active agent is typically present in amount of about 0.1-5% by weight. It
is noteworthy, that the surface active agent may assist in the dissolving
of the active agent of the invention and thereby diminish the amount of
solubilizing humectant needed. Various other materials may be incorporated
in the oral preparations of this invention such as whitening agents,
preservatives, silicones, chlorophyll compounds and/or ammoniated material
such as urea, diammonium phosphate, and mixtures thereof. These adjuvants,
where present, are incorporated in the preparations in amounts which do not
substantially adversely affect the properties and characteristics desired.
Any suitable flavouring or sweetening material may also be employed.
Examples of suitable flavouring constituents are flavouring oils, e.g. oil
of spearmint, peppermint, wintergreen, sassafras, clove, sage, eucalyptus,
marjoram, cinnamon, lemon, and orange, and methyl salicylate. Suitable
sweetening agents include sucrose, lactose, maltose, sorbitol, xylitol,
sodium cyclamate, perillartine, AMP (aspartyl phenyl alanine, methyl
ester), saccharine, and the like. Suitably, flavour and sweetening agents
may each or together comprise from about 0.1 % to 5% more of the
preparation.Compositions intended for oral use may be prepared according to
any method known in the art for the manufacture of pharmaceutical
compositions and such compositions may contain one or more agents selected
from the group consisting of sweetening agents, flavouring agents,
colouring agents and preserving agents in order to provide pharmaceutically
elegant and palatable preparations. Tablets contain the active ingredient
in admixture with non-toxic pharmaceutically acceptable excipients which
are suitable for the manufacture of tablets. These excipients may be for
example, inert diluents, such as calcium carbonate, sodium carbonate,
lactose, calcium phosphate or sodium phosphate; granulating and
disintegrating agents, for example, corn starch, or alginic acid; binding
agents, for example starch, gelatin or acacia, and lubricating agents, for
example magnesium stearate, stearic acid or talc. The tablets may be
uncoated or they may be coated by known techniques to delay disintegration
and 



absorption in the gastrointestinal tract or periodontal pocket and thereby
provide a sustained action over a longer period. For example, a time delay
material such as glyceryl monostearate or glyceryl distearate may be
employed. Formulations for oral use may also be presented as hard gelatin
capsules wherein the active ingredient is mixed with an inert solid
diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as
soft gelatin capsules wherein the active ingredient is mixed with water or
an oil medium, for example peanut oil, liquid paraffin or olive oil.
Aqueous suspensions contain the active materials in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such
excipients are suspending agents, for example sodium
carboxymethylcellulose, methylcellulose, hydropropyl methylcellulose,
sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents may be a naturally-occurring phosphatide, for
example, lecithin, or condensation products of an alkylene oxide with fatty
acids, for example polyoxyethylene stearate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide
with partial esters derived from fatty acids and a hexitol such as
polyoxyethylene sorbitol monooleate, or condensation products of ethylene
oxide with partial esters derived from fatty acids and hexitol anhydrides,
for example polyethylene sorbitan monooleate.The aqueous suspensions may
also contain one or more preservatives or antimicrobial agents, for example
benzoates, such as ethyl, or n-propyl p-hydroxybenzoate another example is
chlorhexidine gluconate, one or more colouring agents, one or more
flavouring agents, and one or more sweetening agents, such as sucrose or
saccharin. Oily suspensions may be formulated by suspending the active
ingredients in a vegetable oil, for example arachis oil, olive oil, sesame
oil or coconut oil, or in a mineral oil such as liquid paraffin. The oily
suspensions may contain a thickening agent, for example beeswax, hard
paraffin or cetyl alcohol. Sweetening agents such as those set forth above,
and flavouring agents may be added to provide palatable oral preparations.
These compositions may be preserved by the addition of an anti-oxidant such
as ascorbic acid. In a further aspect, the present invention provides a
method for the diagnosis or monitoring of a P. gingivalis-related condition
or disease in a subject, which comprises use of a chimeric or fusion
protein as described above to detect anti-P. gingivalis antibodies in a
biological sample from said subject. In yet another aspect, the invention
provides a method for the diagnosis or monitoring of a P.
g/ng/Va/Zs-related condition or disease in a subject, which comprises use
of an antibody as described above, to detect the presence of P. gingivalis
in a biological sample from said subject. In yet another aspect, the
invention provides a peptide for inducing an immune response to P.
gingivalis including the sequence shown in one of SEQ ID No: 17, 18, 25 and
26. In one embodiment, the peptide has a sequence that is homologous to one
of SEQ ID No: 17, 18, 25 and 26. The peptide may have a length of 5 to 40
amino acids. In yet another aspect, the invention provides a nucleic acid
encoding a peptide having a sequence shown in one of SEQ ID No: 17, 18, 25
and 26. In yet another aspect, the invention provides a use of a peptide
having a sequence shown in one of SEQ ID No: 17, 18, 25 and 26, or a
nucleic acid encoding a peptide having a sequence shown in one of SEQ ID
No: 17, 18, 25 and 26, for the manufacture of a chimeric or fusion protein
for inducing an immune response to P. gingivalis.In yet another aspect, the
invention provides a use of a peptide having a sequence shown in one of SEQ
ID No: 17, 18, 25 and 26, or a nucleic acid encoding a peptide having a
sequence shown in one of SEQ ID No: 17, 18, 25 and 26, for inducing an
immune response to P. gingivalis. In one embodiment, the peptide is
administered simultaneously or sequentially with a second peptide
including: (i) part of, or all of a sequence that is the same as, or
homologous to the sequence of an adhesin domain of the Lys-X-proteinase of
P. gingivalis; or (ii) part of, or all of a sequence that is the same as,
or homologous to the sequence of an adhesin domain of the Arg-X-proteinase
of P. gingivalis; or (iii) part of, or all of a sequence that is the same
as, or homologous to the sequence of a HagA adhesin domain of P.
gingivalis. Table 3Improved integrated chemical process 



The present invention relates to a process for the permanent and safe
sequestration of carbon dioxide gas and is particularly concerned with an
efficient and economically viable integrated process for the chemical
conversion of carbon dioxide to solid carbonates thereby reducing the
accumulation of carbon dioxide in the atmosphere. The sequestration of
carbon dioxide gas in repositories that are isolated from the atmosphere is
a developing technology that is widely recognised as an essential element
in global attempts to reduce carbon dioxide emissions to the atmosphere.
The rapid increase in atmospheric carbon dioxide concentrations is of
concern due to its properties as greenhouse gas and its contribution to the
phenomena of global warming and climate change. Prototype demonstration
facilities for the capture and sequestration of carbon dioxide exist in
several countries. While various technologies exist for the capture and
concentration of carbon dioxide in combustion flue gases, most current
facilities utilise underground sequestration known as geosequestration.
