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Description

Field of the Invention

[0001] The present invention relates to a method for detecting the presence of a nucleic acid sequence of interest,
and to a kit of components for performing the assay method.

Background of the Invention

[0002] A number of nucleic acid amplification processes are described in the prior art. One such well known process,
polymerase chain reaction (PCR), is disclosed in US patent nos. 4683195 and 4683202. The PCR process involves
the use of nucleic acid primers which anneal to opposite strands of a DNA duplex; these primers are extended using
thermostable DNA polymerase in the presence of nucleotide triphosphates to yield two duplex copies of the original
nucleic acid sequence. Successive cycles of denaturation, annealing and extension are undertaken in order to further
amplify copies of the original nucleic acid sequence.
[0003] This method has some disadvantages including the need for adjusting reaction temperatures alternately be-
tween intermediate (e.g. 50°C - 55°C) and high (e.g. 90°C - 95°C) temperatures, involving repeated thermal cycling.
Also the time scale required for multiple cycles of large temperature transitions to achieve amplification of a nucleic
acid sequence and the occurrence of sequence errors in the amplified copies of the nucleic acid sequence is a major
problem, as errors occur during multiple copying of long sequence tracts. Additionally, detection of the amplified nucleic
acid sequence generally requires further processes e.g. agarose gel electrophoresis.
[0004] Alternative nucleic acid amplification processes are disclosed in WO 88/10315 (Siska Diagnostics) and Eu-
ropean patent nos. 329,822 (Cangene) and 373.960 (Siska Diagnostics). These amplification processes are based on
a reaction comprising alternate cycles of DNA and RNA synthesis. This alternating RNA/DNA synthesis is achieved
principally through the annealing of oligonucleotides adjacent to a specific DNA sequence, whereby the annealed
oligonucleotides comprise a transcriptional promoter and initiation site. The RNA copies of the specific sequence so
produced, or alternatively an input sample comprising a specific RNA sequence, are then copied as DNA strands using
a nucleic acid primer and the RNA from the resulting DNA:RNA hybrid is either removed by denaturation (WO 88/10315)
or removed with RNase H (EP 329,882 and EP 373,960). The annealing of oligonucleotides forming a transcription
promoter is then repeated in order to repeat RNA production. Amplification is thus achieved principally through the use
of efficient RNA polymerases to produce an excess of RNA copies over DNA templates.
[0005] The RNase version of this method has great advantages over PCR in that amplification can potentially be
achieved at substantially a single temperature (i.e. isothermally). Additionally, a much greater level of amplification per
cycle can be achieved than for PCR i.e. a doubling of DNA copies per cycle for PCR, compared with 10-100 RNA
copies per cycle using T7 RNA polymerase. A disadvantage associated with the DNA:RNA cycling method described
in EP 329,822 is that it requires test nucleic acid with discrete ends for the annealing of oligonucleotides to create the
transcriptional promoter. This poses difficulties in detection of, for example, specific genes in long DNA molecules.
Further disadvantages of this method are that at least three enzymes are required to undertake the DNA:RNA cycling
with potentially deleterious consequences for stability, cost and reproducibility; and that one or more further processes
are invariably required (e.g. gel electrophoresis) for detection of the amplified nucleic acid sequence.
[0006] The processes described above all refer to methods whereby a specific nucleic acid region is directly copied
and these nucleic acid (RNA and/or DNA) copies are further copied to achieve amplification. The variability between
various nucleic acid sequences is such that the rates of amplification between different sequences by the same process
are likely to differ thus presenting problems for example in quantitating the original amount of specific nucleic acid.
[0007] The prior art methods described above have a number of disadvantages in the amplification of their target
nucleic acid. It seems to the present inventors that a method for the sensitive detection of a specific target nucleic acid
sequence should have the following characteristics:

a) the process should not necessarily require copying of the target sequence;
b) the process should not involve multiple copying of long tracts of sequence to minimise sequence errors;
c) the process should be generally applicable to both DNA and RNA target sequences, including specific sequences
without discrete ends;
d) the signal should result from the two or more different hybridisation events so as to improve specificity;
e) the process should include an option for detection of hybridised probe without any additional processes.

