
;e3e..L@6Tv ~ - 1   DESCRIPTION  OLIGONUCLEOTIDES AND PROCESS FOR DETECTING
MYCOBACTERIUM TUBERCULOSIS 5 Field of the Invention The present invention
relates to oligonucleotides and a method for detecting Mycobacterium
tuberculosis in clinical examination. The oligonucleotides provided in 10
the present invention are useful as reagents for genetic diagnosis which
involves procedures such as cleavage, amplification and detection of RNA or
DNA, and as reagents for inhibiting reverse transcription or translation of
RNA. In particular, the sequences of the 15 oligonucleotides provided in
the present invention are useful for reagents or the like for quantitative
determination and detection of Mycobacterium tuberculosis. Prior Art 20
Notwithstanding the significant reduction of the occurrence of
tuberculosis, it is becoming a serious subject of discussion since its
morbidity in the older people has recently increased and, also, it may
result in a mass infection among young people who have not 25 experienced
tuberculous infection before. The usual examination methods for
Mycobacterium tuberculosis were based on smear test or culture test.
However, since the growth of Mycobacterium tuberculosis is slow, it takes
more than 4 weeks to obtain results. 30 Recently, genetic detection kits
for detecting tubercule bacillus are commercially available. Included
therein is a kit which performs a DNA amplification, in which the detection
is carried out by amplifying a genomic DNA coding for 16S rRNA with PCR,
followed by 35 hybridization with a specific DNA probe, and a kit which
performs the detection by EIA, in which a gene coding for the protein
antigen b (hereafter, referred to as "pab"),   



- 2  an antigenic protein of Mycobacterium tuberculosis, having a known
sequence (Inf. and Immun. 57, 2481-2488, 1989), is amplified with a ligase
chain reaction (LCR method). For details, see USP No.5,631,130. Although 5
these detection methods are automated or semi-automated, as their detection
time requires in the order of 4 to 6 hours, they are not suitable in a case
where urgent treatment is required. Further, since a DNA amplification
process cannot distinguish living bacteria 10 from dead bacteria, it is not
suitable in a case, for example, where observation of the effect of an
antibiotic is being carried out. Reverse Transcription-Polymerase Chain
Reaction (RTPCR) is known as a process for amplifying a specific 15
sequence of an RNA. This method amplifies the specific DNA sequence by a
process comprising of synthesizing a cDNA from the target RNA in a reverse
transcription step, and then amplifying the specific sequence of said cDNA
by repetition of a cycle comprising heat denaturation, 20 primer annealing
and extension reactions, in the presence of a pair of primers complementary
and homologous to both ends of the specific sequence of said cDNA (the
antisense primer may be the same as the one used in the reverse
transcription step) as well as a thermostable DNA 25 polymerase. However,
RT-PCR method requires a two-step operation (a reverse transcription step
and a PCR step) as well as an operation involving repetition of rapidly
increasing and decreasing the temperature, which prevents its automation.
30 Therefore, the examination methods used so far do not meet the needs in
the clinical practice where speedy detection of tubercle bacillus or speedy
confirmation of the treatment is required. Accordingly, a more rapid and
highly sensitive detection which would detect only living 35 bacteria is
desired. In addition, in order to simplify the examination, an examining
instrument which carries out the detection automatically is desired.   - 3
It is possible to provide a highly sensitive detection method by use of a
process of amplifying the target nucleic acid. As processes for amplifying
a 5 specified RNA sequence, NASBA and 3SR methods are known, whereby the
specific RNA sequence is amplified by the concerted action of a reverse
transcriptase and an RNA polymerase. In these methods, the following steps
are carried out: using the target RNA as a template, a 10 double-stranded
DNA including a promoter sequence is synthesized with a primer containing
the promoter sequence, reverse transcriptase and Ribonuclease H; this
double-stranded DNA is used as a template in synthesizing an RNA containing
a specific sequence of the target RNA 



15 with an RNA polymerase and, subsequently, this RNA provides a template
in a chain reaction for synthesizing a double-stranded DNA containing the
promoter sequence. NASBA, 3SR, and the like, allow amplification at a
constant temperature and are considered suitable for 20 automation. Because
these amplification methods involve relatively low temperature reactions
(41C, for example), however, the target RNA may form an intramolecular
structure that inhibits binding of the primer, which may 25 reduce the
reaction efficiency. Therefore, they require subjecting the target RNA to
heat denaturation prior to the amplification reaction so as to destroy the
intramolecular structure thereof and thus improve the primer binding
efficiency. Furthermore, an 30 oligonucleotide capable of binding to an RNA
that has formed the intramolecular structure mentioned above is also
desired when carrying out the detection of the RNA at a low temperature.
Thus, the first object of the present invention is 35 to provide an
oligonucleotide capable of cleaving and amplifying a pab gene which codes
for an antigenic protein of Mycobacterium tuberculosis, pab, or an RNA   -
4  derived from said gene, as well as being useful in highly sensitive
detection and identification of said gene or RNA. Also, the present
invention provides an oligonucleotide useful as a reagent for inhibiting 5
reverse transcription or translation of an RNA. Further, the second object
of the present invention is to provide preferable combination of
oligonucleotides capable of specifically amplifying an RNA derived from
said pab gene at a relatively low temperature (41C, for example) as 10 well
as useful in carrying out a highly sensitive detection and identification
of said RNA. Disclosure of Invention The first embodiment of the present
invention, which 15 has been accomplished to achieve the first object
mentioned above, relates to an oligonucleotide for cleavage, detection or
amplification of pab gene, a gene element of Mycobacterium tuberculosis,
which codes for an antigenic protein, pab, or an RNA derived from said
gene, 20 which oligonucleotide is capable of binding specifically to said
pab gene or RNA derived therefrom, and comprises at least 10 contiguous
bases of any of the sequences listed as SEQ. ID. Nos. 1 to 20, or an
oligonucleotide complementary to said oligonucleotide. 25 The second
embodiment of the present invention, which has been accomplished to achieve
the first object mentioned above, relates to the oligonucleotide according
to said first embodiment, wherein said oligonucleotide is an
oligonucleotide primer for DNA elongation reaction. 



