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Rhodococcus equi (Requi) has been determined to have a 
major adhesion factor encoded by a rpl pathogenicity island 
which enables host colonisation, wherein the rplpathogenic 
ity islandis absent from non-pathogenic Rhodococcus spe 
cies. Further, the proteins (Rpl) encoded by the rpl pathoge 
nicity island have been determined to be major 
immunodominant antigens. There is provided a novel diag 
nostic marker and vaccine candidate for R. equi in horses and 
other Susceptible species. 
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MMUNE SYSTEMI MODULATING 
COMPOSITION 

FIELD OF THE INVENTION 

0001. The present invention relates to polypeptides 
encoded by Rhodococcus (Corynebacterium) equi (R. equi), 
compositions including Such polypeptides (Rpl) and antibod 
ies to such polypeptides, which can be useful in the treatment 
of animals, specifically horses and foals, to minimise infec 
tion of animals, by R. equi. The invention further relates to 
methods of detection of R. equi using polypeptides (Rpl), 
antibodies with binding specificity to said polypeptides or 
nucleic acids or the like with binding specificity to nucleic 
acids encoding Such polypeptides using, for example, PCR. 

BACKGROUND TO THE INVENTION 

0002 Rhodococcus equi is a Gram-positive, facultative 
intracellular coccobacillus classified in the order of Acitno 
mycetales. It is primarily a soil organism. It has been recog 
nised as a positive agent of a debilitating and potentially fatal 
bronchopneumonia affecting foals worldwide. R. equi is con 
sidered to be one of the most significant pathogens in the 
equine breeding industry. 
0003. The successful early diagnosis and treatment of 
Rhodococcus equi in foals and management of the foals envi 
ronment to reduce the risk of contracting the disease are, 
arguably, among the most challenging experiences currently 
facing equine stud farms. Presently the treatment of R. equi 
disease is by the prolonged administration of a combination 
of antimicrobials, macrollides, i.e. erythromycin, azithromy 
cin or clarithromycin, and rifampicin. However, as this 
therapy risks antibiotic resistance and adverse drug reactions 
in the foal and the dam, improved means of therapy and 
prophylactic treatment are required. 
0004 R. equi can also affect non-equine species. In pigs R. 
equi is associated with granulomatous lymphadenitis of cer 
Vical lymphatic tissue and in man R. equi can cause cavitary 
pneumonia, predominantly in immunocompromised indi 
viduals especially those with acquired immune deficiency 
syndrome (AIDS). As a consequence of the AIDS pandemic, 
R. equipneumonia has become a disease of increasing sig 
nificance in human medicine. R. equi infections have also 
been described in cattle, sheep,goats, lama, cats and dogs, but 
disease in these species is rare with lesions confined to lymph 
node abscessation or wound infection. 
0005 Infection by R. equi relies on the ability of R. equito 
colonise the airways and replicate inside macrophages which 
is dependent on its capacity to interfere with endosomal 
maturation following phagocytosis and to prevent acidifica 
tion of the vacuole in which it resides. Eventually, intracellu 
lar proliferation of the pathogen leads to the necrotic death of 
the marcophages accompanied by massive damage to lung 
tissue characterised by cavitation and granuloma formation. 
0006 Studies of the virulent strains of R. equi have deter 
mined that such strains possess an extra chromosomal DNA 
element known as a plasmid, which is associated with viru 
lence. Plasmids isolated from regular strains infecting foals 
have been proposed to include a region that represents a 
pathogenicity island, which is a DNA fragment containing 
genes required for virulence. The pathogenicity island iden 
tified contains a family of nine virulence associated protein 
(Vap) chains (Vap A-VapC-Vap-I. pseudo-VapE). Killed/in 
activated R. equi organisms do not illicit protective immunity, 
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and there is no consistent evidence that protein or DNA vac 
cines, based on the highly immunogenic VapA Surface anti 
gen, are efficacious in producing protection against a Rhodo 
coccal pneumonia in foals. In view of the lack of an 
efficacious vaccine, R. equi infection is a major cause of 
mortality in young foals and the heavy economic losses 
incurred due to R. equi has a major economic impact in 
countries where thoroughbred racing and breeding is impor 
tant (USA, Australia, Ireland, Argentina, UK, France, Spain, 
Germany, Austria, Japan etc.). There is a need for treatment 
regimes and a vaccine to be developed which can be used to 
control R. equi on farms, in particular stud farms. 

SUMMARY OF THE INVENTION 

0007. The inventors have determined a novel diagnostic 
marker and vaccine candidate for Rhodococcus equi in horses 
and other Susceptible species and treatment means. Specifi 
cally, the inventors have identified a rpl pathogenicity island 
that differs from the yap pathogenicity island and the inven 
tors have determined the rplpathogenicity island, in particu 
lar RplB, encodes a major adhesion factor of R. equi which 
enables host colonisation. The proteins (Rpl) encoded by the 
rpl pathogenicity island are considered to be major immun 
odominant antigens. The inventors have further determined 
that the rpl pathogenicity island is absent from non-patho 
genic Rhodococcus species. These findings allow the use of 
probes to proteins or nucleic acid of the rpl pathogenicity 
island and antibodies with binding specificity to the proteins 
encoded by the rplpathogenicity island in methods of detec 
tion of R. equi. Further, it enables the use of nucleic acids 
encoding proteins or proteins of the rpl pathogenicity island 
as immune system modulators, in particular to provoke a 
protective immune response to Subsequent antigen challenge 
in an animal. 

0008 Accordingly, a first aspect of the invention provides 
at least one immunogenic R. equi polypeptide having an 
amino acid sequence, encoded by a polynucleotide sequence 
comprising a polynucleotide sequence of a gene selected 
from a gene as listed at table one, or a fragment, derivative or 
variant of Such a polypeptide. 

TABLE ONE 

Proposed 
unction of SEQ 
encoded Position in R. equi ID 

locus Identifier protein O3S NO 

rplA REQ 18350 Prepilin Position 1938280-1939068 1 
peptidase (complement) in 

O3S genome 
rplB REQ 18360 Pilin subunit Position 1939395-1939.601 2 

in 103S 
genome 

rplC REQ 18370 Minor pilin Position 3 
protein 939683-1940O84 

in 103S 
genome 

rplD REO 18380 Putative Position 1940093-1941037 4 
ipoprotein 940O84 

in 103S genome 
rplE REQ 18390 Pilus assembly Position 1941047-1941 784 5 

protein in 103S 
genome 

rplF REQ 18400 Pilus assembly Position 1941781-1942.980 6 
ATPase in 103S 

genome 
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TABLE ONE-continued 

Proposed 
function of SEQ 

rpl encoded Position in R. equi ID 
locus Identifier protein 1O3S NO 

rplG REQ 18410 Secretion Position 1942977-1944374 7 
apparatus in 103S 
ATPsae genome 

rplH REQ 18420 Secretion Position 1944371-1946239 8 
apparatus in 103S 
integral genome 
membrane 
protein 

rplI REQ 18430 Secretion Position 1946262-194715.2 9 
apparatus in 103S 
integral genome 
membrane 
protein 

0009. In embodiments of the invention, the polypeptide or 
derivative or variant or fragment thereof can be encoded by a 
polynucleotide sequence comprising a polynucleotide 
sequence of a gene as listed in Table 2 

TABLE TWO 

Proposed 
unction of SEQ 
encoded Position in R. equi ID 

locus Identifier protein O3S NO 

rplA REQ 18350 Prepilin Position 1938280-1939068 1 
peptidase (complement) in 

O3S genome 
rplB REQ 18360 Pilin subunit Position 1939395-19396O1 2 

in 103S 
genome 

rplC REQ 18370 Minor pilin Position 3 
protein 939683-1940O84 

in 103S 
genome 

rplD REQ 18380 Putative Position 1940093-1941037 4 
ipoprotein 940O84 

in 103S genome 
rplE REQ 18390 Pilus assembly Position 1941047-1941784 5 

protein in 103S 
genome 

rplH REQ 18420 Secretion Position 1944371-1946239 8 
apparatus in 103S 
integral genome 
membrane 
protein 

rplI REQ 18430 Secretion Position 1946262-194715.2 9 
apparatus in 103S 
integral genome 
membrane 
protein 

0010. In particular embodiments the polypeptide or a 
derivative or variant or fragment thereof can be encoded by a 
polynucleotide sequence comprising a polynucleotide 
sequence of a gene selected from rplB (SEQID NO2), rplC 
(SEQ ID NO 3), or rplD (SEQ ID NO 4). In an alternative 
embodiment, the polypeptide or a derivative can be encoded 
by a polynucleotide sequence comprising a polynucleotide 
sequence of a gene selected from rplB (SEQID NO2), rplA 
(SEQ ID NO 1) or rplE (SEQID NO 5). 
0011. In embodiments of the invention, the polypeptide or 
a derivative or fragment thereof is encoded by a polynucle 
otide sequence comprising a polynucleotide sequence of a 
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gene selected from the list of genes of Table 1, more prefer 
ably selected from the list of genes of Table 2. 
0012. In embodiments of the invention, the polypeptide or 
a derivative or fragment or variant thereof is encoded by a 
polynucleotide sequence consisting essentially of or consist 
ing of a polynucleotide sequence of a gene selected from the 
list of genes of Table 1, more preferably selected from the list 
of genes of Table 2. 
0013. In embodiments, the polypeptide is encoded by a 
polynucleotide sequence comprising the polynucleotide 
sequence of a gene encoding Rplpilin ATGAACCTCTTCT 
TCGCGAACCTGTACCTCATGGGCTTAGACGTCAA 
GGACCGTCTGACCCGTGACGACCGCG 
GCGCCACTGCGGTCGAGTAC GG ACTGATGGTCGC 
CGGCATCGCGATGGTGATCATTGTTGCGGTTTT 
CGCCTTCGGCGATAAGATTACCGAC 
CTCTTCGATGGCTTCAACTTCG ACGATCCCGGCG 
GCGAGTAG (SEQID NO2). 
0014. In embodiments, the polypeptide is encoded by a 
polynucleotide sequence consisting essentially of or consist 
ing of the polynucleotide sequence of a gene encoding Rpl 
pilin ATGAACCTCTTCTTCGCGAACCTGTAC 
CTCATGGGCTTAGACGTCAA GGACCGTCTGAC 
CCGTGACGACCGCGGCGCCACTGCGGTCGAGTAC 
GG ACTGATGGTCGCCGGCATCGCGATG 
GTGATCATTGTTGCGGTTTT CGCCTTCGGCGATAA 
GATTACCGACCTCTTCGATGGCTTCAACTTCG 
ACGATCCCGGCGGCGAGTAG (SEQID NO 2). 
0015. In embodiments, the polypeptide is encoded by a 
polynucleotide sequence comprising a fragment of the poly 
nucleotide sequence of a gene encoding Rplpilin ATGAAC 
CTCTTCTTCGCGAACCTGTACCT 
CATGGGCTTAGACGTCAA 
GGACCGTCTGACCCGTGACGACCGCG 
GCGCCACTGCGGTCGAGTAC GG ACTGATGGTCGC 
CGGCATCGCGATGGTGATCATTGTTGCGGTTTT 
CGCCTTCGGCGATAAGATTACCGAC 
CTCTTCGATGGCTTCAACTTCG ACGATCCCGGCG 
GCGAGTAG (SEQID NO2) 
0016 wherein the polypeptide encoded by the fragment is 
a biologically active immunogenic fragment of a polypeptide 
encoded by the polynucleotide sequence comprising the 
polynucleotide sequence of the gene encoding Rpl pilin 
ATGAACCTCTTCTTCGCGAACCTGTAC 
CTCATGGGCTTAGACGTCAA GGACCGTCTGAC 
CCGTGACGACCGCGGCGCCACTGCGGTCGAGTAC 
GG ACTGATGGTCGCCGGCATCGCGATG 
GTGATCATTGTTGCGGTTTT CGCCTTCGGCGATAA 
GATTACCGACCTCTTCGATGGCTTCAACTTCG 
ACGATCCCGGCGGCGAGTAG (SEQID NO 2). 
0017. In embodiments, a derivative or fragment or variant 
can be an immunogenic derivative or fragment or variant that 
can provide an immune response in which antibodies with 
binding specificity to at least one of SEQID NO 1, 2, 3, 4, 5, 
6, 7, 8, and 9 are generated for example antibodies cross 
reactive to the biologically active immunogenic fragment and 
at least one of SEQID NO 1, 2, 3, 4, 5, 6, 7, 8 and 9. 
0018. In particular embodiments such fragments, deriva 
tives or variants can functionally provide a pilus in R. equi. 
Such derivatives, fragments or variants can be biologically 
active derivatives, fragments or variants. 
0019. In embodiments the Rpl pilin polypeptide (RplB) 
can comprise an amino acid sequence MNLFFAN 
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LYLMGLDVKDRLTRDDRGATAVEYGLM 
VAGIAMVIIVAVFAFG DKITDLFDGFNFDDPGGE (SEQ 
ID NO 10). 
0020. In embodiments, a polypeptide of the invention can 
consist of an amino acid sequence MNLFFANLYLMGLD 
VKDRLTRDDRGATAVEYGLMVAGIAMVIIVAVFAFG 
DKITDLFDGFNFDDPGGE (SEQ ID NO 10). 
0021. In embodiments a polypeptide of the invention can 
comprise DKITDLFDGFNFDDPGGE (SEQ ID NO 11) or 
can be a variant thereof wherein Such variant has at least 1, at 
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at 
least 8, at least 9, at least 10 amino acids different to that of 
SEQ ID NO 11. Substituted amino acids may suitably be 
conservative or non conservative amino acids. Alternatively, 
the variant may include insertions or deletions. Suitably, in 
embodiments a variant can demonstrate analogous biological 
function as a RplB pilin subunit or SEQID NO 11. In embodi 
ments, a conserved variant may be provided by amino acid 
sequences comprising DKITDLFDGFNFDDPGGE (SEQ 
ID NO 11) wherein amino acids as shown are replaced by 
amino acids which are structurally conservative. For 
example, an aliphatic amino acid (alanine, serine, Valine, 
leucine, isoleucine or the like) can be substituted with another 
Suitable aliphatic amino acid, a hydrophobic amino acid (ty 
rosine, phenylalanine, tryptophan) can be substituted by 
another hydrophobic amino acid or a charged amino acid can 
be substituted by another charged amino acid. In Such con 
served variants, additional amino acids may be substituted. 
0022. In embodiments a polypeptide of the invention can 
comprise the amino acid sequence DKITDLFDGFNFD 
DPGGE (SEQID NO 11). In embodiments a polypeptide of 
the invention consists of, or consists essentially of the amino 
acid sequence DKITDLFDGFNFDDPGGE (SEQ ID NO 
11). 
0023. A polypeptide of the invention may be provided 
using recombinant means or may be a synthetic polypeptide 
or may be extracted from R. equi bacteria, R. equi culture 
Supernatant or from biological material infected with R. equi. 
In embodiments an isolated immunogenic polypeptide of the 
invention is expressed at the bacterial cell Surface of a R. equi, 
or is secreted from R. equi. 
0024. In embodiments, a polypeptide of the invention, or a 
fragment, derivative or variant thereof comprises an amino 
acid sequence of at least one polypeptide selected from the 
group consisting of the list provided by Table 3 or as set out in 
the sequences of FIG. 9. 

TABLE THREE 

Rpl protein entifier Proposed function SEQ ID NO 

RplA REQ 18350 Prepilin peptidase 12 
produc 

RB REQ 18360 Pilin subunit 13 
produc 

RC REQ 18370 Minor pilin protein 14 
produc 

RD REQ 18380 Putative lipoprotein 15 
produc 

RE REQ 18390 Pilus assembly 16 
produc protein 

RIF REQ 18400 Pilus assembly 17 
produc ATPase 

RG REQ 18410 Secretion apparatus 18 
produc ATPsae 

RH REQ 18420 Secretion apparatus 19 
produc integral membrane 

protein 
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TABLE THREE-continued 

Rpl protein Identifier Proposed function SEQID NO 

RplI REQ 18430 Secretion apparatus 2O 
product integral membrane 

protein 

(0025 All of the polypeptides shown in Table 3 are 
encoded in the rpl locus and are part of the R. equi Rpl pilus 
biogenesis machinery. 
0026. In embodiments a polypeptide of the invention can 
be encoded by an R. equi. Strain isolated from horses. In 
embodiments the polypeptide can be isolated from horses and 
can be from a virulent strain of R. equi. In embodiments, 
polypeptides of the invention can be made synthetically or 
recombinantly using techniques which are widely available in 
the art. 
0027. The polypeptide of the invention may be optionally 
linked to an immunogenic carrier. Said immunogenic carrier 
may be a heterologous polypeptide, lipid, liposome, or 
another acceptable carrier molecule. Suitably, a polypeptide 
of the invention may be linked to the immunogenic carrier by 
chemical coupling or a polypeptide of the invention may be 
expressed as a fusion protein with the immunogenic carrier. A 
polypeptide of the invention, and/or a biologically active 
and/or immunogenic fragment, or derivative, or variant 
thereof, can be provided in an immunogenic composition, for 
example to raise antisera or monoclonal antibodies for pas 
sive immunisation, or as a vaccine. Alternatively, a polypep 
tide of the invention, fragment, derivative or variant thereof 
may be useful in an assay to detect antibodies specific for the 
polypeptide, including diagnostic assays. As set out herein, in 
embodiments, a derivative of a polypeptide of the invention 
can be a composite of specific polypeptide sequences of the 
invention, for example composites of SEQID NO 10, SEQID 
NO 11 and a polypeptide as set out in Table 3 or fragments 
thereof, or nucleotide sequences for example as set out at 
Table 1 or Table 2 disclosed herein. In embodiments, the 
nucleic acid sequences can be used to form concatemers and 
may be used to provide polypeptide sequences, for example 
relevant epitopes may be put in tandem or provided in mul 
tiples of 3, 4, 5, 6, or greater than 10, greater than 20 or more. 
Further, in embodiments a derivative can include a scrambled 
or chimeric polypeptide containing combinations of different 
relevant Rpl polypeptides. In such embodiments the combi 
nations of relevant Rpl polypeptides can be provided in mul 
tiples of 2, 3, 4, 5, 6, or greater than 10, greater than 20 or 
O. 

0028. It is important to note that even with knowledge of 
the genome of R. equi strain 103S, it would not be apparent 
that R. equi produced pili appendages or that the nine-gene 
locus encompassing nucleotide positions 1,938,280 to 1,947, 
152 (locus tags REQ18350-430) encoded a pilus biogenesis 
apparatus responsible for the production of R. equipili 
involved in virulence and host colonisation. Pili are wide 
spread among bacteria and can serve many functions unre 
lated to virulence. For example pili can facilitate attachment 
of bacteria to environmental Surfaces such as Soil particles, 
biofilm formation, be mediators of bacterial motility or 
enable adhesion to other bacteria. As will be appreciated, 
depending on pili function, in some instances, pili may not 
provide an immunogenic determinant Suitable for vaccine 
development or be able to act as a diagnostic marker. 
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0029. Using visualisation by electron microscopy and 
genetic molecular analysis, the inventors demonstrated for 
the first that R. equi produces pili appendages or fimibriae, 
identified that the rpl locus R. equi encodes the pilus biogen 
esis apparatus, and further determined that proteins of R. equi 
pili are major virulence factors involved in host colonisation 
and that they are major immunodominant antigens. The latter 
determination would not have been suggested from sequence 
data alone. 

0030. According to a second aspect of the present inven 
tion there is provided an isolated or recombinant nucleic acid 
encoding a polypeptide associated with pilus formation in R. 
equi. In embodiments of the invention there is provided an 
isolated or recombinant nucleic acid comprising a polynucle 
otide sequence comprising or consisting of a sequence as set 
forth in any one of SEQID NO 1, SEQID NO 2, SEQID NO 
3, SEQID NO 4, SEQID NO 5, SEQID NO 6, SEQID NO 
7, SEQID NO 8, and SEQID NO 9 or a variant or derivative 
or fragment thereof, for example as illustrated in the 
sequences of FIG. 10. 
0031. Due to the known degeneracy of the genetic code, a 
polynucleotide sequence which differs from those indicated 
by any one of SEQID 1, 2, 3, 4, 5, 6, 7, 8 or 9 can encode an 
active immunogenic derivative, variant or fragment and/or a 
biologically active derivative, variant or fragment of a 
polypeptide of the invention. In embodiments, a polynucle 
otide sequence which encodes such a derivative, fragment or 
variant sequence or an immunogenic biologically active 
derivative or fragment can result from silent mutations (e.g., 
occurring during PCR amplification), or nucleotide Substitu 
tions, deletions or insertions or the like or can be the product 
of deliberate mutagenesis of a native sequence. Variant 
polypeptides may be encoded by variant polynucleotide 
sequences having sequence homology (identity) of greater 
than at least 85%. 86%, 87%, 88%. 89%, preferably at least 
90%, 91%, 92%, 93%, 94%, and more preferably 95%, 96%, 
97%, 98%, 99% but less than 100% contiguous nucleotide 
sequence homology to any one of SEQID NO 1, 2, 3, 4, 5, 6, 
7, 8, or 9 or fragments thereof. A variant polypeptide may be 
encoded by a polynucleotide sequence including nucleotide 
bases not present in the corresponding wild type nucleic acid 
molecule and/or internal deletions relative to the correspond 
ing wild type nucleic acid molecule, such as SEQID NOS 1. 
2, 3, 4, 5, 6, 7, or 8. Polynucleotide sequences encoding 
fragments of a polypeptide of the invention may be greater 
than 30 nucleotides in length, greater than 50 nucleotides in 
length, greater than 100 nucleotides in length, or greater than 
150 nucleotides in length. The invention also provides iso 
lated nucleic acids useful in the production of polypeptides. 
Suitably said biologically active immunogenic derivative, 
fragment or variant can elicit an immune response wherein 
the antibodies generated to said derivative, fragment or vari 
ant have a binding specificity to any one of SEQID NO 1, 2, 
3, 4, 5, 6, 7, 8 or 9. In embodiments, there can be provided a 
polynucleotide sequence comprising or consisting of a 
sequence as set out in any one of SEQID NO 1, SEQID NO 
2, SEQID NO 3, SEQID NO 4, SEQID NO 5, SEQID NO 
6, SEQ ID NO 7, SEQID NO 8, and SEQID NO 9. 
0032. In further embodiments there is provided an isolated 
or recombinant nucleic acid comprising a polynucleotide 
sequence comprising or consisting of a sequence as set forth 
in any one of SEQID NO 1, SEQID NO 2, SEQID NO3, 
SEQID NO 4, SEQID NO 5, SEQID NO 8, and SEQID NO 
9. In additional embodiments, there is provided an isolated or 
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recombinant nucleic acid comprising a polynucleotide 
sequence comprising or consisting of a sequence as set forth 
in any one of SEQID NO 2, SEQID NO3, and SEQID NO 
4. In specific embodiments there is provided an isolated or 
recombinant nucleic acid comprising a polynucleotide 
sequence comprising or consisting of a sequence as set forth 
in SEQID NO 2. 
0033 Polypeptides of the invention or a biologically 
active immunogenic fragment, derivative, or variant thereof 
may be prepared as a pharmaceutical preparation or compo 
sition. Such preparations will comprise the polypeptide or a 
biologically active immunogenic fragment, derivative, or 
variant thereof and a suitable carrier, diluent or excipient. 
These preparations may be administered by a variety of 
routes, for example, oral, buccal, topical, intramuscular, 
intravenous, Subcutaneous, intranasal or the like. 
0034. In a third aspect of the present invention, there is 
provided a composition comprising a polypeptide orantibody 
according to the invention, or a biologically active immuno 
genic fragment, derivative, or variant thereof, together with a 
pharmaceutically acceptable carrier. A carrier and/or excipi 
ent useful in a composition of the present invention will 
generally not inhibit to any significant degree a relevant bio 
logical activity of the polypeptide or antibody of the inven 
tion. Alternatively, or in addition, the carrier or excipient can 
comprise a compound that enhances uptake and/or delivery 
and/or efficacy of the polypeptide and/or antibody as 
described herein. Alternatively, or in addition, the carrier or 
excipient can comprise a compound that enhances the activity 
of a polypeptide and/or antibody as described herein and/or 
reduces inhibition of said polypeptide or antibody by degra 
dative enzymes in the site of administration and/or on route to 
the site of action and/or at the site of action. For example, the 
carrier or excipient may comprise a protease inhibitor and/or 
a DNase inhibitor and/or an RNase inhibitor to thereby 
enhance the stability of a polypeptide and/or antibody as 
described herein above or nucleic acid encoding same. 
0035. As will be apparent to the person skilled in the art 
based on the foregoing description, the methods of the present 
invention further comprise providing, producing or obtaining 
a composition comprising a polypeptide and/or an antibody 
or nucleic acid encoding said polypeptide. Suitable methods 
for producing Such compositions will be apparent to the 
skilled artisan based on the disclosure herein. A polypeptide 
can also be delivered with other relevant antigens in a poly 
Valent protein vaccine. 
0036. In certain further aspects, the present invention pro 
vides an antibody which has binding specificity to at least one 
of the polypeptides of the invention or a fragment, derivative, 
or variant thereof, or an antigen binding fragment of said 
antibody. Accordingly, in a fourth aspect of the invention 
there is provided an antibody which specifically binds to a 
polypeptide of the invention or an epitope, fragment, deriva 
tive or variant thereof. Antibodies of the present invention 
may confer protection against infection with R. equi. Addi 
tionally or alternatively, an antibody can specifically bind to a 
polypeptide of the invention or can bind to an epitope of the 
pili provided on R. equi or an R. equi antigen of the pili and 
whilst not conveying protection against infection with R. 
equi, may be a useful in an immunoassay for the detection of 
polypeptides of the invention or for diagnosis of R. equi 
infection. 

