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(57) ABSTRACT

A composition and method for immunizing a mammal
infected with Mycobacterium are disclosed. The genes gcpE,
pstA, kdpC, papA2, impA, umaAl, fabG2_2, aceAB, mbtH2,
IpqP, map0834c, cspB, lipN, and mapl634 of M. paratuber-
culosis and the products that they encode are vaccine targets
for Johne’s and Crohn’s disease. Eighteen M. paratubercu-
losis-specific genomic islands (MAPs) were identified. Three
inverted large genomic fragments in M. paratuberculosis
(INV) were also identified. These genomic identifiers repre-
sent novel virulence determinants that can be used as targets
for vaccines and for developments of drugs against Johne’s
disease. The methods can be used to deliver an immunizing
compound to a mammal, to provide an immune response
against Johne’s or Crohn’s disease in the mammal.
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1
VACCINE CANDIDATES AGAINST JOHNE’S
DISEASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This invention claims priority to U.S. Provisional Patent
Application Ser. No. 60/749,128 filed Dec. 9, 2005.

GOVERNMENT INTERESTS

This invention was made with United States government
support awarded by the following agency: USDA/CSREES
grants 2004-35204-14209, 2004-35605-14243, 04-CRHF-0-
6055. The United States may have certain rights in this inven-
tion.

FIELD OF THE INVENTION

This invention relates to nucleic acid sequences from
Mycobacterium avium subspecies paratuberculosis (herein-
after referred to as Mycobacterium paratuberculosis or M.
paratuberculosis), the products encoded by those sequences,
compositions containing those sequences and products, and
compositions and methods for prevention and treatment of M.
paratuberculosis infection.

BACKGROUND OF THE INVENTION

Mycobacterium paratuberculosis causes Johne’s disease
(paratuberculosis) in dairy cattle. The disease is characterized
by chronic diarrhea, weight loss, and malnutrition, resulting
in estimated losses of $220 million per year in the USA alone.
World-wide, the prevalence of the disease can range from as
low as 3-4% of the examined herds in regions with low
incidence (such as England), to high levels of 50% of the
herds in some areas within the USA (Wisconsin and Ala-
bama). Cows infected with Johne’s disease are known to
secrete Mycobacterium paratuberculosis in their milk. In
humans, M. paratuberculosis bacilli have been found in tis-
sues examined from Crohn’s disease patients indicating pos-
sible zoonotic transmission from infected dairy products to
humans.

Unfortunately, the virulence mechanisms controlling M.
paratuberculosis persistence inside the host are poorly under-
stood, and the key steps for establishing the presence of
paratuberculosis are elusive. Mechanisms responsible for
invasion and persistence of M. paratuberculosis inside the
intestine remain undefined on a molecular level (Valentin-
Weigand and Goethe, 1999, Microbes & Infection 1: 1121-
1127). Both live and dead bacilli are observed in sub-epithe-
lial macrophages after uptake. Once inside the macrophages,
M. paratuberculosis survive and proliferate inside the phago-
somes using unknown mechanisms.

M. paratuberculosis is closely related to Mycobacterium
avium subspecies avium (hereinafter referred to as Mycobac-
terium avium or M. avium), which is a persistent health prob-
lem for immunocompromised humans, particularly HIV-
positive individuals. Limited tools are available to
researchers to definitively identify M. paratuberculosis and to
distinguish it from M. avium. Existing methods are subject to
high cross-reactivity, poor sensitivity, specificity, and predic-
tive value. This dearth of knowledge translates into a lack of
suitable vaccines for prevention and treatment of Johne’s
disease in animals, and of Crohn’s disease in humans.

The current challenge in screening M. paratuberculosis is
to identify those targets that are essential for survival of the
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bacilli during infection. Recently, random transposon
mutagenesis-based protocols were employed for functional
analysis of a large number of genes in M. paratuberculosis
(Harris et al., 1999, FEMS Microbiology Letters 175: 21-26;
Cavaignac et al., 2000, Archives of Microbiology 173: 229-
231). When M. paratuberculosis was used as a target for
mutagenesis, the libraries were screened to identify auxotro-
phs or genes responsible for survival under in vitro condi-
tions. In these reports, six auxotrophs and two genes respon-
sible for cell wall biosynthesis were identified (Harris et al.,
1999; Cavaignac et al., 2000). So far, none of these libraries
have been screened for virulence determinants.

Many clinical methods for detecting and identifying Myco-
bacterium species in samples require analysis of the bacteri-
um’s physical characteristics (e.g., acid-fast staining and
microscopic detection of bacilli), physiological characteris-
tics (e.g., growth on defined media) or biochemical charac-
teristics (e.g., membrane lipid composition). These methods
require relatively high concentrations of bacteria in the
sample to be detected, may be subjective depending on the
clinical technician’s experience and expertise, and are time-
consuming. Because Mycobacterium species are often diffi-
cult to grow in vitro and may take weeks to reach a useful
density in culture, these methods can also result in delayed
patient treatment and costs associated with isolating an
infected individual until the diagnosis is completed.

More recently, assays that detect the presence of nucleic
acid derived from bacteria in the sample have been preferred
because of the sensitivity and relative speed of the assays. In
particular, assays that use in vitro nucleic acid amplification
of nucleic acids present in a clinical sample can provide
increased sensitivity and specificity of detection. Such
assays, however, can be limited to detecting one or a few
Mycobacterium species depending on the sequences ampli-
fied and/or detected.

The genome sequences of both M. avium (Institute for
Genomic Research) and of M. paratuberculosis (Li et al.,
2005, Proc. Natl. Acad. Sci. USA 102: 12344-12349; Gen-
Bank accession No. AE016958) are currently available. It
would be useful to analyze these genomes to provide a higher
resolution analysis of M. avium subspecies genomes. A better
understanding of the virulence mechanisms and pathogenesis
of M. paratuberculosis is required to develop more effective
vaccine and chemotherapies directed against M. paratuber-
culosis.

In view of the problems with bacterial specificity, the
present inventors have focused their attention on identifica-
tion of putative virulence factors that may contribute to the
pathogenicity of M. paratuberculosis. This information could
be used to design vaccines against pathogenic subspecies of
M. avium. Such vaccines can be used for prevention and
treatment of Johne’s disease in animals or Crohn’s disease in
humans.

SUMMARY OF THE INVENTION

This invention relates to immunogenic compositions and
methods for prevention and treatment of Johne’s disease in
animals or Crohn’s disease in humans.

This invention provides a vaccine composition that
includes an antigen selected from Mycobacterium strain-spe-
cific polynucleotide sequences and their products. In one
embodiment, the antigen includes at least one of the gcpE
(SEQIDNO:7), pstA (SEQIDNO:8), kdpC (SEQIDNO:9),
papA2 (SEQ ID NO:10), impA (SEQ ID NO:11), umaAl
(SEQ ID NO:12), fabG2_ 2 (SEQ ID NO:13), aceAB (SEQ
ID NO:14), mbtH2 (SEQ ID NO:15), IpgP (SEQ ID NO:16),
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map0834c (SEQ ID NO:17), cspB (SEQ ID NO:18), lipN
(SEQ ID NO:19), or map1634 (SEQ ID NO:20) genes of M.
paratuberculosis, or homologs of these genes. In another
aspect, the invention is directed to an antigen that includes at
least one of the genomic islands MAP-1 (SEQ ID NO:21),
MAP-2 (SEQ ID NO:22), MAP-3 (SEQ ID NO:23), MAP-4
(SEQIDNO:24), MAP-5 (SEQ ID NO:25), MAP-6 (SEQ ID
NO:26), MAP-7 (SEQ ID NO:27), MAP-8 (SEQ ID NO:28),
MAP-9 (SEQ ID NO:29), MAP-10 (SEQ ID NO:30), MAP-
11 (SEQ ID NO:31), MAP-12 (SEQ ID NO:32), MAP-13
(SEQ ID NO:33), MAP-14 (SEQ ID NO:34), MAP-15 (SEQ
1D NO:35), MAP-16 (SEQ ID NO:36), MAP-17 (SEQ ID
NO:37), or MAP-18 (SEQ ID NO:38) of M. paratuberculo-
sis, or homologs of these genomic islands. In addition to the
antigens, the vaccine composition includes a pharmaceuti-
cally acceptable carrier. The vaccine composition may
optionally include an adjuvant.

This invention provides an immunological composition
that includes a eukaryotic expression vector that encodes an
antigen. In one aspect, the eukaryotic expression vector
includes at least one of the gcpE, pstA, kdpC, papA2, impA,
umaAl, fabG2 2, aceAB, mbtH2, IpqP, map0834c, cspB,
lipN, or mapl634 genes of M. paratuberculosis or their
homologs. In another aspect, the invention is directed to a
eukaryotic expression vector that includes at least one of the
genomic islands MAP-1, MAP-2, MAP-3, MAP-4, MAP-5,
MAP-6, MAP-7, MAP-8, MAP-9, MAP-10, MAP-11, MAP-
12, MAP-13, MAP-14, MAP-15, MAP-16, MAP-17, or
MAP-18 of M. paratuberculosis, or their homologs. In addi-
tion to the eukaryotic expression vector, the immunological
composition includes a pharmaceutically acceptable carrier.
The immunological composition may optionally include an
adjuvant.

This invention provides a method of treating Johne’s dis-
ease in mammals. The method includes administering to a
mammal a vaccine composition against M. paratuberculosis.
The vaccine composition includes an antigen selected from
the group of gepE, pstA, kdpC, papA2, impA, umAl,
fabG2 2, aceAB, mbtH2, lpqP, map0834c, cspB, lipN, or
map 1634 genes of M. paratuberculosis, or theirhomologs, or
at least one of the genomic islands MAP-1, MAP-2, MAP-3,
MAP-4, MAP-5, MAP-6, MAP-7, MAP-8, MAP-9, MAP-
10, MAP-11, MAP-12, MAP-13, MAP-14, MAP-15, MAP-
16, MAP-17, or MAP-18 of M. paratuberculosis, or their
homologs. In addition to the antigen, the vaccine composition
includes a pharmaceutically acceptable carrier. The vaccine
composition may optionally include an adjuvant.

In another aspect, this invention provides a method of
treating Johne’s disease, which includes administering to a
mammal an immunological composition comprising a vector
expressing a nucleotide sequence that includes at least one of
the gepE, pstA, kdpC, papA2, impA, umaAl, fabG2_ 2,
aceAB, mbtH2, 1pqP, map0834c, cspB, lipN, or map 1634
genes of M. paratuberculosis, or their homologs, or at least
one of the genomic islands MAP-1, MAP-2, MAP-3, MAP-4,
MAP-5, MAP-6, MAP-7, MAP-8, MAP-9, MAP-10, MAP-
11, MAP-12, MAP-13, MAP-14, MAP-15, MAP-16, MAP-
17, or MAP-18 of M. paratuberculosis, or their homologs. In
addition to the expression vector, the immunological compo-
sition includes a pharmaceutically acceptable carrier. The
immunological composition may optionally include an adju-
vant.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of the transposon
Tn5367 from strain ATCC19698 used for insertion mutagen-
esis of M. paratuberculosis.
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FIG. 2 depicts a genomic map showing the distribution of
1,128 transposon-insertion sites on the chromosome of M.
paratuberculosis.

FIG. 3 depicts charts showing colonization levels of vari-
able M. paratuberculosis strains to different mice organs.

FIG. 4 depicts charts showing liver and intestinal coloni-
zation levels of variable M. paratuberculosis strains to difter-
ent mice organs.

FIG. 5 depicts a chart showing the histopathology of mice
infected with M. paratuberculosis strains.

FIG. 6 is a genomic map showing the identification of
genomic islands in the M. avium genome (A), and a map
showing the strategy used for design of PCR primers to con-
firm the genomic island deletions (B).

FIG. 7 is a genomic map showing the synteny of M. avium
and M. paratuberculosis genomes.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides genomic identifiers for
mycobacterial species. These genomic identifiers can be used
as targets for developments of vaccines and drugs against
Johne’s disease.

1. General Overview

The practice of the present invention employs, unless oth-
erwise indicated, conventional techniques of molecular biol-
ogy (including recombinant techniques), microbiology, cell
biology, biochemistry, immunology, protein kinetics, and
mass spectroscopy, which are within the skill of art. Such
techniques are explained fully in the literature, such as Sam-
brooketal., 2000, Molecular Cloning: A Laboratory Manual,
third edition, Cold Spring Harbor Laboratory Press; Current
Protocols in Molecular Biology Volumes 1-3, John Wiley &
Sons, Inc.; Kriegler, 1990, Gene Transfer and Expression: A
Laboratory Manual, Stockton Press, New York; Dieffenbach
etal., 1995, PCR Primer: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, each of which is incorporated
herein by reference in its entirety. Procedures employing
commercially available assay kits and reagents typically are
used according to manufacturer-defined protocols unless oth-
erwise noted.

Generally, the nomenclature and the laboratory procedures
in recombinant DNA technology described below are those
well known and commonly employed in the art. Standard
techniques are used for cloning, DNA and RNA isolation,
amplification and purification. Generally enzymatic reactions
involving DNA ligase, DNA polymerase, restriction endonu-
cleases and the like are performed according to the manufac-
turer’s specifications.

2. Definitions

The phrase “nucleic acid” or “polynucleotide sequence”
refers to a single or double-stranded polymer of deoxyribo-
nucleotide or ribonucleotide bases read from the 5' to the 3'
end. Nucleic acids may also include modified nucleotides that
permit correct read-through by a polymerase and do not alter
expression of a polypeptide encoded by that nucleic acid.

The phrase “nucleic acid sequence encoding” refers to a
nucleic acid which directs the expression of a specific protein
orpeptide. The nucleic acid sequences include both the DNA
strand sequence that is transcribed into RNA and the RNA
sequence that is translated into protein. The nucleic acid
sequences include both the full length nucleic acid sequences
as well as non-full length sequences derived from the full
length sequences. It should be further understood that the
sequence includes the degenerate codons of the native
sequence or sequences which may be introduced to provide
codon preference in a specific host cell.
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A “coding sequence” or “coding region” refers to a nucleic
acid molecule having sequence information necessary to pro-
duce a gene product, when the sequence is expressed.

“Homology” refers to the resemblance or similarity
between two nucleotide or amino acid sequences. As applied
to a gene, “homolog” may refer to a gene similar in structure
and/or evolutionary origin to a gene in another organism or
another species. As applied to nucleic acid molecules, the
term “homolog” means that two nucleic acid sequences,
when optimally aligned (see below), share at least 80 percent
sequence homology, preferably at least 90 percent sequence
homology, more preferably at least 95, 96, 97, 98 or 99
percent sequence homology. “Percentage nucleotide (or
nucleic acid) homology” or “percentage nucleotide (or
nucleic acid) sequence homology” refers to a comparison of
the nucleotides of two nucleic acid molecules which, when
optimally aligned, have approximately the designated per-
centage of the same nucleotides or nucleotides that are not
identical but differ by redundant nucleotide substitutions (the
nucleotide substitution does not change the amino acid
encoded by the particular codon). For example, “95% nucle-
otide homology” refers to a comparison of the nucleotides of
two nucleic acid molecules which, when optimally aligned,
have 95% nucleotide homology.

A “genomic sequence” or “genome” refers to the complete
DNA sequence of an organism. The genomic sequences of
both M. avium and of M. paratuberculosis are known and are
currently available. The genomic sequence of M. avium can
be obtained from the Institute for Genomic Research. The
genomic sequence of M. paratuberculosis can be obtained
from the GenBank, under accession number AE016958.

A “genomic island” (GI) refers to a nucleic acid region
(and its homologs), that includes three or more consecutive
open reading frames (ORFs), regardless of the size. A “MAP”
genomic island means any genomic island (and its homologs)
that is present in the M. paratuberculosis genome, but is not
present in the M. avium genome. A “MAV” genomic island
means any genomic island (and its homologs) that is present
in the M. avium-genome, but is not present in the M. paratu-
berculosis genome.

A “Junction” between two nucleic acid regions refers to a
point that joins two nucleic acid regions. A “junction
sequence” refers to a nucleic acid sequence that can be used
for identification of the junction point. For example, a “junc-
tion sequence”, or a “junction region” of an inverted region
(INV) and a corresponding flanking sequence refers to a
nucleic acid segment that crosses the point that joins the
inverted region with the flanking sequence. Such a nucleic
acid segment is specific to the corresponding junction region
(junction sequence), and can be used as its identifier.

The term “nucleic acid construct” or “DNA construct” is
sometimes used to refer to a coding sequence or sequences
operably linked to appropriate regulatory sequences so as to
enable expression of the coding sequence, and inserted into a
expression cassette for transforming a cell. This term may be
used interchangeably with the term “transforming DNA” or
“transgene”. Such a nucleic acid construct may contain a
coding sequence for a gene product of interest, along with a
selectable marker gene and/or a reporter gene.

A “label” is a composition detectable by spectroscopic,
photochemical, biochemical, immunochemical, or chemical
means. Useful labels include *P, fluorescent dyes, electron-
dense reagents, enzymes (e.g., as commonly used in an
ELISA), biotin, digoxigenin, or proteins for which antisera or
monoclonal antibodies are available. For example, labels are
preferably covalently bound to a genomic island, directly or
through the use of a linker.
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A “nucleic acid probe sequence” or “probe” is defined as a
nucleic acid capable of binding to a target nucleic acid of
complementary sequence through one or more types of
chemical bonds, usually through complementary base pair-
ing, usually through hydrogen bond formation. A probe may
include natural (i.e., A, G, C, or T) or modified bases (7-dea-
zaguanosine, inosine, etc.). In addition, the bases in a probe
may be joined by a linkage other than a phosphodiester bond,
so long as it does not interfere with hybridization. Thus, for
example, probes may be peptide nucleic acids in which the
constituent bases are joined by peptide bonds rather than
phosphodiester linkages. Probes may bind target sequences
lacking complete complementarity with the probe sequence
depending upon the stringency of the hybridization condi-
tions. The probes are preferably directly labeled as with iso-
topes, chromophores, lumiphores, chromogens, or indirectly
labeled such as with biotin to which a streptavidin complex
may later bind. By assaying for the presence or absence of the
probe, one can detect the presence or absence of the select
sequence or subsequence.

The term “recombinant” when used with reference, e.g., to
a cell, or nucleic acid, protein, expression cassette, or vector,
indicates that the cell, nucleic acid, protein, expression cas-
sette, or vector, has been modified by the introduction of a
heterologous nucleic acid or protein or the alteration of a
native nucleic acid or protein, or that the cell is derived from
a cell so modified. Thus, for example, recombinant cells
express genes that are not found within the native (non-re-
combinant) form of the cell or express native genes that are
otherwise abnormally expressed, underexpressed, or not
expressed at all.

“Antibodies” refers to polyclonal and monoclonal antibod-
ies, chimeric, and single chain antibodies, as well as Fab
fragments, including the products of a Fab or other immuno-
globulin expression library. With respect to antibodies, the
term, “immunologically specific” refers to antibodies that
bind to one or more epitopes of a protein of interest, but which
do not substantially recognize and bind other molecules in a
sample containing a mixed population of antigenic biological
molecules. The present invention provides antibodies immu-
nologically specific for part or all of the polypeptides of the
present invention, e.g., those polypeptides encoded by the
genes gepE, pstA, kdpC, papA2, impA, umaAl, fabG2_ 2,
aceAB, mbtH2, IpqP, map0834c, cspB, lipN, and map1634 of
Mycobacterium paratuberculosis.

An “expression cassette” refers to a nucleic acid construct,
which when introduced into a host cell, results in transcrip-
tion and/or translation of a RNA or polypeptide, respectively.
Expression cassettes can be derived from a variety of sources
depending on the host cell to be used for expression. An
expression cassette can contain components derived from a
viral, bacterial, insect, plant, or mammalian source. In the
case ot both expression of transgenes and inhibition of endog-
enous genes (e.g., by antisense, or sense suppression) the
inserted polynucleotide sequence need not be identical and
can be “substantially identical” to a sequence of the gene from
which it was derived.

The term “vector” refers to a nucleic acid molecule capable
of transporting another nucleic acid to which it has been
linked. One type of vector is a “plasmid”, which refers to a
circular double stranded DNA loop into which additional
DNA segments may be ligated. Another type of vector is a
viral vector, wherein additional DNA segments may be
ligated into the viral genome. Certain vectors are capable of
autonomous replication in a host cell into which they are
introduced (e.g., bacterial vectors having a bacterial origin of
replication and episomal mammalian vectors). Other vectors
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can be integrated into the genome of a host cell upon intro-
duction into the host cell, and thereby are replicated along
with the host genome. Moreover, certain vectors are capable
of directing the expression of genes to which they are opera-
tively linked. Such vectors are referred to herein as “recom-
binant expression vectors” (or simply, “expression vectors”).
In general, expression vectors of utility in recombinant DNA
techniques are often in the form of plasmids. In the present
specification, “plasmid” and “vector” may be used inter-
changeably as the plasmid is the most commonly used form of
vector. However, the invention is intended to include other
forms of expression vectors, such as viral vectors (e.g., rep-
lication defective retroviruses, adenoviruses and adeno-asso-
ciated viruses), which serve equivalent functions.

The terms “isolated,” “purified,” or “biologically pure”
refer to material that is substantially or essentially free from
components that normally accompany it as found in its native
state. Purity and homogeneity are typically determined using
analytical chemistry techniques such as polyacrylamide gel
electrophoresis or high performance liquid chromatography.
A protein that is the predominant species present in a prepa-
ration is substantially purified. In particular, an isolated
nucleic acid of the present invention is separated from open
reading frames that flank the desired gene and encode pro-
teins other than the desired protein. The term “purified”
denotes that a nucleic acid or protein gives rise to essentially
one band in an electrophoretic gel. Particularly, it means that
the nucleic acid or protein is at least 85% pure, more prefer-
ably at least 95% pure, and most preferably at least 99% pure.

In the case where the inserted polynucleotide sequence is
transcribed and translated to produce a functional polypep-
tide, because of codon degeneracy a number of polynucle-
otide sequences will encode the same polypeptide. These
variants are specifically covered by the term “polynucleotide
sequence from” a particular gene. In addition, the term spe-
cifically includes sequences (e.g., full length sequences) sub-
stantially identical (determined as described below) with a
gene sequence encoding a protein of the present invention and
that encode proteins or functional fragments that retain the
function of a protein of the present invention, e.g., a disease
causing agent of M. paratuberculosis.

The term “immunization” is the process by which an indi-
vidual is exposed to a material that is designed to stimulate his
or her immune system against that material. The material is
known as an “immunizing agent” or “immunogen”. When the
immunizing agent is administered to a subject, the subject
develops an immune response, which can be used for preven-
tion and treatment against Johne’s disease or Crohn’s disease.

The term “vaccine” refers to an antigenic preparation used
to produce immunity to a disease, in order to prevent or
ameliorate the effects of infection. Vaccines are typically
prepared using a combination of an immunologically effec-
tive amount of an immunogen together with an adjuvant
effective for enhancing the immune response of the vacci-
nated subject against the immunogen. The process of distrib-
uting and administrating vaccines is referred to as “vaccina-
tion”.

Vaccine formulations will contain a “therapeutically effec-
tive amount” of the active ingredient, that is, an amount
capable of eliciting an immune response in a subject to which
the composition is administered. In the treatment and preven-
tion of Johne’s disease, for example, a “therapeutically effec-
tive amount” would preferably be an amount that enhances
resistance of the vaccinated subject to new infection and/or
reduces the clinical severity of the disease. Such protection
will be demonstrated by either a reduction or lack of symp-
toms normally displayed by a subject infected with Johne’s
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disease, a quicker recovery time and/or a lowered count of M.
paratuberculosis bacteria. Vaccines can be administered prior
to infection, as a preventative measure against Johne’s or
Crohn’s disease. Alternatively, vaccines can be administered
after the subject already has contracted a disease. Vaccines
given after exposure to mycobacteria may be able to attenuate
the disease, triggering a superior immune response than the
natural infection itself.

A “pharmaceutically acceptable carrier” means any con-
ventional pharmaceutically acceptable carrier, vehicle, or
excipient that is used in the art for production and adminis-
tration of vaccines. Pharmaceutically acceptable carriers are
typically non-toxic, inert, solid or liquid carriers.

The term “adjuvant” refers to a compound that enhances
the effectiveness of the vaccine, and may be added to the
formulation that includes the immunizing agent. Adjuvants
provide enhanced immune response even after administration
of only a single dose of the vaccine. Adjuvants may include,
for example, muramyl dipeptides, avridine, aluminum
hydroxide, dimethyldioctadecyl ammonium bromide (DDA),
oils, oil-in-water emulsions, saponins, cytokines, and other
substances known in the art. Examples of suitable adjuvants
are described in U.S. Patent Application Publication No.
US2004/0213817 Al.

In the case of polynucleotides used to immunize a subject,
the introduced sequence need not be perfectly identical to a
sequence of the target endogenous gene. The introduced
polynucleotide sequence is typically at least substantially
identical (as determined below) to the target endogenous
sequence.

Two nucleic acid sequences or polypeptides are said to be
“identical” if the sequence of nucleotides or amino acid resi-
dues, respectively, in the two sequences is the same when
aligned for maximum correspondence as described below.
The term “complementary to” is used herein to mean that the
sequence is complementary to all or a portion of a reference
polynucleotide sequence.

The term “biologically active fragment” is intended to
mean a part of the complete molecule which retains all or
some of the catalytic or biological activity possessed by the
complete molecule, especially activity that allows specific
binding of the antibody to an antigenic determinant.