This may occur in depleted oil or gas reservoirs or other underground
porous formations that are suitably isolated from the atmosphere. These
reservoirs or formations may be situated under land or sea. Another
possible subterranean repository for carbon dioxide gas is so-called saline
aquifers. Direct storage of carbon dioxide in the deep ocean has also been
investigated but has yet to be successfully demonstrated on any significant
scale. Another field of study is that known as mineral carbonation; whereby
carbon dioxide is chemically reacted with alkaline and alkaline-earth metal
oxide or silicate minerals to form stable solid carbonates. The use of this
route in a mineral carbonation process plant using minerals that have been
extracted and processed is known as ex-situ mineral carbonation, as opposed
to in-situ carbonation whereby carbon dioxide is deposited into underground
mineral formations and reacts over longer timeframes with such minerals in
existing underground formations. The present invention is concerned with
the ex-situ approach to carbon dioxide sequestration via mineral
carbonation. Mineral carbonation has a number of potential advantages over
other methods of carbondioxide sequestration. These include relative
permanence and stability and the elimination of any risks of leakage of
carbon dioxide gas. Furthermore, suitable subterranean sites for
geosequestration do not exist at all locations where they are required. The
chemical reactions of mineral carbonation are also thermodynamically
favoured, with an exothermic release of energy due to the formation of the
carbonates. Many of the minerals required for mineral carbonation are
abundant and widely distributed globally. These minerals may be readily
mined and subjected to known comminution and other technologies. They are
generally benign and the environmental and safety risks are readily
manageable. In particular, the mineral broadly known as serpentine has been
estimated to be available in quantities sufficient to sequester all global
emissions of carbon dioxide from known fossil fuel reserves. The present
invention focuses on a process for mineral carbonation of magnesium
silicate hydroxide such as serpentine or talc. The mineral carbonation
chemical reaction for serpentine is given here: V3Mg3Si2O5(OH)4 + CO2 =
MgCO3 + 2/3Si0 2 + 2/3H2O The invention assumes that a stream containing
carbon dioxide is available for such mineral carbonation. Such streams may
originate from flue gases from any combustion process, especially those for
production of steam for electricity generation, or from processes known in
the art as gasification or gas reforming, as well as from typical chemical
manufacturing processes such as ammonia or Portland cement manufacture. The
concentration of carbon dioxide in such streams may be substantially raised
via technological routes known in the field. These include so-called carbon
capture technologies such as those employing membrane separation technology
or alternatively those employing carbon dioxide solvents such as amines,
ammonia or ammonia compounds. In the latter case, these solvents capture
the carbon dioxide from dilute streams such as flue gases and then undergo
solvent regeneration to release the concentrated streams of carbon dioxide
and the regenerated solvent for use in further capture. Alternatively, in a
process known as "oxy-fuel combustion", streams of concentrated carbon
dioxide and water vapour may be formed directly in the combustion processes
via the use of oxygen rather than air to feed the combustion process.
Another process known as gasification produces hydrogen and relatively pure
carbon dioxidestreams through the gasification of hydrocarbonaceous fuels
under suitable process conditions. The present invention is concerned with
the solidification of carbon dioxide, for example 



carbon dioxide present in the gas streams mentioned above, in the process
of mineral carbonation as described herein. While it is advantageous to use
highly concentrated streams of carbon dioxide in the present invention, the
use of lower purity streams is not precluded. In particular, the presence
of water in such streams is not necessarily unfavourable since the process
uses aqueous slurries whose water content may be readily adjusted if
required. Furthermore, the key aspects of the current invention may be
applied to slower or less intensive processes for carbon dioxide
sequestration. These may include for example carbon dioxide sequestration
from the atmosphere. The present invention provides significant
improvements over previous processes. In particular this invention improves
an earlier process described in the Applicant's own published International
patent application WO2008/061305. That invention described an integrated
direct fuel-fired activation process for alkali or alkali earth metal
silicate mineral feedstocks such as serpentine and the necessary integrated
solvent processes for the carbonation reactions required for viable ex-situ
sequestration. Relevant prior art was also acknowledged in WO2008/061305
and may be taken as reference prior art for the present invention. The
present invention renders the overall process more economically favourable
than previously anticipated and more competitive with alternative forms of
carbon dioxide sequestration. The process thereby provides a more
economically favourable means of conversion of carbon dioxide into stable
magnesium carbonate for reducing the amount of carbon dioxide released to
the atmosphere. Accordingly, the present invention provides a process for
the solidification of carbon dioxide by reacting of carbon dioxide with
magnesium silicate hydroxide mineral feedstock which process comprises
direct thermal activation of the magnesium silicate hydroxide feedstock by
combustion of fuel to produce an activated feedstock, separation- A - from
the activated feedstock of metal oxides at least substantially excluding
magnesium oxide and magnesium silicate to produce a residual activated
feedstock, before or after said separation step suspension of the activated
feedstock in a solvent to form a slurry, and contacting the slurry of
residual activated feedstock with carbon dioxide to convert the carbon
dioxide into magnesium carbonate. An important aspect of the present
invention involves the separation of metal oxides other than magnesium
oxide and magnesium silicate from the activated feedstock after the direct
fuel-fired thermal activation of the feedstock. As taught by WO2008/061305,
activation is achieved by combustion of a fuel with the heat released by
said combustion being applied directly to the feedstock. The said direct
thermal activation of magnesium silicate hydroxide mineral feedstock
results in the formation of forsterite or magnesium silicate, magnesium
oxide, silica and water together with other, usually minor in proportion,
constituent metal oxides originally present in the said mineral feedstock.
It has now been discovered that the separation of metal oxides, other than
magnesium oxide and magnesium silicate, may advantageously be performed
after the process of direct thermal activation to produce a residual
activated feedstock stream richer in magnesium oxide and magnesium silicate
and with reduced quantities of other metal oxides prior to reaction with
carbon dioxide. Such removal of other metal oxides substantially reduces
the downstream process requirements. Metal oxides that can be removed in
this process include oxides of one ore more of iron, silicon, aluminium,
manganese, chromium, nickel, titanium, copper, potassium, phosphorus,
calcium and sodium. Oxides that are of low commercial value such as those
of silicon and aluminium, or are present in insufficient quantities to be
of commercial value, such as those of potassium, phosphorous and sodium,
can thus be withdrawn from the process for waste disposal. T hose metal
oxides of sufficient commercial value contained in the feedstock can thus
also be recovered from the separated stream after such direct thermal
activation. Such minerals would typically comprise the oxides of iron
chromium, nickel and manganese. Thus, the separation of silica and other
metal oxides after direct thermal activation reduces the downstream process
requirements and costs while the recovery of the valuable metaloxides
provides a revenue stream. The overall process is thus rendered more
economically competitive with other forms of carbon dioxide sequestration.