0037. In certain embodiments, the antibody can be a poly 
clonal antibody. Alternatively, the antibody can be a mono 
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clonal antibody, a chimeric antibody, or a synthesized or a 
synthetic antibody. Methods for producing a polyclonal and 
monoclonal antibodies are well known in the art and an anti 
body provided against a polypeptide of the pili is described 
herein. 

0038. In certain further aspects, the present invention fur 
ther extends to a method of producing an antibody which 
specifically binds to at least one polypeptide of the present 
invention, or a biologically active and/or immunogenic frag 
ment, derivative or variant thereof, said method comprising: 

0039 (i) immunising a host with a polypeptide or a 
fragment, derivative, or variant thereof as described 
herein according to any embodiment, and 

0040 (ii) recovering antibodies generated by the host 
against said polypeptide or a fragment, derivative, or 
variant thereof. 

0041. The present invention also provides a method for 
producing an antibody that binds to an antibody which spe 
cifically binds to at least one polypeptide of the present inven 
tion or a fragment, derivative, or variant thereof (i.e., a 
method for producing an anti-idiotypic antibody), said 
method comprising: 

0042 (i) immunising a host with an antibody that binds 
to a polypeptide of the invention or a fragment, deriva 
tive, or variant thereof oran antigenbinding fragment of 
said antibody, 

0043 (ii) identifying antibodies generated by the host 
against an antigen binding site of said antibody; and 

0044 
0045. The present invention also provides an anti-idio 
typic antibody that selectively binds to an antibody that binds 
to a polypeptide or a fragment, derivative, or variant thereofas 
described herein or an antigen binding fragment of said anti 
body. 
0046. In a fifth aspect of the present invention there is 
provided a composition comprising an antibody of the inven 
tion together with a pharmaceutical carrier. 
0047. The invention also provides vectors comprising 
nucleic acids of the invention and cells comprising Such vec 
tOrS. 

0048. In the sixth aspect of the invention there is provided 
a construct comprising a nucleic acid molecule which 
encodes a polypeptide of the invention, for example an iso 
lated nucleic acid, or a fragment, derivative, or variant thereof 
operably linked to a promoter which is functional to allow 
transcription of the nucleic acid sequence and the expression 
of an R. equipolypeptide of the invention. 
0049. The present invention also provides a process for 
producing a polypeptide or a fragment, derivative, or variant 
thereof as described herein according to any embodiment, 
said method comprising culturing a cell comprising a nucleic 
acid encoding a polypeptide or a fragment, derivative, or 
variant thereof of the present invention operably linked to a 
promoter under conditions suitable for expression of the 
polypeptide or a fragment, derivative, or variant thereof. A 
Suitable nucleic acid may comprise a polynucleotide 
sequence or fragment thereof of a gene selected from Table 1, 
or more preferably Table 2. In one example, the method 
additionally comprises recovering the polypeptide from the 
cell culture, e.g., from the medium in which the cell is cul 
tured. 

(iii) recovering the antibodies identified at (ii). 
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0050. In embodiments the present invention provides a 
method of producing a polypeptide or a fragment, derivative, 
or variant thereof of the invention, said method comprising 
the steps of: 

0051 (i) culturing a host cell comprising a nucleic acid 
encoding a polypeptide of the present invention or a 
vector encoding the same, and 

0.052 (ii) recovering the polypeptide of the present 
invention from the host cell or culture medium. 

0053. In embodiments, the construct comprises an iso 
lated nucleic acid which encodes a polypeptide of the inven 
tion or a fragment, derivative, or variant thereof operably 
linked to a promoter which is functional in a host cell to allow 
transcription of the nucleic acid sequence and the expression 
of a R. equipolypeptide of the invention. 
0054. In alternative embodiments, the construct com 
prises an isolated nucleic acid which encodes a polypeptide of 
the invention or a fragment, derivative, or variant thereof 
operably linked to a promoter which is functional in a heter 
ologous host system, for example an attenuated vaccinal 
strain, including, but not limited to, a microbial system, a 
virus, a parasite, an attenuated pathogen or normal or 
immuno-stimulating microbiota. Suitably, the heterologous 
host system construct may be delivered as a live vaccine alone 
or in combination with other relevant protective antigens in a 
polyvalent vaccine. 
0055. In embodiments, the construct can comprise a 
nucleic acid comprising a polynucleotide sequence of a gene 
selected from at least one gene identified by Table 1, more 
preferably a gene selected from Table 2, operably linked to a 
promoter. 
0056. In embodiments, the construct can comprise a 
nucleic acid sequence comprising a polynucleotide sequence 
of SEQ ID NO 1, 2, 3, 4, 5, 6, 7, 8 or 9, more preferably a 
polynucleotide sequence which can encode SEQID NO 10 or 
11. 
0057. In a seventh aspect of the invention there is provided 
a construct of the sixth aspect of the present invention in 
combination with a pharmaceutical carrier. 
0058. In an eighth aspect of the present invention there is 
provided a composition capable of treating or preventing a 
disease caused by R. equi, comprising one or more surface 
associated (a polypeptide naturally associated to the Surface 
structures or on the outer Surface of R. equi.) or secreted 
polypeptides of R. equi wherein said polypeptides form pili of 
R. equi. In embodiments the composition can be a vaccine 
capable of preventing a disease caused by R. equi, which 
results in the production of antibodies against a polypeptide 
of R. equi which can form the pili of R. equi and wherein the 
polypeptide is reactive against antibodies or immune cells 
recovered from animals repeatedly infected with R. equi. 
0059. In embodiments, the polypeptide of R. equi which 
can form the pili of R. equi, wherein the polypeptide is reac 
tive against antibodies and/or immune cells recovered from 
animals repeatedly infected with R. equi comprises the amino 
acid sequence encoded by a polynucleotide sequence of a 
gene selected from Table 1, or more preferably Table 2 or is an 
immunogenic fragment or variant or derivative of Such a 
polypeptide. 
0060. In embodiments of the invention, the subject for 
which the vaccine can be administered is a foal and immuni 
sation results in an immune response which inhibits or pre 
vents R. equi infection and results in the production of anti 
bodies employed as an immunogen. 
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0061. In embodiments the subject to which the vaccine is 
administered can be a horse and immunisation results in an 
immune response which inhibits or prevents R. equi., or in the 
production of antibodies to the polypeptide employed as an 
immunogen. 
0062) While the invention is particularly directed to 
polypeptide suitable as antigen in a vaccine for use in horses 
or foals, it will be clearly understood that it is applicable to 
any other animal which is susceptible to infection with R. 
equi, including humans, pigs, cattle, sheep, goats, lama, cats 
or animals which have a similar biology and would be under 
stood to share a high degree of genomic similarity to horses. 
It will also be appreciated that the diagnostic, therapeutic and 
prophylactic aspects of the invention are also applicable to 
subjects which have been exposed to an animal infected with 
R. equi, or an environmental source contaminated with R. 
equi Such as faeces, soil, or the like. 
0063. According to a ninth aspect of the present invention 
there is provided a method of treating or preventing a disease 
or condition caused by R. equi comprising the step of admin 
istering a polypeptide of the invention or a fragment, deriva 
tive, or variant, an antibody, a nucleic acid, composition and/ 
or a vaccine of the invention to subjects suffering from, or 
suspected to be suffering from, or at risk of a condition medi 
ated by R. equi. 
0064. There is provided the use of a polypeptide of the 
invention or a biologically active and/or immunogenic frag 
ment, derivative, or variant, an antibody, a nucleic acid, com 
position and/or a vaccine of the invention in the preparation of 
a medicament for the treatment of a condition mediated by R. 
equi. In embodiments the treatment may be prophylactic 
treatment to prevent or inhibit infection. 
0065. There is provided a polypeptide of the invention ora 
fragment, derivative, or variant, an antibody, a nucleic acid, 
composition and/or a vaccine of the invention for use in the 
treatment of a condition mediated by R. equi. In embodiments 
the treatment may be prophylactic treatment to prevent or 
inhibit infection. 
0066. According to a tenth aspect of the present invention 
there is provided a method of detecting R. equi comprising the 
step of detecting a polypeptide of the invention or a fragment, 
derivative, or variant, or an antibody of the invention in a 
sample, or a polynucleotide of the invention which can 
encode a polypeptide of the invention or fragment thereof. In 
embodiments, a sample may be a soil sample. 
0067. In embodiments, there is provided a method of diag 
nosing a disease or condition caused by R. equi comprising 
the step of detecting a polypeptide of the invention or a 
fragment, derivative, or variant, or an antibody of the inven 
tion in a biological sample from a subject suffering from, 
Suspected to be suffering from, or at risk of such a condition, 
or a polynucleotide of the invention which can encode a 
polypeptide of the invention or fragment thereof. 
0068 Detection of a polypeptide or an antibody of the 
invention may be achieved by a variety of methods, including 
but not limited immunoassay methods such as radioimmuno 
assay, enzyme linked immunoabsorbent assays (ELISA). 
chemiluminescence assays, immunohistochemistry, immu 
noblotting, for example Western blotting, immunofluores 
cence and mass spectrometry. An example of use of an anti 
body to detect a polypeptide of a R. equipili (RplB) is 
provided in the Examples herein. 
0069 Suitably, detection of antibodies with binding speci 
ficity to a polypeptide encoded by any one of SEQID NO 1, 
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2,3,4,5,6,7,8, or 9 may be used as a test for R. equiinhorses. 
In embodiments, PCR testing for nucleic acids encoding a 
polypeptide of the pili, for example as encoded by any one of 
SEQID NO 1, 2, 3, 4, 5, 6, 7, 8, or 9 may be used as a test for 
R. equi, particularly where a quantitative detection is pre 
ferred. Based on the nucleic acid sequence data provided 
herein, suitable primers or probes for use in the detection of 
nucleic acid sequences which can encode polypeptides of the 
pili of R. equi could be provided as would be understood in the 
art. As will be understood, suitably, in embodiments, said 
probes or primers can hybridise to the nucleic acid sequences 
encoding peptides associated with pilus formation, prefer 
ably any one of SEQID NO 1, 2, 3, 4, 5, 6, 7, 8, or 9, under 
stringent conditions. Hybridisation refers to the binding, 
duplexing, or hybridizing of a molecule only to a particular 
nucleotide sequence under stringent conditions when that 
sequence is present in a complex mixture (e.g., total cellular) 
DNA or RNA. Stringent hybridisation occurs when a nucleic 
acid binds the target nucleic acid with minimal background. 
Typically, to achieve stringent hybridisation, temperatures of 
around 1° C. to about 20°C., more preferably 5° C. to about 
20° C. below the Tm (melting temperature at which half the 
molecules dissociate from their partner) are used. However, it 
is further defined by ionic strength and pH of the solution. An 
example of highly stringent wash conditions is 0.15 MNaCl 
at 72°C. for about 15 minutes. An example of a stringent wash 
condition is a 0.2xSSC wash at 65° C. for 15 minutes (see, 
Sambrook and Russell, infra, fora description of SSC buffer). 
Often, a high stringency wash is preceded by a low stringency 
wash to remove background probe signal. An example of a 
medium stringency wash for a duplex of for example, more 
than 100 nucleotides, is 1xSSC at 45° C. for 15 minutes. An 
example of a low stringency wash for a duplex of for example 
more than 100 nucleotides, is 4-6xSSC at 40° C. for 15 
minutes. For short probes (for example about 10 to 50 nucle 
otides), stringent conditions typically involve salt concentra 
tions of less than about 1.5M, more preferably about 0.01 to 
1.0 M, Naion concentration (or other salts) at pH 7.0 to 8.3, 
and the temperature is typically at least about 30° C. and at 
least about 60° C. for long probes (for example, >50 nucle 
otides). Detection of a polynucleotide of the invention may be 
by any suitable means, for example using PCR, a microarray 
or the like as would be known in the art. 
0070. In an eleventh aspect of the present invention there is 
provide a kit to detect R. equi wherein the kit comprises a 
polypeptide or antibody of the invention or a nucleic acid 
probe. In embodiments a kit can comprise a polypeptide or 
antibody of the invention. 
0071. In embodiments, the kit is for use in the method of 
diagnosing a disease or condition caused by R. equi wherein 
the kit comprises a polypeptide orantibody of the invention or 
a nucleic acid probe. In embodiments a kit can comprise a 
polypeptide or antibody of the invention. 
I0072. In embodiments, the kit can include a solid support, 
for example a test strip, plastic bead or the like to which 
polypeptide or antibody of the invention can be coated. The 
kit may include a detection antibody capable of binding to a 
polypeptide or antibody of the invention which comprises a 
detectable label or binding site for a detectable label. Suitably 
a labelling molecule can include an enzyme, fluorescent label 
or radiolabel. Binding sites for detectable labels include avi 
din, biotin, streptavidin and the like. 
0073. Additionally, the kit can include instructions for 
using the kit to practise the present invention. The instructions 
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should be in writing in a tangible form or stored in an elec 
tronically retrievable form. A further aspect of the present 
invention provides a method of screening immunogenic R. 
equipolypeptides of the invention or a fragment, derivative, 
or variant thereof to determine if a test agent can bind to said 
polypeptide comprising the steps: providing a candidate 
immunogenic R. equipolypeptide of the invention or a frag 
ment, derivative, or variant thereof, providing a test agent to 
the candidate immunogenic R. equi polypeptide and deter 
mining whether said test agent can bind to said candidate 
immunogenic R. equipolypeptide. 
0074. A test agent which can bind to a R. equipolypeptide 
of the invention may inhibit the activity of said polypeptide, 
minimise its secretion or inhibit its ability to form functional 
pili. In embodiments, such a test agent may be a useful thera 
peutic. 
0075. The present invention also provides the use of a 
polypeptide or a fragment, derivative, or variant thereof oran 
antibody as described herein in medicine. 
0076. In a twelfth aspect, the present invention provides 
the use of a polypeptide of the invention or a fragment, deriva 
tive, or variant thereof, an antibody, composition and/or vac 
cine of the invention in the treatment or prevention of a 
disease or condition caused by R. equi. 
0077. In one embodiment of the invention, a method of 
treatment comprises the steps: 
0078 (i) identifying a subject suffering from a disorder 
associated with or R. equi or at risk of developing R. equi; 
0079 (ii) administering a polypeptide, or composition as 
described herein to said subject. 
0080. In another embodiment, the invention provides a 
method of treatment comprising administering or recom 
mending a polypeptide, or a fragment, derivative, or variant 
thereof or an antibody or composition as described herein to 
a subject previously identified as having R. equi infection or 
Suffering from a condition associated with R. equi infection. 
The invention may also provide a method of treatment of a 
Subject in need thereof, said method comprising: 

I0081 (i) identifying a subject suffering from a disorder 
associated with or R. equi or at risk of developing R. 
equi 

I0082 (ii) obtaining a polypeptide or a fragment, deriva 
tive, or variant thereofas described herein according to 
any embodiment, 

I0083 (iii) formulating the polypeptide or antibody with 
a Suitable carrier and/or excipient to form a composition 
wherein said composition is in an amount Sufficient to 
reduce or prevent or inhibit R. equi infection or suffering 
from a condition associated with R. equi infection and 

I0084 (iv) administering said composition to said sub 
ject. 

0085. In a further embodiment there is provided a method 
of treatment of a subject in need thereof, said method com 
prising: 

I0086 (i) identifying a subject suffering from a disorder 
associated with or R. equi. or at risk of developing R. 
equi. 

I0087 (ii) obtaining a polypeptide or a fragment, deriva 
tive, or variant thereof oran antibody as described herein 
according to any embodiment, 

I0088 (iii) formulating the polypeptide or antibody with 
a Suitable carrier and/or excipient to form a composition 
wherein said composition is in an amount Sufficient to 
reduce or prevent or inhibit R. equi infection or suffering 
from a condition associated with R. equi infection and 
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0089 (iv) recommending administration of a composi 
tion at (iii). 

0090. In embodiments a polypeptide on the invention can 
be provided to a Subject to generate a protective immune 
response in the Subject. In particular embodiments the 
polypeptide may act as a vaccine. 
0091 
include: 

Sequences identified in the patent application 

SEQ ID NO 1 
rpIA REQ 18350> - 31041 03:3104891 
GTGATCGTCGCAGCGGGCGTCGGCGCCGCACTCCTGGGTATCCTCG 

CCGGGGCGTTCGCGAACAGTGCGATCGACCGCGTGCGCCTGGAGA 

CCGCGTGCGCCGAGCCGAAGTCGACCCCCACCGGCTCAACCCCGC 

CGCCCCCCTCCCCTGCGTCCGCGGTAGCCACCCGGATCGCGATGAT 

CGACACCATCACGCGACGACACGACATCAGTGCCCGCCGCGTGCTC 

GTCGAACTCGCAACGGCCCTCCTGTTCGTCGGGATCACTCTCCGTCT 

CGCCGCTCTCGGTCTTCTCCCGGCAACACCGGCCTATCTCTTGCAAA 

CGGCTGCCGAACTTCCTCGTCGTACCGTCGTACCCGATCGTATTCGC 

CTGCCTTTCAGTGGGTTCCGTCGTGCCGTTCTGTTCGGGGTCTACTT 

CGTACTAGCCCTGATCTATCCGGCCGGCATGGGGTTCGGCGACGTC 

AAACTTGCCGGCGTCATCGGCGCCGTCCTCGCCTACCTGTCGTACG 

GCACATTGCTCGTCGGGGCGTTTCTCGCGTTCCTGGTGGCCGCACT 

CGTCGGCCTGATCATCCTGGTCACCCGTCGCGGTCGGATCGGGACC 

ACGATTCCCTTCGGGCCGTACATGATTGCGGCGGCCATCGTTGCGAT 

CCTGGCGGCCGATCCGCTGGCGCGCGCGTATCTGGACTGGGCCGC 

CGCGGCCTGA 

SEQ ID NO 2 
rpIB REQ 18360> - 1939395: 1939 601 
ATGAACCTCTTCTTCGCGAACCTGTACCTCATGGGCTTAGACGTCAA 

GGACCGTCTGACCCGTGACGACCGCGGCGCCACTGCGGTCGAGTAC 

GGACTGATGGTCGCCGGCATCGCGATGGTGATCATTGTTGCGGTTTT 

CGCCTTCGGCGATAAGATTACCGACCTCTTCGATGGCTTCAACTTCG 

ACGATCCCGGCGGCGAGTAG 

SEQ ID NO 3 
rpIC REQ 18370> - 1939683 : 1940084 
ATGAAGCGCCTCACTTCCGATTCAGGGGTCGCCGCAGTCGAATTCGC 

TCTCGTCGTTCCGATCCTGATCACACTGGTCCTCGGCATCGTGGAGT 

TCGGTCGGGGTTACAACGTCCAGAACGCGGTCAGCGCTGCTGCCCG 

CGAGGGTGCACGGACGATGGCGATCAAGAAGGATCCGGCGGCGGC 

GCGTGCTGCCGTGAAGGGCGCGGGTGTGTTCAGTCCGGCGATCACC 

GATGCGGAGATCTGCATCAGCACTTCGGGAACGCAGGGCTGTTCGG 

CAACGTCGTGTCCGAGCGGAAGTACCGTGACGCTCACGGTCAGCTA 

TCCACTCGAGTACATGACGGGACTCTTTCCCGGTAAGCCGACGCTCA 

CCGGCACGGGGGTCATGCGATGCGGTGGGTGA 
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ject to chemical modifications, including esterification, ami 
- Continued 

AAAALLGLLAVGASPGWGRVLFAAAAVALAYFWPELLLQSRGOEROAAIE 

LALADTLDQMTIAWEAGLGFEAAMORAAKNGKGPLAEEFIRTLODIQMG 

QSRRIAYLDLAARTKAPNLRRFLRAVIQADEYGVAIAEWLRTOASEMRLK 

RROSAEEKAMKVPVKVLFPLMTCILPTIFIVILGPAVINMMEVLGGM 

0092 Preferred features and embodiments of each aspect 
of the invention are as for each of the other aspects mutatis 
mutandis unless context demands otherwise. 
0093. Each document, reference, patent application or 
patent cited in this text is expressly incorporated herein in 
their entirety by reference, which means it should be read and 
considered by the reader as part of this text. That the docu 
ment, reference, patent application or patent cited in the text 
is not repeated in this text is merely for reasons of concise 
ness. Reference to cited material or information contained in 
the text should not be understood as a concession that the 
material or information was part of the common general 
knowledge or was known in any country. 
0094. Throughout the specification, unless the context 
demands otherwise, the terms comprise’ or include, or 
variations such as comprises or comprising, includes or 
including will be understood to imply the includes of a 
stated integer or group of integers, but not the exclusion of any 
other integer or group of integers. 
0095. By “consisting essentially of it is meant that a 
nucleic acid does not include additional, Substituted or 
deleted nucleotide(s) to a polynucleotide sequence of the 
invention described herein or a polypeptide does not include 
additional, Substituted, or deleted amino acids which signifi 
cantly alter the character of a sequence of the invention Such 
that it is not immunogenic and biologically active. 
0096. As used herein, the singular forms “a”, “an', and 
“the include the corresponding plural reference unless the 
context clearly dictates otherwise. 
0097. Where a range of values is expressed, it will be 
understood that this range encompasses the upper and lower 
limits of the range and all values in between these limits. 
0098. The terms “polypeptide”, “protein’ and “peptide' 
are herein used interchangeably. 
0099. The term “isolated refers to materials, such as 
nucleic acid molecules, which are substantially free or other 
wise removed from components that normally accompany or 
interact with the materials in a naturally occurring environ 
ment. An isolated nucleic acid typically contains less than 
about 50%, preferably less than about 75%, and most prefer 
ably less than about 90% of the components with which it was 
originally associated. Polypeptides, antibodies and nucleic 
acids of the invention as disclosed herein can be isolated. 
0100. The terms “polynucleotide”, “polynucleotide 
sequence', and “nucleic acid sequence' are used inter 
changeably herein. A "polynucleotide' as used herein refers 
to purine- and pyrimidine-containing polymers of any length, 
either polyribonucleotides or polydeoxyribonucleotides, 
which can be single or double stranded, such as, for example, 
DNA-DNA, DNA-RNA and RNA-RNA. A polynucleotide 
may optionally contain synthetic, non-natural or altered 
nucleotide bases. A polynucleotide in the form of a polymer 
of DNA may be comprised of one or more strands of cDNA, 
genomic DNA, synthetic DNA, or mixtures thereof. 
0101. A "derivative' of a polypeptide as used herein will 
be understood to include polypeptides which have been sub 

dation, reduction, methylation, fusion to another peptide and 
the like. The polypeptide derivatives may be modified such 
that the modifications increase the stability and/or immuno 
genicity and/or bioavailability of the polypeptide derivative 
in comparison to the unmodified polypeptide. Covalent 
derivatives of the peptides or polypeptides of the invention 
can be prepared by linking the chemical moieties to func 
tional groups on the amino acid side chains or at the N-ter 
minus or C-terminus of the antigenic polypeptide. Conjuga 
tion of a polypeptide to another peptide may further be 
achieved by genetic means through the use of recombinant 
DNA techniques that are well know in the art, such as those 
set forth in the teachings of Sambrook et al. Molecular Clon 
ing: A Laboratory Manual, 2 ed. Vol. 1, pp. 1.101-104, Cold 
Spring Harbor Laboratory Press, (1989) and F.M. Ausubel et 
al. Current Protocols in Molecular Biology, Eds. J. Wiley 
Press (2006), the relevant portions of which are incorporated 
herein by reference. 
0102. A “variant' polypeptide of the invention can be a 
polypeptide which has an amino acid sequence which differs 
from the polypeptide encoded by SEQID NO 1, 2, 3, 4, 5, 6, 
7, 8 or 9 due to the presence of one or more deletions, inser 
tions, or substitutions of amino acid residues. In embodi 
ments, a variant has at least 85%, 86%, 87%, 88%, 89%, 
preferably at least 90%, 91%, 92%, 93%, 94%, and more 
preferably 95%, 96%, 97%, 98%, 99% but less than 100% 
contiguous amino acid sequence identity to the correspond 
ing polypeptide encoded by the nucleotide sequence as dis 
closed herein. Percentage identity may be determined using, 
for example computer programs as would be known by one 
skilled in the art. 