“Functional equivalents” of an antibody include any mol-
ecule capable of specifically binding to the same antigenic
determinant as the antibody, thereby neutralizing the mol-
ecule, e.g., antibody-like molecules, such as single chain
antigen binding molecules.

Optimal alignment of sequences for comparison may be
conducted by methods commonly known in the art, e.g., the
local homology algorithm (Smith and Waterman, 1981, Adv.
Appl. Math. 2: 482-489), by the search for similarity method
(Pearson and Lipman 1988, Proc. Natl. Acad. Sci. USA 85:
2444-2448), by computerized implementations of these algo-
rithms (GAP, BESTFIT, BLAST, FASTA, and TFASTA in the
Wisconsin Genetics Software Package, Genetics Computer
Group (GCG), Madison, Wis.), or by inspection.

Protein and nucleic acid sequence identities are evaluated
using the Basic Local Alignment Search Tool (“BLAST”)
which is well known in the art (Karlin and Altschul, 1990,
Proc. Natl. Acad. Sci. USA 87: 2267-2268; Altschul et al.,
1997, Nucl. Acids Res. 25: 3389-3402). The BLAST pro-
grams identify homologous sequences by identifying similar
segments, which are referred to herein as “high-scoring seg-
ment pairs,” between a query amino or nucleic acid sequence
and a test sequence which is preferably obtained from a
protein or nucleic acid sequence database. Preferably, the
statistical significance of a high-scoring segment pair is
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evaluated using the statistical significance formula (Karlin
and Altschul, 1990), the disclosure of which is incorporated
by reference in its entirety. The BLAST programs can be used
with the default parameters or with modified parameters pro-
vided by the user.

“Percentage of sequence identity” is determined by com-
paring two optimally aligned sequences over a comparison
window, wherein the portion of the polynucleotide sequence
in the comparison window may comprise additions or dele-
tions (i.e., gaps) as compared to the reference sequence
(which does not comprise additions or deletions) for optimal
alignment of the two sequences. The percentage is calculated
by determining the number of positions at which the identical
nucleic acid base or amino acid residue occurs in both
sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of
positions in the window of comparison and multiplying the
result by 100 to yield the percentage of sequence identity.

The term “substantial identity” of polynucleotide
sequences means that a polynucleotide comprises a sequence
that has at least 25% sequence identity. Alternatively, percent
identity can be any integer from 25% to 100%. More pre-
ferred embodiments include at least: 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% compared to a reference sequence using
the programs described herein; preferably BLAST using
standard parameters, as described. These values can be appro-
priately adjusted to determine corresponding identity of pro-
teins encoded by two nucleotide sequences by taking into
account codon degeneracy, amino acid similarity, reading
frame positioning and the like.

“Substantial identity” of amino acid sequences for pur-
poses of'this invention normally means polypeptide sequence
identity of at least 40%. Preferred percent identity of polypep-
tides can be any integer from 40% to 100%. More preferred
embodiments include at least 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.7%, or 99%.

Polypeptides that are “substantially similar” share
sequences as noted above except that residue positions which
are not identical may differ by conservative amino acid
changes. Conservative amino acid substitutions refer to the
interchangeability of residues having similar side chains. For
example, a group of amino acids having aliphatic side chains
is glycine, alanine, valine, leucine, and isoleucine; a group of
amino acids having aliphatic-hydroxyl side chains is serine
and threonine; a group of amino acids having amide-contain-
ing side chains is asparagine and glutamine; a group of amino
acids having aromatic side chains is phenylalanine, tyrosine,
and tryptophan; a group of amino acids having basic side
chains is lysine, arginine, and histidine; and a group of amino
acids having sulfur-containing side chains is cysteine and
methionine. Preferred conservative amino acids substitution
groups are: valine-leucine-isoleucine, phenylalanine-ty-
rosine, lysine-arginine, alanine-valine, aspartic acid-
glutamic acid, and asparagine-glutamine.

3. Identification of Vaccine Targets of the Present Invention

The invention described here utilizes large-scale identifi-
cation of disrupted genes and the use of bioinformatics to
select mutants that could be characterized in animals.
Employing such an approach, novel virulence determinants
were identified, based on mutants that were investigated in
mice. These virulence determinants can be used for designing
vaccines. Compared to similar protocols established for iden-
tifying virulence genes such as signature-tagged mutagenesis
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10
(Ghadiali et al., 2003, Nucleic Acids Res. 31: 147-151), the
approach employed here is simpler and uses a smaller number
of animals.

The present invention also provides immunogenic prepa-
rations and vaccines containing at least one plasmid encoding
and expressing at least one immunogen against M. paratu-
berculosis compositions formulated with an adjuvant.

The target nucleic acid sequences of the present invention
include the gepE, pstA, kdpC, papA2, impA, umaAl,
fabG2_ 2, aceAB, mbtH2, lpqP, map0834c, cspB, lipN, and
mapl634 genes of M. paratuberculosis, their homologs, and
the corresponding gene products. Presence of these genes,
their homologs, and/or their products in a sample is indicative
of'a M. paratuberculosis infection.

The start and end coordinates of the M. paratuberculosis
polynucleotides of this invention (e.g., genes, genomic
islands, inverted regions, junction sequences) are based on
the genomic sequence of M. paratuberculosis strain K10 (Li
et al., 2005, Proc. Natl. Acad. Sci. USA 102: 12344-12349;
GenBank No. AE016958). The start and end coordinates of
the M. avium polynucleotides of this invention (e.g., genes,
genomic islands, inverted regions, junction sequences) are
based on the genomic sequence of M. avium strain 104, as
obtained from The Institute for Genomic Research.

The size of gcpE is 1167 base pairs (bp), and it is located at
positions 3272755 through 3273921 of the M. paratubercu-
losis genomic sequence.

The size of pstA is 12084 base pairs (bp), and it is located
at positions 1309241 through 1321324 of the M. paratuber-
culosis genomic sequence.

The size of kdpC is 876 base pairs (bp), and it is located at
positions 1038471 through 1039346 of the M. paratubercu-
losis genomic sequence.

The size of papA2 is 1518 base pairs (bp), and it is located
at positions 1854059 through 1855576 of the M. paratuber-
culosis genomic sequence.

The size of impA is 801 base pairs (bp), and it is located at
positions 1386766 through 1387566 of the M. paratubercu-
losis genomic sequence.

The size of umaAlis 861 base pairs (bp), and it is located at
positions 4423752 through 4424612 of the M. paratubercu-
losis genomic sequence.

The size of fabG2_ 2 is 750 base pairs (bp), and it is located
at positions 2704522 through 2705271 of the M. paratuber-
culosis genomic sequence.

The size of ace AB is 2288 base pairs (bp), and it is located
at positions 1795784 through 1798072 of the M. paratuber-
culosis genomic sequence.

The size of mbtH2 is 233 base pairs (bp), and it is located
at positions 2063983 through 2064216 of the M. paratuber-
culosis genomic sequence.

The size of IpgP is 971 base pairs (bp), and it is located at
positions 4755529 through 4756500 of the M. paratubercu-
losis genomic sequence.

The size of map0834c¢ is 701 base pairs (bp), and it is
located at positions 851908 through 852609 of the M. paratu-
berculosis genomic sequence.

The size of map 1634 is 917 base pairs (bp), and it is located
at positions 1789023 through 1789940 of the M. paratuber-
culosis genomic sequence.

In another aspect, the virulence determinants of the present
invention include genomic islands (Gls). These GIs are
strain-specific. The inventors have identified 18 M. paratu-
berculosis-specific genomic islands (MAPs), that are absent
from the M. avium genome (Table 8).
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The size of MAP-1 is 19,343 base pairs (bp). MAP-1
includes 17 ORFs. MAP-1 is located at positions 99,947
through 119,289 of the M. paratuberculosis genomic
sequence.

The size of MAP-2 is
includes 3 ORFs. MAP-2
through 303,269 of the
sequence.

The size of MAP-3 is
includes 3 ORFs. MAP-3
through 413,005 of the
sequence.

The size of MAP-4 is 16,681 base pairs (bp). MAP-4
includes 17 ORFs. MAP-4 is located at positions 872,772
through 889,452 of the M. paratuberculosis genomic
sequence.

The size of MAP-5 is 14,191 base pairs (bp). MAP-5
includes 17 ORFs. MAP-5 is located at positions 989,744
through 1,003,934 of the M. paratuberculosis genomic
sequence.

The size of MAP-6 is 8,971 base pairs (bp). MAP-6
includes 6 ORFs. MAP-6 is located at positions 1,291,689
through 1,300,659 of the M. paratuberculosis genomic
sequence.

The size of MAP-7 is 6,914 base pairs (bp). MAP-7
includes 6 ORFs. MAP-7 is located at positions 1,441,777
through 1,448,690 of the M. paratuberculosis genomic
sequence.

The size of MAP-8 is 7,915 base pairs (bp). MAP-8
includes 8 ORFs. MAP-8 is located at positions 1,785,511
through 1,793,425 of the M. paratuberculosis genomic
sequence.

The size of MAP-9 is 11,202 base pairs (bp). MAP-9
includes 10 ORFs. MAP-9 is located at positions 1,877,255
through 1,888,456 of the M. paratuberculosis genomic
sequence.

The size of MAP-10 is 2,993 base pairs (bp). MAP-10
includes 3 ORFs. MAP-10 is located at positions 1,891,000
through 1,893,992 of the M. paratuberculosis genomic
sequence.

The size of MAP-11 is 2,989 base pairs (bp). MAP-11
includes 4 ORFs. MAP-11 is located at positions 2,233,123
through 2,236,111 of the M. paratuberculosis genomic
sequence.

The size of MAP-12 is 11,977 base pairs (bp). MAP-12
includes 11 ORFs. MAP-12 is located at positions 2,378,957
through 2,390,933 of the M. paratuberculosis genomic
sequence.

The size of MAP-13 is 19,977 base pairs (bp). MAP-13
includes 19 ORFs. MAP-13 is located at positions 2,421,552
through 2,441,528 of the M. paratuberculosis genomic
sequence.

The size of MAP-14 is 19,315 base pairs (bp). MAP-14
includes 19 ORFs. MAP-14 is located at positions 3,081,906
through 3,101,220 of the M. paratuberculosis genomic
sequence.

The size of MAP-15 is 4,143 base pairs (bp). MAP-15
includes 3 ORFs. MAP-15 is located at positions 3,297,661
through 3,301,803 of the M. paratuberculosis genomic
sequence.

The size of MAP-16 is 79,790 base pairs (bp). MAP-16
includes 56 ORFs. MAP-16 is located at positions 4,140,311
through 4,220,100 of the M. paratuberculosis genomic
sequence.

3,858 base pairs (bp). MAP-2
is located at positions 299,412
M. paratuberculosis genomic

2,915 base pairs (bp). MAP-3
is located at positions 410,091
M. paratuberculosis genomic
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The size of MAP-17 is 3,655 base pairs (bp). MAP-17
includes 5 ORFs. MAP-17 is located at positions 4,735,049
through 4,738,703 of the M. paratuberculosis genomic
sequence.

The size of MAP-18 is 3,512 base pairs (bp). MAP-18
includes 3 ORFs. MAP-18 is located at positions 4,800,932
through 4,804,443 of the M. paratuberculosis genomic
sequence.

The inventors have also identified 24 M. avium-specific
genomic islands (MAVs), that are absent from the M. paratu-
berculosis genome (Table 9).

The GIs of the present invention (both MAPs and MAVs)
can be used as target nucleic acid sequences for design of
vaccines and drugs that are strain-specific. Thus, the targets
enable one skilled in the art to distinguish between the pres-
ence of M. paratuberculosis or M. avium in a sample. Should
both Mycobacterium strains be present in a sample, one
should be able to identify the presence of both classes of
target polynucleotides in the sample.

It is possible to diagnose the presence of M. paratubercu-
losis or M. avium in a sample due to the inversion of three
large genomic fragments in M. paratuberculosis in compari-
son to M. avium. It was unexpectedly discovered that, when
the GIs associated with both genomes were aligned, three
large genomic fragments in M. paratuberculosis were iden-
tified as inverted relative to the corresponding genomic frag-
ments in M. avium. These inverted nucleic acid regions (INV)
had the sizes of approximately 54.9 Kb, 863.8 Kb and 1,969.4
Kb (FIG. 7).

The target polynucleotide may be DNA. In some varia-
tions, the target polynucleotide may be obtained from total
cellular DNA, or in vitro amplified DNA.

The specificity of single stranded DNA to hybridize
complementary fragments is determined by the “stringency”
of'the reaction conditions. Hybridization stringency increases
as the propensity to form DNA duplexes decreases. In nucleic
acid hybridization reactions, the stringency can be chosen to
either favor specific hybridizations (high stringency), which
can be used to identify, for example, full-length clones from a
library. Less-specific hybridizations (low stringency) can be
used to identify related, but not exact, DNA molecules (ho-
mologous, but not identical) or segments.

Identification of target sequences of the present invention
may be accomplished by a number of techniques. For
instance, oligonucleotide probes based on the sequences dis-
closed here can be used to identify the desired gene ina cDNA
or genomic DNA library from a desired bacterial strain. To
construct genomic libraries, large segments of genomic DNA
are generated by random fragmentation, e.g. using restriction
endonucleases, and are ligated with vector DNA to form
concatemers that can be packaged into the appropriate vector.
The ¢cDNA or genomic library can then be screened using a
probe based upon the sequence of a cloned gene such as the
polynucleotides disclosed here. Probes may be used to
hybridize with genomic DNA or cDNA sequences to identify
homologous genes in the same or different bacterial strains.

Alternatively, the nucleic acids of interest can be amplified
from nucleic acid samples using amplification techniques.
For instance, polymerase chain reaction (PCR) technology
can be used to amplify the sequences of the genes directly
from mRNA, from cDNA, from genomic libraries or cDNA
libraries. PCR and other in vitro amplification methods may
also be useful, for example, to clone nucleic acid sequences
that code for proteins to be expressed, to make nucleic acids
to use as probes for detecting the presence of the desired
mRNA in samples, for nucleic acid sequencing, or for other

purposes.
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Appropriate primers and probes for identifying the target
sequences of the present invention from a sample are gener-
ated from comparisons of the sequences provided herein,
according to standard PCR guides. For examples of primers
used see the Examples section below.

Polynucleotides may also be synthesized by well-known
techniques described in the technical literature. Double-
stranded DNA fragments may then be obtained either by
synthesizing the complementary strand and annealing the
strands together under appropriate conditions, or by adding
the complementary strand using DNA polymerase with an
appropriate primer sequence.

Once a nucleic acid is isolated using the method described
above, standard methods can be used to determine if the
nucleic acid is a preferred nucleic acid of the present inven-
tion, e.g., by using structural and functional assays known in
the art. For example, using standard methods, the skilled
practitioner can compare the sequence of a putative nucleic
acid sequence thought to encode a preferred protein of the
present invention to a nucleic acid sequence encoding a pre-
ferred protein of the present invention to determine if the
putative nucleic acid is a preferred polynucleotide of the
present invention.

Gene amplification and/or expression can be measured in a
sample directly, for example, by conventional Southern blot-
ting, Northern blotting to quantitate the transcription of
mRNA, dot blotting (DNA analysis), DNA microarrays, or in
situ hybridization, using an appropriately labeled probe,
based on the sequences provided herein. Various labels can be
employed, most commonly fluorochromes and radioisotopes,
particularly *?P. However, other techniques can also be
employed, such as using biotin-modified nucleotides for
introduction into a polynucleotide. The biotin then serves as
the site for binding to avidin or antibodies, which can be
labeled with a variety of labels, such as radionuclides, fluo-
rescers, enzymes, or the like. Alternatively, antibodies can be
employed that can recognize specific duplexes, including
DNA duplexes, RNA duplexes, DNA-RNA hybrid duplexes
or DNA-protein duplexes. The antibodies in turn can be
labeled and the assay can be carried out where the duplex is
bound to a surface, so that upon the formation of duplex on the
surface, the presence of antibody bound to the duplex can be
detected.

Gene expression can also be measured by immunological
methods, such as immunohistochemical staining. With
immunohistochemical staining techniques, a sample is pre-
pared, typically by dehydration and fixation, followed by
reaction with labeled antibodies specific for the gene product
coupled, where the labels are usually visually detectable,
such as enzymatic labels, fluorescent labels, luminescent
labels, and the like. Gene expression can also be measured
using PCR techniques, or using DNA microarrays, com-
monly known as gene chips.

4. DNA Vaccines

The use of deoxyribonucleic acid (DNA) molecules for
vaccination is also known (Wolf et al., 1990, Science 247:
1465-1468). This vaccination technique induces cellular and
humoral immunity (stimulation of the production of antibod-
ies specifically directed against the immunogen) after in vivo
transfection of cells of the subject to be vaccinated with
nucleic acids encoding immunologically active proteins.

A “DNA vaccine” or “immunogenic” or “immunological
composition” is composed of at least one vector (e.g., plas-
mid) which may be expressed by the cellular machinery of the
subject to be vaccinated or inoculated and of a pharmaceuti-
cally acceptable carrier, vehicle, or excipient. The nucleotide
sequence of this vector encodes one or more immunogens,
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such as proteins or glycoproteins capable of inducing, in the
subject to be vaccinated or inoculated, a cellular immune
response (mobilization of the T lymphocytes) and a humoral
immune response (Davis, 1997, Current Opinion Biotech. 8:
635-640).

The present invention provides DNA vaccines or immuno-
genic or immunological compositions for mammals. These
DNA vaccines can be generated using the information on
target polynucleotides that constitute virulence determinants
of Johne’s disease or Crohn’s disease. In one aspect, the
immunized mammals develop an immune response, which
can be used for prevention and treatment against Johne’s
disease or Crohn’s disease.

Various routes of administration of the DNA vaccine have
been proposed (intraperitoneal, intravenous, intramuscular,
subcutaneous, intradermal, mucosal, and the like), and they
are useful for the practice of this invention. Various means of
administration have also been proposed. Some means include
the use of gold particles coated with DNA and projected so as
to penetrate into the cells of the skin of the subject to be
vaccinated (Tang et al., 1992, Nature 356: 152-154). Other
means include the use of liquid jet injectors which make it
possible to transfect both skin cells and cells of the underlying
tissues (Furth et al., 1992, Aralytical Bioch. 205: 365-368).

The invention also relates to small nucleic acids that selec-
tively hybridize to the exemplified target polynucleotide
sequences, including hybridizing to the exact complements of
these sequences. Such small nucleic acids include oligo-
nucleotides or small interfering ribonucleic acid (siRNA)
molecules.

The invention further provides small interfering ribo-
nucleic acid (siRNA) molecules for prevention and treatment
of Johne’s or Crohn’s diseases. RNA interference (RNAi)
using siRNA has been shown to be an effective means of
silencing gene expression in cells. For example, retroviral
vectors that express small RNAs as hairpin loops can be used
for therapeutic purposes.

The oligonucleotide or siRNA may be partially comple-
mentary to the target nucleic acid sequence. Alternatively, the
oligonucleotide may be exactly complementary to the target
nucleic acid sequence. The oligonucleotide or siRNA mol-
ecule may be greater than about 4 nucleic acid bases in length
and/or less than about 48 nucleic acid bases in length. In a
further variation, the oligonucleotide or the siRNA molecule
may be about 20 nucleic acid bases in length.

This invention provides a method for delivering an isolated
polynucleotide to the interior of a cell in a mammal, compris-
ing the interstitial introduction of an isolated polynucleotide
into a tissue of the mammal where the polynucleotide is taken
up by the cells of the tissue and exerts a therapeutic effect on
the mammal. The method can be used to deliver a therapeutic
polypeptide to the cells of the mammal, to provide an immune
response upon in vivo transcription and/or translation of the
polynucleotide, or to deliver antisense polynucleotides.

Itis possible to coadminister DNA vaccines encoding anti-
gen with siRNA targeting the target nucleic acid sequences of
this invention, to enhance the antigen-specific cell responses,
and elicit potent antibacterial effects in vaccinated subjects.
Similarly, a skilled artisan should know to use combined/
composite vaccines (see e.g., Talaat et al., 2002, Vaccine 20:
538-544, incorporated herein in entirety by reference), to
increase the efficacy while reducing the number of vaccina-
tions. For example, two or more antigens of this invention
may be combined in a composite vaccine directed against
Johne’s disease or Crohn’s disease.

The vaccines may include other components to serve cer-
tain functions, for example, directing the nucleic acid to a
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certain location in the cell or directing transcription of the
antigen. Compositions for transport to the nucleus may be
included, particularly members of the high mobility group
(HMG), more particularly HMG-1, which is a non-histone
DNA-binding protein. In combination with antisense mol-
ecules, RNAses such as RNAseH, may be used. Other pro-
teins that will aid or enhance the function of the antigen may
be included, such as peptide sequences that direct antigen
processing, particularly HLA presentation, or movement in
the cytoplasm.

In one embodiment, the immunized mammals are farm
animals, in particular cattle. The immunized cattle develop an
immune response, which can be used for prevention and
treatment against Johne’s disease.

5. Antibodies

The present invention further provides for antibodies
immunologically specific for all or part, e.g., an amino-ter-
minal portion, of a polypeptide at least 70% identical to a
mycobacterial sequence that is a virulence determinant.
Exemplary anti-Johne’s and anti-Crohn’s antibodies include
polyclonal, monoclonal, humanized, bispecific, and hetero-
conjugate antibodies. The invention also provides functional
equivalents of anti-Johne’s and anti-Crohn’s antibodies, e.g.,
antibody-like molecules, such as single chain antigen binding
molecules.

The antibodies of this invention may be polyclonal anti-
bodies. Methods of preparing polyclonal antibodies are
known to the skilled artisan. Polyclonal antibodies can be
raised in a mammal, for example, by one or more injections of
an immunizing agent and, if desired, an adjuvant. Typically,
the immunizing agent and/or adjuvant will be injected in the
mammal by multiple subcutaneous or intraperitoneal injec-
tions. The immunizing agent may include any of the antigens
of this invention, its homolog, or a fusion protein thereof.
Examples of adjuvants which may be employed include Fre-
und’s complete adjuvant and MPL-TDM adjuvant (mono-
phosphoryl Lipid A, synthetic trehalose dicorynomycolate).
The immunization protocol may be selected by one skilled in
the art without undue experimentation.

The antibodies of this invention may alternatively be
monoclonal antibodies. Monoclonal antibodies may be pre-
pared using hybridoma methods. In a hybridoma method, a
mouse, hamster, or other appropriate host animal, is typically
immunized with an immunizing agent to elicit lymphocytes
that produce or are capable of producing antibodies that will
specifically bind to the immunizing agent. Alternatively, the
lymphocytes may be immunized in vitro.

The monoclonal antibodies may also be made by recom-
binant DNA methods, such as those describedin U.S. Pat. No.
4,816,567. DNA encoding the monoclonal antibodies of the
invention can be readily isolated and sequenced using con-
ventional procedures (e.g., by using oligonucleotide probes
that are capable of binding specifically to genes encoding the
heavy and light chains of murine antibodies). The hybridoma
cells of the invention serve as a preferred source of such DNA.
Once isolated, the DNA may be placed into expression vec-
tors, which are then transfected into host cells such as simian
COS cells, Chinese hamster ovary (CHO) cells, or myeloma
cells that do not otherwise produce immunoglobulin protein,
to obtain the synthesis of monoclonal antibodies in the
recombinant host cells. The DNA also may be modified, for
example, by substituting the coding sequence for human
heavy and light chain constant domains in place of the
homologous murine sequences (U.S. Pat. No. 4,816,567) or
by covalently joining to the immunoglobulin coding
sequence all or part of the coding sequence for a non-immu-
noglobulin polypeptide. Such a non-immunoglobulin
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polypeptide can be substituted for the constant domains of an
antibody of the invention, or can be substituted for the vari-
able domains of one antigen-combining site of an antibody of
the invention to create a chimeric bivalent antibody.

The antibodies of the invention may further comprise
humanized antibodies or human antibodies. Humanized anti-
bodies might be preferably used for prevention and treatment
of Crohn’s disease. Humanized forms of non-human (e.g.,
murine) antibodies are chimeric immunoglobulins, immuno-
globulin chains or fragments thereof (such as Fv, Fab, Fab',
F(ab")2 or other antigen-binding subsequences of antibodies)
which contain minimal sequence derived from non-human
immunoglobulin. Humanized antibodies include human
immunoglobulins (recipient antibody) in which residues
from a complementary determining region (CDR) of the
recipient are replaced by residues from a CDR of a non-
human species (donor antibody) such as mouse, rat or rabbit
having the desired specificity, affinity and capacity. In some
instances, Fv framework residues of the human immunoglo-
bulin are replaced by corresponding non-human residues.
Humanized antibodies may also comprise residues which are
found neither in the recipient antibody nor in the imported
CDR or framework sequences. In general, the humanized
antibody will comprise substantially all of at least one, and
typically two, variable domains, in which all or substantially
all of the CDR regions correspond to those of a non-human
immunoglobulin and all or substantially all of the FR regions
are those of a human immunoglobulin consensus sequence.
The humanized antibody optimally also will comprise at least
a portion of an immunoglobulin constant region (Fc), typi-
cally that of a human immunoglobulin.