In accordance with the present invention, the separation of metal oxides at
least substantially excluding magnesium oxide and magnesium silicate after
direct thermal activation may be achieved by various separation means, such
as density or gravity 



separation, centrifugal separation, flotation, filtration, magnetic
separation, electrostatic separation and combinations of one or more
thereof. Particularly advantageous density separation technologies for the
purpose of this invention include processes using spirals, hindered
settling vessels, cyclones, hydrocyclones and combinations thereof.
Combinations of density separation and magnetic separation may be
particularly beneficial, for example for recovering and concentrating iron
ore in particular. It will be understood by those skilled in the art that
such separation processes have associated separation efficiencies, thus
invariably resulting in imperfect separation and thus carry-over of some
portion of the components to be separated into the other, separated,
stream. For example, a proportion of the metal oxides to be separated from
the residual activated feedstock stream will invariably be carried over
into said residual activated feedstock stream and vice versa. A certain
proportion of magnesium oxide and/or magnesium silicate may thus also be
lost into the separated metal oxide streams. However, the aim is to
substantially retain the largest proportion of the magnesium oxide and
magnesium silicate in the residual activated feedstock stream. Hence metal
oxides, at least substantially excluding magnesium oxide and magnesium
silicate are separated from the residual activated feedstock after direct
thermal activation. For the purposes of the present invention "at least
substantially excluding magnesium oxide and magnesium silicate" generally
means excluding at least 50% of the total magnesium oxide and magnesium
silicate originally present in the activated feedstock after direct thermal
activation. Thus, at least 50% of the magnesium oxide and magnesium
silicate is retained in the residual activated feedstock stream.
Preferably, a higher proportion of the magnesium oxide and magnesium
silicate is retained in said residual activated feedstock stream, most
preferably in excess of 75% by weight.The use of density separation has
been found to be particularly advantageous as it permits metal oxides which
are generally of low economic value to be separated into a low density
stream while also separating the metal oxides of high economic value into a
high density stream. The residual activated feedstock stream containing
most of the originally present magnesium oxide and magnesium silicate forms
a stream of intermediate density for the subsequent process of conversion
into magnesium carbonate. The residual activated feedstock is suspended in
a solvent slurry and subsequently contacted with carbon dioxide to convert
the carbon dioxide to magnesium carbonate. Preferably, said residual
activated feedstock is contacted with supercritical, liquefied or
high-pressure gaseous carbon dioxide to substantially convert the carbon
dioxide to magnesium carbonate. The term high-pressure in the context of
this disclosure refers to pressures in excess of 5 bar, more preferably in
excess of 50 bar. Typically, the magnesium silicate hydroxide mineral
feedstock comprises mostly (at least 50% by weight) serpentine or talc. In
general the magnesium silicate hydroxide mineral feedstock will be
subjected to comminution by crushing and/or grinding subsequent to its
extraction. As described in WO2008/061305, comminution to the final desired
particle size distribution for the carbonation reaction may be done either
before or after the direct thermal activation step. The final desired
particle size distribution for the carbonation reaction is about 75 microns
or less. While grinding to this size may be performed before the direct
thermal activation, it may be advantageous to perform initial coarser
comminution to a size of about 500 microns or less prior to the direct
combustion heating followed by subsequent further comminution to the said
final desired particle size for the carbonation reaction. Such subsequent
grinding may advantageously be done in a wet grinding process with the
activated feedstock mixed with solvent slurry prior to the metal oxide
separation step. The initial coarser comminution before the direct thermal
activation step may advantageously be done in a dry grinding process,
thereby reducing the heat load required in the said direct thermal
activation step.The most preferable process involves optimal use of heat
integration throughout the process. Heat recovered in cooling operations is
optimally employed to provide heat or energy where required. For example,
pre-heating of the magnesium silicate hydroxide mineral feedstock may be
achieved using one or more heating vessels utilising heat recovered from
various points in the process. These points include the exothermic
carbonation reaction, which will generally take place in reaction vessels
maintained at temperatures below 200 degrees Celsius, more commonly below
about 150 degrees Celsius, the compression of the carbon dioxide, the hot
flue gases from the direct thermal 



activation process including the water vapour released by dehydroxylation
and the hot activated feedstock after direct thermal activation. Heat
recovered from these points may be used in other process steps requiring
heat input such as said pre-heating of the magnesium silicate hydroxide
mineral feedstock, and heating of the residual activated feedstock slurry
stream to the carbonation reactor vessel temperature. Further heating may
also be achieved by integration with an associated combustion,
gasification, reforming or electricity generation plant, whose carbon
dioxide emissions are the subject of the current sequestration process. In
particular, use may be made of any low-grade heat recovered from said
associated plant that cannot be used in electricity generation turbines or
other processes within said associated plant. Advantageously, the magnesium
silicate hydroxide mineral feedstock and/or air for combustion may be
pre-heated using such recovered heat prior to entering the combustion
heating vessel. Alternatively, energy recovered from said cooling
operations may be employed to drive pumps or compressors. In this regard,
steam from any said cooling operations may particularly advantageously be
employed in driving pumps or compressors for compression of the carbon
dioxide. Thus, in an embodiment of the invention the magnesium silicate
hydroxide mineral feedstock is pre-heated prior to direct thermal
activation by application of the heat released by combustion of the fuel
using heat liberated from the reaction of carbon dioxide with the activated
feedstock and/or low grade or waste heat drawn from an associated
carbonaceous or hydrocarbonaceous fuel combustion, gasification, reforming
or electricity generation process and/or heat drawn from cooling the
products from the fuel-fired heating vessel and/or heat drawn from cooling
the carbon dioxide after compression.As disclosed in WO2008/061305, the
magnesium silicate hydroxide mineral feedstock, preferably pre-heated as
disclosed herein, is finally heated in a suitable heating vessel utilising
the heat released form combustion of a hydrocarbonaceous fuel to its
required activation temperature of at least about 580C, for example from
about 580 to 1200C, such as from about 580 to 800C. The process of
dehydroxylation occurs under these conditions, releasing water vapour. The
magnesium silicate hydroxide is also converted to magnesium silicate or
forsterite, releasing silica. These temperatures are considerably lower
than those typically employed in calcining operations, making the use of
such a heating vessel more energy efficient and allowing lower cost
refractory materials to be used in its construction, reducing costs.