[0008] A nucleic acid amplification process that fulfils the above desiderata is disclosed in WO 93/06240 (Cytocell
Ltd). This amplification process is centred around the use of two nucleic acid probes which contact the target nucleic
acid, portions of said probes being capable of hybridising to the sequence of interest such that the probes are adjacent
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or substantially adjacent to one another, so as to enable other portions of the first and second probes to become
annealed to each other. Following annealing, chain extension of one of the probes is achieved by using part of the
other probe as a template. Amplification of the extended probe is typically accomplished by: hybridisation of a further
probe substantially complementary to part of the newly synthesised sequence of the extended first probe; extending
the further probe by use of an appropriate polymerase using the extended first probe as a template; and separating
the extended first and further probes, such that the extended further probe can act as a template for the extension of
other first probe molecules, and the extended first probe can act as a template for the extension of other further probe
molecules.
[0009] Other disclosures of interest include US 5,541,503 and US 5,424,413 (Gen-Probe, Inc.), which refer to the
possibility of forming stem/loop structures upon hybridising a nucleic acid probe to a target sequence. The stem/loop
may be formed in either the probe or the target sequence. The documents teach the detection of the duplex stem by
various means.
[0010] WO 97/19193 (Yale University, published 29th May 1997) describes a method of amplifying nucleic acid by
means of "rolling circle replication", which produces long concatameric copies of circular probe molecules. The pre-
ferred method involves the hybridisation of a linear probe molecule to a target sequence of interest, which brings
together non-contiguous portions of the probe molecule, which are then joined in a ligation step to form closed circular
nucleic acid molecules. A second probe is hybridised to the circular molecule to initiate rolling circle replication.
[0011] Detection of nucleic acid target sequences of interest may be useful clinically (e.g. detecting nucleic acid
belonging to pathogens, thus aiding diagnosis of infectious disease, or detecting chromosomal abnormalities such as
the "Philadelphia" chromosomal translocation associated with certain cancers), or in public health or environmental
fields (e.g. detecting the presence of pathogens such as Salmonella spp in foodstuffs and the like, or detecting E. coli,
an indicator of faecal contamination, in water supplies and the like).
[0012] It should also be mentioned that those skilled in the art are also acquainted with a substance known as PNA
(or peptide nucleic acid). PNA comprises the conventional base compounds present in RNA or DNA. However, instead
of the bases being covalently bound to a sugar/phosphate backbone, the bases are joined to a peptide backbone. PNA
has many properties in common with RNA and DNA: for example, one can form chimeric duplex molecules by annealing
a PNA strand to a strand of RNA or DNA. However, PNA also differs from conventional nucleic acid in a number of
respects. In particular, the phosphate groups of DNA carry negative charges, and the repulsion between like charges
means that hybridisation of DNA strands must generally be performed in the presence of cations (e.g. aqueous salt
solutions) to reduce the electrostatic repulsion between the strands. PNA does not comprise negatively charged phos-
phate groups and so will generally hybridise more readily than conventional nucleic acid strands.

Summary of the Invention

[0013] The present invention typically fulfils all the aforementioned desiderata. In most embodiments, this is achieved
by the hybridisation of a long DNA molecule (DNA probe) which 'loops out' non-complementary sequence to the target
sequence; a second probe hybridises to the resulting "loop" and may be extended. In the absence of target sequence,
no loop is formed therefore the second probe cannot hybridise and hence prime the de novo synthesis of nucleic acid.
Moreover, the resulting new complementary nucleic acid can be amplified or detected by a range of alternatives in-
cluding the use of additional DNA probes or enzymes. An overall scheme for the formation of a loop nucleic acid
molecule for subsequent detection or amplification is shown in Figure 1. It will be understood that either the probe or
the target nucleic acid could be looped out in the operation of the present invention.
[0014] Therefore, in a first aspect the invention provides a method of detecting the presence of a nucleic acid target
sequence of interest in a sample, comprising the steps of:-

