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The cobacteria are a genus of bacteria which are acid-fast, non-notile,
gramg positive rods. The gepﬁ‘{ﬁ ' A speci es which include,
but e not limted to, Mcobacteriumafricanum M avium M bovis, M

BCG M chel onae, M fortuitum
The present invention relates to oligonucleotide probes and amplification primers, and

pa;ﬁcularly relates to oligonucleotide probes and primers which hybridize in a species-specific

manner to Mycobacterium kansasii nucleic acids.

BACKGROUND OF THE INVENTION

The Mycobacteria are a genus of bacteria which are acid-fast, non-motile, gram-
» positive rods. The genus comprises several species Which include, but are not limited to,
Mycobacterium africanum, M. avium, M. bovis, M. bovis-BCG, M. chelonae, M. fortuitum, |
M. gordonae, M. intracellulare, M. kansasii, M. microti, M. scrofulaceum, M.
paraiuberculésis and M. tuberculosis. Certain of these organisms are the causative agents of

|
{
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disease. For the first time since 1953, cases of mycobacterial infections are increasing in the ]
ey s |
United States. Of particular concem is tuberculosis, the etiological agent of which is M. |

- !

tuberculosis. However, infections caused by Mycobacteria other than tuberculosis (MOTT)

have also been increasing. Many of these new cases are related to the AIDS epic_iemic, which
! provides an immune comproniised pbpulation which is particularly _susceptible to infection by
b Mycobacterid. Mycobacterium avium, Mycobacterium kansasii and other non-tuberculosis
mycobacteria have been found as opportunistic pathogens in HIV-infected and other immune i
compromised patients. There is an increasing need for rapid diagnosis of these infections, as
they can disseminﬁte rapidly and may be fatal within a short period of time.

At the present time the diagnosis of mycobacterial infections is dependent on acid-fast
sltaini.n.g and cultivation of the organism, followed by biochemical assays. These procedures
are time-consuming, and a typical diagnbsis using conventional culture methods can take as

long as six weeks. Automated culturing systems such as the BACTEC system (Becton
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~ of these rapid detection and identification methods require oligonucleotide probes which are
specific for the genus Mycobacteria (tuberculosis and non-tuberculosis) or spet_:iﬁc for a

* particular mycobacterial species if specific identification of the organism is desired.

Conventional laboratory identification of Mycobacterium fansasii relies upon
biochemical testing and determination of growth characteristics. These include catalase
production, urease activity, TWEEN hydrolysis, nitrate reduction and the ability of the
bacterium to produce pigment when exposed to lighf (photochromogenicity). Because several

other mycobacterial species exhibit a similar biochemical profile, photochromogenicity is

customariljr relied upon as the conclusive characteristic for identification of Mycobacterium
kamasii. However, determination of photochromogenicity reduires a pure culture of the
‘, organism and this phenotype can be variable,' subjective and difficult to determine reliably. For
! these reasons, there ilave been attempts to identify Mycobac}erium kansasii by species-specific
hybridization or nucleic acid amplification using oligonucleotide probes. Z. H. Huang, et al.
(1991. J. Clin. Microbiol. 29, 2125-2129) have reported a DNA probe obtained from a
genomic library with a degree of species-specificity for Mycobact_‘_erium kansasii. 'fhis clone
(pMK1-9) showed some cross-hybridization with other species, inclﬁding M. gastri, and.did
not detect a genetically distinct subgroup of M. kansasii. The nucleotide sequence of pMK1-9
was not reported, nor was the gene from which it may have been derived identified. B. C.
Ross, et al. (1992. J. Clin. Microbiol. 30, 2930-2933) also reported identification of

genetically distinct subspecies of A7 kansasii using the pMK1-9 probe, a 65kDu untigen gene
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or the genus Mycobac osl s "and
ubey e 168 BINAlgend Werd ised ft@ sequence and compare the 16S rRNA. gene sequences of

the M. kansasii variants studied. M. Yang, et al. (1993. J. Clin. Microbiol. 31, 2769-2772)
" have reported isolation of an M. kansasii-specific probe from a clinical isolate. This probe
(p6123) hybridized to all M. kansasii strains tested, including the subgroup which is pMK1-9

negative.

* T. Rogall, et al. (1990. J. Gen. Microbiol. 136, 1915-1920) used the 165 rRNA

sequence in a polymerase chain reaction (PCR) based sequencing strategy for identification of
mycobacterial species. However, these pﬁmers could not be used to differentiate M. gastri
from M. kansasii because the 16S rRNA sequence from these two species is identical in spite
of their differing phenotypic characteristics. Similar studies have been published by B.
‘Béddinghaus, et al. (1990. J. Clin. Microbiol. 28, 1751-1759), who reported oligonucleotides
derived from 16S rRINA sequences which are specific for the M. tuberculosis group, M.
avium-M. paratuberculosis, and M. intracellulare. Unique sequence stretches within 168

rRNA sequences were identified by sequence comparisons for M. kansasii, including M. gastri,

M. simiae, and M. scrofulaceum.

The present invention provides nucleic acid sequences useful as oligonucleotide probes
and amplification primers for species-specific detection and identification of Mycobacterium
kansasii. Species-specificity means that th_e inventive probes and primers hybridize to M.
kansasii nucleic acids with lit.tle or no cross-hybridization to the nucleic acids of other species
of mycobacteria or to the nucleic acids of closely related microorganisms such as Rhodococcus
rhodochrous and Nocardia asteroides. The sequences of these probes and primers and the
fragment of M. karv.wa.vii genomic DNA from which they are derived are distinct from the M.
kansasii-specific nucleic acid sequences previously reported. The probes and primiers may be
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ss-hybridi zation with ot her speC| es, including gastri, and did
practitioner to rapidly identify this microorganism without resorting to the time-consuming

phenotypic and biochemical procedures customarily relied upon. Such rapid identification of

the specific etiological agent involved in a mycobacterial infection provides information which

# can be used to determine appropriate therapy within a short period of time. Ninety-four _

percent of the clinical and environmental M. kanasii isolates tested were positive in
amplification assays using the inventive amplification primers. The M. kansasii-specific
sequences of the invention are distinct from p6123 and pMK1-9 and are derived from a gene

or a portion of the M. kansasii genome which was previously unknown.
SUMMARY OF THE INVENTION

The present invention provides oligouﬁcleotide probes and primers which exhibit M.

kansasii-specificity in nucleic acid hybridization assays and in nucleic acid amplification
reactions. ' The full-length M. kansasii-specific sequence, identified herein as clone MK7, is
493 base pairs in length and has a GC content of 63%. Several M. kansasii-specific

subsequences of MK7 were also identified and used to design hybridization probes and

amplification primers for use in assays for species-specific detection and identification of M.

kansasii.
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DETAILED DESCRIPTION OF THE INVENTION

The M. kansasii-specific nucleotide sequence of the present invention was derived-from
* an M. kansasii genomic library and is ;193 base pairs in length with a GC content of 63% (SEQ
ID NO:1). M. kansasii-specific subsequences of SEQ ID NO:1 useful as hybridization probes
and amplification primers were also identified. These probes and primers may eithe.r be
hybridized difectly to mycobacterial DNA and detectéd, or they may be used as primers in
nucleic acid amplification reactions to produce M. kansasii-specific amplification products
which may then be detected. That is, it should'be understood that the M. kansasii-specific
oligonucleatides used as hybﬁdization probes by way of example may also be used as M.
kansasii-specific amplification primers in nucleic acid amplification protocols, and vice versa.

The terms "probe” and "primer" are therefore used herein as an indication of the function of

? the oligonucleotide in the reaction being described. Any given M. kansasii-specific nucleotide
sequence encompassed by the invention may be used as either a probe or a primer as

appropriate for the detection method.

- M. kansasii-specific probes and primers in addition to those specifically disclosed
herein may al.so be derived from the MK7 sequence using routine methods and criteria
appropriate for any particular assay format employed. In general, these probes and primers
will be at least about 10-15 nucleotides in length, preferably about 15-20 nucleotides in length.
Probes and primers may be either deo.\cyribonué.leic acid (DNA) or ribonucleic acid (RNA) and

may have cither a naturally-occurring sugar-phosphate backbone or a backbune modilied to
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Probes and primers according to the invention are hybridized to nucleic acids in
samples suspected of containing mycobacteria. The samples may comprise isolated nucleic
acids, isolated microorganisms, or they may be clinical samples. Typically, clinical samples are

in the form of a biological fluid or tissue, ¢.g., sputum, bronchial washings, gastric washings,

? blood, milk, lymph, skin and sp& tissues. Prior to hybridization with the probes and primers" of

the invention, samples suspected of containing intact microorganisms rather than free nucleic
acids are generally treated using methods known in the art to release nucleic acids from any
microorganisms present. In iddition, sputum samples are typically liquified prior to releasing
nucleic acids for analysis. As mycobacteria infect both human and non-human animal species,
the present invention is applicable to both human and veterinary diagnostic procedures and the
sample may be obtained from either source. As humans are susceptible to infection from' a
variety of Mycobacteria, including M. t.ubercufosis,.M. kansasii, M. avium, M. intracéllulare,
M. scrofulaceum and M. fortuitum, the instant probes, primers and methods may be-used to

rapidly identify cases in which M. kansasii is the etiologic agent, thereby aiding in selection of

an appropriate therapy.

The oligonucleotide probes and primers are used to detect and/or identify
Mycobacterium kansasii by hybridization to mycobacterial nucleic acid or by amplification of
mycobacterial nucleic acid target sequences. In one embodiment, the probes are used in

hybridization methods for direct detection of target M. kansasii nucleic acid. These methods

include Southern blots for detection of DNA, Northern blots for detection of RNA and dot
blots for detection of either DNA or RNA. These methods are generally well-known in the art

and are deseribed in Molecular Cloning' A Laboratory. Manual, 20d ed.. ). Sambrook, G F.
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specific amplification of target nucleic acid sequences. In this embodiment, the probes or

primers of the invention are used in conventional nucleic acid ampliﬁcation protocols. Any
amplification protocol which relies on cyclic hybridization of primersl to the target nucleic acid
may be used; e.g., PCR (U.S. Patent Nos. 4,683,195; 4,683,202; 4,800,159; 4,965,188), ligase
chain reaction (LCR) (R. Weiss (1991) Science 254:1292), strand displacement amplification
* (SDA) (G. Walker, et al. (1992) PNAS 89:392-396; G. Walker, et al. (‘1992) Nucleic Acids

Res. 20:1691-1696), nucleic acid based sequence amplification (NASBA) (U.S." Patent No.
5,130,238 to Cangene), transcription based amplification (D. Kwoh, et al. (1989) PNAS
86:1173-1177), self-sustained sequence replication (J. Guatelli, et al. (1990) PNAS 87:1874-
18;l8) or the QP replicase system (P. Lizardi, et al. (1988) BioTechnology 6:1197-1202).
Adjacent primers suitable for use in LCR can be easily selected from SEQ ID NO:1. However,
preferred amplification methods for use with the primers of the invention are methods which
utilize cyclic hybridization of primers to the target sequence, extension of the primers using the
target sequence as a template and displacement of the extended primers from the target

sequence, e.g., PCR and SDA.’

An amplification primer is a primer for amplification of a target sequence by primer
extension or ligation of adjacent primers hybridized to the target sequence. For amplification
by SDA, the oligonucleotide primers are preferably selected such that the GC content is low,

preferably less than 70%-of the total nucleotide composition of the probe. Similarly, for SDA

the targei sequence preferably has a low GC content to minimize secondary structure. The 3'
end of an SDA amplification primer (the target binding sequence) hybridizes at the 3' end of
the target sequence. The target binding sequence confers target specificity on the amplification
primer, and the M. kansasii-specific sequences of the invention may therefore be used as target

binding sequences in SDA amplification primers. The SDA amplification primer tuitier
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endonuclease recognition site to allow the appropriate restriction endonuclease to bind to its

recognition site. For the majority of the SDA reaction, the a.mpliﬁcatien primer is responsible
for exponential amplification of the target sequence. For other amplification methods which do
not r-equire attachment of specialized sequences to the ends of the target, the amplification

* primer generally consists of only the target binding sequence.

A bumper primer is a primer used in SDA which anneals to a target sequence upstream
of the ampliﬁeation primer such that extension of the bumper primer displaces the downstream -
primer and its extension product. Extension of bumper primers is one method for displacing
the extension products of amplification primers, but heating is also suitable.

The terms target or terget sequehce refer to nucleic acid sequences amplifiable by
amplification primers. These include the original nucleic acid sequence to be amplified, the
’ complementary second strand of the original nucleic acid sequence to be ampllﬁed and either

strand of a copy of the original sequence which is produced by the amplification reaction.
These copies also serve as amplifiable target sequences by virtue of the fact that they also

contain copies of the original target sequences to which the amplification primers hybridize.

As nucleic acids do not require complete complementarity in order to hybridize, itis to
be understood that the probe and primer sequences herein disclosed may be modified to some
extent without loss of utility as M. kansasii-specific probes and primers. As is known in the
art, hybridization of complementary and partially complementary nucleic acid sequences can be

vbtained by adjusiment ~the hebridization conditions to increase or decrease stringency (i.c.,
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+ adjustment O ridization temperature or salt content of the buffer). Such minor

modifications of the disclosed sequences and any necessary adjustments of hybridization
- conditions to maintain M. kansasii-specificity require only routine experimentation and are well

within the ordinary skill in the art.

The nucleic acid products of amplification using the inventive primers (ie., the

amplification products or extension products) may be detected by a characteristic size, for

example on polyacrylamide or agarose gels stained with ethidium bromide. Alternatively, M.
* kansasii nucleic acid in a sample or s;-:eciﬁcally amplified M. kansasii target sequences may be
detected by hybridization to the inventive probes and primers. For detect_ion by hybridization
the oligonucleotide probes are typically tagged with a detectable label. The detectable label is
a moiety which can be detected either directly or indirectly as an indication of hybridization of
the probe to the target nucleic acid. For direct detection of the label, probes may be tagged
with a radioisotope and detected by autoradiography or tagged with a fluorescent moiety and
detected by fluorescence as is known in the art. Alternatively, the probes may be indirectly
detected by _tagging with a l.abel wh_ich requires additional reagents to ren_der it detectable.
Indirectly detectable labels include, for exarﬁple, chemiluminescent agents, enzymes which
+ produce visible reaction products and ligands (e.g., hal;;:ens, antibodies or antigens) which may
be detected by binding to labeled specific binding partners (e.g., aatibodies or
antigens/haptens). Particularly useful labels include bic.>t'm (detectable by binding to labelegl
avidin or streptavidin) and enzymes such as horseradish peroxidase or alkaline phosphatase
(detectable by addition of enzyme substratés to produce colored reaction produ_cts). Methods
for adding such labels to, or including such labels in, oligonucleotides are well known in the art

and any of these methods are suitable for use in the present invention.