0103 Variants can include polypeptides in which indi 
vidual amino acids of the polypeptide of the invention are 
substituted by other amino acids which are closely related as 
understood in the art, for example, substitution of one hydro 
phobic residue such as isoleucine, Valine, leucine or methion 
ine for another, or the substitution of one polar residue for 
another, Such as arginine for lysine, glutamic for aspartic acid 
or glutamine for asparagine. 
0104. In embodiments, a fragment of a polypeptide of the 
present invention can consist of a truncated version of a 
polypeptide of the invention which has been truncated by 1, 2, 
3, 4 or more than 5, more than 10, or more than 20 amino 
acids. An antigenic fragment may be generated using for 
example C-terminal deletion of any one of the polynucleotide 
sequences of the genes as listed in Table 1 or Table 2 and said 
C-terminal deletion constructs may then be inserted into a 
Suitable prokaryotic or eukaryotic expression plasmid. The 
antigenic activity of the expression products derived from the 
constructs may then be tested by assessing reactivity with 
antisera from naturally and/or experimentally infected horse 
or foals using immunoblotting methods. Alternatively a series 
of synthetic polypeptide fragments with greater than 85%, 
greater than 90%, greater than 95%, or 100% sequence iden 
tity to portions of any one the polypeptides encoded by a 
polynucleotide sequence of a gene of Table 1 or more pref 
erably Table 2 can be generated. These peptides may then be 
reacted with antisera from naturally or experimentally 
infected horses using an ELISA method to determine which 
peptide fragments are antigenic. Alternatively, synthetic pep 
tides may be used to immunise, for example, mice, rabbits, or 
horses and the antisera produced can be assessed for reactiv 
ity with R. equiusing indirect immunofluorescence assays. In 
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this way immunogenic fragments may be identified and R. 
equi-specific antisera may be produced. These two latter 
approaches described are particularly advantageous for Small 
peptides that contain linear, continuous epitopes. 
0105 “Operably linked' means that a nucleic acid mol 
ecule is placed in functional relationship with another nucleic 
acid molecule. Generally an operably linked promoter will be 
linked such that it is contiguous with and in the same reading 
phase as the gene to be expressed. 
0106 Generally the terms “treating”, “treatment” and the 
like are used to mean affecting a subject tissue or cell to obtain 
a desired pharmacological and/or physiological effect. As 
used herein, the term “treatment” and associated terms such 
as “treat' and “treating” means the reduction of the progres 
sion, severity and/or duration of infection or for the amelio 
ration of at least one of the symptoms thereof by R. equi or 
may be prophylactic (preventative treatment). The term 
treatment therefore refers to any regimen that can benefit a 
subject. References herein to “therapeutic' and “prophylac 
tic' treatments are to be considered in their broadest context. 
The term “therapeutic' does not necessarily imply that a 
subject is treated until total recovery. Similarly, “prophylac 
tic” does not necessarily mean that the subject will not even 
tually contract a disease condition. 
0107 As used herein, the term “subject” refers to an ani 
mal, preferably a mammal and in particular a horse. 

FIGURES 

01.08 Embodiments of the present invention will now be 
described by way of example only with reference to the 
accompanying figures in which: 
0109 FIG. 1 illustrates the R. equipilus locus (rpl). (A) 
The 9 Kb rpl horizontally acquired (HGT) island 
(REQ18350-430) is absent from nonpathogenic Rhodococ 
cus spp. (e.g. R. jostii RHA1 and R. erythropolis PR4). rpl 
genes have were detected in all R. equi clinical isolates (s300 
isolates tested). rpl gene products which are considered to be 
encoded are: A, prepilin peptidase; B. pilin subunit; C, TadE 
minor pilin; D, putative lipoprotein; E, CpaB pilus assembly 
protein: F, CpaE pilus assembly protein; GHI, Tad transport 
machinery. (B) Electron micrograph of R. equi 103S pili 
(indicated by arrowheads). Bar-0.5 um. (C) R. equipili visu 
alized by immunofluorescence microscopy (x1,000 magnifi 
cation). Reproduced from Letek et al. 2010, PLoS Genet. 6: 
e1001145). 
0110 FIG. 2 illustrates a demonstration by targeted 
mutant construction and genetic re-complementation analy 
sis that the rpl locus encodes the R. equipilus. Negative 
staining transmission electron micrographs of wild-type R. 
equi 103S (WT) (panel A), isogenic rplB deletion mutant of 
103S (ArplB, apiliated) (panel B), rplB-complemented 
mutant (piliated) (panel C), and mock-complemented mutant 
with an empty vector (no rplB gene). Bar=0.5um (panel D). 
0111 FIG.3 illustrates the effect of rplB gene deletion and 
complementation on R. equi adhesion to (A) macrophages 
(J774A.1 cell line) and (B) epithelial cells (HelLa cell line), 
two key target cell types in the pathogenesis of airborne lung 
infection. Data expressed as percentage of the control (WT): 
mean of at least three independent duplicate 
experiments+SEM. 
0112 FIG. 4 illustrates the adhesion phenotype to (A) 
epithelial cells (HelLa cell line) and (B) macrophages 
(J774A.1 cell line) with additional rpl knock-out mutants 
(rplA and rplE). 
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0113 FIG. 5 illustrates Rp1 pili are essential for R. equi 
lung colonization in mice as demonstrated using a novel in 
vivo lung infection model in mice developed by the inventors. 
It is based on a competitive virulence assay in which each 
mouse receives an intranasal inoculum containing 50% of 
wild-type (WT) R. equibacteria and 50% of mutant (ArplB) 
R. equi bacteria. t—0 means 60 min after delivery of the 
intranasal inoculum. 
0114 FIG. 6 illustrates production in rabbits of a specific 
antibody against the putative R. equipilin Subunit (RplB). (A) 
Amino acid sequence of putative RplB prepilin and of the 
C-terminal peptide used to raise a rabbit polyclonal antibody 
(boxed). Arrowhead indicates putative cleavage site of the 
prepilin. (B) Immunodetection of the RplB pilin by SDS 
PAGE western blot analysis of whole cell extracts of wild 
type R. equi (WT), an isogenic in-frame deletion rplB mutant 
(ArplB), the rplB-complemented mutant (ArplB+rplB), and a 
mock-complement mutant (ArplB+vector), using the anti 
RplB peptide antibody (diluted 1:1,000; secondary antibody, 
alkaline phosphatase-conjugated mouse anti-rabbit mono 
clonal antibody, 1:10,000 diluted; reaction revealed with 
NBT/BCIP substrate. The anti-Rp1 antibody specifically 
detects the Rp1 pilin subunit in WT and re-completed rpl 
mutant, not in the apiliated rpl mutant and mock-comple 
mented mutant. (C) Detection of Rplpili production in R. equi 
by immunofluorescence using the anti-RplB peptide anti 
body and the same bacteria as in (B) (630x magnification, 
Leica AF6000 microscope). 
0115 FIG. 7 illustrates Inhibition of R. equi attachment to 
(A) macrophages and (B) epithelial cells by an anti-RplB 
antibody. Prior to the adhesion assay, the antibody raised 
against the RplB (pilin subunit) peptide (see FIG. 6A) was 
incubated for 60 minat37°C. (40 ul/ml of a suspension in cell 
culture medium of exponentially grown R. equibacteria at a 
density calculated for a multiplicity of infection of 15:1). As 
a control, the R. equibacterial cell Suspension was pre-incu 
bated with an irrelevant antiserum (anti-Listeria monocyto 
genes rabbit polyclonal antibody). 
0116 FIG. 8 illustrates RplB pilin antigens are recognized 
in vivo and elicit a strong antibody response in naturally 
infected foals. Representative example of the reactivity 
against the Rpl pilin of horse Sera from bacteriologically 
confirmed cases of foal pneumonia, as determined by SDS 
PAGE western blot analysis with whole cell extracts of wild 
type R. equi (WT) and the isogenic ArplB mutant. All conva 
lescent Sera tested to date gave a strong reaction against the 
RplB pilin antigen whereas normal (non-case) Sera did not. 
The Rplpili dissociate into 18 kDa polypeptides that prob 
ably correspond to SDS-resistant homo-tetramers (predicted 
molecular mass of RplB pilin, 4.95 kDa) that remain non 
covalently bound by strong monomer-monomer interactions 
via the N-terminal hydrophobic region of the pilin subunit. 
(A) indicates RplB is the first antigen detected in a curde R. 
equi protein preparation by the antibodies present in case 
Sea. 

0117 FIG. 9 illustrates variability of RplB amino acid 
sequence in R. equistrains and of other Rpl proteins. 
0118 FIG. 10 illustrates the nucleotide sequences encod 
ing Rpl proteins of other strains of R. equi. 

DETAILED DESCRIPTION OF THE INVENTION 

0119. As indicated above, the inventors have identified 
polypeptides which play an important role in virulence of R 
equi and have used this knowledge to identify polypeptides 



US 2012/0225,078 A1 

which can be used to mediate an immune response in infected 
subjects, particularly horses, and in particular foals. Whilst 
the amino acid sequences of the polypeptides determined for 
the identified strain are noted, as will be understood, biologi 
cally active immunogenic fragments, derivatives or variants 
of Such a polypeptide can also be used. As discussed variant 
polypeptides can comprise amino acid percent identity with 
the amino acid sequences disclosed herein. Alternatively, 
polypeptides of the invention may be encoded by variant 
nucleic acid sequences which have nucleotide percent iden 
tity with the polynucleotide sequences disclosed herein. 
0120. The percent identity of two or more sequences may 
be determined by visual inspection and mathematical calcu 
lation. Alternatively, the percent identity of two nucleic acid 
sequences can be determined by comparing sequence infor 
mation using the GAP computer program, Version 6.0 
described by Devereux et al. (Nucl. Acids Res. 12:387, 1984) 
and available from the University of Wisconsin Genetics 
Computer Group (UWGCG). The preferred default param 
eters for the GAP program include: (1) a unary comparison 
matrix (containing a value of 1 for identities and 0 for non 
identities) for nucleotides, and the weighted comparison 
matrix of Gribskov and Burgess, Nucl. Acids Res. 14:6745, 
1986, as described by Schwartz and Dayhoff, eds., Atlas of 
Protein Sequence and Structure, National Biomedical 
Research Foundation, pp. 353–358, 1979; (2) a penalty of 3.0 
for each gap and an additional 0.10 penalty for each symbol in 
each gap; and (3) no penalty for end gaps. Other programs 
used by one skilled in the art of sequence comparison may 
also be used. 
0121 Polypeptides of the invention may be prepared by 
any of a number of conventional techniques. A nucleic acid 
encoding a peptide or a biologically active immunogenic 
fragment, derivative, or variant thereof, may be subcloned 
into an expression vector for production of the polypeptide or 
fragment. The DNA sequence advantageously is fused to a 
sequence encoding a suitable leader or signal peptide and/or 
a promoter operable in a cell into which the nucleic acid is to 
be introduced. Alternatively, the desired fragment may be 
chemically synthesized using known techniques. DNA frag 
ments also may be produced by restriction endonuclease 
digestion of a full length cloned DNA sequence, and isolated 
by electrophoresis on agarose gels. If necessary, oligonucle 
otides that reconstruct the 5' or 3' terminus to a desired point 
may be ligated to a DNA fragment generated by restriction 
enzyme digestion. Such oligonucleotides may additionally 
contain a restriction endonuclease cleavage site upstream of 
the desired coding sequence, and position an initiation codon 
(ATG) at the N-terminus of the coding sequence. 
0122) Polymerase chain reaction (PCR) procedure also 
may be employed to isolate and amplify a DNA sequence 
encoding a desired polypeptide fragment. Oligonucleotides 
that define the desired termini of the DNA fragment are 
employed as 5' and 3' primers. The oligonucleotides may 
additionally contain recognition sites for restriction endonu 
cleases, to facilitate insertion of the amplified DNA fragment 
into an expression vector. PCR techniques are described in 
Saiki et al., Science 239:487 (1988); Recombinant DNA 
Methodology, Wu et al., eds., Academic Press, Inc., San 
Diego (1989), pp. 189-196; and PCR Protocols: A Guide to 
Methods and Applications, Innis et al., eds. Academic Press, 
Inc. (1990). 
0123. The invention encompasses polypeptides and bio 
logically active immunogenic fragments, derivatives, or vari 
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ants thereof in various forms, including those that are natu 
rally occurring or produced through various techniques such 
as procedures involving recombinant DNA technology. For 
example, nucleotides encoding polypeptides of the invention 
can be derived from SEQID NO 1, 2, 3, 4, 5, 6, 7, 8, or 9 by 
in vitro mutagenesis, which includes site-directed mutagen 
esis, random mutagenesis, and in vitro nucleic acid synthesis. 
Such forms include, but are not limited to, derivatives, vari 
ants, and oligomers, as well as fusion proteins or fragments 
thereof. 

Polypeptide Derivatives 
0.124. Embodiments of a derivative of a polypeptide of the 
invention can comprise one or more non-naturally occurring 
amino acids oramino acid analogs, including non-genetically 
encoded L-amino acids, synthetic L-amino acids or D-enan 
tiomers of an amino acid. Suitably, embodiments of a deriva 
tive can comprise one or more residues selected from the 
group consisting of hydroxyproline, B-alanine, 2,3-diamino 
propionic acid, C-aminoisobutyric acid, N-methylglycine 
(sarcosine), ornithine, citrulline, t-butylalanine, t-butylgly 
cine, N-methylisoleucine, phenylglycine, cyclohexylalanine, 
norleucine, naphthylalanine, pyridylananine 3-benzothienyl 
alanine 4-chlorophenylalanine, 2-fluorophenylalanine, 
3-fluorophenylalanine, 4-fluorophenylalanine, penicil 
lamine, 1,2,3,4-tetrahydrotic isoquinoline-3-carboxylic acid 
B-2-thienylalanine, methionine Sulfoxide, homoarginine, 
N-acetyl lysine, 2,4-diaminobutyric acid, p-aminophenyla 
lanine, N-methylvaline, homocysteine, homoserine, e-amino 
hexanoic acid, Ö-amino Valeric acid, 2,3-diaminobutyric acid 
and mixtures thereof. Other amino acid residues that are 
useful for making the polypeptides and polypeptide deriva 
tives described herein can be found, e.g., in Fasman, 1989, 
CRC Practical Handbook of Biochemistry and Molecular 
Biology, CRC Press, Inc., and the references cited therein. 
0.125. In embodiments, derivatives of polypeptides of the 
invention can also comprise an isostere of a polypeptide. The 
term “isostere” as used herein is intended to include a chemi 
cal structure that can be substituted for a second chemical 
structure because the steric conformation of the first structure 
fits a binding site specific for the second structure. The term 
specifically includes peptide back-bone modifications (i.e., 
amide bond mimetics) known to those skilled in the art. Such 
modifications include modifications of the amide nitrogen, 
the C-carbon, amide carbonyl, complete replacement of the 
amide bond, extensions, deletions or backbone crosslinks. 
Several peptide backbone modifications are known, includ 
ing ICH2S), ICH2NH), CSNH2, NHCO, 
COCH2, and (E) or (Z) CH=CH). In the nomenclature 

used above, up indicates the absence of an amide bond. The 
structure that replaces the amide group is specified within the 
brackets. Other modifications include, for example, an 
N-alkyl (or aryl) substitution (CONR), or backbone 
crosslinking to construct lactams and other cyclic structures. 
In another example, a polypeptide derivative may be a retro 
peptide analog. A retro-peptide analog comprises a reversed 
amino acid sequence of a polypeptide described herein. For 
example, a retro-peptide analog of a polypeptide comprises a 
reversed amino acid sequence of a sequence set forth in any 
one of SEQID NO 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20. 
Retro-inverso polypeptides may be complete or partial. Com 
plete retro-inverso peptides are those in which a complete 
sequence of a polypeptide described herein is reversed and 
the chirality of each amino acid in a sequence is inverted, 
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other than glycine, because glycine does not have a chiral 
analog. Partial retro-inverso polypeptides are those in which 
only some of the peptide bonds are reversed and the chirality 
of only those amino acid residues in the reversed portion is 
inverted. For example, one or two or three or four or five or 
more than 10, more than 20, more than 30, more than 40 or 
more than 50 amino acid residues are D-amino acids. Suitably 
a polypeptide of and for use in the present invention may be 
further modified using at least one of C and/or N-terminal 
capping, and/or cysteine residue capping. Suitably, a 
polypeptide of and for use in the present invention may be 
capped at the N terminal residue with an acetyl group. Suit 
ably, a polypeptide of and for use in the present invention may 
be capped at the C terminal with an amide group. Suitably, 
thiol groups of cysteines of polypeptides of the invention may 
be capped with acetamido methyl groups. In embodiments, 
the term derivative can include scrambled polypeptides com 
prising immunodominant epitopes of the rpl encoded pilus 
for example fragments of SEQID NOs 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19 or 20. In embodiments derivatives can be 
encoded by rpl genes or fragments thereof which encode 
immunodominant epitopes of Rpl pilus provided in tandem, 
or as longer repeat stretches, for example concatemerized, to 
increase the immunogenicity of the encoded polypeptides. In 
embodiments, combinations of polypeptides of the invention 
(and corresponding nucleic acid sequences) can be fused in a 
single polypeptide. 

Polypeptide Synthesis 
0126. A polypeptide or a biologically active immunogenic 
fragment, derivative, or variant thereof may be synthesized 
using any Suitable chemical method known to the person 
skilled in the art. For example, synthetic peptides can be 
prepared using known techniques of solid phase, liquid phase, 
or peptide condensation, or any combination thereof, and can 
include natural and/or unnatural amino acids. Amino acids 
used for peptide synthesis may be standard Boc (NC.-amino 
protected NC-t-butyloxycarbonyl)amino acid resin with the 
deprotecting, neutralization, coupling and wash protocols of 
the original solid phase procedure of Merrifield, J. Am. 
Chem. Soc., 85:2149-2154, 1963, or the base-labile 
Na-amino protected 9-fluorenylmethoxycarbonyl (Fmoc) 
amino acids described by Carpino and Han, J. Org. Chem. 
37:3403-3409, 1972. Both Fmoc and Boc No-amino pro 
tected amino acids can be obtained from various commercial 
Sources. Such as, for example, Fluka, Bachem, Advanced 
Chemtech, Sigma, Cambridge Research Biochemical, 
Bachem, or Peninsula Labs. 
0127 Generally, chemical synthesis methods comprise 
the sequential addition of one or more amino acids to a grow 
ing peptide chain. Normally, either the amino or carboxyl 
group of the first amino acid is protected by a suitable pro 
tecting group. The protected or derivatized amino acid can 
then be either attached to an inert solid support or utilized in 
Solution by adding the next amino acid in the sequence having 
the complementary (amino or carboxyl) group Suitably pro 
tected, under conditions that allow for the formation of an 
amide linkage. The protecting group is then removed from the 
newly added amino acid residue and the next amino acid 
(suitably protected) is then added, and so forth. After the 
desired amino acids have been linked in the proper sequence, 
any remaining protecting groups (and any Solid Support, if 
Solid phase synthesis techniques are used) are removed 
sequentially or concurrently, to render the final polypeptide. 
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By simple modification of this general procedure, it is pos 
sible to add more than one amino acid at a time to a growing 
chain, for example, by coupling (under conditions which do 
notracemize chiral centers) a protected tripeptide with a prop 
erly protected dipeptide to form, after deprotection, a pen 
tapeptide. See, e.g., J. M. Stewart and J. D. Young, Solid 
Phase Peptide Synthesis (Pierce Chemical Co., Rockford, Ill. 
1984) and G. Barany and R. B. Merrifield, The Peptides: 
Analysis, Synthesis, Biology, editors E. Gross and J. Meien 
hofer, Vol. 2. (Academic Press, New York, 1980), pp. 3-254, 
for Solid phase peptide synthesis techniques; and M. Bodan 
sky, Principles of Peptide Synthesis, (Springer-Verlag, Berlin 
1984)and E. Gross and J. Meienhofer, Eds. The Peptides: 
Analysis. Synthesis. Biology, Vol. 1, for classical Solution 
synthesis. Typical protecting groups include t-butyloxycar 
bonyl (Boc), 9-fluorenylmethoxycarbonyl (Fmoc) benzy 
loxycarbonyl (Cbz); p-toluenesulfonyl (Tx); 2,4-dinitrophe 
nyl; benzyl (Bzl); biphenylisopropyloxycarboxy-carbonyl, 
t-amyloxycarbonyl, isobornyloxycarbonyl, o-bromobenzy 
loxycarbonyl, cyclohexyl, isopropyl, acetyl, o-nitrophenyl 
sulfonyl and the like. 
I0128. Typical solid supports are cross-linked polymeric 
Supports. These can include divinylbenzene cross-linked-sty 
rene-based polymers, for example, divinylbenzene-hy 
droxymethylstyrene copolymers, divinylbenzene-chlorom 
ethylstyrene copolymers and divinylbenzene 
benzhydrylaminopolystyrene copolymers. 
I0129. A peptide or a biologically active immunogenic 
fragment, derivative, or variant thereof as described herein 
according to any embodiment can also be chemically pre 
pared by other methods such as by the method of simulta 
neous multiple peptide synthesis. See, e.g., Houghten Proc. 
Natl. Acad. Sci. USA 82: 5131-5135, 1985 or U.S. Pat. No. 
4,631,211. 

Recombinant Polypeptide Production 
0.130. Alternatively, or in addition, a peptide or a biologi 
cally active immunogenic fragment, derivative, or variant 
thereof can be produced as a recombinant protein. To facili 
tate the production of a recombinant polypeptide, nucleic acid 
encoding the same is preferably isolated or synthesized. Typi 
cally the nucleic acid encoding the recombinant protein is/are 
isolated using a known method. Such as, for example, ampli 
fication (e.g., using PCR or splice overlap extension) or iso 
lated from nucleic acid from R. equiusing one or more restric 
tion enzymes or isolated from a library of nucleic acids. 
I0131 Methods for such isolation will be apparent to the 
ordinary skilled artisan and/or described in Ausubel etal (In: 
Current Protocols in Molecular Biology. Wiley Interscience, 
ISBN 047 150338, 1987), Sambrook et al (In: Molecular 
Cloning: Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratories, New York, Third Edition 2001). 
I0132) For expressing protein by recombinant means, a 
protein-encoding nucleic acid is placed in operable connec 
tion with a promoter or other regulatory sequence capable of 
regulating expression in a cell-free system or cellular system. 
For example, nucleic acid comprising a sequence that 
encodes a polypeptide of the pili of R. equi is placed in 
operable connection with a suitable promoter and maintained 
in a suitable cell for a time and under conditions sufficient for 
expression to occur. 
I0133) A number of other gene construct systems for 
expressing a nucleic acid of a gene selected from Table 1 or 
Table 2 in bacterial cells are well-known in the art and are 
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described for example, in Ausubeletal (In: Current Protocols 
in Molecular Biology. Wiley Interscience, ISBN 047 150338, 
1987), and Sambrooketal (In: Molecular Cloning: Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Labora 
tories, New York, Third Edition 2001). 
0134. A wide range of additional host/vector systems suit 
able for expressing a polypeptide of the present invention are 
available publicly, and described, for example, in Sambrook 
et al (In: Molecular cloning. A laboratory manual, second 
edition, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1989). 
0135 Following expression of a polypeptide, isolation 
and purification of the polypeptide may be accomplished by 
any Suitable technique, as would be known in the art. 

Compositions 

0136. A polypeptide or a biologically active immunogenic 
fragment, derivative, or variant thereof may be administered 
alone, but will preferably be administered as a pharmaceuti 
cal composition, which will generally comprise a suitable 
pharmaceutically acceptable excipient, diluent or carrier 
selected depending on the intended route of administration. 
Examples of Suitable pharmaceutical carriers include; water, 
glycerol and ethanol. 
0.137 The term “carrier or excipient as used herein, refers 
to a carrier or excipient that is conventionally used in the art 
to facilitate the storage, administration, and/or the biological 
activity of an active compound. A carrier may also reduce any 
undesirable side effects of the active compound. A suitable 
carrier is, for example, stable, e.g., incapable of reacting with 
other ingredients in the formulation. In one example, the 
carrier does not produce significant local or systemic adverse 
effect in recipients at the dosages and concentrations 
employed for treatment. Such carriers and excipients are gen 
erally known in the art. Suitable carriers for this invention 
include those conventionally used, e.g., water, Saline, aque 
ous dextrose, and glycols are preferred liquid carriers, par 
ticularly (when isotonic) for solutions. Suitable pharmaceu 
tical carriers and excipients include starch, cellulose, glucose, 
lactose, Sucrose, gelatin, malt, rice, flour, chalk, silica gel. 
magnesium Stearate, sodium Stearate, glycerol monostearate, 
Sodium chloride, glycerol, propylene glycol, water, ethanol, 
and the like. 

0138 Pharmaceutical composition adapted for oral 
administration may be presented as discrete units such as 
capsules, softgels, or tablets; powders or granules; Solutions 
or Suspensions in aqueous or non-aqueous liquids; edible 
foams or whips; or oil-in-water liquid emulsions or water-in 
oil liquid emulsions. 
0139 Pharmaceutical compositions provided as formula 
tions adapted for parenteral administration include aqueous 
and non-aqueous sterile injection Solutions which contain a 
polypeptide or a biologically active immunogenic fragment, 
derivative, or variant thereof or a antibody of the invention 
and optionally, buffers, bacteriostats and solutes which render 
the formulation isotonic with the blood of the intended recipi 
ent; and aqueous and non-aqueous sterile Suspensions which 
may include Suspending agents and thickening agents. The 
formulations may be presented in unit-dose or multi-dose 
containers, for example sealed ampules and vials, and may be 
stored in a freeze-dried (lyophilized) condition requiring only 
the addition of the sterile liquid carrier, for example water for 
injections, immediately prior to use. Extemporaneous injec 
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tion Solutions and Suspensions may be prepared from sterile 
powders, granules and tablets. 