Methods for humanizing non-human antibodies are well
known in the art. Generally, a humanized antibody has one or
more amino acid residues introduced into it from a source
which is non-human. These non-human amino acid residues
are often referred to as “import” residues, which are typically
taken from an “import” variable domain. Humanization can
be essentially performed following the methods described in
Riechmann et al., 1988, Nature, 332: 323-327; and in Verho-
eyen et al., 1988, Science 239: 1534-1536, by substituting
rodent CDRs or CDR sequences for the corresponding
sequences of a human antibody. Accordingly, such “human-
ized” antibodies are chimeric antibodies (U.S. Pat. No. 4,816,
567), wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence
from a non-human species. In practice, humanized antibodies
are typically human antibodies in which some CDR residues
and possibly some FR residues are substituted by residues
from analogous sites in rodent antibodies.

Administration of Vaccines

In one aspect, a method of treating Johne’s disease or
Crohn’s disease is disclosed. In one embodiment, the method
includes production of antibodies directed to M. paratuber-
culosis virulence proteins. This invention discloses a variety
of proteins that are virulence determinants, and are thus
indicative of M. paratuberculosis infection. Methods known
in the art can be used to immunize subjects (animals and
humans) for purposes of prevention and treatment against
Johne’s disease or Crohn’s disease. Pharmaceutically accept-
able carriers are typically used for administration of vaccine
compositions. For example, the use of solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like media and agents
for pharmaceutical active carriers is well known in the art.

In one embodiment, administration of an immunizing
agent includes administering in vivo into a tissue of a mam-
mal a construct comprising a nucleotide sequence encoding
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anantigen, in an amount sufficient that uptake of the construct
into cells of the mammal occurs, and sufficient expression
results, to generate a detectable antibody response. In a pre-
ferred embodiment, the nucleotide sequence encodes an anti-
gen that includes at least one of gcpE, pstA, kdpC, papA2,
impA, umaAl, fabG2_ 2, aceAB, mbtH2, lpqP, map0834c,
cspB, lipN, or mapl1634 genes of M. paratuberculosis. In
another preferred embodiment, the nucleotide sequence
encodes an antigen that includes at least one of the MAP-1,
MAP-2, MAP-3, MAP-4, MAP-5, MAP-6, MAP-7, MAP-8,
MAP-9, MAP-10, MAP-11, MAP-12, MAP-13, MAP-14,
MAP-15, MAP-16, MAP-17, or MAP-18 genomic islands of
M. paratuberculosis.

The vaccine provided by this invention may be adminis-
tered subcutaneously, intramuscularly, intradermally, or into
an organ. Intramuscular injection has been shown in the past
to be an important delivery route for induction of immunity.
Skeletal muscle has properties such as high vascularization
and multi-nucleation. In addition, it is nonreplicating and
capable of expressing recombinant proteins. These properties
are advantageous for gene therapy using DNA vaccines. One
theory of the mechanism of how muscle presents the protein
and induces immune response is that recombinant protein is
produced and released into the vascular network of the
muscle and eventually presented by professional antigen-
presenting cells such as dendritic cells, myoblasts, or mac-
rophages infiltrating the muscle. Another suggestion is that at
the injection site muscle injury induces myoblast prolifera-
tion and activation of infiltrating macrophages or dendritic-
like cells, and they then present antigens through MHC class
II antigen. Thus, other tissues which have similar qualities
also would be good delivery sites for the vaccine.

The chosen route of administration will depend on the
vaccine composition and the disease status of subjects. Rel-
evant considerations include the types of immune cells to be
activated, the time which the antigen is exposed to the
immune system and the immunization schedule. Although
many vaccines are administered consecutively within a short
period, spreading the immunizations over a longer time may
maintain effective clinical and immunological responses.

To immunize a subject, the vaccine is preferably adminis-
tered parenterally, usually by intramuscular injection. Other
modes of administration, however, such as sub-cutaneous,
intraperitoneal and intravenous injection, are also acceptable.
The quantity to be administered depends on the subject to be
treated, the capacity of the subject’s immune system to syn-
thesize antibodies, and the degree of protection desired.
Effective dosages can be readily established by one of ordi-
nary skill in the art through routine trials establishing dose
response curves. The subject is immunized by administration
of'the vaccine in at least one dose, and preferably two to four
doses. Moreover, the subject may be administered as many
doses as is required to maintain a state of immunity to infec-
tion.

Additional vaccine formulations that are suitable for other
modes of administration include suppositories and, in some
cases, aerosol, intranasal, oral formulations, and sustained
release formulations. For suppositories, the vehicle compo-
sition will include traditional binders and carriers, such as,
polyalkaline glycols, or triglycerides. Oral vehicles include
such normally employed excipients as, for example, pharma-
ceutical grades of mannitol, lactose, starch, magnesium,
stearate, sodium saccharin cellulose, magnesium carbonate,
and the like. The oral vaccine compositions may be taken in
the form of solutions, suspensions, tablets, pills, capsules,
sustained release formulations, or powders.
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Another aspect of the invention provides a pharmaceutical
product for use in immunizing a mammal, comprising a phar-
maceutically effective amount of a polynucleotide encoding
an immunogenic polypeptide, a sealed container enclosing
the polynucleotide in a sterile fashion, and means associated
with the container for permitting transfer of the polynucle-
otide from the container to the interstitial space of a tissue,
whereby cells of the tissue can take up and express the poly-
nucleotide.

One skilled in the art will know that it is possible to enhance
the immune response of an animal to a target immunogen by
using a variety of adjuvants. Suitable adjuvants are, for
example, described in U.S. Patent Application Pub. No. US
2004/0213817 Al, incorporated herein in entirety by refer-
ence.

The invention is also directed to a kit for vaccination
against Johne’s or Crohn’s disease. The kit may include one
or more of a sample that includes a target polynucleotide, and
one or more nucleic acid probe sequences at least partially
complementary to a target nucleic acid sequence. The kit may
include instructions for using the kit.

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be sug-
gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence in their entirety for all purposes.

EXAMPLES

Itis to be understood that this invention is not limited to the
particular methodology, protocols, patients, or reagents
described, and as such may vary. It is also to be understood
that the terminology used herein is for the purpose of describ-
ing particular embodiments only, and is not intended to limit
the scope of the present invention, which is limited only by
the claims. The following examples are offered to illustrate,
but not to limit the claimed invention.

Example 1
Animals

Groups of BALB/c mice (N=10-20) at 3 to 4 weeks of age
were infected with M. paratuberculosis strains using intrap-
eritoneal (IP) injection. Infected mice were sacrificed at 3, 6
and 12 weeks post-infection and their livers, spleens and
intestines collected for both histological and bacteriological
examinations. Tissue sections collected for histopathology
were preserved in 10% neutralized buffer formalin (NBF)
before embedding in paraffin, cut into 4-5 pum sections,
stained with hematoxylin and eosin (HE) or acid fast staining
(AFS). Tissue sections from infected animals were examined
by two independent pathologists at 3, 6 and 12 weeks post
infection. The severity of inflammatory responses was ranked
using a score of 0 to 5 based on lesion size and number per
field. Tissues with more than 3 fields containing multiple,
large-sized lesions were given a score of 5 using the devel-
oped scale.

Bacterial Strains, Cultures and Vectors

Mycobacterium avium subsp. paratuberculosis strain
ATCC 19698 (M. paratuberculosis) was used for construct-
ing the mutant library. This strain was grown at 37° C. in
Middlebrook 7H9 broth enriched with 10% albumin dextrose
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complex (ADC), 0.5% glycerol, 0.05% Tween 80 and 2
mg/ml of mycobactin J (Allied Monitor, IN).

The temperature-sensitive, conditionally replicating phas-
mid (phAE94) used to deliver the transposon Tn5367 was
obtained from Bill Jacobs laboratory (Albert Einstein College
of Medicine) and propagated in Mycobacterium smegmatis
mc? 155 at 30° C. as described previously (Bardarov et al.,
1997, Proc. Natl. Acad. Sci. USA 94: 10961-10966). The
Tn5367 is an IS1096-derived insertion element containing a
kanamycin resistance gene as a selectable marker.

After phage transduction, mutants were selected on
Middlebrook 7H10 medium plates supplemented with 30
ng/ml of kanamycin. Escherichia coli DHS5a. cells used for
cloning purposes were grown on Luria-Bertani (LB) agar or
broth supplemented with 100 pg/ml ampicillin. The plasmid
vector pGEM T-easy (Promega, Madison, Wis.) was used for
TA cloning the PCR products before sequencing.
Construction of a Transposon Mutants Library

The phasmid phAE94 was used to deliver the Tn5367 to
mycobacterial cells using a protocol established earlier for M.
tuberculosis. For each transduction, 10 ml of M. paratuber-
culosis culture was grown to 2x10® CFU/ml (OD¢,,, 0.6-0.8),
centrifuged and resuspended in 2.5 ml of MP buffer (50 mM
Tris-HC1 [pH 7.6], 150 mM NaCl, 2 mM CaCl,) and incu-
bated with 10'° PFU of phAE94 at the non-permissive tem-
perature (37° C.) for 2 h in a shaking incubator to inhibit a
possible lytic or lysogenic cycle of the phage.

Adsorption stop buffer (20 mM sodium citrate and 0.2%
Tween 80) was added to prevent further phage infections and
this mixture was plated immediately on 7H10 agar supple-
mented with 30 pg/ml of kanamycin and incubated at 37° C.
for 6 weeks. Kanamycin-resistant colonies (5,060) were
inoculated into 2 ml of 7H9 broth supplemented with kana-
mycin in 96-well microtitre plates for additional analysis.

Construction of lipN mutant. The lipN gene was deleted
from M. paratuberculosis K10 strain using a homologous
recombination protocol based on phage transduction. The
whole gene was deleted from M. paratuberculosis K10 and
was tested in mice. This gene was selected for deletion
because of its up-regulation when DNA microarrays were
used to analyze in vivo (fecal samples) collected from
infected cows with high levels of mycobacterial shedding.
Southern Blot Analysis

To examine the randomness of Tn5367 insertions in the M.
paratuberculosis genome, 10 randomly selected mutants
were analyzed by Southern blot using a standard protocol.
Kanamycin-resistant M. paratuberculosis single colonies
were grown separately in 10 ml of 7H9 broth for 10 days at
37° C. before genomic DNA extraction and digestion (2-3 ng)
with BamH]1 restriction enzyme. Digested DNA fragments
from both mutant and wild-type strains were electrophoresed
on a 1% agarose gel and transferred to a nylon membrane
(Perkin Elmer, Calif.), using an alkaline transfer protocol as
recommended by the manufacturer.

A 1.3-kb DNA fragment from the kanamycin resistance
gene was radiolabeled with [a.->**P]-dCTP using a Random
Prime Labeling Kit (Promega) in accordance with the manu-
facture’s direction. The radio-labeled probe was hybridized
to the nylon membrane at 65° C. overnight in a shaking water
bath before washing, exposure to X-ray film, and develop-
ment to visualize hybridization signals.

Sequencing of the Transposon Insertion Site

FIG. 1 shows a schematic representation of the transposon
Tn5367 from strain ATCC19698 used for insertion mutagen-
esis of M. paratuberculosis. To determine the exact transpo-
son insertion site within the M. paratuberculosis genome, a
protocol for sequencing randomly primed PCR products was
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adopted from previous work on M. tuberculosis with slight
modifications. For PCR amplification, the genomic DNA of
each mutant was extracted from individual cultures by boiling
for 10 min, centrifuged at 10,000xg for 1 min, and 10 ul ofthe
supernatants were used in a standard PCR reaction. For the
first round of PCR, a transposon-specific primer (AMT31:
5'-TGCAGCAACGCCAGGTCCACACT-3") (SEQ 1D
NO:1) and the degenerate primer (AMT38: 5'-GTMTAC-
GACTCACTATAGGGCNNNNCATG-3") (SEQ ID NO:2)
were used to amplify the chromosomal sequence flanking the
transposon-insertion site.

PCR was carried out in a total volume of 25 pl in 10 mM
Tris/HCI (pH 8.3), 50 mM KCl1, 2.0 mM MgCl,, 0.01% (w/v)
BSA, 0.2 mM dNTPs, 0.1 uM of primer AMT31, 1.0 uM of
primer AMT38 and 0.75 U Taq polymerase (Promega). First-
round amplification was performed with an initial denaturing
step at 94° C. for 5 min, followed by 40 cycles of denaturing
at 94° C. for 1 min, annealing at 50° C. for 30 s and extension
at 72° C. for 90 s, with a final extension step at 72° C. for 7
min. Only 1 pl of the first round amplification was then used
as a template for the second round PCR (nested PCR) using a
nested primer (AMT32: 5-CTCTTGCTCTTCCGCTTCT-
TCTCC-3") (SEQ ID NO:3) derived from the Tn5367 and T7
primer (AMT 39: 5-TAATACGACTCACTATAGGG-3")
(SEQ ID NO:4) present within the degenerative primer
sequence. Reactions were carried out in a total volume of 50
wlin 10 mM Tris/HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl,,
0.2 mM dNTPs, 0.5 uM primers, 5% (v/v) DMSO and 0.75 U
Taq polymerase.

A final round of amplification was performed with a dena-
turing step at 95° C. for 5 min followed by 35 thermocycles
(94° C. for 30 s, 57° C. for 30 s and 72° C. for 1 min) with a
final extension step at 72° C. for 10 min. For almost %5 of the
sequenced mutants, no cloning was attempted and AMT152
primer (5'-TTGCTCTTCCGCTTCTTCT-3") (SEQID NO:5)
present in Tn5367 was used to directly sequence gel-purified
amplicons. The product of the second amplification was gel-
purified (Wizard Gel-extraction kit, Promega, Madison, Wis.)
and cloned into PGEM T-easy vector for plasmid mini-prepa-
ration followed by automatic sequencing. Inserts in pGEM
T-easy vector was confirmed by EcoRI restriction digestion
and the sequencing was carried out using SP-6 primer (5'-
TATTTAGGTGACACTATAG-3") (SEQ ID NO:6).

To identify the precise transposon-insertion site in the M.
paratuberculosis genome, the transposon sequence was
trimmed from the cloning vector sequences and a BLASTN
search was used against the M. paratuberculosis K-10 com-
plete genome sequence (GenBank accession no. AE016958).
Sequences with at least 100 bp of alignment matching to the
M. paratuberculosis genome were further analyzed while
others without any transposon sequence were not analyzed to
avoid using amplicons generated by non-specific primer
binding and amplification.

Statistical Analysis

All bacterial counts from mouse organs were statistically
analyzed using the Excel program (Microsoft, Seattle,
Wash.). All counts are expressed as the mean+standard devia-
tion (S.D.). Differences in counts between groups were ana-
lyzed with a Student’s t-test for paired samples. Differences
were considered to be significant if a probability value of
p<0.05 was obtained when the CFU count of mutant strains
were compared to that of the wild-type strain.

Generation of M. paratuberculosis Mutant Library

A genome-wide random-insertion mutant library was gen-
erated for the M. paratuberculosis ATCC 19698 using the
temperature-sensitive mycobacteriophage phAE94 devel-
oped earlier for M. tuberculosis. A library consisting of 5,060
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kanamycin-resistance colonies was obtained by the insertion
of transposon Tn5367 in the bacterial genome (FIG. 1). One
transduction reaction of 10° mycobacterial cells with
phAE94 yielded all of the kanamycin resistant colonies used
throughout this study. None of the retrieved colonies dis-
played a variant colony morphology from that usually
observed in members of the M. avium complex. A large-scale
sequencing strategy was employed to identify disrupted
genes.
Identification of the Transposition Sites in M. paratubercu-
losis Mutants

Among the library of 5,060 mutants, 1,150 were analyzed
using a high-throughput sequencing analysis employing a
randomly primed PCR protocol that was successful in char-
acterizing an M. tuberculosis-transposon library. These
sequences were used to search M. paratuberculosis K-10
complete genome using BLASTN algorithm to identify the
insertion site in 20% of the library. Generally, unique inser-
tion sites (N=970) were identified, and almost %4 of the inser-
tions occurring in predicted open reading frames (ORFs)
while the rest of the insertions occurred in the intergenic
regions (N=330) (Table 1).

TABLE 1

Percentage and number of unique insertions
in a library of 5,060 mutants analyzed

No. of unique

Insertion Sites Number Insertions % Unique*
ORF 714 640 89.6
Intergenic region 436 330 75.7
Total 1150 970 84.3

*indicates the percentage of insertions in unique sites within ORF or intergenic regions.

Among the 970 unique insertions within ORFs, only 288 of
the predicted mycobacterial ORFs were disrupted at least
once by the transposition of Tn5367 indicating that more than
an insertion occurred multiple times in some genes. In fact,
only 10.4% of disrupted ORFs showed more than one inser-
tion per ORF indicating the presence of “hot spots™ for trans-
position with Tn5367. Compared to insertions in ORFs, a
higher rate by at least two times was observed when inter-
genic regions (24.3%) were examined (Table 2). Overall, the
structure of the M. paratuberculosis mutant library was simi-
lar to that constructed in M. tuberculosis.

More scrutiny of the DNA sequences in both coding and
intergenic regions revealed that regions most susceptible to
transposon insertions are those with G+C content ranging
from 50.5% to 60.5%, which is considerably lower than the
average G+C content of the whole M. paratuberculosis
(69.2%) (Table 2). Analysis of the flanking regions of Tn5367
site of insertion in genes with high frequency of transposition
(N>4) identified areas of AT or TA repeats (e.g. TTT(T/A),
AA(A/T) or TAA) as the most predominant sequences.

To illustrate the randomness of the Tn5367 transposition in
M. paratuberculosis genome, the gene positions of all
sequenced mutants were mapped to the genome sequence of
M. paratuberculosis K10 (GenBank No. AE016958). Addi-
tionally, several mutants showed insertion into ORFs that
have multiple copies in the genome (e.g. gene families or
paralogous genes). These were excluded from further analy-
sis.

As shown in FIG. 2, the transposition insertions were dis-
tributed in all parts of the genome without any apparent bias
to a particular area. Overall, 1,128 mutants underwent the
second level of bioinformatic analysis. FIG. 2 shows the
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distribution of 1,128 transposon-insertion sites on the chro-
mosome of M. paratuberculosis K-10 indicated by long bars
on the outer-most circle. The inner two circles of short bars
show predicted genes transcribed in sense or antisense direc-
tions.

TABLE 2

Characterization of M. paratuberculosis mutants with
high insertion frequency (>10 insertions)

No. of
Genome inser- G + C Gene
Coordinates Gene ID tions %  products™®
Cod- 1297579-1298913 MAP1235 43 55.88 Hypothetical
ing protein
re- 1719957-1721030 MAP 1566 42 58.19 Hypothetical
gions protein
878808-880535 MAP 0856C 25 57.98 Hypothetical
protein
877826-878770  MAP 0855 25 59.57 Hypothetical
protein
4266449-4267747 MAP 3818 15 59.66 Hypothetical
protein
1295719-1296441 MAP 1233 13 50.48 Hypothetical
protein
1296587-1297387 MAP 1234 13 57.42 Hypothetical
protein
4803081-4803626 MAP 4327C 12 60.25 Hypothetical
protein
299412-300203  MAP 0282C 11 60.47 Hypothetical
protein
Inter-  2380554-2381286 MAP2149¢- 97 54.3 Hypothetical
genic MAP2150 proteins
re- 1276333-1276722 MAP1216¢- 44 529 LpgQ &
gions MAP1217¢ hypothetical
protein
1997030-1997898 MAP1820- 26 54.01 Hypothetical
MAP1821c proteins
4455022-4458337 MAP3997¢c- 21 53.9 SerB and
MAP3998¢ hypothetical
protein
1409338-1410190 MAP1318c- 20 574 Adenylate
MAP1319 cyclase
2383052-2384295 MAP2151- 20 54.1 Hypothetical
MAP2152¢ proteins
300204-301106  MAPO0282¢- 17 58.2 Hypothetical
MAP0283¢ proteins
31518-32640 MAP0027- 13 57.8 Hypothetical
MAPO0028¢ proteins
4263656-4264948 MAP3815- 13 60.4 Hypothetical
MAP3816 proteins
4810959-4811624 MAP4333- 11 56.7 Hypothetical
MAP4334 proteins

*Gene products were described based on cluster of proteins analysis with at least 50%
identity to other mycobacterial spp. For intergenic regions, the products of both flanking
genes were listed.

To further analyze the expected phenotypes of the dis-
rupted genes, the flanking sequences of each disrupted gene
were examined, to determine their participation in transcrip-
tional units such as operons. This analysis could reveal poten-
tial polar effect that could be observed in some mutants.
Using the operon prediction algorithm (OPERON), approxi-
mately 124 (43.0%) of disrupted ORFs were identified as
members of 113 putative operons (Table 3), indicating pos-
sible phenotypes related to disruption of function encoded by
the whole operon and not just the disrupted gene. A total of 52
of'the disrupted genes were within the last gene of an operon
and were unlikely to affect the expression of other genes.

A total of 23 of the Tn5367 insertions were counted in
several genes of the same 12 operons suggesting preference
oftranspositions throughout these sequences. For example, in
the kdp operon (encoding putative potassium translocating
proteins), 4 genes were disrupted among the 5 genes consti-
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tuting this operon. Overall, sequence analysis of transposon
junction sites identified disruption of a unique set of genes
scattered all over the genome.

TABLE 3

Operon analysis of 288 ORFs disrupted
by transposons in this study

Operon (%) Not in operon (%)

Number 124 (43.0) 164 (56.9)
First gene 40 (32.3) N/A*
Middle gene 32 (35.8) N/A
Last gene 52 (41.9) N/A

*N/A: Not applicable

Sequence Analysis of Disrupted Genes

A total of 288 genes represented by 970 mutants were
identified as disrupted from the initial screening of the trans-
poson mutant library constructed in M. paratuberculosis.
Examining the potential functional contribution of each dis-
rupted gene among different functional classes encoded in the
completely sequenced genome of M. paratuberculosis K10
strain will better characterize their roles in infection. With the
help of the Cluster of Orthologous Group website, disrupted
genes were sorted into functional categories (Table 4). Six
genes did not have a match in the COG functional category of
M. paratuberculosis and consequently were analyzed using
M. tuberculosis functional category. These genes are involved
in different cellular processes such as lipid metabolism
(desAl), cell wall biosynthesis (mmpS4) and several possible
lipoproteins (IppP, 1pqJ, IpgN) including a member of the PE
family (PE6).

TABLE 4

List of functional categories of 288
disrupted genes that were identified

Coding Sequences Mutants Number

Number in % in Number % in
Functional Category genome genome  mutant  genome
Translation 154 35 6 39
RNA processing and 1 0.02 0 0.0
modification
Transcription 262 6.0 8 31
Replication, 179 4.1 13 7.3
recombination and
repair
Chromatin structure 1 0.02 0 0.0
and dynamics
Cell cycle control, 34 0.8 3 8.8
mitosis and meiosis
Defense mechanisms 46 1.1 5 10.9
Signal transduction 112 2.6 6 5.4
mechanisms
Cell wall/membrane 132 3.0 12 9.1
biogenesis
Cell motility 10 0.2 0 0.0
Intracellular trafficking 20 0.5 0 0.0
and secretion
Posttranslational 102 23 5 4.9
modification, protein
turnover, chaperones
Energy production and 277 6.4 10 3.6
conversion
Carbohydrate transport 187 43 18 9.6
and metabolism
Amino acid transport 246 5.7 16 6.5
and metabolism
Nucleotide transport 67 1.5 2 3.0

and metabolism
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TABLE 4-continued

List of functional categories of 288

disrupted genes that were identified

Coding Sequences Mutants Number

Number in % in Number % in
Functional Category genome genome  mutant  genome
Coenzyme transport 126 29 3 2.4
and metabolism
Lipid transport and 326 75 20 6.1
metabolism
Inorganic ion transport 174 4.0 9 5.2
and metabolism
Secondary metabolites 357 8.2 26 73
biosynthesis, transport
and catabolism
General function 375 8.6 30 8.0
prediction only
Unknown function 248 57 16 6.5
Unknown 914 21.0 80 8.8

Interestingly, genes involved in cell motility, intracellular
trafficking and secretions were not represented in the mutants
that were analyzed so far despite their comprising a substan-
tial number of genes (N=30) (Table 4). However, for most
functional groups, the percentage of disrupted genes ranged
between 3-11% of the genes encoded within the M. paratu-
berculosis genome.

In most of the functional classes, the percentage of dis-
rupted genes among mutants agreed with the percentage of
particular functional class to the rest of the genome. Only 2
gene groups (bacterial defense mechanisms and cell cycling)
were over-represented in the mutant library indicating poten-
tial sequence divergence from the high G+C content of the
rest of the genome, which favorably agreed with the Tn5367
insertional bias discussed before.

Colonization of Transposon Mutants to Mice Organs

To identify novel virulence determinants in M. paratuber-
culosis, the mouse model of paratuberculosis was employed
to characterize selected transposon mutants generated in this
study. Bioinformatic analysis was used to identify genes with
potential contribution to virulence. Genes were selected if
information on their functional role was available, especially
genes involved in cellular process believed to be necessary for
survival inside the host or genes similar to known virulence
factors in other bacteria (Table 5).