For detection of amplified target sequences, the primers used in the amplification

reastiont may b2 tagged and used o< dutoctar probes hecause e prine s are incorposated into
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For convenience, probes for species-specific detection and identiﬁcatioh of M. kansasii
may be packaged in the form of a kit which may' further include other components and reagents
for performing the detection methods. By way of example, such a kit contains at least one
probe or at least one pair of amplification primers according to the. present invention. ' For,
detection by hybridization, a_hybridization solution such as 6X SSC (0.9M sodium chloride, |
0.09M sodium citrate, pH 7.0), 0.IM EDTA pH 8.0, 5X Denhardt's solution (0.1% wiv
FICOLL TYPE 400, 0.1% wi/v polyﬁnylpyuoﬁdone, 0.1% w/v bovine serum albumin) and
100 pg/ml sheared denatured salmon sperm DNA, or other reagents known to be useful for
probe hybridization may also be included. See Molecular Cloning: A Laboratory Maz{ual,
supra. Alternatively, ‘reagents approgriate for use with one of the known nucleic acid
amplification methods may be included with M. kansasii-specific amplification primers. The
components of the kit are packaged together in a common container, typically including
instructions for performing a specific embodiment of the inventive methods. Additional,
optional components may also be included in the kit, e.g., a second probe tagged with a label
suitable for use as a detection probe, and reagents or means for gerﬁomﬁng detection of the

label.

The following experimental examples are given as illustrations of certain embodiments
of the invention. They are not to be construed in any way as limiting the invention as defined

by the appenda! Satme
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synfhesi s of the oligonucleotides, by cloning and anplification in a

t r affsf or me@heomycabaéteria asedvin the Hollowing rexatplesuwere) M.heviawt ATCC25291, MPr obes
andgprinmers according to the invention are hybridized to nucleic acids in
sanf| éevis (IYet.Mddchsionas TMCES 43 Miflverensh.CRC260b MafapiuétymEMCd %?) Mse

ated nucleic
gastri LCDC1301, M. gordonae TMCI318, M. intracellulare ATCCI3950 M. kansasii

TMC1201, M. kansasii LCDC711, M. kansasii LCDC714, M. kansasii LCDC715, M.
kansasii LCDC724, M. kansasii LCDC725, M. malomense CDC93, M. marinum LCDC801,
M. microti LCDC203, M. nonchromogenicus LCDC1401, M. scrofulaceum TMC1302, M.

szulgai TMC1328, M. terrae TMC1450, M. tuberculosis ATCC27%94 and M. xenopi
* LCDC1901. Non-mycobacteria used were Bordetella pertussis ATCC8467, Corynebacterium
diphtheriae ATCC11913, Escherichia coli ATCCIITIS, Nocardia asteroides ATCC3308,
Rhodococcus rhodochrous ATCC13808. Mycobacteria strains. were cultured in BACTEC
vials in Middlebrook 7H9 media, then heat killed at 70°C for 4 hours. Genomic DNA was
isolated as previously described (S. Visuvanathan, et al. 1989. J. Microbiol. Mtds. 10,59-64).
Non-mycobacteria strains were cultured in Luria broth or other suitable media. Genomic DNA
was isolated by the CTAB mini-prep methiod (F. M. Ausubel, et al. 1987. Cugrent Protocols in
Molecular Biology, Greene Publishing {\ssociates and Wiley-Interscience, NY)

) EXAMPLE 1
o CLONING OF MK7

A plasmid library of M. kansasii DNA was constructed and screened for genus- and
species-specific clones. To construct the library, M. kansasii genomic DNA (strain TMC
1201) was restncted with Sau34[ (Gibco BRL). The fragment sizes generated ranged from
about 1.4 kb to less than 200 base pairs. The cloning vector, BLUESCRIPT SK+

(Stratagene), was digested with BamH/ (Gibco BRL) and phosphatased using alkaline
} phosphatase from calf intestine (CIAP - Boehringer Mannheim Biochemicals). The genomic

fragments (750 ng) were ligated to 20 ng of the prepared vector in 50 mM Tris-HCI pH 7.5, 7
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£, i solated mcroorgani sns,—er—they may be clinical sanples. Typically,
gcal sanples are in the formﬂf Sfee ' %I ogical fluid or tissue, e.g.;

®Em bronchial washings, gasltrl_ e Replacsd § -+ pyj | k| | ymph, skin and
: m obes and pri ner §_ﬁ58t he
WAl mcroorgani sns ftather

i t i ssues. Prior to hybridizati
Mt i on, sanpl es suspected of co
& free nucleic acids are generally treated using nmethods known in the
@i o rel ease nucleic acids fromany m croorgani sns present. In addition,
fum sanpl es are typically liquified prior to releasing nucleic acids for
Py e MgClp Y GEDTE] 1 anMNAEPtanB At Unid1oal B ONWighsen@Gibed BRL). STiRC es,
ipresent 1 nvention is applicable to both human and veterinary diagnostic
> efifiatien wasdaltdweedstanprioceedegvemightbat 2 SA€ carntlr was tienhused $o drapsformsIMilO®ans ar e
&eptible to infection froma variety of Mycobacteria, including M
or comipsgént, cells (Ruatagerie)., Qe thehsand indépendent dransformants ware dsalasedii Rfum and
ortuitu the instant praobes, prinmers and nmethods may  be used to rapidly
nt these égé%sdmsm#cwem Releted; ifor sereening eaeneqn@ghbt%gemm,tmsr]ef &BYOUS di ng
i nfsel ection.o an appropria er apy. The ol i gonucl eotide
pr demyeghacisr %F'Egﬁggﬁe‘i‘%m%t and/ or identify Mycobacterium
karfjsasii by hybridi zation to mycobacterial nucleic acid or by anplification
of Jmycobacterial nucleic acid target sequences. In one ‘enbodi ment, the
prdbes are ' VOoL.di | s I K | et M
kadsasi i nﬁgﬁtglg%nl Qggd‘.py?ﬂ%@%n%{]#gg’g}g%u% g %W\%r%%{:ﬁswg?ﬂa g%gt I on

%%ﬁgﬂ-gp%g%% ggéc?ers aﬁ% gg&g't&ﬂ wifh PO (@i&odgwb;eaaﬁ;édoan Ged 894 i on of

e met are generally we nown in the art and

' d@g%ﬁééetégeiFm Wansteivddito @ WYMo hembBrdn@P(@iBéP BRIVADIsALL) @Vishistik, et bl

br ook,
supra). The membranes were UV-crosslinked (Stratalinker) and hybridized with 32p-labeled

probes (i.e;, the inserts isolated from the 15 selected clones) as described by Maniatis, et a.l.',
supra. The probes were labeled by random primers (Boehringer Mannheim Biochemicals)
using [a-32P]-deoxyadenosi;‘z“ie triphosphate and [c-32P]-deoxycytidine triphosphate (NEN-
DuPont). The hybridized membranes were washed at high stringency, followed by exposure to
XAR-S film for 1-7 days (Maniatis, et al., supra). Of the 15 clones, MK7 was found to
hybridize specifically to M. kansasii DNA. lThis clone was sequenced on an Applied
Biosystems 373A DNA Sequencer using the TAQ DYE PRIMER or TAQ DYE
ﬁ TERMINATOR CYCLE SEQUENCING KIT (ABI) and SEQUENASE (United States

Biochemical) as recommended by the maﬁufacmrers. The nucleotide sequence of MK7 is 493
base pairs in length and has a GC content of 63%. This sequence is given herein as SEQ ID
NO:1.

MK7 contains three internal Sau3A[ sites (GATC). These may have resulted from a

partial digestion with Sau3A/ or may be the result of ligation of multiple Sau3A/ fragments

which are not continuous in the genome. While the possibility that MK7 comprises
discontinuous segments of the M. kansasii genome is not a concern when using this clone as a

hybridization probe, thr aucleie acid amplitication the target seguences inst be continueus A
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tsch and T. Maniatis, Cold Spring Harbor Laboratory Press, 1989. In a
ond enbodi nent, the presence of M Kkansasii in a sanple is detected

/or identified by sp '¥$!seifis.3&tthépdacmpl ification of target nucleic acid

uences. In this enmbodif : )es or prinmers of the invention are
d in conventional nucl fication protocols. An¥-2858
lification protocol which relies on cyclic hybridization of priners to

target nucleic acid nmaybe used, e.g., PCR (U S. Patent Nos. 4,683, 195;
83, 202; 4, 800, 159; 4,965,188), ligase chain reaction (LCR) (R Wiss
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on Southern blots. That is, it hybridized to M. kansasii nucleic acids but did not hybridize to-
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the nucleic acids of other mycobacterial and non-mycobacterial organisms tested. These
included M. avium, M. bovis, M. fortuitum, M. gastri, .M.. gordbnae, M intracellu[c.zre, M.
tuberculosis, Bordetella pertussis, Corynebacterium dipﬁtheriae, Escherichia coli, Nocardia
asteroides and Rhodococcus rhodochrous. The 281 bp fragment was then divided into two
smaller subfragments designated A and B. Fragment A comprises nucleotides 221-370 of
MK7 and fragment B comprises nucleotides 351-490. Both fragments A and B maintain
species-speciﬁcity_ by hybridization analysis on Southern blots and hybridize to a 2.75 kb Pst/
fragment of MI. kansasii genomic DNA.

The sequence of the 281 bp fragment was compared to known nucleotide sequences by
searching GENBANK 75, UEMBL 33-75 and N-GENESEQ 9 and no similar sequences were

found.

EXAMPLE 2
| STRAND DISPLACEMENT AMPLIFICATION

Oligonucleotides for use as amplification primeré were synthesized on an Applied
Biosystems 380B Synthesizer as recommended by the manufacturer. The oligonucleotides
were deprotected .at-50°C and gel purified as previously described (Ausubel, et al.). Strand
Displacement Amplification (SDA) reactions were performed as previously described by
Walker, et al., supra, in a 50 1l volume consisting ot" 6-8 mM MgCls, 0.2 mM each dGTP,
dCTP and o-thio dATP, 0.5SmM dUTP, 100 pg/ml acetylated bovine serum albumin, 1 ng/ul
human placental DNA, S0 mM K;PO4 pH 7.6, 0.5 uM S| and S; primers, 0.05 uM B and B3
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sor the Qerr] Lept_pease system (P. ‘Lizardi, et al. (1988)
; ? 6: 1. 2) . dj acent prinmers suitable for use in LCR.can
,si ly ‘'se ' 4 NO 1. However, preferred anplification
Bds for us j mers of the invention are methods Whgcél1
B Z c cyclic of prinmers to the target sequence, exX 28si on
MR e prinmers using the target sequence as a tenplate and di spl acement of
tended priners fromthe target sequence, e.g., PCR and SDA
I|f|cat|on primer is a prinmer for anplification of a target sequence
BT | pifers; X3 enditshd  Biindll, g@li onit/pf exdf aklenowpDINver polimpisrasei @gitedo St
- sequence. For anplification by SDA, the oligonucleotide prinmers are
_'erﬁ&@nsﬂl)emdemgg lamohiats of tergeDRUwt dhe tractiopsalso moofainesbdithet ¢5% t han
gof the total nucleotide conBosLt i on of thg E’ robe. Sim/larly, for SDA
g a(vmtdua@ttmewﬁenqﬂ @MBQ)Iop 2R29%, (Y/U)vslxee &Rf t0 sheviaddision of Fodhdar y
The 3 of an SDA anpl | fIC t he target bi ndi ng
and Matae. the deastiopn s heatid of SR 0L quibiiks. tordadares
i 4di ng se t.ar the anp catlon (imer,
and ¢ s Bﬁﬁmstﬁtweiﬁti.w‘é 'qif*ﬁ@’é*w%ﬁ‘ oFolnying s widghan ve
usdd | n cat Th
am]l i fq é\e g n@rﬁ, M%(?\gqtglg &E&Idng ‘%Qé ﬁ{éﬂiﬂtul & 3‘?—&0% P‘E 7 hour %or
amplification. Amplification was terminated by heating for 2 rtunutes; at 95°C. Amplification
products were detected by primer extension of a 32P-labeled probe and analyzed by denaturing

‘ polyacrylamide gel electrophoresis as described by Walker, et al., supra.

The amplification primers were selected from within the sequence of the 281 bp
fragment described above. In one SDA reaction, SEQ ID NO:2 and SEQ ID NO:3 were used
as amplification primers (i.e., S and S) and SEQ ID NO:4 and SEQ ID NO:5 were used as
bumper primers (i.e., B] and'B3). This set of primers was designated Primer Set #1 and the
locations of hybridization within the 281 bp fragment are shown in Fig. 1. Amplification using
thie primer set was M. kansasii specific and an amptiﬁcatiort product was detected only when
M. kansasii nucleic acids were used as the terget. No amplification product was detected .
‘ when M. avium, M. bovis, M. chelonae, M. fortuitum, M. gastri, M. gordonae, M.
intracellulare, M. malomense, M. marinum, M. ..microti, M. nonchromogenicum, M.
tuberculosis or M. xenopi nucleic acids were used as targets for amplification. The sensitivity

was 20 genome molecules of M. kansasii DNA.

This same primer set was used to test specificity of amplification using other strains of
M. kansasii as targets. Amplification products were detected from M. kansasii TMC1201,
LCDCT11, LCDCT14, LCDCT1S and LCDCT25. However, M. kansasii LCDCT24 did not
amplify with this primer set. The §' end of the rDNA gene from LCDC724 was therefore

ampliticd by PCR and sequenced (Boddinghaus, et al.i Meier, < 4, Rogal, et al)). The
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:ises a recognition site for a restriction endonucl ease near its 5
: The recognition site is for a restriction -endonuctease which wll

tone strand of a DNA dupl ex when-the ThigPhsesilas BegmReplseel i s herni nodi fi ed;
‘gescribed by Wal ker, et al. (1992. PNAS .

Wk *The 5?
Efication primer may al so conprise addi es:5' to e
fiction endonuclease recognition site to allow the appropriate
riction endonuclease to bind to its recognition site. ‘For the majority
he SDA reaction, the anplification prinmer is responsible for
n gggdeaé_;e dbRreli way béthpaeéd td thel B AihasasR IDSNC432240/DIOA e 38RUenéd gat | on
odS"wnich-do not require attachment of specialized sequences to the
" Qfported BPIGENBANK andfburdd Rabé differgnti nThergewereatwy deletionssami direon! y
target bindi ng sequence.
mismatches within 13 base pairs corresponding to nucleotides 75-87 of the corresponding E.

coli gene. Biochemical tests of the LCDC724 strain are identical to typical M. kansasii,
however, Ross, et al. have suggested that LCDC724 represents a distinct subspecies. The 5 bp
difference in the tDNA sequence could indicate either that LCDC724 is a distinct sgbspecies of
M. kansasii or that it is a different species of mycobacteria. Primer Set #1 therefore amplifies .
all typical M. kansasii strains tested, but does not amplify an atypical _genetically distinct
‘ subspecies of M. kansasii identified as LCDC724. '.

