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COMPOUNDS AND METHODS FOR THEMODULATION
OF IMMUNE RESPONSES

Reference to Related Applications
This application claims priority to U.S. Provisional Patent Application no. 60/308,446,

filed July 26, 2001.

Technical Field

The present invention relates generally to the modification of immune system
responses. In particular, the invention is related to compositions and methods for the
modification of T cell responses by means of modulating the expression of molecules
involved in the Notch signaling and Toll-like receptor signaling pathways, and for the
treatment of disorders in which thesepathways play a role.

Background of 'the Invention

Certain disorders, such as autoimmune disorders (for example, multiple sclerosis,
rheumatoid arthritis, Type 1 diabetes mellitus, psoriasis, systemic lupus erythematosus and
scleroderma), allergic disorders and graft rejection, are characterized by the presence of an
undesirable and abnormal immune response to either a self or foreign antigen. In such
disorders, suppression of the immune response, such as by induction of a negative T cell
response or induction of tolerance towards the antigen is thus highly desirable.

Recognition of an antigen by naive CD4+ T cells in the peripheral immune system can .
lead to either activation of an immune response against the antigen or to the induction of
tolerance wherein T cells become refractory to further stimulation Wlth antigen. The choice
between immune activation and tolerance is controlled by signals delivered by antigen
preseﬁting cells (APCs) at the time of initial presentation of the antigen by the APC. Once
tolerance has been induced in a small number of T cells (known as T regulatory, or Tr cells),

this tolerance can be transmitted to other T cdls, thereby actively suppressing an immune
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response to the antigen. This phenomenon is known as “infectious tolerance” or “linked
suppression”. The induction of tolerance in naive T cells by Tr cells is believed to occur
either through direct cell-cell interactions or by secretion of inhibitorycytokines, suchas IL-4,
IL-10 and TGE-beta. '

The Notch signaling pathway is known to play an irhportant role in regulating cell
growth and differentiation. Proteins of the Notch family are large transmembrane proteins
which function as receptors and that were originally identified in Drosophila. In mammals,
four different Notch receptors (known as Notch 1-4) and at last five different ligands (Jagged-
1, Jagged-2, Delta-like 1, Delta-like 3 and Delta-like 4) have been identified, with Jagged
being the mammalian homologue of the Serrate ligand identified in Drosophila. The
nucleotide sequences of the human Notch and Delta genes, and the amino acid sequences of
their encoded proteins are disclosed in International Patent Publication WO 92/19734. The
Notch signaling pathway is highly conserved from D. melanogaster through to humans,
indicating the impatance of this pathway in neguléting cell growth anddifferentiation. .

Hoyne et al. (Immunology 100:281-288, 2000), have demonstrated that expression of
Notch ligands on T cells and APCs can lead to the development of T-cell tolerance. More
specifically, Hoyne et al. propose that recognition of antigen on APCs which also express
Notch ligands induces naive T cells to differentiate into Tr cells. The activated Tr cell then
expresses a Notch ligand (such as Delta) at its surface. This in turn engages Notch on
neighboring naive T cells, thereby directly influencing the growth of naive T cells, and
leading to linked suppression. Modification of the Notch signaling pathway, for example by
modulation of expression of a Notch receptor or ligand, may thus be employed to modify or
suppress an undesirable immunekresponse in a disorder by inducing tolerance to a particular
antigen.

‘Interaction of Notch with its ligands has been shown to trigger the release of the
intracellular domain of Notch (N'°) which in turn binds to either Deltex or CBF-1, a
sequence-specific DNA transcription factor also known as RBP-Jx. By binding to Deltex or
CBF1, N can alter the capacity of these molecules to regulate transcription of various genes.
Activation of Deltei{ can result in repression of the basic helix-loop-helix protein E47, which

is a regulator of B and T cell development and, more specifically, is involved in the
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determination of B versus T cell fate. Binding of N'© to CBF-1 activates transcription of the
Hairy Enhancer of Split (HES) family of proteins. Disruption of HES has severe
consequences on the immune system, including defects in thymic development. Specifically,
HES-1 has been shown to repress CD4 expression and to affect early thymocyte Precursors.
Binding of N*° to CBF-1 also increases expression of NF-xB2, whose activity has been
associated with protection from apoptosis in lymphoid tissue (Oswald et al. Mol. Cell. Biol.
18:207-2088, 1998). Notch expression has been shown to rescue cells from apoptosis (Deftos
et al. Immunity 9:777-786, 1998; Jehn et al. J. Immunol. 162:635-638, 1999; and Shelly et al.
J. Cell. Biochem. 73:164-175, 1999), and it has been suggested that Notch expression may
affect cell fate through direct regulation of apoptosis (Osborne et al. Immunity 11:653-663,
1999). More recently, the proteins Lunatic Fringe, Manic Fringe and Radical Fringe have
been shown to act as potent regulators of Notch-1 expression (see, for example, Koch et al.
(Immunity 15:225-236, 2001)). These proteins may regulate Notch-1 activation in lymphoid
precursors to ensure that T and C cells develop in different tissues. Other molecules known to
involved in Notch signaling include Numb, which inhibits Notch signaling; presenilinl,
which is a Notch signaling regulator; HERP1 and 2, which are both downstream signaling
targets; and the ‘basic helix-loop-helix (bHLH) transcription factor HASH1 which has
recently been shown to be degraded by activated Notch (Sriuranpong et al, Mol. Cell. Biol.
22:3129-39, 2002).

Summary of fhe Invention
Briefly stated, the present invention provides compositions and methods for

suppression and modification of immune responses by modulating the expression of
molecules involved in the Notch signaling and Toll-like receptor signaling pathways, together
with compositions and methods for the treatment of disorders characterized by an unwanted
imfnune response, such as autoimmune disorders, allergic disorders and graﬂ rejection.

In one aspect, the present invention provides methods for modulating the expression of
Notch ligands on antigen present cells, such as dendritic cells and macrophages, by contacting
the antigen presenting cells with a composition described herein. In a further aspect, methods

for modulating Notch and/or Toll-like receptor signaling in apopulation of cells, either in vivo
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or in vitro, are provided, such methods comprising contacting the cells with a composition of
the present invention. In yet another aspect, methods are provided for modifying an immune
response to an antigen in a subject, aﬁd for stimulating infectious tolerance to an antigen in a
subject, such methods comprising administering to the subject an effective amount of one or
more of the compositions describedherein.

In related aspects, the present invention provides methods for the treatment of a
disorder characterized by an unwanted immune response in a patient, such methods
comprising administering to the patient a composition of the present invention. In certain
embodiments, the disorder is selected from the group consisting of autoimmune disorders |
(including, but not limited to, multiple sclerosis, rheumatoid arthritis, Type I diabetes
mellitus, psoriasis, systemic lupus.erythematosus and scleroderma), allergic diseases and graft
rejection.

As discussed abc;ve, the Notch signaling pathway is also involved in apoptotic cell .
death mechanisms. Specifically, when Notch is expressed, cells are protected from apoptotic
cell death. According to additional aspects of the present invention, methods are provided for
treatment of a disorder characterized by undesired apoptotic cell death, and for treatment ofa
disorder characterized by undesired cell proliferation, such methods comprising modulating
the Notch signding pathway by administering a composition described herein.

In certain embodiments, the inventive methods comprise administering a composition,
wherein the composition comprises inactivated mycobacterial cells or a derivative thereof,
such as delipidated and deglycolipidated mycobacterial cells. In preferred embodiments, the
delipidated and deglycolipidated cells are prepared from M. vaccae, M. tuberculosis or M.
smegmatis. In further embodiments, the inventive methods comprise administering a
composition comprising peptidoglycan. ‘

In other embodiments, the compositions employed in the inventive methods comprise
a derivative of delipidated and deglycolipidated mycobacterial cells, the derivative being
selected from the group consisting of: delipidated and deglycolipidated mycobacterial cells
that have been treated by acid hydrolysis; delipidated and deglycolipidated mycobacterial
cells that have been treated by alkaline hydrolysis; delipidated and deglycolipidated
mycobacteriai cells that have been treated with periodic acid; delipidatedand deglycolipidated
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deglycolipidated mycobacterial cells that have been treated by anhydrous hydrofluoric acid
hydrolysis. In specific embodiments, such derivatives are prepared from M. vaccae, M.
tuberculosis or M. smegmatis. The derivatives of delipidated and deglycolipidated M. vaccae
preferably contain galactose in an amount less than 9.7% of total carbohydrate, more
preferably less than 5% of total carbohydrate, and most preferably less than 3.5% total
carbohydrate. In certain embodiments, the derivatives of delipidated and deglycolipidated M.
vaccae contain glucosamine in an amount greater than 3.7% of total carbohydrate, preferably
greater than 5% total carbohydrate and more preferably greater than 7.5%total catbohydrate.

In yet another aspect, the compositions disclosed hereiﬂ comprise an isolated
polypeptide derived from Mycobacterium vaccae or an isolated polynucleotide encoding such
a polypeptide, such polypeptides comprising at least an immunogenic portion of an M. vaccae
antigen, or a variant thereof. In specific embodiments, such polypeptides comprise an amino
acid sequence selected from thé group consisting of: (a) sequences recited in SEQ ID NO:
27-52; (b) sequences encoded by any one of SEQ ID NO: 1-26; (c) sequences having at least
about 75% identity to a sequence recited in SEQ ID NO: 27-52; (d) sequences having at least
about 90% identity to a sequence recited in SEQ ID NO: 27-52, as measured using alignments
produced by.the computer algorithm BLASTP as described below.

These and other aspects of the present invention will become apparent upon reference
to the following detailed description and attached drawings. All references disclosed herein

are hereby incorporated by reference in their entirety as if each was incorporated individually.

Brief Description of theDrawings

Fig. 1 illustrates the re-suspension of DD-M. vaccae and DD-M. vaccae-KOH.

Fig. 2 shows the suppression by DD-M. vaccae (Q1) and the DD-M. vaccae
derivatives Q2 (DD-M. vaccae-KOH), Q3 (DD-M. vaccae-acid), Q4 (DD-M. vaccae-
periodate), Q6 (DD-M. vaccae-KOH-periodate), P5 @D—M vaccae-KOH-acid) and P6 (DD-
M, vaccae-KOH-periodate) of ovalbumin-induced airway eosinophilia in mice vaccinated

intranasally with these compounds. Control mice received PBS.
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Fig. 3 illustrates the effect of immunization with DD-M.vaccae on airway
eosinophilia when administered either one day prior, at the time of, or one day after challenge
with OVA. '

Fig. 4 shows the stimulation of IL-10 production in THP-1 cells by derivatives of DD-
M. vaccae.

Fig. 5 illustrates the effect of immunization with DD-M. vaccae, DD-M. tuberculosis
and DD-M. smegmatis on airway eosinophilia.

Fig. 6 illustrates TNF-o. production by human PBMC and non-adherent cells
stimulated with DD-M. vaccae.

Figs. 7A and 7B illustrate IL-10 and IFN-y production, respectively, by human PBMC
and non-adherent cells stimulated with DD-M. vaccae.

Figs. 8A-C illustrate the stimulation of CD69 expression on afT cells, y8T cells and
NK cells, respectively, by the M. vaccae protein GV23, the-Thl-inducing adjuvants
MPL/TDM/CWS and CpG ODN, and the Th2-inducing adjuvants aluminium hydroxide and

cholera toxin.
Figs. 9A-D illustrate the effect of heat-killed M. vaccae, DD-M. vaccae and M. vaccae

recombinant proteins on the production of IL-1B, TNF-a, IL-12 and IFN-y, respectively, by
human PBMC.

Figs. 10A-C illustrate the effects of varying concentrations of the recombinant M.
vaccae proteins GV-23 and GV-45 on the productioﬁ of IL-1B, TNF-0. and IL-12,
respectively, by human PBMC.

Figs. 11A-D illustrate the stimulation of IL-1B, TNF-o,, IL-12 and IFN-y production,
respectively, in human PBMC by the M. vaccae protein GV23, the Thl -inducing adjuvants
MPL/TDM/CWS and CpG ODN, and the Th2-inducing adjuvants aluminium hydroxide and
cholera toxin. ‘

Figs. 12A-C illustrate the effects of varying concentrations of the recombinant M.
vaccae proteins GV-23 and GV-45 on the expression of CD40, CD80 and CD86, respectively,

by dendritic cells.
Fig. 13 illustrates the enhancement of dendritic cell mixed lymphocyte reaction by the

recombinant M. vaccae protein GV-23.
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Fig. 14 illustrates real-time PCR analysis demonstrating that treatment of mice with
AVAC produced increases in expression of Notch receptors, ligands, and downstream targets.

Fig. 15A-C illustrate the effect of heat-killed M. vaccae, DD-M. vaccae (referred to in
the Figure as I;VAC) and AVAC, respectively, on the expression of genés involved in Notch
signaling in THP-1 cells.

Fig. 16 illustrates the effect of intranasal administration of AVAC and DD-M. vaccae
(referred to in the Figure as PVAC) in mice on expression of genes involved in Notch
signaling,

Fig. 17 illustrates the effect of intraperitoneal administration of AVAC in mice on the
expression of cytokines and genes involved in Notch signaling

Fig. 18 shows the production of IL-12p40 by THP-1 cells in response to increasing
concentrations of M. vaccae derivatives. .

Fig. 19 shows the production of IL-12p40, IL-23p19 and IL-12p35 mRNA in THP-1
cells in response to AVAC, DD-M. vaccae, heat'—killedM vaccae and M. vaccae glycolipids.

Figs. 20A-C illustrate the production of IL-12p40 by THP-1 cells cultured with
antibodies to Toll-like receptors and either heat-killed M. vaccae, DD-M. vaccae Ot AVAC,
respectively.

Figs. 21A-C illustrate the prdduction of TNF-alpha by THP-1 cells cultured with
antibodies to Toll-like receptors and either heat-killed M. vaccae, DD-M. vaccae or LPS,

-respectively

Fig. 22 shows the production of IL-10 by THP-1 cells cultured with antibodies to Toll-
like receptors and heat-killed M. vaccae 4

Fig. 23 illustrates the production of IL-10 by THP-1 cells cultured with MAP kinase
inhibitors and AVAC.

Detailed Description of the Invention ]
As noted above,~ the present invention is generally directed to compositions and
methods for modulating immune responses by modification of the Notch signaling pathway.

The inventive compositions and methods may thus be employed in the treatment of disorders

characterized by the presence of an unwanted immune response to either a self antigen or a
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foreign antigen, such as autoimmune disorders, allergic disorders and graft rejection..
Examples of autoimmune disorders include multiple sclerosis, theumatoid arthritis, Type I
diabetes mellitus, psoriasis, systemic lupus erythematosus and scleroderma. Examples of
allergic disorders include atopic dermatitis, eczema, asthma, allergic rhinitis, contact allergies
and hypersensmvmes

Certain pathogens, such as M. tuberculosis, as well as certain cancers, are effectively
contained by an immune attack directed by CD4" T cells, known as cell-mediated immunity.
Other pathogens, such as poliovirus, also require antibodies, produced by B cells, for
containment. These different classes of immune attack (T cell or B cell) are controlled by
different subpopulations of CD4" T cells, commonly referred to as Thl and Th2 cells. The
two types of Th cell subsets have been well characterized and are defined by the cytokines
they release upon activation. The Thl subset secretes IL-2, IFN-y and tumor necrosis factor,
and mediates macrophage activation and delayed-type hypersensitivity response. The Th2
subset releases IL-4, IL-5, ‘IL-6 and IL-10, which stimulate B cell activation. The Thl and
Th2 subsets are mutually inhibiting, so that IL-4 inhibits Thl-type responses, and IFN-y
inhibits Th2-type responses. ) .

~ Amplification of Thi-type immune responses is central to a reversal of disease in

many disorders. IL-12 has been shown to up-regulate Th1 responses, while IL-10 has been
shown to down-regulate Th2 responses. The inventors have discovered that both delipidated
and deglycolipidated M. vaccae cells (referred to herein as DD-M. vaccae) and delipidated
and deglycolipidated M. vaccae cells further treated by acid hydrolysis (referred to herein as
AVAC) have pronounced immunoregulatory effects on both Th2 and Thl cells. For example,
as detailed below, the inventors have demonstrated the efficacy of both DD-M. vaccae and
AVAC in the treatment of asthma employing a mouse model. - These compositions are
believed to be effective in the treatment of diseases such as asthma due to their ability to
down-regulate asthma-inducing Th2 immune responses, as shown by the reduction in total
IgE and antigen-specific IgE and IgGl.

In clinical trials on the effectiveness of DD-M. vaccae in the treatment psonas1s, local
injections of DD-M. vaccae were observed to lead to clearance of distant skin lesions,

demonstrating the involvement of a systemic mechanism of action. No in viiro proliferation
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in response to DD-M. vaccae stimulation was observed in peripheral blood mononuclear cells
(PBMC) taken from DD-M. vaccae-treated patients, thereby indjcating thelack of a specific T
cell response to DD-M. vaccae. Experimental data is presented, below, in Example 9.

As described below, DD-M. vaccae is ingested by cells of the THP-1 buman
monocytic cell line and stimulates these cells to secrete IL-10 and IL-12. DD-M. vaccae
stimulates blood-derived human dendritic cells to upregulate the expression of CD40, CD80 .
and CD86 costimulatory molecules in viro. T cell and NK cells show increased expression
of the CD69 activation molecule when exposed to DD-M. vaccae, and the antigen presenting
function of mouse dendritic cells is enhanced when bone marrow derived dendritic cells are
pre-tested with DD-M. vaccae in vitro. Taken together, these results indicate that DD-M.
vaccae modifies the response to endogenous psoriatic antigen by affecting antigen
presentation. .

As the clinical effects of DD-M. vaccae on psoriasis are systemic and distant psoriatic
lesions are cleared following local injection of DD-M. vaccae, it is likely that DD-M. vaccae
is transported to the lymph nodes where it influences APCs and T cells. Alternatively,.either
APCs or both APCs and regulatory T cells activated by DD-M. vaccae migrate to lymph
nodes and the circulation. The APCs then terminate the generation of pathologic T cells, and
T cells down regulating psoriatic pathology proliferate either in the lymph nodes or
systemically. -

While the expression of costimulatory molecules (CD40, CD80 and CD86) by antigen
presehting cells is required for antigen presentation, and the secretion of IL-10 is likely to be
important in regulating T cell responses, other molecules are required to generate T regulatoryv
cells as a population distinct from effector T helper cells. As discussed above, the Notch
ligand family of molecules is known to determine fate of cells during T cell development.
Genes and molecules that determine differentiation of T cells during development are likely to
influence the differentiation of T cell subsets during an immune response. The fact that DD-
M. vaccae and its derivatives do not suppress antigen presentation and stimulate cytokine
production, indicates that they may be successfully employed to modify an immune response
to an antigen at the time of antigen presentation, and may also suppress an immune response

that has occurred after antigen presentation.
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As detailed below, the inventors have demonstrated that a derivative of DD-M.
vaccae, namely AVAC, induces production of Notch ligands on antigen presenting cells
(APCs). Recognition of an antigen on these up-regulated APCs induces naive T cells to
differentiate into regulatory T (Tr) cells and to express a Notch ligand. The Notch ligand on
the Tr cells in turh interacts with Notch on neighboring naive T cells, leading to the induction
of infectious tolerance to the antigen. The inventors have also demonstrated that AVAC, DD- '
M. vaccae, inactivated M. vaccae and M vaccae glycolipids modulate expression of various
genes involved in Notch signaling both in vitro and in vivo, as well as genes involved in Toll-
like receptor and cytokine signaling.

While not wishing to be bound by theory, the inventors believe, based on the
experimental results presented below, that interaction of M. vaccae, DD-M. vaccae and
AVAC with human myelomonocytic THP-1 cells is mediated in part by the specific binding
of M. vaccae-derived cell wall components, principally peptidoglycan, to the extracellular
domain of Toll-like receptor 2 (TLR2), one of severél pathogen receptors expressed by these
cells. Ligation of TLR2 then initiates an intracellular signaling cascade leading to the
transcription of cytokine genes and translation of cytokine mRNA into biologically active
protem The cytokmes so elicited have a vanety of biological effects, including the capacity
to influence expression of: genes involved in Notch signaling; TLR signaling genes
themselves; and other inflammation-associated geries such as that for the calcium-binding
protein MRFB. l

As described in detail below, the inventors have demonstrated that M. vaccae
derivatives up- or down-regulate expression of genes encoding Notch receptors, Notch
ligands, downstream targets of Notch signaling, and Notch-active glycosyltransferases in
human THP-1 cells. It is b/elievéd that this occurs partly via the actions of cytokines and
cytokine signaling pathway mediators induced by Toll-like receptor (TLR) signaling, and
partly via bona fide Notch signaling. As discussed above, Notch signaling occurs in cells
expressing Notch receptors and is initiated when Notch receptors are specifically ligated by
Notch ligands. Although THP-1 cells express all of the Notch receptors and ligands described
herein, it is likely that very little Notch signaling occurs in cultures of free-floating THP-1
cells in the absence of external stimuli. However, by ligating TIR2 on adjacent THEP-1 cells,

10
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inactivated M. vaccae, DD-M. vaccae and AVAC bring THP-1 cells into very close contact
with one anotﬁer, thereby facilitating multiple productive interactions between Notch
receptors and Notch ligands, which in turn leads to signal transduction in the Notch-bearing
cell. Ligation of Notch receptor leads to proteolytic release of Notch intracellular domain
(N'©), the intracellular mediator responsible for entering the nucleus and, in co-operation with
additional molecules, initiating transcription of: downstream Notch signaling genes such as
HES1, Deltex and HERP; Notch receptor, Notch ligand, and Notch-active glycosyltransferase
genes by one or more autocrine feedback loops; and other genes whose expression is
influenced by Notch signaling (for example, Numb). Within this framework, recognition of
M. vaccae derivatives by THP-1 cells is mediated by TLR2, and decisiorrmaking is mediated
by both downstream products of TLR signaling (changes in expression of TLR and cytokine
genes) and by Notch signaling.

As used herein the term “inactivated M. vaccae” refers to M. vaccae cells that have
either been killed by means of heat, as detailed below in Example 1, or by exposure to
radiation, such as ®Cobalt at a dose of 2.5 megarads, or by any other inactivation technique.
As used herein, the term “modified M. vaccae” includes delipidated M. - vaccae cells,
deglycolipidated M. vaccae cells, M. vaccae cells that have been both delipidated and
deglycolipidated (DD-M. vaccae), and derivatives of delipidated and deglycolipidated M.
vaccae cells. DD-M. vaccae may be prepared as described below in Example 1, with the
preparation of derivatives of DD-M. vaccae being detailed below in Example 2. The
preparation of delipidated and deglycolipidated M. tuberculosis (DD-M. tuberculosis) and M.
smegmatis (DD-M. smegmatis) is described in Example 5, below. Derivatives of DD-M.
tuberculosis and DD-M. smegmatis, such as acid-treated, alkali-treated, periodate-treated,
proteinase K—treatcd, and/or hydrofluoric acid-treated derivatives, may be prepared using the
procedures disélosed herein for the preparation of derivatives of DD-M. vaccae.

The derivatives of DD-M. vaccae preferably contain galactose in an amount less than
9.7% of total carbohydrate, more preferably less than 5% of total carbohydrate, and most
preferably less than 3.5% total carbohydrate. In certain embodiments, the derivatives of DD-
M. vaccae preferably contain glucosamine in an amount greater than 3.7% of total

carbohydrate, more preferably greater than 5% total catbohydrate, and most preferably greater
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than 7.5% total carbohydrate. Derivatives prepared by treatment of DD-M. vaccde with
alkali, such as DD-M. vaccae-KOH (also known as KVAC), have a reduced number of ester
bonds linking mycolic acids to the arabinogalactan of the cell wall compared to DD-M.
vaccae, and are thus depleted of mycolic acids. Derivatives prepared by treatment with acid,
such as DD-M. vaccae-acid (also referred to as AVAC), have a reduced number of
phosphodiester bonds attaching arabinogalactan sidechains to the peptidoglycan of the cell
wall, and are therefore depleted of arabinogalactan. In addition, such derivatives are depleted
of DNA. Derivatives prepared by treatment of DD-M. vaccae with periodate, such as DD-M.
vaccae-periodate (also known as IVAC), have a reduced number of cis-diol-containing sugar
residues compared to DD-M. vaccae and are depleted of arabinogalactan. Derivatives
prepared by treatment of DD-M. vaccae with Proteinase K (such as the derivative referred to
as EVAC) are depleted of proteins and peptides. Derivatives prepared by treatment with
hydrofluoric acid, such as DD-M. vaccae-KOH treated with hydrofluoric acid (referred to as
HVAC), are depleted of glycosidic bonds. '

In certain embodiments, compositions that may be effectively employed in the
inventive methods include polypeptides that comprise at least a functional portion of an M.
vaccae antigen, or a variant thefcof. As used herein, the term “polypeptide” encompasses
amino acid chains of any length, including full length proteins (i.., antigens), wherein the
amino acid residues are linked by covalent peptide bonds. Thus,'a polypeptide comprising a
functional portion of an antigen may consist entirely of the functional portion, or may contain
additional sequences. The additional sequences may be derived from the native M. vaccae
antigen or may be heterologous.

A “functional portion” as used herein means a portion of an antigen that possesses an
ability to modulate the expression of a protein involved in the Notch signaling pathway. The
ability of an antigen, or a portion thereof, to modulate expression of a protein involved in the
Notch signaling pathway may be determined as described below in Examples 11-14.

The term “polynucleotide(s),” as used herein, means a single or double-stranded

. polymer of deoxyribonucleotide or ribonucleotide bases and includes DNA and corresponding

RNA molecules, including HnRNA and mRNA molecules, both sense and anti-sense strands,
and comprehends cDNA, genomic DNA and recombinant DNA, as well as wholly or partially
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synthesized polynucleotides. An HnRNA molecule contains introns and corresponds to a
DNA molecule in a generally one-to-one manner. An mRNA molecule corresponds to an
HnRNA and DNA molecule from which the introns have been excised. A polynucleotide
may consist of an entire gene, or any portion thereof. Operable anti-sense polynucleotides
may comprise a fragment of the corresponding polymucleotide, and the definition of
“polynucleotide” therefore includes all such operable anti-sense fragments. Antisense
polynucleotides and techniques involving antisense polynucleotides are well known in the art
and are described, for example, in Robinson-Benion et al., “Antisense techniques,” Methods
in Enzymol. 254(23):363-375, 1995; and Kawasaki et al., Artific. Organs 20 (8):836-848,
1996.

As used herein, the term “variant” comprehends nucleotide or amino acid sequences
different from the specifically identified sequences, wherein one or more nucleotides dr
amino acid residues is deleted, substituted, or added. Variants may be naturally occurring
allelic variants, or non-naturally occurring variants, and include polynucleotides that encode
identical amino acid sequences or essentially identical sequences differing by codon
alterations that reflect the degeneracy of tile genetic code. In addition to these “silent
variations™, it is understood by those skilled in the art that conservative substitutions can be
made by substituting particular amino acids with chemically similar amino acids without
changing the fimction of the polypeptide (see e.g., Creighton, “Proteins’;, W.H. Freeman and
Company (1984).

Variant sequences (polynucleotide or polypeptide) preferably exhibit at least 75%,
more preferably at least 90%, and most preferably at least 95% identity to a sequence of the
present invention. The percentage identity is determined by aligning the two sequences to be
compared as described below, determining the number of identical residues in the aligned

portion, dividing that number by the total number of residues in the inventive (queried)

" sequence, and multiplying the result by 100. By way of example only, assume a queried

polynucleotide having 220 nucleic acids has a hitto a polynucleo‘ade sequence in the EMBL
database having 520 mucleic acids over a stretch of 23 nucleotides in the alignment produced
by the BLASTN algorithm using the default parameters as described below. The 23
nucleotide hit includes 21 idertical nudeotides, one gap and one different nucleotide. The
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percentage identity of the queried polynucleotide to the hit in the EMBL database is thus
21/220 times 100, or 9.5%. The percentage identity of polypeptide sequences may be
determined in a similar fashion.

Polynucleotide and polypeptide sequences may be aligned, and percentages of
identical residues in a specified region may be determined against another polynucleotide or
polypeptide sequence, using computer algorithms that are publicly available. Two exemplary
algorithms for aligning and identifying the similarity of polynucleotide sequences are the
BLASTN and FASTA algorithms. Polynucleotides may also be analyzed using the BLASTX
algorithm, which compares the six-frame conceptual translation products of a nucleotide
query sequence (both strands) against a protein sequence database. The percentage identity of

polypeptide sequences may be examined using the BLASTP algoritbm. The BLASTN,

" BLASTP and BLASTX algorithms are available on the NCBI anonymous FTP server under

/blast/executables/ and are available from the National Center for Biotechnology Information
(NCBI), National Library of Medicine, Building 38A, Room 8N805, Bethesda, MD 20894,
USA. The BLASTN algorithm Version 2.0.11 [J an-20-2000], set to the parameters described -
below, is preferred for use in the determination of polymucleotide variants accofding to the
present invention. The BLASTP algorithm, set to the parameters described below, is
preferred for use in the determination of polypeptide variants according to the present
invention. The use of the BLAST family of algorithms, including BLASTN, BLASTP and
BLASTYX, is described in the publication of Altschul, et al., Nucleic Acids Res. 25:3389-
3402, 1997.

The FASTA and FASTX algorithms are available on the Internet, and from the
University of Virginia by contacting the Vice Provost for Research, University of Virginia,
P.O. Box 9025, Charlottesville, VA 22906-9025, USA. The FASTA algorithm, set to the
default parameters described in the documentation and distributed with the algorithm, may be
used in the determination of polynucleotide variants. The readme files for FASTA and
FASTX Version 1.0x that are distributed with the algorithms describe the use of the
algorithms and describe the default parameters. The use of the FASTA and FASTX
algorithms is described in Pearson and Lipman, Proc. Natl. Acad. Sci. US4 85:2444-2448,
1988; and Pearson, Methods in Enzymol. 183:63-98, 1990.

14

SUBSTITUTE SHEET (RULE 26)



WO 03/013595 PCT/NZ02/00135

10

15

20

25

30

The following running parameters are preferred for determination of alignments and
similarities using BLASTN that contribute to the E values and percentage identity for
polynucleotides: Unix running command with the following default parameters: blastall -p
blastn -d embldb -¢ 10 -G 0 -E 0 r 1 -v 30 -b 30 - queryseq-—o results; and parameters are: -
p Program Name [String]; -d Database [String]; -e Expectation value (E) [Real]; -G Cost to
open a gap (zero invokes default behavior) [Integer]; -E Cost to extend a gap (zero invokes
default behavior) [Integer]; -+ Reward for a nucleotide match (blastn only) [Integer]; -v
Number of one-line descriptions (V) [Integer]; -b Number of alignments to show (B)
[Integer]; -1 Query File[File In]; -0 BLAST report Output File [File Out] Optional.

The following running parameters are preferred for determination of alignments and
similarities using BLASTP that contribute to the E values and percentage identity of
polypeptide sequences: blastall —p blastp —d swissprotdb —e 10 -G 0 -E 0 —v 30 —b 30 —
queryseq —o results; the parameters are: -p Program Name [String]; -d Database [String]; -e -
Expectation value (E) [Real]; -G Cost to open a gap (zero invokes default behavior) [Integér];
-E Cost to extend a gap (zero invokes default behavior) [Integer]; -v Number of one-line
descriptions (v) [Integer]; -b Number of alignments to show (b) [Integer]; -I Query File [File
In]; -0 BLAST report Output File [File Out] Optional.

The “hits” to one or more database sequences by a queried sequence produced by
BLASTN, BLASTP, FASTA, or a similar algorithm, align and identify similar ﬁortions of
sequences. The hits are arranged in order of the degree of similarity and the length of
gequence overlap. Hits to a database sequence generally represent an overlap over only a
fraction of the‘sequence length of the queried sequence. The BLASTN, FASTA and
BLASTP algorithms’ also produce “Expect” values for polynucleotide and polypeptide

alignments. The Expect value (E) indicates the number of hits one can "expect” to see over a

certain number of contiguous sequences by chance when searching a database of a certain

size. The Expect value is used as a significance threshold for determining whether the hit to a
database indicates true similarity. For example, an E value of 0.1 assigned to a
polynucleotide hit is interpreted as meaning that in a database of the size of the EMBL
database, one might expect to see 0.1 matches over the aligned portion of the sequence with a
similar score simply by chance. By this criterion, the aligned and matched portions of the
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sequences then have a probability of 90% of being related. For sequences having an B value
of 0.01 or less over aligned and matched portions, the probability of finding a match by
chance in the EMBL database is 1% or less using the BLASTN algorithm. E values for
polypeptide sequences may be determined in a similar fashion using various polypeptide
databases, such as the SwissProt database.