The screen for virulence determinants was designed to
encompass mutations in a broad range of metabolic pathways
to determine whether any could play an essential role for M.
paratuberculosis persistence during the infection. Genes
involved in carbohydrate metabolism (e.g. gcpE, impA), ion
transport and metabolism (e.g. kdpC, trpE2) and cell wall
biogenesis (e.g. mmpL.10, umaAl) were chosen for further
investigating in the mouse model of paratuberculosis, and
respective mutants were tested in vivo. Also chosen were: a
probable isocitrate lyase (aceAB), a gene involved in myco-
bactin/exocholin synthesis (mbtH2), a possible conserved
lipoprotein (IpqP), as well as putative transcriptional regula-
tors (map0834c and map1634).
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TABLE 5

Characterization of transposon mutants tested
in the mouse model of paratuberculosis

Gene Insertion %* Known molecular function

mmpL10 18.6 Conserved transmembrane transport protein

fprA 56.5 Adrenodoxin-oxidoreductase

papA2 12.1 Conserved polyketide synthase associated
protein

gepE 56.8 Isoprenoid biosynthesis, 4-hydroxy-3-
methylbut-2-en-1-yl diphosphate synthase

papA3_1 65.2 Probable conserved polyketide synthase
associated protein

kdpC 45.1 Probable Potassium-transporting ATPase C
chain

umaAl 63.5 Possible mycolic acid synthase

pStA 3.8 Non-ribosomal binding peptide synthetase

fabG2_2 70.1 Putative oxidoreductase activity

trpE2 81.2 Probable anthranilate synthase component I

impA 52.0 Probable inositol-monophosphatase

cspB 63.8 Small cold shock protein

aceAB 95.5 Probable isocitrate lyase

mbtH2 64.6 mbtH_2 protein family, mycobactin/exocholin
synthesis

IpqP 1.6 Possible conserved lipoprotein

prrA 83.6 Transcriptional regulatory, putative two-
component system regulator

mapl634 88.8 Transcription factor activity

LipN** deletion  Lipase, esterase protein

*insertion % indicates the percentage from start codon of gene.
**[ipN mutant was generated by homologous recombination.

Before animal infection, the growth curve of all mutants in
Middlebrook 7H9 broth supplemented with kanamycin was
shown to be similar to that of the parent strain. However, most
mutants reached an ODg,,=1.0 at 35 days compared to 25
days for the ATCC19698, parent strain, which could be attrib-
uted to the presence of kanamycin in the growth media. Once
mycobacterial strains reached ODg,,=1.0, they were appro-
priately diluted and prepared for intraperitoneal (IP) inocula-
tion of 107-10® CFU/mouse. In each case, the bacterial colo-
nization and the nature of histopathology induced post-
challenge were compared to the parent strain of M.
paratuberculosis inoculated at similar infectious dose.

FIG. 3 shows colonization levels of variable M. paratuber-
culosis strains to mice organs. Groups of mice were infected
via intraperitoneal injection (107-10* CFU/mouse) with the
wild-type strain (ATCC19698) or one of 11 mutants. Coloni-
zation by only 8 mutants is shown in liver (A), spleen (B) and
intestine (C) after 3, 6 and 12 weeks post infection. Bars
represent the standard errors calculated from the mean of
colony counts estimated from organs at different times post
infection.

All challenged mice were monitored for 12 weeks post
infection with tissue sampling at 3, 6 and 12 weeks post
infection. For samples collected at 3 weeks post-infection,
only the strains with a disruption in gepE or kdpC genes
displayed significantly (p<0.05) lower colonization levels
compared to the parent strain (FIG. 3), especially in the pri-
mary target of M. paratuberculosis, the intestine. Some of the
mutants (gepE and kdpce) displayed a significant reduction in
the intestinal colony counts starting from 3 weeks post infec-
tion and throughout the experiment. At 6 weeks post infec-
tion, both pap A2 and pstA mutants showed significant colony
reduction in the intestine that was maintained in the later time
point. At 12 weeks post infection, umaAl, fabG2 2, and
impA genes displayed significantly decreased colonization in
the intestine (p<0.05) with a reduction of at least 2 logs (FIG.
3C). Colonization levels of the spleen did not show a signifi-
cant change while levels in the liver and intestine were vari-
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able between mutants and wild-type and therefore, they were
the most informative organs (FIG. 3).

The four mutants mmpL.10, fprA, papA3_1, and trpE2
showed a 10-fold reduction in mycobacterial levels at least in
one examined organ by 12 weeks post infection although, this
reduction was not statistically significant (p>0.05).

Additional mutants with colonization levels significantly
lower in both intestine and liver were identified. Shown in
FIG. 4 are data obtained using attenuated mutants with dis-
ruption in one of aceAB, mbtH2, IpqP, map0834c, cspB, lipN,
or map1634 genes. The graph in FIG. 4A depicts liver colo-
nization of BALB/c mice following infection with 10% CFU/
animal of M. paratuberculosis mutants compared to the wild
type strain ATCC19698. IP injection was used as a method for
infection. Colonization levels in the liver over 3, 6, and 12
weeks post infection were monitored and are shown in FIG.
4A. The graph in FIG. 4B depicts intestinal colonization of
BALB/c mice following infection with 10® CFU/animal of M.
paratuberculosis mutants compared to the wild type strain
ATCC19698. IP injection was used as a method for infection.
Colonization levels in the intestine over 3, 6, and 12 weeks
post infection were monitored and are shown in FIG. 4B.
Histopathology of Mice Infected with Transposon Mutants

All animal groups infected with mutants or the parent
strain displayed a granulomatous inflammatory reaction con-
sistent with infection with M. paratuberculosis using the
mouse model of paratuberculosis. Liver sections were the
most reflective organ for paratuberculosis where a typical
granulomatous response was found. It was exhibited as
aggregation of lymphocytes surrounded with a thin layer of
fibrous connective tissues.

FIG. 5 shows histopathological data from liver of mice
infected with M. paratuberculosis strains as outlined in FIG.
3. At 3, 6 and 12 weeks post infection, mice were sacrificed
and liver, spleen, and intestine were processed for histopatho-
logical examination. Liver sections stained with H&E with
arrows indicating granulomatous inflammatory responses
were shown in FIG. 4 of U.S. Provisional Patent Application
Ser. No. 60/749,128, incorporated herein by reference. FIG.5
is a chart showing the inflammatory scores of all mice groups.

Granuloma formation was apparent in animals infected
with ATCC19698 strain and some mutants such as
Ammpl.10. Both the size and number of granulomas were
increased over time indicating the progression of the disease.
During early times of infection (3 and 6 weeks sampling),
most mutants displayed only lymphocytic inflammatory
responses while the formation of granulomas was observed
only at the late time (12 weeks samples). Additionally, the
severity of inflammation reached level 3 (out of 5) at 12 weeks
post-infection for mice infected with ATCC19869 while in
the group infected with mutants such as AgcpE and AkdpC,
the granulomatous response was lower (ranged between lev-
els 1 and 2).

When mice infected with Ammpl.10 were examined, the
lymphocyte aggregates were larger in size and were well-
separated by fibrous tissues compared to the granuloma
formed in mice infected with the ATCC19698. On the other
hand, some mutants (e.g. AgepE, AimpA) began with rela-
tively minor lesions and remained at this level as time pro-
gressed while others (Apap3__1, fabG2_ 2) started with mild
lesions and progressively increased in severity over time.

A third group of mutants (AfprA, AkdpC) began with a
similar level of response to that of the parent strain and
continue to be severely affected until the end of the sampling
time.

Generally, by combining the histopathology and coloniza-
tion data it was possible to assess the overall virulence of the
examined mutants and classify disrupted genes into 3 classes.
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InClassI (early growth mutants), the disruption of genes (e.g.
gepE, KdpC) generated mutants that are not able to multiply
efficiently in mice tissues and therefore, a modest level of
lesions was generated and their colonization levels were sig-
nificantly lower than that of wild-type. In Class II (tissue
specific mutants), levels of bacterial colonization were sig-
nificantly reduced in only specific tissues such as umaAl for
liver and papA2 in the intestine at 6 weeks samples. No
characteristic pathology of this group could be delineated
since only liver sections were reflective of the paratuberculo-
sis using the mouse model employed in this study. In Class I11
(persistence mutants), levels of colonization were maintained
unchanged in the first 6 weeks and then reduced significantly
atlatertimes (e.g. fabG2_ 2 andimpA). The lesions formed in
animals infected with Class III mutants showed a similar
pattern of lesion progression to those of animals infected with
the parent strain.

Generally, there was an inverse relationship between
granuloma formation scores and mycobacterial colonization
levels of mutants for samples collected at 12 weeks post
infection. The decline of M. paratuberculosis levels could be
attributed to the initiation of a strong immune response rep-
resented by an increase of granuloma formation. However, in
the case of animals infected with ApstA and AimpA, the
decline of colonization level was consistent with the reduc-
tion in granuloma scores.

Overall, large scale characterization of mutant libraries for
virulence determinants is shown to be possible, especially
when the genome sequence of a given genome is known. The
employed approach can be applied in other bacterial systems
where there is little information available on pathogen viru-
lence determinants.

Histopathological analyses of mice infected with the
attenuated M. paratuberculosis mutants aceAB, mbtH2, 1pqP,
map0834c, cspB, lipN, or mapl634 showed a decrease in
granuloma formation in the liver, compared to the mice
infected with the wild type M. paratuberculosis strain
ATCC19698.

Characterization of Transposon Mutants

The list of diagnostic targets, i.e., potential virulence deter-
minants disclosed here includes the gepE gene encoding a
product that controls a terminal step of isoprenoid biosynthe-
sis via the mevalonate independent 2-C-methyl-D-erythritol-
4-phosphate (MEP) pathway. Because of its conserved nature
and divergence from mammalian counterpart, gcpE and its
products are considered a suitable target for drug develop-
ment.

Another diagnostic target, i.e., potential virulence gene, is
pstA, which encodes non-ribosomal peptide synthetase in M.
tuberculosis with a role in glycopeptidolipids (GPLs) synthe-
sis. The GPLs is a class of species-specific mycobacterial
lipids and major constituents of the cell envelopes of many
non-tuberculous mycobacteria as well, such as M. smegmatis.

Disruption of umaAl also resulted in lower colonization
levels in all organs examined at 6 weeks post infection and
forward.

Additional potential virulence determinants include
papA3_1 and papA2, genes that are members of the
polyketide synthase associated proteins family of highly con-
served genes. Members of the pap family encode virulence-
enhancing lipids. Nonetheless, these two mutants displayed
different attenuation phenotypes. The papA2 mutant showed
significantly lower CFU than the papA3_ 1 mutant.
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The kdpC gene encodes an inducible high affinity potas-
sium uptake system. The kdpC mutant was significantly
reduced mostly in the intestinal tissue at early and late stages
of infection.

The impA mutant showed significantly reduced levels at
late times of infection indicating that impA may possibly play
arole in M. paratuberculosis entry into the persistence stage
of the infection.

The aceAB mutant showed significantly reduced levels at
late times of infection indicating that aceAB may possibly
play a role in M. paratuberculosis entry into the persistence
stage of the infection. Deletion of a homologue of the gene in
M. tuberculosis rendered this mutant attenuated.

The mbtH2 mutant showed significantly reduced levels at
early times of infection indicating that mbtH2 may possibly
play a role in M. paratuberculosis entry into the intestinal
cells or survival in macrophage during early infection. This
gene was induced during animal infection using DNA
microarrays conducted in the inventor’s laboratory.

The 1pqP mutant showed significantly reduced levels at late
times of infection indicating that lpqP may possibly play a
role in M. paratuberculosis entry into the persistence stage of
the infection.

The prrA mutant showed significantly reduced levels at
late times of infection indicating that prrA may possibly play
arole in M. paratuberculosis entry into the persistence stage
of the infection. The prrA homologue in M. tuberculosis is
two-component transcriptional regulator. This gene was
induced at low pH using DNA microarrays conducted in the
inventor’s laboratory.

The map1634 mutant showed significantly reduced levels
at late times of infection indicating that map1634 may possi-
bly play a role in M. paratuberculosis entry into the persis-
tence stage of the infection.

The lipN mutant showed significantly reduced levels at
mid and late times of infection indicating that lipN may play
an important role in M. paratuberculosis during early and
persistent stages of the infection. LipN encodes a lipase
which could be important degrading fatty acids. This gene
was induced in cow samples using DNA microarrays con-
ducted in the inventor’s laboratory.

Example 2

Bacterial Strains

Mycobacterial isolates (N=34) were collected from differ-
ent human and domesticated or wildlife animal specimens
representing different geographical regions within the USA
(Table 6). Mycobacterium avium subsp. paratuberculosis
K10 strain, M. avium subsp. avium strain 104 (M. avium 104)
and M. intracellulare were obtained from Raul Barletta (Uni-
versity of Nebraska). M. paratuberculosis ATCC19698 and
other animal isolates were obtained from the Johne’s Testing
Center, University of Wisconsin-Madison, while the M.
paratuberculosis human isolates were obtained from Saleh
Naser (University of Central Florida). All strains were grown
in Middlebrook 7H9 broth supplemented with 0.5% glycerol,
0.05% Tween 80 and 10% ADC (2% glucose, 5% BSA frac-
tion V, and 0.85% NaCl) at 37° C. For M. paratuberculosis
strains, 2 pg/ml of mycobactin-J (Allied Monitor, Fayette,
Mo.) also was added for optimal growth.
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TABLE 6

Mycobacterium strains tested in Example
2 of the present invention

Sample
Species Strain Host origin Location
M. avium K10 Cow Feces Wisconsin
subsp. ATCC Cow Feces Unknown
para- 19698
tuberculosis JTC33666 Turkomen Feces California
markhor
(Goat)
JTC33770 Cow Feces Wisconsin
CW303 Cow Feces Wisconsin
1B Human Tleumn Florida
3B Human Tleumn Florida
4B Human Tleumn Florida
5B Human Tleumn Florida
DT3 British Feces Unknown
red deer
DT9 African Feces Unknown
Eland
DT12 Chinese Tleumn Unknown
Reeve’s
muntjac
(Deer)
DT19 White rhino Feces Unknown
JTC1281 Oryx Lymph Florida
Node
JTC1282 Cow Lymph Wisconsin
Node
JTC1283 Cow Feces Georgia
JTC1285 Goat Feces Virginia
JTC1286 Cow Tleumn Wisconsin
M. avium 104 Human Blood Unknown
subsp. T93 Cow Feces Texas
avium T99 Cow Feces Texas
T100 Cow Feces Texas
DT30 Angolan Feces Unknown
springbok
DT44 Formosan Lymph Unknown
Reeve’s Node
muntjac
(Deer)
DT78 Water Tleumn Unknown
buffalo
DT84 Lowland Lymph Unknown
wisent Node
DT247 Cuvier’s Lymph Unknown
gazelle Node
JTC956 Ankoli Feces Florida
JTC981 Bongo Feces Florida
JTC982 Nyala Feces Florida
JTC1161 Cow Feces Florida
JTC1262 Bison Lymph Montana
Node
JTC33793 Dama Feces Indiana
gazelle
M. intra- mc?76 Human Sputum Unknown
cellulare

Microarray Design

Oligonucleotide microarrays were synthesized in situ on
glass slides using a maskless array synthesizer. Probe
sequences were chosen from the complete the genome
sequence of M. avium 104. Sequence data of M. avium 104
strain was obtained from The Institute for Genomic Research.
Open reading frames (ORFs) were predicted using Gen-
eMark software. For every ORF, 18 pairs of 24-mer
sequences were selected as probes. Each pair of probes con-
sists of a perfect match (PM) probe, along with a mismatch
(MM) probe with mutations at the 6th and 12th positions of
the corresponding PM probes. A total of ~185,000 unique
probe sequences were synthesized on derivatized glass slides
by NimbleGen Systems (Madison, Wis.).
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Genomic DNA Extraction and Labeling

Genomic DNA was extracted using a modified CTAB-
based protocol followed by two rounds of ethanol precipita-
tion. For each hybridization, 10 pug of genomic DNA was
digested with 0.5 U of RQ1 DNase (Promega, Madison, Wis.)
until the fragmented DNA was in the range of 50-200 bp
(examined on a 2% agarose gel). The reaction was stopped by
adding 5 pl of DNase stop solution and incubating at 90° C.
for 5 minutes. Digested DNA was purified using YM-10
microfilters (Millipore, Billerica, Mass.).

Genomic DNA hybridizations were prepared by an end-
labeling reaction. Biotin was added to purified mycobacterial
DNA fragments (10 pg) using terminal deoxynucleotide
transferase in the presence of 1 uM ofbiotin-N6-ddATP at 37°
C. for 1 hr. Before hybridization, biotin-labeled gDNA was
heated to 95° C. for 5 minutes, followed by 45° C. for 5
minutes, and centrifuged at 14,000 rpm for 10 minutes before
adding to the microarray slide.

After microarray hybridization for 12-16 hrs, slides were
washed in non-stringent (6xSSPE and 0.01% Tween-20) and
stringent (100 mM MES, 0.1 M NaCl, and 0.01% Tween 20)
buffers for 5 min each, followed by fluorescent detection by
adding Cy3 streptavidin (Amersham Biosciences Corp., Pis-
cataway, N.J.). Washed microarray slides were dried by argon
gas and scanned with an Axon GenPix 4000B (Axon Instru-
ment, Union City, Calif) laser scanner at 5 pm resolution.
Replicate microarrays were hybridized for every genome
tested. Two hybridizations of the same genomic DNA with
high reproducibility (correlation coefficient>0.9) were
allowed for downstream analysis.

Data Analysis and Prediction of Genomic Deletions

The images of scanned microarray slides were analyzed
using specialized software (NimbleScan) developed by
NimbleGen Systems. The average signal intensity of a MM
probe was subtracted from that of the corresponding PM
probe. The median value of all PM-MM intensities for an
ORF was used to represent the signal intensity for the ORF.
The median intensities value for each slide was normalized by
multiplying each signal by a scaling factor that was 1000
divided by the average of all median intensities for that array.

To compare hybridization signals generated from each of
the genomes to that of M. avium 104, the normalized data
from replicate hybridizations were exported to R language
program with the EBarrays package version 1.1, which
employs a Bayesian statistical model for pair-wise genomic
comparisons using a log-normal-normal model. Genes with
the probability of differential expression larger than 0.5 were
considered significantly different between the genomes of M.
avium and M. paratuberculosis.

The hybridization signals corresponding to each gene of all
investigated genomes were plotted according to genomic
location of M. avium 104 strain using the GenVision software
(DNAStar Inc., Madison, Wis.). The same data set was also
analyzed by MultiExperiment Viewer 3.0 to identify common
cluster patterns among mycobacterial isolates.

Microarray Analysis of M. avium and M. paratuberculosis
Genomes

Genomic rearrangements among M. avium and M. paratu-
berculosis isolated from variable hosts were investigated, to
identify diagnostic targets for microbial infection. The analy-
sis began using 5 mycobacterial isolates employing DNA
microarrays and was expanded to include an additional 29
isolates employing a more affordable technology of PCR
followed by direct sequencing. All of the isolates were col-
lected from human and domesticated or wildlife animal
sources and had been previously identified at the time of
isolation using standard culturing techniques for M. avium
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and M. paratuberculosis. The identity of each isolate was
confirmed further by acid-fast staining and positive PCR
amplification of IS900 sequences from all M. paratuberculo-
sis. Additionally, the growth of all M. paratuberculosis iso-
lates were mycobactin-J dependent while all M. avium iso-
lates were not.

Before starting the microarray analysis, an hsp65 PCR
typing protocol was performed to ensure the identity of each
isolate. The PCR typing protocol agreed with earlier charac-
terization of all mycobacterial isolates used throughout this
study. FIG. SA of U.S. Provisional Patent Application Ser.
No. 60/749,128, incorporated by reference, depicts the PCR
confirmation of the identity of the examined genomes.

To investigate the extent of variation among M. avium and
M. paratuberculosis on a genome-wide scale, oligonucle-
otide microarrays were designed from the M. avium 104
strain genome sequence. The GeneMark algorithm was used
to predict potential ORFs in the raw sequence of M. avium
genome obtained from TIGR. A total of 4987 ORFs were
predicted for M. avium compared to 4350 ORFs predicted in
M. paratuberculosis. Relaxed criteria for assigning ORFs
were chosen (at least 100 bp in length with a maximal per-
mitted overlap of 30 bases between ORFs) to use a compre-
hensive representation of the genome to construct DNA
microarrays.

Similar to other bacterial genomes, the average ORF length
was ~1 Kb. Using the ASAP comparative genomic software
suite, the ORFs shared by M. paratuberculosis and M. avium
had an average percent identity of 98%, a result corroborated
by others. BLAST analysis of the ORFs from both genomes
show that about 65% (N=2557) of the genes have a significant
match (E<10-10) in the other genome.

To test the reliability of genomic DNA extraction protocols
and microarray hybridizations, the signal intensities of repli-
cate hybridizations of the same mycobacterial genomic DNA
were compared using scatter plots. ORFs with positive
hybridization signals in at least 10 probe pairs were normal-
ized and used for downstream analysis to ensure the inclusion
of'only ORFs with reliable signals. In all replicates, indepen-
dently isolated hybridized samples of gDNA had high corre-
lation coefficients (r>0.9).

To investigate the genomic relatedness among isolates
compared to the M. avium 104 strain, a hierarchical cluster
analysis was used to assess the similarity of the hybridization
signals among isolates on a genome-wide level. FIG. 5C of
U.S. Provisional Patent Application Ser. No. 60/749,128,
incorporated by reference, shows a dendogram displaying the
overall genomic hybridization signals generated from bio-
logical replicates of different mycobacterial isolates from
animal or human (HU) sources.

Within the M. paratuberculosis cluster, the human and the
clinical animal isolates were highly similar to each other than
to the ATCC19698 reference strain, implying a closer relat-
edness between human and clinical isolate of M. paratuber-
culosis. Interestingly, despite the high degree of similarity
between genes shared among isolates, hundreds of genes
appeared to be missing from different genomes relative to M.
avium genome. Most of the genes were found in clusters in
the M. avium 104 genome, the reference strain used for
designing the microarray chip. Consequently, regions absent
in M. avium 104 but present in other genomes could not be
identified in this analysis.

PCR Verification and Sequence Analysis

To confirm the results predicted by microarray hybridiza-
tions, a 3-primer PCR protocol was used to amplify the
regions flanking predicted genomic islands. For every island,
one pair of primers (F—forward and R1—reverse 1) was
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designed upstream of the target region and a third primer (R2
—reverse 2) was designed downstream of the same region.
The primers were designed so that expected lengths of the
products were less than 1.5 Kb between F and R1 and less
than 3 Kb between F and R2 when amplified from the
genomes with the deleted island. Each PCR contained 1 M
betaine, 50 mM potassium glutamate, 10 mM Tris-HC1 pH
8.8,0.1% of Triton X-100, 2 mM of magnesium chloride, 0.2
mM dNTPs, 0.5 uM of each primer, 1 U Taq DNA polymerase
and 15 ng genomic DNA. The PCR cycling condition was 94°
C. for 5 minutes, followed by 30 cycles of 94° C. for 1 minute,
59° C. for 1 minute and 72° C. for 3 minutes.

All PCR products were examined using 1.5% agarose gels
and stained with ethidium bromide. To further confirm
sequence deletions, amplicons flanking deleted regions were
sequenced using standard BigDye® Terminator v3.1 (Ap-
plied Biosystems, Foster City, Calif.) and compared to the
genome sequence of M. paratuberculosis or M. avium using
BLAST alignments.

Large Genomic Deletions among M. avium and M. paratu-
berculosis Isolates

To better analyze the hybridization signals generated from
examined genomes, a Bayesian statistical principle (EBar-
rays package) was used to compare the hybridization signals
generated from different isolates relative to the signals gen-
erated from M. avium 104 genome. The Bayesian analysis
estimates the likelihood of observed differences in ORF sig-
nals for each gene between each isolate and the M. avium 104
reference strain.

FIG. 6A depicts a genome map based on M. avium
sequence displaying Gls deleted in the examined strains as
predicted by DNA microarrays. Inner circles denote the
microarray hybridization signals for each examined genome
(see legend in center). The outermost dark boxes denote the
location of all GIs associated with M. avium. A large number
of differences were seen among isolates, including many
ORFs scattered throughout the genome.

PCR and sequencing were used to confirm deletions iden-
tified by microarrays. FIG. 6B depicts a diagram illustrating
the PCR and sequence-based strategy implemented to verify
the genomic deletions. Three primers for each island were
designed including a forward (F) and 2 reverse primers. When
regions included 3 or more consecutive ORFs, they were
defined as a genomic island (GI) regardless of the size. Apply-
ing such criterion for genomic islands (GIs), 24 islands were
present in M. avium 104 but absent from all M. paratubercu-
losis isolates, regardless of the source of the M. paratubercu-
losis isolates (animal or human). The GIs ranged in size from
3 to 196 Kb (Table 7) with a total of 846 Kb encoding 759
ORFs. Interestingly, a clinical strain of M. avium (JTC981)
was also missing 7 GIs (nearly 518 Kb) in common with all
M. paratuberculosis isolates, in addition to the partial
absence of 5 other GIs. This variability indicated a wide-
spectrum of genomic diversity among M. avium strains that
was not evident among M. paratuberculosis isolates.

To confirm the absence of GI regions from isolates, a
strategy based on PCR amplification of the flanking regions
of each GI was used, followed by sequence analysis to con-
firm the missing elements. Because the size of most of the
genomic island regions exceeds the length of the amplifica-
tion capability of a typical PCR reaction, 3 primers for each
island were designed, including one forward and 2 reverse
primers (FIG. 6B). This strategy was successfully applied on
21 genomic islands, while amplification from the rest of the
islands (N=3) was not possible due to extensive genomic
rearrangements.
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FIG. 7 depicts the synteny of M. avium and M. paratuber-
culosis genomes.

PCR confirmation of genomic deletions was performed.
For example, amplicons from M. avium-specific islands #5, 8,
11, 18 and 20 were obtained using DNA templates from 5 5
different isolates of M. avium. Additionally, PCR analysis of
the distribution of M. paratuberculosis-specific island #1 was
performed within 21 clinical isolates of M. avium and M.
paratuberculosis. Eletrophoresed DNA samples showed
PCR confirmations of the genomic deletions. 10

Overall, the PCR and sequencing verified the GI content as
predicted by comparative genomic hybridizations (Table 7).
The success of this stategy in identifying island deletions
provided a protocol to examine several clinical isolates that
could not be otherwise analyzed by costly DNA microarrays.