Additional primer sets were designed in an attempt to increase the sensitivity o.t' thg
amplification assay. First, two additional S| primers based on MK7 were designed. SEQ ID
NO:6 is shifted four nucleotides downstream (i.e., 3') of SEQ ID NO:2, as shown in Fig. 1.
SEQ ID NO:7 is shifted six nucleotides downstream of SEQ ID NO:2, also as shc!Wn in Fig. 1.
A new B, primer (SEQ ID NO:§) was also designed to hybridize closer to the amplified
region. Primer Set #2 consisted of SEQ ID NO:6, SEQ ID NO:3, SEQ ID NO:4 and SEQ ID
NO:8. This primer set showed the same sensitivity (20 genome molecules o.f .M. kansasii

* DNA) and specificity as Primer Set #1.

Primer Set #3 consisted of SEQ ID NO:7, SEQ ID NO:3, SEQ ID NO:4 and SEQ ID
NO:8. In SDA reactions this primer set showed a 10 fold increase in sensitivity (2 genome

molecules of M. kansasii DNA) while retaining M. kansasii species speciﬁgity. No cross-

reactivity with M. (tuberculosis, M. bovis, M. avium, M. intracellulare, M. gastri, M.
fortuitum, M. chelonae, M. szuglia, M, malomense, M. scrofulaceum, M. flavence, M. xenopi,
M. terrae, M. marinum or M. gordonae was detected. Primer Set #3 amplifies a target

sequence in typical M. kansasii DNA, eg., strains TMC1201, LCDC711, LCDC714,

15




er primer is a prinmer used in SDA which anneals to a target sequence
am of the anplification prinmer such that extension of the bunper

I di spl aces the downstream priner and its extension product.

ion of bunper priners is one nethod for displacing the exteq;&gy
I@Ets of anplification priners, but heating is also suitable. 8
gEerns target or target sequence refer to nucleic acid seguences

anpl igi abl e by anplification prinmers. These include the original nucleic
aci d gequence to be anplified, thee conplenentary second strand of the
or i gifal LODCHSCanddLCDERSICHoRel, # Go@y it iahripfifl Mo RshsalH NEDCT723! the Progdsed

copy ef the original sequence which is produced by the anpllflcatlon

f of the fact that they al so cont ai n copies of the original target
sequgnces to which the anplification priners hybridize. As

j ¢ acids do not require conplete conplenentarity in order to

hybrifdi ze, i S%Av@susqéeasmgl n method netrmmpmaowmmes@qm

i dlsclosed difiedq to sorre ' Eent wi thout | oss of utility
anSetencs %&gﬁ&l RGeS i 1Be example; may be\ipseq (rlgngcas amplification

primers in other methods of amplification which do not require attachment of specialized
sequences to the target sequence (e.g., PCR). That is, for use in amplification methods such as

PCR, SEQ ID NO:9 may be substituted for.SEQ ID NO:2, SEQ ID NO:10 may bé substituted
# for SEQ ID NO:3, SEQ ID NO:11 may be substituted for SEQ ID NO:6 and SEQ ID NO:12
may be substituted for SEQ ID NO:7 as amplification primers-in the éppropria.te amplification
reaction. Similarly, any other desired sequence may be added to the target binding sequence of
the amplification .primers to provide a desired ﬁmction, e.g., a restriction endonuclease

recognition site or homopolymer tails (to facilitate cloning), a protein binding site, etc.

As shown ir_x Fig. 1, there is a potential open reading fran.le (ORF) which begins at
nucleotide 344 and continues to the er}d of the clone at nucleotide 493. The initiation codon,
ATG, is followed by an A which could serve as a stop codon (TGA) for another ORF which
* begins upstream of the 281 bp fragment. Upstream of the ATG, at -7, is a potential ribosomal
binding site AGAAMA (Shine-Delgamo sequence). There are also putative promoters at
-26 (TATA), -38 (TCGACC) anq -48 (TCCACA). These potential promoter sequences are
not ideal by E. coli standards, however, they compare well with other mycobacterial promoters
(McFadden). Also, with a potential overlap from an alternate reading frame, there may not be
a need for a promoter sequence in this case. The hypothetical protein sequence encoded by the

ORF from nucleotides 344-493 is 50 amino acids in length. No similar protein sequence was

t‘o_und when this hypothetical sequence was searched in the SWISSPROT 24 database.

i .

Sheet Has Been Replaced

\\II\l\HIII\H\\I\IHII\




art, hybridization of conplenentary an ntary nucleic
aci d sequences can be obt ai ned by adj u%igg{égt.}gglg&ﬁge}]mmi di zation

conditions.to increase or decrease string TRt _ adj ust nment
of hybridization tenperature or salt cont gm |IBElBBwer) PS4ss
modi fications of the disclosed sequences - ry-adj ustments of

hybri di zation conditions to maintain M kansasii-specificity require only
routine experinentation and are well wthin the ordinary skill in the art.
The nucleic acid products of anplification using the inventive priners

(i.ef, tFeeconfirm that thaprahes gndpumess ofitheiaventiarowegsrusefut far)detastionof det ect ed

by aficharacteristic size, .for. exanple on polyacrylam de or_agarose gels
y . , np . E y y n%edas g

st ai Fpaatiptholedi brseirh 5 Strand Jdisplacqment \Ampjtication was perfo
j Jribed above on 66 clinical and environmental isolates of M. kansasii originating from eight

B 093, supra). Primer Set #3 (SEQ ID NO:7, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:8)

., used for the amplification and the results are shown in the following table.

TABLE
LAB NO. COUNTRY OF SAMPLE ORIGIN AMPLIFICATION
' ORIGIN '

§41708(A) Australia Clinical - Pos.
357 Australia Clinical Pos.

139856 Solomon Islands Clinical Pos.
41708(B) Australia Clinical Pos.
1135328 : Australia Clinical Pos.
4792 Australia Clinical Pos.
1139855 " Solomon Islands Clinical Pos.
1126273 Australia ~ Clinical Pos.
{7193 _ . . ~Australia Clinical Pos.
p21-19 Japan Clinical Pos.
p21-20 Japan Clinical Pos..
p21-16 Japan ".  Clinical ‘ Pos.
p21-17 Japan Clinical . - Pos.
lab#27 Japan Clinical Pos.
p21-23 ~ Japan Clinical Pos.
lab#17 Japan Clinical Pos.
p21-22 Japan . Clinical Pos.
p21-28 Japan Clinical Pos.
p21-18 Japan Clinical Pos.
lab#14 Japan Clinical " Pos.
176726 * England Respiratory Pos.
176715 England Respiratory Pos.
176723 - England Respiratory Pos.
176729 England Respiratory Pos.
176733 England Clinical Pos.
182542 USA Clinical Pos.
132554 USA Clinical Pos.
182545 UsAa ' Clinical Pos.
182337 Usa : Clinical Pos
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karafi i nuclfeic acid'in a sanple or specifically anpl ified Mkansasii-

ces may be detected by hydmjsghesthas lacsd | nventive probes
: nucl-eoti de probes are
. | e :l'abel P285&% noiety

For detection by hybridizat
typically tfagged with a detectabl e | abel

whi ch can pe detected either directly or indirectly as an indication of
hybri di zayion of the probe to the target nucleic acid. For direct
detection of the | abel obes nmay be tagged wi th a radioi sotope and
detlect ed/Sby aut or adi og y or tagged fﬁf"ﬂ fl uorescent Bef-ety and
detEcte 5by fluorescend®s is known i nClipigalart. Al ternat Negl Yy, the probes
maydbe fA¥directly det&B%d by taggi ng @inkala | abel whi chPequires

addgti reagents toUSfder it detect@lihieal |ndirectly Hedectable |abels
i nCR wsz842f or exanpl e, &F8Avi | um nescent g@gigils, enzynes whpgyy produce

vi sgbgzsz9eacti on produ@sa and |igands (efifical haptens, antpfodi es or

ant@ ggrsgp which may bejgletected by bingjipa.to | abel ed spggd fic binding
par s (e.g., antibodi,g8 OficaaNti gens gtens) . Particujarly useful
hie by bi g.g

| abgs§; g ncl ude biotin A il to labeled a¥idin or

str vidin) and enzyrRes.s as hor sel’d8fSh peroxi dase ©P%al kal i ne

ph ?&% ase  (detectablP8Y 14di ti on of .Pfﬂlme substrat es?®% produce

col reaction producPY¥iANEL hods foflimigdli ng such | abePes.to, or

i nc§ 183G such | abel s iAwstraliai gonucl eot | Bewirementatl | knownPesa the art
148832 Australia Environmental Pos.

169192 Australia Environmental Pos.

90-1732 Switzerland Utine . Pos.

6235 Belgium Clinical Pos.

89-4247 Switzerland ' Urine : Weak Pos.

90-2882 - Switzerland Urine Neg.

894235 Switzerland Urine - Neg.

6235(A) Belgium Clinical Pos. -
90-3191 Switzerland Urine Pos. | P
89-2169 Switzerland Utine Pos.
88-6646 Switzerland Urine Pos. f
88-2771 Switzerland Urine ~ Pos. !
90-0752 Switzerland Urine . Pos. '
2966 _ Switzerland Clinical Neg. |
6231 : Belgium Urine Pos. !
6232 Belgium Clinical - - ‘ Pos. ;
89-1652 Switzerland Urine : . Pos.

89-2621 ' Switzerland Sputum " Weak Pos,,

90/224 Australia Clinical Pos.

15589 " Australia Clinical . Pos.

27607 Australia Clinical ' Pos. '
134067 Australia Clinical ~ _ Pos.
2752 Australia Clinucal Pos.

135328 Australia Clinical Pos.

6738 Australia - Clinical Pos.

M. Yang, et al, supra, reported that 88% of their strains were positive using the
commercial ACCU-PROBE test for M. kansasii and that 100% were positive by hybridization

to the p6123 probe. The inventive probes and primers detect about 94% of the M. Yang, et al.

M. kunsasii strains.  Applicants' SEQ ID NO:1 and the probes and primers derived from this
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ny of these nethods are suitable for use in the present invention.
etection of anplified target sequences, the priners used in the
fication reaction nmay be tagged and used as detector probes because
rimers are incorporated into P-2858

the anplification product. Alternatively, at |east one tagged probe
rent fromthe anplification prinmers nay be used as a probe for

ction of anplified target sequences by hybridization. This probe shoul d
lected to hybridize to a sequence in-the target which is between the
saquemdecare distinetr fiomip6123 anghthe MMQBE probes\andhaneta unique nugleptide t he -
ler or the internal probe nma tagged and extended for detection of
mqqeamedwtmrmwbsreagrted;esﬁ i Il Obggmhmhe agdvardage ofdgingamore highly  For
congeni ence,, probes Io eci, es- spe | fic detection and jdentification of M
ka agqqserved among M. 71 strains than p 123 and therefore assay results provide a clearer

QOO T T

distinction between positive and negative samples. Tha.t is, assays using the primers and
probes derived from SEQ ID NO:1 are either very clearly positive or very clearly negative,
making interpretation of the assay results easier. In contrast, although 100% of M. kansasit
strains test positive using p6123, the greater variability of this sequence results in a broad

- range of degrees of positivity which complicates interpretation and may obscure the distinction .

P

q between positive and negative.
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mayl Ipac aged in the formof a kit

conponent s |

exanple, sy€h a kit contains at |east

anplificatjon prinmers according to the pre

hybri di zat#l on,
chl'oride, f0. 09M sodium ci tr at e,
sol.ution (0. 1% w v

ded. See Mol ecul ar

i fek
flcatlon prlrrers
n container, typically |nclud|ng

nents may af¥%’

erform ng detection of the |abel.

nd reagents for performng. tm,sgg&eﬁgslgg&ﬁta&@ds

a hybridi zation solution su
pH 7.0),
FI COLL TYPE 400, 0.1% w v pol yvi nyl pyrrolidone,
e serum al bum n) and 10

ot her reagents known to. %Egug{s‘eé #g%or
Cloning: A Laboratory Mnual,

Ji GEN?RMr égwgf%proprl ate for use with one of the known nucleic
hﬁrgmﬁggéﬂquded with M kansasii-specific

fic éﬁ’bbd‘l‘%ﬁ OF F“‘WIP%V@H?% MEPh SERUENGRS| | SPEG
STERFOMUSSASTE the kit,

a | ahek) mkﬂlﬂﬁsiwtzzﬁ@ as a det ecti on probe,
| es i) g‘FQgﬁS%‘DFﬁ‘%ﬂ?ﬁsﬁgns of certain

Wnl th ey further—incl ude ot her -
By way of

st one pair of
Iﬂ m! For

9M sod P58
0. 1M EDTA pH 8.0, 5X Denhardt's
0.1%

one

probe hybridi zation may als
supr a.

of the kit are packaged together in

instructions for performng a

C FORpt i onal

a second pr obe tagged
and reagents or neans
The foll ow ng experinent al

ererd ment s é)f t he

e.g.,

tion. They' i@ Besh <t Bedrick- aﬁﬁftﬁﬁf% 1MW £77g the
ntion as decfmneﬂzzlay theeagpensnd cl ai ns.
(C) CITY: Franklin Lakes
(D) STATE: NJ
(E) COUNTRY: US
(F) 2IP: 07417 -
{(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B} COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25
{vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
{C) CLASSIFICATION:
(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Fugit, Donna R.
{B) REGISTRATION NUMBER: 32,135 .
(C) REFERENCE/DOCKET NUMBER: P-28S8
{2) INFORMATION FOR SEQ ID NO:1l:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 493 base pairs
‘ : (B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: lineaxr
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:
GATCGTCACC CCAGCAGTTG GTGGTCGGCA GCATACTGGC CGCCTGCGTG CGATNNGCCG 60
CCCCGGTCTT GATCACCGAG AGTCTCAACT TGCCCCCGGA GCCTTGAGCT GACCTGGCGC 120
TCGTTGGGAG AGATCGTTGC CGGCGTCGGA TTCCTGGCGG TGTTTGTCTA CTGGCAGTCG 180
GTCAACACCC GCGAACCACT GATTCCCCTG AAGATCCGCC GCCGCACAAC TGCTGGCCGG 240
ALATAACACES GACCTATCAG TCAGCGAARTS CTIUGTTSCA TCAMATGAART CCATATTIATY "
20
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TMC15 9, M’ .gastri LCDClSOl . M gordonae MC1318, M intracel lulare
ATCCLB950, M kansasi | TI\E% t HiyBe

CDC93, M nmari num LCDC801

WACGCCGAAGA CCAGCCGGGC CGCGAGTACC GAGTCGCCGG CTCAGTCGGC CAGTCGCTAT 420

¥ GCCGTCCTGG ATC 493

i LCDC711, M kansasii LCDC714,
iiul M kansasii LCDC725, BR8¥al onense
03, M nonchronobgeni cus
401, M scroful aceum TMC1302, M szul gai TMC1328, M terrae TMC1450, M
cul osis ATCC27294 and M xenopi LCDC1901. ‘Non-nycobacteria used were
&RIdTRTEE I[dTeeRTAECo TddaRdEctas GRIMBERRG! Shidridthcdl PRAGRINCEE ATCLg1913,
erichia coli ATCCLl1775, Nocardi a asteroi des ATCC3308,

sasii LCDC715, M Kkan

CAGCACGTGC GCTCGCATCT GGCCGAACTC AAACTGCACG - CCGCCGCTGA AGCCCTGCCC 480

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGIMNAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii

{(ix) FEATURE:
(A) NAME/KEY: primer ) bind
{B) LOCATION: 2S..37

(D) OTHER INFORMATION: /standard name= "target binding
sequence"

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 19..24

(D) OTHER INFORMATION: /products mrestriction endonuclease
recognition site®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: _
TTGAATAGTC GGTTACTTGT TGACTCAGCG AATCCTC 37
(2) INFORMATION FOR SEQ ID NO:3:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic) )

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii

(ix) FEATURE:
(A} NAME/KEY: primer_bind
{B) LOCATION: 25..37.
(D) OTHER INFORMATION: /standard_name= "target binding
sequencea"

(ix) FEATURE:
{A) MAME/KEY: mLsc Eeature
(B) LOCATION: 19.