Administration 

0140. As will be appreciated by a person of skill in the art, 
selecting an administration regimen for a therapeutic compo 
sition or vaccine of the invention depends on several factors, 
including the serum or tissue turnover rate of a polypeptide of 
the invention oran antibody invention, the level of symptoms, 
the immunogenicity of the polypeptide, and the accessibility 
of the target cells in the biological matrix. Preferably, an 
administration regimen maximizes the amount of therapeutic 
compound delivered to the Subject consistent with an accept 
able level of side effects. Accordingly, the amount of polypep 
tide, antibody or composition delivered depends in part on the 
polypeptide, antibody or composition and the severity of the 
condition being treated. 
0.141. A polypeptide or antibody can be provided, for 
example, by continuous infusion, or by doses at intervals of 
e.g., one day, one week, or 1-7 times per week. A preferred 
dose protocol is one involving the maximal dose or dose 
frequency that avoids significant undesirable side effects. A 
total weekly dose depends on the type and activity of the 
compound being used. Determination of the appropriate dose 
is made by a veterinarian or clinician, for example using 
parameters or factors known or Suspected in the art to affect 
treatment or predicted to affect treatment. 

EXAMPLES 

Example 1 
0142. Using electron microscopy and other microscopical 
techniques we demonstrated that R. equiproduces long, thick 
and apparently rigid pili appendages, typically between two 
and four per bacteria cell (FIG. 1 panels BC). 

Example 2 

Genome Sequencing 
0.143 Genome sequencing of the complete genome 
sequence of R. equi Strain 103S was determined in an inter 
national collaborative venture. The genome has just over 5 
million base pairs and encodes 4598 genes of average length 
value 1009 pairs of nucleotides. 

Example 3 

0144 Demonstration that the rpl (R. equi pili) locus 
(nucleotide positions 1,938.280 to 1947,152, locus tags 
REQ18350-430) encodes the R. equipilus by targeted mutant 
construction and genetic re-complementation analysis. 
(0145 An in-frame deletion mutant was constructed in the 
rplB gene putatively encoding the Rplpilin subunit (RplB). 
Homologous recombination methodology previously 
devised (Navas et al. 2001, Identification and mutagenesis by 
allelic exchange of choE, encoding a cholesterol oxidase 
from the intracellular pathogen Rhodococcus equi. J. Bacte 
riol. 183: 4796-4805), and a novel suicide vector, pSelAct, for 
positive selection of double recombinants on 5-fluorocy 
tosine (5-FC) (van der Geize et al. 2008. A novel method to 
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generate unmarked gene deletions in the intracellular patho 
gen Rhodococcus equi using 5-fluorocytosine conditional 
lethality. Nucleic Acids Res. 36: el 51) was used in this 
approach. The ArplB mutant was complemented by stably 
inserting the rplB gene plus corresponding promoter region 
into the R. equi chromosome using the integrative vector 
pSET152 (Hong and Hondalus 2008, Site-specific integra 
tion of Streptomyces PhiC31 integrase-based vectors in the 
chromosome of Rhodococcus equi. FEMS Microbiol. Lett. 
287: 63-68). As shown in FIG. 2, the inactivation of the rplB 
gene results in loss of piliformation by R. equi. Piliformation 
is restored upon reintroduction of the rplB gene in the ArplB 
mutant but not by complementation with an empty vector, 
demonstrating that rplB is a gene directly responsible for the 
piliated phenotype. 

Example 4 

0146 Demonstration that the R. equipili mediate attach 
ment to mammalian cells. 

0147 The ArplB mutant was tested in adhesion assays 
using monolayers of two cell types relevant to R. equi infec 
tion: epithelial cells to which the pathogen have to adhere to 
during the initial stages of lung colonization, and macroph 
ages, which are used as host cells for bacterial intracellular 
replication. The rplB mutant was severely impaired in attach 
ment to both eukaryotic cell types, and its complementation 
with the rplB gene but not an empty vector restored wild-type 
cytoadhesiveness (FIG. 3). 
0148. Two additional mutants were constructed in rplA 
and rplE (FIG. 1A) and they also caused a significant reduc 
tion of R. equi cytoadhesiveness (FIG. 4), indicating that 
other genes from the rpl locus are involved in pilus-mediated 
attachment to eukaryotic cells (not shown). 

Example 5 

0149 Demonstration that the R. equipili are essential for 
lung colonization in vivo in a mouse model of R. equi infec 
tion. 

0150. A novel in vivo model of competitive R. equi lung 
infection in mice was developed and used to test the virulence 
of the rplB mutant in comparison to rplB-proficient (wild 
type) bacteria. R. equi wild-type and an isogenic rplB knock 
out mutant in equal amounts were inoculated intranasally to 
Balb/c mice. At specific time points after infection, the bac 
terial population was determined in lungs and tracheas to 
assess airway colonisation. The spleens were also analysed to 
determine the capacity of the bacteria to overwhelm local 
defences and spread deeper into host tissues. FIG. 4 shows 
that the mutant, initially accounting for 50% of the inoculum, 
was only detectable—in much less proportion—during the 
two first time points sampled (0 and 24 hour postinoculation), 
indicating that apiliated bacteria are immediately cleared 
from the lungs and thus substantially less virulent. In the first 
time point, only a very small fraction of the bacteria that 
translocated to the spleen were mutants. These data indicate 
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that a wild-type capacity to attach to host cells via the Rplpili 
is essential for host colonisation by R. equi. 

Example 6 

0151. Demonstration that the RplB (putative pilin subunit) 
protein is antigenic in vivo in rabbits. 
0152 The synthetic RplB peptide indicated in FIG. 6A 
was used to hyperimmunize rabbits. The antiserum specifi 
cally detected the RplB pilin subunit in whole cell extracts of 
R. equi (FIG. 6B) and the production of Rplpili in R. equi by 
immunofluorescence (FIG. 6C), indicating that it is immuno 
genic in vivo in rabbits. 

Example 7 

0153 Demonstration that RplB elicits neutralizing anti 
bodies that inhibit R. equi attachment. 
0154 The rabbit hyperimmune anti-RplB antiserum was 
used in attachment-inhibition assays in HeLa epithelial cells 
and J774A.1 macrophages. FIG. 7 shows that the RplB anti 
serum, but not an irrelevant antiserum, inhibited R. equi 
cytoadhesion. Given the key role of the Rplpili in lung colo 
nization by R. equi (FIG. 4), these data indicate that RplB is a 
vaccine target to prevent lung infection by the pathogen. 
0155 This is evidence that indicates that the pilin subunit 
RplB is recognised by the immune system in vivo and the 
animal body mounts a specific immune response with pro 
duction of specific antibodies to the R. equipilin subunit 
RplB. As the polyclonal antiserum containing anti-RplB anti 
bodies inhibits attachment of R. equi to monolayers of HeLa 
epithelial cells or J774 macrophages if added to the infection 
assays, which effect is not seen if the Rplantiserum is not 
added, or if an unrelated control antiserum raised against 
other bacteria (e.g. Listeria) is used, this indicates a protective 
function of the antibodies through inhibition of bacterial 
attachment to host cells, the first phase of host colonisation 
during infection. 

Example 8 

0156 Demonstration that the RplB putative pilin subunit 
is an immunodominant antigen in naturally infected foals. 
(O157. Using SDS-PAGE western immunoblotting and 
whole-cell extracts from wild-type and rplB (apiliated) dele 
tion mutant bacteria, it was shown that the Sera from natural 
cases of R. equi infection in foals contain antibodies to the 
RplB putative pilin subunit (FIG. 8). The RplB protein is the 
first detected in the crude R. equi protein preparation by the 
antibodies present in the case sera. Thus, the RplB pilin 
Subunit is recognized in vivo by the foal's immune system 
during R. equi infection and is an immunodominant antigen. 
Normal, non-case sera did not react against the RplB protein, 
indicating that this antigen provides a suitable maker for the 
early detection and diagnosis of R. equi infection in foals. 
0158 Although the invention has been particularly shown 
and described with reference to particular examples, it will be 
understood by those skilled in the art that various changes in 
the form and details may be made therein without departing 
from the scope of the present invention. 
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- Continued 

SO 55 6 O 

Pro Gly Gly Glu 
65 

<210s, SEQ ID NO 11 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 11 

Asp Llys Ile Thr Asp Lieu. Phe Asp Gly Phe Asn. Phe Asp Asp Pro Gly 
1. 5 1O 15 

Gly Glu 

<210s, SEQ ID NO 12 
&211s LENGTH: 262 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 12 

Val Ile Val Ala Ala Gly Val Gly Ala Ala Lieu. Lieu. Gly Ile Lieu Ala 
1. 5 1O 15 

Gly Ala Phe Ala Asn. Ser Ala Ile Asp Arg Val Arg Lieu. Glu Thir Ala 
2O 25 3O 

Cys Ala Glu Pro Llys Ser Thr Pro Thr Gly Ser Thr Pro Pro Pro Pro 
35 4 O 45 

Ser Pro Ala Ser Ala Val Ala Thr Arg Ile Ala Met Ile Asp Thir Ile 
SO 55 6 O 

Thir Arg Arg His Asp Ile Ser Ala Arg Arg Val Lieu Val Glu Lieu Ala 
65 70 7s 8O 

Thir Ala Lieu. Lieu. Phe Val Gly Ile Thr Lieu. Arg Lieu Ala Ala Lieu. Gly 
85 90 95 

Lieu. Lieu Pro Ala Thr Pro Ala Tyr Lieu. Trp Phe Ala Ala Val Gly Ile 
1OO 105 11 O 

Ala Lieu Ala Val Ile Asp Ile Asp Cys Lys Arg Lieu Pro Asn. Phe Lieu 
115 12 O 125 

Val Val Pro Ser Tyr Pro Ile Val Phe Ala Cys Lieu Ser Val Gly Ser 
13 O 135 14 O 

Val Val Thr Gly Asp Trp Ser Ala Lieu. Lieu. Arg Ala Ala Ile Gly Ala 
145 150 155 160 

Ala Val Lieu Phe Gly Val Tyr Phe Val Lieu Ala Lieu. Ile Tyr Pro Ala 
1.65 17O 17s 

Gly Met Gly Phe Gly Asp Wall Lys Lieu Ala Gly Val Ile Gly Ala Val 
18O 185 19 O 

Lieu Ala Tyr Lieu. Ser Tyr Gly. Thir Lieu. Lieu Val Gly Ala Phe Lieu Ala 
195 2OO 2O5 

Phe Lieu Val Ala Ala Lieu Val Gly Lieu. Ile Ile Lieu Val Thir Arg Arg 
21 O 215 22O 

Gly Arg Ile Gly Thr Thr Ile Pro Phe Gly Pro Tyr Met Ile Ala Ala 
225 23 O 235 24 O 

Ala Ile Val Ala Ile Lieu Ala Ala Asp Pro Lieu Ala Arg Ala Tyr Lieu 
245 250 255 

Asp Trp Ala Ala Ala Ala 
26 O 
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<210s, SEQ ID NO 13 
&211s LENGTH: 68 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 13 

Met Asn Lieu. Phe Phe Ala Asn Lieu. Tyr Lieu Met Gly Lieu. Asp Wall Lys 
1. 5 1O 15 

Asp Arg Lieu. Thir Arg Asp Asp Arg Gly Ala Thr Ala Val Glu Tyr Gly 
2O 25 3O 

Lieu Met Val Ala Gly Ile Ala Met Val Ile Ile Val Ala Val Phe Ala 
35 4 O 45 

Phe Gly Asp Llys Ile Thr Asp Lieu. Phe Asp Gly Phe Asn. Phe Asp Asp 
SO 55 6 O 

Pro Gly Gly Glu 
65 

<210s, SEQ ID NO 14 
&211s LENGTH: 133 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 14 

Met Lys Arg Lieu. Thir Ser Asp Ser Gly Val Ala Ala Val Glu Phe Ala 
1. 5 1O 15 

Lieu Val Val Pro Ile Lieu. Ile Thr Lieu Val Lieu. Gly Ile Val Glu Phe 
2O 25 3O 

Gly Arg Gly Tyr Asn Val Glin Asn Ala Val Ser Ala Ala Ala Arg Glu 
35 4 O 45 

Gly Ala Arg Thr Met Ala Ile Llys Lys Asp Pro Ala Ala Ala Arg Ala 
SO 55 6 O 

Ala Wall Lys Gly Ala Gly Val Phe Ser Pro Ala Ile Thr Asp Ala Glu 
65 70 7s 8O 

Ile Cys Ile Ser Thr Ser Gly Thr Glin Gly Cys Ser Ala Thir Ser Cys 
85 90 95 

Pro Ser Gly Ser Thr Val Thr Lieu. Thr Val Ser Tyr Pro Leu Glu Tyr 
1OO 105 11 O 

Met Thr Gly Lieu Phe Pro Gly Llys Pro Thr Lieu. Thr Gly Thr Gly Val 
115 12 O 125 

Met Arg Cys Gly Gly 
13 O 

<210s, SEQ ID NO 15 
&211s LENGTH: 314 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 15 

Met Ser Asn Asp Glu Arg Gly Val Val Ala Val Lieu Val Ala Ile Lieu. 
1. 5 1O 15 

Met Val Val Lieu. Lieu. Gly Cys Ala Ala Ile Ser Val Asp Ile Gly Ala 
2O 25 3O 

Asn Tyr Val Val Lys Arg Glin Lieu. Glin Asn Gly Ala Asp Ala Ala Ala 
35 4 O 45 
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Lieu Ala Val Ala Glin Glu Ser Ser Cys Lys Ala Gly Ser Ser Ala Ser 
SO 55 6 O 

Ser Wal Ser Ser Lieu Val Glin Ala Asn. Wall Asn. Ser Ser Ser Ala Ala 
65 70 7s 8O 

Ser Ala Ala Val Ile Asp Gly Wall Lys Arg Llys Val Thr Val Thir Ala 
85 90 95 

Ser Ala Val Gly Asp Asp Gly Lieu Ala Gly Arg Arg Asn Val Phe Ala 
1OO 105 11 O 

Pro Val Lieu. Gly Val Asp Arg Ser Glu Ile Ser Ala Ser Ala Thr Ala 
115 12 O 125 

Ser Cys Val Phe Pro Leu Gly Gly Thr Ala Glu Lieu Pro Leu. Thir Phe 
13 O 135 14 O 

His Lys Cys His Phe Asp Glu Ser Arg Ser Lieu. Asp Wall Lys Ile Lieu. 
145 150 155 160 

Val Ala Tyr Asn Val Thr Ala Pro Arg Cys Asn Gly Thr Ser Gly Asn 
1.65 17O 17s 

Ala Ala Pro Gly Asn. Phe Gly Trp Lieu. Glin Gly Ala Asn Gly Arg Cys 
18O 185 19 O 

Pro Ala Lys Ile Asp Ala Ala Val Tyr Ala Thr Pro Gly Asp Thr Gly 
195 2OO 2O5 

Asn Asn. Ile Pro Gly Pro Cys Lys Asp Thir Ile Llys Glin Phe Glin Asn 
21 O 215 22O 

Ala Val Val Arg Val Pro Ile Tyr Asp Wall Ala Gly Gly Thr Gly Ser 
225 23 O 235 24 O 

Gly Gly Trp Phe His Val Val Gly Lieu Ala Ala Phe Lys Ile Glin Gly 
245 250 255 

Tyr Arg Lieu. Ser Gly ASn Pro Glu Phe Asn Trp Asn. Asn Asp Val His 
26 O 265 27 O 

Gly Ala Leu Ser Cys Thr Gly Ser Cys Arg Gly Ile Ile Gly Thr Phe 
27s 28O 285 

Val Lys Ile Val Ser Lieu. Asp Ser Asp Lieu. Thr Pro Gly Gly Ile Asp 
29 O 295 3 OO 

Phe Gly Val Ser Thr Ile Ser Leu Lieu. Asp 
3. OS 310 

<210s, SEQ ID NO 16 
&211s LENGTH: 245 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 16 

Lieu. Arg Thr Arg Ile Ile Ala Ala Ile Cys Ala Ile Val Lieu Ala Val 
1. 5 1O 15 

Ala Gly. Thir Lieu Ala Lieu. Ile Ser Tyr Val Arg Gly Ala Asp Ala Arg 
2O 25 3O 

Ala Lieu Ala Gly Thr Arg Thr Val Asp Val Lieu Val Ala Asp Glin Thr 
35 4 O 45 

Ile Pro Lys Asn Thr Pro Ala Asp Ser Leu Val Gly Met Val Val Val 
SO 55 6 O 

Llys Llys Lieu Pro Glu Met Ala Val Lieu Pro Asp Arg Val Thir Ser Lieu. 
65 70 7s 8O 

Asp Gln Lieu. Ser Gly Llys Val Ala Lieu. Thir Asp Lieu Lleu Pro Gly Glu 
85 90 95 
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Glin Lieu Val Ser Ala Arg Phe Val Asp Pro Ala Thr Ala Arg Ser Glin 
1OO 105 11 O 

Asp Glin Gly Gly Ile Pro Glu Gly Met Glin Glu Val Thr Val Lieu. Leu 
115 12 O 125 

Glu Pro Glin Arg Ala Lieu. Gly Gly His Ile Ala Ser Gly Asp Thr Val 
13 O 135 14 O 

Gly Val Phe Met Ser Phe Ser Pro Pro Val Lys Asn Tyr Glu. Thr His 
145 150 155 160 

Lieu. Arg Lieu. Glin Llys Val Arg Val Thr Arg Val Glin Gly. Thir Phe Ser 
1.65 17O 17s 

Asn Ala Asp Glu Gly Asp Ser Ala Thr Val Asp Ser Ser Pro Ser Pro 
18O 185 19 O 

Ala Pro Thr Glu Ala Phe Leu Val Ser Leu Ala Val Asp Val Pro Met 
195 2OO 2O5 

Ala Glu Arg Val Val Phe Ala Ala Glu. His Gly. Thir Ile Trp Lieu. Ser 
21 O 215 22O 

Asn Glu Pro Pro Ser Ser Asn Glu Ala Gly Ala Ser Val Val Ser Pro 
225 23 O 235 24 O 

Glu Gly Val Phe Arg 
245 

<210 SEQ ID NO 17 
&211s LENGTH: 399 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 17 

Met Ser Arg Ile Val Lieu. Lieu. Thir Asp Arg Asp Asp Phe Ala Arg Arg 
1. 5 1O 15 

Val Tyr His Ala Ala Asp Gly Asn Lieu. Lieu Val Lieu Pro Ala Glin Pro 
2O 25 3O 

Val Pro Arg Gly Pro Ala Gln Leu Val Gly Lieu. Gly Val Thr Val Glin 
35 4 O 45 

Pro Glu Val Lieu Val Lieu. Gly Pro Asp Val Pro Glu Val Glu Gly Lieu. 
SO 55 6 O 

Ser Leu Ala Gly Arg Ile Asp His Ser Thr Pro Gly Thr Thr Val Val 
65 70 7s 8O 

Lieu Ala Ser Asp Ala Gly Thr Asp Val Trp Lieu. Arg Ala Met Arg Ala 
85 90 95 

Gly Val Arg Asp Wal Met Ser Pro Glu Ala Glu Ile Ala Asp Val Arg 
1OO 105 11 O 

Ala Val Lieu. Asp Arg Ala Gly Glin Ala Ala Lieu Ala Arg Arg Glin Gly 
115 12 O 125 

Ala Ser Ala Pro Ala Glu Glin His Ala Val Glin Gly Llys Val Ile Val 
13 O 135 14 O 

Val Ala Ser Pro Lys Gly Gly Thr Gly Llys Thir Thr Val Ala Thr Asn 
145 150 155 160 

Lieu Ala Val Gly Lieu Ala Ala Ala Ala Pro His Ser Thr Val Lieu Val 
1.65 17O 17s 

Asp Lieu. Asp Val Glin Phe Gly Asp Wall Ala Ser Ala Lieu. Glin Lieu Val 
18O 185 19 O 

Pro Glu. His Cys Lieu. Thir Asp Ala Val Ala Gly Pro Ala Ser Glin Asp 
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195 2OO 2O5 

Met Ile Val Lieu Lys Thr Val Lieu. Thr Pro His Ser Thr Gly Lieu. His 
21 O 215 22O 

Ala Lieu. Cys Gly Ser Asp Ser Pro Ala Ala Gly Asp Ser Ile Thr Gly 
225 23 O 235 24 O 

Glu Glin Val Ser Thr Lieu. Lieu. Thr Glin Lieu Ala Ala Glu Phe Arg Tyr 
245 250 255 

Val Val Val Asp Thr Ala Pro Gly Lieu. Lieu. Glu. His Thr Lieu Ala Ala 
26 O 265 27 O 

Lieu. Asp Lieu Ala Thr Asp Val Val Lieu Val Ser Gly Met Asp Val Pro 
27s 28O 285 

Ser Val Arg Gly Met His Lys Glu Lieu. Glin Lieu. Lieu. Thr Glu Lieu. Asn 
29 O 295 3 OO 

Lieu. Gly Pro Val Val Arg His Val Val Lieu. Asn. Phe Ala Asp Arg Arg 
3. OS 310 315 32O 

Glu Gly Lieu. Thr Val Glin Asp Ile Glin Asn. Thir Ile Gly Val Pro Ala 
3.25 330 335 

Asp Ile Val Ile Lys Arg Ser Lys Ala Val Ala Lieu. Ser Thr Asn Arg 
34 O 345 35. O 

Gly Val Pro Lieu. Lieu. Glin Asn. Pro Gly Arg Asp Arg Thr Ala Lys Glu 
355 360 365 

Lieu. Trp Arg Lieu Val Gly Arg Ile Asp Pro Ala Pro Asp Thr Ala Lys 
37 O 375 38O 

Gly Gly Arg Ala Arg His Arg Ala Ala Glu Ala Val Gly Ala Lys 
385 390 395 

<210s, SEQ ID NO 18 
&211s LENGTH: 465 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 18 

Met Arg Lieu. Ser Glin Arg Lieu. Glu Ala Val Arg Gly Ala Ala Pro Val 
1. 5 1O 15 

Glu Ala Ala Ala Pro Ile Pro Pro Gly Lys Glin Gly Lys Ala Lys Thr 
2O 25 3O 

Ser Lieu Pro Pro Ala Asp Ala Lieu Ala Glu Lieu Lys Asp Arg Ala Ser 
35 4 O 45 

Ala Ala Lieu. Tyr Thr Arg Ile Gly. Thir Arg Phe Asn Asp Ser Ser Lieu 
SO 55 6 O 

Ser Glu Glu Gln Lieu. His Lieu. Lieu Val Arg Glu Glu Lieu Ala Glu Ile 
65 70 7s 8O 

Val Glu Gln Glu Thir Thr Pro Leu. Thr Phe Asp Glu Arg Glin Arg Lieu. 
85 90 95 

Lieu. Arg Glu Val Ala Asp Glu Val Lieu. Gly His Gly Pro Lieu. Glin Arg 
1OO 105 11 O 

Lieu. Lieu. Glu Asp Pro Ser Val Thr Glu Ile Met Val Asn. Ser His Asp 
115 12 O 125 

Met Val Tyr Val Glu Arg Asp Gly. Thir Lieu Val Arg Ser Ser Ala Arg 
13 O 135 14 O 

Phe Ala Asp Glu Ala His Lieu. Arg Arg Val Ile Glu Arg Ile Val Ser 
145 150 155 160 
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Ala Val Gly Arg Arg Ile Asp Glu Ser Ser Pro Lieu Val Asp Ala Arg 
1.65 17O 17s 

Lieu Ala Asp Gly Ser Arg Val Asn Ala Val Ile Pro Pro Lieu Ala Phe 
18O 185 19 O 

Asn Gly Ser Ser Lieu. Thir Ile Arg Llys Phe Ser Lys Asp Pro Phe Glin 
195 2OO 2O5 

Val Asp Asp Lieu. Ile Ala Phe Gly. Thir Lieu. Ser His Glu Met Ala Glu 
21 O 215 22O 

Lieu. Lieu. Asp Ala Cys Val Glin Ala Arg Lieu. Asn Val Ile Val Ser Gly 
225 23 O 235 24 O 

Gly Thr Gly Thr Gly Lys Thir Thr Lieu. Lieu. Asn Val Lieu Ser Ser Phe 
245 250 255 

Ile Pro Glu Gly Glu Arg Ile Val Thir Ile Glu Asp Ala Val Glu Lieu. 
26 O 265 27 O 

Glin Lieu. Glin Glin Asp His Val Val Arg Lieu. Glu Ser Arg Pro Pro Asn 
27s 28O 285 

Ile Glu Gly Lys Gly Ala Val Thir Ile Arg Asp Lieu Val Arg Asn. Ser 
29 O 295 3 OO 

Lieu. Arg Met Arg Pro Asp Arg Ile Val Val Gly Glu. Cys Arg Gly Gly 
3. OS 310 315 32O 

Glu Ser Lieu. Asp Met Lieu. Glin Ala Met Asn. Thr Gly His Asp Gly Ser 
3.25 330 335 

Lieu. Ser Thr Val His Ala Asn. Ser Pro Arg Asp Ala Ile Ala Arg Lieu. 
34 O 345 35. O 

Glu Thir Lieu Val Lieu Met Ala Gly Met Asp Lieu Pro Lieu. Arg Ala Ile 
355 360 365 