According to one embodiment, “variant” polynucleotides and polypeptides, with
reference to each of the polynucleotides and polypeptides of the present invention, preferably
comprise sequences having the same number or fewer nucleic or amino acids than each of the
polynucleotides or polypeptides of the present invention and producing an E value 0f 0.01 or
less when compared to the polynucleotide or polypeptide of the present invention. That is, a
variant polynucleotide or polypeptide is any sequence that has at least a 99% probability of
being the same as the polynucleotide or polypeptide of the present invention, measured as
having an E value of 0.01 or less using the BLASTN, FASTA or BLASTP algorithms set at
the default parameters. According to a preferred embodiment, a variant polynucleotide is a
sequence having the same number or fewer nucleic acids than a polynucleotide of the present
invention that has at least a 99% probability of being the same as the polynucleotide of the
present invention, measured as having an E value of 0.01 or less using the BLASTN
algorithm set at the default parameters. Similarly, according to a preferred embodiment, a
variant polypeptide is a sequence having the same number or fewer amino acids than a
polypeptide of the present invention that has at least a 99% probability of being the same as
the polypeptide of the present invention, measured as having an E value of 0.01 or less using
the BLASTP algorithm set at the default parameters.

Tn addition to having a specified percentage identity to an inventive polymucleotide or
polypeptide sequence, variant polynucleotides and polypeptides preferably have additional
structure and/or functional features in common with the inventive polymucleotide or
polypeptide. Polypeptides having a specified degree of identity to a polypeptide of the
present invention share a high degree of similarity in their primary structure and have
substantially similar functional properties. In addition to sharing a high degree of similarity in
their priﬁaary structure to polynucleotides of the present invention, polynucleotides having a
specified degree of identity to, or capable of hybridizing to, an inventive polymicleotide
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preferably have at least one of the following features: (i) they contain an open reading frame
or partial open reading frame encoding a polypeptide having substantially the same functional
properties as the polypeptide encoded by the inventive polynucleotide; or (ii) they contain
identifiable domains in common.

In certain embodiments, variant polynucleotides hybridize to a polynucleotide of the
present invention under stringent conditions. As used herein, “stringent conditions” refers to
prewashing in a solution of 6X SSC, 0.2% SDS; ﬂybridizing at 65°C, 6X SSC, 0.2% SDS
overnight; followed by two washes of 30 minutes each in 1X SSC, 0.1% SDS at 65°C and two
washes of 30minutes each in 0.2X SSC, 0.1% Si)S at 65°C.

The present invention also encompasses polynucleotides that differ from the disclosed
sequences but that, as a consequence of the discrepancy of the genetic code, encode a
polypeptide having similar enzymatic activity as é polypeptide encoded by a polynucleotide
of the present invention. Thus, polynucleotides comprising sequences that differ from the
polynucleotide sequences recited in SEQ ID NOS: 1-26 (or complements, reverse sequences,
or reverse complements of those sequences) as a result of conservative substitutions are
encompassed within the present invention. Additionally, polynucleotides comprising
sequences that differ from the inventive polynucleotide sequences or complemerts, reverse
complements, or reverse sequences as a result of deletions and/or insertions totaling less than
10% of the total sequence length are also contemplated by and encompassed within the
present invention. Similarly, polypeptides comprising sequences that differ from the
inventive polypeptide sequences as a result of amino acid substitutiéns, insertions, and/or
deletions totalling less than 10% of the total sequence length are contemplated by and
encompassed within the present invention, provided the variant polypeptide has similar
activity to the inventive polypeptide.

A polypeptide described herein may be conjugated to a signal (or leader) sequence at
the N-terminal end of the protein which co-translationdlly or post-translationally directs
transfer of the protein. The polypeptide may also be conjugated to a linker or other sequence
for ease of synthesis, purification or identification of the polypeptide (e.g., poly-His), or to
enhance binding of the polypeptide to a solid support. For example, a polypeptide may be

conjugated to an immuroglobulin Fc region.
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In general, M. vaccae antigens, and polynucleotides encoding such antigens, may be
prepared using any of a variety of procedures. For example, soluble antigens may be isolated
from M, vaccae culture filtrate. Antigens may also be produced recombinantly by inserting a
DNA sequence that encodes the antigen into an expression vector and expressing the antigen
in an appropriate host. Any of a variety of expression vectors known to those of ordinary skill
in the art may be employed. Expression may be achieved in any appropriate host cell that has
been transformed or transfected with an expression vector contaiﬁing a polynucleotide that
encodes a recombinant polypeptide. Suitable Host cells include prokaryotes, yeast and higher
eukaryotic cells. Preferably, the host cells employed are E. coli, mycobacteria, insect, yeast
or a mammalian cell line such as COS or CHO. The DNA sequences expressed in this
manner may encode naturally occurring antigens, portions of naturally occurring antigens, or
other variants thereof.

Polynucleotides encoding M, vaccae antigens may be obtained by screening an
appropriate M. vaccae cDNA or genomic DNA library for DNA sequences that hybridize to
degenerate oligonucleotides derived from amino acid sequences of isolated antigens. Suitable
degenerate oligomucleotides may be designed and synthesized, and the screen may be
performed as described, for example in Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratories, Cold Spring Harbor, NY, 1989. Polymerase chain
reaction (PCR) may be employed to isolate a nucleic acid probe from genomic DNA, or a
cDNA or genomic DNA library. The library screen may then be performed using the i;olated
probe. DNA molecules encoding M. vaccae antigens may also be isolated by screening an
appropriate M. vaccae expression library with anti-sera (e.g., rabbit or monkey) raised
specifically against M. vaccae antigens. .

Regardless of the method of preparation, the antigens described herein have the ability
to modify an immune response. More specifically, the antigens have the ability to effect the
Notch signaling pathway by modulation of the expression of proteins involved in the Notch
signaling ﬁathway including, but not limited to, Notch or Notch ligands on APCs and/or T
cells. The ability of an antigen to modulate the expression of proteins involved in the Notch

signaling pathway may be determined as described below in Example 11-14.
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Portions and other variants of M. vaccae antigens may be generated by synthetic or
recombinant means. Synthetic polypeptides having fewer than about 100 amino acids, and
generally fewer than about 50 amino acids, may be generated using techniques well known to
those of ordinary- okill in the art. For example, such polypeptides may be synthesized using
any of the commercially available solid-phase techniques, such as the Merrifield solid-phase
synthesis method, where amino acids are sequentially added to a growing amino acid chain.
See Merrifield, J, Am. Chem. Soc. 85:2149-2146, 1963. Equipment for automated synthesis
of polypeptides is commerciallj} available from suppliers such as Perkin Elmer/Applied
BioSystems, Inc. (Foster City, CA), and may be operated according to the manufacturer's
instructions. Variants ‘of a native antigen may be prepared using standard mutagenesis
techniques, such as oligonucleotide-ditected sité-specific mutagenesis. Sections of the DNA
sequence may also be removed using standard techniques to permit preparation of truncated
polypeptides. '

In general, regardless of the method of preparation, the polypeptides and
polynucleotides disclosed herein are prepared in an isolated, substantially pure, form.
Preferably, the polypeptides and polynﬁcleotides are at least about 80% pure, more preferably
at least about 90% pure and most prefembly at least about 99% pure.

Alternatively, a composition of the present invention may contain DNA encoding one
or more polypeptides as described above, such that the polypeptide is generated in sifu. In
such compositioﬁs, the DNA may be present within any of a variety of delivery systems
known to those of ordinary skill in the art, including nucleic acid expression systems,
bacterial and viral expression systems. Appropriate nucleic acid expression systems contain
the necessary DNA sequences for expression in the patient (such as a suitable promoter and
terminator signal). Bacterial delivery systems involve the administration of a bacterium (such
as Bacillus-Calmette-Guerin) that expresses an immunogenic portion of the polypeptide on its
cell surface. In a preferred embodiment, the DNA may be introduced using a viral expression ‘
system (e.g., vaccinia or other poxvirus, retrovirus, or adenovirus), which may involve the use

of a non-pathogenic, or defective, replication competent virus. Techniques for incorporating

.DNA into such expression systems are well known in the art. The DNA may also be "naked,"

as described, for example, in Ulmer ef al., Science 259:1745-1749, 1993 and reviewed by
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Cohen, Science 259:1691-1692, 1993. The uptake of naked DNA may be increased by
coating the DNA onto biodegradable beads, which are efficiently transported into the cells.

As noted above, the compositions describe herein may be employed for the treatment
of disorders including antoimmune disorders, allergic disorders and graft rejection. When
used in such methods, the compositions described herein may be administered by injection
(e.g., intradermal, intramuscular, intravenous or subcutaneous), intranasally (e.g., by
aspiration), orally or epicuténeously (applied topically onto skin). In one embodiment, the
compositions are in a form suitable fordelivery to the mucosal surfaces of the airways leading
to or within the lungs. For example, the composition may be suspended in a liquid
formulation for deliveryto a patient in an aerosol form or by meas of a nebulizer device.

For use in therapeutic methods, the compositions described herein may additionally
contain a physiologicaly acceptable carrier. While any suitable carrier known to those of
ordinary skill in the art may be employed in the compositions of this invention, the type of
carrier will vary depending on the mode of administration. For parenteral administration,
such as subcutaneous injection, the carrier preferably comprises water, saline, alcohol, a fat, a
wax or a buffer. For oral administration, any of the above carriers or a solid carrier, such as .
mannitol, lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose,
sucrose, and magnesium carborate, may be employed.

The preferred frequency of administration and effective dosage will vary from one
individual to another. For both DD-M. vaccae and derivatives of DD-M. vaccae, the amount
present in a dose preferably ranges from about 10 pg to about 1000 pg, more preferably from
about 10 pg to about 100 pg. The number of doses may range from 1 to about 10
administered over a period of up to 12 months. In general, the amount of polypeptide present
in a dose (or produced in situ by the DNA in a dose) ranges from about 1 pg to about 100 mg
per kg of host, typically from about 10 pg to about 1 mg, and preferably from about 100 pg to
ab01:1t 1 pg. Suitable dose sizes will vary with the size of the patient, but will typically range
from about 0.1 ml to about 5 ml.

The word “about,” when used in this application with reference to the amount of
active component in a dose, contemplates a variance of up to 5% from the stated amount.

The following examples are offered by way of illustration and are not limiting.
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EXAMPLE 1
PREPARATION OF DELIPIDATED AND DEGLYCOLIPIDATED

M. VACCAE CELLS (DD-M. VACCAE)

This example illustrates the processing of different constituents of M. vaccae and their

immune modulating properties.

Heat-killed M. vaccae and M. vaccae culture filtrate

M. vaccae (American Type Culture Collection Number 15483) was cultured in sterile
Medium 90 (yeast extract, 2.5 g/l; tryptone, 5 g/l; glucose 1 g/l) at 37°C. The cells were
harvested by centrifugation, and transferred into sterile Middlebrook 7H9 medium (Difco
Laboratories, Detroit, MI) with glucose at 37°C for one day. The medium was then
centrifuged to pellet the bacteria, and the culture filtrate removed. The bacterial pellet was
resuspended in phosphate buffered saline at a concentration c;f 10 mg/ml, equivalent to 10"
M. vaccae organisms per ml. The cell suspension was then autoclaved for 15 min at 120°C.

The culture filtrate was passaged through a 0.45 pm filter info sterile bottles.

Preparation of Delipidated and Deglycolipidated M. vaccae (DD-M. vaqcae) and
Compositional Analysis

To prepare delipidated M. vaccae, the autoclaved M. vaccae was pelleted by
centrifugation, the pellet washed with water and collected again by centrifugation, and freeze-
dried. An aliquot of this freeze-dried M. vaccae was set aside and referred to as lyophilised
M. vaccae. When used in experiments it was resuspende& in PBS to the desired
concentration. Freeze-dried M. vaccae was treated with chloroform/methanol (2:1) for 60
min at room temperature to extract lipids, and the extraction was repeated once. The
delipidated residue from the chloroform/methanol extraction was further treated with 50%
ethanol to remove glycolipids by refluxing for two hours. The 50% ethanol extraction was
repeated two times. The pooled 50% ethanol extracts were used as a source of M. vaccae
glycolipids. The residue from the 50% ethanol extraction was freeze-dried and weighed. The
amount of delipidated and deglycolipidated M. vaccae prepared was equivalent to 1 1.1%of
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the starting wet weight of M. vaccae used. For bioassay, the delipidated and deglycolipidated
M. vaccae (DD-M. vaccae), was resuspended in phosphate-buffered saline by sonication, and

sterilized by autoclaving.

The compositional analyses of heat-killed M. vaccae and DD-M. vaccae are presented

5 inTable 1. Major changes are seen in the fatty acid composition and amino acid composition
of DD-M. vaccae as compared to the insoluble fraction of heat-killed M. vaccae. The data
presented in Table 1 show that the insoluble fraction of heat-killed M. vaccae contaiﬁs 10%
w/w of lipid, and the total amino acid content is 2750 nmoles/mg, or approximately 33% w/w.

DD-M. vaccae contains 1.3% w/w of lipid and 4250 nmoles/mg amino acids, which is

10  approximately 51% w/w.

TABLE 1

PCT/NZ02/00135

Compositional analyses of heat-killed M. vaccae and DD-M. vaccae

15 MONOSACCHARIDE COMPOSITION

sugar alditol M. vaccae DD-M. vaccae
Inositol 3.2% 1.7%
sugar alditol M. vaccae DD-M. vaccae
Ribitol * 1.7% 0.4%
Arabinitol 22.7% 27.0%
Mannitol 8.3% 3.3%
Galactitol 11.5% 12.6%
Glucitol 52.7% 55.2%
FATTY ACIb COMPOSITION
Fatty acid M. vaccae DD-M. vaccae
C14:0 3.9% 10.0%
Cl16:0 21.1% 7.3%
Clé6:1 14.0% 3.3%
C18:0 4.0% 1.5%
Cl18:1* 1.2% 2.7%
Cl18:1w9 20.6% 3.1%
C18:1w7 12.5% 5.9%
C22:0 12.1% 43.0%
C24:1* 6.5% 22.9%
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The insoluble fraction of heat-killed M. vaccae contains 10% w/w oflipid, and DD-M. vaccae
contains 1.3% w/w oflipid.

AMINO ACID COMPOSITION )
nmoles/mg M. vaccae DD-M. vaccae
ASP 231 361
THR 170 266
SER 131 199
GLU 319 505
PRO 216 262
GLY 263 404
ALA 416 621
CYs* 24 26
VAL ‘ 172 272
MET* 72 94
ILE 104 171
LEU 209 340
TYR ' 39 75
PHE : 76 132
GIcNH2 5 6
HIS : 44 77
LYS _ 108 167
ARG 147 272 .

The total amino acid content of the insoluble fraction of heat-killed M. vaccae is 2750
nmoles/mg, or approximately 33% w/w. The total amino acid content of DD-M. vaccae is

4250 nmoles/mg, or approximately 51% w/w.

10 M. vaccae glycolipids
The pooled 50% ethanol extracts described above were dried by rotary evaporation,
redissolved in water, and freeze-dried. The armount of glycolipid recovered was 1.2% of the
starting wet weight of M. vaccae used. For bioassay, the glycolipids were dissolved in
phosphate-buffered saline.
15
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. EXAMPLE 2
PREPARATION AND CHARACTERIZATION OF
ADDITIONAL DERIVATIVES OF M. VACCAE

Alkaline hydrolysis of DD-M. vaccae

This procedure is intended to cleave linkages that are labile to alkaline lysis, such as
the ester bonds linking mycolic acids to the arabinogalactan of the mycobacterial cell wall.

One gram of DD-M. vaccae, prepared as described in Example 1, was suspended in 20
ml of a 0.5% solution of potassium hydroxide (KOH) in ethanol. Other alkaline agents and
solvents are well known in the art and may be used in the place of KOH and ethanol. The
mixture was incubated at 37°C with intermittent mixing for 48 hours. The solid residue was
harvested by centrifugation, and washed twice with ethanol and once with diethyl ether. The
product was air-dried overnight. The yield was 1.01 g (l 01%) of KOH-treated DD-
M. vaccae, subsequently referred to as DD-M. vaccae-KOH (also known as KVAC). This
derivative was found to be more soluble than the other derivatives of DD-M. vaccae disclosed
herein.

Acid hydrolysis of DD-M. vaccae _

This procedure is intended to cleave acid-labile linkages, such as the phosphodiester
bonds attaching the arabinogalactan sidechains to the peptidoglycan of the mycobacteriai cell
wall.

DD-M. vaccae or DD-M. vaccae-KOH (100 mg) was washed twice in 1 ml of 50 mM
H,S0, followed by resuspension and centrifugation. Other acids are well known in the art
and may be used in place of sulphuric acid. For the acid hydrolysis step, the solid residue was
resuspended in 1 ml of 50 mM H,SO4, and incubated at 60°C for 72 hours. Following
recoAvery of the solid residue by centrifugation, the acid was removed by washing the residue
five times with water. The freeze-dried solid residue yielded 58.2 mg acid-treated DD-
M. vaccae (DD-M. vaccae-acid; also known as AVAC) or 36.7 mg acid-treated DD-
M. vaccae-KOH (DD-M. vaccae-KOH-acid).

Periodic acid cleavage of DD-M. vaccae

This procedure is intended to cleave cis-diol-containing sugar residues in DD-
24
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M. vaccae, such as the thamnose residue near the attachment site of the arabinogalactan
chains to the peptidoglycan backbone.

DD-M. vaccae or DD-M. vaccae-KOH (100 mg) was suspended in 1 ml of a solution
of 1% periodic a;:id in 3% acetic acid, incubated for 1 hour at room temperature and the solid
residue recovered by centrifugation. This periodic acid treatment was repeated three times.
The solid residue was recovered by centrifugation, and incubated with 5 ml of 0.1 M sodium
borohydride for one hour at room temperature. The resulting solid residue was recovered by
centrifugation and the sodium borohydride treatment repeated. After centrifugation, the solid
residue was washed four times with water and freeze-dried to give a yield of 62.8 mg DD-
M. vaccae-periodate (also known as IVAC) or 61.0 mg DD-M. vaccae-KOH-periodate.

Resuspension of DD-M vaccae and DD-M. vaccaé—KOH

DD-M. vaccae and DD-M. vaccae-KOH (11 mg each) were suspended in phosphate-
buffered saline (5.5 ml). Samples were sonicated with a Virtis probe sonicator for various
times at room temperature (mini-probe, 15% output). Samples were then vortexed for sixty
seconds and allowed to stand for five minutes to allow the sedimentation of large particles.
The absorbance of the remaining suspension at 600 nm was measured. As shown in Fig. 1,
DD-M. vaccae-KOH (referred to in Fig. 1 as DDMV-KOH) was fully resuspended after one
minute’s sonication, and further sonication produced no further increase in the absorbance.
After five minutes sonication, the resuspension of DD-M. vaccae (referred to in Fig. 1 as
DDMYV) was still incomplete as estimated from the absorbance of the suspension. These

results indicate that DD-M. vaccae-KOH is-considerably more soltble than DD-M. vaccae.

Proteinase K hydrolysis of DD-M. vaccae
This procedure is intended to digest proteins and peptides, while leaving most other

materials intact.

One hundred milligrams of DD-M. vaccae, prepared as described in Example 1, was
suspended in 9 m! water with sonication. Sodium dodecyl sulfate (SDS) was added to a final
concentration of 1% w/v, and Proteinase K to a: final concentration of 100 pg/ml w/v. The

reaction mixture was incubated at 50°C for 16 hours. The product was harvested by

25

SUBSTITUTE SHEET (RULE 26)



WO 03/013595 PCT/NZ02/00135

10

15

20

25

centrifogation, washed with phosphate-buffered saline and water, and lyophilized. The yield
was 59 mg (5%9%) of Proteinase K-treated DD-M. vaccae, subsequently referred to as EVAC.

Hydrofluoeric acid hydrolysis of KOH-treated DD-M. vaccae

This procedure is intended to cleave linkages that are labile to hydrolysis with
anhydrous hydrofluoric acid, such as glycosidic bonds, while leaving most proteins intact.

One gram of DD-M. vaccae-KOH, prepared as described above, was suspended in 15
ml liquid hydrogen fluoride containing anisole as a free-radical scavenger. The mixture was
incubated at 0°C with mixing for one hour. The hydrogen fluoride (HF) was removed by
distillation, and the solid residue was washed with diethyl ether to remove the anisole. The
resulting pfoduct was extracted with water to yield water-soluble and water-insoluble
fractions. The yield was 250 mg (25%) of water-soluble material, and 550 mg (55%) of
water-insoluble HF-hydrolyzed KOH-treated DD-M. vaccae, subsequently referred to as
HVAC.

Carbohydrate compositional analysis of DD-M. vaccae and DD-M. vaccae derivatives

The carbohydrate composition of DD-M. vaccae and DD-M. vaccae derivatives was
determined using standard techniques. The results are shown in Table 2, wherein DDMV
represents  DD-M. vaccae; DDMV-KOH  represents DD-M. vaccae-KOH; DDMV-A
represents DD-M. vaccae-acid; DDMV-I represents DD-M&accae-periodate; DDMV-KOH-
A represents DD-M. vaccae-KOH-acid; and DDMV-KOH-I represents DD-M. vaccae-KOH-
periodate.

TABLE 2
Carbohydrate Compositional Analysis of DD-M. vaccae and DD-M. vaccae Derivatives

Carbohydrate DDMV DDMV- | DDMV-A | DDMV-I | DDMV- DDMV-
KOH KOH-A KOH-I

Galactosamine 26.6% 29.2 14.9 37.7 0.3 3.9

Glucosamine 3.7 3.6 8.7 35.6 12.2 63.2

Galactose 9.7 9.2 0.7 3.4 0.0 0.0

Glucose 56.9 54.8 71.1 23.0 87.5 27.5

Mannose 3.2 3.2 4.7 0.4 0.02 5.5
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* All values in %of total carbohydrate

The results demonstrate that each of the DD-M. vaccae derivatives had a different
carbohydrate content, as expected from the different effects of the acid, periodate or alkali
treatment of the cells. In addition, DD-M. vaccae had a marked different carbohydrate
composition when compared with the DD-M. vaccae derivatives. As expected, the amount of
galactose in the DD-M. vaccae-acid and DD-M. vaccae-periodate derivatives was lower than
in DD-M. vaccae and DD-M. vaccae-KOH. These values reflect the action of the acid and
periodate in the preparation of the derivatives, cleaving the arabinogalactan sidechains from

the peptidoglycan backbone.

Nucleic acid analysis of DD-M. vaccae and DD-M.vaccae derivatives

Analysis by gel electrophoresis of the nucleic acid content of DD-M. vaccae and the
DD-M. vaccae derivatives after treatment with Proteinase K showed that DD-M. vaccae, DD-
M. vaccae-periodate and DD-M. vaccae-KOH contained small amounts of DNA while no

detectable nucleic acid was observed for DD-M. vaccae-acid.

EXAMPLE 3
EFFECT OF IMMUNIZATION WITH DD-M. VACCAE
AND DERIVATIVES OF DD-M. VACCAE ON ASTHMA IN MICE

The ability of DD-M. vaccae and derivatives of DD-M. vaccae to inhibit the
development of allergic immune responses was examined in a mouse model of the asthma-
like allergen specific lung disease. The severity of this allergic disease is reflected in the large
numbers of eosinophils that accumulate in the airways.

BALB/cByJ mice were given 2 pg ovalbumin in 2mg alum adjuvant by the
intraperitoneal route at time 0 and 14 days, and subsequently given 100 ug ovalbumin in 50 pl

phosphate buffered saline (PBS) by the intranasal route on day 28. The mice accumulated
27.
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cosinophils in their airways as detected by washing the airways of the anesthetized
mice with saline, collecting the washings (broncheolar lavage or BAL), and counting the
.numbcrs of eosinophils.

DD-M. vaccae derivatives were prepared as described above. Groups of 10 mice were
administered 200 pg of PBS, DD-M. vaccae or one of the DD-M. vaccae derivatives (Q1:
DD-M. vaccae;, Q2: DD-M. vaccae-KOH; Q3: DD-M. vaccae-acid; Q4: M. vaccae-periodate;
Q6 and P6: DD-M. vaccae-KOH-periodate; P5: DD-M. vaccae-KOH-acid) intranasally one
week before intranasal challenge with ovalbumin. As shown in Fig. 2, statistically significant
reductions were observed in the percentage of eosinophils in BAL cells collected six days
after challenge with ovalbumin, compared to control mice. Furthermore, the data shows that
suppression of airway eosinophilia with DD-M vaccae-acid and DD-M. vaccae-KOH-
periodate (Q3, Q6 and P6) was greater than that obtained with DD-M. vaccae (Q1). Control
mice were given intranasal PBS. The data in Fig. 2 shows the mean and SEM per group of
mice.

Eosinophils are blood cells that are prominent in the airways in allergic asthma. The
secreted products of eosinophils contribute to the swelling and inflammation of the mucosal
linings of the airways in allergic asthma. The data shown in Fig. 2 indicate that treatment
with DD-M. vaccae or derivatives of DD-M. vaccae reduces the accumulation of lung
eosinophils, and may be useful in reducing inflammation associated with eosinophilia in the
airways, nasal mucosal and upper respiratory tract. Administration of DD-M. vaccae or
derivatives of DD-M. vaccae may therefore reduce the severity of asthma and diseases that
involve similar Immune abnorinaliﬁes, such as allergic thinitis, atopic dematitis and eczema.

In addition, serum samples were collected from mice immunized with either heat-
Killed M. vaccae or DD-M. vaccae and the level of antibodies to ovalbumin was measured by
standard enzyme-linked immunoassay (EIA). AAs shown in Table 3 below, sera from mice
infected with BCG had higher levels of ovalbumin-specific IgG1 than sera from PBS controls.
In contrast, mice immunized with heat-killed M. vaccae or DD-M. vaccae had similar or
lower levels of ovalbumin-specific IgG1l. As IgG1 antibodies are characteristic of a Th2
immune response, these results are consistent with the suppressive effects of DD-M. vaccae

on the asthmainducing Th2 immume responses.
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TABLE 3
Low Antigen-Specific IgG1 Serum Levels

in Mice Immunized with Heat-killed M. vaccae or DD-M. vaccae

Treatment Group Serum IgG1
Mean SEM
M vaccae in. 185.00 8.3
M. vaccae s.c. 113.64 8.0
DD-M. vaccae in. 96.00 8.1
DD-M. vaccae s.c. 110.00 4.1
Treatment Group Serum IgG1
Mean SEM
BCQG, Pasteur 337.00 27.2
BCG, Connaught . 248.00 46.1
PBS 177.14 11.4

In further studies, the effects of DD-M. vaccae-acid (AVAC) on eosinophilia in the
mouse model when administered either one day before challenge with OVA, at the time of
challenge or one day after challenge were examined. As shown in Fig. 3, suppression of
eosinophilia was greatest when AVAC was administered one day before challenge or at the

same time.

EXAMPLE 4 '
EFFECT OF DD-M. VACCAE DERIVATIVES ON
IL-10 PRODUCTION IN THP-1 CELLS
IL-10 has been shown to inhibit the cytokine production of Thl cells and play a key

role in the suppression of experimentally-induced inflammatory responses,in skin (Berg ez al.,
J. Exp. Med. 182:99-108, 1995). More recently, IL-10 has been used successfully in two
clinical trials to treat psoriatic patients (Reich et al., J. Invest. Dermatol. 111:1235-1236, 1998
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and Asadullah et al., J. Clin. Invest. 101:783-794, 1998). The levels of IL-10 produced by a
human monocytic cell line (THP-1) cultured in the presence of derivatives of DD-M. vaccae
were assessed as follows.

THP-1 cells (ATCC Number TIB-202) were cultured in RPMI medium (Gibco BRL
Life Technologies) supplemented with 0.5 mg/l streptomycin, 500 U/l penicillin, 2 mg/l L~
glutamine, 5x10° M B-mercaptoethanol and 5% fetal bovine serum (FBS). One day prior to
the assay, the cells were subcultured in fresh media at 5 x 10° cells/ml. Cells were incubated
at 37 °C in humidified air containing 5% CO;, for 24 hours and then aspirated and washed by
centrifugation with 50 ml‘ of media. The cells were resuspended in 5 ml of media and the cell
concentration and viability determined by staining with Trypan blue (Sigma, St Louis MI)and
analysis under a hemocytometer. DD-M. vaccae derivatives (prepared as described above) in
50 ul PBS and control stimulants were added in triplicate to wells of a 96 well plate
containing 100 pl of medium and appropriate dilutions were prepared. Lipopolysaccharide
(LPS) (300p.g/ml; Sigma) and PBS were used as controls. To each well, 100 pl of cells were
added at a concentration of 2 x 10° cells/ml and the plates incubated at 37 °C in humidified air
éontairﬁng 5% CO, for 24 hours. The level of IL-10 in each well was determined using
human IT-10 ELISA reagents (PharMingen, San Diego CA) according to the manufacturer’s
protocol. As shown in Fig. 4, the acid and periodate derivatives of DD-M. vaccae were found
to stimulate significant levels of IL-10 production. The PBS control, DD-M. vaccae-KOH,
DD-M. vaccae-KOH-periodate, and DD-M. vaccae-KOH-acid derivatives did not stimulate
THP-1 cells to produce IL-10.

EXAMPLE 5
PREPARATION AND COMPOSITIONAL ANALYSIS OF DELIPIDATED AND
DEGLYCOLIPIDATED M. TUBERCULOSIS (DD-M. TUBERCULOSIS)
AND M. SMEGMATIS (DD-M. SMEGMATIS)

M. tuberculosis and M. smegmatis culture filtrate
Cultures of Mycobacterium smegmatis (M. smegmatis, ATCC Number 27199) were
grown as described in Example 1 for M. vaccae in Medium 90 with 1% added glucose. After

incubation at 37°C for 5 days, the cells were harvested by centrifugation and the culture
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filtrate removed. The bacterial pellet was resuspended in phosphate buffered saline at a
concentration of 10 mg/ml, equivalent to 10*° M. smegmatis organisms per ml. The cell
suspension was then autoclaved for 15 min at 120°C. The culture filtrate was passaged
through a 0.45 pm filter into sterile bottles.

Cultures of M. tuberculosis strain H37Rv (ATCC Number 27294) were grown at 37°C
in GAS medium (0.3 g Bactocasitone (Difco Laboratories, Detroit MI), 0.05 g ferric
ammonium citrate, 4 g KoHPO,, 2 g citric acid, 1 g L-alanine, 1.2 g MgCl,.6H,0, 0.6 g K».
SOy, 2 g NHCl, 1.8 ml NaOH (10N), 5 ml. glycerol, pH 7.0) for five days. Harvesting and

further treatment of cells are as described above for M. smegmatis cells.

Preparation of Delipidated and Deglycolipidated M. tuberculosis (DD-M. tuberculosis)
and Delipidated and Deglycolipidated M. smegmatis (DD-M. smegmatis) and
Compositional Analysis.