(D) OTHER INFORMATION /producta "restriction endonuclease
racognition site"

THIS SHEET HAS BEEN |
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odococcus rhodochrous ATC013808———IWcobacter| a strains were cultured in
CTEC vial's i ™M ddl ebr ook 7 dla then heat killed at 70[err]C for 4
Genomi ¢ DNA!‘hmsheetlii@ s previ ously described (S. Visuvanat han,
*1989. J. 0 59-64). Non-nycobacteria strains were
cul tured in Luri a b “ UI tabl e media. Genomic DNA WRe2858sol at ed
the CTAB m ni - rret hod (F. M Ausubel , et al. 1987. Current Protocols
| n Mol ecul ar Bi oI ogy, Greene Publi shing Associ at es and W1 ey-Interscience,

EXAMPLE 1

GRETATTER TOAFTAGRMAGASAGGE] n TMC  1201) was restricted wth
u3 &ﬁfg&g nt sizes generated ranged from about 1.4 kb
ég an 'E@bas J}%al{rgqg’n?The cl oni ng vector, BLUESCRI PT SK+
t r at ageiie sEQUEMCEJCHpaCEERSIrtds :BanHl (G bco BRL)_ and phosphatased using
kal i ne phdé*)@ﬁ'ﬁ’é flﬁo‘mseab#msnt estine (Cl AP - Boehri nger Mannhei m

ocheni cal s)(c - :‘l’;gle

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DMA (genomic) ~

{(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CACAACTGCT GGC 13
{2) INFORMATION FOR SEQ ID NO:S:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii

O\II NG(£h NCE DESCRI@rmSJNasédezﬁ idy.aty of Mkansasii DNA was const ruct ed
d screened or genus- speci es-specific clones. To construct the

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S5:
TGATAGCGAC TGG ) 13
(2) INFORMATION FOR SEQ ID NO:6: '

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE: .
. (A) ORGANISM: Mycobacterium kansasii -

{(ix) FEATURE:
(A) NAME/KEY: pr:.mer bind
{B) LOCATION: 2S. .
(D) OTHER INFORMATION /standard_namea "target binding
sequence"

(ix) FEATURE:
(R} NAME/KEY: misc_feature
{3) LOCATION: 19..24
MY OTHEP. INFOPMATION: /products “"rvascriction wcilinull-.as?

THIS SHEET HAS BEEN
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f Pagneny)s (750 ng) wer e ligated to 20 ng of the prepared vector in 50 nM

Tris-HCF pH 7.5, 7 m MyCl [ er r i5—t—MBH—3+M-ATP and 1
Unit/1l [err]I T4 DNA ligase (G bco BRL) Thenis dredaihd $on ﬁcc@ I ovved to
proceefl overnight at 15[ err]C and was then .u

conpetfent cells (Stratagene). One thousand _|1 "wmﬂm? sformants wer e
I solafed. O these 1000 cl ones, 15 were sel n| ng genom c
consi sting of various nycobacterial and non-nycobacterial DNA's.
Sout llern bl ots wer eepaynbioramediwe fol | ows. Genomic DNA from each
mycopacterial and non-nycobacterial species was digested with Pstl (G bco

, Sgpfgr FeBmR ﬁg&p.g!@mﬁgag@sgp_q@ gand transferred to a nylon rrenbrane
co BRL nylon-1) (Maniatis, et al _

TTGAATAGTC GGTTACITGT TGACCGAATC CTCCGCT 37
(2) INFORMATION FOR SEQ ID NO:7:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
{C} STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{vi) ORIGINAY, SOURCE:
(R) ORGANISM: Mycobacterium kansasii -
" {(ix) FEATURE:
. (A) NAME/KEY: primer_bind
{B) LOCATION: 25..37
(D) OTHER INFORMATION: /standard name= "target b;ndzng -
sequence”
(ix) FEATURE:
. (A) NAME/KEY: misc feature
(B) LOCATION: 19..24
(D) OTHER INFORMATION: /products= "restrxctxon endonuclease
recognition gite"
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
TTGAATAGTC GGTTACTTGT TGACAATCCT CCGCTGC 37
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARAéTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear -
(ii) MOLECULE TYPE: DMA (genomic)
{(vi} ORIGIMAL SOURCE: -
(A) ORGANISM: Mycobacterium kansasii
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: _ .
’ 13

GGGTAGCGGT CAT
(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: siagle
(D) TOPOLOGY: linear

{i1) MOLECULE TYPE: DNA ({(genomic)
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supMy) . The nenbranes were UV-crossI I nked (Stratalinker) and hybridi zed
witi@[err]P-labeled probes (i.e., the inserts isolated fromthe 15

ted clones) as described by Maniatis, et al. supra. The probes were
| abd) ed by random prinmers (Boehringer Mannhei m Bi ocheni cal s) usig

| - deoxyadenosi me triphosphate and [err] -deoxycytidine tri phospﬁa% e
(NE DuPont). The hybridi zed menbranes were washed at high stringency,
fol lgfowed by exposure to XAR-5 filmfor 1-7 days (Maniatis, et al., supra).

O tghe 15 clones, MK7 was found to -hybridize specifically to M kansasii
DNA§ Thi s{vdl) ONRIGHIAL €¥rced on an plied, Biosystens 373A DNA Sequencer
usi fg the TAQ D¥R P oY FRRIBYE uRTEARAafATOR CYCLE. SEQUENCI NG KI T (ABI )

and [SEQUENASE (United States Biochemical) as recomended by the
mangf act ur g&y. sEduenos desokirteosegE@MEeNois K7 is 493 -base pairs in:length
andfhas a GC content of 63% This sequence is given herein as SEQ Iﬁ NG 1
VK7 §coFERFTRAATRIGRE i nternal Sau3Al sites (GATC). These may have redtilt
fro (2P ahtdoRba e fés @BoWH RoSau3Al or may be the result of ligation of
rrulrpl e Sau3Al fragnents
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 bage pairs
. (B) TYPE: nucleic acid
g (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TAGACGGACA GGT . - 13
(2) INFORMATION FOR SEQ ID NO:1l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

—

(vi) ORXGINAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii

(xi)} SEQUENCE DESCRIPTION: SEQ "."D NO:11:

s CGAATCCTCC GCT - 13
(2) INFORMATION FOR SEQ ID NO:12:

(i} SEQUENCE CHARACTERISTICS:
: (A) LENGTH: 13 base pairs
30 (B) TYPE: nucleic acid

i (C) STRANDEDNESS: single
P (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

55
(vi) ORIGINAL SQURCE: )
(A) ORGANISM: Mycobacterium kansasii
60 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

AATCCTCCGC TGC T .13
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conpri ses discontinuous segnents of the M kansasii genonme is not a concer
when using this clone as a hybridization probe, for nucleic acid
anplification the target sequences nust be continuous. - 281
base pair segnment of MK7 between two of was therefore
selected for further analysis and desi !ﬂﬁ mm’ speci fic P-2858
anplifccRtM8p prinmers. This entire 281 | eoti des 213493 of
MK7) exnibrted species specificity by hybridization anal ysis on Sout hern
bl ots. That .i.g, .1 r,dized to M kansasii nucleic acids but did not
hybr i di%ﬂ%lgﬁwﬁﬁéﬁ aci ds of other nycobacterial and

nonimycobact eri al organi sns tested.” These included M avium M bovis, M
forfuitum M gastri, M gordonae, M intracellulare, M

L. An oligonucleotide consisting of SEQ ID NO:1 or its complement.

V\/n.il_h are not continuous in the genone. Whil® the possibility that M7 tq

—

2. An oligonucleotide consisting of nucleotides 213-493 of SEQ ID NO:1 or the
complement of nucleotides 213-493 of SEQ ID NO:1.

é 3.©  An oligonucleotide consisting of nucleotides 221-370 of SEQ ID NO:l or the
| 0 compiement of nucleotides 221-370 of SEQ ID NO:1. '

4, An oligonucleotide consisting of nucleotides 351-490 of SEQ ID NO:1 or the
complement of nucleotides 351-490 of SEQ ID NO:1.

5 5. ‘An oligonucleotide consisting of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8.

6. An oligonucleotide consisting of SEQ ID NO:9, S.EQ ID NO:10, SEQ ID NO:11 or
SEQ ID NO:12.

20
7. A method for detecting M. kansasii nucleic acid in a sample comprising;

a) hybridizing to the M. kansasii nucleic acid, if present, an oligonucleotide probe
selected from the group consisting of SEQ ID NO: L. nucleotides 213-493 of SEQ ID NO:1.
nucleotides 221-370 of SEQ [D NO:1 and nucleotides 351-490 of SEQ ID NO 1, and:

23 b) detecting hybridization of the probe as-an indication of the prescnce of Al

kunsasii nucleic acid in the sample.

ThlS Sheet Has Been Replaced
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it s, Bordetell a per-t ussi s, Corynebacterium di phtheri ae, .
ga .coli, Nocardia asteroides and Rhodococcus rhodochrous. The 281
< "_t was then divided into two snaller subfragnments designated A

Ehgnent A conpri ses nucl eo 370 of— MK7 and fragment. B
j nucl eoti des 351-490. d B maintain
Bpecificity by hybridi zatl uthern blots ang 2858

= to a 2.75 kb Pstl fragnent of M kansasu genom ¢ DNA

ence of the 281 bp fragnent was conmpared to known nucl eoti de

}S by searching GENBANK 75, UEMBL 33-75 and.N- GENESEQ 9 and .no
.:gequeamhw fo? detedtififlan M. kansasii target sequence in a sample comprising:

4 STRAND DI SPLACEMENT AMPLI FI CATI ON

£l eotiades f hybrid@ngas fiestpliier ssi¢ctaifromi the geoupetoasisting 6ESEQLD NO:2n
- Bi osystens 380B Synt hesi zer as reconmmended by the nmanufacturer.
‘gsPQA: )G :de SEQUER JQZpSEQR dO:9t SEQ[ I N1 hraad FHQ gDr NO: b?dtcashe

i gisly described (Ausubel, et al.). Strand
& rarget sequence, if present;

b) hybridizing a second primer selected from the group consisting of SEQ ID
NO:3 and SEQ ID NO:10 to the target sequence, if present;

c) extending the hybridized first and 'second primers to produce a first and a
second primer extension product, réspectively, and displacing the first and second primer

extension proquéts from the target sequence;

d) repeating steps (b) and (c) such that the target sequence is amplified, and,
e) detecting the ampliﬁeci target sequence.
9. A method for detecting an M. kansasii target sequence in a sample comprising: -
15 a) hybridizing to the target sequence, if presemt, a first amplification primer

consisfing of a first target binding sequence, a restriction endonuclease recognition site 5' to

the first target binding sequence and a sufficient number of.nucleotides 5’ to the restriction
endonuclease recognition site to allow binding of a restriction endonuclease, the first target

‘_ binding sequence being selected from the group consisting of SEQ ID NO:9, SEQ ID NO:11

X0 and SEQID NO:12;

b) hybridizing to the target sequence, if ;;resent, a second ampliﬁcgtion primer

consisting of a second target binding sequence, the restriction endonuclease recognition site 5°

to the first target binding sequence .zlmd a sufficient number of nucleotides 5’ to the restriction

endonuclease recognition site to allow binding of a restriction endonuclease, the second target

-

13 binding sequence consisting of SEQ 1D NO 10:

This Sheet Has Been Replaced
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Di spl acement Anplification (SDA) reactions were performed as previousty
described by Walker, et al., supra, tnmaS50ferrit—volume consisting of

6-8 mM MyClferr], 0.2 mM each dGIP, dﬂlllmmlmlﬂmm ﬂlmlP 0. 5mM dUTP, 100
[err]g/mM acetyl ated bovi ne serum al bu l human pl acent al
DNA, 50 MM KiPQ(err] pH 7.6, 0.5 [err]M & efr]tantd Serr] priners, .0.05

[err]MB[err] and B[err] ) P2
14 prinmers, 3 units/[err]l Hncll, 0.1 unit/[err]l exo Kl enow DNXSS'

pol ymerase ()it eda 8§ thSkREROEGace using MPAnNIpITiEaBOM wittifodooripiisipt theNA.
The reacti on;&)al SO I?%)lfll?lglgned EIgt ﬁseip 15% (\g// V) dﬂlj met hyl sul f oxi deﬁz gl‘g/BO) or
20- 25% (svdps)of@iktendinglthe Rybridized dirst had aetdnt iaqiplifiéatidnprimers, nicking the nestriaiod
I\/gCIJ[err], the reactions were heated at 95[err]C for 2 minutes to denature
thei tarepdomiiléase frebognisian lsije andridisplasingathe3@xtatdedr filsC and sacnrd(amplification
prigers. Follow ng the addition

primers, and,

5 d) detecting the amplified target sequence.

16. A method for detecting an M. kansasii target sequence in a sample comprising:
a) hybridizing to the target sequence, if present, a first amplification .primer
selected from the group consisting of SEQ ID NO:2, SEQ ID NO:6 and SEQ ID NO:7;
110 - b) hybridizing to the target sequence, if present, a second ampliﬁcatidn primer
consi§ting of S.EQ ID NO3;
c) amplifying the target sequence by Strand Displacement Amplification (SDA),
and;

d) detecting the amplified target sequence.