TABLE 7

34

fairly recent ancestor. Looking for consecutive ORFs from M.
paratuberculosis that do not have a BLAST match in M.
avium identified sets of ORFs representing 18 GIs comprising
240 Kb that are present only in M. paratuberculosis genome
(Table 8).

Genes encoded within M. avium and M. paratuberculosis
specific islands were analyzed by BLASTP algorithm against
the GenPept database (Oct. 19, 2004 release) to identify their
potential functions. The BLAST results allowed the assign-
ment of signature features to each island. As detailed in Tables
8 and 9, with the presence of a large number of ORFs encod-
ing mobile genetic elements (e.g. insertion sequences and
prophages), several ORFs encode transcriptional regulatory
elements, especially from TetR-family of regulators. The
polymorphism in TetR regulators could be attributed to their
sequences allowing them to be amenable for rearrangements.

List of genomic regions that displayed different hybridization signals
using DNA microarrays designed from the genome of M. avium 104 strain

PCR and
Island Start End M. parat. M.parat. M. parat. M. avium sequence
Number (bp)* (bp)* K10 19698 human JTC981 confirmation®
1 254,394 294,226 - - - - Yes
2 461,414 492,800 - - - - Yes
3 666,033 675,725 - - - - Yes
4 747,095 794,450 - - - - Yes
5 1,421,722 1,439,626 - - - + Yes
6 1,444,205 1,463,365 - - - + Yes
7 1,795,281 1,991,691 - - - +- Yes
8 2,097,907 2,100,883 - - - - Yes
9 2,220,320 2,241,163 - - - +- Yes
10 2,259,120 2,271,610 - - - - Yes
11 2,462,693 2,466,285 - - - + Yes
12 2,549,555 2,730,999 - - - - ND
13 2,815,625 2,821,149 - - - + Yes
14 3,008,716 3,036,980 - - - + Yes
15 3,214,820 3,219,550 - - - + ND
16 3,340,393 3,384,549 - - - + Yes
17 3,392,586 3,413,804 - - - + ND
18 3,523,417 3,527,334 - - - +- Yes
19 3,670,518 3,675,686 - - - + Yes
20 3,917,752 3,939,034 - - - +- Yes
21 4,254,594 4,261,488 - - - +- Yes
22 5,122,371 5,132,301 - - - + Yes
23 5,174,641 5,270,187 - - - + Yes
24 5,378,903 5,395,102 - - - + Yes

“Coordinates of start and end of island based on the genome sequence of M. avium strain 104.
b,

°ND—not done.

Bioinformatic Analysis of Genomic Islands 30

Pair-wise BLAST analysis of the genome sequences of M.
avium 104 and M. paratuberculosis K10 was used to further
refine the ability to detect genomic rearrangements, espe-
cially for regions present in M. paratuberculosis K10 genome
but deleted from M. avium 104 genome. The pair-wise com-
parison allowed to better analyze the flanking sequences for
each GI and to characterize the mechanism of genomic rear-
rangements among examined strains.

BLAST analysis (E scores >0.001 and <25% sequence
alignment between ORFs) correctly identified the deleted Gls
where ORFs of M. avium were missing in M. paratuberculo-
sis detected by using the comparative genomic hybridization
protocol. A large proportion of ORFs in each genome (>75%)
are likely orthologous (>25% sequence alignment of the ORF 65
length and >90% sequence identity at nucleotide level). This
high degree of similarity between orthologues indicates a
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+ or — denotes presence or absence of genomic regions in examined genomes while +/— denotes incomplete deletion.

Alternatively, it is possible that the bacteria are able to differ-
entially acquire specific groups of genes suitable for a par-
ticular microenvironment.

Further analysis of the GIs identified islands in both M.

avium and M. paratuberculosis (such as MAV-7, MAV-12 and
MAP-13) encoding different operons of the mce (mammalian
cell entry) sequences that were shown to participate in the
pathogenesis of M. tuberculosis. Another island (MAV-17)
encodes the drrAB operon for antibiotic resistance, which is
awell-documented problem for treating M. avium infectionin
HIV patients. The GC % of the majority of M. paratubercu-
losis specific islands (11/18) was at least 5% less than the
average GC % of the M. paratuberculosis genome (69%)
compared to only 3 GIs (out of 24) specific for M. avium
genome (Table 9) with lower than average GC %.
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TABLE 8

M. paratuberculosis-specific (MAP) genomic islands deleted in
M. avium genome

Island No.of GC Island Size

Number ORFs % Type (bp)  Signature Features

MAP-1 17 63.90 I 19,343 Transposition and TetR-family
transcriptional regulator genes

MAP-2 3 6043 I 3,858 Conserved hypothetical proteins

MAP-3 3 66.16 I 2,915 TFormate dehydrogenase alpha
subunit

MAP-4 17 60.66 I 16,681 Transposition, unknown genes and
a possible prophage

MAP-5 12 69.56 I 14,191 Transposition and oxidoreductase
genes, PPE family domain protein

MAP-6 6 5773 I 8,971 Variable genes such as drrC

MAP-7 6 67.26 I 6,914 Transcriptional regulator psrA and
biosynthesis genes

MAP-8 8 61.59 I 7,915 TetR-family transcriptional regulator
and unknown genes

MAP-9 10 65.49 I 11,202 Transposition, metabolic and TetR-
family transcriptional regulator
genes

MAP-10 3 66.68 I 2993 Biosynthesis of cofactors, prosthetic
groups, and carriers transcriptional
regulator, TetR family domain
protein

MAP-11 4 62.89 I 2,989 Serine/threonine protein kinase and
glyoxalase genes

MAP-12 11 61.08 I 11,977 Transposition, iron metabolism
genes and a prophage

MAP-13 19 66.01 I 19,977 TetR-family transcript. regulator and
mcee family proteins

MAP-14 19 65.76 I 19,315 Possible prophage and unknown
proteins

MAP-15 3 6293 I 4,143  Unknown proteins and a prophage
function genes

MAP-16 56 6432 I 79,790 Transposition and iron regulatory
genes

MAP-17 5  61.60 I 3,655 Unknown proteins and a multi-copy
phage resistance gene

MAP-18 3 6036 I 3,512 Hypothetical proteins

Total 204 239,969

TABLE 9
Characteristics of M. avium-specific (MAV) genomic islands

Island No.of GC Island Size

Number ORFs % Type (bp)  Signature Features

MAV-1 38 6893 I 39,833 Eukaryotic genes with an integrase
gene

MAV-2 32 65.87 I 31,387 Transposition and M. tuberculosis
genes

MAV-3 10 63.34 I 9,693 Insertion sequence and M.
tuberculosis or M. avium genes

MAV-4 53 66.83 I 47,356 PPE family and eukaryotic genes

MAV-5 16 64.10 I 17,905 Transposition and insertion
sequences genes

MAV-6 23 68.80 I 19,161 Transposition, transcript, regulator
and heavy metal resistance genes

MAV-7 187 65.50 I 196,411 Transposition, transcript, regulators,
cell entry, iron regulation genes

MAV-8 3 6518 I 2,977 Transposition and transcriptional
regulator genes

MAV-9 15 6243 I 20,844 Transposition and type III restriction
system endonuclease genes

MAV-10 12 63.87 I 12,491 Transposition genes

MAV-11 5 6545 I 3,593 Reductases and hypothetical proteins

MAV-12 168  65.05 I 181,445 Transposition, transcriptional
regulators and cell entry genes

MAV-13 7 67.78 I 5,525 Transcriptional regulator

MAV-14 26 67.32 I 28,265 Transposition and M. tuberculosis

genes
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TABLE 9-continued
Characteristics of M. avium-specific (MAV) genomic islands
Island No.of GC  Island Size
Number ORFs % Type (bp)  Signature Features
MAV-15 3 64.12 I 4,731 Streptomyces and M. leprae genes
MAV-16 6 69.64 I 44,157 Transposition and Pst genes
MAV-17 20 65.23 I 21,219 Transposition and drrAB genes
(antibiotic resistance)
MAV-18 4 68.13 I 3,918 Transcriptional regulator and
Streptomyces genes
MAV-19 4 6530 I 5,169 Transposition genes
MAV-20 15 63.93 I 21,283 Transposition, transcriptional
regulator and membrane-protein
genes of M. tuberculosis
MAV-21 8 65.93 I 6,895 Transposition and antigen genes
MAV-22 9 67.71 I 9,931 Transcriptional regulator and
metalloprotease genes
MAV-23 77 64.08 I 95,547 Transposition, transcript, regulators,
secreted proteins, cell entry genes
MAV-24 18 70.25 I 16,200 Hypothetical and unknown proteins
from M. tuberculosis and
Streptomyces
Total 759 845,936
Genomic Deletions Among Field Isolates of M. avium 25 TABLE 10
Microarrays and PCR analysis of 5 mycobacterial isolates
identified the presence of variable Gls between M. avium and PCR identification of selected MAV-island regions
from 29 clinical isolates of M. paratuberculosis and M. avium
M. paratuberculosis genomes. To analyze the extent of such collected from different states
variations among clinical isolates circulating in both human 30 o
. K 8 Genomic island
and animal populations, PCR and a sequencing-based strat-
egy were used to examine 28 additional M. avium and M. Clinical ) MAV- MAV- - MAV- - MAV-
. . i Isolate Subspecies 3 11 21 23
paratuberculosis isolates collected from different geographi-
cal locations within the USA (Table 6) An additional isolate 35 '1C33666 M paratuberculosis - - - -
. . . JTC33770 M. paratuberculosis - - - -
of M. intracellulare was included as a representative strain CW303 M. paratuberculosis - - - -
that belongs to the MAC group but not a subspecies of M. 1B M. paratuberculosis - - - -
. 3B M. paratuberculosis - - - -
avium. 4B M. paratuberculosis - - - -
For PCR amplification, GIs spatially scattered throughout 40 B M. paratuberculosis - - - -
. . DT3 M. paratuberculosis - - - -
the M. avium and M. paratuberculosis genomes were exam- DTO M. paratuberculosis + N/A _ _
ined (Tables 10, 11) to identify any potential rearrangements DT12 M. paratuberculosis - - - -
. . DT19 M. paratuberculosis - - - -
in all quarters of the genome. Because of the wide-spectrum TTC181 M. paratuberculosis B B B B
diversity observed among M. avium genomes, 4 GIs (MAV-3, 45 ITC1282 M. paratuberculosis - - - -
11,21 and 23) were chosen to assess genomic rearrangements JIC1283 M. paratuberculosis - - - -
. L. ) . . . JTC1285 M. paratuberculosis - - - -
in clinical isolates. Because of the limited diversity observed JTC1286 M. paratuberculosis _ _ _ _
among M. paratuberculosis genomes, a total of 6 M. paratu- T93 M. avium + - - -
. . T99 M. avium + - - -
berculosis-specific GIs (MAP-1, 3, 5, 12, 16 and 17) were 50 T100 M. avium . . i i
chosen for testing genomic rearrangements. As suggested DT30 M. avium - + + +
from the initial comparative genomic hybridizations, clinical DT44 M. avium - + + +
K . L. K L. DT78 M. avium - + + +
isolates of M. paratuberculosis showed a limited diversity in DT84 M. avium _ . _ .
the existence of M. avium-specific islands (DT9 clinical iso- DT247 M. avium - + + +
1 f d d indi . h 1 1 £ thi 55 JTC956 M. avium N/A N/A N/A -
ate from a red deer) indicating the clonal nature of this TTCO82 M. avium N/A + N/A +
organism (Table 10). JTC1161 M. avium + + - -
To the contrary, M. avium isolates showed a different pro- JIC1262 M. avium + - - -
file from both M. avium 104 and M. avium JTC981 indicating JTC33793 M. avium + + + +
extensive variability within M. avium isolates. A similar pat- 60

tern of genomic rearrangements was observed when M.
paratuberculosis-specific GIs were analyzed using M. avium
and M. paratuberculosis isolates (Table 11). Most of the M.
paratuberculosis clinical isolates with deleted Gls were from
wildlife animals suggesting that strains circulating in wildlife
animals could provide a potential source for genomic rear-
rangements in M. paratuberculosis.

65

Symbols (+ or —) denote presence or absence of genomic regions; N/A denotes no amplifi-
cation of DNA fragments.

Combined with the hierarchical cluster analysis employed
on the whole genome hybridizations, PCR and sequence
analyses provided more evidence that genomic diversity is
quite extensive among M. avium strains but much less limited
in M. paratuberculosis.
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Large DNA Fragment Inversions Within the Genomes of M.
avium Subspecies.

Because of the high similarity among the genomes of M.
paratuberculosis and M. avium reported earlier, considerable
conservation in the synteny between genomes (gene order)
within M. avium strains was expected. The order of GIs was
used as markers for testing the conserved gene order and the
overall genome structure between M. paratuberculosis and
M. avium genomes.

It was unexpectedly discovered that, when the Gls associ-
ated with both genomes were aligned, three large genomic
fragments in M. paratuberculosis were identified as inverted
relative to the corresponding genomic fragments in M. avium.
These fragments had the sizes of approximately 1969.4 Kb,
863.8 Kb, and 54.9 Kb (FIG. 7). The largest inverted region
(INV-1) of approximately 1969.4 Kb is flanked by MAV-4
and MAV-19. INV-1 encompasses bases 1075033 through
3044433 of the M. paratuberculosis genomic sequence. The
second inverted region (INV-2) of approximately 863.8 Kb is
flanked by MAV-21 and MAV-24. Located near the origin of
replication, INV-2 encompasses bases 3885218 through
4748979 of the M. paratuberculosis genomic sequence. The
smallest inverted region (INV-3) of approximately 54.9 Kb is
flanked by MAV-1 and MAV-2. INV-3 encompasses bases
320484 through 377132 of the M. paratuberculosis genomic
sequence.

Because the sequences of the inverted regions and of the
flanking MAVs are known, it is possible to use the junction
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regions (sequences) to identify the presence of either M.

paratuberculosis or M. avium in a sample. For example, using

the right sets of primers, one skilled in the art would know to

detect sequences that are specific to the junction regions that
5 are characteristic for either M. avium or M. paratuberculosis.

Referring to FIG. 7, the location of genomic islands present
in M. avium (dark grey boxes numbered 1-24, outer circle) or
in M. paratuberculosis (light grey boxes numbered 1-18,
inner circle) genomes are drawn to scale on the circular map
of M. avium (outer circle) as well as the map of M. paratu-
berculosis (inner circle). The sequences of M. paratubercu-
losis K10 (query sequence) compared with the whole genome
sequence M. avium 104 ORFs (target sequence) using
BLAST algorithm with cut off values of E>0.001 and align-
ment percentage <25% of the whole gene were accepted as
indications for gene deletion. The numerous short bars rep-
resent predicted ORF's in forward (outermost) or reverse (in-
nermost) orientations. Large arrows indicate sites of genomic
5o 1nversions.

Because the bioinformatics analysis used raw genome
sequences, PCR and sequencing approach were used to sub-
stantiate the genomic inversions in 7 mycobacterial isolates
(3 isolates of M. avium and 4 isolates of M. paratuberculosis).

55 As predicted from the initial sequence analysis, primers
flanking the junction sites of the inverted regions gave the
correct DNA fragment sizes and orientations consistent with
the sequence of M. avium and M. paratuberculosis genomes.

TABLE 11

PCR identification of selected MAP-island regions from 29 clinical isolates

of M. paratuberculosis and M. avium collected from different states

Clinical

Isolate

Genomic island

Subspecies MAP-1 MAP-3 MAP-5 MAP-12 MAP-16 MAP-17

JTC33666
JTC33770
CW303
1B

3B

4B

5B

DT3

DT9
DT12
DT19
JTC1281
JTC1282
JTC1283
JTC1285
JTC1286
T93

T99

T100
DT30
DT44
DT78
DT84
DT247
JTC956
JTC982
JTC1161
JTC1262
JTC33793

M. paratub.
M. paratub.
M. paratub.
M. paratub.
M. paratub.
M. paratub.
M. paratub.

+ o+ o+ o+ o+ o+ o+

M. paratub. -
M. paratub. -
M. paratub.
M. paratub.
M. paratub. -
M. paratub. -

PR T T S T S S S
PR T T S T S S S

M. paratub. -

M. paratub. - -

B T T S S S e S A T
B T T S S S e S A T
B T T S S S e S A T

M. paratub. + +

+

M. avium - -
M. avium - N/A
M. avium + N/A
M. avium - -

+ o+
I
I
+ o+

M. avium - - - - - -
M. avium - - + - - +
M. avium - - - - - -
M. avium - - + - - -
M. avium N/A - N/A - + +
M. avium - - + - - -
M. avium - - + N/A + +
M. avium - - - - - -
M. avium - - - - - -

Symbols (+ or —) denote presence or absence of genomic regions; N/A denotes no amplification of DNA

fragments.
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It is to be understood that this invention is not limited to the
particular devices, methodology, protocols, subjects, or
reagents described, and as such may vary. It is also to be
understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not ;
intended to limit the scope of the present invention, which is
limited only by the claims. Other suitable modifications and
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adaptations of a variety of conditions and parameters nor-
mally encountered in clinical prevention and therapy, obvious
to those skilled in the art, are within the scope of this inven-
tion. All publications, patents, and patent applications cited
herein are incorporated by reference in their entirety for all

purposes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 38
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 1

tgcagcaacyg ccaggtecac act

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 2

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: AMT38 degenerate primer
FEATURE:

NAME/KEY: misc_feature

LOCATION: (23)..(26)

OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 2

gtaatacgac tcactatagg gennnnecatg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: AMT32 nested primer