To prepare délipidated and deglycolipidated M. tuberculosis (DD-M. tuberculosis) and
M. smegmatis (DD-M. smegmatis), autoclaved M. tuberculosis and M. smegmatis were
pelleted by centrifugation, the pellet washed with water and collected again by cenfrifugation,
and freeze-dried. An aliquot of this freeze-dried M. tuberculosis and M. smegmatis was set
aside and referred to as lyophilized M. tuberculosis and M. smegmatis, respectively. When
used in experiments, the lyophilizgd material was resuspended in PBS to the desired

concentration.
Delipidated and deglycolipidated M. tuberculosis (DD-M. tuberculosis) and

M smegmatis (DD-M. smegmatis) were prepared as described in Example 1 for the

preparation of DD-M. vaccae. For bioassay, the freeze-dried DD-M. tuberculosis and DD-M.
smegmatis were resuspended in phosphate-buffered saline (PBS) by sonication, and sterilized
by autoclaving,

The compositional analyses of DD-M. tuberculosis and DD-M. smegmatis are
presented in Table 4 and Table 5. Major differences are seen in some components of the
monosaccharide composition of DD-M. tuberculosis and DD-M. smegmatis compared with

the monosaccharide composition of DD-M. vaccae. The datapresented in Table 4 show that
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DD-M. tuberculosis and DD-M. smegmatis contain 1.3% and 0.0 mol% glucose, respectively,

compared with 28.1 mol% for DD-M. vaccae.
The amino acid composition of DD-M. tuberculosis and DD-M. smegmatis is

presented in Table 5. DD-M. tuberculosis contains 6537.9 nmoles/mg amino acids, or
5  approximately 78.5% w/w, and DD-M. smegmatis contains 6007.7 nmoles/mg amino acids,

which is approximately 72.1% w/w protein. When compared with the amino acid analysis of

DD-M. vaccae, DD-M. tuberculosis and DD-M. smegmatis contain more total % protein than

DD-M. vaccae (55.1 %).

10
. TABLE4
Monosaccharide Composition of DD-M. tuberculosis and DD-M. smegmatis
Monosaccharide M. tuberculosis M. smegmatis
wi% mol% wt% mol%
Inositol 0.0 0.0 0.0 0.0
Glycerol 9.5 9.7 15.2 15.5
Arabinose 69.3 71.4 69.3 ___70.0
Xylose ND* ND 3.9 4.0
Mannose 3.5 3.0 2.2 1.9
Glucose 1.5 1.3 0.0 0.0
Galactose 12.4 10.7 9.4 8.0
* Not done
15 TABLE 5
Amino Acid Composition of DD-M. tuberculosis and DD-M. smegmatis
Amino acid M. tuberculosis M. smegmatis
Total Protein Total % Total Protein Total %
nmoles/mg protein nmoles/mg protein
ASP 592.5 9.1 557.0 9.3
THR 348.1 | 53 300.5 5.0
SER 218.6 3.3 252.6 4.2
GLU 815.7 12.5 664.9 11.1
PRO 342.0 5.2 451.9 7.5
GLY 642.9 9.8 564.7 9.4
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ALA 927.9 14.2 875.1 14.6
CYS 31.8 0.5 20.9 0.3
VAL 509.7 7.8 434.8 7.2
MET 122.6 1.9 113.1 1.9
ILE ‘ 309.9 4.7 243.5 4.1
LEU 542.5 - 83 490.8 8.2
TYR 116.0 1.8 108.3 1.8
PHE 198.9 3.0 193.3 3.2
HIS 126.1 1.9 117.2 2.0
LYS 272.1 4.2 247.8 4.1
ARG 421.0 6.4 371.7 6.2
EXAMPLE 6

EFFECT OF IMMUNIZATION WITH DD-M. TUBERCULOSIS AND
DD-M. SMEGMATIS ON ASTHMA IN MICE

The ability of DD-M. tuberculosis and DD-M. smegmatis to inhibit the development
of allergic immune responses \;vas examined in a mouse model of the asthma-like allergen-
specific lung disease, as described above in Example 3. The results illustrate the effect of
immunization with DD-M. tuberculosis and DD-M. smegmatis on the suppression of
eosinophilia in the airways, illustrating their immune modulating properties.

BALB/cByJ female mice were sensitized to OVA by intraperitoneal injection of
200 pl of an emulsion containing 10 pg OVA and 1 mg Alum adjuvant on days 0 and 7. On
days 14 and 21, mice were anesthetized and vaccinated intranasally or intradermally with
200 pg of DD-M. vaccae, DD-M. tuberculosis, DD-M. smegmatis or P]éS. On days 28 and
32, mice were anesthetized and challenged intranasally with 100 pg OVA. Mice were
sacrificed on day 35 and bronchoalveolar lavage (BAL) performed using PBS. BAL cell
samples were analyzed by flow cytometry to determine the eosinophil content (%
eosinophils). Total BAL eosinophil numbers were obtained by multiplying the percentage
eosinophil value by the total number of leukocytes obtained, with the latter value being

determined using a hemacytometer.
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The data shown in Fig. 5 indicate that treatment with DD-M. tuberculosis and DD-
M. smegmatis reduces the accumulation of lung eosinophils similar to the reduction following
immunization with DD-M. vaccae, and that DD-M. tuberculosis and DD-M. smegmatis may
be useful in reducing inflammation associated with eosinophilia in the airways, nasal mucosal
and upper respiratory tract. Administration of DD-M. tuberculosis and DD-M. smegmatis
may therefore reduce the severity of asthma and diseases that involve similar immune

abnormalifies, such as allergic thinitis.

EXAMPLE 7
EFFECT OF DD-M. VACCAE ON CYTOKINE PRODUCTION IN
HUMAN PERIPHERAT BLOOD MONONUCLEAR CELLS
This example describes studies on the ability of DD-M. vaccae to stimulate production

of IL-10, TNF-c. and IFN-y in human peripheral blood mononuclear cells (PBMC).

Human blood was separated into PBMC and non-adherent cells, and the cytokine
production of each fraction determined after stimulation with DD-M. vaccae as follows.
Blood was diluted with an eéual volume of saline and 15-20 ml was layered onto 10 ml Ficoll
(Gcho BRL Life Technologies, Gaithersburg, MD). The lymphocyte layer was removed
after centrifugation at 1,800 rpm for 20 min, washed three times in RPMI medium (Gibco
BRL) and counted using Trypan blue. Cells were resuspended in RPMI containing 5% heat-
inactivated autologous serum at a concentration of 2x10° per ml. The cell sample was divided
to prepare non-adherent cells.

Non-adherent cells were prepared by incubating 20 ml of the lymphocytes in RPMI
supplemented with serum (as above) for one hour in a humidified atmosphere containing 5%
CO». The non-adherent cells were transferred to a fresh flask and the incubation repeated
once more. The non-adherent cells were removed, counted and resuspended at a
concentration of 2 x 10° per ml in supplemented RPMI medium. Serial diiutions of DD-M.
vaccae were prepared starting at 200 pg/ml and added to 100 pul medium (supplemented
RPMI) in a 96-well plate. PBMC and non-adherent cells were added to the wells (100 pul) and
the plates incubated at 37°C for 48 hours in a humidified atmosthere containing 5% CQO,. A
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150 ul aliquot was removed from each well to determine the amount of cytokine produced by
the different cdls after stimulation with DD-M. vaccae.

DD-M. vaccae stimulated PBMC to secrete TNF-o and IL-10 (Figs. 6 and 7A,
respectively), but stimulated the non-adherent cells to produce IFN-y (Fig. 7B). These data
suggest that IFN-y production in DD-M. vaccae-stimulated PBMC is repressed by the
simultaneous secretion of IL-10.

EXAMPLE 8
EFFECT OF INTRADERMAL INJECTION OF HEAT-KTLILED MYCOBACTERIUM
VACCAE ON PSORIASIS IN HUMAN PATIENTS
This example illustrates the effect of two intradermal injections of heat-killed

Mycobacterium vaccae on psoriasis.

M. vaccae (ATCC Number 15483) was cultured in sterile Medium 90 (yeast extract,
2.5g/l; tryptone, 5g/l; glucose, 1 g/l) at 37 °C. The cells were harvested by centrifugation,
and transferred into sterile Middlebrook 7H9 medium (Difco Laboratories, Detroit, MI, USA)
with glucose at 37 °C for one day. The medium was then centrifuged to pellet the bacteria,
and the culture filtrate removed. The bacterial pellet was resuspended in phosphate buffered
saline at a concentration of 10 mg/ml, equivalent to 10 M. vaccae organisms per ml. The
cell suspension was then au;coclaved for 15 min at 120 °C and stored frozen at —20 °C. Prior
to use the M. vaccae suspension was thawed, diluted to a concentration of 5 mg/ml in
phosphate buffered saline, autoclaved for 15 min at 120 °C and 0.2 ml aliquoted under sterile
conditions into vials for use in patients.

Twenty four volunteer psoriatic patients, male and female, 15-61 years old with no
other systemic diseases were admitted to treatment. Pregnant patients were not included. The
patients had PASI scores of 12-35. The PASI score is a measure of the location, size and
degree of skin scaling in psoriatic lesions on the body. A PASI score of above 12 reflects
widespread disease lesions on the body. The study commenced with a washout period of four
weeks where the patients did not have systemic anti-psoriasis treatment or effective topical

therapy.
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The 24 patients were then injected intradermally with 0.1 ml M. vaccae (equivalent to 500
pg). This was followed three weeks later with a second intradermal inj ection with the same dose
of M. vaccae (500 pg). Psoriasis was evaluated from four weeks before the first injection of heat-

killed M. vaccae to twelve weeks after the first injection as follows:

A. The PASI scores were determined at‘-4, 0, 3, 6 and 12 weeks;

5
B. Patient questionnaires were completed at 0, 3, 6 and 12 weeks; a;ld
C. Psoriatic lesions: each patient was photographed at 0, 3, 6, 9 and 12 weeks.
The data shown in Table 6 describe the age, sex and clinical background of each patient.
10 TABLE 6
Patient Data in the Study of the Effect of M. vaccae in Psoriasis

Code Duration of

No. Patient Age/Sex Disorder Admission PASI Score
PS-001 | D.C. 49/F 30 years 28.8
PS-002 | E.S. 41/F 4 months 192 -
PS-003 | M.G. 24/F 8 months 18.5
PS-004 | D.B. 54/M 2 years 12.2
PS-005 | C.E. 58/F 3 months 30.5
PS-006 | M.G. C18/F 3 years 15.0
PS-007 | L.M. 27/M 3 years 19.0
PS-008 | C.C 21/F 1 month 12.2
PS-009 | E.G 42/F 5 months 12.6
PS-010 | 1.G 28/M 7 years 19.4
PS-011 | J.U 39/'M 1 year 15.5
PS-012 | C.S 47/M 3 years 30.9
PS-013 | H.B 44/M 10 years 30.4
PS-014 | N.J 41M 17 years 26.7
PS-015 | J.T 61/F 15 gfears 19.5
PS-016 | L.P 44/M 5 years 30.2
PS-017 | EN 45/M 5 years 19.5
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PS-018 | E.L 28/F 19 years 16.0
PS-019 | B.A 38/M 17 years © 123
PS-020 | P.P 58/F 1 year 13.6
PS-021 | L.I 27/F 8 months 22.0
PS-022 | A.C 20/F 7 months 26.5
PS-023 | CA 61/F 10 years 12.6
PS-024 | F.T 39/M 15 years 29.5

All patients demonstrated a non-ulcerated, localized erythematous soft indurated reaction at
the injection site. No side effects were noted, or complained of by the patients. The data shown in
Table 7, below, are the measured skin reactions at the injection site, 48 hours, 72 hours and 7 days
after the first and second injections of heat-killed M. vaccae. The data shown in Table 8, below,
are the PASI scores of the patiénts at the time of the first injection of M. vaccae (Day 0) and 3, 6,
9, 12 and 24 weeks later.

It can clearly be seen that, by week 9 after the first injection of M. vaccae, 16 of 24 patients
showed a significant improvement in PASI scores. Seven of 14 patiénts who completed 24 weeks
of follow-up remained stable with no clinical sign of redevelopment of severe disease. These
results demonstrate the effectiveness of multiple intradermal injections of inactivated M. vaccae in
the treatment of psoriasis. PASI scores below 10 reflect widespread healing of lesions.
Histopathology of skin biopsies indicated that normal skin structure is being restored. Only one of
the first seven patients who completed 28 weeks follow-up had a relapse.

TABLE 7
" Skin Reaction Measurements in Millimeter

Code No.
: Time of Measurement
First Injection Second Injection
48 hours 72 hours 7 days 48 hours 72 hours 7 days
PS-001 12x10 12x10 10x8 - 15x14 15x14 10x10
PS-002 18x14 20x18 . 18x14 16x12 18x12 1§X10
PS-003 10x10 - 14x10 10x8 15x12 15x10 10x10
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Code No.
Time of Measurement
First Injection Second Injection
48 hours 72 bours 7 days 48 hours 72 hours 7 days
PS-004. 14x12 22x18 20x15 20x20 20x18 14x10
PS-005 . 10x10 13x10 DNR DNR DNR DNR
PS-006 10x8 10x10 6x4 12x10 L 15x15 10x6
PS-007 15x15 18x16 12x10 15x13 15x12 12x10
PS-008 18x18 13x12 12x10 18x17 15x10 15x10
PS-009 13x13 18x15 12x8 15x13 12x12 12x7
PS-010 13x11 15x15 8x8 12x12 12x12 5x5
PS-011 17x13 14x12 12x11 12x10 12x10 12x10
PS-012 17x12 15x12 9x9 10x10 10x6 . 8x6
PS-013 18x11 15x11 15x10 15x10 15x13 14x6
PS-014 15x12 15x11 15x10 13x12 14x10 8x5
PS-015 15x12 16x12 | 15x10 7x6 14x12 6x4
PS-016 6x5 6x6 6x5 8*x8 9x8 9x6
PS-017 20x15 15x14 14x10 15x15 17x16 DNR
PS-018 14x10 10x8 10x8 12x12 10x10 10x10
| PS-019 10x10 14x12 10x8 DNR 15x14 15x14
PS-020 15x12 15x15 12x15 15x15 14x12 13x12
PS-021 15x12 15x12 Tx4 11x10 11x10 11x8
PS-022 12x10 10x8 10x8 15x12 13x10 10x8
PS-023 13x12 14x12 10x10 17x17 15x15 DNR
PS-024 10x10 10x10 10x8 10x8 8x7 8x7
DNR = Did not report.
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TABLE 8
Clinical Status of Patients after Injection of M. vaccae (PASI Scores)
Code No. Day 0 Week 3 Week6 | Week9 Week 12 Week 24
PS-001 28.8 14.5 10.7 2.2 0.7 0
PS-002 19.2 14.6 13.6 109 6.2 0.6
PS-003 18.5 17.2 10.5 2.7 1.6 0
Code No. Day 0 Week 3 Week 6 | Week9 Week 12 Week 24
PS-004 12.2 13.4 12.7 7.0 ' 1.8 0.2
PS-005* 30.5 DNR 18.7 DNR DNR 0
PS-006 15.0 16.8 16.4 2.7 2.1 3.0
PS-007 19.0 15.7 11.6 5.6 2.2 0
PS-008 12.2 11.6 11.2 112 5.6 0
PS-009 12.6 134 13.9 144 153 13.0
PS-010 18.2 16.0 19.4 17.2 16.9 19.3
PS-011 17.2 16.9 16.7 16.5 16.5 15.5
PS-012 30.9 36.4 29.7 39.8%*
PS-013 19.5 -19.2 18.9 17.8 14.7 17.8 -
PS-014 26.7 14.7 7.4 5.8 9.9 24 4k
PS-015 30.4 29.5 28.6 28.5 28.2 24.3
PS-016 30.2 16.8 5.7 3.2 0.8
PS-017 12.3 12.6 12.6 12.6 8.2
PS-018 16.0 13.6 13.4 134 13.2
PS-019 19.5 11.6 7.0 DNR DNR
PS-020 13.6 13.5 12.4 12.7 12.4
PS-021 22.0 20.2 11.8 11.4 15.5
PS-022 %65 | 258 207 111 83
PS-023 12.6 9.2 6.6 5.0 4.8
PS-024 29.5 275 - 20.9 19.0 29.8
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e * Patient PS-005 received only one dose of autoclaved M. vaccae.

e ** Patient PS-012 removed from trial, drug (penicillin) induced dermatitis
e *¥¥¥ Patient PS-014 was revaccinated

e DNR = Did not report

e Blank cells indicate pending follow-up

EXAMPLE 9
EFFECT OF INTRADERMAL INJECTION OF DELIPIDATED AND
DEGLYCOLIPIDATED MYCOBACTERIUM VACCAE (DD-M.VACCAE) ON PSORIASIS
IN HUMAN PATIENTS

This example illustrates the effect of two intradermal injections of DD-M. vaccae on
psoriasis and the lack of T cell proliferation induced in these patients after treatment with
DDMV. '

- Seventeen volunteer psoriatic patients, male and female, 18-48 years old with no other
systemic diseases were admitted to treatment. Pregnant patients were not included. The
patients had PASI scores of 12-30. As discussed above, the PASI score is a measure of the
location, size and degree of skin scaling in psoriatic lesions on the body with a PASI score of
above 12 reflecting widespread disease lesions on the body. The study commenced with a
washout period of four weeks where the patients did not have systemic anti-psoriasis
treatment or effecﬁve topical therai)y. The 17 patients were then injected intradermally with
0.1 ml DD-M. vaccae (equivalent to 100 pg). This was followed three weeks later with a
second intradermal injection with the same dose of DD-M. vaccae (1 00 pg).

Psoriasis was evaluated from four weeks before the first injection of M. vaccae to 48
weeks after the first injection as follows:

A, the PASI scores were determined at -4, 0, 3, 6, 12, 24, 36 and 48 weeks;

B. patient questionnaires were completed at 0, 3, 6, 9 and 12 wecks, and thereafter

every 4 weeks; and

C. psoriatic lesions: each patient was photographed at 0 and 3 weeks, and

thereafter at various intervals.
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The data shownin Table 9 describe the age, sex and clinical background of each patient.

TABLE9
Patient Data in the Study of the Effect of DD-M. vaccae in Psoriasis

Code Duration of
No. Patient Age/Sex Disorder Admission PASI Score
PS-025 AS 25/F 2 years 12.2
PS-026 MB 45/F 3 months 14.4
PS-027 A.G 34/M 14 yearé 24‘.8
PS-028 EM 31/M 4 years 18.2
PS-029 AL 44/M 5 months 18.6
PS-030 VB 42/M Syears 213
PS-031 " RA 18/M 3 months 13.0
PS-032 42/M 23 years 30.0
PS-033 37/F © 27 years 15.0
PS-034 : 42/M 15 years 30.4
PS-035 35M 6 years 13.2
PS-036 43/M 6 years 19.5
PS-037 35/F 4 years 12.8
PS-038 44/F 7 months 12.6
PS-039 20/F 1 year 16.1
PS-040 28/F 8 months 252
PS-041 48/F 10 years 20.0

All patients demonstrated a non—ulcerated,‘ localized erythematous soft indurated
reaction at the injection site. No side effects were noted, or complained of by the patients.

The data shown in Table 10 are the measured skin reactions at the injection site, 48 hours, 72

‘hours and 7 days after the first injection of DD-M. vaccae, and 48 hours and 72 hours after the

second injection.
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TABLE 10
Skin Reaction Measurements in Millimeters
Code No. Time of Measurement
First Injection Second Imjection

48 hours 72 hours 7 days 48 hours * 72 hours
PS-025 8x8 8x8 3x2 10x10 - 10x10
PS-026 12x12 i2x12 8x8 DNR 14x14
PS-027 9x8 10x10 10x8 9x5 9x8
PS-028 10x10 10x10 10x8 10x10 10x10
PS-029 8x6 8x6 5x5 8x8 8x8
PS-030 14x12 14x14 10x10 12x10 12x10
PS-031 . 10x10 12x12 10x6 14x12 12x10

DNR = Did not report

5  The data shown in Table 11 are the PASI scores of the 17 patients at the time of the first -
injection of DD-M. vaccae (Day 0), then 3, 6, 12, 24, 36 and 48 weeks later, when available.

TABLE 11
Clinical Status of Patients after Injection of DD-M. vaccae (PASI Scores)
10
Code Day 0 Week 3 Week 6 Week 12 Week 24 Week 36 Week 48 Repeat
No. treatment
PS-025 122 41 1.8 1.4 1.7 0.2 15.8 Wk 48
PS-026 144 118 6.0 6.9 1.4 0.4
PS-027 24 8 233 18.3 9.1 10.6 7.5 1.9
PS-028 182 241 28.6%
PS-029 18.6 9.9 74 3.6 0.8 0 0
PS-030 | 213 15.7 13.9 16.5 18.6 5.8 - 1.7
PS-031 13.0 5.1 2.1 1.6 0.3 0 0
PS-032 30.0 28.0 20 124 204 19.0 215 Wk 44
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Code Day 0 Week 3 Week 6 Week 12 Week 24 Week 36 Week 48 Repeat
No. treatment
PS-033 19.0 12.6 . 5.9 4.0 12.6 21.1 (wk 40) | 7.1 (wk 52) Wk 20
PS-034 304 31.2 31.6 324 25.5 33.0 Wk 20
PS-035 13.2 11.6 10.6 1.6 1.4 (wk 20) 1.0
PS-036 -19.5 18.0 18.0 16.8 18.0 10.2 Wk 20, 32
PS-037 12.8 13.1 1.2 0 0 0
PS-038 12.6 12.6 12.7 10.0 Wk 12
PS-039 16.1 17.9 18.3 17.0 Wk 12
PS-040 252 39 0.5
PS-041 20.0 12.7 0.8

e * Patient PS-28 removed from trial, exfoliative dermatitis/psoriasis

¢ Blank cells indicate pending follow-up

o Wk —weeks after first injection

These results show the significant improvement in PASI scores in 16 patients after
injection with DD-M. vaccae. One patient dropped out of the study at 12 weeks with the
diagnosis of exfoliative dermatitis/psoriasis. Patients who relapsed received a second or third
injection of DD-M. vaccae at the time indicated in Table 11.

At 6 weeks follow-up (n=17), the PASI score improved by >50% in 9 of 17 (53%)
patients. At 12 weeks follow up (n=14), the PASI score improved by >50% in 9 of 14
(64.3%) patients. Seven of these patients showed significant clinical improvement with
reduction in PASI score to less than 8. At 24 weeks follow up (n=12), the PASI score
improved by >50% in 7 of 12 (58%) patients and at 48 weeks follow up (n=7), the PASI score
improved by >50% in 5 of 7 (71%) patients. Again, four of these patients showed significant
clinical improvement with reduction in PASI score to less than 2. Local injections of DD-M.

vaccae were observed to result in clearance of skin lesions distant from the site of injection.
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Lack of DDMV-specific T-cell proliferative response in peripheral blood cells
from patients treated with DDMV
In a lymphocyte proliferation assay, the proliferative effect of DDMV on PBMC from

the psoriasis patients after treatment with DDMV was determined. A few of these patients
were known to be PPD (purified protein derivative from M. bovis) skin test positive and their
T cells were shown to proliferate in response to PPD. Donor PBMCs were cultured in
medium comprising RPMI 1640 supplemented with 10% (v/v) autologous serum, penicillin
(60 mg/ml), streptomycin (100 mg/ml), and glutamine (2 mM) with DDMV (12.5 and 6.25
pg), or heat killed M.vaccae (6.25, 12.5, 25 or 50ug/mi) or PPD (10 or 1 pg).

The plates were cultured for 7 days and then pulsed with ImCi/well of tritiated
thymidine for a further 18 hours, harvested and tritium uptake determined using a scintillation
counter. Fractions that stimulated proliferation in both replicates two-fold greater than the
proliferation observed in cells cultured in medium alore were considered positive.

The data in Table 12 shows that treatment with DDMV at 0 weeks did not enhance T
cell proliferative response to DDMV nor M.vaccae 6 to 15 weeks later. Generally, treatmert
with DDMV also did not enhance T cell responses to PPD. Cells from all donors did
proliferate in vitro upon stimulation with a positive mitogen control, phytohemagglutinnin
(PHA).

TABLE 12
Induction of T-cell proliferation in peripheral blood cells from patients treated with
DDMYV.
Patient | Time PPD M. vaccae DDMV PHA
No after 10 |1 50pg |25 | 125 [6.25 [12.5pg | 6.25 |10
injection | pg | pg S Mg | Ug Bg ng
025 DO 26% |12 |12 095|14 |11 |nd nd |21
6 wks 2.8 [29 |14 2.0 |17 |15 |nd nd |19.8
13 wks 14 [1.0 |15 13 | 1.3 [23 |26 1.3 | 284
026 DO 34 121 |13 1.1 |15 |11 |nd nd |114
6 wks 1.7 |14 098 [1.2 |12 |13 |nd nd |12
13wks (2.0 |1.1 |O.8 1.1 (1.5 [15 }13  .]1.0 |29
027 DO 1.2 10.99/0.73 1.0 |1.1 1.1 |nd nd [124
6 wks 0.8 (08 [0.61 [0.59]{0.77 |0.74 |nd nd |6.9
13wks [0.82]1.0 |1.0 0.8 |1.0 [09 ]0.78 1.1 |16.9
028 DO 19 114 ]1.0 1.1 |11 1.1 |nd nd | 244
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Patient | Time PPD M. vaccae DDMV PHA
No after 10 |1 50pg |25 125 |6.25 [ 12.5pg | 6.25(10
injection | ug |pg pg |pe jps pg
6 wks 14 (1.0 1095 097|108 0.8 |nd nd |14.7
14wks |20 [09 [0.8 1.0 [ 1.2 1.3 0.8 0.9 |156
029 DO 1.2 |11 | 1.7 1.5 | 1.7 1.7 |nd nd |20
5 wks nd |nd |nd nd |nd nd nd nd |ND
12wks |35 |1.1 {12 1.2 |13 1.1 1.0 1.1 | 154
030 DO 20 (12 |14 1.6 (1.2 1.2 nd nd |21
5 wks nd |[nd |nd nd |[nd nd nd nd |nd
12wks |40 |24 [1.8 2.1 109 1.0 |2.1 1.5 | 380
031 DO 1.7 |13 |0.88 |1.0 |0.81 |0.92 |nd nd |15
5 wks nd |nd |nd nd |[nd nd nd nd |nd
12 wks 93 |53 |14 1.1 | 1.3 07 |1.5 1.6 | 329
032 DO 48 123 |14 13 1094 {14 |1.8 1.3 |98

6 wks 57 |19 |19 15 114 110 (14 1.3 |32 -

15wks |24 [3.3 |0.6 0.5410.7 (09 |14 09 (74

033 DO 0.7 11.0 {14 074117 [15 |17 - |14 [709

6 wks 1.3 [15 1.2 1.1 108 1:3 1.1 1.1 ]168

12wks |085 | 1.1 |1.3 1.2 {096 |14 [1.7 2.1 211

1 034 DO 31 112 |14 1.1 (1.0 |13 1.1 1.0 ] 110

6 wks 40 (13 0.9 08 (07 107 |17 1.4 [213

12wks [3.0 |06 (14 09 |05 [05 |1.0 09 |72

035 DO 40 |17 |25 1.3 |14 |14 |28 1.4 232

6 wks 32 |15 |28 14 116 |14 |18 2.6 1670

12wks |12 0.5 |0.8 1.1 |12 j04 (0.9 0.6 |38

036 DO 23 |15 |11 0.7 |1.0 109 2.1 1.1 | 182

6 wks 57 [42 |16 1.5 |19 26 |24 14 |243

12wks [59 (2.1 [27. |19 |17 |15 129 1.56 | 153

037 DO 33 132 [1.8 1.5 {12 |18 |1.9 1.5 | 145

6 wks 68 [33 |11 0.8 |05 05 1.1 0.8 |82

12 wks 10.3{3.6 |2.9 1.6 [14 |14 |15 2.0 |55

e Nd - not done
e Values expressed as Stimulation Index (SI) = cpm from tritiated thymidine
uptake in presence of DDMYV / cpm in absence of DDMV
5 e DO - Blood sample taken prior to first treatment
o  Wks — weeks
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EXAMPLE 10
IMMUNOGENICITY AND IMMUNOMODULATING PROPERTIES OF
RECOMBINANT PROTEINS DERIVED FROM M. VACCAE AND DD-M. VACCAE

A. INDUCTION OF T CELL PROLIFERATION AND IFN-y PRODUCTION

The polynucleotide sequences for the M. vaccae antigens GV-1/70, GV-1/83, GV-3,
GV4P, GV-5, GV-5P, GV-7, GV-9, GV-13, GV-14, GV-22B, GV-23, GV-24B, GV-27, GV-
27A, GV-27B, GV-29, GV-33, GV-35, GV-38AP, GV-38BP, GV-40P, GV-41B, GV-42,
GV-44 and GV-45 are provided in SEQ ID NO: 1-26, respectively, with the corresponding
amino acid sequences being provided in SEQ ID NO: 27-52, reépecﬁvely, The isolation of
these antigens and additional information and characterization of these antigens is described
in U.S. Patent 6,160,093, the disclosure of which is hereby incorporatedherein by reference in
its entirety.

. The immunogenicity of Mycobacterium vaccae recombinant proteins (referred to
herein as GV recombinant proteins) was tested by injecting female BALB/cByJ mice in each
hind foot-pad with 10 pg of recombinant GV proteins emulsified in incomplete Freund’s
adjuvant (IFA). Control mice received phosphate buffered saline in IFA. The draining
popliteal lymph nodes were excised 10 days later and the cells obtained therefrom were
stimulated with the immunizing GV protein and assayed for proliferation by measuring the
uptake of tritiated thymidine. The amount of interfelpn gamma (IFNy) produced and secreted
by these cells into the culture supernatants was assayed by standard enzyme-linked
Immunoassay.

As shown in Table 13, all GV proteins were found to induce a T cell proliferative
response. The lymph node T cells from immunized mice proliferated in response to the
specific GV protein used in the immunization. Lymph node cells from non-immunized mice
did not proliferate in response to GV proteins. The data in Table 14 showing IFNy
production, indicate that most of the GV proteins stimulated IFNy production by lymph node
cells from mice immunized with the corresponding GV protein. When lymph node cells from
non-immunized mice were cultured with individual GV proteins, IFNy production was not

detectable. The GV proteins are thus able to stimulate T cell proliferation and/or IFNy
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production when administered by subcutaneous injection.

TABLE 13

Immunogenic Properties of GV proteins: Proliferation

PCT/NZ02/00135

Proliferation (cpm)
GV protein Dose of GV protein used in vitro (ug/ml)

‘ 50 2 0.08
GV-1/70 31,550 803 19,058 £+ 2,449 5,596+ 686
GV-1/83 18,549+ 2,716 23,932+ 1,94 11,787 £ 1,128

GV-3 34,751+ 1,382 6,379+ 319 4,590+ 1,042

GV-4P 26,460 & 1,877 10,370 + 667 6,685+ 673 -

GV-5 42,418 + 2,444 23,902 + 2,312 13,973+ 772

GV-5P 35,601 &+ 159 14,457+ 1,185 8,340+ 725
GV-7 38,686 + 974 22,074 % 3,698 15,906 & 1,687
GV-9 30,599+ 2580 15,260 £ 2,764 4,531+1,240
GV-13 15,296 £ 2,006 7,163 £ 833 3,701 +243
GV-14 27,754+ 1,872 13,001 & 3,273 9,807 +2,833
GV-22B 3,199+ 771 3,255+ 386 1,841+318
GV-23 35,598 & 1,330 15,423 + 2,858 7,393 +£2,188
-GV-24B 43,678 £2,190 30,307 + 1,533 15,3754+ 2,5%
GV-27 18,165+ 3,300 16,329+ 1,7% 6,107+1,773
GV-27A 23,723 £ 850 6,860 746 4,295+ 780
GV-27B 31,602 + 1,939 29.468 + 3,867 30,306 + 1,912
GV-29 20,034 + 3,328 8,107+ 488 2,982+ 897
GV-33 41,529 +1,919 27,529+ 1,238 8,764+ 256
GV-35 29,163 +2,693 9,968+314 1,626 & 406
GV-38AP 28,971 + 4,49 17,396 = 878 8,060+ 810
GV-38BP 19,746 + 245 11,732 & 3,207 6,264 + 875
GV-40pP 25,185 2,877 19,292 + 2,2% 10,883 = 893
GV-41B 24,646 +2,714 12,627 + 3,622 5,772 41,041
GV-42 25486 +3,029 | 20,591 +2,021 13,789+ 775
GV-44 2,684 1,995 3,577+ 1,725 1,499 + 959
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Proliferation (cpm)
GY protein Dose of GV protein used in vitro (Lg/ml)
50 2 0.08
GV-45 9,554+ 482 3,683+1,127 1,497+ 199

'TABLE 14
Immunogenic properties of GV proteins: IFNy production

IFNy (ng/ml)
GV protein Dose of GV protein used in vitro (1g/ml)
50 ' 10 2
GV-1/70 24.39 =+ 6.66 6.19+1.42 1.90+0.53
GV-1/83 11.34 +5.46 5.36+1.34 2.73+1.55
GV-3 3.46 £ 0.30 1.57+0.04 not detectable
GV-4P 6.48 = 0.37 3.00+0.52 1.380.50
GV-5 4.08+1.41 6.10+2.72 2.35+0.40
GV-5P 34.98 +15.26 0.95+342 5.68 £0.79
GV-7 33.52 +3.08 25.47+4.14 9.60+1.74
GV-9 92.27+45.50 88.54+16.48 30.46 £ 1.77
GV-13 11.60 +2.89 2.04+0.58 1.46+0.62
GV-14 8.28 + 1.56 3.19+0.56 0.94+0.24
GV-22B not detectable not detectable not detectable
GV-23 59.67 + 14.88 30.70 + 4.48 9.17+1.51
GV-24B 6.76 = 0.58 3.20+0.50 1.97+0.03
GV-27 72.22+11.14 30.86+ 10.55 21.38+3.12
GV-27A 4.25+2.32 1.51+0.73 not detectable
GV-27B 87.98 4+ 15.78 44.43 + 8.70 21.49 +5.60
GV-29 7.56 = 2.58 1.22+0.56 not detectable
GV-33 7.71£0.26 8.44+2.35 1.52+0.24
GV-38AP 23.49+5.89 8.87+1.62 4.17+1.72
GV-38BP 5.30£0.95 3.10+1.19 1.91+1.01
GV-40pP 15.65 + 7.89 10.58 £1.31 3.57+1.53
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XFNy (ng/ml)
GV protein Dose of GV protein used in vitro (ug/ml)
50 10 2
GV-41B 16.73 + 1.61 5.08+1.08 2.13+1.10
GV-42 95.97+23.86 52.88+5.79 30.06 = 8.94
GV-44 not detectable not detectable not detectable
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20

B. ACTIVATION OF LYMPHOCYTE SUBPOPULATIONS

The ability of recombinant M. vaccae proteins, heat-killed M. vaccae and DD-M.
vaccae to activate lymphocyté subpopulations was determined by examining upregulation of
expression of CD69 (a surface protein expressed on activated cells).