(a) reacting the sample containing the target sequence of interest with a first nucleic acid probe, so as to cause
hybridisation between complementary portions of the target and the probe, wherein the probe comprises 5' and
3' portions complementary to respective, substantially adjacent portions of the target sequence and an intervening
non-complementary portion which does not become hybridised to the target, thereby creating a loop region looped
out from a complex formed between the first probe and the target, such that non-contiguous portions of the first
probe are brought into close proximity;

(b) hybridising a second nucleic acid probe to the non-contiguous portions of the first probe;

(c) initiating nucleic acid synthesis, using the first probe as template, in a manner dependent upon hybridisation
of the second probe to the first probe; and

(d) detecting the newly synthesized nucleic acid from step (c) above.
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[0015] The method of the invention may be used qualitatively or quantitatively.
[0016] Those skilled in the art will appreciate that the first and/or second nucleic acid probes need not consist ex-
clusively of nucleic acid but may comprise e.g. PNA, or labelling reagents. Similarly, the target may comprise RNA or
DNA.
[0017] Generally the first probe will comprise between 50 and 5,000 nucleotides, preferably between 75 and 1,000
nucleotides. The 5' and 3' portions complementary to the target sequence may be of different length (in one embodi-
ment, detailed below, the 5' complementary portion is much longer than the 3' complementary portion). Typically each
complementary portion will comprise between 16 and 35 nucleotides. The intervening non-complementary portion of
the first probe will typically comprise 30-1,000 nucleotides, preferably 50-500 nucleotides.
[0018] The second probe will normally be smaller than the first probe, typically comprising 15-100 nucleotides, pref-
erably 15-50 nucleotides.
[0019] Those skilled in the art will appreciate that the second probe will hybridise to the intervening portion of the
first probe only if the 5' and 3' complementary portions of the first probe are themselves hybridised to the target sequence
of interest: it is the hybridisation of the 5' and 3' complementary portions to the target which brings into close proximity
the non-contiguous parts of the intervening portion of the first probe which, in the absence of the target sequence of
interest, remain separated from each other. Accordingly, the 5' and 3' portions of the first probe must hybridise to
respective complementary portions of the target which are substantially adjacent (e.g. within 10 nucleotides, preferably
within 5 nucleotides of each other, most preferably contiguous).
[0020] The second nucleotide probe is preferably designed such that each region of complementarity to the juxta-
posed non-contiguous loop sequences has a melting temperature [Tm] of at least Tm -10°C of the total Tm for the
annealing of the whole molecule. Therefore, the assay conditions are preferably designed such that annealing of probes
occurs at greater than Tm +10°C (preferably +15°C) above the Tm of the separate complementary regions of the
second probe. Hence, hybridisation of the second probe will only occur when sequences in the loop become juxtaposed
i.e. only in the presence of target under the assay conditions.
[0021] The precise conditions selected for performance of the assay will depend on the length and sequence of the
probes and the target. The person skilled in the art will readily be able to vary the conditions if necessary, using trial
and error, to obtain appropriate results. with the benefit of the present disclosure.
[0022] Once the first and second probes have hybridised to each other, two alternative methods are envisaged for
initiating nucleic acid synthesis according to step (c) above.
[0023] In one method (the "primer extension" method), the second probe acts as a primer for de novo nucleic acid
synthesis using the first probe as a template. Nucleotides are added to the 3' end of the second probe in a conventional
manner by an RNA or DNA polymerase. Preferably a DNA polymerase is used, to synthesis DNA (although, mutant
forms of RNA are known which may synthesise RNA or DNA [see: Kostyuk et al., 1995 FEBS Letts. 369, 165-168]).
If desired, the newly synthesised nucleic acid may incorporate labelling reagents (e.g. nucleotides or nucleotide ana-
logues labelled with fluorescent tags, or radiolabels) to facilitate detection of the newly synthesised nucleic acid (in
step (d) above).
[0024] In embodiments using the "primer extension" method, it is preferred that the 3' end of the first probe is blocked,
to prevent the first probe being extended in competition with extension of the second probe. Suitable blocking means