Arg Glu Glin Ile Ala Ser Ala Val Asp Val Ile Val Glin Lieu. Thir Arg 
37 O 375 38O 

Lieu. Arg Asp Gly Thr Arg Arg Val Thr His Val Thr Glu Val Glin Gly 
385 390 395 4 OO 

Met Glu Gly Glu Ile Val Thr Lieu. Glin Asp Ala Phe Leu Phe Asp Tyr 
4 OS 41O 415 

Ser Ala Gly Val Asp Ala Arg Gly Arg Phe Lieu. Gly Arg Pro Glin Pro 
42O 425 43 O 

Thr Gly Val Arg Pro Arg Phe Thr Asp Arg Phe Arg Asp Lieu. Gly Ile 
435 44 O 445 

Ala Leu Ser Pro Ser Val Phe Gly Val Gly Glu Pro Ser Arg Gly Arg 
450 45.5 460 

Wall 
465 

<210s, SEQ ID NO 19 
&211s LENGTH: 622 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 19 

Met Ser Arg Cys Val Val Ala Val Val Lieu Ala Lieu. Gly Ala Gly Val 
1. 5 1O 15 

Lieu. Gly Ile Pro Ala Val Ala Ala Ala Ala Glu Glu Ala Val Glin Val 
2O 25 3O 

Ser Ala Val Asp Thr Thr Arg Phe Pro Asp Ile Glu Val Ser Ile Leu 
35 4 O 45 
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Ala Pro Pro Gly Ile Glu Gly Glin Ala Ile Asp Pro Gly Thr Phe Ala 
SO 55 6 O 

Lieu. Thr Glu Gly Gly Val Pro Arg Glu Ile Glu Val Arg Glin Gln Pro 
65 70 7s 8O 

Gly Ser Glu Glin Asp Ile Val Lieu Ala Ile Asp Val Ser Gly Gly Met 
85 90 95 

Ser Gly Pro Ala Lieu. Asp Asp Wall Lys Arg Ala Ala Ser Asp Phe Val 
1OO 105 11 O 

Arg Glin Ala Pro Ala Gly Ala His Ile Gly Ile Val Ala Ile Ser Ser 
115 12 O 125 

Thr Pro Glin Val Lieu. Ser Glu Lieu. Thir Thr Asp Ser Glu Asp Lieu. Lieu. 
13 O 135 14 O 

Arg Arg Ile Asp Gly Lieu Lys Ala Gly Gly Asn. Ser Ala Ile Ala Asp 
145 150 155 160 

Ser Val Val Thir Ala Ala Glu Met Lieu. Glu Arg Gly Glu Ala Ala Asn 
1.65 17O 17s 

Asn. Ile Lieu. Lieu Lleu Lieu. Thir Asp Gly Ala Asp Thir Ser Ser Ala His 
18O 185 19 O 

Ser Met Ser Glu Lieu Pro Ser Val Lieu. Ser Arg Ser Arg Ala Ser Lieu. 
195 2OO 2O5 

Tyr Ala Val Glin Met Ser Thr Pro Glu Thir Asn Ser Ala Lieu. Leu Gln 
21 O 215 22O 

Glin Val Ala Arg Glu Ser Arg Gly Glin Tyr Ala Ser Ala Gly Asp Thr 
225 23 O 235 24 O 

Ala Ala Lieu. Gly Ala Ile Tyr Glin Ser Ala Ala Arg Ala Lieu. Gly Asn 
245 250 255 

Lieu. Tyr Val Val Arg Tyr Arg Ser Glu Ala Asn Gly Asp Thr Glin Val 
26 O 265 27 O 

Val Ala Ser Val Arg Ser Gly Ala Ala Gly Arg Val Ser Asp Pro Phe 
27s 28O 285 

Pro Val Thr Lieu Pro Gly Val Val Pro Thr Pro Ser Val Val Ala Gly 
29 O 295 3 OO 

Thr Val Asp Gly Phe Phe Thr Ser Ser Thr Gly Lieu Val Ile Gly Lieu. 
3. OS 310 315 32O 

Lieu Ala Cys Tyr Ser Ala Lieu Ala Gly Gly Val Lieu Ala Val Ala Gly 
3.25 330 335 

Arg Ala Pro Ala Arg Ile Ser Ala Ala Arg Arg Gly Arg Glin Asp Gly 
34 O 345 35. O 

Arg Asp Ser Met Lieu. Ser Arg Phe Ala Glu Arg Lieu Val Glin Trp Ile 
355 360 365 

Asp Glin Asn Lieu. Arg Arg Arg Gly Arg Ile Ala Ala Arg Thr Glin Ala 
37 O 375 38O 

Lieu. Glin Glu Ala Gly Lieu Lys Lieu. Arg Pro Gly Asp Phe Ile Ala Lieu. 
385 390 395 4 OO 

Val Gly Ala Ala Ala Ile Thr Ala Ala Ala Ile Gly Lieu. Lieu Ala Ser 
4 OS 41O 415 

Gly Ile Val Ala Ala Lieu Lleu Lieu Ala Ala Ile Thr Val Gly Lieu. Ser 
42O 425 43 O 

Arg Ile Tyr Lieu. Arg Val Met Ala Gly Arg Arg Arg Ala Ala Phe Ala 
435 44 O 445 
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Asp Gln Lieu. Asp Asp Ser Lieu. Glin Lieu. Lieu Ala Ser Asn Lieu. Arg Ala 
450 45.5 460 

Gly His Ser Met Lieu. Arg Ala Lieu. Asp Ser Lieu. Ser Arg Glu Ala Glu 
465 470 47s 48O 

Val Pro Thir Ser Glu Glu Phe Ala Arg Ile Val Asn Glu Thr Arg Val 
485 490 495 

Gly Arg Asp Lieu. Asn. Glu Ser Lieu. Asp Asp Val Ala Arg Arg Met Arg 
SOO 505 51O 

Ser Asp Asp Phe Asn Trp Ile Ala Glin Ala Ile Ala Ile Asin Arg Glu 
515 52O 525 

Val Gly Gly Asp Lieu Ala Glu Val Lieu. Asp Glin Val Gly Asn. Thir Ile 
53 O 535 54 O 

Arg Glu Arg Asn Glin Ile Arg Arg Glin Val Lys Ala Lieu Ala Ala Glu 
5.45 550 555 560 

Gly Lys Lieu. Ser Ala Tyr Val Lieu Met Ala Lieu Pro Phe Gly Lieu. Thir 
565 st O sts 

Ala Phe Lieu. Lieu Val Ser Asn Pro Asp Tyr Lieu. Ser Llys Lieu. Thr Gly 
58O 585 59 O 

Ser Ala Ile Gly Tyr Val Met Ile Ala Val Gly Lieu Val Met Lieu. Thr 
595 6OO 605 

Val Gly Gly Leu Trp Met Asn Llys Val Val Ser Val Llys Phe 
610 615 62O 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 296 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 2O 

Val Ile Pro Pro Lieu Val Lieu Met Ala Ala Lieu. Ser Val Gly Gly Ala 
1. 5 1O 15 

Lieu. Gly Val Lieu Val Trp Lieu. Thr Val Gly Ala Arg Asp Pro Glu Arg 
2O 25 3O 

Gly Pro Ala Lieu. Arg Asn Lieu. Glin Ser Glin Lieu Ala Lieu Pro Ile Pro 
35 4 O 45 

Glu Ser Gly Gly Ala Pro Pro Lieu. Ser Lieu. Gly Arg Phe Wall Lys Lieu. 
SO 55 6 O 

Lieu. Ser Pro Pro Gly Thr Met Ala Arg Lieu. Glu Arg Lieu. His Ile Lieu. 
65 70 7s 8O 

Ala Gly Arg Pro Ala Ala Trp Val Pro Glu Arg Ala Ala Met Ala Lys 
85 90 95 

Ile Val Lieu Ala Ala Ala Ala Ala Lieu. Lieu. Gly Lieu. Lieu Ala Val Gly 
1OO 105 11 O 

Ala Ser Pro Gly Val Gly Arg Val Lieu. Phe Ala Ala Ala Ala Val Ala 
115 12 O 125 

Lieu Ala Tyr Phe Val Pro Glu Lieu. Lieu. Lieu. Glin Ser Arg Gly Glin Glu 
13 O 135 14 O 

Arg Glin Ala Ala Ile Glu Lieu Ala Lieu Ala Asp Thir Lieu. Asp Gln Met 
145 150 155 160 

Thir Ile Ala Val Glu Ala Gly Lieu. Gly Phe Glu Ala Ala Met Glin Arg 
1.65 17O 17s 

Ala Ala Lys Asn Gly Lys Gly Pro Lieu Ala Glu Glu Phe Ile Arg Thr 
18O 185 19 O 
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Lieu. Glin Asp Ile Glin Met Gly Glin Ser Arg Arg Ile Ala Tyr Lieu. Asp 
195 2OO 2O5 

Lieu Ala Ala Arg Thr Lys Ala Pro Asn Lieu. Arg Arg Phe Lieu. Arg Ala 
21 O 215 22O 

Val Ile Glin Ala Asp Glu Tyr Gly Val Ala Ile Ala Glu Val Lieu. Arg 
225 23 O 235 24 O 

Thr Glin Ala Ser Glu Met Arg Lieu Lys Arg Arg Glin Ser Ala Glu Glu 
245 250 255 

Lys Ala Met Llys Val Pro Val Llys Val Leu Phe Pro Leu Met Thr Cys 
26 O 265 27 O 

Ile Leu Pro Thr Ile Phe Ile Val Ile Leu Gly Pro Ala Val Ile Asn 
27s 28O 285 

Met Met Glu Val Lieu. Gly Gly Met 
29 O 295 

<210s, SEQ ID NO 21 
&211s LENGTH: 262 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 21 

Val Ile Val Ala Ala Gly Val Gly Ala Ala Lieu. Lieu. Gly Ile Lieu Ala 
1. 5 1O 15 

Gly Ala Phe Ala Asn. Ser Ala Ile Asp Arg Val Arg Lieu. Glu Thir Ala 
2O 25 3O 

Cys Ala Glu Pro Llys Ser Thr Pro Thr Gly Ser Thr Pro Pro Pro Pro 
35 4 O 45 

Ser Pro Ala Ser Ala Val Ala Thr Arg Ile Ala Met Ile Asp Thir Ile 
SO 55 6 O 

Thir Arg Arg Arg Asp Ile Ser Ala Arg Arg Met Lieu Val Glu Lieu Ala 
65 70 7s 8O 

Thir Ala Lieu. Lieu. Phe Val Ala Ile Thr Lieu. Arg Lieu Ala Ala Lieu. Gly 
85 90 95 

Lieu. Lieu Pro Ala Ala Pro Ala Tyr Lieu. Trp Phe Ala Val Ile Gly Ile 
1OO 105 11 O 

Ala Lieu Ala Val Ile Asp Ile Asp Cys Lys Arg Lieu Pro Asn. Phe Lieu 
115 12 O 125 

Val Val Pro Ser Tyr Pro Ile Val Phe Ala Cys Lieu Ala Val Gly Ser 
13 O 135 14 O 

Val Val Thr Gly Asp Trp Ser Ala Lieu. Lieu. Arg Ala Ala Ile Gly Ala 
145 150 155 160 

Ala Val Lieu Phe Gly Phe Tyr Phe Val Lieu Ala Lieu. Ile Tyr Pro Ala 
1.65 17O 17s 

Gly Met Gly Phe Gly Asp Wall Lys Lieu Ala Gly Val Ile Gly Ala Val 
18O 185 19 O 

Lieu Ala Tyr Lieu. Ser Tyr Gly. Thir Lieu. Lieu Val Gly Ala Phe Lieu Ala 
195 2OO 2O5 

Phe Lieu Val Ala Ala Lieu Val Gly Lieu. Ile Ile Lieu Val Thir Arg Arg 
21 O 215 22O 

Gly Arg Ile Gly Thr Thr Ile Pro Phe Gly Pro Tyr Met Ile Ala Ala 
225 23 O 235 24 O 

Ala Val Val Ala Ile Lieu Ala Ala Asp Pro Lieu Ala Arg Ala Tyr Lieu 
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Asp Trp Ala Ala Ala Ala 

< 4 OOs 

26 O 

PRT 

SEQUENCE: 

Wall Ile Wall Ala 
1. 

Gly 

Ser 

Thir 
65 

Thir 

Lell 

Ala 

Wall 

Wall 
145 

Ala 

Gly 

Lell 

Phe 

Gly 
225 

Ala 

Asp 

Ala 

Ala 

Pro 
SO 

Arg 

Ala 

Luell 

Luell 

Wall 
13 O 

Wall 

Wall 

Met 

Ala 

Luell 
21 O 

Arg 

Wall 

Trp 

Phe 

Glu 
35 

Thir 

Arg 

Luell 

Pro 

Ala 
115 

Pro 

Thir 

Luell 

Gly 

Tyr 
195 

Wall 

Ile 

Wall 

Ala 

Ala 

Pro 

Ser 

Arg 

Luell 

Ala 

Wall 

Ser 

Gly 

Phe 

Phe 
18O 

Luell 

Ala 

Gly 

Ala 

Ala 
26 O 

SEQ ID NO 22 
LENGTH: 
TYPE : 
ORGANISM: Rhodococcus 

262 

22 

Ala 
5 

Asn 

Arg 

Ala 

Asp 

Phe 
85 

Ala 

Ile 

Tyr 

Asp 

Gly 
1.65 

Gly 

Ser 

Ala 

Thir 

Ile 
245 

Ala 

<210s, SEQ ID NO 23 
&211s LENGTH: 
212. TYPE : 

<213> ORGANISM: Rhodococcus equi 
PRT 

<4 OOs, SEQUENCE: 

262 

23 

Gly 

Ser 

Ala 

Wall 

Ile 
70 

Wall 

Pro 

Asp 

Pro 

Trp 
150 

Phe 

Asp 

Lell 

Thir 
23 O 

Lell 

Ala 

Wall 

Ala 

Thir 

Ala 
55 

Ser 

Ala 

Ala 

Ile 

Ile 
135 

Ser 

Wall 

Gly 

Wall 
215 

Ile 

Ala 

equi 

Gly 

Ile 

Pro 
4 O 

Thir 

Ala 

Ile 

Tyr 

Asp 
12 O 

Wall 

Ala 

Phe 

Lys 

Thir 

Gly 

Pro 

Ala 

Ala 

Asp 
25 

Thir 

Arg 

Arg 

Thir 

Luell 
105 

Phe 

Luell 

Wall 

Luell 
185 

Luell 

Luell 

Phe 

Asp 

250 

Ala 

Arg 

Gly 

Ile 

Arg 

Luell 
90 

Trp 

Ala 

Luell 

Luell 
17O 

Ala 

Luell 

Ile 

Gly 

Pro 
250 

Luell 

Wall 

Ser 

Ala 

Met 

Arg 

Phe 

Arg 

Arg 
155 

Ala 

Gly 

Wall 

Ile 

Pro 
235 

Luell 

31 

- Continued 

Lell 

Arg 

Thir 

Met 
6 O 

Lell 

Lell 

Ala 

Lell 

Lell 
14 O 

Ala 

Lell 

Wall 

Gly 

Lell 

Ala 

Gly 

Lell 

Pro 
45 

Ile 

Wall 

Ala 

Wall 

Pro 
125 

Ala 

Ala 

Ile 

Ile 

Ala 

Wall 

Met 

Arg 

Ile 

Glu 

Pro 

Asp 

Glu 

Ala 

Ile 
11 O 

Asn 

Wall 

le 

Phe 

le 

Ala 

255 

Luell 
15 

Thir 

Pro 

Thir 

Luell 

Luell 
95 

Gly 

Phe 

Gly 

Gly 

Pro 
17s 

Ala 

Luell 

Arg 

Ala 

Tyr 
255 

Ala 

Ala 

Pro 

Ile 

Ala 

Asp 

Ile 

Luell 

Ser 

Ala 
160 

Ala 

Wall 

Ala 

Arg 

Ala 
24 O 

Luell 

Val Ile Val Ala Ala Gly Val Gly Ala Ala Lieu. Lieu. Gly Ile Lieu Ala 
1. 5 15 

Gly Ala Phe Ala Asn. Ser Ala Ile Asp Arg Val Arg Lieu. Glu Thir Ala 

Sep. 6, 2012 
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- Continued 

2O 25 3O 

Cys Ala Glu Pro Llys Ser Thr Pro Ala Asn Ser Thr Pro Pro Ser Pro 
35 4 O 45 

Ser Pro Thir Ser Ala Val Ala Ala Arg Ile Ala Met Ile Asp Thir Ile 
SO 55 6 O 

Thir Arg Arg His Asp Ile Ser Ala Arg Arg Val Lieu Val Glu Lieu Ala 
65 70 7s 8O 

Thir Ala Lieu. Lieu. Phe Val Ala Ile Thr Lieu. Arg Lieu Ala Ala Lieu. Asp 
85 90 95 

Lieu. Lieu Pro Ala Ala Pro Ala Tyr Lieu. Trp Phe Ala Val Val Gly Ile 
1OO 105 11 O 

Ala Lieu Ala Val Ile Asp Ile Asp Cys Lys Arg Lieu Pro Asn. Phe Lieu 
115 12 O 125 

Val Val Pro Ser Tyr Pro Ile Val Phe Ala Cys Lieu Ala Val Gly Ser 
13 O 135 14 O 

Val Val Thr Gly Asp Trp Ser Ala Lieu. Lieu. Arg Ala Ala Ile Gly Ala 
145 150 155 160 

Ala Val Lieu Phe Gly Phe Tyr Phe Val Lieu Ala Lieu. Ile Tyr Pro Ala 
1.65 17O 17s 

Gly Met Gly Phe Gly Asp Wall Lys Lieu Ala Gly Val Ile Gly Ala Val 
18O 185 19 O 

Lieu. Ala Tyr Lieu. Ser Tyr Gly Thr Lieu. Lieu Val Gly Ala Phe Lieu. Ala 
195 2OO 2O5 

Phe Lieu Val Ala Ala Lieu Val Gly Lieu. Ile Ile Lieu Val Thir Arg Arg 
21 O 215 22O 

Gly Arg Ile Gly Thr Thr Ile Pro Phe Gly Pro Tyr Met Ile Ala Ala 
225 23 O 235 24 O 

Ala Val Val Ala Ile Lieu Ala Ala Asp Pro Lieu Ala Arg Ala Tyr Lieu 
245 250 255 

Asp Trp Ala Ala Ala Ala 
26 O 

<210s, SEQ ID NO 24 
&211s LENGTH: 70 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 24 

Met Asn Lieu. Phe Phe Ala Asn Lieu. Tyr Lieu Met Gly Lieu. Asp Wall Lys 
1. 5 1O 15 

Asp Arg Lieu. Thir Arg Asp Asp Arg Gly Ala Thr Ala Val Glu Tyr Gly 
2O 25 3O 

Lieu Met Val Ala Gly Ile Ala Met Val Ile Lieu. Ile Ala Val Phe Ala 
35 4 O 45 

Phe Gly Gly Lys Ile Ser Glu Lieu Phe Ser Gly Phe Asn Phe Asp Llys 
SO 55 6 O 

Pro Ala Ala Ser Gly Thr 
65 70 

<210s, SEQ ID NO 25 
&211s LENGTH: 67 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 
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- Continued 

<4 OOs, SEQUENCE: 25 

Met Asn Lieu. Phe Phe Ala Asn Lieu. Tyr Lieu Met Gly Lieu. Asp Wall Lys 
1. 5 1O 15 

Asp Arg Lieu. Thir Arg Asp Asp Arg Gly Ala Thr Ala Val Glu Tyr Gly 
2O 25 3O 

Lieu Met Val Ala Gly Ile Ala Met Val Ile Ile Ile Ala Val Phe Ala 
35 4 O 45 

Phe Gly Gly Arg Lieu. Ser Thr Lieu Phe Glin Asn Phe Asn Phe Ala Asn 
SO 55 6 O 

Pro Gly Asn 
65 

<210s, SEQ ID NO 26 
&211s LENGTH: 63 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Consensus amino acid sequence of amino acid 
sequence alignment of SEQ ID NO 24 and SEQ ID NO 25 

<4 OOs, SEQUENCE: 26 

Met Asn Lieu. Phe Phe Ala Asn Lieu. Tyr Lieu Met Gly Lieu. Asp Wall Lys 
1. 5 1O 15 

Asp Arg Lieu. Thir Arg Asp Asp Arg Gly Ala Thr Ala Val Glu Tyr Gly 
2O 25 3O 

Lieu Met Val Ala Gly Ile Ala Met Val Ile Ile Ile Ala Val Phe Ala 
35 4 O 45 

Phe Gly Gly Lys Ile Ser Leu Phe Gly Phe Asn Phe Asp Pro Gly 
SO 55 6 O 

<210s, SEQ ID NO 27 
&211s LENGTH: 135 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 27 

Val Ile Met Lys Arg Lieu. Thir Ser Asp Ser Gly Val Ala Ala Val Glu 
1. 5 1O 15 

Phe Ala Lieu Val Val Pro Ile Lieu. Ile Thir Lieu Val Lieu. Gly Ile Val 
2O 25 3O 

Glu Phe Gly Arg Gly Tyr Asn Val Glin Asn Ala Val Ser Ala Ala Ala 
35 4 O 45 

Arg Glu Gly Ala Arg Thr Met Ala Ile Llys Lys Asp Pro Ala Ala Ala 
SO 55 6 O 

Arg Ala Ala Val Lys Gly Ala Gly Val Phe Ser Pro Ala Ile Thr Asp 
65 70 7s 8O 

Ala Glu Ile Cys Ile Ser Thr Ser Gly Ser Glin Gly Cys Ser Ala Thr 
85 90 95 

Ser Cys Pro Ser Gly Ser Thr Val Thr Lieu. Thr Val Ser Tyr Pro Leu 
1OO 105 11 O 

Glu Tyr Met Thr Gly Lieu Phe Pro Gly Llys Pro Thr Lieu. Thr Gly Thr 
115 12 O 125 

Gly Val Met Arg Cys Gly Gly 
13 O 135 
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- Continued 

<210s, SEQ ID NO 28 
&211s LENGTH: 130 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 28 

Lieu. Arg Ser Asp Ser Gly Val Ala Ala Val Glu Phe Ala Lieu Val Val 
1. 5 1O 15 

Pro Ile Lieu. Ile Thr Lieu Val Lieu. Gly Ile Val Glu Phe Gly Arg Gly 
2O 25 3O 

Tyr Asn Val Glin Asn Ala Val Ser Ala Ala Ala Arg Glu Gly Ala Arg 
35 4 O 45 

Thir Met Ala Ile Llys Lys Asp Pro Ala Ala Ala Arg Ala Ala Val Lys 
SO 55 6 O 

Gly Ala Gly Val Phe Ser Pro Ala Ile Thir Asp Ala Glu Ile Cys Ile 
65 70 7s 8O 

Ser Thr Ser Gly Thr Glin Gly Cys Ser Ala Thr Ser Cys Pro Ser Gly 
85 90 95 

Ser Thr Val Thr Lieu. Thr Val Ser Tyr Pro Leu Glu Tyr Met Thr Gly 
1OO 105 11 O 

Lieu. Phe Pro Gly Lys Pro Thr Lieu. Thr Gly Thr Gly Val Met Arg Cys 
115 12 O 125 

Gly Gly 
13 O 

<210s, SEQ ID NO 29 
&211s LENGTH: 135 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 29 

Met Gly Met Arg Arg Phe Gly Ser Asp Ser Gly Ala Ala Ala Val Glu 
1. 5 1O 15 

Phe Ala Lieu Val Val Pro Ile Lieu. Ile Thir Lieu Val Lieu. Gly Ile Val 
2O 25 3O 

Glu Phe Gly Arg Gly Tyr Asn Val Glin Asn Ala Val Ser Ala Ala Ala 
35 4 O 45 

Arg Glu Gly Ala Arg Thr Met Ala Ile Llys Lys Asp Pro Ala Ala Ala 
SO 55 6 O 

Arg Ala Ala Val Lys Gly Ala Gly Val Phe Ser Pro Ala Ile Thr Asp 
65 70 7s 8O 

Ala Glu Ile Cys Ile Ser Thr Ser Gly Thr Glin Gly Cys Ser Ala Thr 
85 90 95 

Ser Cys Pro Ser Gly Ser Thr Val Thr Lieu. Thr Val Ser Tyr Pro Leu 
1OO 105 11 O 

Glu Tyr Met Thr Gly Lieu Phe Pro Gly Llys Pro Thr Lieu. Thr Gly Thr 
115 12 O 125 

Gly Val Met Arg Cys Gly Gly 
13 O 135 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 321 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 30 