PBMC from normal donors (5 x 10° cells/ml) were stimulated with 20 ug/ml of either
heat-killed M. vaccae cells, DD-M. vaccae or recombinant GV-22B, GV-23, GV-27, GV2TA,
GV-27B or GV-45 for 24 hours.  CD69 expression was determined by staining cultured cells
with monoclonal antibody against CD56, afT cells or y8T cells in combination with
monoclénal antibodies against CD69, Hllowed by flow cytometry analysis

Table 15 shows the percentage of aT cells, 8T cells and NK cells expressing CD69
following stimulation with heat-killed M. vaccae, DD-M. vaccae or recombinant M. vaccae
proteins. These results demonstrate that heat-killed M. vaccae, DD-M. vaccae and GV-23
stimulate the expression of CD69 in the lymphocyte subpopulations tested compared with
control (non-stimulated cells), with particularly high levels of CD69 expression being seen in
NK cells. GV-45 was found to uprégulate CD69 expression in afiT cells.

TABLE 15
Stimulation of CD69 Expression

ofT cells vOT cells NK cells
Control 3.8 6.2 4.8
Heat-killed M. 8.3 10.2 40.3
vaccae
DD-M. vaccae 10.1 17.5 49.9
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ofT cells v8T cells NK cells
GV-22B 5.6 3.9 8.6
GV-23 5.8 10.0 46.8
GV-27 55 4.4 133
GV-27A 55 H 4.4 13.3
GV-27B 4.4 2.8 7.1
GV-45 11.7 4.9 6.3

The ability of the recombinant protein GV-23 (20 pg/ml) to induce CD69 expression
in lymphocyte subpopulations was compared with that of the known Thl-inducing adjuvants
MPL/TDM/CWS (Monophosphoryl Lipid A/Trehalose 6’6 dimycolate- Sigma, St. Louis,
MO at a final dilution of 1:20/cell wall skeleton: mycolic acid-arabino-galactan-
mucopeptide) and CpG ODN (oligodeoxynucleotide-Promega, Madison, WI; 20 pg/ml), and
the known Th2-inducing adjuvants aluminium hydroxide (Superfos Biosector, Kvistgard,
Denmark; at a final dilution of 1:400) and cholera toxin (20 pg/ml), using the procedure
described above. MPL/TDM/CWS and aluminium hydroxide were employed at the
maximum concentration that does not cause cell cytotoxicity. Figs. 8A-C show the
stimulation of CD69 expression on afT cells, y8T cells and NK cells, respectively. GV-23,
MPL/TDM/CWS and CpG ODN induced CD69 expression on NK cells, whereas aluminium
hydroxide and cholera toxin did not.

C. STIMULATION OF CYTOKINE PRODUCTION

The ability of recombimant M. vaccae proteins to stimulate cytokine production in
PBMC was examined as follows. PBMC from normal donors (5 x 10° cells/ml) were
stimulated with 20 ug/ml of either heat-killed M. vaccae cells, DD-M. vaccae, or recombinant
GV-22B, GV-23, GV-27, GV27A, GV-27B or GV-45 for 24 hours. Culture supernatants
were harvested and tested for the production of IL-18, TNF-a, IL-12 and IFN-y using
standard ELISA kits (Genzyme, Cambridge, MA), following the manﬁfacturer’s instructions.

- Figs. 9A-D show the stimulation of [L-1B, TNF-a,, IL-12 and IFN-y production, respectively.

Heat-killed M. vaccae and DD-M. vaccae were found to stimulate the production of all four
- 50
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cytokines examined, while recombinant GV-23 and GV-45 were found to stimulate the
production of IL-1B, TNF-o and IL-12. Figs. 10A-C show the stimulation of IL-1, TNF-a
and IL-12 production, respectively, in human PBMC (determined as described above) by
varying concentrations of GV-23 and GV-45.

Figs. 11A-D show the stimulation of IL-1f3, TNF-a, IL-12 and IFN-y production,
respectively, in PBMC by GV-23 as compared to that by the adjuvants MPL/TDM/CWS (at a
final dilution of 1:20), CpG ODN (20 pg/ml), aluminium hydroxide (at a final dilution of
1:400) and cholera toxin (20 pg/ml). GV-23, MPL/TDM/CWS and CpG ODN induced
significant levels of the four cytokines examined, with higher levels of IL-1B production
being seen with GV-23 than with any of the known adjuvants. Aluminiuth hydroxide and
cholera toxin induced only negligible amounts of the four cytokines.

D. ACTIVATION OF ANTIGEN PRESENTING CELLS

The ability of heat-killed M. vaccae, DD-M. vaccae and recombinant M. vaccae
proteins to enhance the expression of the ce-stimulatory molecules CD40, CD80 and CD86
on B cells, monocytes and denditic cells was examined as follows.

Peripheral blood mononuclear cells depleted of T cells and comprising mainly B cells,
monocytes and dendritic cells were stimulated with 20 ug/ml of either heat-killed M. vaccae
cells, DD-M. vaccae, or recombinant GV-22B, GV-23, GV-27, GV27A, GV-27B or GV-45
for 48 hours. Stimulated cells were harvested and analyzed for up-regulation of CD40, CD80
and CD86 using 3 color flow cytometric analysis. Tables 16, 17 and 18 show the fold
increase in mean fluorescence intensity from control (non-stimulated cells) for dendritic cells,

monocytes, andB cells, respectively.
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TABLE 16
Stimulation of CD40, CD80 and CD86 Expression on Dendritic Cells
CD40 CD&0 CD86
Control 0 0 0
Heat-killed M. 6.1 3.8 1.6
vaccae
DD-M. vaccae 6.6 4.2 1.6
GV-22B 4.6 1.9 1.6
GV-23 6.0 4.5 1.8
GV-27 52 1.9 1.6
GV-27A 23 0.9 1.0
GV-27B 2.6 1.1 1.1
GV-45 .5.8 3.0 3.1
5 TABLE 17

Stimulation of CD40, CD80 and CD86 Expréssion on Monocytes

CD40 CDS80 CD86
Control 0 0 0
Heat-killed M. 23 18 0.7
vaccae
DD-M. vaccae 1.9 1.5 0.7
GV-22B 0.7 0.9 1.1
GV-23 23 15 0.7
GV27 . 15 14 12
GV-27A 14 14 14
GV27B 1.6 12 12
Gv-45 16 12 10
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TABLE 18
Stimulation of CD40, CD80 and CD86 Expression on B Cells

CDA40 CDS80 CD86

Control 0 0 0
Heat-killed M. 1.6 1.0 1.7
vaccae

DD-M. vaccae 15 0.9 1.7
GV-22B 1.1 0.9 1.2
GV-23 1.2 1.1 1.4
GV-27 1.1 0.9 1.1
GV-27A 1.0 1.1 - 09
GV-27B 1.0 0.9 0.9
GV-45 1.2 1.1 1.3

As shown above, increased levels of CD40, CD80 and CD86 expression were seen in
dendritic cells, monocytes and B cells with all the compositions tested. Expression levels
were most increased in dendritic cells, with the highest levels of expression being obtained
with heat-killed M. vaccae, DD-M. vaccae, GV-23 ‘and GV-45, Figs. 12A-C show the
stimulation of expression of CD40, CD80 and CD86, respectively, in dendritic cells by
varying concentrations of GV-23 and GV-45.

The ability of GV-23 to stimulate CD40, CD80 and CD86 expression in dendritic cells
was compared to that of the Thl-inducing adjuvants MPL/TDM/CWS (at a final dilution of
1:20) and CpG ODN (20 pg/ml), and the known Th2-inducing adjuvants aluminium
hydroxide (at a final dilution of 1:400) and cholera toxin (20 pg/ml). GV23,
MPL/TDM/CWS and CpG ODN caused significant up-regulation of CD40, CD80 and CD386,
whereas cholera toxin and aluminium hydroxide induced modest or negligible dendritic cell

activation, respectively.
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E. DENDRITIC CELL MATURATION AND FUNCTION

The effect of the recombinant M. vaccae protein GV-23 on the maturation and
function of dendritic cells was examined as follows.

Purified dendritic cells (5 x 10* — 10° cells/ml) were stimulated with GV-23 (20
pg/ml) or LPS (10 pg/ml) as a positive control. Cells were cultured for 20 hour and then
analyzed for CD83 (a maturation marker) and CD80 expression by flow cytometry. Non-

stimulated cells were used as a negative control. The results are shown below in Table 19.

TABLE 19
Stimulation of CD83 Expression in Dendritic Cells

Treatments % CD83-positive % CD80-positive
; dendritic cells dendritic cells
Control ) 15+ 8 ' 9+6.6
GV-23 35+132 . 247+142
LPS 36.3+148 27.7+13

Data =mean= SD (n=3)

The ability of GV-23 to enhance dendritic cell function as antigen presenting cells was
determined by mixed lymphocyte reaction (MLR) assay. Purified dendritic cells were
cultured in medium alone or with GV-23 (20 pg/ml) for 18-20 hours and then stimulated with.
allogeneic T cells (2 x 10° cells/well). After 3 days of incubation, CH)-thymidine was added.
Cells were harvested 1 day later and the uptake of radioactivity was measured. Fig. 13 shows
the increase in uptake of CH)-thymidine with increase in the ratio of dendritic cells to T cells.
Significantly higher levels of radioactivity uptake were seen in GV-23 stimulated dendritic
cells compared‘tq non-stimulated cells, showing that GV-23 enhances dendritic cell mixed
lymphocyte reaction.
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EXAMPLE 11
EFFECT OF INTRAPERITONEAL ADMINISTRATION OF AVAC ON THE
EXPRESSION OF GENES INVOLVED IN NOTCH SIGNALING IN MICE

The capacity of AVAC to modulate expression of genes involved in Notch signaling
was assessed in 6-week-old female BALB/cByJ mice as follows. On day 0, mice were
immunized intraperitoneally (i.p.) with a mixture containing 10 pg ovalbumin adsorbed to 1
mg aluminium hydroxide adjuvant (Alum, Alu-Gel-S, Serva), or with OVA-Alum mixture to
which was added 1 mg AVAC, using 10 mice per group. On day 7, all mice were immunized
i.p. with OVA—Alﬁm only. Ten days later, all mice were sacrificed. The spleen was removed
from each animal, pooled with other spleens from the same treatment group, and cell
suspensions prepared. CD4" cells were isolated from each pooled spleen cell suspension
using a Mouse T Cell CD4 Subset Kit (R&D Systems, Minneapolis MN). The cells, >75%
CD4+ as determined by flow cytometry using FITC-conjugated rat anti-mouse CD4
monoclonal antibody (clone GK1.5, Pharmingen), were then stored in TRIZ(')LTM (Invitrogen)
at —80°C. RNA was extracted as per the manufacturer’s instructions, and 1 pg of purified
RNA was transcribed into ¢cDNA using Superscript (Invitrogen), and subjected tb real-time
PCR analysis using an ABI Prism 7700 Sequence Detection System (Perkin Elmer/Applied
Biosystems, Foster City, CA). Primers and fluorogenic probes were specific for human
Notchl, Notch% Notch3, Deltal, Delta3, Serratel, Serrate2, HES1, HESS, and Deltex.

As shown in Fig. 14, real-time PCR analysis revealed that treatment of mice with
AVAC caused striking increases in expression of Notch receptors, ligands, and downstream
targets. Relative expression of Notch receptors ranged from 8-fold (Notch3) up to 22-fold
(Notchl). With the exception of Deltal (<2-fold), relative expression of Notch ligands
ranged from almost 15-fold (Delta3, Serrate2) to >100-fold (Serratel). Relative expression of
downstream Notch signaling targets ranged from 2-fold (HES1) to 6-fold (Deltex). '

In subsequent experiments, the ability of AVAC to modulate expression of the Notch
signaling genes HES5, Lunatic Fringe and Deltex, as well as the cytokines IL-2, IL-4, IL-5,
[L-13, IL-12p35, IL-12p40, IL-10, TGFbetal, IFN-gamma and CD86, as examined
essentially as desciibed above. As shown in Fig. 17, real-time PCR analysis revealed that
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treatment of mice with AVAC caused suppression of IL-4 (3.5 fold), IL-5 (7 fold) and IL-13

(15 fold) gene expression. These gene products are required for allergic sensitization and are

Th2 type cytokines.

EXAMPLE 12
EFFECT OF INTRANASAT ADMINISTRATION OF AVAC and DD-M. VACCAE ON
EXPRESSION OF GENES INVOLVED IN NOTCH SIGNALING INMICE

The ability of DD-M. vaccae and AVAC to modulate expression of genes involved in
Notch signdling was assessed in 6-week-old female B‘ALB/cByJ mice as Pollows.

Three mice per group were immunized intranasally with 50 ul PBS containing 1 mg
AVAC or 1 mg DD-M. vaccae. Mice were sacrificed 24 hours later and lung samples from
the mice were snap-frozen in liquid nitrogen for RNA extraction. Samples from individual
animals were pooled into treatment groups and lung tissues were homogenized. Total RNA
was extracted using Trizol reagent, 1 pg. of purified RNA transcribed into cDNA using
Superscript First Strand Synthesis System (Invitrogen), and subjected to real-time PCR
analysis using an ABI Prism 7700 Sequence Detection System (Perkin Elmer/Applied
Biosystems, Foster City, CA). Primers and fluorogenic probes were specific for human
Notchl, Notch2, Notch3, Notch4, Delta4, HES5 and Deltex, as well as the cytokines
TGFbetal, IL-2 and IL-10.

As shown in Fig. 16, real-time PCR analysis reveale& that treatment of mice with
AVAC and DD-M. vaccae (referred to as PVAC in Fig. 16) caused TGFB1 gene expression to
be significantly induced in comparison to the control group. Significant IL-10 gene induction
was also found in both treatment groups. TGFB1 and IL-10 are considered to be anti-
inflammatory. HES-5 gene expression was suppressed in the AVAC treated group (~4 fold)
and was not detectable in the DD-M. vaccae treated group. Deltex gene expression was

suppressed in the presence of AVAC and DD-M. vaccae.
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EXAMPLE 13
EFFECT OF M. VACCAE, DD-M. VACCAE, AVAC AND M. VACCAE GLYCOLIPIDS
ON EXPRESSION OF CYTOKINES AND GENES INVOLVED IN NOTCH
‘ SIGNALING IN HUMAN CELLS

The ability of inactivated M. vaccae, DD-M.vaccae, AVAC and M. vaccae
glycolipids to modulate expression of genes involved in Notch signaling, cytokines and Toll-
like receptors (TLR) was assessed as follows using the human myelomonocytic cell line THP-
1 (American Type Culture Collection, Manassas, VA).

THP-1 cells were maintained in RPMI (Gibco BRL Life Technologies) supplemented
with antibiotics, L-glutamine, 2-mercaptoethanol, and 5% fetal calf serum (cRPMI-5). For
assay, THP-1 cells were resuspended at 1 x 10%ml in cRPMI-5 in a volume of 4 ml in-6-well
plates. After saving an aliquot of THP-1 cells for reference purposes (=0 hr baseline
control), inactivated M. vaccae, DD-M. vaccae, AVAC or M. vaccae glycolipids was added
to the cell suspension to achieve a final concentration of 100 ug/ml. The cells were
subsequently cultured in 2 humidified 37°C incubator supplied with a gas mixture of 5% CO,
in air. Cells were collected at various time points (3, 6, 12 and 24 hours), centrifuged,
resuspended in TRIZOL™ (Gibeo BRL Life Technologies), and frozen at —80‘;(3‘.- RNA was
extracted as per the manufacturer’s instructions, and 1 pg of purified RNA was transcribed
into cDNA using Superscript First Strand Synthesis System (Invitrogen, Carlsbad, CA), and
the cDNA subjected to real-time PCR analysis using an ABI Prism 7700 Sequence Detection
System (Perkin Elmer/Applied Biosystems, Foster City, CA). Primers and fluorogenic probes
were specific for the Notch signaling genes human Notch1, Notch2, Notch3, Notch4, Deltex,
Jagged-1, Jagged-2, Delta-like 1, Delta-like 3, HES-1, HERP1, HERP2, Lunatic Fringe,
Manic Fringe, Radicai Fringe, Numb, MAML1 and RBP-Jkappa; the Toll-like receptors
TLR2, TLR7, TLR8, MyD88 and CD14; and the cytokines IL-12p35, IL-12p40, IL-10, IL-1B,
IL-6, IL-8, IL-23p19 and TNFa.

As shown in Fig. 15A-C, IL-10, IL-18 and TNFo. gene expression was dramatically
upregulated in response to all stimuli. The Notch related genes Lunatic Fringe and HES-1
were dramatically induced (~30 fold) with stimuli showing a dose/response and time
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dependent induction of Lunatic Fringe and HES-1 gene expression. Deltex gene expression
was also upregulated by these stimuli but was below detection limits in the absence of stimuli.
There was 2 trend towards Notch-1 (3-4 fold) and Notch-3 (2.5-8 fold) upregulation and
Notch 4 downregulation (-3 to—7 fold).

5 Table 20 summarizes the effects of inactivated M. vaccae, DD-M. vaccae, AVAC, and
M. vaccae glycolipids onthe expression of genes involved in Notch signalingin THP-1 cells.

TABLE 20
Relative expression*®

Notch signaling gene| M. vaccae | DD-M. vaccae | AVAC | Glycolipids LPS
Notchl 1.90 1.60 3.20 1.90 2.30
Notch2 1.40 1.10 1.40 1.20 1.40
Notch3 1 5.00 - 15.1 1.90 2.30
Notch4 . 0.06 0.16 0.14 0.24 0.10
Jaggedl 1.80 1.30 1.10 2.20 1.70
Jagged2 0.31 0.90 0.90 0.34 0.54
Deltal 7.20 1.20 2.50 0.90 0.80
Delta-like3 0.47 1.20 1.00 1.50 1.20
Delta-like4 134.8 64.6 46.4 25.5 41.6
HES1 57.0 71.0 140.0 22.0 49.0
Deltex 7.00 5.50 11.70 2.70 1.00

HERP1 - - - - S
HERP2 7.00 2.30 4.50 0.69 1.00
Lunatic fringe 12.0 9.00 18.0 7.50 4.00
Manic fringe 0.38 0.67 0.30 0.59 0.45
Radical fringe 0.65 0.89 0.92 0.80 0.67
Presenilinl 1.39 1.37 0.85 1.54 1.28
Numb 1.89 1.29 1.26 0.92 0.74
MAMLI1 1.06 1.27 0.90 0.96 0.67
RBP-Jx 0.78 - 1.21 0.94 0.62 0.56
HASHI1 0.16 0.23 0.31 0.15 1.00

10 *Normalized relative expression of target gene mRNA in stimulus vs. medium control
samples at =24 hr.
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As shown in Table 20, M. vaccae upregulated Notch3, Deltal, Delta-like4, HES1, Deltex, HERP2,
and Lunatic fringe expression; DD-M. vaccae upregulated Delta-like4, HESI, Deltex and Lunatic
fringe expression; AVAC upregulated Notchl, Notch3, (Deltal), Delta-like4, HESI, Deltex,
HERP2 and Lunatic fringe expression; and M. vaccae glycolipids upregulated Dqlta—lil<e4, HESI,
Deltex and Lunatic fringe expression. M. vaccae down-regulated Notch4, Jagged2, Manic fringe

.and HASH]1 expression; DD-M. vaccae down-regulated Notch4 and HASH1; AVAC down-

regulated Notch4, Manic fringe and HASHI expression and M. vaccae glycolipids down-regulated

Notch4, Jagged2 and HASH]1 expression.
A summary of the effects of inactivated M. vaccae, DD-M. vaccae, AVAC, and M. vaccae

glycolipids on the expression of cytokines in THP-1 cells is presented in Table 21.

TABLE 21
Relative expression™

Cytokine gene | M. vaccae DD-M. vaccae AVAC Glycolipids | LPS
IL-1B . 4939 1097 2759 4011 246
IL-6 260 125 130 11.6 27.1
IL-8 3769 . 695 1722 284 267
IL-10 391 17.6 47.5 11.2 8.6
IL-12p35 \ 0.21 0.08 0.10 0.05 0.19
IL-12p40 576 14.8 2684 115 311
IL-23p19 198 93.0 252 18.0 8.0
TNFa 10.3 4.1 53 4.7 5.7

*Normalized relative expression of target gene mRNA in stimulus vs. medium control samples at
t=24 hr.

As shown in Table 21, M. vaccae upregulated IL-1B, IL-6, IL-8, IL-10, IL-12p40, IL-
23p19 and TNFa, expression; DD-M. vaccae upregulated IL-1p, IL-6, IL-8, IL-10, IL-12p40, IL~
23p19 and TNFa expression; AVAC upregulated IL-1B, IL-6, IL-8, IL-10, IL—12p40, IL-23p19
and TNFo, expression; and M. vaccae glycolipids upregulated IL-1, IL-6, IL-8, IL-10;
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IL-12p40, IL-23p19 and TNFo expression. M. vaccae downregulated IL-12p35; DD-M.
vaccae downregulated IL-12p35; AVAC downregulated IL-12p35; and M. vaccae glycolipids
dowmregulated IL-12p35 expression.

In further studies, the production of IL-12p40 protein in THP-1 cells in response to
increasing concentrations of heat-killed M. vaccae, DD-M. vaccae, AVAC and M. vaccae
glycolipids was examined by ELISA as described above. As shown in Fig, 18, production of

1L-12p40 was found to increase with increasing concentrations of M. vaccae derivatives.

The differential effect of M. vaccae derivatives on IL-12 and I1-23 gene expression in
THP-1 cells was examined using real-time PCR as follows.

THP-1 cells were maintained in RPMI (Gibco BRL Life Technologies) supplemented
with antibiotics, L-glutamine, 2-mercaptoethanol, and 5% fetal calf serum (cRPMI-5). THP-1
cells were cultured with 100 pg/mL heat-killed M. vaccae, 100 pg/mL DD-M. vaccae, 100
pg/mL AVAC, with M. vaccae glycolipids, or with no M. vaccae derivative for 24 hours in
cell culture medium in 6-well tissﬁe culture plates at 1x10° cells/mL in a final volume of 4.0
mL cRPMI-10 (or 4x10° cells per well) in a water-jacketed, humidified incubator at 37°C and
supplied with 5% CO, in air. At the end of the 24-hour incubation period, the cells were
collected and centrifuged at 200xg for 5 minutes, and the supernatants transferred to sterile
10-m] tubes. 1.0 ml Trizol Reagent (Gibco cat. no. 15596—018) were added to each well to
lyse the cells. The resulting mixture in each well was then transferred to a sterile 1.8-ml
cyrovial and stored at—80°C.

Isolation of RNA for synthesis of cDNA was performed as described in the protocol
supplied with the Trizol Reagent. RNA isolated as above was treated with DNasel (1 U/mL,
Invitrogen cat. no. 18008-015). Synthesis of cDNA was then performed as described in the
protocol supplied with the First Strand cDNA Synthesis Kit (Invitrogen cat. no. 11904-018).

Forward and reverse primers were designed using Perkin Elmer/Applied Biosystems

(ABI) Primer Express software. Real-time PCR was performed using methodology reported

by Lin Yin et al (Immunol Cell Biol 79:213-221, 2001) and amplification curves plotted using
the ABI 7700 Sequence Detection System (Perkin Elmer/Applied Biosystems). Expression
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data obtained for THP-1 cells cultured with M. vaccae derivatives were normalized to levels
observed for THP-1 cells cultured in cRPMI-10 only, and the normalized values plotted as
relative expression levels. As shown in Fig. 19, AVAC, DD-M. vaccae, heat-killed M. vaccae
and M. vaccae glycolipids were shown to induce expression of IL-12p40 and IL-23p19
mRNA and to suppress expression of IL-12p35 mRNA.

EXAMPLE 14
EFFECT OF M. VACCAE. DD-M, VACCAE, AVAC AND M. VACCAE GLYCOLIPIDS ON
TOLL-LIKE RECEPTOR SIGNALING IN HUMAN CELLS
Since the Toll-like receptor TLR2 is known to mediate biological effects of

mycobacteria and their products, particularly cell wall components, and since DD-M. vaccae
and AVAC contain at least one known TLR2 ligand, namely peptidoglycan, the effect of M.
vaccae derivatives on the expression of TLR genes in THP-1 cells was examined essentially
as described above using primers and fluorogenic probes specific for the TLR signaling genes
CD14, TLR2, TLR7, TLRS and MyD88. A summary of the effects of inactivated M. vaccae,
DD-M. vaccae, AVAC, and M. vaccae glycolipids on TLR signaling in THP-1 cells is

presented in Table 22.
TABLE 22
Relative expression®
TLR signaling gene | M. vaccae | DD-M. vaccae | AVAC | Glycolipids | LPS
CD14 44.5 48.6 68.3 26.7 16.3
TLR2 1.9 2.0 1.0 1.7 1.7
TLR7 2.0 5.5 1.7 11.4 4.2
TLRS 42.6 77.2 133.4 67.6 42.1
MyD88 3.2 2.5 1.6 1.1 3.3

*Normalized relative expression of target gene mRNA in stimulus vs. medium control
samples at 24 hr.
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These results demonstrate that M. vaccae upregulated CD14 and MyD88 expression; DD-
M. vaccae upregulated CD14, TLR7 and TLR8 expression; AVAC upregulated CD14, TLR8
expression; and M. vaccae glycolipids upregulated CD14, TLR7 and TLR8 expression.

In subsequent experiments, the effect of antibodies to TLR2, TLR4 and CD14 on the
production of IL-12p40, IL-10 and TNF-a, in THP-1 cells in response to M. vaccae derivatives
was examined as follows.

THP-1 cells were maintained in RPMI (Gibco BRL Life Technologies) supplemented with
antibiotics, L-glutamine, 2-mercaptoethahol, and 5% fetal calf serum (cRPMI-5). Prior to culture
with M. vaccae derivatives, 50 pL of THP-1 cells in cRPMI-10 were pre-treated in duplicate
microplate wells with 50 pL of serially diluted Functional Grade mAbs to human TLR2 (clone
TL2.1, IgG2a isotype, eBioscience cat. no. 16-9922-82), TLR4 (clone HTA125, IgG2a isotype,
eBioscience cat. no. 16-9927-82), or CD14 (clone RMO052, IgG2a isotype, Coulter cat. no.
IMO0643), with a cocktail of all three antibodies or with control mAb (clone AcV1, IgG2a isotype,
eBioscience cat. no. 16-4724-85), with each mAb used at a final concentration of 1000 pg/mL,
200 ;,ng/mL, 40 pg/ml, 8.0 pg/mL, 1.60 pg/mL, or 0.32 pg/mL, or with no mAb. Pretreatment of
cells with mAbs was for 60 minutes in a water-jacketed, humidified incubator at 37°C supplied
with 5% CO, in air. .

Following pretreatment with mAbs, THP-1 cells were cultured with 5 pg/ml heat-killed
M. vaccae (MV), 5 pg/mL DD-M. vaccae, 5 ug/mL AVAC, or with no M. vaccae derivative for
24 hours in cell culture medium in 96-well round-bottom microculture plates at 1x1 0° cells/mL in
a final volume of 0.2 mL cRPMI-10 (or 2x10° cells' per microwell) in a water-jacketed, humidified
incubator at 37°C and supplied with 5% CO, in air. At the end of the 24-hour incubation period,
the microplates were centrifuged at 200xg for 5 minutes and the supernatants collected and
transferred to a sterile 96-well round-bottom plate. ‘

IL-12p40, TNFo,, and IL-10 content in the microculture supernatants was determined by
sandwich ELISA using commercially available sets according to the manufacturer’s
recommendations. For IL-12p40, supernatants were diluted 1:2 in cRPMI-10 prior to analysis and
the sensitivity of the ELISA was 4 pg IL-12p40 per mL. For TNFa., supernatants were
diluted 1:5 in cRPMI-10 prior to analysis and the sensitivity of the ELISA was 8.0 pg TNFa.
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per mL. For IL-10, supernatants were diluted 1:2 in cRPMI-10 prior to analysis and the sensitivity
of the ELISA was 2.0 pg IL-10 per mL. ’
The production of IL-12p40 by THP-1 cells cultured with neutraiizing antibodies and
either heat-killed M. vaccae, DD-M. vaccae or AVAC is shown in Figs. 20A-C, respectively.
5  These figures show that M. vaccae-, AVAC- and DD-M. vaccae-induced production of IL-12p40
is inhibited by TLR2 and CD14 mAbs in a dose-dependent fashion. The production of TNFa by
THP-1 cells cultured with neutralizing antibodies and either heat-killed M. vaccae, DD-M. vaccae
or LPS is shown in Figs. 21A-C, respectively. Fig. 22 shows the production of IL-10 by THP-1
cells cultured with neutralizing antibodies and heat-killed M. vaccae. These results provide
10  evidence that M. vaccae derivatives elicit pfoduction of cytokines through Toll-like receptor

signaling.
. EXAMPLE 15
EFFECT OF M. VACCAE, DD-M. VACCAE, AVAC AND M. VACCAE GLYCOLIPIDS ON
15 MRPS SIGNALING IN HUMAN CELLS

The effect of M. vaccae derivatives on MRP8 (S100A8) signaling in THP-1 cells was
determined essentially as described above using primers and fluorogenic probes for MRP8. The
results are shown in Table 23.