This Sheet Has Been Replaced
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L. enzymes and Mg [err] the reactl ons, were |ncubat ed at 37-40[err]C
Fhours for anplification. Arrpllflcatlon was term nated by heating fé‘ -
it es at 95[err]C. Anplification products were detected by priner :
ki'on of a [err]P-label ed probe and anal yzed by denaturing P-2858
Eryl am de gel el ectrophoresis as described by Wal ker, et al., supra.
plification prinmers were selected fromw thin the sequence of the 281
r agnent descri bed above. In one SDA reaction, SEQ ID NO 2 and SEQ I D
mere used as anplification priners (i.e., S[err] and S[err]) and SEQ
b 4 and SEQ ID NO 5 were used ABSTRAQEr priners (i.e., Blerr] and
Q]| ). This set of prinmers was designated Priner Set #1 and the
cgions of hybridi zation within the 281 bp fragment are shown in Fig 1.
ffication_usi ng tthl s priner, set was M kansasii specific and a

eti

| fi cat i dAliganyglestideprobescand priserowhigh aidabit Mykarsgsi-apediiicitydn EP‘E!e'ﬁéF’és

I HarBEpta st omelcd smottatng rrq%‘iﬁé’,%svfﬁe ﬁﬁfre“ Fraes

i | |

nondnr GREYER SIS en St s <ahe MKTUSS9P tREPEI TSt 9/8° 836 as
target bk 3FB54S.! S8 AN, wr%a.?zﬁggécﬁc suto¥equences of MK7 are also provided. The

probes and primers are useful in assays for species-specific detection and identification of M.

kansasii.
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Ezgenone nol ecul es of M kansasi i, DNA. This same primer set
gd to test specificity of arrpllflcatlon using other straigys of M (é
#1 as targets. Arrpllflcatlon products wele detected from kansasii (™
M - LCDC71 1, ©CDC714, LCPC715 and LEDPC7ZH. However, M kamasii —
4 d not anublfy wWith thys priner t. The 5 end of the rDNA gene
24 was t heef ore arrpgfled by PQQ and .sequenced '('Impdl nghaus. et

'|er, et al.;»Rogall, etxal.). The

_eq nce obtai fed was conmp®ed to the kansasii DSM 4 r DNA gene
;ceg:;as report by GENBANg and foundgho be different. ere were two
g on

and three Oni smat ches™Within 13 Kase pairs correspl)ndl ng to
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_ _ Gl oy ko~
coli gene:. Biochem cal tests of the LCDC724 strain are identical to typical
M kansasii, however, Ross, et al . have suggested that LCDC724 represents
d distinct subspecies. The 5 bp difference in the rDNA sequence coul d
indicate either that LCDC724 is a dist+npt-subspecies of M kansasii or
that it is a different species of mycobacteria. Prinmer Set #1 th

anplifies all tynical 1 i

atypi cal geneti c“ﬁﬁ"&a[& gqﬁﬁ”ﬂ?{%l%?ﬁ)ﬁf%&@?&% en I|
LCDC724. Addi tional primer se(\s were designed in an attfe
i ncrease the sensitivity of the anplification assay. First, t
S[err] primers based on MK7 vweigrflesOfNefe INVENTHONCO 6 is shiffe
nucl eoti des downstream (i.e., 3) of SEQ ID NGO 2, as shown in Fifg.
I'D EIO 7 is shifted six nucleotides downstream of SEQ I D NO 2,
in Fig. 1. A neke Bséitt ifRhtidnYelatdsRo g Stuclwatidepibes e Hicationptiniers] ian
closer to the anpl Flf%i ed region. Pri % Set #2 gonsi stegﬁlgf SEQ I D Nr% 6,
SEQ | D NO: BartiGil&ly flds t4 cliponubieqtidéprobies shd pithers pihidhehybsdize inhospedes-specifiane
sensitivity (20 genone nol ecul es of M kansasii DNA) and specificity as
Primer Sef mifiner to Mycobacterium kansasii nucleic acids.

BACKGROUND OF THE INVENTION

The Mycobacteria are a genus of bacteria which are acid-fast, non-motile, gram-
positive rods. The genus comprises several species which include, but are not limited to,
Mycobacterium africanum, M. avium, M. bovis, M. bovis-BCG, M. chelonae, M. fortuitum,
M. gordonae, M. intracellulare, M. kansasii, M. microti, M. scrofulaceum, M.
paratuberculosis and M. tuberculosis. Certain of these organisms are the causative agents of
disease. For the first time since 1953, cases of mycobacterial infections are increasing in the
United States. Of particular concern is tuberculosis, the etiological agent of which is M
tuberculosis. However, infections caused by Mycobacteria other than tuberculosis (MOTT)
have also been increasing. Many of these new cases are related to the AIDS epidemic, which
provides an immune compromised population which is particularly suscéptible to infection by
Mycobacteria. Mjycobacterium avium, Mycobacterium kansasii and other non-tuberculosis
mycobacteria have been found as opportunistic pathogens in HIV-infected and other immune
compromised patients. There is an increasing need for rapid diagnosis of these infections, as

they can disseminate rapidly and may be fatal within a short period of time.

At the present time the diagnosis of mycobacterial infections is dependent on acid-fast
: staining and cultivation of the organism, followed by biochemical assays. These procedures
are time-consuming, and a typical diagnosis using conventional culture methods can take as

long as six weeks. Automated culturing systems such as the BACTEC system (Becton




Priner Set

NO'8. In SDA reactions this priner set showed a 10 fold incregs¢g

sensitivity
kansasii sp

bovis, M avium M intracellulare, M g%tri, M fortuitu

M szugli a,
terrae, M

target seq
LCDC711, L
LCDC715 and
proposed g

#3 consisted of SEQIDNO 7, SEQ IDNO3, SEQID

(2 genone nolecules of M kansasii DNA) while refa
ecies specificity. No cross- reactivity with M tfulfer

M mal onrense, M scroful aceum M flavence, M xehopi,
mari num or M gordonae was detected. Prinmer Set #3 @ fies a

oh R&SBbEF) sWtem& HRAS MONan RcRase thb iRl H¥EER 0 ppe to

(14,
tveeERE . HHOMBMET thedel isOQRIS a N¥ed aBPIcHAde Me KRARSRShited 0P HAthositde
enetically distinct subspecies of M kansasii.
mycobacterial infections to less than a week, preferably to about one day. Oligonucleotide

.probe based assays such as Southern hybridizations or dot blots are capable of returning a

rapid result (i.e., in one day or less). Genus- and species-specific oligonucleotide probes can
also be used in direct assays of clinical samples by nucleic acid amplification. However, both
of these rapid detection and identification methods require oligonucleotide probes which are
specific for the genus Mycobacteria (tuberculosis and non-tuberculosis) or specific for a

particular mycobacterial species if specific identification of the organism is desired.

Conventional laboratory identification of Mycobacterium kansasii relies upon
biochemical testing and determination of growth characteristics. These include catalase
production, urease activity, TWEEN hydrolysis, nitrate reduction and the ability of the
bacterium to produce pigmént when exposed to light (photochromogenicity). Becﬁﬁse several
other mycobacterial species eﬂﬁbit a similar biochemical profile, photochromogenicity is
customarily relied upon as the conclusive characteristic for identification of Mycoba;:terium
kansasii. However, determination of photochromogenicity requires a pure culture of the
organism and this phenotype can be variable, subjective and difficult to determine reliably. For
these reasons, there have been attempts to identify Mycobacte}ium kansasii by species-specific
hybridization or nucleic acid amplification using oligonucleotide probes. Z. H. Huang, et al.
(1991. J. Clin. Microbiol. 29, 2125-2129) have reported a DNA probe obtained from a
genomic library with a degree of species-specificity for Mycobacterium kansasii. This clone
(pPMK1-9) showed some cross-hybridization with other species, including M. gastri, and did
not detect a genetically distinct subgroup of M. kansasii. The nucleotide sequence of pMK1-9
was not reported, nor was the gene from which it may have been deriv_c_:'d identified. B. C.
Ross, et al. (1992. J. Clin. Microbiol. 30, 2930-2933) also reported identification of

genetically distinct subspecies of A kansasii using the pMK1-9 probe, a 65kDa antigen yene
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T. Rogall, et al. (1990. J. Gen. Microbiol. 136, 1915-1920) used the 16S rRNA
sequence in a polymerase chain reaction (PCR) based sequencing strategy for identification of
mycobacterial species. However, these primers could not be used to differentiate M. gastri
ﬁ'omM kansasii because the 16S rRNA sequence from these two species is identical in spite

- of their differing phenotypic characteristics. Similar studies have been published by B.
Boddinghaus, et al. (1990. J. Clin. Microbiol. 28, 1751-1759), who reported oligonucleotides
derived from 16S rRNA sequences whicﬁ are specific for the M. tuberculosis group, M. |
avium-M. paratuberculosis, and M. intracellulare. Unique sequence stretches within 16S
rRNA sequences were identified by sequence comparisons for M. kansasii, including M. gastri,

M. simiae; and M. scrofulaceum.

The present invention provides nucleic acid sequences useful as oligonucleotide probes
arid amplification primers for species-specific detection and identification of Mycobacterium
kansasii. Species-specificity means that the inventive probes and primers hybridize to M
kansasii nucleic acids with lit‘tle or no cross-hybridization to the nucleic acids of other species
of mycobacteria or to the nucleic acids of closely related microorganisms such as Rhodococcus
rhodochrous and Nocardia asteroides. The sequences of these probes anéi primers and the
fragment of M. kansasii genomic DNA from which they are derived are distinct from the M.

kansasii-specific nucleic acid sequences previously reported. The probes and primers may be
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useful for %} ggcttérﬁpDﬂlfA Based on nucleic acid hybndxzatxon or nucleic acid amplification. In either

-case, the inventive probes, primers and diagnostic methods provide a means for rapidly
discriminating between M. kansasii and other species of mycobacteria, allowing the
practitioner to rapidly identify this microorganism without resorting .to the time-consuming
phenotypic and biochemical procedures customarily relied upon. Such rapid identification of
the specific etiological agent involved in a mycobacterial infection provides information which
can be used to determine appropriate therapy within a sho;t period of time. Ninety-four
percent of the clinical and environmental M. kanasii isolates tested were positive in
amplification assays using the inventive amplification primers. The M. kansasii-speeiﬁc

sequences of the invention are distinct from p6123 and pMK1-9 and are derived from a gene

or a portion of the M. kansasii genome which was previously unknown.
SUMMARY OF THE INVENTION

The present invention provides oligonucleotide probes and primers which exhibit M.

_ kamasii-speciﬁcity in nucleic acid hybridization assays and in nucleic acid amplification
reactions. The full-length M. kamsasii-specific sequence, identiﬁed herein as clone MK7, is
493 base pairs in length and has a GC content of 63%. Several M. kansasii-specific
subsequences of MK7 were also identified and used to design hybridization probes and
amplification primers for use in assays for species-specific detection and identification of M.

kansasii.
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Australia CDETAJLED DESCRIPTION O THEINVENTION
Japan dinical Pos. p21-20
Japan Clini cal Pos. p21-16
Pos. p21-17
j 2822 The M. karga:ﬂg-;sgegﬁc nucleotlde sequencequghe ;E)resent invention was derived from

' an M. kansasii genomic library and is 493 base pairs in length with a GC content of 63% (SEQ
ID NO:1). M. kansasii-specific subsequences of SEQ ID NO:1 useful as hybridization probes
and amplification primers were also identified. These probes and pri;nefs may'either be
hybridized directly to mycobacterial DNA and detected, or they may be used as primers in
nucleic acid amplification reactions to produce M. kansasii-specific amplification products
which may ﬁen be detected. That is, it should be undérstood that the M. kansasii-specific
oligonucleotides- used as hybridization probes by way of eicarﬁple may also be used as M.
kansasii-specific amplification primers in nucleic acid amplification protocols, and vice vefsa.
The terms "probe” and "primer" are therefore used herein as an indication of the function of
the oligonucleotide in the reaction being déscribéd. Any given M. kansasii-specific nucleotide
sequence encompassed by the invention may be used as either a probe or a primer as.

appropriate for the detection method.

M. kansasz‘i-;peciﬁc probes and primers in addition to those specifically disclosed
herein may also be derived from the MK7 sequence using routine methods and criteria
appropriate for any particular assay format employed. In general, these probes and primers
will be at least about 10-15 nucleotides in length, preferably about 15-20 nucleotides in length.

- Probes and primers may be either deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) and

may have either a naturally-occurring sugar-phosphate backbone or a backbone modified to
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acids, isolated microorganisms, or they may be clinical samples. Typically, clinical samples are
in the form of a biological fluid or tissue, e.g., sputum, bronchial washings, gastric washings,
blood, milk, lymph, skin and soft tissues. Prior to hybridization with the probes and primers of
the invention, samples suspected of containing intact microorganisms rather than free nucleic
acids are generally treated using methods known in the art to release nucleic acids from any
microorganisms present. In éddition sputum samples are typically liquified prior to releasing
nucleic acids for analysis. As mycobacteria infect both human and non-human animal specxes
the present mventlon is apphcable to both human and vetennary diagnostic procedures and the
sample may be obtained from either source. As humans are susceptible to infection from a
variety of Mycobacteria, including M. tuberculosis, M. kansasii, M. avium, M. intracellulére,
M. scrofulaceum and M. fortuitum, the instant probes, primers and methods may be used to
rapidly identify cases in which M. kansasii is the etiologic agent, thereby aiding in selection of

an appropriate therapy.