US 2012/0225,078 A1 

Met 

Ala 

Ile 

Asn 

Lys 
65 

Wall 

Arg 

Gly 

Ile 

Ala 
145 

Ser 

Glin 

Ala 

Thir 
225 

Wall 

Ala 

Asn 

Arg 

Lell 
3. OS 

Asp 

Arg 

Wall 

Ser 

Gly 
SO 

Ala 

Asn 

Arg 

Ser 
13 O 

Glu 

Luell 

Asn 

Gly 

Thir 
21 O 

Ile 

Ala 

Ala 

Trp 

Gly 
29 O 

Thir 

Trp 

Luell 

Wall 
35 

Ala 

Gly 

Ser 

Wall 

Arg 
115 

Ala 

Luell 

Asp 

Gly 

Ala 
195 

Pro 

Gly 

Phe 

Asn 
27s 

Ile 

Pro 

Wall 

Wall 

Asp 

Asp 

Ser 

Ser 

Thir 

Asn 

Ser 

Pro 

Wall 

Thir 
18O 

Asn 

Gly 

Glin 

Gly 

Lys 
26 O 

Asn 

Ile 

Gly 

Arg 

Ala 

Ile 

Ala 

Ser 

Ser 
85 

Wall 

Wall 

Ala 

Lell 

Lys 
1.65 

Ser 

Gly 

Asp 

Phe 

Thir 
245 

Ile 

Asp 

Gly 

Gly 

<210s, SEQ ID NO 31 
&211s LENGTH: 
212. TYPE : 

<213> ORGANISM: Rhodococcus equi 
PRT 

<4 OOs, SEQUENCE: 

321 

31 

Ser 

Ile 

Gly 

Ala 

Ala 
70 

Ala 

Thir 

Phe 

Thir 

Thir 
150 

Ile 

Gly 

Arg 

Thir 

Glin 
23 O 

Gly 

Glin 

Wall 

Thir 

Ile 
310 

Arg 

Lell 

Ala 

Ala 
55 

Ser 

Ser 

Ala 

Ala 

Ala 
135 

Phe 

Lell 

Asn 

Gly 
215 

Asn 

Ser 

Gly 

His 

Phe 
295 

Asp 

Met 

Met 

Asn 
4 O 

Luell 

Ser 

Ser 

Ser 

Pro 
12 O 

Ser 

His 

Wall 

Ala 

Pro 

Asn 

Ala 

Gly 

Tyr 

Gly 

Wall 

Phe 

Ser 

Wall 
25 

Ala 

Wall 

Ala 

Ala 
105 

Wall 

Ala 

Ala 
185 

Ala 

Asn 

Wall 

Gly 

Arg 
265 

Ala 

Gly 

Asn 

Wall 

Wall 

Wall 

Ser 

Ala 
90 

Wall 

Luell 

Wall 

Tyr 
17O 

Pro 

Ile 

Wall 

Trp 
250 

Luell 

Luell 

Ile 

Wall 

Asp 

Luell 

Wall 

Ala 

Ser 

Wall 

Gly 

Gly 

Phe 

His 
155 

ASn 

Gly 

Ile 

Pro 

Arg 
235 

Phe 

Ser 

Ser 

Wall 

Ser 
315 

35 

- Continued 

Glu 

Lell 

Glin 
6 O 

Lell 

Ile 

Asp 

Wall 

Pro 
14 O 

Phe 

Wall 

Asn 

Asp 

Gly 
22O 

Wall 

His 

Gly 

Ser 
3 OO 

Thir 

Arg Gly Val 

Gly 

Arg 
45 

Glu 

Wall 

Asp 

Asp 

Asp 
125 

Lell 

Asp 

Thir 

Phe 

Ala 

Pro 

Pro 

Wall 

Asn 

Thir 
285 

Lell 

Ile 

Glin 

Ser 

Ile 

Wall 

Pro 
27 O 

Gly 

Asp 

Ser 

15 

Ala 

Luell 

Ser 

Ala 

Wall 
95 

Luell 

Ser 

Gly 

Ser 

Pro 
17s 

Trp 

Wall 

Gly 
255 

Glu 

Ser 

Ser 

Luell 

Wall 

Ala 

Glin 

Cys 

Asn 

Lys 

Ala 

Glu 

Thir 

Arg 
160 

Arg 

Luell 

Tyr 

Asp 

Asp 
24 O 

Luell 

Phe 

Cys 

Asp 

Luell 
32O 

Met Arg Trp Val Arg Ser Arg Met Ser Asn Asp Glu Arg Gly Val Val 
1. 5 15 

Ala Val Lieu Val Ala Ile Lieu Met Val Val Lieu. Lieu. Gly Cys Ala Ala 
25 

Sep. 6, 2012 
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Ile 

Asn 

Lys 
65 

Wall 

Arg 

Gly 

Ile 

Ala 
145 

Ser 

Glin 

Ala 

Thir 
225 

Wall 

Ala 

Asn 

Arg 

Lell 
3. OS 

Asp 

Ser 

Gly 
SO 

Ala 

Asn 

Arg 

Ser 
13 O 

Glu 

Luell 

Asn 

Gly 

Thir 
21 O 

Ile 

Ala 

Ala 

Trp 

Gly 
29 O 

Thir 

Wall 
35 

Ala 

Gly 

Ser 

Wall 

Arg 
115 

Ala 

Luell 

Asp 

Gly 

Ala 
195 

Pro 

Gly 

Phe 

Asn 
27s 

Ile 

Pro 

Asp Ile 

Asp Ala 

Ser Ser 

Ser Ser 
85 

Thir Wall 
1OO 

Asn. Wall 

Ser Ala 

Pro Leu. 

Val Lys 
1.65 

Thir Ser 
18O 

Asin Gly 

Gly Asp 

Glin Phe 

Gly Thr 
245 

Lys Ile 
26 O 

Asn Asp 

Ile Gly 

Gly Gly 

<210s, SEQ ID NO 32 
&211s LENGTH: 321 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 32 

Met Arg Trp Val Arg 
1. 5 

Ala Wall Phe Wall Ala 

Ile Ser Val Asp Ile 
35 

Asn Gly Ala Asp Ala 
SO 

Gly 

Ala 

Ala 
70 

Ala 

Thir 

Phe 

Thir 

Thir 
150 

Ile 

Gly 

Arg 

Thir 

Glin 
23 O 

Gly 

Glin 

Wall 

Thir 

Ile 
310 

Ser 

Ile 

Gly 

Ala 

Ala 

Ala 
55 

Ser 

Ser 

Ala 

Ala 

Ala 
135 

Phe 

Lell 

Asn 

Gly 
215 

Asn 

Ser 

Gly 

His 

Phe 
295 

Asp 

Rhodococcus 

Arg 

Lell 

Ala 

Ala 
55 

Asn 
4 O 

Luell 

Ser 

Ser 

Ser 

Pro 
12 O 

Ser 

His 

Wall 

Ala 

Pro 

Asn 

Ala 

Gly 

Gly 
28O 

Wall 

Phe 

equi 

Met 

Met 

Asn 
4 O 

Luell 

Ala 

Wall 

Ala 

Ala 
105 

Wall 

Ala 

Ala 
185 

Ala 

Asn 

Wall 

Gly 

Arg 
265 

Ala 

Gly 

Ser 

Wall 
25 

Ala 

Wall 

Wall 

Ser 

Ala 
90 

Wall 

Luell 

Wall 

Tyr 
17O 

Pro 

Ile 

Wall 

Trp 
250 

Luell 

Luell 

Ile 

Wall 

Asn 
1O 

Wall 

Wall 

Wall 

Wall 

Ala 

Ser 

Wall 

Gly 

Gly 

Phe 

His 
155 

ASn 

Gly 

Ile 

Pro 

Arg 
235 

Phe 

Ser 

Ser 

Wall 

Ser 
315 

Asp 

Luell 

Wall 

Ala 

36 

- Continued 

Lys 

Glin 
6 O 

Lell 

Ile 

Asp 

Wall 

Pro 
14 O 

Phe 

Wall 

Asn 

Asp 

Gly 
22O 

Wall 

His 

Gly 

Ser 
3 OO 

Thir 

Glu 

Lell 

Glin 
6 O 

Arg 
45 

Glu 

Wall 

Asp 

Asp 

Asp 
125 

Lell 

Asp 

Thir 

Phe 

Pro 

Pro 

Pro 

Wall 

Asn 

Thir 
285 

Lell 

Ile 

Arg 

Gly 

Arg 
45 

Glu 

Glin 

Ser 

Ile 

Wall 

Pro 
27 O 

Gly 

Asp 

Ser 

Gly 

Cys 
3O 

Glin 

Ser 

Luell 

Asn 

Ala 

Wall 
95 

Luell 

Ser 

Gly 

Ser 

Pro 
17s 

Trp 

Wall 

Gly 
255 

Glu 

Ser 

Ser 

Luell 

Wall 
15 

Ala 

Luell 

Ser 

Glin 

Cys 

Asn 

Lys 

Ala 

Glu 

Thir 

Arg 
160 

Arg 

Luell 

Tyr 

Asp 

Asp 
24 O 

Luell 

Phe 

Cys 

Asp 

Luell 
32O 

Wall 

Ala 

Glin 

Cys 
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Lys 
65 

Wall 

Arg 

Gly 

Ile 

Ala 
145 

Ser 

Glin 

Ala 

Thir 
225 

Wall 

Ala 

Asn 

Arg 

Lell 
3. OS 

Asp 

Ala 

Asn 

Arg 

Ser 
13 O 

Glu 

Luell 

Asn 

Gly 

Thir 
21 O 

Ile 

Ala 

Ala 

Trp 

Gly 
29 O 

Thir 

Gly 

Ser 

Wall 

Arg 
115 

Ala 

Luell 

Asp 

Gly 

Wall 
195 

Pro 

Gly 

Phe 

Asn 
27s 

Ile 

Pro 

Ser 

Ser 

Thir 

Asn 

Ser 

Pro 

Wall 

Thir 
18O 

Asn 

Gly 

Glin 

Gly 

Lys 
26 O 

Asn 

Ile 

Gly 

Ser 

Ser 
85 

Wall 

Wall 

Ala 

Lell 

Lys 
1.65 

Ser 

Gly 

Asp 

Phe 

Thir 
245 

Ile 

Asp 

Gly 

Gly 

<210s, SEQ ID NO 33 
&211s LENGTH: 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 

Lell 
1. 

Ala 

Ala 

Ile 

Lys 
65 

Asp 

Arg Thr Arg 

Gly 

Luell 

Pro 
SO 

Glin 

Thir 

Ala 
35 

Luell 

Luell 

Luell 

Gly 

Asn 

Pro 

Ser 

245 

Ala 
70 

Ala 

Thir 

Phe 

Thir 

Thir 
150 

Ile 

Gly 

Arg 

Thir 

Glin 
23 O 

Gly 

Glin 

Wall 

Thir 

Ile 
310 

Ser 

Ser 

Ala 

Ala 

Ala 
135 

Phe 

Lell 

Asn 

Gly 
215 

Asn 

Ser 

Gly 

His 

Phe 
295 

Asp 

Rhodococcus 

33 

Ile 
5 

Ala 

Thir 

Thir 

Glu 

Gly 
85 

Ile 

Lell 

Arg 

Pro 

Met 
70 

Ala 

Ile 

Thir 

Ala 
55 

Ala 

Wall 

Ser Wall 

Ser Ala 

Ser Ala 
105 

Pro Wall 
12 O 

Ser Cys 

His Lys 

Wall Ala 

Ala Ala 
185 

Pro Ala 
2OO 

Asn. Asn 

Ala Wall 

Gly Gly 

265 

Gly Ala 
28O 

Val Lys 

Phe Gly 

equi 

Ala Ile 

Ser Tyr 
25 

Val Asp 
4 O 

Asp Ser 

Wall Lieu 

Ala Lieu 

Ser 

Ala 
90 

Wall 

Luell 

Wall 

Tyr 
17O 

Pro 

Ile 

Wall 

Trp 
250 

Luell 

Luell 

Ile 

Wall 

Cys 

Wall 

Wall 

Luell 

Pro 

Thir 
90 

Arg 

Wall 

Gly 

Gly 

Phe 

His 
155 

ASn 

Gly 

Ile 

Pro 

Arg 
235 

Phe 

Ser 

Ser 

Wall 

Ser 
315 

Ala 

Arg 

Luell 

Wall 

Glu 

Asp 

37 

- Continued 

Lell 

Ile 

Asp 

Wall 

Pro 
14 O 

Phe 

Wall 

Asn 

Asp 

Gly 
22O 

Wall 

His 

Gly 

Ser 
3 OO 

Thir 

Ile 

Gly 

Wall 

Gly 
6 O 

Arg 

Lell 

Wall 

Asp 

Asp 

Asp 
125 

Lell 

Asp 

Thir 

Phe 

Ala 

Pro 

Pro 

Wall 

Asn 

Thir 
285 

Lell 

Ile 

Wall 

Ala 

Ala 
45 

Met 

Wall 

Lell 

Gn. 

Ile 

Wall 

Pro 
27 O 

Gly 

Asp 

Ser 

Luell 

Asp 

Asp 

Wall 

Thir 

Pro 

Ala 

Wall 
95 

Luell 

Ser 

Gly 

Ser 

Pro 
17s 

Trp 

Wall 

Gly 
255 

Glu 

Ser 

Ser 

Luell 

Ala 
15 

Ala 

Glin 

Wall 

Ser 

Gly 
95 

Asn 

Lys 

Ala 

Glu 

Thir 

Arg 
160 

Arg 

Luell 

Tyr 

Asp 

Asp 
24 O 

Luell 

Phe 

Cys 

Asp 

Luell 
32O 

Wall 

Arg 

Thir 

Wall 

Luell 

Glu 
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- Continued 

Glin Lieu Val Ser Ala Arg Phe Ala Asp Pro Ala Thr Ala Arg Ser Glin 
1OO 105 11 O 

Asp Glin Gly Gly Ile Pro Glu Gly Met Glin Glu Val Thr Val Lieu. Leu 
115 12 O 125 

Glu Pro Glin Arg Ala Lieu. Gly Gly His Ile Ala Ser Gly Asp Thr Val 
13 O 135 14 O 

Gly Val Phe Met Ser Phe Ser Pro Pro Val Lys Asn Tyr Glu. Thr His 
145 150 155 160 

Lieu. Arg Lieu. Glin Llys Val Arg Val Thr Arg Val Glin Gly. Thir Phe Ser 
1.65 17O 17s 

Asn Ala Asp Glu Gly Asp Ser Ala Thr Val Asp Ser Ser Pro Ser Pro 
18O 185 19 O 

Ala Pro Thr Glu Ala Phe Leu Val Ser Leu Ala Val Asp Val Pro Met 
195 2OO 2O5 

Ala Glu Arg Val Val Phe Ala Ala Glu. His Gly. Thir Ile Trp Lieu. Ser 
21 O 215 22O 

Asn Glu Pro Lieu. Ser Ser Asn. Glu Ala Gly Ala Ser Val Val Ser Pro 
225 23 O 235 24 O 

Glu Gly Val Phe Arg 
245 

<210 SEQ ID NO. 34 
&211s LENGTH: 245 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 34 

Lieu. Arg Thr Arg Ile Ile Ala Ala Ile Cys Ala Ile Val Lieu Ala Val 
1. 5 1O 15 

Ala Gly. Thir Lieu Ala Lieu. Ile Ser Tyr Val Arg Gly Ala Asp Ala Arg 
2O 25 3O 

Ala Lieu Ala Gly Thr Arg Thr Val Asp Val Lieu Val Ala Asp Glin Thr 
35 4 O 45 

Ile Pro Lys Asn Thr Pro Ala Asp Ser Leu Val Gly Met Val Val Val 
SO 55 6 O 

Llys Llys Lieu Pro Glu Met Ala Val Lieu Pro Glu Arg Val Thir Ser Lieu. 
65 70 7s 8O 

Asp Gln Lieu. Ser Gly Llys Val Ala Lieu. Thir Asp Lieu Lleu Pro Gly Glu 
85 90 95 

Glin Lieu Val Ser Ala Arg Phe Ala Asp Pro Ala Thr Ala Arg Ser Glin 
1OO 105 11 O 

Asp Glin Gly Gly Ile Pro Glu Gly Met Glin Glu Val Thr Val Lieu. Leu 
115 12 O 125 

Glu Pro Glin Arg Ala Lieu. Gly Gly His Ile Ala Pro Gly Asp Thr Val 
13 O 135 14 O 

Gly Val Phe Met Ser Phe Ser Pro Pro Val Lys Asn Tyr Glu. Thr His 
145 150 155 160 

Lieu. Arg Lieu. Glin Llys Val Arg Val Thr Arg Val Glin Gly. Thir Phe Ser 
1.65 17O 17s 

Asn Ala Asp Glu Gly Asp Ser Ala Thr Val Asp Ser Ser Pro Ser Pro 
18O 185 19 O 

Ala Pro Thr Glu Ala Phe Leu Val Ser Leu Ala Val Asp Val Pro Met 
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Ala 

Asn 
225 

Glu 

< 4 OOs 

Lell 
1. 

Ala 

Ala 

Ile 

Lys 
65 

Asp 

Glin 

Asp 

Glu 

Gly 
145 

Lell 

Asn 

Ala 

Ala 

Asn 
225 

Glu 

195 

39 

- Continued 

2OO 2O5 

Glu Arg Val Val Phe Ala Ala Glu. His Gly. Thir Ile Trp Lieu. Ser 
21 O 215 

Glu Pro Leu Ser Ser Asn Glu Ala Gly Ala Ser Val Val Ser Pro 

Gly Val Phe Arg 

PRT 

SEQUENCE: 

Arg Thr Arg 

Gly 

Luell 

Pro 
SO 

Glin 

Luell 

Glin 

Pro 
13 O 

Wall 

Arg 

Ala 

Pro 

Glu 
21 O 

Glu 

Gly 

Thir 

Ala 
35 

Luell 

Luell 

Wall 

Gly 
115 

Glin 

Phe 

Luell 

Asp 

Thir 
195 

Arg 

Pro 

Wall 

Luell 

Gly 

Asn 

Pro 

Ser 

Ser 

Gly 

Arg 

Met 

Glin 

Glu 
18O 

Glu 

Wall 

Luell 

Phe 

245 

SEO ID NO 35 
LENGTH: 
TYPE : 
ORGANISM: Rhodococcus 

245 

35 

Ile 
5 

Ala 

Thir 

Thir 

Glu 

Gly 
85 

Ala 

Ile 

Ala 

Ser 

Lys 
1.65 

Gly 

Ala 

Wall 

Ser 

Arg 
245 

<210s, SEQ ID NO 36 
&211s LENGTH: 
212. TYPE : 

<213> ORGANISM: Rhodococcus equi 
PRT 

<4 OOs, SEQUENCE: 

399 

36 

23 O 

Ile 

Lell 

Arg 

Pro 

Met 
70 

Arg 

Pro 

Lell 

Phe 
150 

Wall 

Asp 

Phe 

Phe 

Ser 
23 O 

Ala 

Ile 

Thir 

Ala 
55 

Ala 

Wall 

Phe 

Glu 

Gly 
135 

Ser 

Arg 

Ser 

Lell 

Ala 
215 

Asn 

235 24 O 

equi 

Ala Ile Cys Ala Ile Val Lieu Ala Val 
1O 15 

Ser Tyr Val Arg Gly Ala Asp Ala Arg 
25 3O 

Val Asp Val Lieu Val Ala Asp Glin Thr 
4 O 45 

Asp Ser Lieu Val Gly Met Val Val Val 
6 O 

Val Lieu Pro Asp Arg Val Thir Ser Lieu. 
7s 8O 

Ala Lieu. Thir Asp Lieu. Lieu Pro Gly Glu 
90 95 

Val Asp Pro Ala Thr Ala Arg Ser Glin 
105 11 O 

Gly Met Glin Glu Val Thr Val Lieu. Leu 
12 O 125 

Gly His Ile Ala Ser Gly Asp Thr Val 
14 O 

Pro Pro Val Lys Asn Tyr Glu. Thr His 
155 160 

Val Thr Arg Val Glin Gly Thr Phe Ser 
17O 17s 

Ala Thr Val Asp Ser Ser Pro Ser Pro 
185 19 O 

Val Ser Lieu Ala Val Asp Val Pro Met 
2OO 2O5 

Ala Glu. His Gly Thr Ile Trp Leu Ser 
22O 

Glu Ala Gly Ala Ser Val Val Ser Pro 
235 24 O 

Met Ser Arg Ile Val Lieu. Lieu. Thir Asp Arg Asp Asp Phe Ala Arg Arg 

Sep. 6, 2012 
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- Continued 

1. 5 1O 15 

Val Tyr His Ala Ala Asp Gly Asn Lieu. Lieu Val Lieu Pro Ala Glin Pro 
2O 25 3O 

Val Pro Arg Gly Pro Ala Gln Leu Val Gly Lieu. Gly Val Thr Val Glin 
35 4 O 45 

Pro Glu Val Lieu Val Lieu. Gly Pro Asp Val Pro Glu Val Glu Gly Lieu. 
SO 55 6 O 

Ser Leu Ala Gly Arg Ile Asp His Ser Thr Pro Gly Thr Thr Val Val 
65 70 7s 8O 

Lieu Ala Ser Asp Ala Gly Thr Asp Val Trp Lieu. Arg Ala Met Arg Ala 
85 90 95 

Gly Val Arg Asp Wal Met Ser Pro Glu Ala Glu Ile Ala Asp Val Arg 
1OO 105 11 O 

Ala Val Lieu. Asp Arg Ala Gly Glin Ala Ala Lieu Ala Arg Arg Glin Gly 
115 12 O 125 

Ala Ser Ala Pro Ala Glu Glin His Ala Val Glin Gly Llys Val Ile Val 
13 O 135 14 O 

Val Ala Ser Pro Lys Gly Gly Thr Gly Llys Thir Thr Val Ala Thr Asn 
145 150 155 160 

Lieu Ala Val Gly Lieu Ala Ala Ala Ala Pro His Ser Thr Val Lieu Val 
1.65 17O 17s 

Asp Lieu. Asp Val Glin Phe Gly Asp Val Ala Ser Ala Lieu Gln Lieu Val 
18O 185 19 O 

Pro Glu. His Cys Lieu. Thir Asp Ala Val Ala Gly Pro Ala Ser Glin Asp 
195 2OO 2O5 

Met Ile Val Lieu Lys Thr Val Lieu. Thr Pro His Ser Thr Gly Lieu. His 
21 O 215 22O 

Ala Lieu. Cys Gly Ser Asp Ser Pro Ala Ala Gly Asp Ser Ile Thr Gly 
225 23 O 235 24 O 

Glu Glin Val Ser Thr Lieu. Lieu. Thr Glin Lieu Ala Ala Glu Phe Arg Tyr 
245 250 255 

Val Val Val Asp Thr Ala Pro Gly Lieu. Lieu. Glu. His Thr Lieu Ala Ala 
26 O 265 27 O 

Lieu. Asp Lieu Ala Thr Asp Val Val Lieu Val Ser Gly Met Asp Val Pro 
27s 28O 285 

Ser Val Arg Gly Met His Lys Glu Lieu. Glin Lieu. Lieu Ala Glu Lieu. Asn 
29 O 295 3 OO 

Lieu. Gly Pro Val Val Arg His Val Val Lieu. Asn. Phe Ala Asp Arg Arg 
3. OS 310 315 32O 

Glu Gly Lieu. Thr Val Glin Asp Ile Glin Asn. Thir Ile Gly Val Pro Ala 
3.25 330 335 

Asp Ile Val Ile Lys Arg Ser Lys Ala Val Ala Lieu. Ser Thr Asn Arg 
34 O 345 35. O 

Gly Val Pro Lieu. Lieu. Glin Asn. Pro Gly Arg Asp Arg Thr Ala Lys Glu 
355 360 365 

Lieu. Trp Arg Lieu Val Gly Arg Ile Asp Pro Ala Pro Asp Thir Thr Lys 
37 O 375 38O 

Gly Gly Arg Ala Arg His Arg Ala Ala Glu Ala Val Gly Ala Lys 
385 390 395 

<210s, SEQ ID NO 37 
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- Continued 

&211s LENGTH: 398 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OO > SEQUENCE: 37 

Met Ser Arg Ile Val Lieu. Lieu. Thir Asp Arg Asp Asp Ala Arg Arg Val 
1. 5 1O 15 

Tyr His Ala Ala Asp Gly Asn Lieu. Lieu Val Lieu Pro Ala Glin Pro Val 
2O 25 3O 

Pro Arg Gly Pro Ala Gln Leu Val Gly Lieu. Gly Val Thr Val Glin Pro 
35 4 O 45 

Asp Val Lieu Val Lieu. Gly Pro Asp Val Pro Glu Val Glu Gly Lieu. Ser 
SO 55 6 O 

Lieu Ala Gly Arg Ile Asp His Ser Thr Pro Gly Thr Thr Val Val Lieu. 
65 70 7s 8O 

Ala Ser Asp Ala Gly. Thir Asp Val Trp Lieu. Arg Ala Met Arg Ala Gly 
85 90 95 

Val Arg Asp Wal Met Ser Pro Glu Ala Glu Ile Ala Asp Val Arg Ala 
1OO 105 11 O 

Val Lieu. Asp Arg Ala Gly Glin Ala Ala Lieu Ala Arg Arg Glin Gly Ala 
115 12 O 125 

Ser Ala Pro Ala Glu Gln His Ala Val Glin Gly Llys Val Ile Val Val 
13 O 135 14 O 

Ala Ser Pro Lys Gly Gly Thr Gly Lys Thr Thr Val Ala Thr Asn Lieu. 
145 150 155 160 