30 The third embodiment of the present invention, which has been
accomplished to achieve the first object mentioned above, relates to the
oligonucleotide according to said first embodiment, wherein said
oligonucleotide is an oligonucleotide probe of which a portion is modified
35 or labeled with a detectable marker. The fourth embodiment of the
present invention, which has been accomplished to achieve the first object
- 5  mentioned above, relates to the oligonucleotide according to said
first embodiment, wherein said oligonucleotide is a synthetic
oligonucleotide in which a portion of its bases) is(are) modified without
impairing the function 5 of said oligonucleotide as an oligonucleotide
probe. The first embodiment of the present invention, which has been
accomplished to achieve the second object mentioned above, relates to an
RNA amplification process, comprising the steps of: forming a cDNA with an
RNA 10 dependent DNA polymerase using a specific sequence of an RNA derived
from Mycobacterium tuberculosis pab gene as a template, with a first primer
having a sequence homologous to said specific sequence and a second primer
having a sequence complementary to said specific 15 sequence, wherein
either the first or second primer has a sequence having the RNA polymerase
promoter sequence added at its 5'-region, thereby producing an RNA-DNA
double-strand; digesting the RNA of said RNA-DNA doublestrand with
Ribonuclease H to form a single-stranded DNA; 20 and then forming a
double-stranded DNA that includes the promoter sequence allowing
transcription of said specific sequence or an RNA comprising a sequence
complementary to said specific sequence with a DNA-dependent DNA polymerase
using said single-stranded DNA as a template, 25 said double-stranded DNA
produces an RNA transcription product in the presence of an RNA polymerase,
and said RNA transcription product is subsequently used as the template for
the cDNA synthesis with said RNA-dependent DNA polymerase; said process is
characterized in that an 30 oligonucleotide comprising at least 10
contiguous bases of any of the sequences listed as SEQ. IDs. No.28 to No.33
is used as the first primer and an oligonucleotide comprising at least 10
contiguous bases of any of the sequences listed as SEQ. IDs. No.34 to No.41
having a 35 sequence complementary to a portion of the RNA sequence of the
Mycobacterium tuberculosis pab gene to be amplified is used as the second
primer, wherein either   



- 6  the first or second primer includes the RNA polymerase promoter
sequence at its 5'-region. The second embodiment of the present invention,
which has been accomplished to achieve the second object 5 mentioned above,
relates to the method according to said first embodiment, wherein said
amplification process is carried out in the presence of an oligonucleotide
capable of specifically binding to the RNA transcription product resulting
from said amplification and labeled with an 10 intercalator fluorescent
pigment, and changes in the fluorescent properties of the reaction solution
is measured, with the proviso that the labeled oligonucleotide has a
sequence different from those of the first or second primer. 15 The third
embodiment of the present invention, which has been accomplished to achieve
the second object mentioned above, relates to the method according to said
second embodiment, characterized in that said oligonucleotide is designed
so as to complementarily bind 20 to a least a portion of the sequence of
said RNA transcription product, and the fluorescent property changes
relative to that of a situation where a complex formation is absent. The
fourth embodiment of the present invention, 25 which has been accomplished
to achieve the second object mentioned above, relates to the method
according to said third embodiment, characterized in that said
oligonucleotide comprises at least 10 contiguous bases of any of the
sequences listed as SEQ. IDs. No.42 to No.44 30 or its complementary
sequence. Brief Description of Drawings Fig. 1 is a urea modified 6%
polyacrylamide electrophoresis diagram for samples obtained by 35
performing binding tests on a standard RNA of Mycobacterium tuberculosis
pab gene at 91C, using oligonucleotides MP-1R to MP-20R (black and white
are    inverted). The arrows show the positions of the specific bands.
Lanes 1 to 20 show the results of the binding tests using MP-1R to MP-20R,
respectively, and lane N is a result for a negative control test (using the
diluent 