The oligonucleotide probes and primers are used to detect and/or identify
Mycobacterium kansasii by hybridization to mycobacterial nucleic acid or by amplification of
mycobacterial ﬁucleic acid target sequences. In one embodiment, the probes are used in
hybridization methods for direct detection of target M. kansasii nucleic.acid. These methods
include Southern blots for detection of DNA, Northern blots for detectioh}bf RNA and dot
blots for detection of either DNA or RNA. These methods are generally well-known in the art

and are described in Molecular Cloning: A Laboratorv_ Manual, 2nd ed., J. Sambrook, E. F.
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South Afri chritsch and T. ®fdnfatisalCold Sprmg Harbor &%oraiA-gBﬁx%ss 1989. In a second
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Australia embodiment, thépresence oEM. dansasii i in a sampleds dekéddand/or identified by species-

Australia Envi r onnment al Pos. 90-1732
Swi t zer | ancFpecific amphﬁcaUm ﬁ@ target nucleic acid sequenoes, Be@fs embodiment, the probes or
Bel gi um | cal Pos. . 89-4247

Swi t zer | andprimers of the ijnFlﬂ!é are used in conventional \nuglgicagid araplifigtinn protocols. Any

gx t ;g; : gz%mphﬁcatlon protHEél "Which rehes on cyclic hybnd’@.gon %é@gfﬁf to the target nucleic acid

Bel gi um beused, e.g FER(OR pat 0 : i
Bel gi um _ maybeused, e.5 PER(GR, Patent Nos. 4,683, 195046859022 1ikho, 159; 4,965,188), ligase

Swi t zer | ancthain reaction (L@{) (F& Weiss (1991) Science ZﬁOQQZﬁ%trﬁx%ﬁlsplacement amplification
Swit zerl and : Ui ne

Swi t zer | andSDA) (G. Walker,r etr&k (1992) PNAS 89: 392-393;)83 Wﬂk&] 5t2al (1992) Nucleic Acids

Swit zerl and Pos. 2966
Switzerl anc}{es 20:1691- 169@,, :mc{pgg acid based sequence Ng'g)hﬁ@zlen (NASBA) (U.S. Patent No. -
Bel gi um

Bel gi um 5,130,238 to Car@ep?r}-r {oapscription bas_ed amplﬁ};gt_torg@)i@@@}g et al. (1989) PNAS
S oer 1 ande:1173-1177), sefifiined sequence replication { uaiell, cla (1990) PNAS 87:1874-
Australia 1878) or the QB Fepia&Plystem (P. Lizardi, etPS(1988) BioTechnology 6:1197-1202).
Adjacent primers suitable for use in LCR can be easily selected from SEQ D N0;1_. However,
preferred amplification methods for use with the primers of the invention are methods which
utilize cyclic hybridization of primers to the target sequence, extension of the primers using the
target sequence as a template and displacement of the extended primers from'the -tz;rget

sequence, e.g., PCR and SDA.

An amplification primer is a primer for amplification of a target sequence by primer
extension or ligation of adjacent primers hybridized to the target sequencé. For amplification
by SDA, the oligonucleotide primers are preferably selected such that the GC content is low,
preferably less than 70% of the total nucleotide composi_tion of the probe. Similarly, for SbA
the target sequence preferably has a low GC content to minimize secondary structure. The 3'
end of an SDA amplification primer (the target binding sequence) hybridizes.at t}-1e 3' end of
the target sequence. The target binding sequence confers target specificity on'the amplification
primer, and the M. kansasii-specific sequences of the invention may therefore be used as target

binding sequences in SDA amplification primers. The SDA amplification primer further
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19 recognition site is hemimodified, as described by Walker, et al. (1992. PNAS 89, 392-396).
-The SDA amplification primer may also comprise additional sequences 5' tc; the restriction
eﬁdonuclease recognition site to allow the appropriate restriction endonuclease to bind to its
recognition site. For the majority of the SDA. reaction, the amplification primer is responsible
for exponential amplification of the target sequence. .For other amplification methods which do

not require attachment of specialized sequences to the ends of the target, the amplification

primer generally consists of only the target binding sequence.

A bumper primer is a primer used in SDA. which anneals to a target sequence upstream
of the amplification primer such that extension of the bumper primer displaces the downstream
primer and its extension product. Extension of bumper primers is one method for displacing

the extension products of amplification primers, but heating is also suitable.

The terms target or target sequence refer to nucleic acid sequences amplifiable by
amplification primers. These include the 6riginal nucleic acid sequence to be amplified, the
complementary second strand of the original nucleic acid sequence to be amplified, and either
‘strand of a copy of the original sequence which is produced by the amplification reaction.
These copies also serve as amplifiable target sequences by virtue of the fact that they also

contain copies of the original target sequences to which the amplification primers hybridize.

As nucleic acids do not fequire complete complementarity in order t6 hybridize, it is to
be understood that the probe and primer sequences herein disclosed may be modified to some
extent without loss of utility as M. kaﬁsasii-speciﬁc probes and primers. As is known in the
art, hybridization of complementary and partially complementary nucleic acid sequences can be

obtained by adjustment of the hybridization conditions to increase or decreasc stringency (re,
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-within the ordinary skill in the art.

The nucleic acid products of amplification using the inventive primers (i.é., the
amplification products or extension products) may be detected by a characteristic size, for
example on polyacrylamide or agarose gels stained with ethidium bromide. Alternatively, M.
kansasii nucleic acid in a sample or specifically amplified M. kansasii target sequences may be
detected by hybridization to the inventive probes and primers. For detection by hybridization
the oligonucleotide probes are typically tagged with a detectable label. The detectable label is
a moiety which can be detected either directly or indirectly as an indication of hybridization of
the probe to the target nucleic acid. For direct detection of the label, probes. méy be tagged
with a radioisotope and detected by autoradiography or tagged with a fluorescent moiety and
detected by fluorescence as is known in the art. Alternatively, the probes may be indirectly
detected by tagging with a iabel which requires additional reagents to render it detectable.
Indirectly detectable labels include, for example, chemiluminescent agents, enzymes which
produce visible reaction products and ligands (e.g., haptens, antibodies or antigens) which may
be detected by binding to labeled specific binding partners (e.g., antibodies or
antigens/haptens). - Particularly useful labels include biotin (detectable by binding to labeled
avidin or streptavidin) and enzymes such as horseradish peroxidase or alkaline phosphatase
(detectable by addition of enzyme substrates to produce colored reaction products). Methods
for adding such labels to, or including such laﬁels in, oligonucleotides are well known in the art

and any of these methods are suitable for use in the present invention.

For detection of amplified target sequences, the primers used in the amplification

reaction may be tagged and used as detector probes because the primers are incorporated into
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amplification primers may be used as a probe for detection of amplified target sequences by

hybridization. This probe should be selected to hybridize to a sequence in the target which is

. between the amplification primers, i.e., an internal probe. Alternatively, either the primer or

the internal probe may be tagged and extended for detection of amplification products as

described by Walker, et al., supra.

For convenience, probes for species-specific detection and identification of M. kansasii

- may be packaged in the form of a kit which may further include other components and reagents

for perforn;ing the detection methods. By way of example, such a kit contains at least one
probe or at least one pair of amplification primers according to the present invention. For
detection by hybridization, a.hybﬁdfzaﬁori solution such as 6X SSC (0.9M sodium chloride,
0.09M sodium citrate, pH 7.0), 0.1M EDTA pH 8.0, 5X Denhardt's solution (0.1% wiv
FICOLL TYPE 400, 0.1% wi/v polyvinylpyrrolidone, 0.1% w/v bovine serum albumin) and
100 pg/ml sheared denatured salmon sperm DNA, or other reagents known to .be useful for
probe hybridization may also-be included. See Molecular Cloning: A Laboratory Manual,
supra. Alternatively, reagents appropriate for use with one of the known nucleic acid
amplification methods may be included with M. kansasii-specific amplification primers. The
components of the kit are packaged together in a common container, .typically including
instructions for performing a specific embodiment of the inventive methods. Additional,
optional components may also be includéd in the kit, e.g., a second probe tagged with a label
suitable for use as a detection probe, and reégents or means for performing detection of the

label.

The following experimental examples are given as illustrations of certain embodiments
of the invention. They are not to be construed in any way as limiting the invention as defined

by the appended. claims.
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(vi) CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON fNUVBER:
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| NFORMATI ON: (A) NAME: Fugit, Bénna R a
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| NFORMATI ON FOR SEQ I D NO 1: (i) SEQUENCE CHARACTERT S

(A) LENGTH: 493 base pairs (B) TYPE: nucleic acid

STRANDEDNESS: doubl e | i near
TYPE: DNA (genoffig mycobactqria 956611\@?&3“03@&6@“!’ es were M. ‘é" g’c&&ﬁ%&ﬂ M.

Mycobact er bovzs (k:%rb94a i/[ chelanae TMC1543, M. flavescens LCDC2601, M. fortuitum TMC1529, M.
gastri LCDC1301, M. gordonae TMCI1318, M. intracellulare ATCC13950, M. kansasii
TMCI1201, M. kansasii LCDC711, M. kansasii LCDC714, M. kansasii LCDC715, M.
kansasii LCDCT24, M. kansasii LCDC725, M. malomense CDC93, M. marinum LCDC801,
M. microti LCDC203, M. nonchromogenicus LCDC1401, M. scroﬂlaceum TMCI1302, M.
szulgai TMC1328, M. terrae TMC1450, M tuberculosis .ATCC27294 and M. xenopi
LCDC1901. Non-mycobacteria used were Bordetella pertussis ATCC8467, Corynebacterium
dzphtherzae ATCC11913, Escherichia coli ATCC11775, Nocardia asterozdes ATCC3308
Rhodococcus rhodochrous ATCC13808. Mycobacteria strains were cultured in BACTEC
vials in Middlebrook 7H9 media, then heat killed at 70°C for 4 hours. Genomic DNA was
isolated as previously described (S. Visuvanathan, et al. 1989. J. Microbiol. Mtds. 10,59-64).
Non-mycobacfeﬁa strains were cultured in Luria broth or other suitable media. Genomic DNA
was isolated by the CTAB mini-prep method (F. M. Ausubel, et al. 1987. Current Protocols in
Molecular Biology, Greene Publishing Asséciates and Wiley-Interscience, NY).

EXAMPLE 1
- CLONING OF MK?7
A plasmid library of M. kansasii D_NA was constructéd and screened for genus- and
species-specific clones. To construct the library, M. kansasii genomic DNA (strain TMC
1201) was restricted with Sau34I (Gibco BRL). The fragment sizes generated ranged from
about 1.4 kb to less than 200 base pairs. The cloning vector, BLUESCRIPT SK+
(Stratagene), was digested with BamHI (Gibco BRL) and phosphatased using alkaline

phosphatase from calf intestine (CIAP -"Boehringer Mannheim Biochemicals). The genomic
fragments (750 ng) were ligated to 20 ng of the prepared vector in 50 mM Tris-HCI pH 7.5, 7



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: GATCGTCACC CCA
GCATACTGGC CGCCTGOGTG CGATNNGCOG 60 CCCCGGTCTT GAT
TGOOCCCGGA GOCTTGAGCT GACCTGGOGC 120 TCGTTGGGAG AGA
TTCCTGGCGG TGTTTGTCTA CTGGCAGTCG 180 GTCAACACCC
AAGATCCGCC GOCGCACAAC TGCTGGOCGG 2487 GCATGACACC ‘GAG
CTCCGCTGCA TCAAATGAAT CCACAGTCAT 300
21 OGACCTGICC GTCTATAGOG GGCAGOCCAG AAAAGGACCT TAAATGACCG CTA
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ligation was allowed to proceed ovenught at 15°C and was then used to transform JM109
competent cells (Stratagene). One thousand independent transformants were isolated. Of
these 1000 clones, 15 were selected for screening genomic blots consisting of various-

mycobacterial and non-mycobacterial DNA's.

Southern blots were performed as follows. Genomic DNA from each mycobacterial
and non-mycobacterial species was digested with Ps# (Gibco BRL), separated on é 0.8%
agarose gel and transferred to a nylon memSﬁne_,(Gbm BRL nylon-1) (Maniatis, et al.,
supra). The membranes were UV-crosslinked (Stratalinker) and hybridized with 32p.jabeled
probes (i.e., the inserts isolated from the 15 selected clones) as described by Maniatis, et al.,
supra. ' The probes were labeled by random primers (Boehringer Mannheim Biochemicals)
using [a-32P]-deoxyadenosi;t\‘ie triphosphate and [o-32P]-deoxycytidine triphosphate (NEN-
DuPont). The hybridized membranes were washed at high stringency, followed by exposure to
XAR-5 film for 1-7 days (Maniatis, et al., supra). Of the 15 clones, MK7 was found to
hybridize specifically to M. kansasii DNA. This clone was sequenced on an Applied
Biosystems 373A DNA Sequencer using the TAQ DYE PRIMER or TAQ DYE
TERMINATOR CYCLE SEQUENCING KIT (ABI) and SEQUENASE (United States
Biochemical) as recommended by the manufacturers. The nﬁcleotide sequence of MK7 is 493
base pairs in length and has a GC content of 63%. This sequence is given herein as SEQ ID
NO:1.

MK7 contains three internal Sau3A4[ sites (GATC). These may have resulted from a
partial digestion with Sau34I or may be the result of ligation of multiple Sau34! fragments
which are not continuous in' the genome. While the possibility that MK7 comprises
discontinuous segments of the M. kansasii genome is not a concern when using this clone as a

hybridization probe, for nucleic acid amplification the target Sequences must be continuous. A
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STRANDEDNESS: si ngl e (D) TOPOLOY: l'inear (¥i
TYPE: DNA (genonmi c) (wi) ORI A NAL SOURCE:

Mycobact eri um kansa5| [ (i x). FEATURE:

bi nd - 281 a{qualq_@gpmﬂg\f " begween two of the WA@‘F%WN#MBH_ g

Featone, R and e G R hpsasiosif ampinR6H BRGES, TrsiiREL e
19... 24 e e TR 1 DB BRI spebiSty b hRSEIP G2

recogni ti ol EER
on Southern blots. That is, it hybnd1zed to M kansasii nucleic acids but did not hybndlze to

the nucleic acids of other mycobacterial and non-mycobacterial organisms tested. These
included M. avium, M. bovis, M. fortuitum, M. gastri, M. gordonae, M. intracellulare, M.
tuberculosis, Bordetella pertussis, Corynebacterium diphtheriae, Escherichia coli, Nocardia
asterbz‘des and Rhodococcus rhodochrous. Th_e 281 bp fragment was then divided into two
smaller subfragments designated A and B. Fragment A comprises nucleotides 221-370 of
MK7 and fragment. B comprises nucleotides 351-490. - Both fragments A and B maintain
species-specificity by hybridization anaiysis on Southern blots and hybridize to a 2.75 kb Pst/

fragment of M. kansasii genomic DNA.

The sequence of the 281 bp fragment was compared fo known nucleotide sequences by
searching GENBANK 75, UEMBL 33-75 and N-GENESEQ 9 and no similar sequences were

found.