are well known to those skilled in the art and include, for example, the use of phosphate groups or of nucleotide
analogues (e.g. a dideoxynucleotide) at the 3' end, which prevent extension by polymerase enzymes.
[0025] The nature of the primer extension reaction will largely be determined by the choice of polymerase. Thus, for
example, if a highly processive polymerase is employed, one may obtain rolling circle replication of the first probe.
Polymerases suitable for rolling circle replication ideally are capable of displacing the second probe from the first probe
template (i.e. have a "strand displacement" activity), which is necessary to obtain multiple copies of the first probe. It
is also preferred that such polymerases lack a 5' to 3' exonuclease activity which, if present, would tend to cause
digestion of the newly-synthesised nucleic acid. In some embodiments of the present invention the template (i.e. the
first probe) is not a covalently closed circular nucleic acid molecule (e.g. is a loop, in which the ends are very close
together). Accordingly, it is preferred that a highly processive enzyme is employed in such embodiments if rolling circule
replication is desired. A particularly preferred polymerase is that obtainable from phage ø29 (see US Patent Nos.
5,198,543 and 5,001,050 and Gutiérrez et al, 1991 J. Biol. Chem. 266, 2104-2111). Less preferred are polymerases
obtainable from phage M2 (see Matsumoto et al, 1989 Gene 84, 247) or that obtainable from phage øPRD1 (see Jung
et al, 1987 Proc. Natl. Acad. Sci. USA 84, 8287) or polymerases from M13 or øx 174. In other embodiments, described
below, the first probe can be made into a covalently closed molecule and less processive enzymes may be employed
and rolling circle replication may still result. Other polymerases which may be suitable are disclosed in WO 97/19193.
[0026] It is noted that strand displacement factors (e.g. helicases) may be of assistance in obtaining rolling circle
replication, and that such factors may allow an enzyme to perform rolling circle replication which would not normally
be caused by such an enzyme in the absence of a strand displacement factor. A number of strand displacement factors
are known to those skilled in the art (e.g. calf thymes helicase, disclosed by Siegal et al, 1992 J. Biol. Chem. 267,
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13,629). Other strand displacement factors are described in WO 97/19193.
[0027] As outlined above, in some embodiments, the first probe can be converted into a covalently closed molecule,
which facilitates the performance of rolling cirle replication. In such embodiments the first probe comprises, internal to
the 5' and 3' portions complementary to the target, two relatively short self-complementary regions, one (the "5' self-
complementary sequence") substantially internally adjacent to the target-complementary 5' portion, and one (the "3'
self-complementary sequence") substantially internally adjacent to the target-complementary 3' portion, such that the
self-complementary portions flank the intervening non-complementary portion.
[0028] When the 5' and 3' target-complementary portions hybridise to the target, they bring into close proximity the
5' and 3' self-complementary sequences, allowing them to anneal to each other forming a stem structure supporting
the looped out non-complementary intervening portion. Each self-complementary sequence typically comprises be-
tween 4 and 20 nucleotides, preferably between 6 and 12 nucleotides, such that the stem structure (when formed)
comprises a corresponding number of base pairs. Those skilled in the art will appreciate that the self-complementary
sequences must be short relative to the 5' and 3' tarjet-complementary portions, otherwise the self-complementary
sequences may become annealed in the absence of the target sequence, which would in turn allow the second probe
to hybridise to the first probe. Accordingly, the region of complementarity producing the stem will preferably be such
that the Tm of the stem structure will be less than the overall Tm of the structure stabilised by target nucleic acid.
Hence, assay conditions are designed such that the reaction proceeds at least +10°C (preferably +15°C) above the
Tm of the stem complementary region.
[0029] The double stranded stem structure formed by the annealing of the 5' and 3' self-complementary sequences
will typically comprise a cleavage site, preferably a restriction endonuclease recognition site. The sequence of the first
and second probes will preferably be designed such that the site will be unique to the stem structure. Whilst a restriction
endonuclease site is preferred, other specific cleavage sites may be employed (e.g. one recognised by a ribozyme, or
by a cleavase). Alternatively, moderately specific cleavage may be obtained by chemical treatment (e.g. with EDTA or