Ala Val Gly Lieu Ala Ala Ala Ala Pro His Ser Thr Val Lieu Val Asp 
1.65 17O 17s 

Lieu. Asp Val Glin Phe Gly Asp Wall Ala Ser Ala Lieu Gln Lieu Val Pro 
18O 185 19 O 

Glu. His Cys Lieu. Thir Asp Ala Val Ala Ser Pro Ala Ser Glin Asp Met 
195 2OO 2O5 

Ile Val Lieu Lys Thr Val Lieu. Thr Pro His Ser Thr Gly Lieu. His Ala 
21 O 215 22O 

Lieu. Cys Gly Ser Asp Ser Pro Ala Ala Gly Asp Ser Ile Thr Gly Glu 
225 23 O 235 24 O 

Glin Val Ser Thr Lieu. Lieu. Thr Glin Lieu Ala Ala Glu Phe Arg Tyr Val 
245 250 255 

Val Val Asp Thir Ala Pro Gly Lieu. Lieu. Glu. His Thr Lieu Ala Ala Lieu 
26 O 265 27 O 

Asp Lieu Ala Thr Asp Val Val Lieu Val Ser Gly Met Asp Val Pro Ser 
27s 28O 285 

Val Arg Gly Met His Lys Glu Lieu. Glin Lieu. Lieu. Thr Glu Lieu. Asn Lieu 
29 O 295 3 OO 

Gly Pro Val Val Arg His Val Val Lieu. Asn. Phe Ala Asp Arg Arg Glu 
3. OS 310 315 32O 

Gly Lieu. Thr Val Glin Asp Ile Glin Asn. Thir Ile Gly Val Pro Ala Asp 
3.25 330 335 

Ile Val Ile Lys Arg Ser Lys Ala Val Ala Lieu. Ser Thr Asn Arg Gly 
34 O 345 35. O 

Val Pro Lieu. Lieu. Glin Asn Pro Gly Arg Asp Arg Thr Ala Lys Glu Lieu 
355 360 365 

Trp Arg Lieu Val Gly Arg Ile Asp Pro Ala Pro Asp Thr Ala Lys Gly 
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37 O 375 38O 

Gly Arg Ala Arg His Arg Ala Ala Glu Ala Val Gly Ala Lys 
385 390 395 

<210s, SEQ ID NO 38 
&211s LENGTH: 399 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 38 

Met Ser Arg Ile Val Lieu. Lieu. Thir Asp Arg Asp Asp Phe Ala Arg Arg 
1. 5 1O 15 

Val Tyr His Ala Ala Asp Gly Asn Lieu. Lieu Val Lieu Pro Ala Glin Pro 
2O 25 3O 

Val Pro Arg Gly Pro Ala Gln Leu Val Gly Lieu. Gly Val Thr Val Glin 
35 4 O 45 

Pro Asp Val Lieu Val Lieu. Gly Pro Asp Val Pro Glu Val Glu Gly Lieu. 
SO 55 6 O 

Ser Leu Ala Gly Arg Ile Asp His Ser Thr Pro Gly Thr Thr Val Val 
65 70 7s 8O 

Lieu Ala Ser Asp Ala Gly Thr Asp Val Trp Lieu. Arg Ala Met Arg Ala 
85 90 95 

Gly Val Arg Asp Wal Met Ser Pro Glu Ala Glu Ile Ala Asp Val Arg 
1OO 105 11 O 

Ala Val Lieu. Asp Arg Ala Gly Glin Ala Ala Lieu Ala Arg Arg Glin Gly 
115 12 O 125 

Ala Ser Ala Pro Ala Glu Glin His Ala Val Glin Gly Llys Val Ile Val 
13 O 135 14 O 

Val Ala Ser Pro Lys Gly Gly Thr Gly Llys Thir Thr Val Ala Thr Asn 
145 150 155 160 

Lieu Ala Val Gly Lieu Ala Ala Ala Ala Pro His Ser Thr Val Lieu Val 
1.65 17O 17s 

Asp Lieu. Asp Val Glin Phe Gly Asp Wall Ala Ser Ala Lieu. Glin Lieu Val 
18O 185 19 O 

Pro Glu. His Cys Lieu. Thir Asp Ala Val Ala Ser Pro Ala Ser Glin Asp 
195 2OO 2O5 

Met Ile Val Lieu Lys Thr Val Lieu. Thr Pro His Ser Thr Gly Lieu. His 
21 O 215 22O 

Ala Lieu. Cys Gly Ser Asp Ser Pro Ala Ala Gly Asp Ser Ile Thr Gly 
225 23 O 235 24 O 

Glu Glin Val Ser Thr Lieu. Lieu. Thr Glin Lieu Ala Ala Glu Phe Arg Tyr 
245 250 255 

Val Val Val Asp Thr Ala Pro Gly Lieu. Lieu. Glu. His Thr Lieu Ala Ala 
26 O 265 27 O 

Lieu. Asp Lieu Ala Thr Asp Val Val Lieu Val Ser Gly Met Asp Val Pro 
27s 28O 285 

Ser Val Arg Gly Met His Lys Glu Lieu. Glin Lieu. Lieu. Thr Glu Lieu. Asn 
29 O 295 3 OO 

Lieu. Gly Pro Val Val Arg His Val Val Lieu. Asn. Phe Ala Asp Arg Arg 
3. OS 310 315 32O 

Glu Gly Lieu. Thr Val Glin Asp Ile Glin Asn. Thir Ile Gly Val Pro Ala 
3.25 330 335 
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Asp Ile Val Ile Lys Arg Ser Lys Ala Val Ala Lieu. Ser Thr Asn Arg 
34 O 345 35. O 

Gly Val Pro Lieu. Lieu. Glin Asn. Pro Gly Arg Asp Arg Thr Ala Lys Glu 
355 360 365 

Lieu. Trp Arg Lieu Val Gly Arg Ile Asp Pro Ala Pro Asp Thir Ala Lys 
37 O 375 38O 

Gly Gly Arg Ala Arg His Arg Ala Ala Glu Ala Val Gly Ala Lys 
385 390 395 

<210s, SEQ ID NO 39 
&211s LENGTH: 465 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 39 

Met Arg Lieu. Ser Glin Arg Lieu. Glu Ala Val Arg Gly Ala Ala Pro Val 
1. 5 1O 15 

Glu Ala Ala Ala Pro Ile Pro Pro Gly Lys Glin Gly Lys Ala Lys Thr 
2O 25 3O 

Ser Lieu Pro Pro Ala Asp Ala Lieu Ala Glu Lieu Lys Asp Arg Ala Ser 
35 4 O 45 

Ala Ala Lieu. Tyr Thr Arg Ile Gly. Thir Arg Phe Asn Asp Ser Ser Lieu 
SO 55 6 O 

Ser Glu Glu Gln Lieu. His Lieu. Lieu Val Arg Glu Glu Lieu. Ala Glu. Ile 
65 70 7s 8O 

Val Glu Gln Glu Thir Thr Pro Leu. Thr Phe Asp Glu Arg Glin Arg Lieu. 
85 90 95 

Lieu. Arg Glu Val Ala Asp Glu Val Lieu. Gly His Gly Pro Lieu. Glin Arg 
1OO 105 11 O 

Lieu. Lieu. Glu Asp Pro Ser Val Thr Glu Ile Met Val Asn. Ser His Asp 
115 12 O 125 

Met Val Tyr Val Glu Arg Asp Gly. Thir Lieu Val Arg Ser Ser Ala Arg 
13 O 135 14 O 

Phe Ala Asp Glu Ala His Lieu. Arg Arg Val Ile Glu Arg Ile Val Ser 
145 150 155 160 

Ala Val Gly Arg Arg Ile Asp Glu Ser Ser Pro Lieu Val Asp Ala Arg 
1.65 17O 17s 

Lieu Ala Asp Gly Ser Arg Val Asn Ala Val Ile Pro Pro Lieu Ala Phe 
18O 185 19 O 

Asn Gly Ser Ser Lieu. Thir Ile Arg Llys Phe Ser Lys Asp Pro Phe Glin 
195 2OO 2O5 

Val Asp Asp Lieu. Ile Ala Phe Gly. Thir Lieu. Ser His Glu Met Ala Glu 
21 O 215 22O 

Lieu. Lieu. Asp Ala Cys Val Glin Ala Arg Lieu. Asn Val Ile Val Ser Gly 
225 23 O 235 24 O 

Gly Thr Gly Thr Gly Lys Thir Thr Lieu. Lieu. Asn Val Lieu Ser Ser Phe 
245 250 255 

Ile Pro Glu Gly Glu Arg Ile Val Thir Ile Glu Asp Ala Val Glu Lieu. 
26 O 265 27 O 

Glin Lieu. Glin Glin Asp His Val Val Arg Lieu. Glu Ser Arg Pro Pro Asn 
27s 28O 285 

Ile Glu Gly Lys Gly Ala Val Thir Ile Arg Asp Lieu Val Arg Asn. Ser 
29 O 295 3 OO 
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Lieu. Arg Met Arg Pro Asp Arg Ile Val Val Gly Glu. Cys Arg Gly Gly 
3. OS 310 315 32O 

Glu Ser Lieu. Asp Met Lieu. Glin Ala Met Asn. Thr Gly His Asp Gly Ser 
3.25 330 335 

Lieu. Ser Thr Val His Ala Asn. Ser Pro Arg Asp Ala Ile Ala Arg Lieu. 
34 O 345 35. O 

Glu Thir Lieu Val Lieu Met Ala Gly Met Asp Lieu Pro Lieu. Arg Ala Ile 
355 360 365 

Arg Glu Glin Ile Ala Ser Ala Val Asp Val Ile Val Glin Lieu. Thir Arg 
37 O 375 38O 

Lieu. Arg Asp Gly Thr Arg Arg Val Thr His Val Thr Glu Val Glin Gly 
385 390 395 4 OO 

Met Glu Gly Glu Ile Val Thr Lieu. Glin Asp Ala Phe Leu Phe Asp Tyr 
4 OS 41O 415 

Ser Ala Gly Val Asp Ala Arg Gly Arg Phe Lieu. Gly Arg Pro Glin Pro 
42O 425 43 O 

Thr Gly Val Arg Pro Arg Phe Thr Asp Llys Phe Arg Asp Lieu. Gly Ile 
435 44 O 445 

Ala Leu Ser Pro Ser Val Phe Gly Val Gly Glu Pro Ser Arg Gly Arg 
450 45.5 460 

Ala 
465 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 465 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 4 O 

Met Arg Lieu. Ser Glin Arg Lieu. Glu Ala Val Arg Gly Ala Ala Pro Val 
1. 5 1O 15 

Glu Ala Ala Ala Pro Ile Pro Pro Gly Lys Glin Gly Lys Ala Lys Thr 
2O 25 3O 

Ser Lieu Pro Pro Ala Asp Ala Lieu Ala Glu Lieu Lys Asp Arg Ala Ser 
35 4 O 45 

Ala Ala Lieu. Tyr Thr Arg Ile Gly. Thir Arg Phe Asn Asp Ser Ser Lieu 
SO 55 6 O 

Ser Glu Glu Gln Lieu. His Lieu. Lieu Val Arg Glu Glu Lieu Ala Glu Ile 
65 70 7s 8O 

Val Glu Gln Glu Thir Thr Pro Leu. Thr Phe Asp Glu Arg Glin Arg Lieu. 
85 90 95 

Lieu. Arg Glu Val Ala Asp Glu Val Lieu. Gly His Gly Pro Lieu. Glin Arg 
1OO 105 11 O 

Lieu. Lieu. Glu Asp Pro Ser Val Thr Glu Ile Met Val Asn. Ser His Asp 
115 12 O 125 

Met Val Tyr Val Glu Arg Asp Gly. Thir Lieu Val Arg Ser Ser Ala Arg 
13 O 135 14 O 

Phe Ala Asp Glu Ala His Lieu. Arg Arg Val Ile Glu Arg Ile Val Ser 
145 150 155 160 

Ala Val Gly Arg Arg Ile Asp Glu Ser Ser Pro Lieu Val Asp Ala Arg 
1.65 17O 17s 

Lieu Ala Asp Gly Ser Arg Val Asn Ala Val Ile Pro Pro Lieu Ala Phe 
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18O 185 19 O 

Asn Gly Ser Ser Lieu. Thir Ile Arg Llys Phe Ser Lys Asp Pro Phe Glin 
195 2OO 2O5 

Val Asp Asp Lieu. Ile Ala Phe Gly. Thir Lieu. Ser His Glu Met Ala Glu 
21 O 215 22O 

Lieu. Lieu. Asp Ala Cys Val Glin Ala Arg Lieu. Asn Val Ile Val Ser Gly 
225 23 O 235 24 O 

Gly Thr Gly Thr Gly Lys Thir Thr Lieu. Lieu. Asn Val Lieu Ser Ser Phe 
245 250 255 

Ile Pro Glu Gly Glu Arg Ile Val Thir Ile Glu Asp Ala Val Glu Lieu. 
26 O 265 27 O 

Glin Lieu. Glin Glin Asp His Val Val Arg Lieu. Glu Ser Arg Pro Pro Asn 
27s 28O 285 

Ile Glu Gly Lys Gly Ala Val Thir Ile Arg Asp Lieu Val Arg Asn. Ser 
29 O 295 3 OO 

Lieu. Arg Met Arg Pro Asp Arg Ile Val Val Gly Glu. Cys Arg Gly Gly 
3. OS 310 315 32O 

Glu Ser Lieu. Asp Met Lieu. Glin Ala Met Asn. Thr Gly His Asp Gly Ser 
3.25 330 335 

Lieu. Ser Thr Val His Ala Asn. Ser Pro Arg Asp Ala Ile Ala Arg Lieu. 
34 O 345 35. O 

Glu Thr Lieu Val Lieu Met Ala Gly Met Asp Lieu. Pro Lieu. Arg Ala Ile 
355 360 365 

Arg Glu Glin Ile Ala Ser Ala Val Asp Val Ile Val Glin Lieu. Thir Arg 
37 O 375 38O 

Lieu. Arg Asp Gly Thr Arg Arg Val Thr His Val Thr Glu Val Glin Gly 
385 390 395 4 OO 

Met Glu Gly Glu Ile Val Thr Lieu. Glin Asp Ala Phe Leu Phe Asp Tyr 
4 OS 41O 415 

Ser Ala Gly Val Asp Ala Arg Gly Arg Phe Lieu. Gly Arg Pro Glin Pro 
42O 425 43 O 

Thr Gly Val Arg Pro Arg Phe Thr Asp Llys Phe Arg Asp Lieu. Gly Ile 
435 44 O 445 

Ala Leu Ser Pro Ser Val Phe Gly Val Gly Glu Pro Ser Arg Gly Arg 
450 45.5 460 

Ala 
465 

<210s, SEQ ID NO 41 
&211s LENGTH: 465 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 41 

Met Arg Lieu. Ser Glin Arg Lieu. Glu Ala Val Arg Gly Ala Ala Pro Val 
1. 5 1O 15 

Glu Ala Ala Ala Pro Ile Pro Pro Gly Lys Glin Gly Lys Ala Lys Thr 
2O 25 3O 

Ser Lieu Pro Pro Ala Asp Ala Lieu Ala Glu Lieu Lys Asp Arg Ala Ser 
35 4 O 45 

Ala Ala Lieu. Tyr Thr Arg Ile Gly. Thir Arg Phe Asn Asp Ser Ser Lieu 
SO 55 6 O 
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Ser 
65 

Wall 

Lell 

Lell 

Met 

Phe 
145 

Ala 

Lell 

Asn 

Wall 

Lell 
225 

Gly 

Ile 

Glin 

Ile 

Lell 
3. OS 

Glu 

Lell 

Glu 

Arg 

Lell 
385 

Met 

Ser 

Thir 

Ala 

Ala 

Glu 

Glu 

Arg 

Luell 

Wall 
13 O 

Ala 

Wall 

Ala 

Gly 

Asp 
21 O 

Luell 

Thir 

Pro 

Luell 

Glu 
29 O 

Arg 

Ser 

Ser 

Thir 

Glu 
37 O 

Arg 

Glu 

Ala 

Gly 

Luell 
450 

Glu 

Glin 

Glu 

Glu 
115 

Asp 

Gly 

Asp 

Ser 
195 

Asp 

Asp 

Gly 

Glu 

Glin 

Gly 

Met 

Luell 

Thir 

Luell 
355 

Glin 

Asp 

Gly 

Gly 

Wall 
435 

Ser 

Glin 

Glu 

Wall 

Asp 

Wall 

Glu 

Arg 

Gly 
18O 

Ser 

Luell 

Ala 

Thir 

Gly 
26 O 

Glin 

Arg 

Asp 

Wall 
34 O 

Wall 

Ile 

Gly 

Glu 

Wall 

Arg 

Pro 

Lell 

Thir 
85 

Ala 

Pro 

Glu 

Ala 

Arg 
1.65 

Ser 

Lell 

Ile 

Gly 
245 

Glu 

Asp 

Gly 

Pro 

Met 
3.25 

His 

Lell 

Ala 

Thir 

Ile 
4 OS 

Asp 

Pro 

Ser 

His 
70 

Thir 

Asp 

Ser 

Arg 

His 
150 

Ile 

Arg 

Thir 

Ala 

Wall 
23 O 

Lys 

Arg 

His 

Ala 

Asp 
310 

Lell 

Ala 

Met 

Ser 

Arg 
390 

Wall 

Ala 

Arg 

Wall 

Lell 

Pro 

Glu 

Wall 

Asp 
135 

Lell 

Asp 

Wall 

Ile 

Phe 
215 

Glin 

Thir 

Ile 

Wall 

Wall 
295 

Arg 

Glin 

Asn 

Ala 

Ala 
375 

Arg 

Thir 

Arg 

Phe 

Phe 
45.5 

Luell 

Luell 

Wall 

Thir 
12 O 

Gly 

Arg 

Glu 

Asn 

Arg 

Gly 

Ala 

Thir 

Wall 

Wall 

Thir 

Ile 

Ala 

Ser 

Gly 
360 

Wall 

Wall 

Luell 

Gly 

Thir 
44 O 

Gly 

Wall 

Thir 

Luell 
105 

Glu 

Thir 

Arg 

Ser 

Ala 
185 

Thir 

Arg 

Luell 

Thir 
265 

Arg 

Ile 

Wall 

Met 

Pro 
345 

Met 

Asp 

Thir 

Glin 

Arg 
425 

Asp 

Wall 

Arg 

Phe 
90 

Gly 

Ile 

Luell 

Wall 

Ser 
17O 

Wall 

Phe 

Luell 

Luell 

Luell 
250 

Ile 

Luell 

Arg 

Wall 

Asn 
330 

Arg 

Asp 

Wall 

His 

Asp 

Phe 

Gly 

Glu 

Asp 

His 

Met 

Wall 

Ile 
155 

Pro 

Ile 

Ser 

Ser 

ASn 
235 

ASn 

Glu 

Glu 

Asp 

Gly 
315 

Thir 

Asp 

Luell 

Ile 

Wall 
395 

Ala 

Luell 

Phe 

Glu 

46 

- Continued 

Glu 

Glu 

Gly 

Wall 

Arg 
14 O 

Glu 

Lell 

Pro 

His 
22O 

Wall 

Wall 

Asp 

Ser 

Lell 
3 OO 

Glu 

Gly 

Ala 

Pro 

Wall 

Thir 

Phe 

Gly 

Arg 

Pro 
460 

Lieu Ala Glu 

Arg 

Pro 

Asn 
125 

Ser 

Arg 

Wall 

Pro 

Asp 

Glu 

Ile 

Lell 

Ala 

Arg 
285 

Wall 

His 

Ile 

Lell 
365 

Glin 

Glu 

Lell 

Arg 

Asp 
445 

Ser 

Glin 

Luell 
11 O 

Ser 

Ser 

Ile 

Asp 

Luell 
19 O 

Pro 

Met 

Wall 

Ser 

Wall 
27 O 

Pro 

Arg 

Arg 

Asp 

Ala 
35. O 

Arg 

Luell 

Wall 

Phe 

Pro 
43 O 

Luell 

Arg 

Arg 
95 

Glin 

His 

Ala 

Wall 

Ala 

Ala 

Phe 

Ala 

Ser 

Ser 
255 

Glu 

Pro 

Asn 

Gly 

Gly 
335 

Arg 

Ala 

Thir 

Glin 

Asp 
415 

Glin 

Gly 

Gly 

Ile 

Luell 

Arg 

Asp 

Arg 

Ser 
160 

Arg 

Phe 

Glin 

Glu 

Gly 
24 O 

Phe 

Luell 

Asn 

Ser 

Gly 

Ser 

Luell 

Ile 

Arg 

Gly 
4 OO 

Tyr 

Pro 

Ile 

Arg 

Sep. 6, 2012 
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465 

<210s, SEQ ID NO 42 
&211s LENGTH: 623 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 42 

Met Ser Arg Cys Val Val Ala Val Val Lieu Ala Lieu. Gly Ala Gly Val 
1. 5 1O 15 

Lieu. Gly Ile Pro Ala Val Ala Ala Ala Ala Glu Thr Glu Ala Val Glin 
2O 25 3O 

Val Ser Ala Val Asp Thr Thr Arg Phe Pro Asp Ile Glu Val Ser Ile 
35 4 O 45 

Lieu Ala Pro Pro Gly Ile Glu Gly Glin Ala Ile Asp Pro Gly Thr Phe 
SO 55 6 O 

Ala Lieu. Thr Glu Gly Gly Val Pro Arg Glu Ile Glu Val Arg Glin Glin 
65 70 7s 8O 

Pro Gly Ser Glu Glin Asp Ile Val Lieu Ala Ile Asp Val Ser Gly Gly 
85 90 95 

Met Ser Gly Pro Ala Lieu. Asp Asp Wall Lys Arg Ala Ala Ser Asp Phe 
1OO 105 11 O 

Val Arg Glin Ala Pro Thr Gly Ala His Ile Gly Ile Val Ala Ile Ser 
115 12 O 125 

Ser Thr Pro Glin Val Lieu Ser Glu Lieu. Thir Thr Asp Ser Glu Asp Leu 
13 O 135 14 O 

Lieu. Arg Arg Ile Asp Gly Lieu Lys Ala Gly Gly Asn. Ser Ala Ile Ala 
145 150 155 160 

Asp Ser Val Val Thr Ala Ala Glu Met Lieu. Glu Arg Gly Glu Ala Ala 
1.65 17O 17s 

Asn Asn. Ile Lieu Lleu Lleu Lieu. Thir Asp Gly Ala Asp Thir Ser Ser Ala 
18O 185 19 O 

His Ser Met Ser Glu Lieu Pro Ser Val Lieu. Ser Arg Ser Arg Ala Ser 
195 2OO 2O5 

Lieu. Tyr Ala Val Glin Met Ser Thr Pro Glu Thr Asn Ser Ala Lieu. Leu 
21 O 215 22O 

Glin Glin Val Ala Arg Glu Ser Arg Gly Glin Tyr Ala Ser Ala Gly Asp 
225 23 O 235 24 O 

Thir Ala Ala Lieu. Gly Ala Ile Tyr Glin Ser Ala Ala Arg Ala Lieu. Gly 
245 250 255 

Asn Lieu. Tyr Val Val Arg Tyr Arg Ser Glu Ala Asn Gly Asp Thr Glin 
26 O 265 27 O 

Val Val Ala Ser Val Arg Ser Gly Ala Ala Gly Arg Val Ser Asp Pro 
27s 28O 285 

Phe Pro Val Thr Lieu Pro Gly Val Val Pro Thr Pro Ser Val Val Ala 
29 O 295 3 OO 

Gly Thr Val Asp Gly Phe Phe Thr Ser Ser Thr Gly Lieu Val Ile Gly 
3. OS 310 315 32O 

Lieu. Lieu Ala Cys Tyr Ser Ala Lieu Ala Gly Gly Val Lieu Ala Val Ala 
3.25 330 335 

Gly Arg Ala Pro Ala Arg Ile Ser Ala Ala Arg Arg Gly Arg Glin Asp 
34 O 345 35. O 
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Gly 

Ile 

Ala 
385 

Lell 

Ser 

Ser 

Ala 

Ala 
465 

Glu 

Wall 

Arg 

Glu 

Ile 
5.45 

Glu 

Thir 

Gly 

Thir 

Arg 

Asp 
37 O 

Luell 

Wall 

Gly 

Arg 

Asp 
450 

Gly 

Wall 

Gly 

Ser 

Wall 
53 O 

Arg 

Gly 

Ala 

Ser 

Wall 
610 

Asp 
355 

His 

Pro 

Arg 

Asp 
515 

Gly 

Glu 

Phe 

Ala 
595 

Gly 

Ser 

Asn 

Glu 

Ala 

Wall 

Luell 

Ser 

Thir 

Asp 
SOO 

Asp 

Gly 

Arg 

Luell 

Luell 

Ile 

Gly 

Met 

Lell 

Ala 

Ala 
4 OS 

Ala 

Lell 

Asp 

Met 

Ser 
485 

Lell 

Phe 

Asp 

Asn 

Ser 
565 

Lell 

Gly 

Lell 

<210s, SEQ ID NO 43 
&211s LENGTH: 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 

Met Ser Arg Cys 
1. 