Combustion fuels used to supply the heat to the heating vessel wherein
direct thermal activation occurs may be chosen from any convenient
hydrocarbonaceous fuel. Fuels available to the associated combustion,
gasification, reforming or electricity generation plant will generally be
convenient for the current purpose. As taught in WO2008/061305, such fuels
may include coal, oil, natural gas, methane or longer chain alkanes or
variants or mixtures thereof. As further taught in WO2008/061305, such fuel
may substantially or partially also comprise hydrocarbonaceous material
derived from renewable biomass. Preferred fuels include natural gas or
other mixtures of alkanes since they are more efficient. The combustion of
said fuel in the process of direct thermal activation forms additional
carbon dioxide to that subject to the present sequestration process. Thus
it is advantageous in an overall process sense to minimise such additional
carbon dioxide. Fuels such as natural gas, alkanes or renewable biomass
assist in achieving such minimisation. As further taught in WO2008/061305,
the direct thermal activation of the said magnesium silicate hydroxide
mineral feedstock may take place in any suitable heating vessel. This will
usually take the form of a kiln, furnace or similar combustion chamber or
heating vessel. The feedstock may be contacted with the combustion gases
from the fuel or may be heated in isolation from the combustion gases via
radiation, conduction or convection from the fuel combustion chamber. The
use of an intermediate heat transfer fluid between the combustion chamber
and the said mineral feedstock is not precluded, however it is
lessefficient. The use of other means 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 requirements.
Where the magnesium silicate hydroxide mineral feedstock is heated by
direct contact with the combustion gases from the fuel, it is preferable to
use an oxygen lean combustion mixture in the combustion chamber. This
requires oxygen content below the exact stoichiometric requirement for
complete combustion of the hydrocarbonaceous fuel. This will reduce the
extent of further oxidation of iron oxides contained in the said feedstock 



and improve the economic value of the iron oxides that are separated in the
subsequent stage. The feedstock is typically transported as a ground solid
through the series of heat exchangers including the final heating vessel
where the feedstock is raised to its final activation temperature by the
heat released by combustion of fuel. As taught in WO2008/061305, the heat
activation vessel may be of vertical shaft design comprising one or more
substantially vertical chambers and wherein the feedstock is charged and
flows counter-currently to gases produced by the combustion of the fuel.
Alternatively, the solid feedstock may be transported through the series of
heat exchangers including the final heating vessel in fluid media in pipes
or vessels, such fluids being either gases or liquids. Agitation of the
mineral feedstock in the heating vessel where thermal activation occurs is
beneficial to the process of activation of the feedstock and to the
liberation of any free silica phases and may advantageously be employed in
the heating vessel. The heating vessel may be designed to provide turbulent
or dispersive or attritive conditions to assist in achieving the
dehydroxylation of the feedstock essential for activation. Thus, the
heating vessel may be designed to rotate and/or agitate the feedstock
during heating thereof to assist in dehydroxylation (activation). Such
agitation may be applied via rotation in rotary kilns, preferably in the
presence of some additional grinding and/or agitation media such as steel
balls. Alternatively, some agitation may be obtained via counter-current
gas flow in shaft or tower kilns or fluidised bed furnaces, again
preferably in the presence of some additional grinding and/or agitation
media.Water of dehydroxylation released during the thermal activation is
advantageously recovered in a subsequent condenser for use within the
process in the aqueous slurry. In a preferred embodiment the feedstock is
heated in the series of heat exchangers including the final heating vessel
in an essentially dry state such that the feedstock is transported through
said heat exchangers and heating vessels without the addition of any liquid
to said feedstock thereby decreasing the thermal requirements for the
heating process. In this case the use of dry means of transport of the
feedstock through the heat exchangers and heating vessel may involve
mechanical motion or a gas carrier medium. Transport of the mineral
feedstock through pipes or chambers in the heat exchangers and heating
vessel may alternatively be achieved by two-phase fluid/solid flow, said
fluids comprising either gases or liquids. For the case of gas/solid flow,
the carrier gas provides agitation and efficient heat transfer which may be
enhanced by high gas flow rates during transport of said mineral feedstock
through the heat exchangers and heating vessel. Alternatively, the mineral
feedstock may be transported through the heat exchangers and heating
vessels as a slurry suspended in a liquid carrier. In such cases, it is
preferable that the ratio of liquids to solids in the direct thermal
activation stage be kept low, and usually lower than that employed in the
later carbonation step in order to reduce thermal energy requirements in
raising the slurry feedstock to its desired activation temperature of at
least about 580C, for example from about 580C, for example from about 580
to 12000C, such as from about 580 to 8000C. Under these conditions such
liquids will generally be superheated. The presence of such a liquid
carrier may assist in the dehydroxylation of the magnesium silicate
hydroxide mineral feedstock and liberation of silica by providing efficient
heat transfer, turbulent flow and some dissolution of the magnesium and by
assisting disruption of silica layers. In the embodiments for transport of
the feedstock via fluid carriers, said carriers comprising either gases or
liquids, the thermal energy supplied to the heating vessel may be reduced
via recycling of the carrier fluid through said heating vessel. The solid
mineral feedstock may be substantially separated from the carrier fluid
after exiting the heating vessel and said carrier fluid recycled to carry
more mineralfeedstock through the heating vessel, thus maintaining most of
the thermal energy of the heated fluid. Substantial solid/fluid separation
may be achieved by well-known process methods such as density separation,
centrifugal separation or filtration. After the direct thermal activation
step, an optional second fine grinding stage may be employed where the
initial comminution was relatively coarse, in order to reduce the particle
sizes to 75 micron or less. This fine grinding may be performed either wet
or dry. Where wet grinding is performed, this will be done with the
addition of just sufficient aqueous media to enable efficient grinding. The
separation of silica and/or other valuable minerals is effected prior to
the carbonation reaction. This separation may be achieved via various means
known to the mineral processing industry including density or gravity
separation, centrifugal separation or 



filtration, flotation, magnetic or electrostatic separation or combinations
thereof. Density separation provides a particularly suitable route. Density
separation may be achieved through the use of technologies known to those
skilled in the art such as hindered settlers, cyclones, hydrocyclones
spirals, jigs and the like. Water may be added to enable efficient
operation of these units. The free silica and other low value metal oxides
are removed as a low density fraction and the iron other valuable metal
oxides are be removed as high density fractions. Further enrichment of iron
oxides may be achieved via magnetic or electrostatic separation. Where