20
TABLE 23

Relative expression of MRP8

M. vaccae | DD-M.vaccae AVAC Glycolipids LPS

445" " 48.6 68.3 . 26.7 16.3

*Normalized relative expression of MRP8 gene mRNA in stimulus vs. medium
control samples at t=24 hr.
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These results demonstrate that M. vaccae, DD-M. vaccae, AVAC, M. vaccae
glycolipids all upregulate expression of MRP8 (S100A8). MRP-8 is a calcium-binding
protein associated with psoriasis and other inflammatory skin disorders. A causal relationship

between MRP-8 expression and disease has not yet been established

EXAMPLE 16
INVOLVEMENT OF MAP KINASE SIGNALINGIN PRODUCTION OF CYTOKINES IN
HUMAN CELLS IN RESPONSE TO AVAC
The involvement of the MAP kinase signaling pathway in the production of IL-10 by
THP-1 cells in response to AVAC was assessed as follows.
THP-1 cells were maintained in RPMI (Gibco BRL Life Technologies) supplemented
with antibiotics, L-glutamine, 2-mercaptoethanol, and 5% fetal calf serum (cRPMI-5). Prior

to culture with AVAC, 50 pL of THP-1 cells in cRPMI-10 were pre-treated in duplicate
microplate wells with 50 pL of serially diluted PD98059 (Calbiochem cat. no. 51300, a
selective inhibitor of MAP kinase), SB202190 (Calbiochem.cat. no. 559388, an inhibitor of
p38 MAP kinase and p383 MAP kinase), SB203580 (Calbiochem cat. no. 559389, a highly
specific inhibitor of p38 MAP kinase), with SB202474 (Calbiochem cat. no. 559387, a
negative cqntrol for MAP kinase inhibition studies), or with no added chemicals. MAP
kinase inhibitoré and control were used at a final concentration of 100 pg/mL, 20 pg/mL, 4.0
pg/mL, 0.8 pg/ml, 0.16 pg/mL, or 0.032 pM. Pretreatment of cells with MAP kinase
inhibitors and control was for 120 minutes in a water-jacketed, humidified incubator at 37°C
supplied with 5% CO; in air. '

Following pretreatment, the cells were washed once in cPRMI-10 to remove inhibitor
or control chemicals. The THP-1 cells were then cultured with 25 pg/mL AVAC, or with no
M. vaccae derivative for 24 hours in cell culture medium in 96-well round-bottom
microculture plates at 1x10° cells/mL in a final volume of 0.2 mL cRPMI-10 (or 2x10° cells
per microwell) in a water-jacketed, humidified incubator at 37°C and supplied with 5% CO,
in air. At the end of the 24-hour incubation period, the microplates were cenh-ifuged at 200xg
for 5 minutes and the supernatants collected and transferred to a sterile 96-well round-bottom

plate. IL-10 content in the microculture supernatants was determined by sandwich ELISA
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using a commerdially available set (eBioscience cat. no. 88-7106-77,) according to the
manufacturer’s recommendations. Supernatants were diluted 1:2 in ¢cRPMI-10 prior to
analysis. The sensitivity of the ELISA was approximately 2.0 pg IL-10 per mL.

The results of this experiment, expressed in Optical Density (O.D.) values are
provided in Fig. 23, and show that production of IL-10 by THP-1 cells cultured with AVAC
was substantially suppressed in a dose-dependent manner by the p38 MAP kinase inhibitors
SB202190 and SB203580, and to a lesser extent by the MAP kinase inhibitor PD98059.
These data indicate that production of IL-10 by THP-1 cells in response to AVAC involves

the MAP kimase signaling pathway.

Although the present invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, changes and modifications

can be carried out without departing from the scope of the invention which is intended to be

- limited only by the scope of the appended claims.
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1. A method for modulating the expression of Notch ligands on antigen presenting cells,

comprising contacting the antigen presenting cells with a composition comprising at least one

component selected from the group consisting of:

(® inactivated M. vaccae cells;
®) delipidated and deglycolipidated M. vaccae cells;
(c) delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis; '
(d)  delipidated and deglycolipidated M. vaccae cells that have been treated by acid
hydrolysis;
(e delipidated and deglycolipidated M. vaccae cells that have been treated with
periodic acid;
® delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and by acid hydrolysis; '
(g)  delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and treated with periodicacid;
(h) - delipidated and deglycolipidated M. vaccae cells that have been treated with
Proteinase K; and '
@) delipidated and deglycolipidated M. vaccae cells that have been treated by
hydrofluoric acid hydrolysis.
2. The method of claim 1, wherein the antigen presenting cellsare dendritic cells.
3. A method for modifying an immune response to an antigen in a subject, comprising

administering to the subject a composiﬁon comprising at least one component selected from

the group consisting of:

(2)
®)
(©

inactivated M. vaccae cells;
delipidated and deglycolipidated M. vaccae cells;
delipidated and deglycolipidated M. vaccae cells that have been treated by

alkaline hydrolysis;
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4.

(@  delipidated and deglycolipidated M. vaccae cells that have been treated by acid
hydrolysis;

(e) delipidated and deglycolipidated M. vaccae cells that have been treated with
periodic acid,;

® delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and by acid hydrolysis;

(2 delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and treated with periodic acid;

(h)  delipidated and deglycolipidated M. vaccae cells that have been treated with
Proteinase K; and )

® delipidated and deglycolipidated M. vaccae cells that have been treated by
hydrofluoric acid hydrolysis.

A method for stimulating infectious tolerance to an antigen in a subject, comprising

administering to the subject a composition comprising at least one component selected from

the group consisting of:

(a) inactivated M. vaccae cells;
(b)  delipidated and deglycolipidated M. vaccae cells;
© delipidated and deglycolipidated M. vaccae cells that have been treated by

alkaline hydrolysis;

(@ delipidated and deglycolipidated M. vaccae cells that have been treated by acid
hydrolysis;

(e) delipidated and deglycolipidated M. vaccae cells that have been treated with
periodic acid;

® delipidated and deglycolipidated M. vaécae cells that have been treated by
alkaline hydrolysis and by acid hydrolysis;

(g)  delipidated and deglycolipidated M. vaccae cells that have been treated by

 alkaline hydrolysis and treated with periodic acid;

(h)  delipidated and deglycolipidated M. vaccae cells that have been treated with

Proteinase K; and
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5.

@) delipidated and deglycolipidated M. vaccae cells that have been treated by
hydrofluoric acid hydrolysis.

A method for treating a disorder characterized by the presence of an abnormal immune

response in a subject, the method comprising administering to the subject a composition

comprising at least one component selected from he group consisting of:

6.

() inactivated M. vaccae cells;

(b)  delipidated and deglycolipidated M. vaccae cells;

(c)  delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis;

(d)  delipidated and deglycolipidated M. vaccae cells that have been treated by acid
hydrolysis; '

() delipidated and deglycolipidated M. vaccae cells that have been treated with
periodic acid; ‘

® delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and by acid hydrolysis;

(g2) delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and treated with periodic acid;

(h)  delipidated and deglycolipidated M. vaccae cells that have been treated with
Proteinase K; and

@) delipidated and deglycolipidated M. vaccae cells that have been treated by
hydrofluoric acid hydrolysis. -

A method for modulating Notch signaling in a population of cells, comprising

contacting the cells with a composition comprising at least one component selected from the

group consisting of:

(a) inactivated M. vaccae cells;
(b)  delipidated and deglycolipidated M. vaccae cells;
(¢)  delipidated and deglycolipidated M. vaccae cells that have been tfreated by

alkaline hydrolysis;
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(d)  delipidated and deglycolipidated AL vaccae cells that have been treated by acid
hydrolysis; V

(e delipidated and deglycolipidated M. vaccae cells that have been treated with
periodic acid; |

® delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and by acid hydrolysis;

(g)  delipidated and deglycolipidated M. vaccae cells that have been freated by
alkaline hydrolysis andtreated with periodic acid,;

(h)  delipidated and deglycolipidated M. vaccae cells that have been treated with
Proteinase K; and

® delipidated and deglycolipidated M. vaccae cells that have been treated by
hydroﬂuoricﬂacid hydrolysis.

7. A method for modulating Notch signaling in a population of cells, comprising
contacting the cells with a composition comprising an isolated polypeptide, wherein the
polypeptide comprises a sequence selected from the group consisting of:

(@  SEQID NO: 27-52;

(b)  sequences encoded by a sequence of SEQ ID NO: 1-26;

(©) sequence having at least 75% identity to a sequence of SEQ ID NO: 27-52; and

(d). sequences having at least 90% identity to a sequence of SEQ ID NO: 27-52.

8. A method for modulating Notch signaling in a population of cells, comprising
contacting the cells with a composition comprising a component sel_eéted from the group
cogsisting of: | " '
‘ (a)  delipidated and deglycolipidated M. smegmatis cells; and
(b)  delipidated and deglycolipidated M. tuberculosis cells.

9. A method for modulating expression of a Notch signaling gene in a population of
cells, comprising contacting the cells with a composition comprising a component selected

from the group consisting of:
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(a) inactivated M. vaccae cells;

(b)  delipidated and deglycolipidated M. vaccae cells; .
(¢)  delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis;

(d)  delipidated and deglycolipidated M. vaccae cells that have been treated by acid
hydrolysis;

(e) delipidated and deglycolipidated M. vaccae cells that have been treated with
periodic acid;

® delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and by acid hydrolysis; ’ .

(g)  delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and treated with periodic acid,

(h)  delipidated and deglycolipidated M. vaccae cells that have been treated with
Proteinase K; and

@ delipidated and deglycolipidated M. vaccae cells that have been treated by
hydrofluoric acid hydrolysis.

The method of claim 9, wherein the Notch signaling molecule is selected from the

group consisting of: Notchl, Notch2, Notch3, Notch4, Deltex, Jagged-1, Jagged-2, Delta-like
1, Delta-like 3, HES-1, HERP1, HERP2, Lunatic Friilge, Manic Fringe, Radical Fringe,

Numb,

11.

MAMLI and RBP-Jkappa.

A method for modulating expression of a Toll-like receptor gene in a population of

cells, comprising contacting the cells with a composition comprising a component selected

from the group consisting of

(a)  inactivated M. vaccae cells;

(b)  delipidated and deglycolipidated M. vaccae cells;

(¢)  delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis;
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(d)  delipidated and deglycolipidated M. vaccae cells that have been treated by acid
hydrolysis;

(e)  delipidated and deglycolipidated M. vaccae cells that have been treated with
periodic acid;

® delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and by acid hydrolysis;

(g)  delipidated and deglycolipidated M. vaccae cells that ha{fe been treated by
alkaline hydrolysis and treated with periodicacid;

(h)  delipidated and deglycolipidated M. vaccae cells that have been treated with

Proteinase K; and
@) delipidated and deglycolipidated A. vaccae cells that have been treated by

hydrofluoric acid hydrolysis.

A method for modulating Notch signaling in a population of ‘cells, comprising

contacting the cells with a composition comprising peptidoglycan.

13.

A method for modulating Toll-like receptor signaling in a population of cells,

comprising contacting the cells with a composition comprising pepfidoglycan.

14.

A method for modulating Toll-like receptor signaling in a population of cells,

comprising contacting the cells with a composition comprising a component selected from the

group consisting of:

(a)  inactivated M. vaccae cells;

(b)  delipidated and deglycolipidated M. vaccae cells;

(¢)  delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis;

(d)  delipidated and deglycolipidated M. vaccae cells that have been treated by acid

hydrolysis;
(e)  delipidated and deglycolipidated M. vaccae cells that have been treated with

periodic acid;
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® delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and by acid hydrolysis;

(g)  delipidated and deglycolipidated M. vaccae cells that have been treated by
alkaline hydrolysis and treated with periodic acid;

(h)  delipidated and deglycolipidated M. vaccae cells that have been treated with

Proteinase K; and :
6] delipidated and deglycolipidated M. vaccae cells that have been treated by

hydrofluoric acid hydrolysis.
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SEQUENCE LISTING

Compounds and Methods for the Modulation
of Immune Responses

11000.1063U

60/308,446
2001-07-26

<160> 52

<170>

<210> 1

<211> 683
<212> DNA
<213>

<400> 1

gccegecaac
cagcatgaaa
gggtaccgca
acaggtgecg
ggcggecgac
gaacgtcaat
tgacgcctte
gctgaccaag
cggcgageat
caaggtcaac
tctgatcgac
tcceecgeac

<210> 2

<211> 808
<212> DNA
<213>

<220>
<221>
<222>
<223>

<400> 2

ccaagtgtga
gaatcacccg
aatgatgaca
cggtgecggee
ggcctectee
ggccgacccect
cgaaggtcce
caacccgatg

misc_
(1)..
n=A4,T,Cor G

taaaaccgcc
actcttgeeg
ggcagegeeg
gacgggccgg
aacccgctge
ctecgtecgaca
gccaagatcg
atcctcacct
gtgacggtgg
gacgcgtegg
accgtgctga
ccggectcecee

feature
. (808)

cgegngtgtyg
tgtgccaatt
actcgccgga
gcatgttcga
gcgatggagt
gcggccaace
gggtcggtgg
ctgcagacgce

Mycobacterium vaccae

gatcatccac
gagcgggttt
cagccgegcece
gatcggtgca
tcaccacgcect
cgttcaacgg
atccggeccac
accacgtcgt
agggggcgcec
tggtgtgcegg
tgcecgecgge
ccg

Mycobacterium vaccae

acggtagacg
cagtgcgggce
agtcagccgce
gtgaggacgg
ccgcgaccga
tgatcggcete
ccgggatgge

tgtceccaggce

FastSEQ for Windows Version 4.0

tgcaggaagg
cgcgatgacce
ggtcggaccyg
gggcatggcg
ctecgcaggceg
cggccagttce
gctggagacc
gccecggecag
ggtcacggtg
tggggtgcag
agcgtagecg

ttccgaccaa
aacggtgtcce
agtggcggga
tgggagcacyg
cgagatgacc
cggectgegeg
agccgatccg
gctgtecegge

aatctcacga
gccgeegteg
gggtgtgcgyg
agctcgecegg
atctcgggtc
accgtgttcg
ctcaagaccg
gcecgegeecg
tcegggatgg
accgccaacg
ggcggcacca

tccaacgacg
gtccacgaag
atcgctgegg
gcctegtegg
acgtcgtcgg
gcctacgecg
gtgacggtgg
cagctcaatc

SUBSTITUTE SHEET (RULE 26)
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tcatgaacat 60
gtctgtceget 120
cctacgtgcea 180
tggccaccge 240
agctcaaccc 300
cgccgaccaa 360
attccgacct 420
atcaggtggt 480
ccgaccagcet 540
cgacggtgta 600
cagaagaggg 660

683
ccgcagectgg 60
ggattcagga 120
tggccatcct 180
ccagcagcac 240
cggccectte 300
agcaggtccc 360
cggcgtcgaa 420
cgcaggtcaa 480
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tctegtegac
cgccaagatc
catcctgacc
tgtgacggtg
cgacgcgteg
caccgtgctg

<210> 3

<211> 1211
<212> DNA
<213>

<400> 3

ggtaccggaa
gcacgccecgtt
gctggagggt
atggtgcett
aactcgccgg
gacatcaaca
gtcggtggcee
accgtgacct
aaccgcgcegg
gcgctgaacce
ttcctgaace
ggcggcttca
cagcgcaacg
gtctactgcg
ctcgaaggte
ggccacaacg
cgcgagctge
acgaagcccc
taaccgaaat
cacgaggtgg
tccagegtga

<210> 4

<211> 485
<212> DNA
<213>

<400> 4
agcggctggg
atcatgcccecg
aaggccgget
ctcgecgeea
ggttcggegg
ctgteggget
ggtgacgegy
gcctggaage
ctctce

<210> 5

<211> 1052
<212> DNA
<213>

<400> 5

accctcgacg
gatccggcca
taccacgtcg
gagggggcgce
gtggtgtgceg
atgccgecgg

gctggaggat
tcggegtegt
cggcgaccge
cgccgtegat
ctctctacct
ctcaggcttt
agtccagcett
acaagtggga
tcaagccgac
tggcgacctg
cctecgaggg
aggccgacga
atccgatget
gtaacggcca
tgaccatccg
gtgtgttcaa
aggcgatgaa
cggecgattg
caacgcgatg
gcgagcaatc
a

acatcaacac
tecggegggea
gccagaccta
acaagggggt
cgctgacget
acctgaaccc
gcggctacaa
gcaacgaccc

gcggtgagtt
cgctggagac
tgceceggeca
cggtcacggt
gtggggtgca
cagcgtag

Mycobacterium vaccae

tgacggtatg
ggctgtegeg
cggagcatte
ggggcgcgac
gctcgacgge
cgagtggttc
ctacaccgac
gaccttcctg
cggcageggce
gcacccggag
ctggtggceyg
catgtggggce
gaacatcccg
gcccaccgag
caccaacgag
cttcececggee
gcctgacctg
cggccgaggyg
gtggctcatc
cttectgece

Mycobacterium vaccae

cgccgectte
gtccagctte
caagtgggag
cgacccgaac
ggcgatctac
gtcecgagggg
ggccaacgac
gatggtcaac

Mycobacterium vaccae

2/31

caccgtgtte
cctcaagacg
ggccgcgecce
gtcecgggatyg
gaccgccaac

agacttettg
acagcgatga
tcccggecag
atcaagatcc
ctgcgtgege
ctcgacagecg
tggtacgcce
acccaggagce
cctgteggte
cagttcatct
ttcctgatca
aagaccgagg
accctggteg
ctcggeggeyg
accttccgeg
aacggcacgc
caggcgcacc
tttcgtegte
aggaacgccg
gacggagagg

gagtggtacg
tacagcgact
acgttcctga
cgcaacgcgyg
cacccgcagce
tggtggccga
atgtggggte
atcggcaagc

gcgccgaceg
gactccgaca
gatcaggtygg
gccgaccage
gcgacggtgt

acaggattcg
tgecctgettt
gtctgccggt
agttccagag
aggaggactt
gcatctecegt
ccgcecgtaa
tceegggetg
tgtcgatgge
acgcgggcetce
acatctcgat
ggatcccaac
ccaacaacac
gcgacctgece
acaactacat
acaactgggc
ttctectgacg
cggggctact

agggggtcat
tcaacatcca

tcgactecggg
ggtacagccc
cccaggaget
ccgteggtet
agttccagta
tgctgatcaa
gcaccgagga
tggtcgecaa

SUBSTITUTE SHEET (RULE 26)

PCT/NZ02/00135
acgacgcegtt 540
tgctgaccaa 600
tcggegagea 660
tcaaggtcaa 720
atctgatcga 780

808

tgggccttgg 60
ggtgggectg 120
ggagtacctg 180
cggtggecgag 240
caacggctgg 300
ggtgatgccg 360
caagggcccg 420
gctgcaggee 480
gggttcggec 540
gatgtccggce 600
gggtgacgce 660
agcggttgga 720
ccgtatctgg 780
cgccacgtte 840
cgeccgegggt 900
gtactggggt 960
gttgcacgaa 1020
gtggccgaca 1080
tgcgctacga 1140
cgtcgagtac 1200
1211

tctegeggtyg 60
ggcctgeggt 120
gccggectac 180
gtccatggecce 240
cgeccgggteg 300
catctcgatg 360
cccgagcagce 420
caacaccccce 480
485
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gttgatgaga
gcaaaggcgg
ctgatecgget
gtcgagtacc
ggtggcggta
ggctgggaca
atgccggteg
gggcagaact
gaggccaacce
agcgeggege
tcaggcttcce
gacgcaggcg
cgcaacgacc
tactgcggcea
gcegegeagt
atcgcagecg
gggtactggg
caggccaccg

<210> 6

<211> 480
<212> DNA
<213>

<400> 6

aacggctggg
atcatgccgg
aacgggcaga
ctggaggcca
ggcagcgcegg
ctgtcaggcet
aacgacgcag
aagcgcaacg

<210> 7

<211> 795
<212> DNA
<213>

<400> 7

ctgcegeggyg
ccggtaccgt
ctcggcecgeag
caggaagggce
ttctatctga
gccaagcggg
gccgaccecga
ccgaacgege
ccctacaacg
gcgceggegyg
cgacgtaaag
ccagcacggce
cgggcegggece
cgatggcacc

<210> 8
<211> 1125

aaggtgggtt
cgatgcaccg
tegeecgyagy
tcgacgtgtt
ctcatgeggt
tcaacacccc
gcggacagte
acacctacaa
gcggagtgte
tgacctacgc
tgaacccgte
gcttcaacgce
cgatggtcaa
ccggcacccce
tcctcgaagg
gcggcaccaa
ggcagcagcet
cctagccacc

acatcaacac
tcggecggaca
actacaccta
accgcggagt
cgctgaccta
tcctgaacce
gcggettcaa
acccgatggt

tttgccatct
ccggegatgt
cagcattggt
accaggtcecg
cgacgcagcc
agaaggtcag
actgggcgat
actgcgacat
tgcggtgeca
cagcggcectcg
atcgctggee
gtctaactcc
gatcaccacg

ggcga

3/31

gtttgecegtt
ggtgggcgtt
ttcggcaacg
ctcgcecegteg
ctacctgctce
tgcgttcgag
cagcttctac
gtgggagacg
gcgcaccgge
gatccatcac
cgagggctgg
cgagagcatg
catcaaccag
gtcggagetg
attcacgttg
cggtgtcttce
gcagcagatg
caccccacac

Mycobacterium vaccae

ccctgegtte
gtccagctte
caagtgggag
gtcgcgecace
cgcgatcceat
gtccgagggce
cgccgagagce
caacatcaac

Mycobacterium vaccae

cttgggtect
gaccaacatg
ggccgecacg
ttacacgctc
gccgagcatg
cctcgeceecg
ccttcaggtc
cgccgtcgat
gctcggtcag
cggtgcagca
ccgcgeggec
agacccttgg
ctggtgccct

atgaagttca
gccgatatgg
gceggggeat
atgggccgeg
gacggtctge
tggttctacg
agcgactggt
ttcctgaccce
aacgcgttcg
ccgcagcagt
tggccgatge
tggggccegt
ctggtggcca
gacaccggga
cggaccaaca
aacttccegg
aagcccgaca
cc

gagtggttct
tacagcgact
acgttecctga
ggcaacgcgt
cacccgcagce
tggtggccga
atgtggggcc
cagctggtgyg

gggtcgggag
cgaacagcga
gggatggtca
acctcggeeg
caggcgttca
ggtgtgcecgt
agcagcacca
ggccaggagg
tggtgagtca
ccccgaggcyg
cctcggegag
tctgegtggg
cccggtecge

cagagaagtg
ccgeegttge
tctececeggee
acatccgggt
gtgcccagga
agtccggett
accagccgtc
aggagctgcec
tcggectgte
tcatctacge
tgatcgggcet
cctcggacce
acaacacccg
ccececgggeca
tcgecttecg
cctecgggeac
tccagecgggt

acgagtccgg
ggtaccagcce
cccaggagcet
tcgteggect
agttcatcta
tgctgatcgg
cgtcctcgga
ccaacaacac

gccatgttet
caacgaagct
gcgecggegac
gcgcttacga
acgccgacge
gggtcttcga
ccegeggtgg
tgctcagcceca
cctecgeecgag
ctgggtcgeg
gatctgctece
tgccaccgeg
ctcegcacge

SUBSTITUTE SHEET (RULE 26)

PCT/NZ02/00135
gcggggetece 60
gctgcecegga 120
cggtcttect 180
ccagttccag 240
cgactacaac 300
gtcgacgatc 360
tcggggcaac 420
gacgtggctg 480
gatggcggge 540
ctcgtegetg 600
ggcgatgaac 660
ggcgtggaag 720
gatctggatc 780
gaacctgatg 840
tgacaactac 900
ccacagcetgg 960
tctgggagcet 1020

1052
cttgtcgacg 60
gtctcgggge 120
gccgacgtgg 180
gtcgatggcg 240
cgectegteg 300
gctggecgatg 360
cceggegtgg 420
ccggatctgg 480
gggtaacgat 60
aggagcggeg 120
ggcgaacgcc 180
gttcgacctg 240
gtatgcgtte 300
aaccacgatg 360
gcaggccgcec 420
gcacgacgac 480"
agtccggceca 540
cgggtcageg 600
gggtagacca 660
cccgggacac 720
acgaaatcgt 780

795
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<212>
<213>

DNA

<220>
<221>
<222>
<223>

<400> 8

atgcaggtgce
tggcagacgg
atcttecgege
aacgcgcetge
gcaggattcg
gcagtggatg
cgcecggegte
cccgatgecg
gcgegacatc
gatcgatctg
cttegectac
gggccagagce
ggtaacgctg
gggcggceceag
gggactcggt
gatgcacatc
agagcgcacc
acgcgecgtt
gggecgcggac

<210> 9
<211> 650
<212> DNA

misc_feature
(1) ..
n="A,T,Cor G

. (1125)

ggcgtgttct
gggtttcgat
gcgggacegg
ggcccaaggt
gacttcgaca
gccgacaact
atcgacctga
ccecegegteg
cgtggtggcg
tgtgcgcteg
gccgacaacg
gtcgagctge
gaggacgccg
cgggtgaccg
gcggcataag
cgaacctgga
cggtcecegga
cgaccagccc
cgceecggeceg

Mycobacterium vaccae

gggcagtgte
accgaccgcece
tgcggaacce
cggtgagcag
aatcggcgece
gcccggacac
tcaccgtcega
ccgaccacgt
gtcecgetgee
acgatccgtt
gcatggtgga
ccgaggcegcece
gaccgctgeg
ccaccgcgcec
cgaataggag
cccgggecegt
ctcgtcecgg
cgggaggccc
cggctggeeg

<213> Mycobacterium vaccae

<400> 9

gacacaccag
gaccctgaaa
cgctgcegece
cgcggtgetg
ctccaccttg
ccagggeggt
ggccaagggce
cgtgaccgcee
gttcatcgee
gatgtccgeg
cggegetegg

<210>
<211>
<212>
<213>

10
501
DNA

<220>
<221>
<222>
<223>

misc_
(1)..
n=2A4,T,Cor G

caccactgtt
accctagteca
gtgggtgtga
aacgcaccgce
agcgegetgt
ctcggecgea
tacttcecge
aacgtcaccg
gggccgagcec
gtgggtgatc
gctgggtggag

feature
. {501)

aacctcgcta
ccagcatgac
cctegattge
tgcttteccge
cgggcceggg
tcgaggcceg
tgagcttcecac
cggecggecce
cgaccggatg
tcccgecacga
tgcectgggeg

Mycobacterium vaccae

4/31

ggtgcagcag
tcagcggatce
ggcctegggt
tecggtgggcea
catgggcgcg
caagcttgte
tcecgegaccg
ggccgeegtt
gcagatgagc
ctgctcgeece
ggaagccgceg
ctacctgcac
cgaaggcgac
cgcggagatce
tcectgetgge
cggecggeace
tgaccgtege,
tggtgcecgcea
cgtgggccce

gatcagtcgg
cgctggggcea
cgteggtgeg
ccctgeecce
ctccttcegee
ggtggccgac
cgtcgeegge
gacgggcgee
gcagctgtcc
ttctggtcceg
gctgcgegea

tcgcggttte
cgtgtcecgga
gggtcggtga
cctacgeggt
gcecgacgeat
ctgggeggea
ctgggeeggt
gtggtctteg
ggcacctacg
ggcttcaacc
aacttcgecece
ctgttecgtce
gcagtgcegtt
ctegtctggg
cggcgcagea
ggccccgacyg
ggtcgacgaa
gggttggacg
ggacg

ccgaacggaa
gcagcagccg
ggtgtcgeeg
gatctgcagg
ggcgecaagg
agcggataca
atcgaccaga
gtggccaccc

aagcagtccg,

cagcgecgte
agatgaacat

SUBSTITUTE SHEET (RULE 26)

PCT/NZ02/00135
ggccgegtta 60
catcgaggtg 120
tgcgttegte 180
gaactacccg 240
cggggegggt 300
tgtcgcangg 360
tcacccecac 420
gaaatccgtt: 480
ggccgaagte 540
tgccggecca 600
gcctggaacc 660
cgcggggcga 720
tcaccgcatce 780
agatgcatgc 840
ctgctegecg 900
agcacaaccg 960
cctetggecg 1020
ctgtcggtgt 1080

1125
ggacagccgt 60
caacactcgg 120
gcgegtegece 180
gaccgctggt 240
ccacctacgt 300
gcaacgccge 360
acggtccgat 420
agccgctgac 480
cactggccct 540
acatgtgtgg 600

650
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<400> 10

atgccggtge
gtgggcgetg
gtgacgttcg
ttcageggte
gacggcccgg
aggcagtggg
cgcgagtacg
ttcggcacct
gtcgecggect

<210> 11
<211> 554
<212> DNA

gacgtgcgceg
agggcaccgce
cctecegacaa
agtacacctt
cgccegtegaa
tgttcaacta
ccgecgegeg
ggcgcaccga
atccggegta

cagtgcgett
actggcggeg
actcggcacg

cagcacgtcc

ccecgacgatt
caactggcag
ttcgctggtg
natcctggan
g

<213> Mycobacterium vaccae

<400> 11

gatgtcacgce
gtttgagcac
caagattcga
gcgececctgge
cggcacagat
tcagctcggt
ccgtcaccge
tcaccgccaa
cgcagcgcaa
tcatggccgg

<210> 12
<211> 1518
<212> DNA

ccggagaatg
ttcagatctc
aggacccaaa
cggcgteggg
ggcgggegece
gaccggtcag
ggcgatgaac
¢ceceggeggag
ctgcaacatc
ctga

taacgttcga
ggttaccttg
caacatgaaa
gcggcatgte
cagccggecg
gcgegtcagt
cagccgcgge
tactacgacc
accgtgctge

<213> Mycobacterium vaccae

<400> 12

cactcgccat
acatccagcet
catcagtaca
aatccattgt
gaaggtttac
cacatcaccg
gcgccggtga
gacgcagact
gggaagacga
cgcctegaag
ttccagcact
cgcagcaaga
gtceggcetga
cgggtggegt
ctcggagcege
cgggaggtcg
agtgaccgca
atctacgacc
gcgggceceggt
acgctgaagg
gtgcgtecgg
gcctgegtge
ctggccgcete

gggtgttaca
gagaaaatat
gcgegettte
cgaaatgtaa
cccacagceca
ctgcagaacc
tcgagatcga
tctccatege
ccacgttgeg
gcgccgacgt
acgcgetgtt
aactcggcaa
ccgaatttge
tggcceggge
tcgacctgaa
ggatcacgtt
tcgeggtgat
gtceccgegac
gcaccggcecyg
cacgceccggg
aacgcatccyg
gtgccaccgt
cggacgactc

ataccccacc
tcacagcgac
ctgcgeggat
attcgttgeg
cgacggctgt
tgcagaacag
ccatgtcacg
gceeggggag
catgatcgcg
gtcgaggacc
cccgecacatg
aggcgaggtc
cgagcegceagyg
actggtgaac
gctgecgcecac
catctacgtg
gaacgccgge
ggtgttcgte
ctccaaccge
cgagaccacg
ggtcaccccg
caccgacctg
gaccgtgate

5/31

gcgtecgtga
acgccggact
agtgtggcecg
tgtgtgggca
ccgcageccg
tgggagtgct
ttctacgece
ggcctctgea

ccggagaacyg
gatttcaggce
ttcactggaa
tgtteggegyg
‘agtgcaacgc
acctagacac
ccgaggccga
tgcggggeat
cggtagagcet

agttcctcga
gaagcccgge
tctattgteg
gaatcacttg
ccccgaggag
acggcggatt
aagcgctteg
ttcttctceca
ggattcgaga
ccacccaaca
acggtctggy
cgcaagcgcg
ccecgeeccage
taccccagceg
gtcatgcagt
acccacgacc
aacgtcgaac
gccagcttca
gattacgtcg
atcgagcccg
ggetcccagg
accttccaag
gcccacgtcg

ccttegtege
ggagcgggcyg
cececgecagece
cctgegtgge
cgcgctacac
tcegeggege
cgaccgcecga
agggcaccgt

ccgteggeac
gggggaagca
tgaccgtgeg
cgtggcegeg
cagctcacte
ccaccegggce
ggcgaacctg
cctecgeeecyg

gcagacggcc

agtaaacgaa
cgatgcctga
agtccggggt
cataggtccg
gacctgcecct
ccgeggeacce
gcgactacct
tgcteggcecee
ccccgactga
agcgcaacgt
acaacgtcgce
tcgacgagcet
tgtceggegy
cgctgetget
tcgagctcaa
aggaagaggce
agatcggcag
tcggacagge
agatcgacgt
gcgggeacge
acgcgccgac
gtcecggtggt
gcccecgagea