other Fe2+ chelator).
[0030] Accordingly, treatment of the complex formed between the target, the first probe and the second probe, with
the appropriate cleavage mediator (e.g. restriction endonuclease) will cleave the stem structure, releasing the first
probe (and any second probe hybridised thereto) from the target sequence. Cleavage of the probe(s) from the target
sequence may have the advantage of facilitating subsequent nucleic acid synthesis and/or detection of newly synthe-
sised nucleic acid (e.g. by avoiding steric hindrance resulting from the presence of a possibly very large target se-
quence). The second probe is desirably selected so as to comprise a short sequence which is complementary to the
5' and 3' self-complementary sequences. Accordingly, the second probe is able to hybridise fully to the self-comple-
mentary sequences of the first probe once the stem structure has been cleaved by the endonuclease. Thus, a molecule
is formed which comprises partially double stranded, nicked nucleic acid. As will be apparent to those skilled in the
art, such a structure may be covalently closed by a ligase, yielding covalently closed circular first probe molecule to
which is hybridised the second probe. Primer extension (or, more particularly, rolling circle replication) may then proceed
as is conventionally known.
[0031] In general, once the second probe molecule has been extended, the newly synthesised nucleic acid may be
detected by any of a number of techniques already known to those skilled in the art. As described above, the newly
synthesised nucleic acid may incorporate labelling reagents. Alternatively, the nucleic acid may be detected and iden-
tified by electrophoresis on polyacrylamide or agarose gels (including the use of capillary electrophoresis, as described
by Schwartz & Ulfelder [1992 Anal. Chem. 64, 1737]; or by the hybridisation of a complementary labelled nucleic acid
probe; or by the binding of some other sequence-specific reagent (e.g. antibody or antibody fragment, or DNA-binding
protein, such as a zinc-finger protein, and the like), such as performance of enzyme linked oligonucleotide sorbant
assay (ELOSA), described by Berg et al, (1996 Molec. Cellular Probes 10, 7-14); or by fluorescence polarisation (e.g.
see "Detection of Amplified DNA by Fluorescence polarization" [1995] in Beacon Fluorescence Polarization System -
Applications Guide, PanVera Corporation, Madison, USA).
[0032] A particularly preferred detection method is the use of a "molecule beacon", which technique is described by
Tyagi & Kramer (1996 Nature Biotechnology 14, 303). In essence, the technique involves the provision of a molecular
beacon sequence which is complementary to the sequence to be detected (i.e. the newly synthesised nucleic acid).
The molecular beacon comprises at one end a fluorophore, and at the other end a quenching moiety. The molecular
beacon also comprises short self-complementary sequences which, in the absence of the nucleic acid to be detected,
remain annealed such that the quenching moiety is in close proximity to the fluorophore and quenches any fluorescence
generated by the fluorophore. However, in the presence of a complementary sequence to be detected the molecular
beacon is opened out, separating the fluorophore from the quenching moiety and allowing the fluorophore to fluoresce
uninhibited. which fluorescence may be detected in the conventional manner. Suitable fluorophores include FAM (FAM
is an abbreviation for "fluorescein addition monomer", which refers to 6 carboxy-fluorescein), EDANS (5-[2'-aminoethyl]
aminonaphthalene-1-sulfonic acid), and DABCYL (4-[4'-dimethylaminophenylazo] benzoic acid), and a suitable
quenching moiety for FAM includes methyl red.
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[0033] In a preferred embodiment primer extension of the second probe (whether by rolling circle replication or by
conventional "linear" primer extension) results in the formation of a functional, double-stranded RNA promoter. Thus,
the first probe will comprise one strand of an RNA promoter sequence, and the second strand is provided by extension
of the second probe. Numerous suitable RNA promoter sequences are known. Accordingly, upon the formation of such
an RNA promoter sequence, the corresponding RNA polymerase will synthesise RNA copies of the first probe in the
presence of a supply of ribonucleotides. The two preferred RNA polymerases are T7 RNA polymerase and SP6 RNA
polymerase, which are both commercially available and have been well characterised. Other RNA polymerases, with
known promoter sequences, may also be suitable. An advantage of this embodiment is that the RNA copies may be
produced isothermally (i.e. no temperature cycling is required in order to obtain amplification).