water is added to these operations, it may be recovered from the separated
metal oxide streams for re-use in the process. The residual activated
feedstock, constituting the major fraction of intermediate density, is then
richer in magnesium content rendering it more effective for the subsequent
carbonation reaction. The residual activated and finely ground feedstock is
then suspended in the slurry solution that is required for the carbonation
reaction. The solvents are typically weakly acidic aqueous or mixed aqueous
and/or saline or other solvents miscible with carbon dioxide. The solvents
may be chosen from any of water, weak acids such as those known in the
prior art for example acetic acid, oxalic acid, ascorbic acid, phthalic
acid, orthophosphoric acid, citric acid, formic acid or salt solutions of
such weak acids, saline solutions, aqueous saline and sodium bicarbonate
solutions, potassium bicarbonate solutions, mixed aqueousand alcohol
solutions such as aqueous ethanol or methanol solutions, mixed aqueous and
glycol solutions, mixed aqueous and glycerol solutions, or any combination
thereof. Advantageously, an aqueous solvent system comprising an aqueous
saline solution with sodium bicarbonate may be employed. Other suitable
solvents that have been identified by workers in this field include aqueous
saline potassium bicarbonate solutions. The said residual activated
feedstock suspended in the solvent is then contacted with carbon dioxide to
form magnesium carbonate. Preferably, the said activated feedstocks
suspended in the solvents are contacted with supercritical, liquefied or
high-pressure gaseous carbon dioxide in highly turbulent or rapidly
dispersive or attritive reaction vessels to substantially convert the
carbon dioxide to carbonates. Preferably pressures in the range 10-200 bar,
more preferably 50-160 bar and temperatures in the range 10-250 degrees
Celsius, more preferably 10-175 degrees Celsius are employed in the
reaction vessels. Suitable reaction vessels may comprise high-pressure
agitated vessels, pipeline reactors or the like, or more preferably, high
velocity reaction vessels to promote turbulence, rapid mixing and attrition
of the said activated feedstocks. Fluidised bed reactors particularly with
the addition of grinding media may be advantageously employed. The
conversion of the feedstock to magnesium carbonate in the reactor where the
residual activated feedstock reacts with pressurised carbon dioxide is
improved by the use of a circulating recycle stream which circulates and
returns unreacted feedstock, solvent and other reagents to the carbonation
reaction vessel. A further separation step may advantageously be employed
in this recycle stream to remove the silica and magnesium carbonate
reaction products from the carbonation reaction, which converts the
forsterite or magnesium silicate into magnesium carbonate and silica. Thus,
the recycle stream incorporates a further separation stage that
substantially separates silica and magnesium carbonate from substantially
unreacted feedstock to return said substantially unreacted feedstock to the
reactor. As used in the separation process after direct thermal activation,
various separation means such as gravity or density separation may again be
advantageously used to effectseparation from the recycle stream. The silica
and fully-reacted magnesium carbonate may be removed as a lower density
fraction while the remaining unreacted magnesium silicate constituting the
higher density fraction can be substantially recycled back to the
carbonation reactor. The removed silica and magnesium carbonate is
dewatered and the solid carbonate and silica residues are withdrawn for
final disposal, usually back to the serpentine mine or quarry. The
recovered solvents and the unreacted feedstock are recycled to the reactor.
A portion of the silica and magnesium carbonates may be further processed
as necessary to produce a further product for sale. It will be appreciated
by those skilled in the art that the use of said process units such as
kilns, furnaces or other heating vessels, comminution processes, separation
processes and reaction vessels referred to in this specification is not
limited to any particular number of such vessels. Plural such units may be
employed, either in series or parallel, in order to provide the required
process throughput for any particular mineral carbonation facility. For
example, in order to solidify and sequester about 15 million tonnes of
carbon dioxide 



produced annually by a gigawatt-scale coal-fired electricity generation
plant, about 40 million tonnes of serpentine mineral would need to be
processed annually. This requires a facility processing in excess of 100
kilotonnes of serpentine per day or in excess of 4500 tonnes per hour.
Multiple large parallel processing units are required to meet such
throughput. Another application of this invention may be in the
sequestration of carbon dioxide drawn from dilute streams or directly from
the atmosphere in order to reduce the carbon dioxide concentration in the
atmosphere to mitigate the effects of global warming and climate change. It
will be apparent to those skilled in the art that the processes such as
those disclosed in the current invention may be adapted and used for such
absorption and solidification of carbon dioxide from the atmosphere. Key
aspects and the associated process improvements and applications disclosed
herein may be employed in such processes. In particular, the use of direct
thermal activation processes via combustion of a fuel disclosed herein and
the subsequent metal oxide separations as well as the solvent processes as
described herein and the other various process improvements and
applications described herein may be employed in such capture of carbon
dioxide from the atmosphere.As described herein, metal oxides substantially
excluding magnesium oxide and magnesium silicate that are separated from
the activated feedstock may be either disposed back to the mine or quarry
or further processed for sale as commercial products. Atmospheric carbon
dioxide may be concentrated prior to reaction, or may be sequestered in
dilute form, including by direct reaction with atmospheric carbon dioxide.
In the former case, absorption towers may utilise ammonia or dissolved
ammonia compounds such as ammonium carbonate to absorb the carbon dioxide
from air streams passing through the towers by converting it to ammonium
bicarbonate. The carbon dioxide may then be released in a concentrated
stream and the ammonium carbonate regenerated by application of heat. The
concentrated stream of carbon dioxide is then processed in the same process
as described herein before. In the latter case, the sequestration may
proceed more slowly than in high-pressure reaction vessels, nevertheless
using magnesium silicate hydroxide feedstock activated and subjected to
metal oxide separation as taught herein. Metal oxides of economic value can
be further processed for sale while low value metal oxides can be disposed
back to the magnesium silicate hydroxide mine. Systems of open vessels,
fields, slurry dams, absorption towers, aerated stockpiles or heap leach
arrangements containing the residual activated magnesium silicate hydroxide
mineral feedstock mixed with suitably selected slurry solvents may be
employed in this application. Such vessels, fields, slurry dams, absorption
towers or aerated stockpiles or heap leach arrangements may be designed to
optimally expose the activated mineral to carbon dioxide, preferably first
dissolved as carbonic acid in aqueous media, via systems of sprays,
atomizers, or channels. The reacted activated mineral, in the form of
magnesium carbonates, should be periodically removed to allow exposure of
unreacted activated feedstock to the carbon dioxide or carbonic
acid/aqueous flows. In the case of stockpiles for example, reacted layers
may be periodically scraped off the exposed surfaces of said stockpiles.