<400> SEQUENCE: 3

ctettgetet teegettett ctece

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: AMT39 T7 primer

<400> SEQUENCE: 4

taatacgact cactataggg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 5

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: AMT 152 primer

<400> SEQUENCE: 5

ttgctettee gettettet
<210> SEQ ID NO 6

<211> LENGTH: 19
<212> TYPE: DNA

OTHER INFORMATION: AMT31 transposon-specific primer

23

30

24

20

19
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-continued
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: SP-6 primer
<400> SEQUENCE: 6
tatttaggtg acactatag 19
<210> SEQ ID NO 7
<211> LENGTH: 1167
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 7
tcagecttacyg gtgacaaccg gtgaaccget ggatgttgece tecggcccege cctcactgtt 60
catctgegeg gegatgegca tcgectette gatcagegte tecacgatcet gggatteggg 120
caccgtettyg atcacctege cgcgaacgaa gatctgcccee ttgecattte ccgacgcgac 180
geecaggteg gectegeggg cctecccegg cecegttgace acgcagecca tcaccgcgac 240
cegecagegge acgtcecagge cgtccaggece ggegetgace tegttggeca gegtgtagac 300
gtegacctyge gegegeccge acgacgggca ggacacgatce tcgagcgaac geggecgeag 360
gttcagegac tccaggatct ggatgecgac cttgacctee tegaccggeg gegecgacag 420
cgacacccegg atggtgtege cgataccgeg cgacagcage gcaccgaacyg cgaccgegga 480
cttgatggtg ccctgaaacg cgggccegge cteggtgacyg cccaggtgca gegggtagte 540
gcactgcteg gegagttget cgtaggegge gaccatcacce acggggtegt tgtgettgac 600
gectgatcettyg atgtcggaaa agcegtgetce ctcgaacage gaggcectecc acagcgcegga 660
ctegaccage gecteggggg tggcecttgee gtacttggece atgaaccget tgtccagcga 720
geeegegttyg acgecgatge ggatcggaat geccgetgece geageggett tggegaccte 780
geecaccegyg cegtegaatt ccttgatgtt geceggggtte acccgcacceg cggegcagec 840
ggegtcegatyg gecgecgaaga tgtacttggg ctggaagtgg atgtceggega tcaccgggat 900
ctggetgtge cgggegatcet cggccagege gteggegtece tectggegeyg ggcaggcecac 960
ccggacgatg tecgcagcegg ccgcggtcag cteggcgatce tgctgcageg tcegagttcac 1020
gtcgtgggte ttggtggtge acatcgactg caccgagatc ggatagtcgce tgccgacccce 1080
gacgtcgege accatcagtt ggcgegtgeg gegecgggge gcaagegtgg gegeceggggt 1140
ctgcggcatg cccaggcctg tegtcac 1167
<210> SEQ ID NO 8
<211> LENGTH: 12084
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 8
gtgggtggayg acttggggga gtcgatggceg agggatgatce gggegtttece getgacgega 60
gggcagettyg atatctggtt atcccaggaa gecggttteg ceggcaccca gtggcagetce 120
ggtetgetygyg tcaagatcga cggcaaggtce catcgegacg cgctcgagca ggecatcacce 180
caggcegteg ccgaagecga acccggecgg gtetegttet tegagcetega cggecaggtyg 240
gtgcagaage cgatcgacta cccgcacgtce gagcetggett ttcacgacct gaccgaccac 300
geegaccegy tggecgagge gcogggagatg tetteggeca ttcagegcac gecgatgecg 360
ttgaacggce aaatgttcaa attcgtgett ttccaaacag ggcacgacga attctatttg 420
tttggttgcet gccaccacat agctatcgac ggtctgggea tggetettgt ttgecgacgg 480
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-continued
gtggccacca tttattegge aatggtggee ggtaagccga ttecggacge ttacttegge 540
acggtgcagyg acctgatcga cctggagteg ggctacgagg cctececgga ctatgecgag 600
gacaaggcegt actggagcga gcaccteceg cceggagageg ggcceggtega ceggetgecc 660
gacgccgaag gggagcegcega ccactacteg cegtecegegt cggtgcaget ggaccegtec 720
gtcgeccaace ggatcaagga gcetgtccaaa aagcettgeca teegecgett tteggtcace 780
accgeegegt gegegetgtt ggtgegegge tggtegggta geggatcegga ggtggegetg 840
gacttcecegg tcagecgacg ggtgegtceeyg gagtccaaaa cgetgeccge gatgetggec 900
ggegtggtge cgetggtget cagcaccgeg cccgagtcega cggtggecga cttetgeaag 960
cacgtcgaca agcgcatceg cgagetgetyg gegeaccage gettceeggt gcacacccte 1020
gaaggcgacg ggttgcggca ggcgcccaac cgggtceggga tcaacttcat ccegtecegg 1080
ctgacgetgg acctggecgg ttecceggeg acggegtegt acaccaacca cggceceggtg 1140
gggcactteg ggctgttcectt cctgggegece ggcgaccage tgttcectcag caccgcgggce 1200
cegggecaac cgttegecag ctteggegte geggacctgg ceggtegget gcagcagate 1260
ctggecegega tgaccgagga cecggaccege ccgetgtect cgatcgaact getgaccegge 1320
gacgagcceg cgctgatcga ceggtggage aaccgteegg cgctgaccga goccgeaced 1380
gecceggtgt cgatccccca ggecttegeo gaacacgtge agegcacccce cgacgeggtyg 1440
geggtgacgt teggggegac ctegetgace tacgeccage tegacgagge gtecaaccgg 1500
ctgggccatce tgctcgcecga ccacggegtg ggeccgggceg actgegtgge ggtgatgtte 1560
ccecegetgeg ccgacgecat cgtcetegatg ctggeggtge tcaagacegg ggeggectac 1620
gtgccgateg acceggegea cgcegtegteg cggatggact tegtgetege cgacgecgec 1680
cccagegegyg tgatcaccac ctecgacctyg cgetegegge tggacgatca cgacctecte 1740
gtegtegacyg tgcacgacce ggccgtcegaa geccageceg gcaccgeget geegtggeceg 1800
gegecggagg acaccgecta catcatctac acctcegggaa ccaccgggac ccccaaaggt 1860
gttgccatte ctcatctcaa cgtcacctgg ctgatcgagt cgctggacgce cggecctgecyg 1920
cceggaaacg tgtggacgca gtgccactceg tcecggegtteg acttecteggt gtgggagatce 1980
tteggegece tgctgcgegyg ceggcgactg ctggtggtge ccgagtcggt ggcgtegteg 2040
ceggaggact tccacgecct getggtegeg gagcaggtea gegtgetcac ccagacgecg 2100
tcggeggtgg cgatgctete acccgagggce ctggagtceca cecgcgctagt ggtggcecggce 2160
gaggcctgee cgaccgacgt ggtcgaccegyg tgggceggege ceggtegggt gatgetggac 2220
gectacggee cgaccgagac cacggtgtge gegtccatca geacaccget gacggecgge 2280
gacceggtgg tgccgatcgg ctegccgatce gecggggcegyg cgatgttegt gctcecgacaag 2340
tggctgcage cggtgeccge cggegtggtyg ggegagetgt acctggeegyg cegeggegtyg 2400
gggcacggcet acgtgcegeeg geceggectyg accgectege ggttegtgeco caaccegtte 2460
ggcgecceeyg getegeggat gtaccgcace ggcegacctgg tgtgetgggyg ccccgacggg 2520
cagctgcagt acctgggecg cgccgacgag caggtcaaga tecgeggett ccegcatcgag 2580
ctcggcgaaa cccagtcggt getggcecggt ttggacgggg tggagcaggce ggcggtggte 2640
gecegegagg accggceccgg cgacaagcege ctggtegget acatcaccgyg caccgecgac 2700
ceggecgage tgcegegegea getggecgac cggetgecge cctacatggt cccgaccegeg 2760
gtgatggtge tggacgeget gecgetgace ggcaacggca agetggacaa gegegegetg 2820
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cectegeegyg aatacgecge cggegaatac cgggegeceg gegacgegat cgaggagatce 2880
ctggccgaca tctacgccca ggtgctggge gtggageggg tcggggtgga cgactcegtte 2940
ttcgacctgyg geggcegacag catcctgtee atgecaggtgg tggecegege cegegeggeg 3000
ggggtgatct gtcggcecgceg cgacgtgttce gtcgagcaga cggtggcccg gctggcgegyg 3060
gtgtcccaag tggctgtcga cggegagetyg ggegecgeog acgaggggat cgggecggtg 3120
cagcccacce cgatcatgeg ctggetgeag gacatcgacg geccgatega cgagttcaac 3180
cagaccatgg tgctggccge geccgecggg gteggtgteg acgacgtcge ggtggtgetg 3240
caggcactge tggaccggcea cgcgatgetyg cggetgtgece tegacgacga cggegecgge 3300
ggctgggace tgcacgtgee geccceeggt teggttgacg cecgegecat cctgegeacy 3360
gtcgacgtge tctecgagge cgegetggeyg cgggcegeggt cecggetgaa cceeggegec 3420
ggcctgatge tgtccgeggt atgggcaagce gccaccaacg aattggccct ggtcegttceac 3480
cacctggegg ttgacggggt gtegtggcgg acgttgatcg aggacatcaa catcgcectgg 3540
gcgcagcate acagcggtca ggagatcgeg ttgccggtge cgggcacgtce gtttgcgegg 3600
tggtcgtega ttcectggccga gtacgccaag agcccggcag tggtggctge ggcggceggceyg 3660
tggcagcagyg tggtggecac gecggeggtyg ctgeeggegg tggggecega tgacacctat 3720
gccteggagyg ggcagttgte ggegtcecgetg gatgtgcaga ccacceggtt gttgttgggg 3780
gaggtgcegg cggcgtttca cgectggggtg caagacattt tgctgattgce gttegggttg 3840
gcctgcacgg agttegtggg tggtggegeg ccgatcggta tegacgtgga gggtcacggyg 3900
cggcacgagg agatcgccte gggggtggat ctgtctegca cggtgggctg gttcaccacg 3960
aaatatcctg tggcactgac gatcagtcag cgtctggatt gggcgcegggt ggtggcgggg 4020
gaggcegege tgggegeggt gatcaaggat gccaaggage agttgeggge getgeccgac 4080
ggcctgaget acgggttgct gcgcectacctg aaccccgaga tcegaggtgca ggggccggat 4140
ceggtgateg gattcaacta cetgggeegg cteggeggeg cggecgecga cctgtecgac 4200
gagcactgge gcectcagece cgacagtceeg teggtgageg cegeggecge ggegatccca 4260
ctgcegttgg gacataccgt cgaactcaac geeggcacca tggacaccga cgecggecceg 4320
cagttgcacyg ccaactggac ctgggegege tcegtgeteca cegacgagca gctaaaccgg 4380
ttgagceggt tgtggttega ggcgctgacce ggcatctgeg cgcacgtgca ggccggceggce 4440
ggcgggcetga cgecgtecga catcegegece accctecteg accaaggecyg gatcgageag 4500
ctggaacgge actacgacgt cgecgacate ctgeegetga cecegetgea gcaggggetg 4560
ctgttecacyg cgaccggaag ccatgecgag ggcgacgtet acgeggtgca getgagegte 4620
acgctgegeg gegeoctega cecgecacegg ctacacegeg cectgecacac cgtegtcace 4680
cgccaccaga acctggecge cegettetge ceegageteg gegagecggt gcagatcate 4740
ceggecgaac ccgaaatgge ttggegetac ctegaacteg acggeggega catcgacgaa 4800
cagctegage agetgtecge ggacgaacge geegeggtge gagagetegg cgaccgecceg 4860
ccgtttggeg cecgcgctgat ccgcaccgcg gacacggaac accggttcegt getcaccgte 4920
caccacctgg tgatggacgg ctggtcgctg ccggtgcetge tgcaggaaat cttegcectgce 4980
tactacggtg cccggctgece ggcgecggceg ccgtaccegeg gettegtcac ctggetggeg 5040
gecegegacyg tgccggecge cegegecgea tggegegegyg tgctegacgyg tttegacacce 5100
cccaccctgyg tggeccegeg gggtgecgac gegeccggge ggegeggggt cgectegtte 5160
cgggtggecg ccgaaaccac cagcegeggta agegaacteg cacgeegecg ccgcaccace 5220
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gtcaacaccg tgttgcaggc cgcctgggceg cagctgctga tgatgctgac cggccagcac 5280
gacgtcegegt teggcaccge cgtetetgge cggeceggeeg agetgecegyg cgecgagteg 5340
atggtceggge tgttgatcaa caccgteceg gtgegegeee acgecacege ggcgaccace 5400
atcgcggace tcgtegacca getgcaacge goccacaacce acaccgtgga gcatcagcac 5460
ctggegetca acgaaatcca ccgcatcace ggacaggacce aactcttega caccetgetg 5520
gtctacgaga actatccgat cgacaccgece gecctgtegg cegecgacga cctcaccegec 5580
accgaattca gectgccacga ctacaaccac tacccgetgt cgctgcaagt ggtgcccggce 5640
gacgaactgg gccttecgect cgaattcgac accgacgtgt tcgacccggce ggccatcgac 5700
accctggecg accggttgeg gaagetgetyg geegecatge cegecgacce ggaccgecceg 5760
ttgcgatcac tggacctget cgacgecace gagcacacece ggctgcaacyg gtggggcaac 5820
cggeeggege tgagecggece ggcaaccggg cegtegetge cggagttgtt cgecgcacag 5880
gtegecaacyg ctecgcacge cgtegegetyg cgctacgeeg gecggtegat gacctaccege 5940
gaactcgacg aggcgtcgac ceggetggece cacctgetgg ceggecacgyg cgecacceecyg 6000
ggttgctttyg tggcactgct gttttcecececgg tecggccgagyg cgatcgtege gatgctggeg 6060
gtgctgaaaa ccggegegge ctacctgecg atcgaccegg cgetgecgge gaccegeatc 6120
gagttcatge tcggegacge cgcaccegte gtegeggtca geaccgecga cctgegegec 6180
cggetggagyg cctteggect gecggtegte gacgtegeeg ccaccggege ccagecegge 6240
ggccegttge cggegeccge geccgacaac atcgectate tgetctacac gtecgggace 6300
accggegtee ccaagggegt tgcggtcace caccgcaacg tegeccaget getcgagtece 6360
ctgcacgcgt cgctgccegg caccggggtg tggtecgcagt geccactcecta cggcettegac 6420
gtcteggtee aggagatctg gggcgccectg gecggeggeg gecggcetggt ggtggtgecce 6480
gagtcggtga ccagctcace cgacgagctyg cacgcegetge tgatcgecga gaacgtcacce 6540
gtgctcagee agacaccgte ggcegetggeyg gegetgtcac cacgaaacct geacgeggeg 6600
ttggtgatcg gecggegagece ctgeceggee gegetegeeg accggtggge geccggecgg 6660
gtgatgatca acgcctacgg ccccacggaa accaccgteg acgeggtget cagcacacceg 6720
ctggeegeeg gegeoggage acccccacte ggeteceegg tagegggtge gacgetgtte 6780
gtgctggacg cgtggctgcg gcaggtgcct geccggtgtga ccggcgagcet ctatatcgece 6840
ggegeegggyg tggcegecgg ctatctggge cggeccggte tgacggegge geggttegtg 6900
gcctgecegt teggcecgacge cggtgcgegg atgtaccgca ccggcgatcect ggtgegetgg 6960
gatcgegacyg gecgactgca ctacgtegece cgggccgate agcaggtcaa gattegegge 7020
caccgcatcg agctgggcga aatccattct gcgetggecg aattggacgg cgtcggggaa 7080
gtagcggtga tcgcccgega ggaccgecce ggcgagaaac ggatcgtegyg ctacctcacce 7140
ggcaccgeceg acceggegge gatccgegeo cggetggeeg ageggttgeco ggectacatg 7200
gttcecgeeg cggtgctgge gatcgaggeg ctgccgttga ctecccaacgg gaaactggac 7260
gecegggece tgecggegee ggaatacgeg ggceggggcat accgggegeco gtecactecec 7320
accgaggaga tcatcgcegg catctacacce caggtgcteg gectgcacag ggttggtgte 7380
gacgactcgt tcecttcgacct gggceggtgat tecgcectgtcecgg cgatgcegggt gatcgcecgece 7440
gtcaacgceg gcectcecgacge ccggctgteg gtgcgagtgt tgttcgaagce gcccaccatt 7500
gegcaactgg cggegegect cggegaagge gggcacceggt tegecgeggt ggtggecgec 7560
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gagcggcegg cggtggtgce gttgtegtte gegcagtcge ggctgtggtt catcggecag 7620
ctgcacggge cgtccceggt gtacaacatg gtggecgege tgeggetgea cgggeceggtg 7680
gacatcggeg cgetgggege cgcactgcat gatgtegtga cccggcacga gagectgege 7740
acggtgtteg ccgcgaccga cgggacgece geccaagtgg tgctgecgee cgaccegtgece 7800
gacatcgget ggcaggtcat cgacgccagt ggetggtege cggeccgagt ggatgacgec 7860
atccgcgaca ccgcccggca tacctttgac ctggctgetg aaattccgtt gegtgcagtg 7920
cttttgeggt gtggcgcgga ggagcatttg ttggtggegg tggtgcatca tattgccgeg 7980
gacgggtggt cgttgacgcce gttggtgegt gacttggcge gggcgtatgce gagtcecggteg 8040
gcggggcggyg teccggattg ggtgeccgttg cecggtgcagt atgtcgatta cacgttgtgg 8100
cagcgegece agtteggtga cctegacgac ccgcacagece tgatcgeegg tcagetgege 8160
tactgggage acaccctgge gggcatgece gageggttgg aattgeccac cgatceggecg 8220
tatcecggtgg tggccgattt ccgcggegcee agtgtcecgegg tggagtggece ggcgcagttg 8280
cagcagcaaa tatcgcggtt ggcgcgggcg cataatgcca ccagtttcat ggtggtgcag 8340
gcecgegttgg cggtgctgcet ggcecaaggtg agcgcgagtt cggatgtggce ggtgggettt 8400
ccgatcecgecg ggcggcgega ccecggcegcetg gatgacgtgg tgggtttttt cgtcaacacce 8460
ctggtgctge gggtggacgt ctccggtgat cccacggtgg gecgagcectget ggcgegggtg 8520
cggcaacgca gcctggctge ctatgagcat caggatgtge cgttcgaggt getggtggag 8580
cggctcaacc cggcccgcag tetggcegcac catccgetgg tgcaggtgat gttggectgg 8640
cagaacatcg agcccaccga gctgagectyg gggcaggtge gggtgactcee getgeeggtg 8700
gatacccgceca ccgeccggat ggatctgget tggtegcectgg ccgaacgcectg ggcacccgat 8760
ggctcacceg ccggtatcgg gggagcggtce gaattccgca ccgacgtgtt cgataccgece 8820
acggtggagg cgttgaccca geggttgegyg cgggtgetgg cggecatgac cgecgaccece 8880
ggcegecggt tgtcectegat cgacctgete gaccccgacg agcacgeccyg cctegacgec 8940
cteggeaace gcgcagcact gacccgacca caaaacccgce ccacctccat ccecgegatg 9000
ttcegeegece agatggegeg caccccgeac geegtggege tgaccgccaa cggtegeteg 9060
gtcacctatc gccggctcga ggaacacgca aaccaattag cgcaccaact tattcgttac 9120
ggcgcaggge cgggegattg cgtggegetyg ctgctggage gttecgecga ggecgtegeg 9180
gecatectgg gggtgctcaa ggceggggee gectacctge ccatcgacce cagectgecc 9240
agtgcccgga tcgagttecat getcaccgac gecgeacceg cggecgtget caccagcacce 9300
gaattccatt gccgtctaca ggattaccac cagaccgtca tcgacgtcga cgacccgteg 9360
atccgggaac aacccgtcac cgcaccaccg gogeccgecce cggacaatat cgectaccte 9420
atctacacct cgggcaccac cggegtccce aaaggegteg cggtcaccca ccgcaacgece 9480
acccagetgt tegegteget gggagecgee ggectgeceg cegeaccedg aaaggtgtgg 9540
ggccagtgece attcgectgge cttegactte tcagtgtggg agatcttegg cgecgcectectg 9600
aacggeggge gegtgetggt ggtgeccgac gacgtggtge getccecgga agacctgtge 9660
gccttgcectga tegaggaacg ggtcgacgtg ctcagccaaa cgccgteggce attcgatgeg 9720
ctgcagegeg ccgactecge ceggeggete aaccegeaga cggtgatett cgggggcegaa 9780
gegetgatee cgcaccgget gggeggetgyg ctggacggge atcccgcacyg ccegeggetg 9840
atcaacatgt acggcatcac cgagacgacg gtgcacgcect cctteccggga gatcgtcgac 9900
ggcgacatcg acggcaacgt cagcccgatc ggaatgcccet tggcgcactt gggattcette 9960
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gtgctggatg gatggctgcg gcctgtgect gecggtgtga ccggcgagcet gtacatcgece 10020
ggcgecgggyg tggccgecgg ctatctggge cggcccggte tgacggegtce geggttcegtg 10080
gcctgecegt teggeggcege cggcgagegg atgtaccgca ccggggacct ggeccggtgg 10140
ggcgccgacg ggcagctgca atacctgggce cgcgccgacg aacaggtcaa gattcgegge 10200
taccgcatcg aactcggcga aatccagtcce gcecctggecg aattggacag cgtcgagcag 10260
gcggeggtga tegeccgcga ggaccgtecce ggcgacgage ggctggtege atacgtcacce 10320
gggaccgeceg acccggcgca gctecgcace gegctgaceg aacggctgcece cgectacctg 10380
gtcececgeeg cggtgetggt gctggacgeg ctgcegttga cacccagegg caaactcgac 10440
accggcegecce tgcccgcecece cgactaccag ggccccgagg actacctgge ceccggecgge 10500
gcggtggagyg agatcctgge ctggctctac geccaggtge tggggctgece geggegggte 10560
ggggtgcagg aatccttctt cgacctgggce ggcgactcge tgtcggccat gecggetggte 10620
gcggecatcet acaacgcgct ggacatccac ctgcecggtge gggceccgtcett cgaggcgcece 10680
tcggtgegeca gectgageca geggctgaac gccgatccecg ctgtggcegca aggccttegg 10740
gccgactteg catcggtgca cggccgcgac gccaccgagg tgtacgccag cgacctgacce 10800
ctggacaagt tcatcgacgc cgcgacgctg tccgceccgcac ccgegcetgece cggcececgge 10860
gccgaggtge gcaccgtgct gctgaccgge geccaccggcet ttetgggecg ctacctggtg 10920
ctgcaatggce tggaacgcct ggaactggcc gacgggaaac tcatctgtcet ggtgecgggee 10980
gccteggacyg acgacgcgceg gcgecgecte gagcgcactt tcecgacagegg cgatcccgece 11040
ctgctgeggt acttccacga actggccgcece gaccaccteg aagtcatcge cggcgacaag 11100
ggcecgcegeca accteggect ggacgatcgg acctggcage ggctggccga caccgtcgac 11160
ctgatcgtecg acgcggcggce cgtggtcaac ggcgtgcetge cctaccagga actgttegge 11220
cccaacgteg ccggcaccge cgagctgatce cggcectggege tgtccaccag actcaagccg 11280
tacagctacg tgtcgaccgce caacgtcggce gaccagatcg agceccgtcecgge gttcaccgag 11340
gacgccgaca tcecgggtcge cgggccgatce cgcaccatceg acggcggcta cggcaacgge 11400
tacggcaaca gcaagtgggc cggcgaggtg ttgctgcgeg aggcgcacga cctgtgeggg 11460
ctgcecggtet cggtgtteeg ttgcgacatg atcctggecg acaccagcta cgcgggccag 11520
ctcaacctgt cggacatgtt cacccggcetg ctgttcageg tggtggccag cggcgtggeg 11580
ccgegetegt tcectaccgget cgacgcegcac ggcaaccggce agcgcgcegca cttcgacgeg 11640
ctgcecggteg agttegtege cgaggcgatce gccacgetgg gcgceccaggt gggccecgggac 11700
gccggcateg ggttegegac ctaccacgtg atgaacccge acgacgacgg catcgggcte 11760
gacgagtacg tcgactggct gatcgaggcg ggctacctga tcgagcgggt cgacgactte 11820
gaccagtggc tgcaccggat ggagaccgceg ctgcacgcec tgccggaacg gcagcgccac 11880
cagtcggtgce tgcagctgcet ggcgttgcege aaagcccegge acgtgecgece ggccgaccceg 11940
gccegegget gectggggcee caccgagegg ttceccgegetg cggtgcaaga agccaaaatce 12000
ggcgccgaca acgacatcce gcacatcacc gecccecggtcea tcegtcaaata cgtgaccgac 12060
ctgcagttgce tgggcttgcet ctga 12084

<210> SEQ ID NO 9
<211> LENGTH: 876

<212> TYPE:

DNA

<213> ORGANISM: Mycobacterium avium
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<400> SEQUENCE: 9
ctagetggtyg accggatage ggtggtecgag ttgcagattt agetgcagea cgttgacgca 60
cggttcacceg aaaaagccca gegcegegecce getgetgtte tgegecacca gctceccggat 120
ctgcteeggg cggacgtgge gecaccttgge cacccgegece acctggatgt cggegtagge 180
cggcgagatg ttcegggteca ggccgetgece gecggeggtyg accgegtegyg cgggecacgge 240
cggggecgee ggtgecgete cgcggatggg cacgatctgyg ccgagcgaat agtectccce 300
ggtettggeyg cattcgacge gcacccecte gtagaggcete acgaacggtg teggggtega 360
ttegecacggt tegttgacge tgaccacceg ggecegggtygyg gtgacgttge cgegetegte 420
gegeggeceyg atcaccgaca gcaccgecce cacaccgecg ceggtgcaga acggecgega 480
ccegtegacyg ccoctecagtt tggcgacgge ggegetgege gagcacaccyg tggtcagcag 540
geegggtttyg cegggtgegt cgacgatget cteceggecce aggttgetge cgecgetgga 600
ggtegggteyg tageecggtge cggecgecga ggggcgacte tgaaagtact geggcagegyg 660
gttgcegtee ttgteggtga acagetggcece gatcagtcetg ctgcccaccg gettgeegtt 720
ggcggtcagyg atcgacccect cggegtggte gegtaatceg gggaactgeg ccaccaccca 780
gacgagcage ggataggcca ggccggtgat cacggtcage accagcageg cccgcaacgce 840
cgcccagtge aggcgaatga agttcgacag tgtcat 876
<210> SEQ ID NO 10
<211> LENGTH: 1518
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 10
gtggtcacat tcgggacggt gcataactgg gatccgggaa ceggtteggt catttectgg 60
cacgcgacte cggeggegceg ggaaaaagcece cggcaggege cgattagega cgtgecggece 120
agttatcagce agttgcatca tcttcegecgg ttcagcgaac acgecgcecceyg gggectggac 180
atggcgegge tgaacatcgg ggtctgggat atctceggeyg tgtgcgacgt ggcggecatg 240
accgaagcga tcaatgccca tctgcgecgg cacgacacct accacagttyg gttcgagcat 300
cggaccgacg gccgtategt ccggcacacce ttegecgate cegecgacat cgagtteget 360
gegetgcage geggcgagat gacgcecgace gagcetgegeg cecacatcect ggecaccecg 420
aatcegetge getgggactg cttcacctte ggtetegtec agcacccgga tcacttcace 480
ttctatatga gtgcggacca tctggtcate gacgggatgt cggteggegt gatcttecte 540
gaaatccate tgacgtatge cgcetttggtg ageggeggge geccgetgec getgeccgag 600
cecggecaget accacgacta ctgccgecgg cagcaccage acaccgaggce gctgaccectg 660
cagtccccee aggtgegege atggattcga ttegegcagyg acaacggegyg aacccteccg 720
agtttcccege tgccacttgg cgatcegteg gtgecegtgeg gaageggtgt ggtggtegea 780
cegetecatgg acgagagtca gaccgagegg ttegacgeca cctgcacgaa ggcggggget 840
cgettecageg gtggegtggt cgectgegeg gecttegeeg agtacgaget gaccggggceyg 900
gagacgtatt gcgecgatcac gccgtatgac caccgcagca cgccggecga attcgtgact 960
ccgggetggt tegcecagett catccceggte accgteceegg tegcececgggge ctegtteggt 1020
gacgcggtga tcgeccgegca ggegtecttt gattcecgcta teggtcetgge cgacgtceccce 1080
ttcgaccgeg ttttggaget gtegtcettte ggecgggcgaa tcagcaaacce gacgggcgac 1140
gtccacatge tcectegttege cgacgcgegg gggatcccegt tcagcecgggca atgggacggce 1200
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ctgaacgccg ggatttacgg cgacggccgg tcgtccgatce aggtgcttat gtgggtcaac 1260
cgattcgaca ccgagaccac cttgacggtg gcgttcccac agaatccggt cgcccgcgat 1320
tcggtecgage gectacatceeg ggcggtcagg gcgatgtgte tgcgggtggt ggagcacggt 1380
geegecgegy tgecgaaccyg cceggegegte gttgeegegg tcaacgegte ggecgcccga 1440
tcgaccgeca acgecgecga ccgcaccgac cgtegectge aaggegceggyg ctteggegece 1500
aacccggtece ttcecggtga 1518
<210> SEQ ID NO 11
<211> LENGTH: 801
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 11
atggacctgg acgegttggt ggcgegggeg teggegatee tegacgacge ctcgaagecce 60
ttectegeeg gtcaccgege cgacteegeg gtecgcaaga agggcaacga ctttgecacyg 120
gacgtcgace tcegecatcga geggecaggtg gtegecgege tggtggagge caccgggatce 180
ggegtgcacyg gcgaggagtt cggeggtteg gecgtegact cggaatgggt gtgggtgete 240
gacceggtygyg acggcacgtt caactacgceg gecgggtcece cgatggecgg gatcctgetg 300
geectgetyge accacggcga cccggtggcece gggctgacct ggttgeegtt cetegaccag 360
cgctacacceg cggtgaccgg cggcccegetyg cgcaagaacyg aaatcccgeyg gccgecactg 420
acttccatceg acctggecga cgccctggte ggggecggat cgttcagege ggacgeccge 480
ggeeggttee cggggegcta ccggatggeg gtgctggaaa acctcagecg ggtctegtec 540
cggttgegea tgcacggetce caccggectg gatctggect atgtegcecga cgggatattg 600
ggcgeggegy tcagtttegg cgggcacgtg tgggaccacg cegecggggt ggegetggtyg 660
cgggecgeceg geggegtggt gaccgacctg gecgggegge cgtggaccee ggectceggat 720
teggegetgg ccegecggace cggcgegeac gecgagatee tggacatcct gcegcaatate 780
ggccgacegg aggactactg a 801
<210> SEQ ID NO 12
<211> LENGTH: 861
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 12
atgacgggct tggaaccgta ttacgaggaa tcgcagtcca tctacgacgt ctcecgacgaa 60
ttetttgegt tatttctega tccgaccatg gectacacgt gegecttett cgaacgcgac 120
gacatgacgce tcgaagaagce gcaaaccgceg aagttcgacce tggcegetggg caagctgaac 180
ctegageceg ggatgacget getggacate gggtgegget ggggeggege actgaagcegg 240
geectggaga agtatgactt caacgtcatc ggaatcacgt tgagccgcaa ccaattcgaa 300
tacagcaaga agctgctgge cggatttceg acggaccgca acatcgaggt gcggetgcag 360
ggctgggaayg agttcgacga caaggtcgac cggatcgtca ccatcggege cttegaggeg 420
ttcaaaatgg agcgctattc cgcattttte gaccgcegect acgacatcct gcccgacgac 480
ggeeggatge ttttgcacac catcttgacce tacacccaga agcagcagca cgagcgcegge 540
gtttcgatca cgatgagcga tttacggttc atgeggttca teggccagga aattttcceg 600
ggcggecagt tgccggcegca ggaggacatt ttcaaattceg gtgaggegge gggetttteg 660
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gtggageggy tgcagetget gcegegagcac tacgcegegga cectcaacat ctgggceggeyg 720
aacctggagg ccaacaagga caaggccatc gecatccagt cgcaagceggt ctacgaccge 780
tacatgcact acctgaccgg gtgcgagaac ttcttcecgea agggcatcag caatgtgggg 840
caattcacgc tggtcaagta g 861
<210> SEQ ID NO 13
<211> LENGTH: 750
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 13
tcacaggtgce cggecgeccg tgatctecat gacggtgecg gtcatgtacyg acgacatgte 60
ggaggccaaa aacagcgcca cgctggecgac ctegetggge tegecggecc ggeccatcega 120
caccteggee accttggagt cccaaatgeg ttgeggcatg gectetgtca tcegecgageg 180
gatcaaaccyg ggggcgatcg cgttcaccceg cacacccagg taggccaget ccttggegge 240
cgecttggte atgeccacga tgccggectt ggecgcecgag tagttggtet ggecgaccat 300
geegaccttyg cecgacaccg acgacatgtt gatgatggeg cegegettgt ttteccgeat 360
gatcgecegee gecaatcggg tgccegttcca ggtgcectte aagtgcacgg cgatgacctg 420
atcgaactge tccteggtca tcecttgegeat ggtggegtece cgggtgatece cggegttgtt 480
gaccatgatyg tccaggccge cgaaccgetce gacggeggte tggatcageg tttegaccte 540
ggacgacttyg gtgacgtcge agcgcacggce cagcegcecace tggtcaccge ccagetgttt 600
ggeegeggtt tgegtegect ccagattgac gtegecgagg acgaccegeg ceecttegge 660
gacgaaccgt teggcgatcg cgaaccccaa accttgtgeg ccacctgtga tgaccgeggt 720
ctgaccactg agcaaggaca cctgtaccac 750
<210> SEQ ID NO 14
<211> LENGTH: 2289
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 14
atggcgatca tcgacaaaga gacgcaagtc cggccategt tegacgacga ggtagecgece 60
acgcagcgcet acttcgacga cccccgette geccgcatca cgegectceta caccgetegg 120
caggtggceg agcagegegg caccatcege accgactaca cegtggcacyg cgacgeggceg 180
geegegttet acgaacggcet gcegegagetg ttegeccaga agaagagcat caccacctte 240
ggeccgtact cgeccggceca ggcggtcace atgaagegga tgggcatcga gggcatctac 300
cteggegggt gggecaccte ggccaaggge tecaccacceyg aggaccceggyg gcccgaccte 360
geecagetace cgctgagceca ggtgeccgac gacgecgegg tgttggtgeg cgegetgete 420
accgecgace gcaaccagca gtacctgegg ctgcagatga gcgaacagca gcgegecgece 480
accaaggagt acgactaccg gccgttcate atecgecgacyg ccgacaccgyg ccacggggga 540
gacccgcacy tgcggaacct gatccgeegt ttegtegagg teggggtgece cggctaccac 600
atcgaggacce agcggeccgg caccaagaag tgtggccacce agggcggcaa ggtcttggtg 660
cectecgacyg agcagatcaa geggctcaac gecgegeget tecagetega catcatgegg 720
gtgccceggga tcatcgtcege ccgecaccgac gecgaggecg ccaacctget ggacagcecege 780
geegacgage gcgaccagece gttectgetg ggtgccacca acctcgacat cecgtcegtac 840
aaggcgtget tcctggegat ggtgcgecge ttetacgage tgggtgtcaa ggacctcaac 900
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ggecacctyge tctacgceget gecggaggceg gagtacgecg aggccaccge ctggetcgag 960
cgtcagggca tccagggegt catctcecgac gecgtcaacyg cctggcegega gaacgggcaa 1020
cagtccatcg acgacctgtt cgaccaggtg gagtcgeggt tegtggcgge ctgggaggac 1080
gacgccggge tgatgaccta cggegaggcece gtegecgagg tgctggagtt cgecgcgage 1140
gagggcgage cggctgacat gagegecgac gagtggeggg ccttegegge gegegecteg 1200
ctctactceg ccaaggccaa ggcgaaggag ctgggcetteg accegggetyg ggactgcgag 1260
ctggccaaga ccccecgaggg ctactaccag atccggggeg gcatcccegta cgccatcgece 1320
aagtcgetgg ccgecgegece gttcegecgac atectgtgga tggagaccaa gaccgecgac 1380
ctggecgacyg ccaagcagtt cgccgacget atccacgecyg agttccccga ccagatgetg 1440
gectacaace tgtcgecgte gttcaactgg gacaccaccg gecatgaccga cgagcagatg 1500
aagcagttcc ccgaggaact cggcaagatg ggcttcecgtet tcaacttcat cacctacggce 1560
ggacaccaga tcgacggcgt ggccgecgag gagttcegeca cctegetgca acaggacgge 1620
atgctggcgce tggcccgett gcagcecgcaag atgegtetgg tcgaatccece ttaccgcaca 1680
ccgcaaacge tcegteggtgg gecccgeage gatgecgeac tggecgecte gtcegggecge 1740
accgcgacca ccaaggcgat gggcgaggge tcgacccage atcagcatct ggtgcagace 1800
gaggtgccca agaagctgct cgaggagtgg ctggcgatgt ggagcgagaa ctaccaccte 1860
ggcgagaage tccgegtgca gttgeggece cgecgggegyg gtteggacgt getggaactce 1920
ggcatctacyg gcgacggcga cgagcaactg gecaatgteg tegtcgaccce gatcaaggac 1980
cggcacggee gcagcatcct tcaggtgege gaccagaaca ccttegcecga aaagcetccgg 2040
cagaagcggce tgatgacgtt gatccacctg tggctggtge accgcttcaa ggccgacgcg 2100
gtgatctacyg tgacgccgac cgaggacaac ctgtaccaga cctcgaagat gaagtcgcac 2160
ggcatcttca gcgaggtgta ccaggaggtc ggcgagatca tcegtcecgccga ggtgaaccgg 2220
ccecgeateg ccgaactgcet gecagceccgac cgggtggege tgcgcaaget gatcaccaaa 2280
gagggttag 2289
<210> SEQ ID NO 15
<211> LENGTH: 234
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 15
ttacttgcca gcaccgegge getgcgecge cagectgtece cgtaaagtet tcegggeggat 60
atcgggecag ttctgttega tgtagtecag geacgcageg cgatccgett cgcecgtaaac 120
catctgccag ccggecggaa tgtcggegaa cgecggcecac aggetgtgtt gttettegte 180
gttgaccagyg acgaaaaagc tgccattgtc gtcegtcgaac ggattggtac tcac 234
<210> SEQ ID NO 16
<211> LENGTH: 972
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 16
atgcecegeceg getgecacca tggccctatg cgatteggat gtgeccggge ggtcaaccte 60
ggectgetge cggttetggt cgtegtgete gecggetgee tegecggegg geatgegetyg 120
ggaacgcctyg actcccaate gattceggte gggccatcca ccecacaccct gcagtceggge 180
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ggcacgccee gcagctatca cctgtaccgg cecgcagggge tgagcgaggce ggeccccctg 240
gtggtgatge tgcacggcegg ctttggcaac ggcgagcagg ccgagcegegce ctaccactgg 300
gacgccgagyg ccgacgcecgg gcatttectg gtegectace cecgacggect gggecgegee 360
tggaacgceg gaacctgttyg cggtgagecg geacacgecyg gcaccgacga cgtcggatte 420
gtcaacgceeyg tggteggege catcgeggeg cagatcccegg tggatcegtge cegegtctac 480
gtcaccggea tgtcgaacgg cgccatgatg gegcetgegge tgggctgeca gagcgacacce 540
ctegecgega tegecceggt ggccggeacyg ctgetcaceg attgetceege ggceccggecyg 600
gecteggtyge tgcagatcca cggcaccgcece gacgaccgeg tgccctatge gggeggacce 660
ggaaaggcgt tegegetcaa cggetcecceg cgggtegacyg ggccegteggt ggaatccegte 720
aacgccacct ggcgegecat cgacgectge gggecgcecca gcetegaccac cgcecggegat 780
gtcaccacce agaccgccgg ctgegeggac ggecgcacgg tggagttgat cteggtggece 840
gggtgeggee accaatggece cggeggggceg cccageccce tggcggaaaa ggtggccgga 900
attceggege cgtcgacgge getggacgece accgacacga tcetggcaatt cttegecegt 960
aatcaccgtt ag 972
<210> SEQ ID NO 17
<211> LENGTH: 702
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 17
ttactgcatg cgcagcacga atcccactcce geggacggtyg tgcagcagece ggggeccgece 60
gttggecteg agettgcgge gcaggtatce gatgaacacyg tcgacgacgt tggtgtcegge 120
ggcgaagtca tagccccaca ccagetccag cagttgtgeg cgggacagca cggeggtett 180
gtgctceggece aggaccgcca gcaggtcgaa ctcccgettyg gtcaaatcga cgtccacgece 240
gttgaccegyg gegeggcegge cggggatgte gacctecage gggcccacceg tgatcgttte 300
cgacgaggag gtggeggtgg cgccgeggeg gegcagcage gecttgaccee gcegegaccag 360
cteggecage acgaacggcet tgaccaggta gtegteggece ceggecteca ggceccgecac 420
ceggtegteg accgagetge gggccgacag cacgcagacyg gggacgtegt tgtccatgge 480
gegeagegeyg gtgacgacge tgacgecgte cagcaccgge atgttgatgt cgagcacgat 540
cgegteceggg cgtgtetegg tggcegetgeg cagegecteg gegecgtega ccgeggtgga 600
cacctecgaat ccggacagtc gcaggccacg ttecagcgac gegagcacat cggagtegte 660
gtcgacgacc aagacccgcg gtgagctage tgctgtgtec at 702
<210> SEQ ID NO 18
<211> LENGTH: 417
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 18
gtgagaccag tgccgaccgg caaggttaag tggtacgacg ctgacaaggg ctteggette 60
ctgteccagg aggacggcga agacgtgtac gtecgcetegt cggegttgee cgetggegte 120
gaggggctca aagcgggcca gcgegtggaa tteggecateg ceteceggecyg cegeggaceyg 180
caagcgttga gcctcaaget gattgagecg cegecgagece tgaccaaggce gcggegegag 240
gggectgeeyg aacacaagca cagccccgac gagctgcacyg gecatggtcega ggacatgatce 300
acgctgetgg aaagcaccgt ccaacccgag ctgcgcaagg gcecgctacce cgaccgcaag 360
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accgegegee gggtetecga ggtggtecagg geggtggece gegagetgga cgectga 417
<210> SEQ ID NO 19
<211> LENGTH: 1122
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 19
tcagaccegyg ctcaggtgeg cgegcagege cgagatcaac tegetggtgg ccaccatget 60
gtecgeegecyg agetggaaca ggttggegaa gecegtgegte agegaaccca ggtaccgeag 120
gtccaceggyg gtgceggegg cgcegcagege cteggegtag ctetggecct cgtegegtag 180
cgggtegaag ccggecacceg cgatcagege cggggecagg ceggcecageg attceggecag 240
cgeceggegat accegegggt cegteeggte cagecgegag ttceegeaggt actgegatte 300
gaaccagtcg atgtcgeget tggtcagcag gaagccgegg gagaacaggce tcagegaceg 360
ggtcegggeyg gtgaagtcegg tgcgegggta gatcagecac tgcagcacceyg gtgeegggec 420
gecegegteg cgggecaget ggctgacgac ggceggecagg ttgecgeegyg cgetgtegec 480
gecgaccgee acccegeccgg ggatcgegee cagetegeeg geatgetcat gegeccaggt 540
gaaggcggeg tacgegtcegt cgatggegge cggegeggga tgctegggeyg ccagecggta 600
gtcgatcgac agcacgtgga tgceggegte geggcaggte agecggcaca gegagtegtg 660
ggtgtccagyg tcgccgateg accagecgece gecegtggtag aagaccagca geggggectg 720
ggtctegeeyg ceggegggee gatagtgeeg cgcecgggatg tegecggecyg ggecgggeag 780
cgeccagtteg gegacgtega cgtggatetyg cgggecgggg aaccccacceg tggactegtg 840
catctgggeg cgggacaget cggggtegte gtegaccace aggecgtega tgccgacgge 900
gegcagacceg gacagcatca getgcagggt cgggtcegage gtgttgeegt cgatgatgac 960
cgagecggecg cgcaccagge cgecggegeac ggeggteggg atccacggga tgaccttgac 1020
ccecgacgetyg gtgacggege cctggatgeg gttggtecage ggcategace cgegetgege 1080
gcecggggteg acgggtgcegg tgteggtcag cggcettggte at 1122
<210> SEQ ID NO 20
<211> LENGTH: 918
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 20
atggatctte atcagetgga gtgctttate geggtegeeg aggaaggcac cttcaccgece 60
geggcacage ggatacatct ggcegcaatct ggtgttagtg cacacattaa ggegetcgaa 120
cgcgaaatcg ggcagcaget attcgaacgg cggccacgea cggtacgget taccgegget 180
ggaaacgcge ttetgecata cgcccgegea gcactcgatg cgetggecge aggtegegec 240
tcgatcegacyg gactcaccgg tctactacat ggtegecttg cecatcggeac catcaccteg 300
atctcaccge gcagcatcga cctecccgag cttctagecag cgtttcacca tgagcacceg 360
ggggtagace tgtcgetggt tgaggacact gcagcgatge tcaatcgeca catatccaat 420
ggcgctttag acgtagettt caccagectyg acggatgagg cagtageegyg cgtgeggatg 480
cgcgagttge atcgggagece ggtgategeg atctttetac cgtecgatce gttatctect 540
tgceggaage tcacattgge cgacgtggeg gatagaccge tcatcacget cceggaggga 600
tcaggcttge gectggeaact caaccgegeg ctgeggeggg ceggegttca ageccacatce 660
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gecttegaag
ggtctegtte
gatcatcecge
getegtgect

ctacgccagg

ceggegatee
ctcaatcage
cegggegect
tcgttgaaca

atcgctga

<210> SEQ ID NO 21
<211> LENGTH: 1530

<212> TYPE:

DNA

cgacgtactce

cctegegeaa

aggcatcatc

cgccaccacyg

gttgcgeteyg

agcgatcacyg

tggccagaag

gcgacaacta

<213> ORGANISM: Mycobacterium avium

<400> SEQUENCE: 21

ttggcegatyg

aacggcgage

accccteage

getetgetgt

ccgatcaceyg

getececccac

accgacgecg

ceggteaceyg

gatccegecy

atcggggcgt

cgegectaca

cacgeegecyg

accgaggaat

aagcgcagcet

aaggaaggca

cagatcgtca

cgaacceggt

atcgcgatce

gaactcatcg

gtcaccgegt

ctgegegatt

gecaccgecyg

gegetggece

ctgcccaaga

aagatcctgt

actcgeatte

acceceggtte

cegtegecga

aaagagcgtyg

cggtgccgag

acgcgeteag

ccgacgacgt

cecctgtecge

acacccagcc

tegeegeagy

ccaaccggtt

accegttgtt

gcaattacge

tcacgaacga

atcgcgacgt

tccaggagga

tctectecga

tecgagtgggg

tgcgcaagaa

ccagcagcat

tegecteget

tgattgccga

aatacttcga

agtccegeca

tcgggcaggc

ccgagatgge

gtcagecgete

<210> SEQ ID NO 22
<211> LENGTH: 1200

<212> TYPE:

DNA

aagcttcace

cggcggagcc

gctcaatety

cagtttegtyg

cegecgectyg

c¢gaggacgeg

cgacgacgge

cggetggece

aacgageccte

cgegcacged

catctgggge

gcaacggcete

cttcatcaac

cgacgtgete

gttettecac

ceggeegece

cctgatcace

ggcgcagatg

cgagcgcaac

gaacaagacc

cgccageace

caccaccgte

aatcgcgatg

ctteggecge

cgagcgacge

caagcgctga

acggtgtgga
gccaaccgca
gtcegecege
cagaacgaga
ggtcagcaga
cccatecege
gecgacggeg
aactacttca
aaccgecget
geegeectygyg
gagtceggte
ttcecceggea
tegetgegeyg
ctggtecgatg
accttcaaca
aaacagctygg
gacgtgcage
gagcgectgg
atccgegaac
ccgategaca
atgcagatca
gaggaactgce
tacctgtgec

gaccacacca

gaggtgtteg

<213> ORGANISM: Mycobacterium avium

<400> SEQUENCE: 22

ttgcgaaggg gctgggcegtyg
taataggatt gccagtcage
ggcaagcege cagcccageg

aacttcggeyg accggecgag

atgcggtegt tteggagete

cgactetggt cactccecte

tgaccatcgt cgaggggttt

tcgaacggca cctgegegec

tccagetggyg agtccgeatce

cggecgagee gttecccgac

agccggtgga gaacggggag

ccgageggee gcacgecate

acaccttega cacgttegtyg

ccatcgeega agcaccggec

tgggcaagac gcacctgetyg

tgcgggtcaa gtacgtctece

acgaccgcaa ggtegectte

acatccaatt catcgagggce

cgctgcacaa cgccaacaag

ccaccctgga agaccggetyg

cccecgaact cgaaacccge

cggtgecega cgacgtgetyg

tcgagggege cctgatcegyg

agtcgetgge cgagatcgtg

gegeggecace catcatggece

gcgggccggg caagacccgg

gegagetcac ggatctgteg

cggtgatgta cgcccagege

atcacgtcaa ggagctcace

atggacgegyg cgacgacaac ggctggecte agegacttga agtttegttt agtgegggag

720

780

840

900

918

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1530

60
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tctttegeeyg acgeggtgte gtgggtggee aagagettge cgtegegace cgeggtgecg 120
gtgcteteeg gggtgcetget gtceggcace gacgagggge tcaccattte cggattegac 180
tacgaggttt ccgccgaage acaggtggeg gecgaaateg cgtetecggg aagtgttttg 240
gtatccggge ggttgetgte tgacatcegtt cgggegetge ccaacaagec gatcgactte 300
tacgtcgacyg gcaatcgggt ggegttgaac tgeggaageg cecggttete getgecgacg 360
atggcegteg aggattacce gacgetgece acgctgeceg aggagacegg gacgetgecg 420
gecgatetgt tegecgagge gatcegggcag gtegegateg cggecggecg cgacgacace 480
ttgcccatgt tgaccggaat cegggtegag attteegggg acacggtggt tttggecgece 540
accgaccggt tceggetgge ggttegegag ctgacctggt cggeggecte ccccgacate 600
gaagcggegg tcectggtgee ggccaagacyg ctggecgagg cggcegeggac cggcatcegac 660
ggttcecgacyg tgeggctgte getgggggey ggcegegggtyg teggcaagga tggectgetg 720
ggtatcageg gcaacggcaa gcgcagcacce acccgectge tggacgegga attcccgaag 780
ttcegecage tgttgecgge tgagcacacyg geggtggeca ccatcaacgt cgecgagetg 840
accgaggeca tcaagetggt ggegetggtyg gecgaceggg gegegeaggt geggatggaa 900
ttcagegagyg ggtcegetgeg getgteegee ggegecgacg atgteggecyg ggecgaggag 960
gatctggeeg tggatttcge cggcgaaccg ctgacgatceg cgttcaaccce cacgtatcetg 1020
accgacggac tgggatcggt gcgctccgaa cgggtgtegt teggcttcac caccccgggce 1080
aagccegeac tgctgegece ggegtocgac gacgacagece cgecgagedg cagegggecg 1140
ttcagcgege tgcccaccga ttacgtctac ctgctgatge cegtgeggtt gecaggctag 1200
<210> SEQ ID NO 23
<211> LENGTH: 1158
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 23
gtgtacgtce ggcatttagg actgcgcgac ttccggtect gggcacacge cgacctegaa 60
ctgcageegyg gteggacggt cttceateggg tccaacgget tegggaagac gaatctgett 120
gaggcgetgt ggtattcegag cacgetgggyg tcacaccggg tgggcacgga cgegecgttg 180
atccgegeceg gegecgaceg ggceggtggtyg tegaccateg tggtcaacga cggccgggaa 240
tgtgcggteg atctggagat cgeccgecgge cgggegaaca aggegegget gaaccggtca 300
ccegtgegea gcaccegega ggtgetegge gtgetgegeg cggtgetgtt cgeccccgag 360
gacctggece tggtgegegg ggatcectee gageggegee gttacctega cgacctggeg 420
acgctgegge geccggegat cgecgeggtyg cgegecgact acgacaaggt gttgeggeag 480
cgcaccgegt tgctcaaate getgteeggt geccgecace ggggegacceg cggegetetg 540
gacacccteg acgtgtggga cagecggcetyg gecgaatacg gggeccaatt gatggetgec 600
cgaatcgatt tggtgaacca gttggegecg gaggtggaga aggectatca getgetggece 660
cegggatege gggeggegte gatcggetac cgatccagece tgggegegge ggecteggece 720
gaggtgaacg ccggcgacceg cgactatctyg gaggccgege tgetggecegyg gttggeggec 780
caccgggacyg ccgaactgga acggggcatg tgectggteg gecegecacceg cgacgacctg 840
gagctgtgge tcggtgagca ggtggcgaaa ggctttgeca gecatgggga ategtggteg 900
ctggegetgt cectgegget ggecgectte gagttgetge gggecgacga aagcegatcceg 960
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gtgttgctge tcgacgacgt gttegccgag ctcgacgceg cccgecgecg ggcactggeco 1020
geggtggeeyg aatccgcecga acaggtgttg gtcacegegg cggtgctega agacatcccg 1080
acgggetgge aggcteggeg getcttegte gagttgegeg acaccgacge gggecgggta 1140
tcggagetge gceccatga 1158
<210> SEQ ID NO 24
<211> LENGTH: 501
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 24
atggacctgg tgcggeggac cctcgaggag geccgggecg cggeccggge acagggaaaa 60
gacgccggee gegggegege cgcagcacce acgcecgegee gggtggeggg tcageggege 120
agctggtegg gaccgggace cgacgctege gacccgcaac cgetgggecyg gcetggegegyg 180
gacctggeca ggaagcegggg atggteggece caggtegecyg agggcaccgt gttggggaac 240
tggacggcegg tggteggtca ccagategec gaccacgegyg tecccaccegyg tcetgegegac 300
ggtgtgctga gegtgtcecge cgagtcgaca gectgggeca cecagttgeg gatgatgeag 360
gegcaactgt tggccaagat cgccgecgeg gteggcaacyg gggtggtgac ctegetgaag 420
atcaccggee cggecgegee gtectggege aaaggceccege ggcacatcege cgggegeggyg 480
ccgcgegaca cctatgggta g 501
<210> SEQ ID NO 25
<211> LENGTH: 2034
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 25
gtggctgeee agaagaagaa ggcgcaagac gaatacggtg cttcagegat caccgtcectg 60
gaaggactgyg aggcggtccg caaacgcccce ggcatgtaca teggctctac cggcgagega 120
ggtectgcace acctcatctyg ggaggtggtce gacaactcegg tcgacgaagce gatggccgge 180
tacgccgace gggtcgacgt geggatectg gacgacggea gegttgaggt cgccgacaac 240
ggecgeggea tceceegtege gatgcacgeg accggegece ccaccgtega cgtggtgatg 300
acgcagctge acgecggegg caagttegge ggcgaaaaca gceggctacaa cgtcagegge 360
ggtetgcacyg gegteggegt cteggtggte aacgcactgt ccaccegget cgaggtcaac 420
atcgeccgeg acggctacga gtggtegeag tactacgacce acgecgtgece cggcacccte 480
aaacagggcg aggccaccaa gcgcaccgge accaccatee ggttetggge cgaccccgac 540
atcttcgaga ccaccgagta cgacttcgaa acggtggece gacggctgca ggaaatggeg 600
ttcctcaaca agggectgac catcaaccte accgacgage gggtgaccaa cgaagaggte 660
gtegacgagyg tggtcagcga caccgecgac gcacccaagt cggcgcagga gaaggcggeyg 720
gaatcggetyg cgecgcataa ggtcaagcac cgcaccttee actacccegg cggectggte 780
gacttcgtca aacacatcaa tcgcaccaaa aaccccatce accagagcat catcgattte 840
ggtgggaagyg gccccggceca cgaggtcegag atcgcgatge agtggaacgg cggctattec 900
gaatcggtge acacgttcge caacaccatc aacacgcacg agggcggcac ccacgaggag 960
ggcttcecgea gegegttgac cteegtggte aacaagtacyg ccaaggacaa gaagctgcetce 1020
aaggacaagg accccaacct caccggegac gacatccgeg agggtttgge cgeggtgate 1080
tcggtcaagg tgagcgaacce gecagttegag ggccagacca agaccaaact gggcaacace 1140