SUBSTITUTE SHEET (RULE 26)

ggatctgccg

PCT/NZ02/00135
ggccgegtge 60
ctacacggtg 120
agaacccgac 180
caccgcegtcecce 240
ctgggacggce 300
cgacgtcceg 360
cgggtcgatg 420
gatcatgccg 480

501

aacgagttac 60
gtaaccgatc 120
cgcaagccge 180
gcaaccgtgg 240
accggcaccg 300
gccaaccagg 360
cggggctact 420
atcggtgacyg 480
tacgacacgt 540
554

-cagaaccgtg 60
tggggtccgg 120
gtgacgaagg 180
tcagatccge 240
gaccggcaca 300
gcccaagggce 360
ggccgtegeg 420
gtcecgggtgt 480
aggggcgatc 540
caacacggtg 600
gtacggcceg 660
gctggagatc 720
gcagcagcag 780
cgatgaaccg 840
gcgcatccag 900
gctcacgatg 960
cccgaccgag 1020
caacctctgg 1080
tcteggcteg 1140
caccctgatg 1200
cggtgacgtce 1260
gcggetcteg 1320
1380
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6/31

PCT/NZ02/00135

ctgectgegee cocggcgacga cgtgtacgtce agectgggecac cggaagcctce cctggtgett
ccecggcgacg acatccccac caccgaggac ctcgaagaga tgctcgacga ctcctgagtce

acgcttcececg attgecga

<210> 13
<211> 1111
<212> DNA

<213> Mycobacterium waccae

<400> 13 .
gtccgacagt
gcgegtcetcee
ctecgggeate
ggtcaaggag
gttcatggee
gcccaatcge
gttcaccgceg
acgcgatatc
gttctcegac
gaatccgacc
ggggtcagat
cgccatcgeg
gcagttcatc
caccacgcag
ctacgccaag
actcgccaag
gcaggcgaac
tgcgtacgece
tggccectgceg

<210> 14
<211> 1626
<212> DNA

gggacctcga gcaccacgtc acaggacagc ggccccgceca
aactggcege tctatatgge cgacggtttc atcgcagegt
acggtcgact acaaagaaga cttcaacgac aacgagcagt
ccgttgtecge gcaagcagga cataggcgecc gacctggtga
gcgcgegtca agggcecctggg atggctcaat gagatcageg
aagaatctgc gtcaggacct gttggactcg agcatcgacg
ccgtacatga ccggcatggt cggtctcgece tacaacaagg
cgcaccatcg acgacctctg ggatccecgeg ttcaagggec
gtccaggacg geccteggeat gatcatgcectc tcgecagggea
accgagtcca ttcagcaggc ggtcgatctg gtccgecgaac
ccgtegette accggcaacg actacgccga cgacctggece
caggcgtact ccggtgacgt cgtgcagctg caggcggaca
gttccecgaat ccggcggega ctggttegte gacacgatgg
aaccagaagg ccgccgaggc gtggatcgac tacatctacg
ctggtcgegt tcacccagtt cgtgccegeca ctctcggaca
gtcgatcctg catcggegga gaacccgetg atcaacccgt
ctgaagtcegt gggcggcact gaccgacgag cagacgcagg
gccgtcaccg gecggctgacg cggtggtagt gecgatgega
gacgcgagga gcataaatgg c

<213> Mycobacterium vaccae

<400> 14

atggccaaga
gccctegeag
aagaagtggg
ctggaggacc
gacgacgtcg
gaaggcctgce
aaggctgtcg
gagcagattt
gccgaggceca
ttcggectge
tacttcgtga
gtcagctcca
gcecggcaage
gtggtcaaca
gaccgcegcea
gaaagagtcg
gtcgtegtea
gcecggcceggyg
gagaagctgc
gctgecaccg
gcgaaggctg

caattgcgta tgacgaagag gcccgcegtg gectcgageg
acgccgtaaa ggtgacgttg ggcccgaagg gtcgecaacgt
gcgeccccac gatcaccaac gatggtgtgt ccatcgccaa
cgtacgagaa gatcggcget gagctggtca aagaggtcge
cgggcgacgg caccaccacc gccaccgtge tcgcectcagge
gcaacgtcge agccggcgec aacccgctcg gectcaageg
aggctgtcac ccagtcgectg ctgaagtcgg ccaaggaggt
ctgccaccge ggcgatttce geccggegaca cccagatcgg
tggacaaggt cggcaacgag ggtgtcatca ccgtcgagga
agctcgaget caccgagggt atgcgcttcg acaagggeta
ccgacgecga gcgccaggaa gecgtecctgg aggatcecta
aggtgtcgac cgtcaaggat ctgctccecge tgctggagaa
cgctgctgat catcgeccgag gacgtcgagg gcgaggccect
agatcecgcgg caccttcaag tcecgtcgecg tcaaggctee
aggcgatgct gcaggacatg gccatcctca ccggtggtca
ggctgtcect ggagaccgece gacgtctcge tgetgggcca
ccaaggacga gaccaccatc gtcgagggct cgggegattce
tggctcagat ccgcgecgag atcgagaaca gcgactccga
aggagcgect ggccaagetg geccggeggtg ttgcggtgat
aggtggagct caaggagcgc aagcaccgca tcgaggacgce
ccgtcgaaga gggcatcgte gecggtggeg gegtggetcet

SUBSTITUTE SHEET (RULE 26)

gcggcegecet
tccagaccgce
ggttcgccaa
tccecaccga
aagccggegt
agggccgcaa
cagccaccgg
gcgtcagtct
actcgecgga
agaacgacag
gcagaaacat
accccgatct
tgatccegta
accgagccaa
tgaccgacga
cggccgaggt
agttcaacac
ggggcataaa

gggcctcaac
cgtgctggag
ggagatcgag
caagaagacc
tc¢tggttege
tggcatcgag
cgagaccaag
cgagctcatce
gtcgaacacc
catctcgggt
catcctgctg
ggtcatccag
gtccacgctg
gggctteggt
ggtcgtcage
ggcccgcaag
cgatgccatce
ctacgaccge
caaggccgga
cgtccgcaac
gctgcagtcg

1440
1500
1518

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1111

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
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gctectgege
cgcgtggege
gtegttgecg
gagtacgagg
ctgcagaacg
aagccggaga
ttctaa

<210>
<211>
<212>
<213>

15
647
DNA

<400> 15

atggccaaga
gccectegeag
aagaagtggg
ctggaggacc
gacgacgtcg
gaaggcctge
aaggctgtcg
gagcagattt
gccgaggceca
ttecggectge
tacttcgtga

<210>
<211>
<212>
<213>

16
985
DNA

<400> 16

ggatccctac
gctggagaag
cgaggccectg
caaggctccg
cggtggtcag
gctgggccag
gggcgattcc
cgactccgac
tgcggtgatce
cgaggacgcc
cgtggctctg
caccggtgece
cggcggectyg
cctcaacgece
gaaggtcacc
cgaggcegte
tggcatgggce

<210> 17

<211> 743
<212> DNA
<213>

<400> 17

tggacgacct
tgtcggectece
agaaggtgte
acctgctcaa
cggcgtccat
aggcgtccgce

caattgcgta
acgccgtaaa
gcgecccccac
cgtacgagaa
cgggcgacgg
gcaacgtecge
aggctgtcac
ctgccacecge
tggacaaggt
agctcgagcet
ccgacgecga

atcctgetgg
gtcatccagg
tccacgetgg
ggcttcggtg
gtegtcageg
gceccgcaagg
gatgccatcg
tacgaccgcg
aaggccggag
gtccgcaacg
ctgcagtcgg
aacatcgtcc
gagcecceggeg
gcgaccggtg
cgctcggege
gtcgccecgaca
ggtatggact

7/31

cggcctgacg
gctcaagcag
caacctgccc
ggceggegte
cgecggcetetg
acccgcggge

Mycobacterium vaccae

tgacgaagag
ggtgacgttg
gatcaccaac
gatcggeget
caccaccacce
agccggegec
ccagtcgctyg
ggcgatttce
cggcaacgag
caccgagggt
gcgccaggaa

Mycobacterium vaccae

tcagctccaa
ccggcaagcc
tggtcaacaa
accgccgcaa
aaagagtcgg
tcgtcgtcac
ccggeegggt
agaagctgca
ctgccaccga
cgaaggctge
ctcctgeget
gcgtggeget
tcgttgecga
agtacgagga
tgcagaacgc
agccggagaa
tctaa

Mycobacterium vaccae

ggatccgegg caccggetgg tgacgaccaa

ggcgacgagg
atcgccttca
gcgggtcacg
gccgaccegg
ttectcacca
gacccgaccg

gceegecgtg
ggcccgaagg
gatggtgtgt
gagctggtca
gccaccgtge
aacccgcectceg
ctgaagtcgg
gceggegaca
ggtgtcatca
atgcgcttcg
gccgtectgg

ggtgtcgacc
gctgctgatce
gatccgcgge
ggcgatgctg
gctgtccctg
caaggacgag
ggctcagatc
ggagcgeetyg
ggtggagcte
cgtcgaagag
ggacgacctc
gtcggctecg
gaaggtgtcc
cctgctcaag
ggcgtccatc
ggcgtcegea

gtacaacccg

ccaccggtge
acggcggect
gcctcaacgce
tgaaggtcac
ccgaggeegt
gtggcatggg

gcctcgageg
gtecgcaacgt
ccatcgccaa
aagaggtcgce
tegetcagge
gcctcaageg
ccaaggaggt
cccagatcgg
ccgtcgagga
acaagggcta
aggatcc

gtcaaggatc
atcgccgagg
accttcaagt
caggacatgg
gagaccgccg
accaccatcg
cgcgecgaga
gccaagectgg
aaggagcgca
ggcatcgtcg
ggcctgacgg
ctcaagcaga
aacctgecceg
gceggegteg
gcggctectgt
ccegegggcyg

gcccgecacct

SUBSTITUTE SHEET (RULE 26)

PCT/NZ02/00135
caacatcgtc 1320
ggagcccggc 1380
cgcgaccggt 1440
ccgcecteggeg 1500
cgtegecgac 1560
cggtatggac 1620

1626
gggcctcaac 60
cgtgctggag 120
ggagatcgag 180
caagaagacc 240
tctggttege 300
tggcatcgag 360
cgagaccaag 420
cgagctcatc ~480
gtcgaacacc 540
catctcgggt 600

647
tgctcecget 60
acgtcgaggg 120
ccgtecgecgt 180
ccatcctcac 240
acgtctcget 300
tcgagggcete 360
tcgagaacag 420
ccggeggtgt 480
agcaccgcat 540
ccggtggegg 600
gcgacgaggc 660
tcgecttcaa 720
cgggtcacgg 780
ccgacccggt 840
tcctcaccac 900
acccgaccgg 960

985
ggacggccga 60
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gaactccgtc
ctatcagttc
cgaacccgga
ggccgaggag
caccgacggc
catcgcecgeg
ggccgecgge
cggggacctg
gtggaaggtc
ggaggcgatg
cctggtcectece
agtgcgegea

<210>
<211>
<212>
<213>

18
1164
DNA

<400> 18

ggtggcgege
gcgctgeget
ctgcagggceca
cgctcgeecga
atggatcgcg
aagccgceecg
gcggeggceca
ctggecgacce
atgcacgacg
cacgaccact
gcceegtteg
gcgeggateg
tgcaccceeg
tcgtgggtgg
aagagcttceg
ggggcctacc
catctggacc
cgecctecgece
gagcgggtac
gacccgtggt

19
1012
DNA

<210>
<211>
<212>
<213>

<400> 19

atgaaggcaa
ccgetttgtt
ggcatccacg
ggcgtcttece
acctacgtcg
caggtgggct
atcacgtacg
atcgtgaccc
ggcatccagg
gtgtccaacg
gccegectga

ggcatcggceg
gtcggccgea
agtccctgge
ctgctggaat
gtgttctcce
ttcegttece
gagttcgacc
gtgctctacg
gacgtcgecg
aagatggaga
gctgggecatce
tgagcgecgt

atcgagaagc
acggcttcgg
cgcctgecge
actaccgcga
acctgcagcg
gaccgatccce
gctggtacgg
cggtgtggag
tcececggtgee
acgaccacct
tggtgcegtt
tcgagttgga
cceggeactt
tcaccggcecte
ccgagatcgg
atcccgegtt
tgaccgaggt
cgcatcegtyg
gccetgacegt
ggcggttetg

atcattcggg
cgceccgeact
gccagggccce
cgttggaccg
tggceggtga
ttcegtggte
acggttacgg
cgccgetgtt |
aggtcgcgac
cgcacggcac
tctcgtcgac

8/31

gcgegtaccet
ccacccaggt
tgctgcggtt
tgcgagcecga
tcgccgagea
ggcaggceggce
gcgeccgagaa
acggtgacga
tecggtgaccg
ccgtgctgeg
tcgtcgatce
cga

Mycobacterium vaccae

gceccgececg
gacggcctca
cctecggegeg
cggcaagttce
gatgctgttg
gctggccgag
ccattccage
caacagatgt
gctggaggceg
cgacatcgac
gggcatcgge
ctggcacgaa
ctcecggacgg
gtcgcacaag
cgacgagtac
cgecgacate
ggacaacagc
gtccgagecc
gccgattecce
aacc

Mycobacterium vaccae

atgctacaaa
ggcaccatct
ggaacgactg
caaccggttg
aggtgccgac
gctgggegtg
cctcaacttce
ccegggtgte
cttcteegtg
ggtcaccggt
cggcgacage

gtgcatctac
gtggagtcgt
tttcgaccga
catggccgceca
cgaacggtte
cgcgttctee
agccgegteg
gcgggtegac
ggtggtggee
cgcceccggece
cggcacccca

gttcacgggce
ctgctggecg
actccgggcy
gtcaacctgg
cgcgatctgg
ccgccgaagg
gtgctgatcg
tcgeectcac
cttcecgecg
accatcgtcg
gcacacctgc
gcccaccgcea
ttgttctecce
gcgttctteg
ggtccgtteg
cacatgaacc
ctgatggtgce
gccgaacgcece
ggtcagcggg

tcecgeeggece
catgcaggtc
accattcagc
acccgggagt
gagttcgagg
ggcatcaact
gccgaccecgce
tcgatcacgg
gacgtggecg
gctgceggtg
gtcaccacct

gggatggagg
taccgccaca

atttcgtggt
ggccgggget
ctggccgaca
gccgagegga

‘aaggccaccg

gcteegttceg
ggacagccegt
gacggggtgg
ctggtegtgg

gcctgatecat
gcgggttegt
aggtcgecgee
agcccecgte
ccaacgccgce
gggatcccac
aggtcgacgg
gggcggtegg
tggacgeggt
cgttggcgca
gcaagtgggyg
tagacgacct
gcgactcgac
gtggcgacac
atctgaccct
ccgaggaggce
ccatccactg
tgctgaccge
tggacccgga

cgatatggtc
tggacaatga
agtgggacac
ggttccacte
gcacgctgga
tcagctacac
tgctgggcett
cggacctggg
gcceeggtygy
gtgtgctget
acggcgcacc

SUBSTITUTE SHEET (RULE 26)

PCT/NZ02/00135
gecceecggegg 120
cggcgeegtt 180
atccggtgtce 240
cggtcgacat 300
acgccgacga 360
ccgegtggge 420
acgccgatac 480
cgtcgagegt 540
tgctggeget 600
tcacccagat 660
tcggcaccgg 720

743
ggtgcgggeyg 60
gctgegegece 120
ggtggcgege 180
gggcatcacg 240
atcccagggce 300
tceccgegeeg 360
ctaccgegtyg 420
accgcagcgce 480
ggtgatcagc 540
cacccagcgg 600
cgtecceegag 660
gacgctggtc 720
gctgtgggceg 780
cggatacacg 840
gctgccegate 900
ggtgcgegec 960
ggcgacattc 1020
tgcegacgece 1080
gtcgacgttc 1140

1164
gcatccatcg 60
gctgagectg 120
cttcctcaac 180
gggcaaggcg 240
gctgggctac 300
caccccgaac 360
cggtgattce 420
caacggccce 480
ttcegtggtg 540
gcgteegtte 600
ctgctgaaac 660
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atgaactgac
gtcgggaggce
attcttegag
atcgcecegag
ggggcgaccg
cggccgagtce

<210> 20
<211> 898
<212> DNA

cacatcacga
gcccgaggtt
tctgacgecag
acgcgacggce
acgtcgtgat
cccgeatcecg

tggaggcccce
cgatcgaagt
ggtctggtgyg
cggggttceg
gtgacgagcg
tccagcecgaac

<213> Mycobacterium vaccae

<400> 20

gagcaaccgt
gcccacggec
ctgctggtaa
gtgggagagc
gtctgcgaga
atcgccacge
gcggtggacy
caggaacttc
catgcggget
cgtggtgegt
gaccgggatg
cgacgtgatc
gcgggaaccg
ccgtgacgag
cgtgatcgee

<210>
<211>
<212>
<213>

21
2013
DNA

<400> 21

ggctatcagt
cgcgagtege
atttactcge
cagctcggeg
cggacgttcg
atcccgaaat
tgggagaagg
gccagattca
ctgctecgace
aacatcgtca
gcgtcgaact
gaaccgaccg
gcggtccagt
gacaccggga
tcggactcce
ggaaccccgce
ccggtgacca
gacgactatc
cactgggtga
accaggaccc
ctgctggege
agcggeggtyg

tccggetegg
gcgtggtgga
tgcccaacgce
accggctgac
tgctgtegte
tctatctegg
actcggtcag
gcctaacgge
gtggcgtecca
ctggtcegtt
aggttcatcg
ccggegeggg
gtactggcga
atcgagcgcec
gaccggcegeg

ccggacggtce
agtcgecgcgg
gcggcagceac
atgcgacgat
ccaacaccac
ccaacccceea
cgatcgegtt
acgagttctt
tcgagggcaa
acggccccta
cgatcgacta
cctggttect
tceccgatege
tgggagacac
ggctgtteccg
cggaggtcge
cccgeteegt
tcggecacga
tcgtggceccaa
tggtgctgte
ggttgttegt
actaccgcect

cgactggatec
agtcaactgg
cgaactcgce
cgtcgtcacc
ggtcgeggeg
tgcggcecgaa
gagcacgtac
gtcgcegacg
cactgcgctt
acggcaacgg
tagacggcag
tgctcgageg
ccgcgeacge
tggtgcaccg
cgcacgaact

Mycobacterium vaccae

ctcgetgege
gttggagaat
tgccacggag
caataccggg
cctecgacgac
gcgctatctyg
cgacgacgcg
ccgcgagatce
cgtggtgtac
tcgcaaccgg
tgtcggtgte
gtcceeggte
gcggatcaac
cggtgagacc
cgagaaccgg
cgacgaatcg
cgaggaggcece
ggcgttacag
gatcgacacc
gacggtgatc
ccgtcecegate
cgctectgecg

9/31

ccggcegtcaa
ggccgactge
tagtcgaatg
gtgtgtggge
tcgcagtgtt
cegggggate

accgtccecca
cgtgcaacac
ggcgegtegt
accttcaacg
tcgetgeecyg
tacgagaagt
ctgcgatggyg
.attcgacacg
ggcagacgac
ggaacgccte
ggtgagtctg
tggcgacttce
gctggaggaa
aaagccgatce
tcggttgatg

gcatcggtgt
cagttcgecgg
gcgateggceg
caggcggegt
agcggaaacc
caggcgctcet
cgcgacggcea
gtgcaccgct
tccgectaca
gaactgtcgg
accgacttcg
gggttgaagg
gaattgatga
atcctggtceg
gagaagttcc
gttgaccgcce
caacgcggea
gcgtactcac
gacgaggcgt
atcatcttceg
cggeggttge
gtgttgtcte

ccggggceceyg
ggcaaacgcc
tcatcctgtg
gccggecttg
tgccggcaac
caaagaattc

ccgeggcggyg
atatcgacac
tcaccaatta
ccgcggacac
aactgcgcac
cgatceccgtt
tctggtacge
ccggaacgga
gaacagcagg
cagcagccgyg
tccgtgateg
ctggggcaga
gtcaccgtge
ctgctgcacg
gcggactegce

tcgaccgect
acctgaagaa
cgttcagcga
cattgcgceg
gcgtcgacgt
atacccegee
gcgectggte
tcaacttcga
aggggccgga
aagcctacga
ggtggtacct
accgagtcga
cggcgegggg
gaccggacaa
tggccgacgt
gcggcaccac
acaccgggac
cggtggacct
tcgeececggt
gcgtgtcget
aggccggegce
gtgacgaatt

SUBSTITUTE SHEET (RULE 26)

PCT/NZ02/00135
cttcacgetg 720
tgcgegegeg 780
actccacctc 840
ggcacgtacg 900
ccggacggee 960
ag 1012
ccggeegtee 60
cggcggcaac 120
cagcecggecce 180
cceccgatgat 240
cgacggacag 300
gcacacaccc 360
cgcgegecgg 420
tcgeetegge 480
agatcgccga 540
gtcaggtacc 600
atcaggacgg 660
ccacgctgac 720
tggagatggce 780
tgatcggggce 840
aggactga 898
caccgacatc 60
ctcgatggtg 120
cggtttecegt 180
ttactacgac 240
ccgcgegete 300
gtttcagaac 360
ggccgecaat 420
ggatctgatg 480
tctcgggaca 540
gaaggcggtc 600
gcctgecgag 660
cggtgtgatg 720
acagtggcgt 780
tctgatgege 840
cgtcgagggg 900
gctggtgecag 960
gacgatcgag 1020
gccgggactg 1080
ggcgcagttc 1140
ggcggccatg 1200
ccagcagatc 1260
cggcgatctg 1320
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acaacagctt
gagcgcgceg
tacctcgacg
gacatgatgg
gtcaacgacc
cggacgcectge
gtccggegea
gagtceggge
ctggtggggce
caggtgcagc
atgcaggaaa
acggtctgge

22
522
DNA

<210>
<211>
<212>
<213>

<400> 22

acctacgagt
gtggatgceg
aacgtcaagc
ttcaaggttg
ctggagccag
ggcgacctga
gtegtgaagyg
aagacccagg
aacgtgtcga

<210>
<211>
<212>
<213>

23
570
DNA

<400> 23

agacagacag
tcggtggcac
aaccggatca
aacgtgcccg
atcgaggatg
atccgggtat
aaggccaagg
gaactctcce
aaggatctcg
aaggaaggcg

<210>
<211>
<212>
<213>

24
1071
DNA

<400> 24

cgtggggaag
ggcatcggtg
tcggcececcage
gtcacggttg
accggcggcg

tcaacgacat
agaaccaacg
gggaggagac
gcctegacga
tgacccgececa
acgacgggta
cggtcaattt
acgacctgcg
ggtccacgtt
gcggctecccce
ctctcgactt
ggttgcaggyg

tcgagaacaa
gcgcgeagga
tgacgctget
ccggetecca
tgatggeggt
actccegeeg
cgcaggttece
gccgggcecaa
aggagatcat

tgatcgacga
ccgacgacct
acatcgacta
aggcgcgeat
cgatccgcaa
cgatccegea
gcgaggacgce
ggatcaagaa
acaagagcac
agttgctgga

gattgcactc
cctgcgecge
cgggectece
cgcccaacgce
ccgecgeggt

10/31

gagtcgcaat
gctgatgctg
gatcgeccag
gttgtegege
gttcgacgee
cctggecage
cgcgatcgaa
gctecegegeg
ggcgtacgac
ccagcecgge
cgtcgecgee
ccaccggcga

Mycobacterium vaccae

ggtcacgggce
cgccatgecag
cgacggtgee
ggtcatgaag
cgaggtcacg
tggtcagatc
gctgtcggag
ctactccatg
cgcgaaggcg

Mycobacterium vaccae

aaccctcectte
ggcgtcgatt
ctacggcgece
ggtggtgatc
ctcegaccte
gctcaccgag
caaggtagtcg
ggacggcgac
ccaccagtac
ggtctgacca

Mycobacterium vaccae

tatgagcgaa
gggtatcgece
gcagcececg
cgcgccacaa
gccegecggg

ctgtcgatca
tcecectgatge
gaccacaaga
atgttgacct
gccgecgaga
tgcgggttag
atggaccgca
ggcatcgaca
atgtggggtt
atctacgtca
ggggaggtcg
tga

ggccgcatcé
tacggegtge
taccacgaag
aaggctgccg
acgcccgagg
caggccatgg
atgttcggct
gtgttcgact
acgggccagt

catgccgagg
cgtaccggece
tecacccecga
aagccctacg
ggcgtcaatce
gagcgccgcec
gtgcgcaaca
gccggegaag
acgaatcaga

atcgeceegte
ggggtgctga
ctgectegecce
ctcatcccge
gtgagcgccce

aggacgagcet
ccgaaccggt
acgtcacggt
ccgaggaact
gtctecggggt
gegtgecgeg
tcatcgaccg
ccgggtegge
cggcggtega
cctcgegggt
tcggcgageg

cgcgcgagta
tggccggeta
tcgactegtce
cccaggegea
attacatggg
aggagcggag
acgtcggaga
cgtacgccga
aa

agaagatgga
gcgcgaacce
tcacgcagcet
aggcgagcca
cgaccaacga
gcgacctggt
tcegtegeaa
accaagtgac
tcgacgaact

cctggegggt
gcatcgeggt
ctgccacagt
gcececggtgt
cggcggtcge

SUBSTITUTE SHEET (RULE 26)

PCT/NZ02/00135
gcteggegag 1380
gatgcagcgce 1440
gatcttcgee 1500
gatggtggtyg 1560
cgaccacgtg 1620
gctggacaac 1680
gcacgccgece 1740
ggccagcggg 1800
tgtcgctaac 1860
gcacgaggtc 1920
cggcgtecgag 1980

2013
catccegteg 60
cccgetggtt 120
ggaaatggca 180
gccggtgate 240
tgaagtgagc 300
cggtgctegt 360
ccttecggteg 420
agttccggeg - 480

522
gaaggccgte 60
cggcatgtte 120
gtccagcatc 180
gctgegecte 240
cggcaacatc 300
caagcaggcce 360
ggcgatggag 420
ccgegecgag 480
ggtcaagcac 540

570
tctggcaggt 60
caccacggcg 120
gacgcaaacc 180
gacgcctgece 240

300

gccggeccece
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gcgetgeecg
ttcttegeeg
aacatcgtgc
gcgttegegg
gtggtggtct
gtcgacagcc
ggaatgcegt
tceecggegece
accaccagcg
ggcttcaagg
cccggtgtee
gctceegetyg
tcgtegtcee

<210>
<211>
<212>
<213>

25
1364
DNA

<400> 25

cgacctccac
ttcaccgaaa
ttcggcegta
aacaaggaca
ctgctgaagt
gacaccatcg
gcgctgecct
aagcgcgaca
ccggccaccg
agccagaaca
gtcatcaacg
caggtccaga
ctgaacatcg
ctgaagggca
gacctgaccg
gctgeggeeg
agcgacatcg
gacaaccagg
gtcgacctgg
agaggcgceca
ggcgtacteg
gggcgcatca
gtcgtcaccg

<210>
<211>
<212>
<213>

26
858
DNA

<400> 26

gaaatcccge
cggattgaaa
gcgatgggtt
tgcatgaaca
caagcgactg
gagagcgtca
gcacgcaatc

cccgeecggt
ccaagggcgt
tgccgaagcee
tgctggccga
acaaactcgt
agaagctgcce
cctcgetgat
acgtcattgc
tcgaacaggce
tcagcgttcece
cgcececgeecce
ttccegeegt

ccgggcgaag

ccgggegtga
aaatgaggac
tcggacgcaa
tcgagatcgt
tcgactcgat
tcgtcggcag
ggggcgacct
aggcccaggg
atgaggacat
tcatctccaa
acgagttcgg
acctgcagga
tgccgaccte
agctcgacgg
ccgagctggyg
agggcccget
tcaccgatce
ccaaggtegt
tcgcecectggt
tggcgatcaa
tgcgctecga
tcgceceteggt
cgcatctggg

gtctgaaacc
aatgttcget
taccgtgtcce
aagcagagct
cggcggtgga
ccatcacggg
cgcgcaccgg

11/31

gtccacgate
cacgatggag
gcggggetgy
ccgggtegge

cggegagtte’

ggcgtggegt
cgagggcacc
caccgegggyg
cgtggccgaa
gggtecgggt
cggecgeecceg
ggcgeecgeg
cctggegecce

Mycobacterium vaccae

ggccaaccac
agaggagaca
cttctteege
cgcggtcaac
cctgggeegg
caccaagatc
gggcgtcgac
ccacctcgac
caccatcgtg
cgegtegtge
catcgtcaag
cggcecgeac
caccggtgce
ctacgcgcetg
caagtcggee
caagggcatc
gcacagctcg
gtcctggtac
cggcaagtcg
gtcactcgac
cctgaacgtce
gccgacgttg
caggcccaag

Mycobacterium vaccae

ctcttttege
gaatgagcct
actagtcggt
catcgacgta
gaacgttgtc
cttcggtgtt
cgagaccgtg

gceccecggeca
ccgcagtcca
gagcacatcc
ggcaacggce
gaccccaagg
tccaccgacg
taccgcgaga
cccgaccact
gccgeggagyg
ccggceccgeac
gcgetgecge
ccacagcetge
gggggacgac

taggetggte
ccegtgacga
gcgctggacg
gacctcaccg
ctgccectacg
aaggcgctcg
gtcgtegtceg
gcgggcegceea
ctcggcgtca
accacgaact
ggcctgatga
aaggatctge
gccaaggceca
cgggtgccga
accgtggacg
ctcaagtact
atcttcgact
gacaacgagt
ctgtaggggce
gaccttctgt
ccecetcecgacg
aaggcgttga
ggtgagccgg

ggcgceeccectce
gaaattgcgce
ccaaagagga
ctcactgaga
gacaccatcg
ttcgagecage
aaggtcaagc

.cctcgggeac

gccgegactt
cggacccgaa
tgtactegtce
aagcgatcag
cgtegetgge
acaacatgaa
acctggtgtc
ccaccgacgce
cgccacctge
tggccegtege
tgggactgca
ggcceccttte

accagtagtc
tcegtgttgg
cgcagaaggc
acaacgccac
acgtgagcct
aggtcaagga
agtccaccgg
agaaggtcat
acgacgacaa
gccteggece
ccaccatcca
gcegggecceg
tcggactggt
tccecaccgg
agatcaacgc
acgacgcccece
cgggtctgac
ggggctactec
gagcgaagcg
ccgaaggggt
gcgacacgat
gtgacgecegg
atcc

aggacggtaa
gtggctcttg
ccactggttt
agctgggcecte
tgcgegeegt
gtcgtegege
ccacctcagt

SUBSTITUTE SHEET (RULE 26)
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gctcagcgag 360
ccgcegeecte 420
cgtgceggac 480
gaacgcccag 540
ccacggctte 600
cgacttecgge 660
gctgaacacg 720
gctgteggtg 780
gattgtcaac 840
accecggtgece 900
accacccecg 960
gggatagacg 1020
t 1071
gacggcacac 60
tgtgaacggc 120
cgaaggcaag 180
gctggcegeac 240
cgaaggcgag 300
daggcceggeg 360
catcttcacc 420
catctccgceg 480
gtacgacggce 540
gctggcgaag 600
cgcctacacce 660
cgccdccgcg 720
gctgecegag 780
ctcggtcacc 840
cgcgatgaag 900
gatcgtgtcce 960
caaggtcatc 1020
caaccgcctce 1080
acgggagaac 1140
gacggygcgyg 1200
caccgacccg 1260
cgccaaggtg 1320

1364
gggggccaag 60
gaaatcagca 120
tcggaggttt 180
ggatcgtcgg 240
gcacaagggt 300
agcacgcgtyg 360
cccggeatte 420



WO 03/013595

cgtecceggeg
ccggeggtea
ccggeccaaga
gctgcgacca
aagaaggcca
gcgaccaagg
ccggccaaga
ggcggacgcea