EXAMPLE 2
STRAND DISPLACEMENT AMPLIFICATION

Oligonucleotides for use as amplification primers were synthesized on an Applied
Biosystems 380B Synthesizer as recommended by the manufacturer. The oligonucleotides
were deprotected at 50°C and gel purified as previously described (Ausubel, et al.). Strand
Displacement Amplification (SDA) reactions were performed as previously described by
Walker, et all., supra, in a 50 ul volume consisting of 6-8 mM MgClp, 0.2 mM each dGTP,
dCTP and a-thio dATP, 0.5mM dUTP, 100 pug/ml acetylated bovine serum é.lbumin, 1 ng/ul
human placental DNA, 50 mM K;PO4 pH 7.6, 0.5 uM S and S primers, 0.05 uM B and B3



TR

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 2: TTGAATAGIC GGT TACFT;REPLA E 1 -
AATCCTC 37 (2) | NFORVATI ONf F S,E%cl D& 3

(Fi) SEQUENCE CHARACTERI STI CS: (A) LENGTH:. 37 basg pai T -
(B) TYPE: nucleic acid (C) STRANDEDNESS: single . ( D) {
TOPOLOGY: | i near (ii) MOLECULE TYPE: 1BNA (genoni c) (vi) ORI G NAL
SOURCE: (A) ORGANI SM Mycobacterium kansasi i ; LIRE

(A) - NAME/ KEY: pri mer bi nd (B) LOCATION: 25..37 (D). -

OTHER | NFO:Nim'ﬂG]\B mitsAeld Bind I a0rb —utiit/gk g:sb' (KiertiwngDNA. polymerase (United States
sequence" (.1 x) FEATURE: or g NAVE/ KEY: m scfeature

(B) LOCATI dirocll@ﬂcaé and varying amougts)of

NFCRrgareactions false s@otained either 15%

‘restricti O&/vﬁn metﬂglsﬁ%mde (DMSO) or 20-25% (viv) éyce gll tllnor tgltf\e addition of HinclII,

exo~ Klenow and MgCly, the reactions were heated at 95°C for 2 minutes to denature the
target DNA, followed by 2 minutes at 37-40°C to anneal the primers. Following the addition
of the enzymes and MgCl, the reactions were incubated at 37-40°C for 2 hours for.
amplification. Amplification was terminated by heating for 2 minutes at 95°C. Amplification
products were detected by primer extension of a 32P-labeled probe and analy;éd by denaturing

polyacrylamide gel electrophoresis as described by Walker, et al., supra.

The amplification primers were selected from within the sequence of the 281 bp
fragment described above. In one SDA reaction, SEQ ID NO:2 and SEQ ID NO:3 were used
as amplification primers (i.e., S; and S5) and SEQ ID NO:4 and SEQ ID NO:5 were used as
bumper primers (i.e., By and'B5). This set of primers was designated Primer Set #1 and the
locations of hybridization within the 281 bp fragment are shown in Fig. 1. Ampliﬁcation using
this primer set was M. kansasii specific and an amplification product was detected only when
M. kansasii nucleic acids were used as the target. No amplification product was detected
when M. avium, M. bovis, M. chelonae, M. fortuitum, M. gastri, .M gordonae, M.

" intracellulare, M. malomense, M. marinum, M. microti M. nonchromogenicum, M.
tuberculosis or M. xenopi nucleic acids were used as targets for amplification. The sensitivity

was 20 genome molecules of M. kansasii DNA.

This same primer set was used to test specificity of amplification using other strains of
M. kansasii as targets. Ampliﬁcatibn products were detected from M. kansasii TMC1201,
LCDC711, LCDC714, LCDC715 and LCDC725. However, M. kansasii LCDC724 did not
amplify with this primer set. The 5' end of the rDNA gene from LCDC724 was therefore

amplified by PCR and sequenced (Boddinghaus. et al.: Meier, et al.; Rogall, et al.). The



(xi) SEQUENCE DESCRI PTION: SEQ ID NG 3: TTGAAGTAAC CGACT

GACAGGT 37 (2) | NFORMATI :
((i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 13 bage fpaj
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
TOPOLOGY: i near (i) MOLECULE TYPE15DNA (genonic)

SOURCE: -

J

sequence obtained was compared to the M. kansasii DSM 43224 rDNA gene sequence as
reported by GENBANK and found to be different. There were two deletions and three
mismatches within 13 base pairs corresponding to nucleotides 75-87 of the corresponding E.
-coli gene. Biochemical tests of the LCDC724 strain are identical to typical M. kansasii,
however, Ross, ét al. have suggested that LCDC724 represents a distinct subspecies. The 5 bp
difference in the rDNA sequence could indicate either that LCDC724 is a distinct subspecies of
M. kansasii or that it is a different species of mycobacteria. Primer Set #1 therefore amplifies
all typical M. lkansasii strains tested, but does not amplify an atypical genetically distinct
‘subspecies of M. kansasii identified as LCDC724.

- Additional primer sets were designed in an attempt to increase the sensitivity of the
amplification assay. First, two additional Sy primers based on MK7 were designed. SEQ ID
NO:6 is shifted four nucleotides downstream (i.e, 3") of SEQ ID NO:2, as shown in Fig. 1.
SEQ ID NO:7 is shifted six nucleotides downstream of SEQ ID NO:2, also as shown in Fig. 1.
A new Bg primer (SEQ'ID NO:8) was also designed to hybridize closer to the amplified
region. Primer Set #2 consisted of SEQ ID NO:6, SEQ ID NO:3, SEQ ID NO:4 and SEQ ID
NO:8. This primer. set showed the same sensitivity (20 genome molecules of M. kansasii

DNA) and specificity as Primer Set #1.

Primer Set #3 consisted of SEQ ID NO:7, SEQ ID NO:3, SEQ ID NO:4 and SEQ ID
NO:8. In SDA reactions this primer set showed a 10 fold increase in sensitivity (2 genome
‘molecules of M. kansasii DNA) while retaining M. kansasii species specificity. No cross-
reactivity with M. fuberculosis, M. bovis, M. avium, M. intracellulare, M. gastri, M.
Jortuitum, M. chelonae, M. szuglia, M. malomense, M. scrofulaceum, M. ﬂav’enc_e, M. xenopi,
M. terrae, M. marinum or M. gordonae was detected. Primer Set #3 amplifies a target

sequence in typical M. kansasii DNA, e.g., strains TMCI1201, LCDC711, LCDC714,




(A) ORGANI SM Mycobact eri um kansasi i (xi) SEQUENCE
| D NO 4: CACAACTGCT GGC

3 (2) | NFORMATI ON FOR SEQ I D NO 5: (i) SEQUENCE

(A) LENGTH: 13 base pairs . (B) TYPE: nucleic aci

STRANDEDNESS: si ngl e (D) TOPOLLSY: |inear

TYPE: DNA (genom c) (wi) ORI A NAL SOURCE:

Mycobact eri um kansasi i ﬁxi ) SEQUENCE DESCRI PTI ON: SEQ™+B-~-NQ.2.
TGATAGCGAC HERC715 and LCDC725. However, it does not amplify M. kansasii LCDC724, the proposeti3”
(2) | NFORMATI ON FOR SEQ I D NQ. 6: i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH:8°89193% glsggﬁt_ subspecies of M. kansasti

SDA was used as the .ampliﬁcation method in this example, however, the target binding
sequences of the amplification primers of the example may be used alone as amplification
primers in other methods of amplification which do not require attachment of specialized
sequences to the target sequence (e.g., PCR). That is, for use in amplification methods such as
PCR, SEQ ID NO:9 may be substituted for SEQ ID NO:2, SEQ ID NO:10 may be substituted
for SEQ ID NO:3, SEQ ID NO:11 may be substituted for SEQ ID NO:6 and SEQ ID NO:12
may be -substituted for SEQ ID NO:7 as amplification primers in the appropriate amplification
reaction. Similarly, any other desired sequence may be added to the target binding sequence of
the amplification primers to provide a desired function, e.g., a restriction endonuclease |

recognition site or homopolymer tails (to facilitate cloning), a protein binding site, etc. -

As shown in Fig. 1, there is a potential open reading frame (ORF) which begins at
nucleotide 344 and continues to the end of the clone at nucleotide 493. The initiation codon,
ATG, is followed by an A which could serve as a stop codon (TGA) for another ORF which
begins upstream of the 281 bp fragment. Upstream of the ATG, at -7, is a potential ribosomal
binding site AGAAAAGGA (Shine-Delgamo sequence). There are also putative promoters at
-26 (TATA), -38 (TCGACC) and -48 (TCCACA). These potential promoter sequences are
not ideal by E. coli standards, however, they compare well with other mycobacterial promoters
(McFadden). Also, with a potential overlap from an alternate ree'1ding frame, there may not be
a need for a promoter sequence in this case. The 'hypothetfcal protein sequence encoded by the
ORF from nucleotides 344-493 is 50 amino acids in length. No similar protein sequence was

found when this hypothetical sequence was searched in the SWISSPROT 24 database.



(B) TYPE nucleic acid (C) STRANDEDNESS: singl e

TOPOLOGY: |i near (i1) MOLECULE TYPE: DNA (genom c)

SOURCE: : (A) ORGANI SM Mycobact eri um kansasi i

(A) NAME/ KEY: primer bind (B) LOCATION: 25..37

OTHER | NFORMATI ON: /st andard nane= "target bi ndi ng '
sequence” (i x) FEATURE: (A) NAME/ KEY: - m sc

(B) LOCATION:. 19..24 (D) OTHER | NFORMVATI ON: / product =

"restriction endonucl ease _
To confirm that the probes and primers of the invention were useful for detection of a

wide variety of M. kansasii strains, Strand Displacement Amplification was performed as
described above on 66 clinical and environmental isolates of M. kansasii originating from eight
different countries. The samples represented a selection of those described by M. Yang, et al.
(1993, supra). Primer Set #3 (SEQ ID NO:7, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:8)

was used for the amplification and the results are shown in the following table.

TABLE
LAB NO. COUNTRY OF SAMPLE ORIGIN AMPLIFICATION
ORIGIN
41708(A) Australia Clinical Pos.
57 Australia Clinical Pos.
139856 Solomon Islands Clinical Pos.
41708(B) Australia Clinical Pos.
135328 Australia Clinical Pos.
4792 Australia ' Clinical Pos.
139855 Solomon Islands Clinicat Pos.
126273 Australia Clinical Pos.
7193 Australia Clinical Pos.
p21-19 Japan Clinical _ Pos.
p21-20 Japan Clinical Pos.
p21-16 Japan Clinical Pos.
p21-17 Japan Clinical Pos.
lab#27 Japan Clinical Pos.
p21-23 Japan : Clinical Pos.
lab#17 Japan Clinical _ Pos.
p21-22 Japan Clinical Pos.
p21-28 Japan Clinical Pos.
p21-18 Japan Clinical Pos.
lab#14 : Japan Clinical Pos.
176726 England Respiratory Pos.
176715 ‘ England Respiratory Pos.
176723 ~ England Respiratory Pos.
176729 England Respiratory Pos.
176733 ' England Clinical Pos.
182542 USA Clinical Pos.
182554 USA Clinical Pos.
182545 USA Clinical Pos.

182537 USA Clinical Pos.



23 recognition site" (xi) SEQUE j..m',s-; o "{
SEQ ID NO 6: TTGAATAGTC GGTTACTTGT TGACCGAATC CTCOGCT N o o
37 (2) I NFORVATION FOR SEQ I D NO 7: (i) SEQUENCE Cifing CTERI ST

(A) LENGTH 37 base pairs (B) TYPE: nucleic acig §

STRANDEDNESS: si ngl e _ (D) TOPOLLEEY: i near i

TYPE: DNA (genom c) (wi) ORI A NAL SOURCE:

Mycobact eri um kansasi i (i x) FEATURE: (A) N O? -

bi nd B) LOCATI ON: .. 37 . OTHER | NF

/standard iﬁ%\i’%'(— ')'target bi ngéa g{;:giczsequence N(;g.
182544 . USA "~ Clinical Pos.
182540 _ USA Clinical Pos.
182542 USA Clinical Pos.
182539 ' USA Clinical Pos.
182549 USA Clinical Pos.
177 South Affrica Clinical : Pos.
3910 : South Africa Clinical Pos.
4142 South Aftica Clinical Pos.
580 ' South Africa Clinical Pos.
148829 : Australia Environmental Pos.
148832 Australia - Environmental Pos.
169192 : Australia - Environmental Pos.
90-1732 Switzerland Urine Pos.
6235 _ Belgium Clinical Pos.
89-4247 ' _ Switzerland Urine Weak Pos.
90-2882 Switzerland Urine Neg.
89-4235 Switzerland Urine Neg.
6235(A) Belgium Clinical Pos.
90-3191 Switzerland Urine Pos.
89-2169 . Switzerland Urine Pos.
88-6646 Switzerland Urine Pos.
88-2771 Switzerland : Urine Pos.
90-0752 Switzerland Urine . Pos.
2966 Switzerland Clinical ~ Neg.
6231 Belgium Urine . Pos.
6232 Belgium -~ Clinical - Pos.
89-1652 Switzerland Urine Pos.
89-2621 Switzerland Sputum "~ Weak Pos.
90/224 Australia ' Clinical . Pos.
15589 ) Australia Clinical Pos.
27607 Australia Clinical Pos.
134067 Australia Clinical Pos.
2752 Australia : Clinical Pos.
135328 Australia Clinical Pos.
6738 Australia Clinical Pos.

M. Yang, et al,, supra, reported that 88% of their strains were positive using the
commercial ACCU-PROBE test for M. kansasii and that 100% were positive by hybridization
to the p6123 probe. The inventive probes and primers detect about 94% of the M. Yang, et al.

M. kansasii strains. Applicants' SEQ ID NO:1 and the probes and primers derived from this



(i x) FEATURE: ' (A) NAME/ KEY: m sc_feature

19..24 _ (D) OTHER | NFORVATI ON: / product ="

r‘ecognition site" (xi) SEQUENCE DESCRI PTI ON: SE@® IfD
GGTTACTTGI TGACAATCCT CCGCTGC

| NFORMATI ON FOR SEQ I D NG 8: (i) SEGQUENCE CHARA

(A) LENGTH. 13 base pairs - (B) TYPE: nucl ei g
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near

TYPE: DNA (genonic) (vi) ORI G NAL SOURCE: (A .
Mycobact eri um kansasi i (xi) SEQUENCE DESCRI PTION: SEQ | D NO

GGGTAGCGGT CAT

sequence are distinct from p6123 and the ACCU-PROBE probes and have a unique nucleotide
sequence not previously reported. SEQ ID NO:1 also has the advantage of being more highly
conserved among M. kansasii strains than p6123 and therefore assay r;esults provide a clearer
distinction between positive; and negative samples. That is, assays using the primers and
probes derived from SEQ ID NO:1 are either very clearly positive or very clearly negative,
- making interpretation of the assay resﬁlts easier. In contrast, although 100% of M. kansasii
strains test positive using p6123, the greater variability of this sequence results in a broad
range of degrees of positivity which complicates interpretation and may obscure the distinction

between positive and negative.



(2) 1 NFORMATI ON FOR SEQ I D NO 9: | (|) SEQUENCE CJ-lARACBTEﬁ}

(A) LENGTH. 13 base pairs (B) TYPE: nucleic acig - aw,
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near ';)

TYPE: DNA (genom c) éé
(vi) ORI G NAL SOURCE: (A) ORGAKESM Mycobact er .kans Ti o9

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Spears, Patricia A.
Shank, Daryl D.