73

US 8,758,773 B2

-continued
gaggtgaagt cgttcgtgca gaaggtgtgc aacgaacagc tcacccactg gttcgaagece 1200
aaccccgcag acgccaaagt cattgtcaac aaggcggttt cgtcagcgca ggcgcgcatt 1260
geegegegea aggegcgaga gttggtgege cgcaagageg caaccgacct gggegggetg 1320
cceggcaagce tecgccgactg ceggtcegace gatccgegca agtcggaatt gtatgtggte 1380
gagggtgact cggeccggcegg ctceggcgaaa agceggecggg actcgatgtt ccaggccatce 1440
cttcecgetge geggcaagat catcaacgtce gaaaaggcecce gcatcgaccg ggttttgaag 1500
aacaccgaag tgcaggcgat catcaccgeg ctgggcacceyg ggattcacga cgagttcgac 1560
atcaccaagc tgcgctacca caagatcegtg ttgatggecyg acgecgacgt ggacggccag 1620
cacatctcga cgctgttgtt gacgctgctg tteecggttca tgcggccget gatcgaacac 1680
gggcacgtgt tcttggccca gccaccgetg tacaagctga aatggcagceg cagcgatceca 1740
gagttcgect actccgaccg cgagegggac gggcetgeteg aggccggect gaaggcecgge 1800
aagaagatca acaaggacga cggtatccag cgctacaagg gtctgggega gatggacgece 1860
aaggaattgt gggaaaccac aatggatccc accgtgceggg tgctgcgcca ggtcacgetg 1920
gacgacgceyg cggecgcecga cgagetgtte tcecatectga tgggcgagga cgtcgacgeg 1980
cgccgecagcet tcatcacceg caatgccaaa gacgtteget tectagacgt ttaa 2034
<210> SEQ ID NO 26
<211> LENGTH: 2520
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 26
atgactgaca ccacgctgcce acccggeggt gacgecgecyg accgegtcega accggtcgac 60
atccagcagg agatgcagcg cagctacatc gattacgcga tgagcgtaat cgteggecge 120
gegetgeceyg aggtgcgcega cggectcaag ccggtgcace gecgggtact ttacgccatg 180
tacgactcgg gtttecgece ggaccgecage cacgccaagt cggegeggte ggtcegecgag 240
acgatgggca actaccaccc gcacggcgac gectcgatet acgacaccct ggtgeggatg 300
geecageegt ggtegetgeg ctaccegttg gtcegacggge agggcaactt tggttegecg 360
ggcaacgace cgecggcecge gatgeggtac accgaggege ggctgacccce getggcecatg 420
gagatgctge gcgaaatcga cgaggagaca gtcgatttca tteccaacta cgacggcecgyg 480
gtgcaagage cgacggtgct gcccagecgg ttccccaacce tgctggecaa cgggtcegggy 540
ggcatcgegy teggcatgge cacgaacatc ccgcecgcaca acctceggega getcegecgag 600
geggtgttet gggegetgga caattacgag gccgacgaag aggccaccct ggecgecegtyg 660
atggaacggg tgaaaggacc cgacttcceg acctcceggece tgategtegyg cacgcaggge 720
atcgecgacg cctacaagac cggccgeggt tecatccgga tgcgeggagt cgttgaggtg 780
gaagaggatt cgcgeggceeg cacctegetg gtcatcacceyg agttgecgta tcaggtcaac 840
cacgacaact tcatcacctc gatcgeccgag caggtgcgeg acggcaagcet ggcecggcate 900
tccaatateg aggaccaatc cagcgaccgg gtegggcetge gcatcgtcat cgagetcaag 960
cgegacgeceg tcegccaaggt ggtgctgaac aacctctaca agcacaccca gctgcagace 1020
agctteggeg ccaacatgcet ggccategte gacggggtge cgegcaccct gceggetcgac 1080
cagctgatce gccactacgt cgaccaccaa ctcgacgteca tegtecceggeg caccacctac 1140
cggttgcegea aggccaacga gecgggeccac atectgegeg gtetggtcaa ggegetcgat 1200
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gegetegacyg aggtcatcege cctgatcegyg gegtceggaaa cegtegacat cgegeggeag 1260
ggcttgatceg agctgctcga catcgacgag atccaggcgce aggcgatcct ggacatgcag 1320
ctgegeegge tggeegeget ggageggeag cgcatcateg acgacctgge caagatcgag 1380
gecgagateg ccgacctgga ggacatcctyg gccaagccgg aacggcageyg cggcategtg 1440
cgcgacgage tcgecgagat cgtcgaaaag cacggcegacg cgceggegeac ccggategtg 1500
gecgecgacyg gcgacgttag cgacgaggat ctgatcgete gegaggacgt cgtegtcacce 1560
atcaccgaga ccggctacge caagcgcace aagaccgace tgtacegecag ccagaagcegce 1620
ggcggcaagg gegtgcaggg cgceggecte aaccaggacg acatcgtgeg geacttette 1680
gtgtgctega cgcacgactg gatcctgtte ttcaccaccee agggccgggt ctaccgegec 1740
aaggcctacyg aactgeccga ggegtecege accgecegeg gtcagecacgt ggccaacctg 1800
ctggcgttece agcccgagga geggatcgcet caggtgatcce agatccggag ctatgaggac 1860
getecectace tggtgetgge cacccgcaac ggcectggtga agaagaccaa gctgaccgac 1920
ttcgactega accgeteggg cggcategtg gegatcaace tgcgcgacaa cgacgaacte 1980
gtgggcgegyg tgttgtgcte ggccgaggac gatctgctge tggtgtegge caacggecag 2040
tccatceggt teteggegac cgacgaggeg ctgegeccga tgggeegege caccteeggt 2100
gtgcagggca tgcgcttcaa cgccgacgac tacctgctgt cgctcaacgt ggtccgegag 2160
ggcacctace tgctggtgge gacgtecegge gggtacgcca agegcaccgce gatcgaggag 2220
tatccggtge agggccgegg cggcaagggce gtgctgaccg tgatgtatga ccgeccgcegt 2280
ggcaggctgg tgggtgcgct gattgtggac gaggacagceg agctgtacgc gatcacctcece 2340
ggeggeggtyg tcatccgecac cgeggeggge caggtcecegta aggcegggacyg gcagaccaag 2400
ggcgtcecgge tgatgaatct gggtgagggce gacacgctgce tggccatcgce tcgcaacgcec 2460
gaggaagceg cggacgaggce cgtcgacgag agcegacggtg cegeggggtce ggacggetag 2520
<210> SEQ ID NO 27
<211> LENGTH: 852
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 27
gtgagttcac cgaacgagcc gggcegcacce aagaaggggg agacccccaa cggggacggt 60
tcggcagage gggceoeggggt geggegggeg acaccgecgg cgeegggtgg cegegeccece 120
gaggceggeg acggaccgee gtggcagege ggcagcacce ggccccagca goececgecyg 180
cgccagaacyg agccgeccac cgagaagegg gecgacggeg geggggecga ggecceggetg 240
aaccgcttea tctegggeac cgegtegeac gecaaggage cggagegegg tgaggggecce 300
ccegecgagyg cctacgecag cgaactgece gacctgtegg ggeeggtgee gegeggecca 360
caccgcaage cggecgecga goegeggtgee gagacgaceg gegggcaagg cggtggecegt 420
ceggtgageg gegagagecog cgagggeegg gacaaceggg accgggtgca ggtgtegegg 480
cgcaccegeg ggccggtteg cgecageatg cagatcegece ggatcgacce gtggagcace 540
ctgaaggtgt cgctgetget cteggtggeg ctattetteg tetggatgat cgecgtegeg 600
ttcectetace tggtgetegg tggcatggge gtgtggtega agttgaacag caacgtceggg 660
gacctgctga acaacaccag cggcagcage ggcgaattgg tgtccagegyg caccatttte 720
ggeggegecyg tgctgatcegg cetggtcaac atcegtgetgt tgaccgegat ggegaccatc 780
geggegttcea tctacaacct ggccaccgat ctgatcggeg gecatcgaggt caccetggec 840
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gatcgcgact ag 852
<210> SEQ ID NO 28
<211> LENGTH: 579
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 28
ctaggctcca caaatcgaat ccctcteccee gecegggegyg tacgacgege cgaggaagceg 60
gtgcaccagyg gcgegetegg cggecgggte cttgagegge cagccccata acgccaggaa 120
gacgcggate agccactgeg ccgecagegg gtegtegtgg cegggeccga geatctegge 180
ggccagggece gtcaccgtgg gcgagttgat cacccagteg ctgaccegggg cegegtggat 240
cgaccgcate agctgagcca gecggatcgga gegcaaccegt tcecagcegeca tgatcegtgge 300
ggtcaccace cgetegggge cgcgecaggte tttgatggee teccgegtgg tgtcgacgat 360
gegggeggee tggataccga cgacggcatce geggategte gecttgecge cggegtgecyg 420
gtagatggtce gccggtgaac agtgcaccceg ggecgecage gectcgateg tgaacccegte 480
gtagccegegyg cgegegatga ggteggegge cgeggegtag atccgetegg cggecgeget 540
gcgeecgatee cggceccacca accagtegte cecgcgecat 579
<210> SEQ ID NO 29
<211> LENGTH: 1326
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 29
ctgctegega cgggtcacce gcaccegeag gegecgtece cggecgtegt cgctectcaa 60
cttegecgeg gecegttgac gecgcgagac ggegegtega gectgaaacyg catggeggtyg 120
ttggacageg cgacceggtt cttceggecage gaggcgatac aggatcccta cccgetgtat 180
gagcgcatge acgccgagge gccgatgcac cggateggeg actccegtett ctacgccegtg 240
tgegggtggg acgeggtgca cgaggccatce gagegggteyg aggacttcete gtccaaccte 300
accgcgacga tggtcttcca cgaggacgge accgtcacce cgttegacat gggegegecg 360
ggegecccega tgcacgceget ggccaccgece gacgacccceg tgcacgeggt gcaccgcaag 420
atcctgetge cgcaccttte ggcgaagega atccggatca tcegaggagtt cgccacccag 480
accgecgace ggctgtggga cgagaacctg tecgacggece ggatcgagtyg gatgagegece 540
atcgecaace ggttgeccat gatggtggte tgecggetge tgggtcetgece cgatgacgat 600
gtecgacaaac tcatccgget cggctacgcece accaccacac tgctggacgg gatcgtcegece 660
ccecgaacage tcgagcagge cggcatggece gecatcgaac tgtecggeta cgtgetggag 720
catttcgaaa aggcaagcga gaagccggaa tcecagcectga tggecgatcet tgcggegege 780
tgcgecgeeyg gcegaactcega gecagcetgecg gegetgggaa tcatgctcac getgttcage 840
geggecggeyg aatcgaccge gtcegetgetg ggcagegegg cctggatect ggecgacegyg 900
cecggegatee aacggcagcet tcgcgaaaac ceggagttge taagcacttt catcgaagag 960
acgctgeget tcgaggcgece gttteggggt cactaccgece acgtgtggeg cgacaccacg 1020
ctgggeggga tcgagetgcece cgagggegea cacctgetge tgatgtgggyg ageggcecaac 1080
cgegacccga cacatttcaa ggatcccaac gagtttegge tegaccgege ggcecgcecaag 1140
agccacctga gectteggcaa gggcgtecac ttetgegteg gtgccgeget ggccceggetg 1200
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gaagcccaca tegtgttgeg cceggetgete gagcegcacca getggatcga cgegaccgac 1260
gtcggggatt ggctgcccag catcctggte cggcgecggg aacggctggg gttggceegtyg 1320
cgctga 1326
<210> SEQ ID NO 30

<211> LENGTH: 435

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium avium

<400> SEQUENCE: 30

ctacggeege ggttgcacgt cgacgetegg cggecgegac tgeggetect geggettete 60
gegecaccgag cgecgcacga tgctgaacge ggceggegecoe ccggcgagaa cggegacgge 120
gacaccggeg atgacccacg ggcgettgeo cegtegetge gegegecgeyg cgtectgeag 180
cgectgggge aggcceggtga ccacctectyg ageggeggece agtteetggg cgagggtcete 240
ctgggecgeg gcegaggtete gggecaggeg ccectecegg taceggegee gecagetgete 300
ggcegtegac cgegeggact gecacgetcag geceggegact cecegggtga ggtecagegg 360
tcccagtgte gagtaggtca ggecgeggge cagtegetet cgeggggtca gecggtette 420
cgecttageg cgcat 435

<210> SEQ ID NO 31

<211> LENGTH: 549

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium avium

<400> SEQUENCE: 31

gtggcagact ctgatgccgt gactaacagce ccctttcaga ctgctaccge cacgetgeac 60
accaaccgeg gtgacatcaa ggtcgecctg tteggaaacce acgegeccaa gaccgtggece 120
aacttcgteg gectggecca gggcaccaag gagtactega ceccagaacge gtegggegge 180
tcctegggee cgttetacga cggegeggtyg ttecaceggg tgatcegggg cttcatgate 240

cagggeggeg acccgaccgg caccggecge ggeggteegg ggtacaagtt cgecgacgag 300

tteccaccceeg agetgcagtt cgaccggecg tacctgetgg cgatggcecaa cgcggggcecyg 360
ggcaccaacyg gctecgcagtt cctcatcacce gtggacaaga ccccgcacct gaaccggegyg 420
cacaccatct tcggegaggt cgtcgaccceg gagtcegcaga aggtegtega cgcgatcteg 480
acgaccagca ccgacggcaa cgaccgecceg tecgagecegyg tggtgatcga gtcgatcace 540
atctcgtag 549

<210> SEQ ID NO 32

<211> LENGTH: 426

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium avium

<400> SEQUENCE: 32

tcagegetgt cgegggeceg cgtaaccgge ggeggtgage gegtcgagea cctggagegg 60
gtcegeceeg agatcccage gggacagcac caccaggtet cegteggege tttecaccte 120
gagcaaccge accttgegee cgtageggeyg gaactcgatg atccggatga tcettgatgte 180
ggggcegttgt aatacctgeg tecgatacca geccegeggacg gecageccegt cgggtgtgat 240
tgccagette gggegegege gecacgacat ccecgcaaac acgagceagac ccgecgegge 300
aacgccagcece agaacacgec ccggegggte tgtgaccacg gtcacagecg cgatagecat 360

cagaacgccce gcaactccac aaccagegat tcecgecgga tgeggetece accegtgtttg 420
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ctgcat 426
<210> SEQ ID NO 33
<211> LENGTH: 282
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 33
tcagtgccag cgcatcgtga gcaacaaacc ggtgatcatg aaagcgaacyg cgattgegta 60
gtteccacgge cccaattggg ccatccaatt gagggeggte ggegectgge tgeccaccege 120
ggccagttygyg aagaccatca gccacaccaa tccgatcage atcagceccga tgaacagege 180
gacgaaccac acgctggacg gtcccacctt gaccttcace ggegtgegge tgaccgeget 240
gacggtgaag tcgttcectttt tgcggacctt ggacttggge at 282
<210> SEQ ID NO 34
<211> LENGTH: 744
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 34
atggtccaga cgcgecagtce gecatggege tteggegtece cgetggtetyg cctgetggece 60
ggattgctge tegecgccac gcacggegtg teeggeggeyg ccgagatacg ccegcagcgac 120
gcacccegge tggtggacct ggtgegegag acgcaggegt cggtgaaccg getcagtgece 180
cagcgegaac agctegecge caagatcgac gecgegcacyg gecgetegte ggatgecgeg 240
ctggecgega tgctgegecg ctecegegeag ctegecggeyg aggcecgggat gageccggtyg 300
cacgggecegg gectggtggt caccctgecag gatgcegcage gcegacgccaa cggecgette 360
ccecgegacyg cgtegeccga cgacctggtg gtgcaccage aggacatcca ggcecgtgete 420
aacgcactgt ggagcgecgg cgccgaggeg atccagatge aggaccageyg gatcatcgece 480
acgteggtge cccgetgegt cggcaacacg ctgetgctea acgggcgcac ctacageccyg 540
ccctacacga tcaccgegat cggcaacgece gecgecatge aggecgcecect ggecgegget 600
ccectggtga cgctgtacaa gcagtacgeg gteeggtteg gectgggeta tcaggaagag 660
gteecgeteeyg atgtgcaggt ggtceggecac ttcgagecceg accggetgca tttegeccag 720
cccaacggcece cgatcggcecta ctaa 744
<210> SEQ ID NO 35
<211> LENGTH: 687
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 35
atgcggatce tggttgtcga caactacgac agettegtgt tcaacctggt gcagtaccte 60
gggcaactygyg gtgtggacge cgacgtctgg cgcaacgacg acagccgget cgecgaccac 120
aacgccgagg cccgecggtt cgacggggtyg ctgctcagte cegggecggyg caccceccgag 180
cgegegggeg cttecatege gatggtgege gectgegeeyg cegagcacac cccgetgetg 240
ggggtcetgee tgggccacca ggccatcegge gtggcatteg gegccaccegt ggaccgeget 300
ccggaactge tgcacggcaa gaccagcage gtgcgccaca cgaatgcecegyg tgtgetgcaa 360
gggetteegyg accecttcac ggccaccegg taccactege tgaccatcct geccgagteg 420
ctgcegecegg tgctegaggt caccgctcac accgacageg gtgtgatcat gggegtgege 480
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cacacgcagt taccgatcca cggegtecag ttecaccegg agtegatect gaccgagggt 540
ggtcatcgca tgctggcgaa ctggctcace gaatgegget gggtgegega cgacaccectg 600
gtgcgecgge tggaaaacga cgtccacgece geggtgcegac cgtatctecce ggecgatceg 660
gccgcectactyg accgaactte agcegtga 687
<210> SEQ ID NO 36
<211> LENGTH: 1881
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 36
ctactgaccyg aacttcageg tgatgatcce gteceggttg accecggece cggceggegg 60
gttctgatac accacceggt gggactggge gecgecggeg tegacgtegyg gacccettgte 120
caggatccce gtccagecca gegecegtag ccgeggtteg gegteggtee aaaacatccce 180
ggacaggtcg ggcatgatga actgattgece cttggacacce tgcagttcga tcaccgaatc 240
caccggaacce gtttgteect tgggeggatt ggtgecgate acctegeegg cegggegggg 300
getgtecace tgcacctggg tgatcttggt gaagccgtag acggtcaggt tettetgege 360
gatgtcgacyg gtttgccegg cgatgteggyg cacctgettg gteteceggeco ccgagecgac 420
gatgagggtyg atgacgttgg tgatcgccga cgtetggttg gecggegggt tggteccgat 480
caccttgece aacaactegg gtgtggacgg cgagttegece tgettgaact tgctgaacce 540
ggeggecttyg agettggtga cegegtegga gtagetcage gacgagacgt cgggeaccte 600
gegetgetee ggeceggtgg agacgttgat ggtgatcteg tegecegege tgaccgacge 660
gttggegeeyg gggteggtge cgatgacgtyg gtegggeggg atggecgagt ceggettetg 720
cagggtgegyg gtettgaage cgeggttetyg cagegecgea atggecategg cggacacctg 780
ccegegeacyg tegggeacct ggacgtegeg ggegecgeeg cegaaggtgt tgaacgcegat 840
gacgacgatg atggtcagga ccgccagcege ggccaccgee acgatccaac ggeccaccga 900
acccaccgtyg cggtectege cgetgteege gagcacctgg cgaggcageg gatcggtgeg 960
tgacggacce gcggeccoegg caccggacga caacagegag ctgegetegg cgtceggtgag 1020
aacctttgge getteccgget tttegeegtt gtgcaccegg accagatcgg cgcgcattte 1080
gaccgcggte tgatageggt tgtccgggtt tttggccage gecttgagca cgacggegtce 1140
gaggtcggceg gagatgectt cgtgccgetg cgacggcggce accgggtcett cgcggacatg 1200
ctggtaggee accgecacceg gcegagtegee ggtgaaagge ggctcgecag tgaggattte 1260
gtacagcacg cagcccageg agtagacgte cgagcegegeg tcgacggegt cgecgeggge 1320
ctgcteggge gagaggtact gtgcggttcee gatcaccgece geggtetggg tgacgcetgtt 1380
gccgetgteg gegattgege gggcgatgece gaagtccate accttgacgg cattggtggt 1440
gctgatcatg atgttcgceccg gcttgacgte geggtggatg atgccecgttcet ggtggctgaa 1500
gttcagegee tggcaggegt cggegatgat ctegatggece cgecgeggeyg geageggecod 1560
gtcggtgtge acgatgtcge gcagcgtcac geccgtcgacg tactccatga cgatgtaggg 1620
cageggecceg gagggegtet cegectegee ggtgtegtag acggcgacga tggacgggtg 1680
gttgagcgeg geggegtttt gcgectegeg ccggaagcgce aggtagaaac tgggatcgceg 1740
ggccaggtcee gegegcagea ccttgaccege gacgtegegg tgcagecgga cgtcacggge 1800
caggtgaacce tcggacatge cgccgaagece gaggatcteg cegagttegt ageggtcegga 1860
caggtgttgc ggggtggtca t 1881
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<210> SEQ ID NO 37
<211> LENGTH: 510
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 37
tcattgcgat gtccagtgte gggegggtee gtegeggaat ccagacgece caattgtgece 60
gtcatcegge cagtccagee gcaggeccegyg gtgggecceg gagecgeteg gegtettggt 120
cggeggegge gecgaggegg gceggggttec ggtgteggtg accgtegggg getgttgetg 180
ctggteegeg cgggagttga tgacgatgag caccgegatg atgategeca gegegeccag 240
cacceeggeg goccacagca gegecegetyg geeggacgag aaggtgegee gggecggggg 300
cgggeggtgyg cegeeggtygg ceggeoegggt cegecgegge geggeggtee geccggagga 360
cacggetgee gecegggtygg tggggetgga cggaatggece gecggtgacyg cccegeceggg 420
cggeggggac tggcteggee geggeggeceg gegaccggeg cgcacegegg cgacggegte 480
ggcgaacggce cccccgcetge ggtagcegcat 510
<210> SEQ ID NO 38
<211> LENGTH: 762
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 38
tcacagggtyg atctcgatga getegegeac gttgggtgge agetcegegyg gcageggegg 60
cggaggctee ttgatgtgtt tcatcgecac cgtcagegece cecatcecege tgaacggecg 120
cttgcccgaa accacctegt agccaacaac tcccagegag tacacgtege tggegggggt 180
ggegtegtga cccagegect getegggege gatgtattgg geggtgecca tcaccattec 240
ggtctgggte accggcegegg cgtcegacgge cttggegata ccgaagtegyg tgatcttceac 300
ctgcccegte ggggtgatca ggatgttgee cggtttgacg tegeggtgca ccaggecgge 360
ggegtgegeg acctgcaggg cgceggecggt ctgctegage atgtccageyg cgtgecgeag 420
cgacagcegyg ccggteeget tgagcaccga gttcagegge tcaccgttga ccagttccat 480
caccagatac gcggtgegge cctegeegte cagetggete tegecgtagt cgtgcacage 540
cgcgatgece gggtggttga geategeegt ggtgegegece teggegegga accgetcegat 600
gaactcgggg tcectgggaga actectgttt gagcaccttg accgegacge geeggeccag 660
ceggttgteg accgectece agacctgace catgecgeeg gtggegatca ggegetgeag 720
gcggtacctyg ccagacagcg tcacaccaac tcgcegggcte at 762

What is claimed is:

1. A composition comprising an isolated mutant M. paratu-
berculosis bacterium, wherein the mutant bacterium com-
prises a disruption of function of a gene selected from the
group consisting of gcpE (SEQ ID No:7), pstA (SEQ ID
No:8), kdpC (SEQ ID No:9), papA2 (SEQ ID No:10), impA
(SEQ ID No:11), umaAl (SEQ ID No:12), fabG2_ 2 (SEQ
1D No:13), aceAB (SEQ ID No:14), mbtH2 (SEQ ID No:15),
IpgP (SEQ ID No:16), map0834c (SEQ ID No:17), cspB
(SEQ ID No:18), lipN (SEQ ID No:19), and map1634 (SEQ
1D No:20) genes of M. paratuberculosis.

2. The composition of claim 1 further comprising an adju-
vant.

3. A composition comprising an isolated mutant M. paratu-
berculosis bacterium, wherein the mutant bacterium com-
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prises a disruption of function of at least one gene from a
genomic island selected from the group consisting of MAP-1
(SEQ ID No:21), MAP-2 (SEQ ID No:22), MAP-3 (SEQ ID
No:23), MAP-4 (SEQ ID No:24), MAP-5 (SEQ ID No:25),
MAP-6 (SEQ ID No:26), MAP-7 (SEQ ID No:27), MAP-8
(SEQID No:28), MAP-9 (SEQ ID No:29), MAP-10 (SEQ ID
No:30), MAP-11 (SEQIDNo:31), MAP-12 (SEQID No:32),
MAP-13 (SEQ ID No:33), MAP-14 (SEQ ID No:34), MAP-
15 (SEQ ID No:35), MAP-16 (SEQ ID No:36), MAP-17
(SEQ ID No:37), and MAP-18 (SEQ ID No:38) genomic
islands of M. paratuberculosis.

4. The composition of claim 3 further comprising an adju-
vant.

5. The composition of claim 1 wherein the mutant M.
paratuberculosis bacterium comprises a disruption of func-
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tion of a gene selected from the group consisting of pstA

(SEQ ID No: 8), papA2 (SEQ ID No:10), umaAl (SEQ ID

No:12), and fabG2_ 2 (SEQ ID No:13).

6. A composition comprising:

a) a eukaryotic expression vector comprising a nucleotide
sequence encoding an antigen selected from the group
comprising gepE (SEQ ID No:7), pstA (SEQ ID No:8),
kdpC (SEQ ID No:9), papA2 (SEQ ID No:10), impA
(SEQ ID No:11), umaAl (SEQ ID No:12), fabG2_ 2
(SEQID No:13), aceAB (SEQ ID No:14), mbtH2 (SEQ
1D No:15), IpqP (SEQ ID No:16), map0834c (SEQ ID
No:17), cspB (SEQ ID No:18), lipN (SEQ ID No:19),
and map1634 (SEQ ID No:20) genes of M. paratuber-
culosis; and

b) a pharmaceutically acceptable carrier.

7. The composition of claim 6 further comprising an adju-

vant.
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8. A composition comprising:
a) a eukaryotic expression vector comprising a nucleotide

sequence encoding an antigen selected from the group
comprising MAP-1 (SEQ ID No:21), MAP-2 (SEQ ID
No:22), MAP-3 (SEQ ID No:23), MAP-4 (SEQ ID
No:24), MAP-5 (SEQ ID No:25), MAP-6 (SEQ 1D
No:26), MAP-7 (SEQ ID No:27), MAP-8 (SEQ 1D
No:28), MAP-9 (SEQ ID No:29), MAP-10 (SEQ ID
No:30), MAP-11 (SEQ ID No:31), MAP-12 (SEQ 1D
No:32), MAP-13 (SEQ ID No:33), MAP-14 (SEQ 1D
No:34), MAP-15 (SEQ ID No:35), MAP-16 (SEQ 1D
No:36), MAP-17 (SEQ ID No:37), and MAP-18 (SEQ
1D No:38) genomic islands of M. paratuberculosis; and

b) a pharmaceutically acceptable carrier.

9. The composition of claim 8 further comprising an adju-

vant.
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