Lell 

Wall 

Lell 

Ala 
65 

Pro 

Gly 

Ser 

Ala 
SO 

Luell 

Gly 

Ile 

Ala 
35 

Pro 

Thir 

Ser 

Pro 

Wall 

Pro 

Glu 

Glu 

621 

Lell 

Arg 

Gly 
390 

Ala 

Ala 

Arg 

Asp 

Lell 
470 

Glu 

Asn 

Asn 

Lell 

Glin 
550 

Ala 

Wall 

Trp 

Ser 

Arg 
375 

Lell 

Ile 

Lell 

Wall 

Ser 
45.5 

Arg 

Glu 

Glu 

Trp 

Ala 
535 

Ile 

Ser 

Wall 

Met 
615 

Rhodococcus 

43 

Wall 
5 

Ala 

Asp 

Gly 

Gly 

Glin 
85 

Wall 

Wall 

Thir 

Ile 

Gly 
70 

Asp 

Ala 

Ala 

Thir 

Glu 
55 

Wall 

Ile 

Arg 
360 

Arg 

Thir 

Luell 

Met 
44 O 

Luell 

Ala 

Phe 

Ser 

Ile 

Glu 

Arg 

Wall 

Asn 

Met 

Asn 

equi 

Wall 

Ala 

Arg 
4 O 

Gly 

Pro 

Wall 

Phe 

Gly 

Luell 

Ala 

Luell 
425 

Ala 

Glin 

Luell 

Ala 

Luell 
505 

Ala 

Wall 

Arg 

Luell 

Pro 
585 

Ile 

Wall 

Ala 
25 

Phe 

Glin 

Arg 

Luell 

Ala 

Arg 

Arg 

Ala 

Ala 

Gly 

Luell 

Asp 

Arg 
490 

Asp 

Glin 

Luell 

Glin 

Met 
st O 

Asp 

Ala 

Wall 

Luell 

Ala 

Pro 

Ala 

Glu 

Ala 
90 

Glu 

Ile 

Pro 
395 

Ala 

Ala 

Arg 

Luell 

Ser 

Ile 

Asp 

Ala 

Asp 

Wall 
555 

Ala 

Wall 

Wall 

Ala 

Glu 

Asp 

Ile 

Ile 

Ile 

48 

- Continued 

Arg Lieu Val Glin 

Ala 

Gly 

Ile 

Ile 

Arg 

Ala 
460 

Lell 

Wall 

Wall 

Ile 

Glin 
54 O 

Lell 

Lell 

Gly 

Ser 
62O 

Lell 

Thir 

Ile 

Asp 
6 O 

Glu 

Asp 

365 

Ala 

Asp 

Gly 

Thir 

Arg 
445 

Ser 

Ser 

Asn 

Ala 

Ala 
525 

Wall 

Ala 

Pro 

Ser 

Lell 
605 

Wall 

Gly 

Glu 

Glu 
45 

Pro 

Wall 

Wall 

Arg 

Phe 

Luell 

Wall 
43 O 

Ala 

Asn 

Arg 

Glu 

Arg 

Ile 

Gly 

Luell 

Phe 

Lys 
59 O 

Wall 

Ala 

Ala 

Wall 

Gly 

Arg 

Ser 

Thir 

Ile 

Luell 
415 

Gly 

Ala 

Luell 

Glu 

Thir 
495 

Arg 

Asn 

Asn 

Ala 

Gly 
sts 

Luell 

Met 

Phe 

Gly 
15 

Wall 

Ser 

Thir 

Glin 

Gly 
95 

Trp 

Glin 

Ala 
4 OO 

Ala 

Luell 

Phe 

Arg 

Ala 

Arg 

Met 

Arg 

Thir 

Ala 
560 

Luell 

Thir 

Luell 

Wall 

Glin 

Ile 

Phe 

Glin 

Gly 
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- Continued 

Met Ser Gly Pro Ala Lieu. Asp Asp Wall Lys Arg Ala Ala Ser Asp Phe 
1OO 105 11 O 

Val Arg Glin Ala Pro Thr Gly Ala His Ile Gly Ile Val Ala Ile Ser 
115 12 O 125 

Ser Thr Pro Glin Val Lieu Ser Glu Lieu. Thir Thr Asp Ser Glu Asp Leu 
13 O 135 14 O 

Lieu. Arg Arg Ile Asp Gly Lieu Lys Ala Gly Gly Asn. Ser Ala Ile Ala 
145 150 155 160 

Asp Ser Val Val Thr Ala Ala Glu Met Lieu. Glu Arg Gly Glu Ala Ala 
1.65 17O 17s 

Asn Asn. Ile Lieu Lleu Lleu Lieu. Thir Asp Gly Ala Asp Thir Ser Ser Ala 
18O 185 19 O 

His Ser Met Ser Glu Lieu Pro Ser Val Lieu. Ser Arg Ser Arg Ala Ser 
195 2OO 2O5 

Lieu. Tyr Ala Val Glin Met Ser Thr Pro Glu Thr Asn Ser Ala Lieu. Leu 
21 O 215 22O 

Glin Glin Val Ala Arg Glu Ser Arg Gly Glin Tyr Ala Ser Ala Gly Asp 
225 23 O 235 24 O 

Thir Ala Ala Lieu. Gly Ala Ile Tyr Glin Ser Ala Ala Arg Ala Lieu. Gly 
245 250 255 

Asn Lieu. Tyr Val Val Arg Tyr Arg Ser Glu Ala Asn Gly Asp Thr Glin 
26 O 265 27 O 

Val Val Ala Ser Val Arg Ser Gly Ala Ala Gly Arg Val Ser Asp Pro 
27s 28O 285 

Phe Pro Val Thr Lieu Pro Gly Val Val Pro Thr Pro Ser Val Val Ala 
29 O 295 3 OO 

Gly Thr Val Asp Gly Phe Phe Thr Ser Ser Thr Gly Lieu Val Ile Gly 
3. OS 310 315 32O 

Lieu. Lieu Ala Cys Tyr Ser Ala Lieu Ala Gly Lieu Ala Val Ala Gly Arg 
3.25 330 335 

Gly Pro Ala Arg Ile Ser Ala Ala Arg Arg Gly Arg Glin Asp Gly Arg 
34 O 345 35. O 

Asp Ser Met Lieu. Ser Arg Phe Ala Glu Arg Lieu Val Glin Trp Ile Asp 
355 360 365 

Glin Asn Lieu. Arg Arg Arg Gly Arg Ile Ala Ala Arg Thr Glin Ala Lieu. 
37 O 375 38O 

Glin Glu Ala Gly Lieu Lys Lieu. Arg Pro Gly Asp Phe Ile Ala Lieu Val 
385 390 395 4 OO 

Gly Ala Ala Ala Ile Thr Ala Ala Ala Ile Gly Lieu. Lieu Ala Ser Gly 
4 OS 41O 415 

Ile Val Ala Ala Lieu Lleu Lieu Ala Ala Ile Thr Val Gly Lieu. Ser Arg 
42O 425 43 O 

Ile Tyr Lieu. Arg Val Met Ala Gly Arg Arg Arg Ala Ala Phe Ala Asp 
435 44 O 445 

Glin Lieu. Asp Asp Ser Lieu Gln Lieu. Lieu Ala Ser Asn Lieu. Arg Ala Gly 
450 45.5 460 

His Ser Met Lieu. Arg Ala Lieu. Asp Ser Lieu. Ser Arg Glu Ala Glu Val 
465 470 47s 48O 

Pro Thir Ser Glu Glu Phe Ala Arg Ile Val Asn Glu Thr Arg Val Gly 
485 490 495 
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- Continued 

Arg Asp Lieu. Asn. Glu Ser Lieu. Asp Asp Wall Ala Arg Arg Met Arg Ser 
SOO 505 51O 

Asp Asp Phe Asn Trp Ile Ala Glin Ala Ile Ala Ile Asn Arg Glu Val 
515 52O 525 

Gly Gly Asp Lieu Ala Glu Val Lieu. Asp Glin Val Gly Asn. Thir Ile Arg 
53 O 535 54 O 

Glu Arg Asn Glin Ile Arg Arg Glin Val Lys Ala Lieu Ala Ala Glu Gly 
5.45 550 555 560 

Llys Lieu. Ser Ala Tyr Val Lieu Met Ala Lieu Pro Phe Gly Lieu. Thir Ala 
565 st O sts 

Phe Lieu. Lieu Val Ser Asn Pro Asp Tyr Lieu. Ser Llys Lieu. Thr Gly Ser 
58O 585 59 O 

Ala Ile Gly Tyr Val Met Ile Ala Val Gly Lieu Val Met Lieu. Thr Val 
595 6OO 605 

Gly Gly Leu Trp Met Asn Llys Val Val Ser Val Llys Phe 
610 615 62O 

<210s, SEQ ID NO 44 
&211s LENGTH: 620 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 44 

Met Ser Arg CyS Val Val Ala Val Val Lieu. Ala Lieu. Gly Ala Gly Val 
1. 5 1O 15 

Lieu. Gly Ile Pro Ala Val Ala Ala Ala Glu Ala Val Glin Val Ser Ala 
2O 25 3O 

Val Asp Thir Thr Arg Phe Pro Asp Ile Glu Val Ser Ile Leu Ala Pro 
35 4 O 45 

Pro Gly Ile Glu Gly Glin Ala Ile Asp Pro Gly Thr Phe Ala Lieu. Thr 
SO 55 6 O 

Glu Gly Gly Val Pro Arg Glu Ile Glu Val Arg Glin Gln Pro Gly Ser 
65 70 7s 8O 

Glu Glin Asp Ile Val Lieu Ala Ile Asp Val Ser Gly Gly Met Ser Gly 
85 90 95 

Pro Ala Lieu. Asp Asp Wall Lys Arg Ala Ala Ser Asp Phe Val Arg Glin 
1OO 105 11 O 

Ala Pro Thr Gly Ala His Ile Gly Ile Val Ala Ile Ser Ser Thr Pro 
115 12 O 125 

Glin Val Lieu. Ser Glu Lieu. Thir Thr Asp Ser Glu Asp Lieu. Lieu. Arg Arg 
13 O 135 14 O 

Ile Asp Gly Lieu Lys Ala Gly Gly Asn. Ser Ala Ile Ala Asp Ser Val 
145 150 155 160 

Val Thir Ala Ala Glu Met Lieu. Glu Arg Gly Glu Ala Ala Asn. Asn. Ile 
1.65 17O 17s 

Lieu. Lieu. Lieu. Lieu. Thir Asp Gly Ala Asp Thir Ser Ser Ala His Ser Met 
18O 185 19 O 

Ser Glu Lieu Pro Ser Val Lieu. Ser Arg Ser Arg Ala Ser Lieu. Tyr Ala 
195 2OO 2O5 

Wall Glin Met Ser Thr Pro Glu. Thir Asn. Ser Ala Leu Lleul Glin Glin Wall 
21 O 215 22O 

Ala Arg Glu Ser Arg Gly Glin Tyr Ala Ser Ala Gly Asp Thir Ala Ala 
225 23 O 235 24 O 
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- Continued 

Lieu. Gly Ala Ile Tyr Glin Ser Ala Ala Arg Ala Lieu. Gly Asn Lieu. Tyr 
245 250 255 

Val Val Arg Tyr Arg Ser Glu Ala Asn Gly Asp Thr Glin Val Val Ala 
26 O 265 27 O 

Ser Val Arg Ser Gly Ala Ala Gly Arg Val Ser Asp Pro Phe Pro Val 
27s 28O 285 

Thr Lieu Pro Gly Val Val Pro Thr Pro Ser Val Val Ala Gly Thr Val 
29 O 295 3 OO 

Asp Gly Phe Phe Thr Ser Ser Thr Gly Lieu Val Ile Gly Lieu. Leu Ala 
3. OS 310 315 32O 

Cys Tyr Ser Ala Lieu Ala Gly Gly Val Lieu Ala Val Ala Gly Arg Ala 
3.25 330 335 

Pro Ala Arg Ile Ser Ala Ala Arg Arg Gly Arg Glin Asp Gly Arg Asp 
34 O 345 35. O 

Ser Met Lieu. Ser Arg Phe Ala Glu Arg Lieu Val Glin Trp Ile Asp Glin 
355 360 365 

Asn Lieu. Arg Arg Arg Gly Arg Ile Ala Ala Arg Thr Glin Ala Lieu. Glin 
37 O 375 38O 

Glu Ala Gly Lieu Lys Lieu. Arg Pro Gly Asp Phe Ile Ala Lieu Val Gly 
385 390 395 4 OO 

Ala Ala Ala Ile Thr Ala Ala Ala Ile Gly Lieu. Lieu Ala Ser Gly Ile 
4 OS 41O 415 

Val Ala Ala Lieu Lleu Lieu Ala Ala Ile Thr Val Gly Lieu. Ser Arg Ile 
42O 425 43 O 

Tyr Lieu. Arg Val Met Ala Gly Arg Arg Arg Ala Ala Phe Ala Asp Glin 
435 44 O 445 

Lieu. Asp Asp Ser Lieu. Glin Lieu. Lieu Ala Ser Asn Lieu. Arg Ala Gly His 
450 45.5 460 

Ser Met Lieu. Arg Ala Lieu. Asp Ser Lieu. Ser Arg Glu Ala Glu Val Pro 
465 470 47s 48O 

Thir Ser Glu Glu Phe Ala Arg Ile Val Asn. Glu Thir Arg Val Gly Arg 
485 490 495 

Asp Lieu. Asn. Glu Ala Lieu. Asp Asp Wall Ala Arg Arg Met Arg Ser Asp 
SOO 505 51O 

Asp Phe Asn Trp Ile Ala Glin Ala Ile Ala Ile Asn Arg Glu Val Gly 
515 52O 525 

Gly Asp Lieu Ala Glu Val Lieu. Asp Glin Val Gly Asn. Thir Ile Arg Glu 
53 O 535 54 O 

Arg Asn Glin Ile Arg Arg Glin Val Lys Ala Lieu Ala Ala Glu Gly Lys 
5.45 550 555 560 

Lieu. Ser Ala Tyr Val Lieu Met Ala Leu Pro Phe Gly Lieu. Thir Ala Phe 
565 st O sts 

Lieu. Lieu Val Ser Asn Pro Asp Tyr Lieu. Ser Lys Lieu. Thr Gly Ser Ala 
58O 585 59 O 

Ile Gly Tyr Val Met Ile Ala Val Gly Lieu Val Met Lieu. Thr Val Gly 
595 6OO 605 

Gly Leu Trp Met Asn Llys Val Val Ser Val Llys Phe 
610 615 62O 

<210s, SEQ ID NO 45 
&211s LENGTH: 296 
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- Continued 

212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 45 

Val Ile Pro Pro Lieu Val Lieu Met Ala Ala Lieu. Ser Val Gly Gly Ala 
1. 5 1O 15 

Lieu. Gly Val Lieu Val Trp Lieu. Thir Ala Gly Ala Arg Asp Pro Glu Arg 
2O 25 3O 

Gly Pro Ala Lieu. Glin Asn Lieu. Glin Ser Glin Lieu Ala Lieu Pro Ile Pro 
35 4 O 45 

Glu Ser Gly Gly Ala Pro Pro Lieu. Ser Lieu. Gly Arg Phe Wall Lys Lieu. 
SO 55 6 O 

Lieu. Ser Pro Pro Gly Thr Met Ala Arg Lieu. Glu Arg Lieu. His Ile Lieu. 
65 70 7s 8O 

Ala Gly Arg Pro Ala Ala Trp Val Pro Glu Arg Ala Ala Met Ala Lys 
85 90 95 

Ile Val Lieu Ala Ala Ala Ala Ala Lieu. Lieu. Gly Lieu. Lieu Ala Val Gly 
1OO 105 11 O 

Ala Ser Pro Gly Val Gly Arg Val Lieu. Phe Ala Ala Ala Ala Val Ala 
115 12 O 125 

Lieu Ala Tyr Phe Val Pro Glu Lieu. Lieu. Lieu. Glin Ser Arg Gly Glin Glu 
13 O 135 14 O 

Arg Glin Ala Ala Ile Glu Lieu. Ala Lieu. Ala Asp Thr Lieu. Asp Gln Met 
145 150 155 160 

Thir Ile Ala Val Glu Ala Gly Lieu. Gly Phe Glu Ala Ala Met Glin Arg 
1.65 17O 17s 

Ala Ala Lys Asn Gly Lys Gly Pro Lieu Ala Glu Glu Phe Ile Arg Thr 
18O 185 19 O 

Lieu. Glin Asp Ile Glin Met Gly Glin Ser Arg Arg Ile Ala Tyr Lieu. Asp 
195 2OO 2O5 

Lieu. A a. Ala Arg Thr Lys Ala Pro Asn Lieu. Arg Arg Phe Lieu. Arg Ala 
215 22O 2 O 

Val Ile Glin Ala Asp Glu Tyr Gly Val Ala Ile Ala Glu Val Lieu. Arg 
225 23 O 235 24 O 

Thr Glin Ala Ser Glu Met Arg Lieu Lys Arg Arg Glin Ser Ala Glu Glu 
245 250 255 

Lys Ala Met Llys Val Pro Val Llys Val Leu Phe Pro Leu Met Thr Cys 
26 O 265 27 O 

Ile Leu Pro Thr Ile Phe Ile Val Ile Leu Gly Pro Ala Val Ile Asn 
27s 28O 285 

Met Met Glu Val Lieu. Gly Gly Met 
29 O 295 

<210s, SEQ ID NO 46 
&211s LENGTH: 296 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 46 

Val Ile Pro Pro Lieu Val Lieu Val Ala Ala Lieu. Ser Val Gly Gly Ala 
1. 5 1O 15 

Lieu. Gly Val Lieu Val Trp Lieu. Thir Ala Gly Ala Arg Asp Pro Glu Arg 
2O 25 3O 
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Gly Pro Ala Lieu. Glin Asn Lieu. Glin Ser Glin Lieu Ala Lieu Pro Ile Pro 
35 4 O 45 

Val Ser Gly Gly Ala Pro Pro Lieu. Ser Lieu. Gly Arg Phe Val Lys Lieu 
SO 55 6 O 

Lieu. Ser Pro Pro Gly Thr Met Ala Arg Lieu. Glu Arg Lieu. His Ile Lieu. 
65 70 7s 8O 

Ala Gly Arg Pro Ala Ala Trp Val Pro Glu Arg Ala Ala Met Ala Lys 
85 90 95 

Ile Val Lieu Ala Ala Ala Ala Ala Lieu. Lieu. Gly Lieu. Lieu Ala Val Gly 
1OO 105 11 O 

Ala Ser Pro Gly Val Gly Arg Val Lieu. Phe Ala Ala Ala Ala Val Ala 
115 12 O 125 

Lieu Ala Tyr Phe Val Pro Glu Lieu. Lieu. Lieu. Glin Ser Arg Gly Glin Glu 
13 O 135 14 O 

Arg Glin Ala Ala Ile Glu Lieu Ala Lieu Ala Asp Thir Lieu. Asp Gln Met 
145 150 155 160 

Thir Ile Ala Val Glu Ala Gly Lieu. Gly Phe Glu Ala Ala Met Glin Arg 
1.65 17O 17s 

Ala Ala Lys Asn Gly Lys Gly Pro Lieu Ala Glu Glu Phe Ile Arg Thr 
18O 185 19 O 

Lieu. Glin Asp Ile Glin Met Gly Glin Ser Arg Arg Ile Ala Tyr Lieu. Asp 
195 2OO 2O5 

Lieu. A a. Ala Arg Thr Lys Ala Pro Asn Lieu. Arg Arg Phe Lieu. Arg Ala 
215 22O 2 O 

Val Ile Glin Ala Asp Glu Tyr Gly Val Ala Ile Ala Glu Val Lieu. Arg 
225 23 O 235 24 O 

Thr Glin Ala Ser Glu Met Arg Lieu Lys Arg Arg Glin Ser Ala Glu Glu 
245 250 255 

Lys Ala Met Llys Val Pro Val Llys Val Leu Phe Pro Leu Met Thr Cys 
26 O 265 27 O 

Ile Leu Pro Thr Ile Phe Ile Val Ile Leu Gly Pro Ala Val Ile Asn 
27s 28O 285 

Met Met Glu Val Lieu. Gly Gly Met 
29 O 295 

<210s, SEQ ID NO 47 
&211s LENGTH: 296 
212. TYPE: PRT 

<213> ORGANISM: Rhodococcus equi 

<4 OOs, SEQUENCE: 47 

Val Ile Pro Pro Lieu Val Lieu Met Ala Ala Lieu. Ser Val Gly Gly Ala 
1. 5 1O 15 

Lieu. Gly Val Lieu Val Trp Lieu. Thir Ala Gly Ala Arg Asp Pro Glu Arg 
2O 25 3O 

Gly Pro Ala Lieu. Glin Asn Lieu. Glin Ser Glin Lieu Ala Lieu Pro Ile Pro 
35 4 O 45 

Glu Ser Gly Gly Ala Pro Pro Ile Ser Lieu. Gly Arg Phe Wall Lys Lieu. 
SO 55 6 O 

Lieu. Ser Pro Pro Gly Thr Met Ala Arg Lieu. Glu Arg Lieu. His Ile Lieu. 
65 70 7s 8O 

Ala Gly Arg Pro Ala Ala Trp Val Pro Glu Arg Ala Ala Met Ala Lys 
85 90 95 
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Ile 

Ala 

Lell 

Arg 
145 

Thir 

Ala 

Lell 

Lell 

Wall 
225 

Thir 

Ile 

Met 

< 4 OOs 

gtgatcgt.cg cagcgggcgt 

Wall 

Ser 

Luell 

Met 
29 O 

Luell 

Pro 
115 

Ala 

Ala 

Asp 
195 

Ala 

Glin 

Ala 

Met 

Pro 

Glu 

alacagtgcga 

gccaact caa 

atcgacacca 

actgcc ct co 

gCaccggc ct 

tgcaaacggc 

gCagtgggtt 

ggcgacgt.ca 

gtcaccc.gtc 

gcggCCtga 

Ala Ala 
1OO 

Gly Val 

Phe Wall 

Ala Ile 

Wall Glu 
1.65 

Asin Gly 
18O 

Ile Glin 

Arg Thr 

Ala Asp 

Ser Glu 
245 

Llys Val 
26 O 

Thir Ile 

Wall Lieu. 

SEQ ID NO 48 
LENGTH: 789 
TYPE: DNA 
ORGANISM: Rhodococcus 

SEQUENCE: 48 

tcgaccgcgt. 

t cacgcgacg 

atctotggitt 

tgc.cgaactt 

ccgt.cgtcac 

tcgggttcta 

aacttgc.cgg 

gggcgtttct 

gcggacggat 

cgatcCt99C 

Ala 

Gly 

Pro 

Glu 
150 

Ala 

Met 

Glu 
23 O 

Met 

Pro 

Phe 

Gly 

Ala 

Arg 

Glu 
135 

Lell 

Gly 

Gly 

Gly 

Ala 
215 

Arg 

Wall 

Ile 

Gly 
295 

Ala 

Wall 
12 O 

Luell 

Ala 

Luell 

Pro 

Glin 

Pro 

Gly 

Luell 

Wall 
28O 

Met 

equi 

cggcgctgcc 

gcgc.ctggag 

c cc ct cocct 

acacgacatc 

gat cact citc 

cct cqtcgta 

ggg.cgactgg 

citt cqtactic 

cgt catcggc 

cgggaccacg 

agc.cgat.ccg 

Luell 
105 

Luell 

Luell 

Luell 

Gly 

Luell 
185 

Ser 

Asn 

Wall 

Wall 
265 

Ile 

Luell 

Phe 

Luell 

Ala 

Phe 
17O 

Ala 

Arg 

Luell 

Ala 

Arg 
250 

Luell 

Luell 

Gly 

Ala 

Glin 

Asp 
155 

Glu 

Glu 

Arg 

Arg 

Ile 
235 

Arg 

Phe 

Gly 

CtcCtgggca 

gggat.cgc.cc 

ccgt.cgtacc 

tcggc cctgc 

gcc ct gatct 

gcc.gt CCtcg 

att coctitcg 

54 

- Continued 

Lell 

Ala 

Ser 
14 O 

Thir 

Ala 

Glu 

Ile 

Arg 

Ala 

Glin 

Pro 

Pro 

Lell 

Ala 
125 

Arg 

Lell 

Ala 

Phe 

Ala 

Phe 

Glu 

Ser 

Lell 

Ala 
285 

Ala 
11 O 

Ala 

Wall 

Asp 

Met 

Ile 
19 O 

Luell 

Wall 

Ala 

Met 
27 O 

Wall 

t cct cqc.cgg 

cc.gagc.cgaa 

gcgtgct ct 

citct cqatct 

tcqc.cgt cat 

cgatcg tatt 

atc.cggc.cgg 

cctacctgtc 

tcgt.cggcct 

ggc.cgtacat 

cgt at Ctgga 

Ala Gly 

Wall Ala 

Glin Glu 

Gln Met 
160 

Glin Arg 
17s 

Arg Thr 

Lieu. Asp 

Arg Ala 

Lieu. Arg 
24 O 

Glu Glu 
255 

Thr Cys 

Ile Asn 

ggcgttctgca 

gtcgacc ccc 

gat.cgcgatg 

cgaacticgca 

t ct cocqgca 

cga catcgat 

cgc.ctgcctg 

gat.cggtgcc 

Catggggttc 

gtacggcaca 

gat catcctg 

gattgcggcg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

789 
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