The removed material comprising carbonates may then be transported for
disposal, such disposal being advantageously back in mined-out areas of the
magnesium silicate hydroxide feedstock mine or quarry. Various embodiments
of a method for long-term sequestration of carbon dioxide into solid
magnesium carbonates in accordance with the present invention will now be
described, byway of example only, with reference to the accompanying
drawings. Figures 1 to 4 are flow diagrams illustrating the process of the
present invention. Figure 1 illustrates a generalised flow diagram of the
invention. It shows a process for activation of serpentine ore, using the
methodology of this invention. It shows a mine or quarry (1) where the
serpentine ore is extracted, an associated combustion, gasification,
reforming or electricity generation plant (2) whose carbon dioxide
emissions are to be sequestered and a stream (3) containing the said carbon
dioxide entering a mineral carbonation plant (5) designed according to the
methodology of this invention. The serpentine ore is crushed and ground in
comminution circuits (4) to a particle size of less than 500 microns and
fed into a series of heat exchangers (24) to preheat the mineral feedstock
and a final heating vessel (6) for direct thermal activation. The series of
optional heat exchangers (24) utilise heat drawn from other points in the
process where cooling is effected. Such points include cooling the
carbonation reactor products (22), cooling the compressed carbon dioxide
gas (21) and cooling the activated feedstock after thermal 



activation (10). The final and essential heating vessel (6) comprises a
furnace fired by a hydrocarbonaceous fuel, in this case natural gas (7), to
provide direct thermal activation of the ore raising its temperature to at
least around 58O0C. Water of dehydroxylation is recovered from the flue
gases in a condenser (9), separated from the remaining flue gases (27) and
used in the process, for example as shown here in making 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
less than 75 microns, here in a wet milling process ( 1 1). Further water
may be added (25) for operation of the separation stage (12), where metal
oxides (14) and (13) are substantially separated from the residual
activated magnesium silicate feedstock (15) using density separation. In
this example the metal oxide separation stage (12) comprises a series of
hindered settling tanks in combination with hydrocyclones. The low density
fraction (13) comprises metal oxides such as silica which are of low
economic value and may be disposed (18) back to the mine (1) after recovery
(26) of the solvent which is recycled into the process, for example at
.(19) as shown here. The high density fraction (14) comprises metal oxides
of high economic value such as iron oxides and which are further
processedfor sale after recovery of aqueous solvents which are re-used in
the process. The residual activated feedstock (15) comprising largely
magnesium silicate then enters the carbonation reactor vessel (8) after
make-up with the desired solvent system and other reagents (16) and after
heating (23) to the desired reaction temperature, in this case 155 degrees
Celsius. The carbonation reaction (8) vessel may advantageously utilise
agitation and attrition, either via mechanical means or flow-induced. In
this example the solvent system (16) is an aqueous mixture of water with
sodium chloride and sodium bicarbonate. The carbon dioxide-containing
stream (3) from the associated combustion, gasification, reforming or
electricity generation plant (2) is compressed via a system, of compressors
(20) to a liquid form or to a pressure in excess of 115 bar prior to
entering said carbonation reactor vessel (8). Heat may be recovered (21)
from the system of compressors and utilised in other parts of the process
requiring heat input, for example at heat exchangers (24). A recycle stream
(19) circulates substantially unreacted material back to the carbonation
reactor (8), after separation of a low density fraction substantially
comprising silica and magnesium carbonate reaction products (25) which are
withdrawn from the second separation process (17) comprising density
separation. The higher density fraction comprises largely unreacted
feedstock with a high content of magnesium silicate which is recycled (19)
back to the reactor (8). The density separation process (17) in this
example is a series of hydrocyclones. The low 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 mine or quarry (1) and the recovered solvent is
reused in the process, here at (19). The process illustrated in Figure 1
has been found to be economically viable for the permanent solidification
of 14 Mt per annum of carbon dioxide emissions from a conventional
pulverised fuel electricity generation plant in Australia. The power
station has four 660 MW generators that export about 15500 GWh per annum to
the electricity grid and consumes 6.4 Mt per annum of black coal. The
process shown in Figure 1 achieves over 80% permanent carbon dioxide
sequestration consuming about 32 Mt per annum of serpentine and 0.85 Mt per
annum of natural gas in the fuel-fired furnaces that activate the
serpentine. Delivered electricity from the electricity generation plant
would bereduced to 98% of the original supply without sequestration due to
the requirement to supply electricity for the comminution of the
serpentine. The process will avoid over 11 Mt per annum of carbon dioxide
at a cost, of less than Australian dollars A$9 per tonne of carbon dioxide,
after taking into account the sale of iron oxide recovered from this
process. Figure 2 illustrates a second generalised flow diagram showing
another embodiment of the invention. It shows a process for activation of
serpentine ore, using the methodology of this invention. It shows a mine or
quarry (1) where the serpentine ore is extracted, an associated combustion,
gasification, reforming or electricity generation plant (2) whose carbon
dioxide emissions are to be sequestered and a stream (3) containing the
said carbon dioxide entering a mineral carbonation plant (5) designed
according to the methodology of this invention. In this example, the
associated combustion, gasification, reforming or electricity generation
plant (2) utilises a substantial proportion of renewable biomass (16) as
hydrocarbonaceous feedstock, in this case greater than 20%. This allows for
an overall net withdrawal of carbon dioxide from the atmosphere, since most
of the emissions from 



the associated combustion, gasification, reforming or electricity
generation plant (2) are sequestered in this process and the regrowth of
the biomass feedstock 916) to sustain this process withdraws carbon dioxide
from the atmosphere. The serpentine ore is crushed and ground in
comminution circuits (4) to a particle size of less than 500 microns and
fed into a series of heat exchangers (24) to preheat the mineral feedstock
and a final heating vessel (6) which in this example comprises a rotary
kiln for direct thermal activation. The series of optional heat exchangers
(24) utilise heat drawn from other points in the process where cooling is
effected. Such points include cooling the carbonation reactor products
(22), cooling the compressed carbon dioxide gas (21) and cooling the
activated feedstock after thermal activation (10). In this example, low
grade or waste heat (28) drawn from the associated combustion,
gasification, reforming or electricity generation plant (2) is utilised in
preheating (24) the mineral feedstock. The final and essential heating
vessel (6) comprises a rotary kiln or similar combustion chamber fired by a
hydrocarbonaceous fuel in this case pulverised coal supplemented by
renewable biomass fuel (7), to provide direct thermal activation of the ore
raising its temperature to at least around 580C. The use of renewable
biomass fuel here reduces theaddition of carbon dioxide to the atmosphere
from the combustion of the fuel and improves the net sequestration of
carbon dioxide achieved by the overall process. Water of dehydroxylation is
recovered from the kiln flue gases in a condenser (9), separated from the
reaming flue gases (27) and used in the process, for example as shown here
in making 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 less than 75 microns, in a further milling process (
11). Water may optionally be added (25) for operation of the separation
stage (12), where metal oxides (14) and (13) are substantially separated
from the residual activated magnesium silicate feedstock (15) using density
separation. In this example the metal oxide separation stage (12) may
comprise cyclones or a series of spirals and hindered settling tanks in
combination with hydrocyclones. The low density fraction (13) comprises
metal oxides such as silica which are of low economic value and may be
disposed (18) back to the mine (1) after recovery (26) of the water which
is recycled into the process, for example at (16) as shown here. The high
density fraction (14) comprises metal oxides of high economic value such as
iron oxides which are further processed for sale after recovery of aqueous
solvents which are re-used in the process. The residual activated feedstock
(15), comprising largely magnesium silicate then enters the carbonation
reactor vessel (8) after make-up with the desired solvent system and other
reagents (16) and after heating (23) to the desired reaction temperature,
in this case 155 degrees Celsius. The carbonation reaction (8) vessel may
advantageously utilise agitation and attrition, either via mechanical means
or flow-induced. In this example the solvent system (16) is an aqueous
mixture of water with sodium chloride and sodium bicarbonate. The carbon
dioxide-containing stream (3) from the associated combustion, gasification,
reforming or electricity generation plant (2) is compressed via a system,
of compressors (20) to a liquid form or to a pressure in excess of 115 bar
prior to entering said carbonation reactor vessel (8). Heat may be
recovered (21) from the system of compressors and utilised in other parts
of the process requiring heat input, for example at heat exchangers (24). A
recycle stream (19) circulates substantially unreacted material back to the
reactor, after separation of a low density fraction substantially
comprising silica and magnesium carbonate reactionproducts (25) which are
withdrawn from the second separation process (17) using density separation.