(ii) TITLE OF INVENTION: NUCLEIC ACID SEQUENCES SPECIFIC FOR
MYCOBACTERIUM KANSASII

(iii) NUMBER OF SEQUENCES: 12

(iv) CORRESPONDENCE ADDRESS:

{A) ADDRESSEE: Richard J. Rodrick, Becton Dickinson and
Company

(B) STREET: 1 Becton Drive

(C) CITY: Franklin Lakes

(D) STATE: NJ

(E) COUNTRY: US

(F) 2IP: 07417

{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
{A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Fugit, Donna R.
(B) REGISTRATION NUMBER: 32,135
(C) REFERENCE/DQCKET NUMBER: P-2858

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
() LENGTH: 493 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double .
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

GATCGTCACC CCAGCAGTTG GTGGTCGGCA GCATACTGGC CGCCTGCGTG CGATNNGCCG 60

CCCCGGTCTT GATCACCGAG AGTCTCAACT TGCCCCCGGA GCCTTGAGCT GACCTG'G.CGC 120
TCGTTGGGAG AGATCGTTGC CGGCGTCGGA TTCCTGGCGG TGTTTGTCTA CTGGCAGTCG 180
GTCRACACCC GCGAACCACT GATTCCCCTG AAGATCCGCC GCCGCACAAC TGCTGGCCGG 240

GCATGACACC GACCCATCAG TCAGCGAATC CTCCGCTGCA TCARATGARART CCRCAGTCAT 300



L]

(xi) SEQUENCE DESCRI PTION: SEQ ID NO. 9: TCAGCGAATC CTC

13 (2) | NFORVATI ON FOR SEQ I D NG 10: ' (i) SEQUENCE
((A) LENGTH:. 13 base pairs (B) TYPE. nucleic acid
STRANDEDNESS: si ngl e (D TOPOLOGY: Iinear '
TYPE: DNA (genoni c) (vi) ORI G NAL S&LRCE:

Mycobact eri um kansasi i - (xi) SEQUENCE DESCRI PTI ON: SEQ
TAGACGGACA GGT :

(2) | NFORMAELERtdeCRr&ia@ntids WetAdccene ananédaAccPEfAHRRNGECGHARMICERESSTI CS6o

(A) LENGTH:. 13 base pairs B) TYPE: nucleic acid _ goC)
STRANDEDNKSSCCRAGR, FEAGCCGGGC CGCGAGTACC TCGCCGG CTCAGTCGGC CAGTCGCTAT 42

CAGCACGTGC GCTCGCATCT GGCCGAACTC AAACTGCACG CCGCCGCTGA AGCCCTIGCCC 480
GCCGTCCTGG ATC 493
(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid.
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{(vi) ORIGINAL SOURCE: '
{A) ORGANISM: Mycobacterium kansasii

{(ix) FEATURE:
(A) NAME/KEY: primer_bind
{(B) LOCATION: 25..37
{D) OTHER INFORMATION: /standard_mame= "target binding
sequence"

(ix) FEATURE:
(A) NAME/KEY: misc_feature
{B) LOCATION: 19..24
(D) OTHER INFORMATION: /product= *restriction endonuclease
recognition site"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
TTGAATAGTC GGTTACTTGT TGACTCAGCG AATCCTC 37
(2) . INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 37 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

. (1i) MOLECULE TYPE: DNA (genomic)

{(vi) ORIGINAI. SOURCE:
(A) ORGANISM: Mycobacterium kansasii

(ix) FEATURE: .
(A) NAME/KEY: primer_bind
{B) LOCATION: 25..37
(D) OTHER INFORMATION: /standard name= "target binding
sequence"

(ix) FEATURE: :
(A) NAME/KEY: misc_feature
(B} LOCATION: 19..24
{D) OTHER INFORMATION: /product= "restriction endonuclease
recognition site"



(D) TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genonic)

ORI G NAL SOQURCE: (A) ORGANI SM Mycobacteri um kansa

SEQUENCE DESCRI PTION: SEQ I D NO 11: - CGAATCCTCC GCT

13 (2) | NFORVATION FOR SEQ I D NG 12: : (i) SEQUENCE CHARA

(A) LENGTH:. 13 base pairs (B) ¥¥PE: nucleic acid

STRANDEDNESS: si ngl e - (D) TOPOLOGY: i near (i

TYPE: DNA (genonic) (vi) ORI A NAL SOURCE: A
Mycobact eri um keinsSEQJUENCE Dsscx(mm;onSE@:dEI‘:lﬁENdDESCRI PTION: SEQ ID NO 12: 3
AATCCTCCGCHS;C TAAC CGACTATTGT TGACTAGACG GACAGGT 37

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 13 base pairs
(B) TYPE: nucleic acid
-(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{(vi) ORIGINAL SOURCE:
{A) ORGANISM: Mycobacterium kansasii

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CACAACTGCT GGC ' 13
(2) INFORMATION FOR SEQ ID NO:S:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: "linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE: ,
{A) ORGANISM: Mycobacterium kansasii

(xi) SEQUENCE DESCRIPTION:.SEQ ID NO:5:
TGATAGCGAC TGG 13
(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE: .
(A) ORGANISM: Mycobacterium kansasii

(ix) FEATURE:
(A) NAME/KEY: primer_bind
(B) LOCATION: 25..37

(D) OTHER INFORMATION: /standard name= "target blnd;ng
sequence"

(ix) FEATURE:
(A) NAME/KEY: mlSC feature
(B) LOCATION: 19.
fN) OTHER INFORMATION /product= "restriction endonuclsa



25 CLAIMS: WHAT IS CLAIMED I S: 1. An ol i gonucl eoti ¢fe /4
SEQID NO 1 or its conplenent. < 2. An ol i gonucl eot i d§

nucl eoti des 213-493 of SEQID NO 1 or the conplenent of j
213-493 of SEQ ID NGO 1. 3. An ol i gonucl eoti de consi §
nucl eoti des 221-370 of SEQ ID NO | or £2Re conplenent off
221-370 of SEQID NO 1. -

recognition site"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
TTGAATAGTC GGTTACTTGT TGACCGAATC CTCCGCT 37
(2) INFORMATION FOR SEQ ID NO:7:

. (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
{(A) ORGANISM: Mycobacterium kansasii

{ix) FEATURE:
(A) NMAME/KEY: primer bind
(B) LOCATION: 25..37 :
{D) OTHER INFORMATION: /standard _name= “target binding
sequence"” :

- {ix) FEATURE:
(A} NAME/KEY: misc_feature
{(B) LOCATION: 19..24
(D) OTHER INFORMATION: /product= "restriction endonuclease
recognition site"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
TTGAATAGTC GGTTACTTGT TGACAATCCT CCGCTGC 37
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
{7) LENGTH: 13 base pairs
(B} TYPE: nucleic acid
(C)- STRANDEDNESS: single
(D) TOPOLOGY: linear
. {ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE: _
(A) ORGANISM: Mycobacterium kansasii
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GGGTAGCGGT CAT . 13
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 13 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i1) MOLECULE TYPE: DNA (genomic)



4. An_ ol i gonucl eoti de consi'sting of nucl eotides 351-49Q
or the conplenent of nucleotides 351-490 of SEQID NGO 1
ol i gonucl eotide consisting of SEQID NG 2, SEQ ID NGO 3, §

IDNO5, SEQIDNG6, SEQID NO7 or SEQ I D NG 8. 6.

ol i gonucl eoti de consisting of SEQ ID NO2# SEQ ID NOlO{ 3
SEQ I D NO 12. 7. A nethod for detecting M kansasi{_ nucl &m™e
sanmpl e conpri sing: a) hybridi zing to the M kalhsagi |

erium

acid, if present, an oligonucl eotlde probe selected fromthe 7
%g‘ i SEPREEs 351- 490 of SEQ D NO

consi sting of SEQvHDO tééjaeg 213-493 of SEQ ID NO 1,
nucl eoti des 221- 370 0

1, and. detecting hybr| di zati on of the probe as an indication
of the presence df‘l’l\ASEQWEd%iSFRI%‘E@FeFEQé&€P|9n t he sanpl e.
TCAGCGAATC CTC _ 13

" (2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE: '
(A) ORGANISM: Mycobacterium kansasii
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TAGACGGACA GGT 13
(2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 13 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
. (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
CGAATCCTCC GCT ' 13
(2) INFORMATION.FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA {genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mycobacterium kansasii
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

AATCCTCCGC TGC ' 13



26 8. A method for detecting an M kansasii targe equence in a

sanpl e conprisin hybr|d|2|ng a first priny
t'he group consi s?l!'l"l Ill Hﬂb’lﬂw SEQ I D NO 6, SEQ | D/MNG
NO 9, SEQ ID NO 12tothe target sequenfe

b) hybr| di zing a second priner sel ect@d fromt he_ group

WHAT IS CLAIMED IS:
L. An oligonucleotide consisting of SEQ ID NO:1 or its complement.

2. An oligonucleotide cdnsisting of nucleotides 213-493 of SEQ ID NO:1 or the
complement of nucleotides 213-493 of SEQ ID NO:1.

3. An oligonucleotide consisting of nucleotides 221-370 of SEQ ID NO:1 or the
" complement of nucleotides 221-370 of SEQ ID NO:1.

4. An oligonucleotide consisting of nucleotides 351-490 of SEQ ID NO:1 or the
complement of nucleotides 351-490 of SEQ ID NO:1.

5: An oligonucleotide consisting of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8. .

6. An oligonucleotide consisting of SEQ ID NO:9, SEQ ID NO:10, SEQ .ID NO:11 or

SEQ ID NO:12.
7. A method for detecting M. kansasii nucleic acid in a sample comprising:
a) hybridizing to the M. kansusii nucleic acid, if present, an oligonucleotide probe

selected from the group consisting of SEQ ID NO:1. nucleotides 213-493 of SEQ ID NO:1,
“nucleotides 221-370 of SEQ ID NO:1 and nucleotides 351-490 of SEQ ID NO:1, and:
b) detecting hybridization of the probe as an indication of the presence of A,

kansasii nucleic acid in the sample.
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second priner extension product, respectively, and displacin
second primer extension products fromthe target sequence; j 4
repeating steps (b) and (c) such that the target sequence ifs /%
and; e) detecting the anplified target sequence

met hod for deteciing an sii targ@6 sequence in a fay
a) hybri di zi| UITIQI Iﬂ %ﬂisequence, if present, a // &
primer consi sth L rget bi ndi ng sequence,

endonucl ease recognition site 5 to the first target bindi
a sufficient nunber of nucleotides 5 to the restriction
recognition site to allow binding of a restriction endonucl ease,
target binding sequence being selected fromthe group consisting of SE¥I1D
NO 9, SEQ I®H NO Amethod{faedgerng Bn WO kakssii target sequelnde in a saypleicdinptisigg:t 0 t he
target sequence, .if. present, second anplification prinmer consisting of a
second target biddi ng’y&é%ﬁ’éﬁ Irst primer sglepted fiophthe greipransisting ofsSRQY ADINOR,
o b SEOTD DR, 8 96N YRI5 IS SE PR o 11 ahls B I WS 1o e

nucl eot i des restric
" target sequence, if present;

b) hybridizing a second primer selected from the group consisting of SEQ ID
NO:3 and SEQ ID NO:10 to the target sequence, if present;

c). extending the hybridized first and second primers to produce a first and a
second primer extension product, réspei:tively, .and displacing the first and second primer
extension products from the target sequence; |

d) repeating steps (b) and (c) such that the target sequence is amplified, and;

e) detecting the amplified target sequence.
9. A method for detecting an M. kansasii target sequence in a sample comprising:
T a) hybridizing to the target sequence, if present, a first amplification primer

consisting of a first target binding sequence,' a restriction endonuclease recognition site 5' to
the first target binding sequence and a sufficient number of nucleotides 5' to the restriction
endonuclease recognition' site to allow binding of a restriction endonuclease, the first target
binding sequence being selected from the group consisting of SEQ ID NO:9, SEQ ID NO:11i
and SEQ ID NO:12:

b) hybridizing to the target sequence, if present, a second amplification primer
consisting of a second target binding sequence, the restriction endonuclease'recognition site 5'
to the first target binding sequence and a sufficient number of nucleotides 5' to the restriction
endonuclease recognition site to allow binding of a restriction endonuclease, the second target

binding sequence consisting of SEQ ID NO:10:
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- endonucl ease recognition site to allow binding of a restrictigp
endonucl ease, —UE‘Mtarget bi ndi ng sequence consi.stingfo

10. - _ anplifying the target/sgques
an arrpllficatio ' ﬂlﬂ g the steps of extending yhg '
first and secon |rrers ﬁ'7ck| ng. the restry ,

anplification prinmers, and; d) detecting the arrpll

sequence. 10. A nmethod for detecting an M kansasii targe ‘
a sanpl e conpri sing: a) hybridizing to the target sequensg,
present, a firsg) anpkinplifyiagitbe tyygetniequense asingcrnf ?@thtch@l‘gmﬁwdmﬂé

SEQlDNOZ SEQ I D NO 6 and. SE b di
t ar get seqétéﬂ%%f e"it?“dﬁ‘rge@%hYb“dézeSéJEﬁr?&Nﬁ)éF&ﬂ“fifaf’ngﬁ %‘I‘?“FPI" rl“!f ﬁlglqg‘i feﬁ'gj‘CB‘P“

SEQ I'D NO. 3 ﬁ'?doﬂﬁf)lfs?sﬁ Ceé?grgthorkn%&)a}‘d n&isptlacmgt HeIE reR A ERE S ng yse§$|{daagphﬁcat|on

D spl acene
' primers, and;

d) detecting the amplified target sequence.

10. A method for detecting an M. kansasii target sequence in a sample comprising:-

a) | hybridizing to the target Seq_uence, if present, a first amplification primer
selected from the group consisting of SEQ. ID NO:2, SEQ ID NO:6 and SEQ ID NO:7,

b) hybridizing to the target sequence, if present, a second amplification primer
consisting of SEQ ID NO:3;

c) amplifying the target sequence by Strand Displacement Amplification (SDA),
and;

d) detecting the amplified target sequence.



and; d) detecting the a_rrpl i'-;f_ i ed target sequence.
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NUCLEIC ACID SEQUENCES SPECIFIC FOR MYCOBACTERIUM
KANSAII -

ABSTRACT

Oligonucleotide probes and primers which exhibit M. kansasii-specificity in nucleic acid
hybridization assays and in nucleic acid amplification reactions. The full-length M. kansasii-
specific sequence, identified herein as clone MK7, is 493 base pairs m length and has a GC
content of 63%. | Several M. kansasii-specific subsequences of MK7 are also provided. The
probés and primers are useful in assays for species-specific detection and identification of M.

kansasii,

FIGURE 1
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