5 instead of RNA samples). RNA markers (0.1 to 1 kb, and 0.2 to 10 kb) were
used as the molecular markers (Lanes 191 and M2 ) . Fig.2 is an
electrophoresis diagram obtained from the RNA amplification reactions in
Example 2, employing 10 oligonucleotides combinations (a) to (m) shown in
Table 2. In this figure, P represents the result obtained by employing an
RNA sample having an initial RNA amount of 103 copies/test, while N is a
result for a negative control test (using the diluent instead of RNA
samples). 15 (err)X174/Hae III digest (Marker 4) was used as the molecular
marker (Lane M). Fig. 3 shows the results obtained in Example 3 employing
initial RNA amounts ranging of from 101 copies/test to 105 copies/test.
Panel (A) is a 20 fluorescence profile exhibiting the fluorescence increase
ratio that increases with the reaction time-course formation of RNA. Panel
(B) is a calibration curve resulting from the relationship between the
logarithm of initial RNA amount and the rising time. It was 25 demonstrated
that RNA with the initial copies of 102 copies/test can be detected by a
reaction for about 15 minutes, and that there is a correlation between the
initial RNA amount and the rising time. 30 Best Mode for Carrying Out the
Invention As mentioned above, the first object of the present invention is
to provide an oligonucleotide capable of cleaving and amplifying a pab gene
which codes for an antigenic protein of Mycobacterium tuberculosis, pab, or
35 an RNA derived from said gene, as well as being useful in highly
sensitive detection and identification of said gene or RNA.   _ g _ The
oligonucleotides of the invention are oligonucleotides that complementary
bind in a specific manner to intramolecular structure-free regions of the
target RNA in the aforementioned RNA amplification, and 5 they are capable
of binding specifically to the target RNA without heat denaturation
described above. In this manner, the present invention provides
oligonucleotides that binds to intramolecular structure-free regions of the
Mycobacterium tuberculosis RNA at a relatively low 10 and constant
temperature (35-50C, and preferably 41C), which are useful for specific
cleavage, amplification, detection or the like of Mycobacterium
tuberculosis RNA. More specifically, the present invention relates to
oligonucleotide probes for cleaving said target RNA at 



15 specific site, oligonucleotide primers for amplifying said target DNA
with PCR, oligonucleotide primers for amplifying said target RNA with NASBA
or the like, and oligonucleotides which accomplish rapidly and highly
sensitive detection by using them as oligonucleotide 20 probes for
detecting the target nucleic acid without or after performing these
amplifications. SEQ. IDs. No.l through No.20 illustrate the
oligonucleotides of the present invention useful in cleavage,
amplification, detection or the like of RNA 25 derived from Mycobacterium
tuberculosis. In this connection, RNA derived from Mycobacterium
tuberculosis also includes RNA that has been produced by using this gene as
a template. Although each of the oligonucleotide of the present invention
may include entire base sequence 30 of any of SEQ IDs No. 1 to No. 20,
since an order of 10 bases is adequate for specific binding to an RNA
derived from Mycobacterium tuberculosis, these oligonucleotides can be ones
comprising at least 10 contiguous bases of the described sequences. 35 The
oligonucleotides of the present invention can be used) for example, as
probes for cleaving RNA. In the case of cleaving the target RNA at a
specific site, this   _ g _ can be accomplished merely by hybridizing the
oligonucleotides of the present invention to singlestranded target RNA, and
then treating it with an enzyme which digests only the RNA portion of the
double-stranded 5 RNA-DNA. As this enzyme, typically, an enzyme known to
have Ribonuclease H activity may be used. Each oligonucleotide of the
present invention can be used, for example, as an oligonucleotide primer
for nucleic acid amplification. If a nucleic acid 10 amplification method
is carried out using the oligonucleotide of the present invention as the
primer, it would be possible to amplify only the target nucleic acid,
namely Mycobacterium tuberculosis nucleic acid. Although examples of
amplification methods include PCR, 15 LCR, NASBA and 3SR, nucleic acid
amplification methods that can be carried out at a constant temperature
such as LCR, NASBA and 3SR are particularly preferable. Mycobacterium
tuberculosis can be detected by detecting the amplification product by
various methods. In this 20 case, any of the above oligonucleotides other
than the oligonucleotide used in the amplification may be used as the
probe, and the fragment of the amplified specific sequence can be confirmed
by electrophoresis or the like. Each oligonucleotide of the present
invention can be 25 used as a probe by, for example, modifying its portion
or labeling it with a detectable marker, when detecting the target nucleic
acid, the oligonucleotide of the present invention labeled with the
detectable marker may be hybridized to a single-stranded target nucleic
acid, 30 after which the hybridized probe can be detected via the marker.
The marker detection may be carried out by a method suitable for the
particular marker, and for example, when using an intercalator fluorescent
dye for labeling the oligonucleotide, a dye with the property of 35
exhibiting increased fluorescent intensity by intercalation in the
double-stranded nucleic acid comprising the target nucleic acid and the 



- 10  oligonucleotide probe may be used in order to allow easy detection of
only the hybridized probe without removal of the probe that has not
hybridized to the target nucleic acid. when using a common fluorescent dye
as the marker, 5 the marker may be detected after removal of the probe that
has not hybridized to the target nucleic acid. For the detection, the
target nucleic acid in the sample is preferably amplified to a detectable
amount by a nucleic acid amplification method such as PCR, NASBA or 3SR 10
method, among which isothermal nucleic acid amplification methods such as
the NASBA and 3SR methods are most preferable. Alternatively, when
incorporating the oligonucleotide-labeled probe in the reaction solution
during the amplification, it is especially preferable to 15 modify the
probe by, for example, adding glycolic acid to the 3'-end so that the probe
will not function as a nucleotide primer. As mentioned above, the second
object of the present invention is to provide preferable combinations 20 of
oligonucleotides capable of specifically amplifying an RNA derived from
said pab gene at a relatively low temperature (41C, for example) as well as
useful in carrying out a highly sensitive detection and identification of
said RNA. 25 The invention related to this second object provides a nucleic
acid amplification process for amplifying an RNA derived from Mycobacterium
tuberculosis pab gene, and a method for detecting an RNA transcription
product produced by this nucleic acid amplification process. 30 This
nucleic acid amplification process includes PCR, NASBA or 3SR method, among
which isothermal nucleic acid amplification methods such as the NASBA and
3SR methods, which amplifies the RNA derived from Mycobacterium
tuberculosis pab gene by use of a concerted action of a 35 reverse
transcriptase and an RNA polymerase (by reacting the reverse transcriptase
and the RNA polymerase under a condition to provide a concerted action),
are mostly   - 11  preferable. For example, in the amplification process of
the NASBA method, an RNA derived from Mycobacterium tuberculosis pab gene
present in a sample is used as a 5 template for synthesis of a DNA
employing an RNAdependent DNA polymerase, the RNA of the double-stranded
RNA/DNA is digested by Ribonuclease H to produce a single-stranded DNA, the
single-stranded DNA is then used as a template for production of a
double-stranded DNA 