[0034] It is preferred that extension of the second probe results in the formation of a plurality of RNA promoters. This
may be achieved by designing the sequence of the first probe to comprise a plurality of single stranded RNA promoter
sequences, such that synthesis of the complementary nucleic acid strand (by extension of the second probe) results
in the formation of a plurality of active, double stranded RNA promoters. This has the advantage of allowing for the
production of multiple RNA sequences in a single cycle of RNA synthesis, giving increased amplification of the "signal"
generated by the presence of a single target sequence of interest.
[0035] The RNA copies of the first probe may be detected by any of the known methods outlined previously (e.g. gel
electrophoresis, hybridisation to complementary labelled sequences, incorporation of labelled ribonucleotides, etc).
Alternatively, the sequence of the first probe may be such that the RNA copies thereof may act as messenger RNA
molecules which, upon translation, produce a detectable polypeptide. A particularly suitable polypeptide would be a
small activator molecule, which activates an enzyme or enzyme precursor. An example of such an activator molecule
is the α peptide of β-galactosidase, which activates the M15 mutant form of β-galactosidase. The activated enzyme
can be used to give an easily readable colourimetric assay, in the presence of a suitable substrate. This type of assay
is described in greater detail in WO 93/01313.
[0036] In a particular embodiment, rolling circle replication of the first probe is performed by a DNA polymerase,
producing a long, concatameric nucleic acid molecule which comprises a plurality of tandem repeats of the sequence
complementary to the first probe sequence. Each repeat may comprise one or more single stranded RNA promoters.
If the first probe molecule is present in excess (or additional first probe is added after the initial hybridisation to the
target sequence) it will hybridise to the newly synthesised complementary strand, thus forming active double stranded
RNA promoters, which can be used to produce multiple RNA molecules for detection as described previously.
[0037] In some embodiments, the second probe comprises a short 5' portion which is not complementary to the first
probe, and thus produces a 5' tail. This has the advantage of facilitating strand displacement, and so assists in extension
of the second probe past its original 5' end. Thus, (using a polymerase without a significant 5'to 3' exonuclease activity),
there is enhanced likelihood of obtaining rolling circle replication. Alternatively, in other embodiments, displacement of
the 5' end of the original second probe allows extension of nucleic acid synthesis along towards the 5' end of the first
probe, rather than repeated rolling circle replication within the looped out region of the first probe. One may envisage
embodiments where, if the 5' target-complementary portion of the first probe is sufficiently long, and the 3' target-
complementary portion of the first probe is sufficiently short, strand displacement of the 5' target-complementary portion
during extension of the second probe may be sufficient to destabilise entirely the hybridization between the target
sequence and the first probe, such that first probe molecule becomes removed from the target sequence. If fresh first
probe molecules are available (e.g. by addition of extra molecules, or because of presence in excess ab initio), they
may then become hybridised to the target sequence, annealed to by a second probe molecule, and the cycle repeated
by extension of the second probe, and so on. This embodiment may be favoured if there are self-complementary
portions in the first probe which form a stem, as described previously.
[0038] The foregoing generally relates to embodiments of the invention in which the second probe is subjected to
primer extension. However, in an other embodiments, an active RNA promoter is formed simply by the hybridisation
of the second probe to the first probe. RNA copies of the first probe may then be synthesised and detected as described
above.
[0039] It will be apparent to those skilled in the art that a substantially equivalent topological arrangement may be
obtained by hybridising a probe so as to cause looping out of the target sequence. Such a method is normally less
preferable, because if the target sequence is to be looped out one has less flexibility in selection of the sequence of
the looped out region, whereas if the first probe is looped out, one can select and design the sequence of the probe
for desirable characteristics to a much greater degree.
[0040] Thus, in a second aspect the invention provides a method for detecting the presence of a nucleic acid target
sequence of interest in a sample, comprising the steps of:-