27
231
PRT

<210>
<211>
<212>
<213>

<400> 27
Asp Thr Vval
Giy Arg Asn
Ala Gly Phe
35

Gly Ser Ala
50

Gln Gln Val

65

Pro

Val Ala

Gln Ala Ile

Phe Asn Gly

115

Ala Lys Ile
130

Leu Leu Thr

145

Pro

Asp Gln

Thr Val Ser

Val Cys Gly

195

Thr Val Leu
210

Pro Pro His

225

<210> 28
<211> 228
<212> PRT
<213> Mycob

<400> 28

Met Met Thr
1

Val Ala Ile

ctcagttcaa
agcgcggtgt
aggctgccege
aggctgcacc
ctgccgccaa
ctgcaccgge
aggcteccgge
agtaagtc

Leu Met

Leu Thr
20

Ala Met

Ala Ala

Pro Asp

Thr Ala
85

Ser Gly
100
Gly Gln

Asp Pro

Lys Ile

Pro
Ile

Thr

Ala
Gly
70

Ala
Gln
Phe
Ala

Leu

12/31

ggctgttgtc
gaccgcgacg
gaagaaggcc
ggccaagaag
gaaggctgca
caagaaggct
cgccaagaag

Mycobacterium vaccae

Pro Ala

Met Asn

Ala Ala
40
Pro Val
55
Pro Gly

Ala Asp

Leu Asn

Thr Val
120
Thr Leu
135

Thr Tyr

150

Val Val
165
Gly Met
180
Gly Val

Met Pro

Pro Ala

Gly
Ala
Gln
Pro

Ser

Glu His

Asp Gln

Thr Ala
200
Ala Ala
215

Pro

230

acterium

Thr Arg

5
Leu Gly
20

vaccae

tctggcgeac
agcaccgccce
gcgcecggeca
gccactgeeg
‘ccggecaaga
ccggccaaga
gcgceccgeca

Asn
10
Ser

Asn Arg
Ile
25
Val

Met

Gly Leu

Gly Pro Gly

Val Gln
75

Leu

Ser

Pro
90
Asn

Asn
Pro Val
105
Phe

Ala Pro

Glu Thr Leu

Val Val
155
Val

His

Val Thr

170

Leu Lys Val
185
Asn

Ala Thr

Pro Gly Gly

Arg Lys Ser Ala Ala Val Ala

10

Ala Ala Ala Cys Ser Ser Glu

25

Val

agaagcttcc
gcaaggcagc
agaaggctcc
ccaagaaggc
aggctcegge
aggccgegac
agaaggctcc

Arg Ser Ser

Thr Leu
30

Gly

Lys

Ser Leu
45

Cys Ala Ala
60
Gly

Met Ala

Leu Thr Thr
Val
110

Asp

Asn Leu

Thr Asn
125
Lys Thr
140
Pro

Asp

Gly Gln

Glu Gly Ala
Ala
190
Leu

Asn Asp
Tyr
205
Thr Thr

220

Glu

Gly Ile

Asp Gly
30

SUBSTITUTE SHEET (RULE 26)
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ggccgagggt
caagaaggct
ggcgaagaag
cgcgeccggcee
caagaaggct
caaggctgca
ggccaagcgce

Thr
15
Ala

Ala
Gly

Thr Ala

Tyr Val
Ser
80

Ser

Ser

Leu
95
Asp Thr

Ala Phe

Ser Asp

Ala Ala
160
Pro Val
175
Ser Val

Ile Asp

Glu Gly

Ala Ala
15
Gly Ser

480
540
600
660
720
780
840
858
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Thr Ala Ser Ser Ala Ser Ser Thr Ala Ser Ser Ala Met Glu Ser Ala
35 40 45
Thr Asp Glu Met Thr Thr Ser Ser Ala Ala Pro Ser Ala Asp Pro Ala

Ala Asn Leu Ile Gly Ser Gly Cys Ala Ala Tyr Ala Glu Gln Val Pro
65 70 75 80
Glu Gly Pro Gly Ser Val Ala Gly Met Ala Ala Asp Pro Val Thr Val
85 90 95
Ala Ala Ser Asn Asn Pro Met Leu Gln Thr Leu Ser Gln Ala Leu Ser
100 105 110
Gly Gln Leu Asn Pro Gln Val Asn Leu Val Asp Thr Leu Asp Gly Gly
115 120 125
Glu Phe Thr Val Phe Ala Pro Thr Asp Asp Ala Phe Ala Lys Ile Asp
130 135 140
Pro Ala Thr Leu Glu Thr Leu Lys Thr Asp Ser Asp Met Leu Thr Asn
145 150 155 160
Ile Leu Thr Tyr His Val Val Pro Gly Gln Ala Ala Pro Asp Gln Val
165 170 175
Val Gly Glu His Val Thr Val Glu Gly Ala Pro Val Thr Val Ser Gly
180 185 190
Met Ala Asp Gln Leu Lys Val Asn Asp Ala Ser Val Val Cys Gly Gly
195 200 205
Val Gln Thr Ala Asn Ala Thr Val Tyr Leu Ile Asp Thr Val Leu Met
210 215 220
Pro Pro Ala Ala
225

<210> 29

<211> 326

<212> PRT

<213> Mycobacterium vaccae

<400> 29
Met Arg Leu Leu Asp Arg Ile Arg Gly Pro Trp Ala Arg Arg Phe Gly
1 5 10 © 15
Val Val Ala Val Ala Thr Ala Met Met Pro Ala Leu Val Gly Leu Ala
20 25 30
Gly Gly Ser Ala Thr Ala Gly Ala Phe Ser Arg Pro Gly Leu Pro Val
‘ 35 40 45
Glu Tyr Leu Met Val Pro Ser Pro Ser Met Gly Arg Asp Ile Lys Ile
50 55 60
Gln Phe Gln Ser Gly Gly Glu Asn Ser Pro Ala Leu Tyr Leu Leu Asp
65 70 75 80
Gly Leu Arg Ala Gln Glu Asp Phe Asn Gly Trp Asp Ile Asn Thr Gln
85 90 95
Ala Phe Glu Trp Phe Leu Asp Ser Gly Ile Ser Val Val Met Pro Val

100 105 110
Gly Gly Gln Ser Ser Phe Tyr Thr Asp Trp Tyr Ala Pro Ala Arg Asn
115 120 125
Lys Gly Pro Thr Val Thr Tyr Lys Trp Glu Thr Phe Leu Thr Gln Glu
130 135 140
Leu Pro Gly Trp Leu Gln Ala Asn Arg Ala Val Lys Pro Thr Gly Ser
145 150 155 160
Gly Pro Val Gly Leu Ser Met Ala Gly Ser Ala Ala Leu Asn Leu Ala
165 170 175
Thr Trp His Pro Glu Gln Phe Ile Tyr Ala Gly Ser Met Ser Gly Phe

SUBSTITUTE SHEET (RULE 26)
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180 185 190
Leu Asn Pro Ser Glu Gly Trp Trp Pro Phe Leu Ile Asn Ile Ser Met
195 200 205
GLy Bsp Ala Gly Gly Phe Lys Ala Asp Asp Met Trp Gly Lys Thr Glu
210 215 : 220
Gly Ile Pro Thr Ala Val Gly Gln Arg Asn Asp Pro Met Leu Asn Ile
225 230 . 235 240
Pro Thr Leu Val Ala Asn Asn Thr Arg Ile Trp Val Tyr Cys Gly Asn
245 250 255
Gly Gln Pro Thr Glu Leu Gly Gly Gly Asp Leu Pro Ala Thr Phe Leu
260 . 265 270
Glu Gly Leu Thr Ile Arg Thr Asn Glu Thr Phe Arg Asp Asn Tyr Ile
275 280 285
Ala Ala Gly Gly His Asn Gly Val Phe Asn Phe Pro Ala Asn Gly Thr
290 295 300
His Asn Trp Ala Tyr Trp Gly Arg Glu Leu Gln Ala Met Lys Pro Asp
305 310 315 320
Leu Gln Ala His Leu lLeu
325

<210> 30

<211> 16l

<212> PRT

<213> Mycobacterium vaccae

<400> 30 .
Ser Gly Trp Asp Ile Asn Thr Ala Ala Phe Glu Trp Tyr Val Asp Ser
1 5 10 15
Gly Leu Ala Val Ile Met Pro Val Gly Gly Gln Ser Ser Phe Tyr Ser
20 ] 25 30
Asp Trp Tyr Ser Pro Ala Cys Gly Lys Ala Gly Cys Gln Thr Tyr Lys
35 40 45
Trp Glu Thr Phe Leu Thr Gln Glu Leu Pro Ala Tyr Leu Ala Ala Asn
50 55 60
Lys Gly Val Asp Pro Asn Arg Asn Ala Ala Val Gly Leu Ser Met Ala
65 70 75 80
Gly Ser Ala Ala Leu Thr Leu Ala Ile Tyr His Pro Gln Gln Phe Gln
85 .90 95
Tyr Ala Gly Ser Leu Ser Gly Tyr Leu Asn Pro Ser Glu Gly Trp Trp
100 105 110
Pro Met Leu Ile Asn Ile Ser Met Gly Asp Ala Gly Gly Tyr Lys Ala
115 120 125
Asn Asp Met Trp Gly Arg Thr Glu Asp Pro Ser Ser Ala Trp Lys Arg
130 135 140
Asn Asp Pro Met Val Asn Ile Gly Lys Leu Val Ala Asn Asn Thr Pro
145 150 155 160
Leu

<210> 31

<211> 334

<212> PRT

<213> Mycobacterium vaccae

<400> 31

Met Lys Phe Thr Glu Lys Trp Arg Gly Ser Ala Lys Ala Ala Met His
1 5 10 15

SUBSTITUTE SHEET (RULE 26)
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Arg Val Gly Val Ala Asp Met Ala Ala Val Ala Leu Pro Gly Leu Ile
20 25 30
Gly Phe Ala Gly Gly Ser Ala Thr Ala Gly Ala Phe Ser Arg Pro Gly
35 . 40 45
Leu Pro Val Glu Tyr Leu Asp Val Phe Ser Pro Ser Met Gly Arg Asp
50 55 60
Ile Arg Val Gln Phe Gln Gly Gly Gly Thr His Ala Val Tyr Leu Leu
65 70 75 80
Asp Gly Leu Arg Ala Gln Asp Asp Tyr Asn Gly Trp Asp Ile Asn Thr
85 90 95
Pro Ala Phe Glu Trp Phe Tyr Glu.Ser Gly Leu Ser Thr Ile Met Pro
100 105 110
Val Gly Gly Gln Ser Ser Phe Tyr Ser Asp Trp Tyr Gln Pro Ser Arg
115 120 125 ’
Gly Asn Gly Gln Asn Tyr Thr Tyr Lys Trp Glu Thr Phe Leu Thr Gln
130 : 135 140
Glu Leu Pro Thr Trp Leu Glu Ala Asn Arg Gly Val Ser Arg Thr Gly
145 150 155 160
Asn Ala Phe Val Gly Leu Ser Met Ala Gly Ser Ala Ala Leu Thr Tyr
165 170 175
Ala Ile His His Pro Gln Gln Phe Ile Tyr Ala Ser Ser Leu Ser Gly
180 185 190
. Phe Leu Asn Pro Ser Glu Gly Trp Trp Pro Met Leu Ile Gly Leu Ala
195 200 205
Met Asn Asp Ala Gly Gly Phe Asn Ala Glu Ser Met Trp Gly Pro Ser
210 215 220
Ser Asp Pro Ala Trp Lys Arg Asn Asp Pro Met Val Asn Ile Asn Gln
225 230 L 235 240
Leu Val Ala Asn Asn Thr Arg Ile Trp Ile Tyr Cys Gly Thr Gly Thr
245 250 255
Pro Ser Glu Leu Asp Thr Gly Thr Pro Gly Gln Asn Leu Met Ala Ala
260 265 270
Gln Phe Leu Glu Gly Phe Thr Leu Arg Thr Asn Ile Ala Phe Arg Asp
275 280 285 ‘
Asn Tyr Ile Ala Ala Gly Gly Thr Asn Gly Val Phe Asn Phe Pro Ala
290 295 300
Ser Gly Thr His Ser Trp Gly Tyr Trp Gly Gln Gln Leu Gln Gln Met
305 310 315 320
Lys Pro Asp Ile Gln Arg Val Leu Gly Ala Gln Ala Thr Ala
325 330

<210> 32

<211> 161

<212> PRT

<213> Mycobacterium vaccae

<400> 32
Asn Gly Trp Asp Ile Asn Thr Pro Ala Phe Glu Trp Phe Tyr Glu Ser
1 5 10 15
Gly Leu Ser Thr Ile Met Pro Val Gly Gly Gln Ser Ser Phe Tyr Ser
20 25 30
Asp Trp Tyr Gln Pro Ser Arg Gly Asn Gly Gln Asn Tyr Thr Tyr Lys
35 40 45
Trp Glu Thr Phe Leu Thr Gln Glu Leu Pro Thr Trp Leu Glu Ala Asn
50 55 60

Arg Gly Val Ser Arg Thr Gly Asn Ala Phe Val Gly Leu Ser Met Ala
65 70 75 80

SUBSTITUTE SHEET (RULE 26)
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Gly Ser Ala Ala Leu Thr Tyr Ala Ile His His Pro Gln Gln Phe Ile

85 - 90 95
Tyr Ala Ser Ser Leu Ser Gly Phe Leu Asn Pro Ser Glu Gly Trp Trp
100 105 110
Pro Met Leu Ile Gly Leu Ala Met Asn Asp Ala Gly Gly Phe Asn Ala
115 120 125
Glu Ser Met Trp Gly Pro Ser Ser Asp Pro Ala Trp Lys Arg Asn Asp
130 135 140
Pro Met Val Asn Ile Asn Gln Leu Val Ala Asn Asn Thr Arg Ile Trp
145 150 155 160
Ile
<210> 33
<211> 142
<212> PRT

<213> Mycobacterium vaccae

<400> 33
Met Arg Thr Ala Thr Thr Lys Leu Gly Ala Ala Leu Gly Ala Ala Ala
1 : 5 10 15
Leu Val Ala Ala Thr Gly Met Val Ser Ala Ala Thr Ala Asn Ala Gln
20 25 30
Glu Gly His Gln Val Arg Tyr Thr Leu Thr Ser Ala Gly Ala Tyr Glu
35 40 . 45
Phe Asp Leu Phe Tyr Leu Thr Thr Gln Pro Pro Ser Met Gln Ala Phe
50 . 55 60
Asn Ala Asp Ala Tyr Ala Phe Ala Lys Arg Glu Lys Val Ser Leu Ala
65 70 75 80
Pro Gly Val Pro Trp Val Phe Glu Thr Thr Met Ala Asp Pro Asn Trp
85 90 95
Ala Ile Leu Gln Val Ser Ser Thr Thr Arg Gly Gly Gln Ala Ala Pro
: 100 105 110
Asn Ala His Cys Asp Ile Ala Val Asp Gly Gln Glu Val Leu Ser Gln
115 120 125
His Asp Asp Pro Tyr Asn Val Arg Cys Gln Leu Gly Gin Trp
130 135 140

<210> 34

<211> 285

<212> PRT

<213> Mycobacterium vaccae

<400> 34

Met Gln Val Arg Arg Val Leu Gly Ser Val Gly Ala Ala Val Ala Val
1 5 10 15

Ser Ala Ala Leu Trp Gln Thr Gly Val Ser Ile Pro Thr Ala Ser Ala

20 25 30
Asp Pro Cys Pro Asp Ile Glu Val Ile Phe Ala Arg Gly Thr Gly Ala
35 40 45
Glu Pro Gly Leu Gly Trp Val Gly Asp Ala Phe Val Asn Ala Leu Arg
50 55 60

Pro Lys Val Gly Glu Gln Ser Val Gly Thr Tyr Ala Val Asn Tyr Pro
65 70 75 80

Ala Gly Phe Asp Phe Asp Lys Ser Ala Pro Met Gly Ala Ala Asp Ala

85 -90 95
Ser Gly Arg Val Gln Trp Met Ala Asp Asn Cys Pro Asp Thr Lys Leu

SUBSTITUTE SHEET (RULE 26)
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Val
vVal
Arg
145
Arg
Gly
Pro
Val
Glu

225
Val

Phe-

Ile

<210> 35

Leu
Asp
130
val
Asp
Pro
Gly
Glu
210
Leu
Thr
Thr

Leu

Gly
115
Pro
Ala
Ile
Lys
Phe
195
Glu
Pro
Leu

Ala

Val

275

<211> 159
<212> PRT
<213> Mycobacterium

<400> 35

Met
1
Gly
Ala
Gly
Ala

65

Ala
Phe
Val
Gln

Ser
145

<210>
<211>
<212>
<213>

<400>

Thr
Val
Val
Pro
50

Gly
Arg
Pro
Thr
Pro

130
Lys

36

166
PRT
Mycobacterium

36

Ala
Thr
Leu
35

Leu
Ala
Val
Leu
Ala
115

Leu

Gln

100
Gly

Arg
Asp
Arg
Ser
180
Asn
Ala
Glu
Glu
Ser

260
Trp

Gly
Ser
20

Asn
Val
Lys
Ala
Ser
100
Asn

Thr

Ser

Met
Pro
His
Gly
165
Ile
Leu
Ala
Ala
Asp
245
Gly

Glu

Ala
5
Ile
Ala
Ser
Ala
Asp

85

Phe
Val
Phe

Ala

Sex
Leu
Val
150
Gly
Asp
Pro
Asn
Pro
230
Ala
Gly

Met

Gln
Gly
135
Ala
Gly
Leu
Ala
Phe
215
Tyxr
Gly
Gln

His

vaccae

Ala
Ala
Pro
Thr
Thr
70

Ser
Thr
Thr

Ile

Leu
150

Ala
Val
Leu
Leu
55

Tyr
Gly
vVal
Ala
Ala

135
Ala

vaccae

SUBSTITUTE SHEET (RULE 26)

Gly
120
Arg
Ala
Pro
Cys
His
200
Ala
Leu
Pro

Arg

Ala
280

Ala
Gly
Leu
40

Ser
Val
Tyr
Ala
Ala
120
Gly

Leu

17/31

105
Ala

Phe
Val
Leu
Ala
185
Phe
Arg
His
Leu
Val

265
Gly

Ala
Ala
25

Ser
Ala
Gln
Ser
Gly
105
Ala

Pro

Met

Gly
Thr
Val
Pro
170
Leu
Ala
Leu
Leu
Arg
250

Thr

Leu

Thr
10

Gly
Ala
Leu
Gly
Asn
90

Ile
Pro

Ser

Ser

Val
Pro
Val
155
Gln
Asp
Tyr
Glu
Phe
235
Glu
Ala

Gly

Leu
Val
Pro
Ser
Gly
Ala
Asp
Thr
Pro

Ala
155

Ile
Thr
140
Phe
Met
Asp
Ala
Pro
220
Val
Gly

Thr

Ala

Gly
Ala
Ala
Gly
60

Leu
Ala
Gln
Gly
Thr

140
Val

Asp
125
Pro
Gly
Ser
Pro
Asp
205
Gly
Pro
Asp
Ala

Ala
285

Ala
Gly
Pro
45

Pro
Gly
Ala
Asn
Ala
125
Gly

Ile

110
Leu

Met
Asn
Gly
Phe
190
Asn
Gln
Arg

Ala

Pro
270

Ala
Ala
30

Asp
Gly
Arg
Lys
Gly
110
Val
Trp

Ala

Ile
Pro
Pro
Thr
175
Cys
Gly
Ser
Gly
Val

255
Ala

Ala
15

Ser
Leu
Ser
Ile
Gly
95

Pro
Ala
Gln

Ala

PCT/NZ02/00135

Thr
Pro
Leu
160
Tyr
Ser
Met
Val
Glu
240
Arg

Glu

Val
Pro
Gln
Phe
Glu
80

Tyr
Ile

Thr

Leu
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Met Pro Val Arg Arg Ala Arg Ser Ala Leu Ala Ser Val Thr Phe Val

Ala Ala Ala Cys Val Gly Ala Glu Gly Thr Ala Leu Ala Ala Thr Pro
20 25 30

Asp Trp Ser Gly Arg Tyr Thr Val Val Thr Phe Ala Ser Asp Lys Leu

35 40 45
Gly Thr Ser Val Ala Ala Arg Gln Pro Glu Pro Asp Phe Ser Gly Gln
50 55 60

Tyr Thr Phe Ser Thr Ser Cys Val Gly Thr Cys Val Ala Thr Ala Ser

65 70 75 80

Asp Gly Pro Ala Pro Ser Asn Pro Thr Ile Pro Gln Pro Ala Arg Tyr
. 85 90 95

Thr Trp Asp Gly Arg Gln Trp Val Phe Asn Tyr Asn Trp Gln Trp Glu
100 105 110

Cys Phe Arg Gly Ala Asp Val Pro Arg Glu Tyr Ala Ala Ala Arg Ser

115 120 125
Leu Val Phe Tyr Ala Pro Thr Ala Asp Gly Ser Met Phe Gly Thr Trp
130 135 140

Arg Thr Asp Ile Leu Asp Gly Leu Cys Lys Gly Thr Val Ile Met Pro

145 150 155 160

Val Ala Ala Tyr Pro Ala A

165

<210> 37

<211> 136

,<212> PRT

<213> Mycobacterium vaccae

<400> 37
Met Lys Phe Thr Gly Met Thr Val Arg Ala Ser Arg Arg Ala Leu Ala
1 5 10 15
Gly Val Gly Ala Ala Cys Leu Phe Gly Gly Val Ala Ala Ala Thr Val
20 25 30
Ala Ala Gln Met Ala Gly Ala Gln Pro Ala Glu Cys Asn Ala Ser Ser
35 40 45
Leu Thr Gly Thr Val Ser Ser.Val Thr Gly Gln Ala Arg Gln Tyr Leu
50 55 60
Asp Thr His Pro Gly Ala Asn Gln Ala Val Thr Ala Ala Met Asn Gln
65 70 75 80
Pro Arg Pro Glu Ala Glu Ala Asn Leu Arg Gly Tyr Phe Thr Ala Asn
85 90 95
Pro Ala Glu Tyr Tyr Asp Leu Arg Gly Ile Leu Ala Pro Ile Gly Asp
100 105 110
Ala Gln Arg Asn Cys Asn Ile Thr Val Leu Pro Val Glu Leu Gln Thr
115 120 125
Ala Tyr Asp Thr Phe Met Ala Gly
130 135

<210> 38

<211> 376

<212> PRT

<213> Mycobacterium vaccae

<400> 38 -
Val Ile Glu Ile Asp His Val Thr Lys Arg Phe Gly Asp Tyr Leu Ala
1 5 10 15

Val Ala Asp Ala Asp Phe Ser Ile Ala Pro Gly Glu Phe Phe Ser Met

SUBSTITUTE SHEET (RULE 26)
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20 25 30
Leu Gly Pro Ser Gly Cys Gly Lys Thr Thr Thr Leu Arg Met Ile Ala
35 40 45
Gly Phe Glu Thr Pro Thr Glu Gly Ala Ile Arg Leu Glu Gly Ala Asp
50 55 60
Val Ser Arg Thr Pro Pro Asn Lys Arg Asn Val Asn Thr Val Phe Gln
65 70 75 80
His Tyr Ala Leu Phe Pro His Met Thr Val Trp Asp Asn Val Ala Tyr
85 90 95
Gly Pro Arg Ser Lys Lys Leu Gly Lys Gly Glu Val Arg Lys Arg Val
100 105 110
Asp Glu Leu Leu Glu Ile Val Arg Leu Thr Glu Phe Ala Glu Arg Arg
115 120 125
Pro Ala Gln Leu Ser Gly Gly Gln Gln Gln Arg Val Ala Leu Ala Arg
130 135 140
Ala Leu Val Asn Tyr Pro Ser Ala Leu Leu Leu Asp Glu Pro Leu Gly
145 150 155 160
Ala Leu Asp Leu Lys Leu Arg His Val Met Gln Phe Glu Leu Lys Arg
165 170 175
Ile Gln Arg Glu Val Gly Ile Thr Phe Ile Tyr Val Thr His Asp Gln
180 185 190
Glu Glu Ala Leu Thr Met Ser Asp Arg Ile Ala Val Met Asn Ala Gly
195 200 205
Asn Val Glu Gln Ile Gly Ser Pro Thr Glu Ile Tyr Asp Arg Pro Ala
210 215 220
Thr Val Phe Val Ala Ser Phe Ile Gly Gln Ala Asn Leu Trp Ala Gly
225 230 235 ‘ 240
Arg Cys Thr Gly Arg Ser Asn Arg Asp Tyr Val Glu Ile Asp Val Leu
245 250 255
Gly Ser Thr Leu Lys Ala Arg Pro Gly Glu Thr Thr Ile Glu Pro Gly
260 265 270
Gly His Ala Thr Leu Met Val Arg Pro Glu Arg Ile Arg Val Thr Pro
275 280 285
Gly Ser Gln Asp Ala Pro Thr Gly Asp Val Ala Cys Val Arg Ala Thr
290 295 300
Val Thr Asp Leu Thr Phe Gln Gly Pro Val Val Arg Leu Ser Leu Ala
305 310 315 320
Ala Pro Asp Asp Ser Thr Val Ile Ala His Val Gly Pro Glu Gln Asp
325 330 335
Leu Pro Leu Leu Arg Pro Gly Asp Asp Val Tyr Val Ser Trp Ala Pro
340 345 350 :
Glu Ala Ser Leu Val Leu Pro Gly Asp Asp Ile Pro Thr Thr Glu Asp
355 360 365
Leu Glu Glu Met Leu Asp Asp Ser
370 375

<210> 39

<211> 348

<212> PRT

<213> Mycobacterium vaccae

<400> 39
Ser Asp Ser Gly Thr Ser Ser Thr Thr Ser Gln Asp Ser Gly Pro Ala
1 5 10 15
Ser Gly Ala Leu Arg Val Ser Asn Trp' Pro Leu Tyr Met Ala Asp Gly
20 25 30
Phe Ile Ala Ala Phe Gln Thr Ala Ser Gly Ile Thr Val Asp Tyr Lys
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35 40 45
Glu Asp Phe Asn Asp Asn Glu Gln Trp Phe Ala Lys Val Lys Glu Pro
50 55 60
Leu Ser Arg Lys Gln Asp Ile Gly Ala Asp Leu Val Ile Pro Thr Glu
65 70 a 75 80
Phe Met Ala Ala Arg Val Lys Gly Leu Gly Trp Leu Asn Glu Ile Ser
85 90 95
Glu Ala Gly Val Pro Asn Arg Lys Asn Leu Arg Gln Asp Leu Leu Asp
100 105 110
Ser Ser Ile Asp Glu Gly Arg Lys Phe Thr Ala Pro Tyr Met Thr Gly
115 120 125
Met Val Gly Leu Ala Tyr Asn Lys Ald Ala Thr Gly Arg BAsp Ile Arg
130 135 140
Thr Ile Asp Asp Leu Trp Asp Pro Ala Phe Lys Gly Arg Val Ser Leu
145 150 155 160
Phe Ser Asp Val Gln Asp Gly Leu Gly Met Ile Met Leu Ser Gln Gly
165 170 175
Asn Ser Pro Glu Asn Pro Thr Thr Glu Ser Ile Gln Gln Ala Val Asp
180 185 190
Leu Val Arg Glu Gln Asn Asp Arg Gly Gln Ile Arg Arg Phe Thr Gly
195 200 ) 205
Asn Asp Tyr Ala Asp Asp Leu Ala Ala Gly Asn Ile Ala Ile Ala Gln
210 215 220
Ala Tyr Ser Gly Asp Val Val Gln Leu Gln Ala Asp Asn Pro Asp Leu
225 230 235 240
Gln Phe Ile Val Pro Glu Ser Gly Gly Asp Trp Phe Val Asp Thr Met
245 250 255
Val Ile Pro Tyr Thr Thr Gln Asn Gln Lys Ala Ala Glu Ala Trp Ile
260 265 270
Asp Tyr Ile Tyr Asp Arg Ala Asn Tyr Ala Lys Leu Val Ala Phe Thr
275 280 285
Gln Phe Val Pro Ala Leu Ser Asp Met Thr Asp Glu Leu Ala Lys Val
290 295 300
Asp Pro Ala Ser Ala Glu Asn Pro Leu Ile Asn Pro Ser Ala Glu Val
305 310 315 320
Gln Ala Asn Leu Lys Ser Trp Ala Ala Leu Thr Asp Glu Gln Thr Gln
325 330 335
Glu Phe Asn Thr Ala Tyr Ala Ala Val Thr Gly Gly
340 345

<210> 40

<211> 541

<212> PRT

<213> Mycobacterium vaccae

<400> 40
Met Ala Lys Thr Ile Ala Tyr Asp Glu Glu Ala Arg Arg Gly Leu Glu
1 5 © 10 15
Arg Gly Leu Asn Ala Leu Ala Asp Ala Val Lys Val Thr Leu Gly Pro
20 25 30
Lys Gly Arg Asn Val Val Leu Glu Lys Lys Trp Gly Ala Pro Thr Ile
35 40 45
Thr Asn Asp Gly Val Ser Ile Ala Lys Glu Ile Glu Leu Glu Asp Pro
50 55 60

Tyr Glu Lys Ile Gly Ala Glu Leu Val Lys Glu Val Ala Lys Lys Thr
65 70 75 80
Asp Asp Val Ala Gly Asp Gly Thr Thr Thr Ala Thr Val Leu Ala Gln
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85 90 95
Ala Leu Val Arg Glu Gly Leu Arg Asn Val Ala Ala Gly Ala Asn Pro
‘ 100 105 110
Leu Gly Leu Lys Arg Gly Ile Glu Lys Ala Val Glu Ala Val Thr Gln
115 120 125
Ser Leu Leu Lys Ser Ala Lys Glu Val Glu Thr Lys Glu Gln Ile Ser
130 135 140
Ala Thr Ala Ala Ile Ser Ala Gly Asp Thr Gln Ile Gly Glu Leu Ile
145 150 155 160
Ala Glu Ala Met Asp Lys Val Gly Asn Glu Gly Val Ile Thr Val Glu
165 170 175
Glu Ser Asn Thr Phe Gly Leu Gln Leu Glu Leu Thr Glu Gly Met Arg
180 185 ‘ 190
Phe Asp Lys Gly Tyr Ile Ser Gly Tyr Phe Val Thr Asp Ala Glu Arg
195 200 205
Gln Glu Ala Val Leu Glu Asp Pro Tyr Ile Leu Leu Val Ser Ser Lys
210 215 220
Val Ser Thr Val Lys Asp Leu Leu Pro Leu Leu Glu Lys Val Ile Gln
225 230 235 - 240
Ala Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Val Glu Gly Glu Ala
245 250 255
Leu Ser Thr Leu Val Val Asn Lys Ile Arg Gly Thr Phe Lys Ser Val
260 265 270
Ala Val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys Ala Met Leu Gln
275 280 285
Asp Met Ala Ile Leu Thr Gly Gly Gln Val Val Ser Glu Arg Val Gly
290 295 300
Leu Ser Leu Glu Thr Ala Asp Val Ser Leu Leu Gly Gln Ala Arg Lys
305 310 315 320
Val Val Val Thr Lys Asp Glu Thr Thr Ile Val Glu Gly Ser Gly Asp
325 330 335
Ser Asp Ala Ile Ala Gly Arg Val Ala Gln Ile Arg Ala Glu Ile Glu
340 345 350
Asn Ser Asp Ser Asp Tyr Asp Arg Glu Lys Leu Gln Glu Arg Leu Ala
355 360 365
Lys Leu Ala Gly Gly Val Ala Val Ile Lys Ala Gly Ala Ala Thr Glu
370 375 380
Val Glu Leu Lys Glu Arg Lys His Arg Ile Glu Asp Ala Val Arg Asn
385 390 395 400
Ala Lys Ala Ala Val Glu Glu Gly Ile Val Ala Gly Gly Gly Val Ala
405 410 415
Leu Leu Gln Ser Ala Pro Ala Leu Asp Asp Leu Gly Leu Thr Gly Asp
420 425 430
Glu Ala Thr Gly Ala Asn Ile Val Arg Val Ala Leu Ser Ala Pro Leu
435 440 445
Lys Gln Ile Ala Phe Asn Gly Gly Leu Glu Pro Gly Val Val Ala Glu
450 455 460
Lys Val Ser Asn Leu Pro Ala Gly His Gly Leu Asn Ala Ala Thr Gly
465 470 475 480
Glu Tyr Glu Asp Leu Leu Lys Ala Gly Val Ala Asp Pro Val Lys Val
485 490 495
Thr Arg Ser Ala Leu Gln Asn Ala Ala Ser Ile Ala Ala Leu Phe Leu
500 505 510
Thr Thr Glu Ala Val Val Ala Asp Lys Pro Glu Lys Ala Ser Ala Pro
515 520 525
Ala Gly Asp Pro Thr Gly Gly Met Gly Gly Met Asp Phe
530 535 540
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<210> 41