10 having a promoter sequence capable of transcribing RNA comprising the
specific sequence or a sequence complementary to said specific sequence
employing a DNAdependent DNA polymerase, the double-stranded DNA produces
an RNA transcription product in the presence of 15 an RNA polymerase, and
the RNA transcription product is then used as a template for cDNA synthesis
employing the RNA-dependent DNA polymerase. The present invention is
characterized in that an oligonucleotide comprising at least 10 contiguous
bases of any of the sequences listed 20 as SEQ. IDs. No.28 to No.33 having
a sequence homologous to a portion of the RNA sequence of the Mycobacterium
tuberculosis pab gene to be amplified is used as the first primer and an
oligonucleotide comprising at least 10 contiguous bases of any of the
sequences listed as 25 SEQ. IDs. No.34 to No.41 having a sequence
complementary to a portion of the RNA sequence of the Mycobacterium
tuberculosis pab gene is used as the second primer, wherein either the
first or second primer has the RNA polymerase promoter sequence at its
5'-region. 30 Although there are no particular restrictions on the
RNA-dependent DNA polymerase, the DNA-dependent DNA polymerase and the
ribonuclease H to be used in the present invention, it is preferable to use
AMV reverse transcriptase having all of these types of activity. 35
Moreover, although the RNA polymerase to be used in the present invention
is not particularly restricted, T7 phage RNA polymerase or SP6 phage RNA
polymerase is   - 12  preferably used. In the amplification process of the
present invention, an oligonucleotide that is complementary to the region
adjacent to and overlapping with the 5' end 5 region of the specific
sequence (bases 1 to 10) of the RNA derived from Mycobacterium tuberculosis
pab gene is added, and the RNA derived from Mycobacterium tuberculosis pab
gene is cleaved with Ribonuclease H at the 5' end region of the specific
sequence to give the 10 initial template for nucleic acid amplification,
thereby allowing amplification even for an RNA derived from Mycobacterium
tuberculosis pab gene without having the specific sequence positioned at
its 5' end. The oligonucleotide used for the cleaving may, for example, 15
be any of those listed as SEQ. IDs No. 22 to No. 27, provided that it
differs from the one used as the second primer in the amplification
process. In addition, the oligonucleotide for cleaving is preferably
chemically modified (for example, aminated) at the 3' hydroxyl group 20 in
order to prevent an extension reaction from the 3' end. Although the
amplification product obtained by the above amplification process can be
detected by any known method, per se, it is preferable to carry out the 25
detection, in the presence of an oligonucleotide probe labeled with an
intercalator fluorescent pigment, by measuring changes in the fluorescent
properties of the reaction solution. This oligonucleotide may be one in
which the intercalator fluorescent pigment is bonded to a 



30 phosphorous atom in the oligonucleotide through a linker. The
oligonucleotide is characterized in that when it forms a double-stranded
chain with the target nucleic acid, separation analysis is not required
because the intercalator portion intercalates into the double 35 stranded
chain portion to vary the fluorescent characteristics (Ishiguro, T. et al.
(1996)) Nucleic Acids Res. 29 (29) 9992-4997).   - 13  The oligonucleotide
sequence is not critical so long as it has a sequence complementary to at
least a portion of the amplification product. However, the oligonucleotide
sequence is preferably one comprising at 5 least 10 contiguous bases of the
sequence listed as SEQ. IDs. No. 42 to No. 44, or complementary sequence
thereof. Moreover, chemical modification (for example, glycolic acid
addition) at the 3' end hydroxyl group of the oligonucleotide is preferred
in order to inhibit an 10 extension reaction based on the oligonucleotide
used as a primer. Accordingly, it becomes possible to amplify and detect an
RNA having the same sequence as the specific sequence of an RNA derived
from Mycobacterium 15 tuberculosis pab gene in a single tube at a constant
temperature and in a single step, and, thus, the amplification process is
easily automated. The present invention will now be explained in 20 greater
detail by way of examples, with the understanding that the invention is not
limited by the examples. Examples Example 1 25 Oligonucleotides which
specifically bind to Mycobacterium tuberculosis pab-RNA at 41C were
selected. The pab-RNA is a synthesized and purified RNA obtained by in
vitro transcription using double-stranded DNA containing the pab-RNA base
sequence as the template. 30 (1) A sample of a standard RNA (SEQ. ID No.21)
comprising bases No. 111 to No. 1936 of pab-RNA derived from Mycobacterium
tuberculosis pab gene (the RNA base sequence numbering is in accordance
with Inf. and Immun. 35 57, 2981-2988 (1989)) was quantified by ultraviolet
absorption at 260 nm, and then diluted with an RNA diluent (10 mM Tris-HC1
buffer (pH 8.0), 0.1 mM EDTA, 1 