(a) reacting the sample containing the target sequence of interest with a first nucleic acid probe, so as to cause
hybridisation between complementary portions of the target and the probe, wherein the target comprises 5' and
3' portions complementary to respective, substantially adjacent portions of the probe and an intervening non-
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complementary portion which does not become hybridised to the probe, thereby creating a loop region looped out
from a complex formed between the probe and the target, such that non-contiguous portions of the target are
brought into close proximity;

(b) hybridising a second nucleic acid probe to the non-contiguous portions of the target;

(c) initiating nucleic acid synthesis using the target as template, in a manner dependent upon hybridisation of the
second probe to the target; and

(d) detecting the newly synthesised nucleic acid from step (c) above.

[0041] Those skilled in the art will appreciate that the techniques used to perform the method of the first aspect of
the invention will be broadly applicable to the method of the second aspect, defined above. It may be possible to select
a portion of the target sequence which comprises a single stranded RNA promoter, which will be complemented by
hybridisation and/or extension of the second probe to form an active double stranded promoter. Alternatively primer
extension of the second probe may result in the incorporation of labelled nucleotides or nucleotide analogues (e.g. by
rolling circle replication).
[0042] In a third aspect the invention provides for use of a kit in performing the method of the first aspect, the kit
comprising a first nucleic acid probe molecule for hybridisation to the target sequence of interest, and a second nucleic
acid probe molecule for hybridisation to non-contiguous portions of the first probe molecule which are brought into
close proximity upon hybridisation of the first probe to the target.
[0043] In a fourth aspect the invention provides for use of a kit in performing the method of the second aspect, the
kit comprising a first nucleic acid probe molecule for hybridisation to the target sequence of interest, and a second
nucleic acid probe molecule for hybridisation to non-contiguous portions of the target which are brought into close
proximity upon hybridisation of the first probe to the target.
[0044] The kit will typically further comprise a DNA polymerase and/or an RNA polymerase. Further optional com-
ponents of the kit include: instructions for use; nucleotides (ribonucleotides or deoxyribonucleotides) for synthesis of
nucleic acid; detection reagents (e.g. labelling reagents such as labelled nucleotides or nucleotide analogues, molec-
ular beacon sequences); enzyme cofactors; strand displacement factors; reaction buffers (e.g. for performing hybrid-
isation, or nucleic acid synthesis) and the like. The different components of the kit will typically be provided as an aliquot
or aliquots within a package.
[0045] The invention will now be further described by way of illustrative example and with reference to the accom-
panying drawings, in which:-

Figure 1 is a schematic representation of the principle features of the method of the first aspect of the invention;

Figures 2-5 and 7-8 are schematic representations of particular embodiments of the invention; and

Figure 6 is a photograph showing agarose gel electrophoresis detection of nucleic acid produced in performing
the method of the second aspect of the invention.