The higher density fraction comprises largely unreacted feedstock with a
high content of magnesium silicate which is recycled (19) back to the
reactor (8). The density separation process in this example is a series of
hydrocyclones. The low 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 mine or
quarry (1) and the recovered solvent is reused in the process, here at
(16). Figure 3 illustrates another flow diagram of a particular embodiment
of the invention. In this example the mineral carbonation plant (5) is
similar to that shown in Figure 1 however in this case it is used to
sequester carbon dioxide drawn from the atmosphere. The carbon dioxide is
drawn from the atmosphere in a generic capture plant (2) that uses a
regenerated capture medium such as ammonia or solutions of ammonia
compounds such as ammonium carbonate to react with the carbon dioxide to
form carbonates or bicarbonates. The generic capture plant (2) then
concentrates the carbon dioxide (29) and regenerates and recycles 



the capture medium (28) back to the capture plant (2). The concentrated
stream of carbon dioxide (3) is then fed to the mineral carbonation plant
(5) whose details are similar to those of Figure 1 and unless specified
otherwise comprises components labelled as for Figure 1. Figure 4
illustrates another flow diagram of a particular embodiment of the
invention. In this example the mineral carbonation plant (5) provides
direct thermal activation of the magnesium silicate hydroxide mineral
feedstock and subsequent separation of the metal oxides substantially
excluding magnesium oxide and magnesium silicate, but the carbonation
reaction is not conducted in a pressurised reaction vessel. Instead, in
this example the carbonation reaction occurs in systems of open vessels,
fields, slurry dams, absorption towers, aerated stockpiles or heap leach
arrangements containing the residual activated feedstock and exposed to the
atmosphere to provide contact with carbon dioxide. Figure 4 shows a mine or
quarry (1) where the magnesium silicate hydroxide mineral is extracted. The
mineral is crushed and ground in comminution circuits (4) to a particle
size of less than 500 microns and fed into a series of heat exchangers (20)
to preheat themineral feedstock and a final heating vessel (6) for direct
thermal activation. The series of optional heat exchangers (20) utilise
heat drawn from other points in the process where cooling is effected. Such
points include cooling the activated feedstock after thermal activation
(10) and cooling the hot flue gases and condensing water (9) arising from
the direct thermal activation vessel (6). The final and essential heating
vessel (6) comprises a furnace fired by a hydrocarbonaceous fuel, in this
case natural gas (7), to provide direct thermal activation of the ore
raising its temperature to at least around 580C. Water of dehydroxylation
is recovered from the flue gases in a condenser (9), separated from the
remaining flue gases (21) and used in the process, for example as shown
here in making up a slurry (19) for wet milling ( 11) to a final particle
size of less than 75 microns after cooling (10) the mineral. Further
aqueous solvents may optionally be added (16) for operation of the
separation stage (12), where metal oxides (14) and (13) are substantially
separated from the residual activated magnesium silicate feedstock (15)
using density separation. In this example the metal oxide separation stage
(12) comprises a series of hindered settling tanks in combination with
hydrocyclones. The low density fraction (13) largely comprises metal oxides
such as silica which are of low economic value and may be disposed (18)
back to the mine (1) after recovery (22) of the aqueous solvents which are
recycled into the process, for example at (16) as shown here. The high
density fraction (14) comprises metal oxides of high economic value such as
iron oxides and which are further processed for sale after recovery of
aqueous solvents which are re-used in the process, for example at (16). The
residual activated feedstock (15) comprising largely magnesium silicate is
then used in systems of aerated or open fields, dams, vessels, heap leach
arrangements or the like after recovery (3) of the aqueous solvents and
re-use of said solvents in the process, for example as shown here at (16).
In Figure 4, the activated feedstock is mixed with suitably selected slurry
solvents and reagents (16) that may assist in dissolution of atmospheric
carbon dioxide in the systems of aerated or open fields, dams, vessels,
heap leach arrangements or the like and conversion of the carbon dioxide to
magnesium carbonates. The said systems of aerated or open fields, dams,
vessels, heap leach arrangements or the like are designed to optimally
exposethe residual activated mineral to contact with carbon dioxide in the
atmosphere. Arrangements for enhanced air flow (23) and dissolution of
atmospheric carbon dioxide, such as systems of air channels and solvent
sprays will assist in the carbonation process. Furthermore, arrangements
such as solvent sealing layers or membranes typically found in leaching
operations for solvent recovery will typically be employed. Exposure of
fresh unreacted activated feedstock to carbon dioxide will be enhanced by
continual removal of reacted layers of magnesium carbonates, for example by
periodic surface scraping. Layers thus removed can be disposed back to
voids formed in the original mine or quarry (1) where the magnesium
silicate hydroxide mineral is extracted. It will be apparent to those
skilled in the art that various modifications, omissions or additions may
be made without departing from the scope of the invention which is not
limited to the specific embodiments and examples described herein. It is to
be understood that the invention includes all such variations and
modifications that fall within the spirit and scope. The invention also
includes all of the steps, features, compositions and compounds referred to
or indicated in this specification, individually or collectively, and 



any and all combinations of any two or more of said steps or features.
Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise", and variations such as
"comprises" and "comprising", will be understood to imply the inclusion of
a stated integer or step or group of integers or steps but not the
exclusion of any other integer or step or group of integers or steps. The
reference to any prior art in this specification is not, and should not be
taken as, an acknowledgement or any form of suggestion that prior art forms
part of the common general knowledge of the countries in which this
application is filed.THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 1. A
process for converting carbon dioxide into solid material, which process
comprises the steps of: (a) direct thermal activation of magnesium silicate
hydroxide mineral feedstock by combustion of fuel to produce an activated
feedstock; (b) separation from the activated feedstock of metal oxides at
least substantially excluding magnesium oxide and magnesium silicate to
produce a residual activated feedstock; (c) before or after said separation
step suspension of the activated feedstock in a solvent to form a slurry;
and (d) contacting the slurry of residual activated feedstock with carbon
dioxide to convert the carbon dioxide into magnesium carbonate. 2. A
process according to claim 1, wherein the magnesium silicate hydroxide
mineral feedstock is mostly comprised of serpentine or talc. 3. A process
according to claim 1 or claim 2, wherein the metal oxides separated from
the activated feedstock comprise oxides of one or more of iron, silicon,
aluminium, manganese, chromium, nickel, titanium, copper, potassium,
phosphorus, calcium and sodium. 4. A process according to any one of the
preceding claims, wherein direct thermal activation of the magnesium
silicate hydroxide mineral feedstock occurs by application of the heat
released by combustion of hydrocarbonaceous fuel in a furnace, kiln,
fluidised bed furnace or similar combustion chamber or heating vessel. 5. A
process according to any one of the preceding claims, wherein the magnesium
silicate hydroxide mineral feedstock is pre-heated prior to direct thermal
activation by application of the heat released by combustion of fuel using
heat liberated from the reaction of carbon dioxide with the activated
feedstock and/or low grade or waste heatdrawn from an associated
carbonaceous or hydrocarbonaceous fuel combustion, gasification, reforming
or electricity generation process and/or heat drawn from cooling the
products from a fu el-fired heating vessel and/or heat drawn from cooling
carbon dioxide after compression. 6. A process according any one of the
preceding claims, wherein direct thermal activation of the feedstock takes
place by raising and maintaining the temperature of said feedstock to a
temperature of at least about 580C. 7. A process according any one of the
preceding claims, wherein the feedstock is heated in a series of heat
exchangers and heating vessels in an essentially dry state such that the
feedstock is transported through said series of heat exchangers and heating
vessels without the addition of any liquid to said feedstock thereby
decreasing the thermal requirements for the heating process. 8. A process
according any one of the preceding claims, wherein the feedstock is heated
in a heating vessel that is designed to rotate and/or agitate the feedstock
during heating thereof to assist in dehydroxylation and activation. 9. A
process according any one of the preceding claims, wherein the feedstock is
heated in isolation from the combustion gases of the fuel via radiation,
conduction or convection from the fuel combustion chamber in a suitably
designed heating vessel. 10. A process according to any one of claims 1-8,
wherein direct thermal activation of the feedstock takes place in an
oxygen-lean combustion mixture, such that the oxygen content of the
combustion gas is lower than the stoichiometric requirement for complete
combustion of the carbon content of the hydrocarbonaceous fuel to carbon
dioxide. 11. A process according to any one of the preceding claims,
wherein water released by dehydroxylation reaction in the direct thermal
activation step is recovered for re-use in the process in a condenser
provided on an output gaseous stream from the said direct thermal
activation step.12. A process according to any one of the preceding claims,
wherein the feedstock is 



subjected to comminution to reduce the feedstock average particle size to
less than about 500 microns. 13. A process according to any one of the
preceding claims, wherein the activated feedstock is mixed with an aqueous
solvent and subjected to further comminution after the direct thermal
activation step but before the separation step to achieve a particle size
of less than 75 microns. 14. A process according to any one of the
preceding claims, wherein the separation of the metal oxides at least
substantially excluding magnesium oxide and magnesium silicate to produce a
residual activated feedstock is achieved using a gravity or density
separation process. 15. A process according to any one of the preceding
claims, wherein the separation of the metal oxides at least substantially
excluding magnesium oxide and magnesium silicate to produce a residual
activated feedstock is achieved using a combination of density separation
processes and magnetic and/or electrostatic separation processes. 16. A
process according any one of the preceding claims, wherein the activated
feedstock is suspended in a weakly acidic aqueous or mixed aqueous and/or
saline or other solvent miscible with carbon dioxide before contact with
the carbon dioxide. 17. A process according to claim 16, where the solvent
is chosen from one or more of water, weak acids, salt solutions of weak
acids, saline solutions, aqueous saline and sodium bicarbonate solutions,
potassium bicarbonate solutions, mixed aqueous and alcohol solutions, mixed
aqueous and glycol solutions, mixed aqueous and glycerol solutions. 18. A
process according to any one of the preceding claims, wherein the carbon
dioxide is in dilute streams or is drawn directly from the atmosphere.19. A
process according any one of the preceding claims, wherein the carbon
dioxide is contacted with the activated feedstock in a system of open
fields, slurry dams, stockpiles or similar aerated structures or heap leach
arrangements containing the activated feedstock. 20. A process according
any one of claims 1-17, wherein the activated feedstock is contacted with
supercritical, liquefied or high-pressure gaseous carbon dioxide to
substantially convert the carbon dioxide to magnesium carbonates. 21. A
process according to claim 20 , where the carbon dioxide and residual
activated feedstock are contacted in a reaction vessel that is designed to
provide highly turbulent or rapidly dispersive or attritive conditions to
rapidly and substantially convert the carbon dioxide to magnesium
carbonates. 22. A process according to claim 21, where the reaction vessel
is provided with a recycle stream which circulates and returns unreacted
feedstock, solvent and other reagents to the carbonation reaction vessel.
23. A process according the claim 22, where the recycle stream incorporates
a further separation stage that substantially separates silica and
magnesium carbonate from substantially unreacted feedstock to return said
substantially unreacted feedstock to the reactor. 24. A process according
to claim 23, where the separation stage utilises gravity or density
separation. 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. 