- 14  mM DTT, 0.5 U/~1 RNase Inhibitor (Takara Shuzo Co., Ltd.) to 1.53
pmol/~1. (2) Next, a reaction solution in an amount of 14 ~l having the
following composition was dispensed into 0.55ml volume PCR tubes (GeneAmp
Thin-Walled Reaction~''Tubes;Perkin-Elmer Co., Ltd.).Reaction Solution
Composition (Each concentrationdesignating one in a final reaction
solutionin an amountof 15 ~1 )1060 mM Tris-HC1 buffer (pH 8.6)17 mM
magnesium chloride90 mM potassium chloride39 U RNase inhibitor (Takara
ShuzoCo., Ltd.)1 mM DTT150.066 ~M standard RNAdistilled water for adjusting
volume0.2 ~M oligonucleotide solution (oneof theoligonucleotides shown
below was used)MP-1R (oligonucleotide complementary tobases No.21620to
No.236 of Mycobacterium tuberculosispab gene;SEQ. ID. No. 1)MP-2R
(oligonucleotide complementary tobases No.268to No.288 of Mycobacterium
tuberculosispab gene;SEQ. ID. No. 2)25MP-3R (oligonucleotide complementary
tobases No.319to No.339 of Mycobacterium tuberculosispab gene;SEQ. ID. No.
3)IdP-4R (oligonucleotide complementary tobases No.955to No.476 of
Mycobacterium tuberculosispab gene;30SEQ. ID. No. 4)MP-5R (oligonucleotide
complementary tobases No.984to No.509 of Mycobacterium tuberculosispab
gene;SEQ. ID. No. 5)MP-6R (oligonucleotide complementary tobases No.99835to
No.517 of Mycobacterium tuberculosispab gene;   - 15  SEQ. ID. No. 6)MP-7R
(oligonucleotide complementary to bases No.535to No.554 of Mycobacterium
tuberculosis pab gene;SEQ) ID. No. 7)5MP-8R (oligonucleotide complementary
to bases No.675to No.697 of Mycobacterium tuberculosis pab gene;SEQ. ID.
No. 8)MP-9R (oligonucleotide complementary to bases No.712to No.731 of
Mycobacterium tuberculosis pab gene;10SEQ. ID. No. 9)MP-10R
(oligonucleotide complementary to basesNo.724 to No.743 of Mycobacterium
tuberculosis pabgene; SEQ. ID. No. 10)MP-11R (oligonucleotide complementary
to bases15No.757 to No.778 of Mycobacterium tuberculosis pabgene; SEQ. ID.
No. 11)MP-12R (oligonucleotide complementary to basesNo.790 to No.809 of
Mycobacterium tuberculosis pabgene; SEQ. ID. No. 12)20MP-13R
(oligonucleotide complementary to basesNo.937 to No.956 of Mycobacterium
tuberculosis pabgene; SEQ. ID. No. 13)MP-19R (oligonucleotide complementary
to basesNo.961 to No.982 of Mycobacterium tuberculosis pab25gene; SEQ. ID.
No. 14)MP-15R (oligonucleotide complementary to basesNo.1011 to No.1030 of
Mycobacterium tuberculosis pabgene; SEQ. ID. No. 15)MP-16R (oligonucleotide
complementary to bases30No.1071 to No.1093 of Mycobacterium tuberculosis
pabgene; SEQ. ID. No. 16)1~".P-17R (oligonucleotide complementary to
basesNo.1103 to No.1123 of Mycobacterium tuberculosis pabgene; SEQ. ID. No.
17)35MP-18R (oligonucleotide complementary to basesNo.1166 to No.1185 of
Mycobacterium tuberculosis pabgene; SEQ. ID. No. 18)   - 16  5 10 15 20 



25 30 35 MP-19R (oligonucleotide complementary to bases No.1255 to No.1278
of Mycobacterium tuberculosis pab gene; SEQ. ID. No. 19) MP-20R
(oligonucleotide complementary to bases No.1270 to No.1290 of Mycobacterium
tuberculosis pab gene; SEQ. ID. No. 20) (3) The reaction solutions were
then incubated at 41C for 5 minutes, and then 1 N1 of 8U/ul AMV-Reverse
transcriptase (Takara Shuzo Co., Ltd.; an enzyme that cleaves the RNA of
DNA/RNA double strands) was added. (4) Subsequently, the PCR tubes were
incubated at 41C for 10 minutes. (5) Urea-polyacrylamide gel (acrylamide
concentration: 6~, urea: 7 M) electrophoresis was conducted to confirm the
cleaved fragments after the reaction. Dyeing following the electrophoresis
was carried out with SYBR Green III'' (Takara Shuzo Co., Ltd.). Upon
binding of the oligonucleotide to the specific site of the target RNA, the
RNA of the DNA/RNA double strands is cleaved by the ribonuclease H activity
of AMV transcriptase. As a result, a characteristic band could be observed.
The results of electrophoresis are shown in Fig. 1 (black and white
inverted). When the oligonucleotide specifically binds to the standard RNA,
the standard RNA will be digested in this binding region, yielding
digestion products having characteristic chain lengths. Table 1 shows the
positions and expected band chain lengths resulting when the
oligonucleotide specifically binds to the standard RNA. Specific bands were
confirmed for MP-1R, MP-2R, MP-9R, MP-6R, MP-7R, MP-8R, MP-9R, MP12R,
MP-13R, MP-19R, MP-15R, MP-17R and MP-18R. It was demonstrated that the
oligonucleotides strongly bind to the Mycobacterium tuberculosis pab gene
RNA at 41C in a   - 17  constant state. The base numbers shown in Table 1
represent those in the base sequence of the Mycobacterium tuberculosis pab
gene. Further, the circles in the Table represent that only specific bands
had been observed, and 5 the crosses therein represent that both specific
and nonspecific bands had been observed. Table 1 OligonucleotideBase
positionsExpected 