<211> 215

<212> PRT

<213> Mycobacterium vaccae

<400> 41 -
Met Ala Lys Thr Ile Ala Tyr Asp Glu Glu Ala Arg Arg Gly Leu Glu
1 5 10 15
Arg Gly Leu Asn Ala Leu Ala Asp Ala Val Lys Val Thr Leu Gly Pro
20 25 30
Lys Gly Arg Asn Val Val Leu Glu Lys Lys Trp Gly Ala Pro Thr Ile
35 40 | ' 45
Thr Asn Asp Gly Val Ser Ile Ala Lys Glu Ile Glu Leu Glu Asp Pro
50 55 60
Tyr Glu Lys Ile Gly Ala Glu Leu Val Lys Glu Val Ala Lys Lys Thr
65 70 75 80
Asp Asp Val Ala Gly Asp Gly Thr Thr Thr Ala Thr Val Leu Ala Gln
85 90 95
Ala Leu Val Arg Glu Gly Leu Arg Asn Val Ala Ala Gly Ala Asn Pro
100 105 110
Leu Gly Leu Lys Arg Gly Ile Glu Lys Ala Val Glu Ala Val Thr Gln
115 120 125
Ser Leu Leu Lys Ser Ala Lys Glu Val Glu Thr Lys Glu Gln Ile Ser
130 135 140
Ala Thr Ala Ala Ile Ser Ala Gly Asp Thr Gln Ile Gly Glu Leu Ile
145 150 155 . 160
"Ala Glu Ala Met Asp Lys Val Gly Asn Glu Gly Val Ile Thr Val Glu
165 170 175
Glu Ser Asn Thr Phe Gly Leu Gln Leu Glu Leu Thr Glu Gly Met Arg
180 185 190
Phe Asp Lys Gly Tyr Ile Ser Gly Tyr Phe Val Thr Asp Ala Glu Arg
195 200 205
Gln Glu Ala Val Leu Glu Asp
- 210 215

<210> 42

<211> 327

<212> PRT

<213> Mycobacterium vaccae

<400> 42
Asp Pro Tyr Ile Leu Leu Val Ser Ser Lys Val Ser Thr Val Lys Asp
1 5 10 15

Leu Leu Pro Leu Leu Glu Lys Val Ile Gln Ala Gly Lys Pro Leu Leu
20 25 30

Ile Ile Ala Glu Asp Val Glu Gly Glu Ala Leu Ser Thr Leu Val Val

35 40 45
Asn Lys Ile Arg Gly Thr Phe Lys Ser Val Ala Val Lys Ala Pro Gly
50 55 60

Phe Gly Asp Arg Arg Lys Ala Met Leu Gln Asp Met Ala Ile Leu Thr

65 70 75 80

Gly Gly Gln Val Val Ser Glu Arg Val Gly Leu Ser Leu Glu Thr Ala

. 85 90 95

Asp Val Ser Leu Leu Gly Gln Ala Arg Lys Val Val Val Thr Lys Asp
100 105 110

Glu Thr Thr Ile Val Glu Gly Ser Gly Asp Ser Asp Ala Ile Ala Gly
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115 120 125
Arg Val Ala Gln Ile Arg Ala Glu Ile Glu Asn Ser Asp Ser Asp Tyr
130 135 ‘ 140
Asp Arg Glu Lys Leu Gln Glu Arg Leu Ala Lys Leu Ala Gly Gly Val
145 150 o 155 160
Ala Val Ile Lys Ala Gly Ala Ala Thr Glu Val Glu Leu Lys Glu Arg
165 170 175
Lys His Arg Ile Glu Asp Ala Val Arg Asn Ala Lys Ala Ala Val Glu
180 185 190
Glu Gly Ile Val Ala Gly Gly Gly Val Ala Leu Leu Gln Ser Ala Pro
195 200 205
Ala Leu Asp Asp Leu Gly Leu Thr Gly Asp Glu Ala Thr Gly Ala Asn
210 215 220
Ile Val Arg Val Ala Leu Ser Ala Pro Leu Lys Gln Ile Ala Phe Asn
225 230 ) 235 240
Gly Gly Leu Glu Pro Gly Val Val Ala Glu Lys Val Ser Asn Leu Pro
245 250 255
Ala Gly His Gly Leu Asn Ala Ala Thr Gly Glu Tyr Glu Asp Leu Leu
260 265 270
Lys Ala Gly Val Ala Asp Pro Val Lys Val Thr Arg Ser Ala Leu Gln
275 280 285
Asn Ala Ala Ser Ile Ala Ala Leu Phe Leu Thr Thr Glu Ala Val val
290 295 300
Ala Asp Lys Pro Glu Lys Ala Ser Ala Pro Ala Gly Asp Pro Thr Gly
305 310 315 320
Gly Met Gly Gly Met Asp Phe
) 325

<210> 43

<211> 243

<212> PRT

<213> Mycobacterium vaccae

<400> 43
Asp Pro Arg His Arg Leu Val Thr Thr .Lys Tyr Asn Pro Ala Arg Thr
1 5 10 15
Trp Thr Ala Glu Asn Ser Val Gly Ile Gly Gly Ala Tyr Leu Cys Ile
20 25 .. 30
Tyr Gly Met Glu Gly Pro Gly Gly Tyr Gln Phe Val Gly Arg Thr Thr
35 40 45

Gln Val Trp Ser Arg Tyr Arg His Thr Ala Pro Phe Glu Pro Gly Ser
50 55 60 .

Pro Trp Leu Leu Arg Phe Phe Asp Arg Ile Ser Trp Tyr Pro Val Ser

65 70 75 80

Ala Glu Glu Leu Leu Glu Leu Arg Ala Asp Met Ala Ala Gly Arg Gly

85 90 95
Ser Val Asp Ile Thr Asp Gly Val Phe Ser Leu Ala Glu His Glu Arg
100 105 110
Phe Leu Ala Asp Asn Ala Asp Asp Ile Ala Ala Phe Arg Ser Arg Gln
115 120 125

Ala Ala Ala Phe Ser Ala Glu Arg Thr Ala Trp Ala Ala Ala Gly Glu
130 135 140

Phe Asp Arg Ala Glu Lys Ala Ala Ser Lys Ala Thr Asp Ala Asp Thr

145 150 155 160

Gly Asp Leu Val Leu Tyr Asp Gly Asp Glu Arg Val Asp Ala Pro Phe

165 170 175
Ala Ser Ser Val Trp Lys Val Asp Val Ala val Gly Asp Arg Val Val
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180 185 190

Ala Gly Gln Pro Leu Leu Ala Leu Glu Ala Met Lys Met Glu Thr Val
195 200 - 205
Leu Arg Ala Pro Ala Asp Gly Val Val Thr Gln Ile Leu Val Ser Ala
210 215 220
Gly His Leu Val Asp Pro Gly Thr Pro Leu Val Val Val Gly Thr Gly
225 230 235 240
Val Arg Ala

<210> 44

<211> 370

<212> PRT

<213> Mycobacterium vaccae

<400> 44
Met Val Arg Ala Ala Leu Arg Tyr Gly Phe Gly Thr Ala Ser Leu Leu
1 5 10 15
Ala Gly Gly Phe Val Leu Arg Ala Leu Gln Gly Thr Pro Ala Ala Leu
20 25 30
Gly Ala Thr Pro Gly Glu Val Ala Pro Val Ala Arg Arg Ser Pro Asn
35 40 45
Tyr Arg Asp Gly Lys Phe Val Asn Leu Glu Pro Pro Ser Gly Ile Thr
50 55 60
Met Asp Arg Asp Leu Gln Arg Met Leu Leu Arg Asp Leu Ala Asn Ala
65 70 ' 75 80
Ala Ser Gln Gly Lys Pro Pro Gly Pro Ile Pro Leu Ala Glu Pro Pro
85 90 95
Lys Gly Asp Pro Thr Pro Ala Pro Ala Ala Ala Ser Trp Tyr Gly His
100 105 110
Ser Ser Val Leu Ile Glu Val Asp Gly Tyr Arg Val Leu Ala Asp Pro
115 120 125 '
Val Trp Ser Asn Arg Cys Ser Pro Ser Arg Ala Val Gly Pro Gln Arg
130 135 140
Met His Asp Val Pro Val Pro Leu Glu Ala Leu Pro Ala Val Asp Ala
145 150 155 160
Val Val Ile Ser His Asp His Tyr Asp His Leu Asp Ile Asp Thr Ile
165 170 175
Val Ala Leu Ala His Thr Gln Arg Ala Pro Phe Val Val Pro Leu Gly
180 185 190
Ile Gly Ala His Leu Arg Lys Trp Gly Val Pro Glu Ala Arg Ile Val
195 200 205
Glu Leu Asp Trp His Glu Ala His Arg Ile Asp Asp Leu Thr Leu Val
210 215 220
Cys Thr Pro Ala Arg His Phe Ser Gly Arg Leu Phe Ser Arg Asp Ser
225 230 235 240
Thr Leu Trp Ala Ser Trp Val Val Thr Gly Ser Ser His Lys Ala Phe
245 250 255
Phe Gly Gly Asp Thr Gly Tyr Thr Lys Ser Phe Ala Glu Ile Gly Asp
260 265 270
Glu Tyr Gly Pro Phe Asp Leu Thr Leu Leu Pro Ile Gly Ala Tyr His
275 280 285
Pro Ala Phe Ala Asp Ile His Met Asn Pro Glu Glu Ala Val Arg Ala
290 295 300
His Leu Asp Leu Thr Glu Val Asp Asn Ser Leu Met Val Pro Ile His
305 310 315 320
Trp Ala Thr Phe Arg Leu Ala Pro His Pro Trp Ser Glu Pro Ala Glu
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325 330 335
Arg Leu Leu Thr Ala Ala Asp Ala Glu Arg Val.Arg Leu Thr Val Pro
340 345 350
Ile Pro Gly Gln Arg Val Asp Pro Glu Ser Thr Phe Asp Pro Trp Trp
355 360 365
Arg Phe
370

<210> 45

<211> 336

<212> PRT

<213> Mycobacterium vaccae

<400> 45
Met Lys Ala Asn His Ser Gly Cys Tyr Lys Ser Ala Gly Pro Ile Trp
1. 5 10 15
Ser His Pro Ser Pro Leu Cys Ser Pro Ala Leu Ala Pro Ser His Ala
20 25 30
Gly Leu Asp Asn Glu Leu Ser Leu Gly Val His Gly Gln Gly Pro Glu
35 40 45
His Leu Thr Ile Gln Gln Trp Asp Thr Phe Leu Asn Gly Val Phe Pro
50 55 60
Leu Asp Arg Asn Arg Leu Thr Arg Glu Trp Phe His Ser Gly Lys Ala
65 70 75 80
Thr Tyr Val Val Ala Gly Glu Gly Ala Asp Glu Phe Glu Gly Thr Leu
85 90 95
Glu Leu Gly Tyr His Val Gly Phe Pro Trp Ser Leu Gly Val Gly Ile
100 105 110
Asn Phe Ser Tyr Thr Thr Pro Asn Ile Thr Tyr Asp Gly Tyr Gly Leu
115 120 125
Asn Phe Ala Asp Pro Leu Leu Gly Phe Gly Asp Ser Ile Val Thr Pro
130 135 140
Pro Leu Phe Pro Gly Val Ser Ile Thr Ala Asp Leu Gly Asn Gly Pro
145 150 155 160
Gly Ile Gln Glu Val Ala Thr Phe Ser Val Asp Val Ala Gly Pro Gly
165 170 175
Gly Ser Val Val Val Ser Asn Ala His Gly Thr Val Thr Gly Ala Ala
180 185 190
Gly Gly Val Leu Leu Arg Pro Phe Ala Arg Leu Ile Ser Ser Thr Gly
195 200 ) 205
Asp Ser Val Thr Thr Tyr Gly Ala Pro Leu Lys His Glu Leu Thr Thr
210 215 220
Ser Arg Trp Arg Pro Pro Gly Val Asn Arg Gly Pro Leu His Ala Gly
225 230 . 235 240
Arg Glu Ala Pro Glu Val Arg Ser Lys Trp Pro Thr Ala Ala Asn Ala
245 ’ 250 255
Cys Ala Arg Asp Ser Ser Ser Leu Thr Gln Gly Leu Val Val Val Glu
260 265 270
Cys His Pro Val Thr Pro Pro His Arg Pro Arg Arg Asp Gly Arg Gly
275 280 285
Ser Gly Val Trp Ala Pro Ala Leu Gly Thr Tyr Gly Gly Asp Arg Arg
290 295 300
Arg Asp Val Thr Ser Val Ala Val Phe Ala Gly Asn Pro Asp Gly Pro
305 310 315 320
Ala Glu Ser Pro His Pro Ser Ser Glu Pro Gly Gly Ser Lys Glu Phe
325 330 335
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<210> 46

<211> 297

<212> PRT

<213> Mycobacterium vaccae

<220>

<221> VARIANT

<222> (1) ...(297)

<223> Xaa = Any Amino Acid

<400> 46 ‘
Glu Gln Pro Phe Arg Leu Gly Asp Trp Ile Thr Val Pro Thr Ala Ala
1 . 5 10 15
Gly Arg Pro Ser Ala His Gly Arg Val Val Glu Val Asn Trp Arg Ala
20 . 25 30
Thr His Ile Asp Thr Gly Gly Asn Leu Leu Val Met Pro Asn Ala Glu
35 40 45
Leu Ala Gly Ala Ser Phe Thr Asn Tyr Ser Arg Pro Val Gly Glu His
50 55 60
Arg Leu Thr Val Val Thr Thr Phe Asn Ala Ala Asp Thr Pro Asp Asp
65 70 - 75 80
Val Cys Glu Met Leu Ser Ser Val Ala Ala Ser Leu Pro Glu Leu Arg
85 S0 95
Thr Asp Gly Gln Ile Ala Thr Leu Tyr Leu Gly Ala Ala Glu Tyr Glu
100 105 110
Lys Ser Ile ProKLeu His Thr Pro Ala Val Asp Asp Ser Val Arg Ser
115 120 125
Thr Tyr Leu Arg Trp Val Trp Tyr Ala Ala Arg Arg Gln Glu Leu Arg
130 135 140
Xaa Asn Gly Val Ala Asp Xaa Phe Asp Thr Pro Glu Arg Ile Ala Ser
145 150 155 160
Ala Met Arg Ala Val Ala Ser Thr Leu Arg Leu Ala Asp Asp Glu Gln
165 170 175
Gln Glu Ile Ala Asp Val Val Arg Leu Val Arg Tyr Gly Asn Gly Glu
180 185 190
Arg Leu Gln Gln Pro Gly Gln Val Pro Thr Gly Met Arg Phe Ile Val
195 200 205
Asp Gly Arg Val Ser Leu Ser Val Ile Asp Gln Asp Gly Asp Val Ile
. 210 215 220
Pro Ala Arg Val Leu Glu Arg Gly Asp Phe Leu Gly Gln Thr Thr Leu
225 230 235 240
Thr Arg Glu Pro Val Leu Ala Thr Ala His Ala Leu Glu Glu Val Thr
245 250 255
Val Leu Glu Met Ala Arg Asp Glu Ile Glu Arg Leu Val His Arg Lys
260 265 270
Pro Ile Leu Leu His Val Ile Gly Ala Val Ala Asp Arg Arg Ala His
275 280 285
Glu Leu Arg Leu Met Asp Ser Gln Asp
290 295

<210> 47

<211> 670

<212> PRT

<213> Mycobacterium vaccae

<400> 47
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Gly Tyr Gln Ser Gly Arg Ser Ser Leu Arg Ala Ser Val Phe Asp Arg

Leu Thr Asp Ile Arg Glu Ser Gln Ser Arg Gly Leu Glu Asn Gln Phe
20 25 30
Ala Asp Leu Lys Asn Ser Met Val Ile Tyr Ser Arg Gly Ser Thr Ala
35 40 45
Thr Glu Ala Ile Gly Ala Phe Ser Asp Gly Phe Arg Gln Leu Gly Asp
- 50 55 60
Ala Thr Ile Asn Thr Gly Gln Ala Ala Ser Leu Arg Arg Tyr Tyr Asp
65 70 75 80
Arg Thr Phe Ala Asn Thr Thr Leu Asp Asp Ser Gly Asn Arg Val Asp
85 790 95
Val Arg Ala Leu Ile Pro Lys Ser Asn Pro Gln Arg Tyr Leu Gln Ala
100 105 110
Leu Tyr Thr Pro Pro Phe Gln Asn Trp Glu Lys Ala Ile Ala Phe Asp
115 120 125
Asp Ala Arg Asp Gly Ser Ala Trp Ser Ala Ala Asn Ala Arg Phe Asn
130 135 140
Glu Phe Phe Arg Glu Ile Val His Arg Phe Asn Phe Glu Asp Leu Met
145 150 155 160
Leu Leu Asp Leu Glu Gly Asn Val Val Tyr Ser Ala Tyr Lys Gly Pro
165 170 175
Asp Leu Gly Thr Asn Ile Val Asn Gly Pro Tyr Arg Asn Arg Glu Leu
180 185 190
Ser Glu Ala Tyr Glu Lys Ala Val Ala Ser Asn Ser Ile Asp Tyr Val
195 200 205
Gly Val Thr Asp Phe Gly Trp Tyr Leu Pro Ala Glu Glu Pro Thr Ala
210 215 o 220
Trp Phe Leu Ser Pro Val Gly Leu Lys Asp Arg Val Asp Gly Val Met
225 230 235 240
Ala Val Gln Phe Pro Ile Ala Arg Ile Asn Glu Leu Met Thr Ala Arg
245 250 255
Gly Gln Trp Arg Asp Thr Gly Met Gly Asp Thr Gly Glu Thr Ile Leu
260 265 270
Val Gly Pro Asp Asn Leu Met Arg Ser Asp Ser Arg Leu Phe Arg Glu
275 280 285
Asn Arg Glu Lys Phe Leu Ala Asp Val Val Glu Gly Gly Thr Pro Pro
290 295 300
Glu Val Ala Asp Glu Ser Val Asp Arg Arg Gly Thr Thr Leu Val Gln
305 310 315 320
Pro Val Thr Thr Arg Ser Val Glu Glu Ala Gln Arg Gly Asn Thr Gly
325 330 335
Thr Thr Ile Glu Asp Asp Tyr Leu Gly His Glu Ala Leu Gln Ala Tyr
340 345 350
Ser Pro Val Asp Leu Pro Gly Leu His Trp Val Ile Val Ala Lys Ile
355 360 365
Asp Thr Asp Glu Ala Phe Ala Pro Val Ala Gln Phe Thr Arg Thr Leu
370 375 380
Val Leu Ser Thr Val Ile Ile Ile Phe Gly Val Ser Leu Ala Ala Met
385 390 395 400
Leu Leu Ala Arg Leu Phe Val Arg Pro Ile Arg Arg Leu Gln Ala Gly
405 410 415
Ala Gln Gln Ile Ser Gly Gly Asp Tyr Arg Leu Ala Leu Pro Val Leu
420 ‘ 425 430
Ser Arg Asp Glu Phe Gly Asp Leu Thr Thr Ala Phe Asn Asp Met Ser
435 440 445
Arg Asn Leu Ser Ile Lys Asp Glu Leu Leu Gly Glu Glu Arg Ala Glu
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450 455 460
Asn Gln Arg Leu Met Leu Ser Leu Met Pro Glu Pro Val Met Gln Arg
465 470 475 480
Tyr Leu Asp Gly Glu Glu Thr Ile Ala Gln Asp His Lys Asn Val Thr
485 490 495
Val Ile Phe Ala Asp Met Met Gly Leu Asp Glu Leu Ser Arg Met Leu
500 505 510
Thr Ser Glu Glu Leu Met Val Val Val Asn Asp Leu Thr Arg Gln Phe
515 520 525
Asp Ala Ala Ala Glu Ser Leu Gly Val Asp His Val Arg Thr Leu His
530 535 540
Asp Gly Tyr Leu Ala Ser Cys Gly Leu Gly Val Pro Arg Leu Asp Asn
545 550 555 560
Val Arg Arg Thr Val Asn Phe Ala Ile Glu Met Asp Arg Ile Ile Asp
565 570 575
Arg His Ala Ala Glu Ser Gly His Asp Leu Arg Leu Arg Ala Gly Ile
580 585 590
Asp Thr Gly Ser Ala Ala Ser Gly Leu Val Gly Arg Ser Thr Leu Ala.
595 600 605 )
Tyr Asp Met Trp Gly Ser Ala Val Asp Val Ala Asn Gln Val Gln Arg
610 615 620
Gly Ser Pro Gln Pro Gly Ile Tyr Val Thr Ser Arg Val His Glu Val
625 630 635 640
Met Gln Glu Thr Leu Asp Phe Val Ala Ala Gly Glu Val Vval Gly Glu
645 650 655
Arg Gly Val Glu Thr Val Trp Arg Leu Gln Gly His Arg Arg
660 665 670

<210> 48

<211> 173

<212> PRT

<213> Mycobacterium vaccae

<400> 48

Thr Tyr Glu Phe Glu Asn Lys Val Thr Gly Gly Arg Ile Pro Arg Glu
1 5 10 15
Tyr Ile Pro Ser Val Asp Ala Gly Ala Gln Asp Ala Met Gln Tyr Gly
20 25 30
Val Leu Ala Gly Tyr Pro Leu Val Asn Val Lys Leu Thr Leu Leu Asp
35 40 45
Gly Ala Tyr His Glu Val Asp Ser Ser Glu Met Ala Phe Lys Val Ala
50 55 60
Gly Ser Gln Val Met Lys Lys Ala Ala Ala Gln Ala Gln Pro Val Ile
65 70 75 80
Leu Glu Pro Val Met Ala Val Glu Val Thr Thr Pro Glu Asp Tyr Met
85 90 95
Gly Glu Val Ile Gly Asp Leu Asn Ser Arg Arg Gly Gln Ile Gln Ala
100 105 110
Met Glu Glu Arg Ser Gly Ala Arg Val Val Lys Ala Gln Val Pro Leu
115 120 * 125
Ser Glu Met Phe Gly Tyr Val Gly Asp Leu Arg Ser Lys Thr Gln Gly
130 135 140
Arg Ala Asn Tyr Ser Met Val Phe Asp Ser Tyr Ala Glu Val Pro Ala
145 150 155 160
Asn Val Ser Lys Glu Ile Ile Ala Lys Ala Thr Gly Gln
165 170
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<210> 49
<211> 187
<212> PRT
<213> Mycobacterium vaccae

<220>

<221> VARIANT

<222> (1)...(187)

<223> Xaa = Any Amino Acid

<400> 49 .
Val Ile Asp Glu Thr Leu Phe His Ala Glu Glu Lys Met Glu Lys Ala
1 5 10 15
Val Ser Val Ala Pro Asp Asp Leu Ala Ser Ile Arg Thr Gly Arg Ala
20 25 30
Asn Pro Gly Met Phe Asn Arg Ile Asn Ile Asp Tyr Tyr Gly Ala Ser
35 40 45
Thr Pro Ile Thr Gln Leu Ser Ser Ile Asn Val Pro Glu Ala Arg Met
50 55 60
Val Val Ile Lys Pro Tyr Glu Ala Ser Gln Leu Arg Leu Ile Glu Asp
65 70 ) 75 80
Ala Tle Arg Asn Ser Asp Leu Gly Val Asn Pro Thr Asn Asp Gly Asn
85 90 95
Ile Ile Arg Val Ser Ile Pro Gln Leu Thr Glu Glu Arg Arg Arg Asp
100 105 - 110
Leu Val Lys Gln Ala Lys Ala Lys Gly Glu Asp Ala Lys Val Ser Val
115 120 125
Arg Asn Ile Arg Arg Lys Ala Met Glu Glu Leu Ser Arg Ile Lys Lys
130 135 140
Asp Gly Asp Ala Gly Glu Asp Glu Val Thr Arg Ala Glu Lys Asp Leu
145 150 155 160
Asp Lys Ser Thr His Gln Tyr Thr Asn Gln Ile Asp Glu Leu Val Lys
165 170 175
His Lys Glu Gly Glu Leu Leu Glu Val Xaa Pro
180 185

<210> 50

<211> 331

<212> PRT

<213> Mycobacterium vaccae

<400> 50 :

Met Ser Glu Ile Ala Arg Pro Trp Arg Val Leu Ala Gly Gly Ile Gly
1 5 10 15

Ala Cys Ala Ala Gly Ile Ala Gly Val Leu Ser Tle Ala Val Thr Thr

20 25 30
Ala Ser Ala Gln Pro Gly Leu Pro Gln Pro Pro Leu Pro Ala Pro Ala
35 40 45
Thr Val Thr Gln Thr Val Thr val Ala Pro Asn Ala Ala Pro Gln Leu
50 55 60

Ile Pro Arg Pro Gly Val Thr Pro Ala Thr Gly Gly Ala Ala Ala Val
65 ' 70 75 80
Pro Ala Gly Val Ser Ala Pro Ala Val Ala Pro Ala Pro Ala Leu Pro

85 90 95
Ala Arg Pro Val Ser Thr Ile Ala Pro Ala Thr Ser Gly Thr Leu Ser
- 100 105 110
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Glu Phe Phe Ala Ala Lys Gly Val Thr Met Glu Pro Gln Ser Ser Arg
115 120 125
Asp Phe Arg Ala Leu Asn Ile Val Leu Pro Lys Pro Arg Gly Trp Glu
130 135 _ 140
His Ile Pro Asp Pro Asn Val Pro Asp Ala Phe Ala Val Leu Ala Asp
145 150 155 160
Arg Val Gly Gly Asn Gly Leu Tyr Ser Ser Asn Ala Gln Val Val Val
165 170 175
Tyr Lys Leu Val Gly Glu Phe Asp Pro Lys Glu Ala Ile Ser His Gly
180 185 190
Phe Val Asp Ser Gln Lys Leu Pro Ala Trp Arg Ser Thr Asp Ala Ser
195 200 205
Leu Ala Asp Phe Gly Gly Met Pro Ser Ser Leu Ile Glu Gly Thr Tyr
210 215 220
Arg Glu Asn Asn Met Lys Leu Asn Thr Ser Arg Arg His Val Ile Ala
225 230 235 240
Thr Ala Gly Pro Asp His Tyr Leu Val Ser Leu Ser Val Thr Thr Ser
245 250 255
Val Glu Gln Ala Val Ala Glu Ala Ala Glu Ala Thr Asp Ala Ile Val
260 265 270
Asn Gly Phe Lys Val Ser Val Pro Gly Pro Gly Pro Ala Ala Pro Pro
275 280 285
Pro Ala Pro Gly Ala Pro Gly Val Pro Pro Ala Pro Gly Ala Pro Ala
290 295 300
Leu Pro Leu Ala Val Ala Pro Pro Pro Ala Pro Ala Val Pro .Ala Val
305 310 315 320
Ala Pro Ala Pro Gln Leu Leu Gly Leu Gln Gly
325 330

<210> 51

<211> 340

<212> PRT

<213> Mycobacterium vaccae

<400> 51
Val Thr Ile Arg Val Gly Val Asn Gly Phe Gly Arg Ile Gly Arg Asn
1 5 . 10 15
Phe Phe Arg Ala Leu Asp Ala Gln Lys-Ala Glu Gly Lys Asn Lys Asp
20 25 30
Ile Glu Ile Val Ala Val Asn Asp Leu Thr Asp Asn Ala Thr Leu Ala
35 40 45
His Leu Leu Lys Phe Asp Ser Ile Leu Gly Arg Leu Pro Tyr Asp Val
50 55 60

Ser Leu Glu Gly Glu Asp Thr Ile Val Val Gly Ser Thr Lys Ile Lys

65 70 75 80

Ala Leu Glu Val Lys Glu Gly Pro Ala Ala Leu Pro Trp Gly Asp Leu
85 90 95

Gly Val Asp Val Val Val Glu Ser Thr Gly Ile Phe Thr Lys Arg Asp

100 105 110
Lys Ala Gln Gly His Leu Asp Ala Gly Ala Lys Lys Val Ile Ile Ser
115 ‘ 120 125
Ala Pro Ala Thr Asp Glu Asp Ile Thr Ile Val Leu Gly Val Asn Asp
130 135 140

Asp Lys Tyr Asp Gly Ser Gln Asn Ile Ile Ser Asn Ala Ser Cys Thr

145 150 ’ 155 160

Thr Asn Cys Leu Gly Pro Leu Ala Lys Val Ile Asn Asp Glu Phe Gly
165 170 175
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Ile Val Lys Gly Leu Met Thr Thr Ile His Ala Tyr Thr Gln Val Gln
180 185 190

Asn Leu Gln Asp Gly Pro His Lys Asp Leu Arg Arg Ala Arg Ala Ala

195 200 205
Ala Leu Asn Ile Val Pro Thr Ser Thr Gly Ala Ala Lys Ala Ile Gly
210 215 220

Leu Val Leu Pro Glu Leu Lys Gly Lys Leu Asp Gly Tyr Ala Leu Arg

225 230 235 240

Val Pro Ile Pro Thr Gly Ser Val Thr Asp Leu Thr Ala Glu Leu Gly

245 250 255

Lys Ser Ala Thr Val Asp Glu Ile Asn Ala Ala Met Lys Ala Ala Ala
260 265 270

Glu Gly Pro Leu Lys Gly Ile Leu Lys Tyr Tyr Asp Ala Pro Ile Val

275 280 285
Ser Ser Asp Ile Val Thr Asp Pro His Ser Ser Ile Phe Asp Ser Gly
290 295 300

Leu Thr Lys Val Ile Asp Asn Gln Ala Lys Val Val Ser Trp Tyr Asp

305 310 315 320

Asn Glu Trp Gly Tyr Ser Asn Arg Leu Val Asp Leu Val Ala Leu Val

325 330 335

Gly Lys Ser Leu

340

<210> 52

<211> 223

<212> PRT

<213> Mycobacterium vaccae

<400> 52
Met Asn Lys Ala Glu Leu Ile Asp Val Leu Thr Glu Lys Leu Gly Ser
1 5 10 15
Asp Arg Arg Gln Ala Thr Ala Ala Val Glu Asn Val Val Asp Thr Ile
20 25 30
Val Arg Ala Val His Lys Gly Glu Ser Val Thr Ile Thr Gly Phe Gly
35 40 45
Val Phe Glu Gln Arg Arg Arg Ala Ala Arg Val Ala Arg Asn Pro Arg
50 55 60
Thr Gly Glu Thr Val Lys Val Lys Pro Thr Ser Val Pro Ala Phe Arg
65 ' 70 ’ 75 80
Pro Gly Ala Gln Phe Lys Ala Val Val Ser Gly Ala Gln Lys Leu Pro
85 90 85
Ala Glu Gly Pro Ala Val Lys Arg Gly Val Thr Ala Thr Ser Thr Ala
100 105 110
Arg Lys Ala Ala Lys Lys Ala Pro Ala Lys Lys Ala Ala Ala Lys Lys
115 120 125
Ala Ala Pro Ala Lys Lys Ala Pro Ala Lys Lys Ala Ala Thr Lys Ala
130 135 140
Ala Pro Ala Lys Lys Ala Thr Ala Ala Lys Lys Ala Ala Pro Ala Lys
145 150 155 160
Lys Ala Thr Ala Ala Lys Lys Ala Ala Pro Ala Lys Lys Ala Pro Ala
165 170 175
Lys Lys Ala Ala Thr Lys Ala Ala Pro Ala Lys Lys Ala Pro Ala Lys
180 185 190
Lys Ala Ala Thr Lys Ala Ala Pro Ala Lys Lys Ala Pro Ala Ala Lys
195 200 205
Lys Ala Pro Ala Lys Lys Ala Pro Ala Lys Arg Gly Gly Arg Lys
210 215 220
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