cleaved band lengths (baseResultMP-1R206-236111, l200QMP-2R268-288163,
1148QMP-3R319-339214, 1097MP-4R454-476350, 960QMP-5R484-504379,
932MP-6R498-517393, 919QMP-7R535-554430, 882QMP-8R674-697570,
739QMP-9R712-730607, 705QMP-10R724-7436l9, 693MP-11R757-778652,
658MP-12R790-809685, 627QMP-13R937-956832, 343QMP-14R961-982856,
954QMP-15R1011-1030906, 406QMP-16R1071-1093966, 343MP-17R1103-1123998,
313pMP-18R1l66-11851061, 251QMP-19R1256-12781151, 158MP-20RI 1270-1290I
1165, 196 As explained above, the oligonucleotides of the 10 present
invention are oligonucleotides that complementary bind to RNA derived from
pab gene, which is a genetic element of Mycobacterium tuberculosis, even
under conditions of relatively low and constant temperature (35-50C,
preferably 41C), which tend to cause an 15 intramolecular structure in RNA
and prevent binding of primers and probes thereto. Specific binding of the
oligonucleotides is therefore possible without heat denaturation of the
target RNA. The oligonucleotides of   - 18  the invention are thus useful
as oligonucleotides for cleavage, amplification, detection or the like of
RNA derived from Mycobacterium tuberculosis pab gene, i.e. as
oligonucleotide primers or oligonucleotide probes to be 5 used in RNA
amplification methods. Furthermore, the oligonucleotides of the invention
are also clearly useful for amplification and detection of Mycobacterium
tuberculosis pab gene. Oligonucleotides complementary to the
above-mentioned oligonucleotides are 10 also useful for amplification of
double-stranded DNA by the PCR method, or for detection of cDNA obtained by
reverse transcription of RNA. The oligonucleotides of the invention are not
limited to the specifically listed base sequences 15 (between 20 and 23
mers), and they may be oligonucleotides comprising at least 10 or more
contiguous bases within those sequences. This is obvious from the fact that
lOmer base sequences are sufficient to ensure adequate specificity of
primers or probes to 20 target nucleic acids under relatively low
temperature condition (preferably, at 41C). Example 2 An RNA amplification
reaction was carried out using 25 oligonucleotide probes which specifically
bind to an RNA derived from Mycobacterium tuberculosis pab gene. 



(1) A standard RNA (1326 mer)(SEQ. ID No.21) comprising bases No. 111 to
No. 1936 of pab-RNA derived from Mycobacterium tuberculosis pab gene was
diluted to a 30 concentration of 103 copies/5 ~1 with an RNA diluent (10 mM
Tris-HC1 buffer (pH 8.0 ) , 1 mt~l EDTA, 0.5 U/~1 RNase Inhibitor (Takara
Shuzo Co., Ltd.; 5 m12 DTT). In the control testing sections, only the
diluent was used (negative). 35 (2) A reaction solution in an amount of 20
N1 having the following composition was dispended into 0.5 ml volume   - 19
PCR tubes (Gene Amp Thin-Walled Reaction Tubes, PerkinElmer Co., Ltd.).
Then, the above RNA sample in an amount of 5 (err)1 was added. Reaction
Solution Composition (Each concentration 5 designating one in a final
reaction solution in an amount of 30 (err)l) 60 mM Tris-HC1 buffer (pH 8.6)
17 mM magnesium chloride 90 mM potassium chloride 10 39 U RNase Inhibitor 1
mM DTT 0.25 mM each of dATP, dCTP, dGTP and dTTP 3.6 mM ITP 3.0 mM each of
ATP, CTP, GTP and UTP 15 0.16 ~.M of the first oligonucleotide 1.0 ~.M of
the second oligonucleotide 1.0 ~M of the third oligonucleotide 



13 ~ DMSO Distilled water for adjusting volume 20 (3) An RNA amplification
reaction was carried out using the oligonucleotides having sequences listed
in Table 2 as the first, second and third oligonucleotides. A solution was
prepared so that the combination of the first, second and third
oligonucleotides became one as 25 listed in Table 2. (9) After incubating
the above reaction solution for 5 minutes at 41C, 5~1 of an enzyme solution
having the following composition was added. 30 Enzyme Solution Composition
(Each concentration designating one in a final reaction solution in an
amount of 30 (err)l) 1.7% sorbitol 3 Ng bovine serum albumin 35 192 U T7
RNA polymerase (Gibco)   - 20  8 U AMV-Reverse transcriptase (Takara Shuzo
Co., Ltd.) Distilled water for adjusting volume (5) Subsequently, the PCR
tubes were incubated for 30 5 minutes at 41C. (6) In order to identify the
RNA amplified portion following the reaction, agarose gel (4% agarose gel)
electrophoresis was performed. Dyeing following the electrophoresis was
performed with SYBR Green II'~' 10 (Takara Shuzo Co., Ltd). When an
oligonucleotide binds to the specific portion of the target RNA, the RNA
portion sandwiched by the second and third oligonucleotide is amplified,
thereby enabling observation of a characteristic band. 15 The results of
the electrophoresis are shown in Fig.2. The chain lengths of the specific
bands amplified in the reaction are shown in Table 2. Of the RNA
amplification reactions using the combinations of oligonucleotides shown in
Table 2, a specific band could 



20 be confirmed in combinations (c), (h) and (m). Accordingly, it was
demonstrated that these combinations are effective in detecting the
Mycobacterium tuberculosis. 25 Table 2 Combinationlst oligonucleot~de2nd
oligcnuclectide3rd cligonucleot:ideAmplification product chain len th
(base)(a)MP-4SMP-4FMP-9R270(b)MP-4SMP-4FMP-12R348(c)MP-13SMP-13FMP-17R
182(d)MP-1SMP-1FMP-3R118(e)MP-4SMP-4FMP-10R282(f)MP-45MP-4FMP-11R317(
)MP-6SMP-6FMP-10R241(h)MP-6SMP-6FMP-11R276(i)MP-9SMP-9F
~MP-16R377(')MP-12SMP-12FMP-16R299(k)MP-13SMP-13FMP-16R152(1)MP-13SMP-13FMP
-20R349(m)MP-6SMP-6FMP-9R229   - 21  5 10 15 20 25 30 



35 Table 2 shows the combinations of the first, second and third
oligonucleotides used in the present example, as well as the chain lengths
of the amplified specific band resulting from the RNA amplification
reactions using these combinations. The 3' end hydroxyl group of each first
oligonucleotide base sequence was aminated. Each second oligonucleotide
base sequence includes T7 promoter region in its region of from the 1st "A"
to the 28th "A" from the 5' end. The base numbers represent those in the
base sequence of the Mycobacterium tuberculosis pab gene. First
oligonucleotide MP-1S (SEQ. ID. No.22; Bases No. 2l3 to No. 236) MP-4S
(SEQ. ID. No.23; Bases No. 453 to No. 476) MP-6S (SEQ. ID. No.29; Bases No.
494 to No. 517) MP-9S (SEQ. ID. No.25; Bases No. 708 to No. 731) MP-12S
(SEQ. ID. No.26; Bases No. 786 to No. 809) MP-13S (SEQ. ID. No.27; Bases
No. 933 to No. 956) Second oligonucleotide MP-1F (SEQ. ID. No.28; Bases No.
228 to No. 250) MP-4F (SEQ. ID. No.29; Hases No. 468 to No. 990) MP-6F
(SEQ. ID. No.30; Bases No. 509 to No. 531) MP-9F (SEQ. ID. No.3l; Bases No.
723 to No. 745) MP-12F (SEQ. ID. No.32; Bases No. 800 to No. 823) MP-13F
(SEQ. ID. No.33; Bases No. 998 to No. 970) Third oligonucleotide MP-3R
(SEQ. ID. No.39; Bases No. 319 to No. 339) MP-9R (SEQ. ID. No.35; Bases No.
712 to No. 731) I~P-10R (SEQ. ID. No.36; Bases No. 729 to No. 793) MP-11R
(SEQ. ID. No.37; Bases No. 757 to No. 778) MP-12R (SEQ. ID. No.38; Bases
No. 790 to No. 809) MP-16R (SEQ. ID. No.39; Bases No. 1071 to No. 1093)
MP-17R (SEQ. ID. No.90; Bases No. 1103 to No. 1123) MP-20R (SEQ. ID. No.9l;
Bases No. 1270 to No. 1290) Example 3    Detection, in various number of
copies of RNA derived from Mycobacterium tuberculosis pab gene, was carried
out using combinations of oligonucleotides according to the present
invention. 5 (1) A standard RNA of pab-RNA derived from Mycobacterium
tuberculosis pab gene, as described in Example 2, was diluted to
concentrations ranging from 101 copies/5 (err)l to 105 copies/5 (err)l with
an RNA diluent (10 mM Tris-HC1 (pH 8.0), 1 mM EDTA, 0.5 U11 RNase Inhibitor
(Takara Shuzo 10 Co., Ltd.: 5 mM DTT). In the control testing sections,
only the diluent was used (negative). (2) A reaction solution in an amount
of 20 ~1 having the following composition was dispended into PCR tubes (0.5
ml volume; Gene Amp Thin-Walled Reaction Tubes, Perkin 



15 Elmer Co., Ltd.). Then, the above RNA sample in an amount of 5 (err)l
was added. Reaction Solution Composition (Each concentration designating
one in a final reaction solution in an amount 20 of 30 (err)l) 60 mM
Tris-HC1 buffer (pH 8.6) 17 mM magnesium chloride 150 mM potassium chloride
39 U RNase Inhibitor 25 1 mM DTT 0.25 m?d each of dATP, dCTP, dGTP and dTTP
3.6 mM ITP 3.0 mM each of ATP, CTP, GTP and UTP 0.16 ~M of the first
oligonucleotide (MP-13S; SEQ. 30 ID. 14o.27; wherein its 3' end hydroxyl
group is aminated) 1.0 ~M of the second oligonucleotide (MP-13F; SEQ. ID.
No.33) 1.0 NM of the third oligonucleotide (MP-17R; SEQ. ID. loo. 90 )   -
23  25 nM intercalator fluorescent pigment-labeled oligonucleotide
(YO-Pab1076-S-G; SEQ. ID. No.42; labeled with an intercalator fluorescent
pigment at the phosphorous atom between the 10th "A" and the 11th "T" 5
from the 5' end, and modified with a glycol group at its 3' end hydroxyl
group.) 13 % DMSO 



Distilled water for adjusting volume 10 (3) After incubating the above
reaction solution for 5 minutes at 41C, 5 (err)l of an enzyme solution
having the following composition and pre-incubated for 2 minutes at 41C was
added. Enzyme Solution Composition (Each concentration 15 designating one
in a final reaction solution in an amount of 30 (err)l ) 1.7% sorbitol 3
(err)lg bovine serum albumin 142 U T7 RNA polymerase (Gibco) 20 8 U
AMV-Reverse transcriptase (Takara Shuzo Co., Ltd.) Distilled water for
adjusting volume (9) The PCR tubes were then incubated at 41C using a
direct measurable fluorescence spectrophotometer equipped 25 with a
temperature controller, and the reaction solution was periodically measured
at an excitation wavelength of 970 nm and a fluorescent wavelength of 510
nm. Fig.3(A) shows the time-course changes in the fluorescence increase
ratio (fluorescence intensity at 30 predetermined time/background
fluorescence intensity) of the sample, where enzyme was added at 0 minutes.
Fig. 3(B) shows the relationship between the logarithm of the initial RNA
amount and the rising time (time at which the relative fluorescence reaches
the negative sample's 35 average value plus 3 standard deviations; i.e.,
the time to reach 1.2). The initial RNA amount was between 10'   - 24  



copies/test and 105 copies/test. Fig. 3(A) shows that 102 copies were
detected in about 15 minutes. A fluorescent profile and a calibration curve
both depending on the initial 5 concentration of the labeled RNA was
obtained, indicating that it is possible to quantify the target RNA present
in unknown samples. This demonstrates that this method allows rapid, highly
sensitive detection of Mycobacterium tuberculosis. 10 As has been explained
above, the present invention provides useful combinations of
oligonucleotide primers or oligonucleotide probes which specifically bind
to RNA derived from Mycobacterium tuberculosis pab gene, and 15 rapidly
amplify and detect the target RNA even under relatively low and constant
temperature (35-50C and preferably 41C) conditions in which RNA in a sample
would form an intramolecular structure which inhibit the primer and probe
binding. 20 The base lengths of the oligonucleotides in the combinations of
the present invention are not limited to the concretely described lengths,
but rather include oligonucleotides comprised of at least 10 contiguous
bases within these sequences. This is clear from the 25 fact that a base
sequence of about 10 mer is adequate for ensuring specificity of primer or
probe to a target nucleic acid under relatively low temperature (preferably
41C) conditions.   - 25  CLAIMS 1. An oligonucleotide for cleavage,
detection or amplification of pab gene, a gene element of Mycobacterium
tuberculosis, or an RNA derived from said 5 gene, which oligonucleotide is
capable of binding specifically to said pab gene or RNA derived therefrom,
and comprises at least 10 contiguous bases of any of the sequences listed
as SEQ. IDs. No. 1 to No. 20, or an oligonucleotide complementary to said
oligonucleotide. 10 2. The oligonucleotide according to claim 1, wherein
said oligonucleotide is an oligonucleotide primer for DNA elongation
reaction. 3. The oligonucleotide according to claim 1, wherein said
oligonucleotide is an oligonucleotide probe 15 a portion of which is
modified or labeled with a detectable marker. 4. The oligonucleotide
according to claim 3, wherein said oligonucleotide is a synthetic
oligonucleotide in which a portion of its bases) is 20 (are) modified
without impairing the function of said oligonucleotide as an
oligonucleotide probe. 



5. A method for amplifying pab gene, a gene element of Mycobacterium
tuberculosis, which employs an RNA amplification process, comprising the
steps of: 25 forming a cDNA with an RNA-dependent DNA polymerise using a
specific sequence of an RNA derived from said pab gene present in a sample
as a template, with a first primer having a sequence homologous to said
specific sequence and a second primer having a sequence complementary to 30
said specific sequence, wherein either the first or second primer has a
sequence having the RNA polymerise promoter sequence added at its
5'-region, thereby producing an RNA-DNA double-strand; digesting the RNA of
said RNA-DNA double-strand with Ribonuclease H to form a 35 single-stranded
DNA; and then forming a double-stranded DNA that includes the promoter
sequence allowing transcription of said specific sequence or an RNA   - 26
comprising a sequence complementary to said specific sequence with a
DNA-dependent DNA polymerase using said single-stranded DNA as a template,
said double-stranded DNA produces an RNA transcription product in the
presence 5 of an RNA polymerase, and said RNA transcription product is
subsequently used as the template for the cDNA synthesis with said
RNA-dependent DNA polymerase; said method is characterized in that an
oligonucleotide comprising at least 10 contiguous bases of any of the 10
sequences listed as SEQ. IDs. No. 28 to No. 33 having a sequence homologous
to a portion of the RNA sequence of the Mycobacterium tuberculosis pab gene
to be amplified is used as the first primer and an oligonucleotide
comprising at least 10 contiguous bases of any of the 15 sequences listed
as SEQ. IDs. No. 39 to No. 41 having a sequence complementary to a portion
of the RNA sequence of the Mycobacterium tuberculosis pab gene is used as
the second primer. 6. The method according to claim 5, wherein said 20 RNA
amplification process is carried out in the presence of an oligonucleotide
probe capable of specifically binding to the RNA transcription product
resulting from said amplification and labeled with an intercalator
fluorescent pigment, and changes in the fluorescent 25 properties of the
reaction solution is measured, with the proviso that the labeled
oligonucleotide has a sequence different from those of said first and
second primers. 7. The method according to claim 6, characterized in that
said probe is designed so as to complementary 30 bind to at least a portion
of the sequence of said RNA transcription product, and the fluorescent
property changes relative to that of a situation where a complex formation
is absent. 8. The method according to claim 7, characterized 35 in that
said probe has a sequence comprising at least 10 contiguous bases of any of
the sequences listed as SEQ. IDs. No. 92 to No. 99 or a sequence
complementary   



- 27  thereto.
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