Example 1

[0046] The general principle of the method of the first aspect of the invention is illustrated schematically in Figure 1.
[0047] Referring to Figure 1, a target sequence 2 is reacted with a first nucleic acid probe 4 under suitable hybridi-
sation conditions. The probe 4 comprises a 5' target-complementary portion 6, and 3' target-complementary portion
8, and an intervening portion 10 which is not complementary to the target sequence 2. The 5' and 3' target-comple-
mentary portions (6, 8) are complementary to respective substantially adjacent portions (12, 14) of the target sequence
2, such that upon hybridisation of the probe 4 to the target sequence 2, non-contiguous portions 6' and 8' of the probe
4 are brought into close proximity (step (i)), whilst the rest of the intervening portion 10 is looped out. In step (ii) a
second nucleic acid probe 16 is hybridised to the non-contiguous portions 6', 8' of the probe 4, in such a manner that
nucleic acid synthesis may occur, using the first probe 4 as template (indicated in step (iii) as extension of the second
probe 16). Variants of this general principle have been described above.

Example 2

[0048] This example demonstrates the use of the method of the first aspect of the invention for the detection of target
nucleic acid (the Hepatitis B surface antigen gene), as a result of interaction with first and second probes to yield a de
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novo primer extended nucleic acid concatamer product. The example is illustrated schematically in Figure 2.

2.1. Preparation of Oligonucleotides

[0049] The target nucleic acid and first and second probes are synthesised by phosphoramidite chemistry using an
Applied Biosystems 380A synthesiser, according to the manufacturer's instructions. All oligonucleotides are HPLC
purified using standard techniques.

2.2. Looping out of probe amplification

[0050] Hybridisation reactions comprise mixtures of DNA including target DNA (Hepatitis B surface antigen gene
sequence), first and second probes, together with controls comprising mixtures with and without target or first and
second probes. For hybridisation reactions, 100ng of target Hepatitis B oligonucleotide is mixed with 100ng first probe
and 100ng second probe in a solution containing 0.2mM dNTP mix, 2.5µl 10x φ29 buffer, and distilled water to 25µl.
The mixture is heated to 94°C for 0.5 minutes to denature the nucleic acids, primers annealed at 47°C and extended
at 37°C for 90 minutes by addition of 5 units φ29 polymerase. An aliquot (5µl) of the resulting product is fractionated
by electrophoresis through a 1.5% Metaphor (FMC) agarose gel to observe and identify the primer extended product.

2.3. Oligonucleotides

Target Sequence

[0051]

First Probe

[0052]

Second Probe

[0053]

[0054] Equivalent components in Figure 2 are denoted with the same reference numerals as used in Figure 1. Re-
ferring to Figure 2, steps (i) and (ii) are performed essentially as described in Example 1. In step (iii), second probe 16
is extended by use of the highly processive DNA polymerase from phage ø29, resulting in rolling circle replication,
producing a long concatameric molecule of newly synthesised nucleic acid 18 which can be detected by a number of
means, including agarose gel electrophoresis (with visualisation in UV light, for example, in the presence of an inter-
calating dye).
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Example 3

[0055] This example demonstrates the formation of a functional T7 DNA dependent RNA polymerase promoter as
a result of the interaction of target nucleic acid (the carA gene from N. gonorrhoeae) and hybridised probes, to yield a
de novo synthesised RNA in the presence of T7 RNA polymerase. The method is illustrated schematically in Figure 3.

3.1. Preparation of Oligonucleotides

[0056] The target oligonucleotide and first and second probes are synthesised by phosphoramidite chemistry using
an Applied Biosystems 380A synthesiser, according to the manufacturer's instructions. All oligonucleotides are HPLC
purified using standard techniques.

3.2. Looping out of probe and RNA synthesis

[0057] Hybridisation reactions comprise mixtures of DNA including target oligonucleotide, first and second probes
together with relevant controls comprising mixtures with and without target or first and second probes. For hybridisation
reactions, 100ng of target oligonucleotide was mixed with 100ng of first probe and 200ng of second probe in a solution
containing 40nmoles rNTP mix, 4µl 5x T7 RNA polymerase buffer, and distilled water to 20µl. The mixture is heated
to 90°C for 3 minutes to denature the nucleic acids, incubated on ice for 2 minutes, and primers annealed and tran-
scribed at 37°C for 180 minutes by addition of 40 units T7 RNA polymerase. The resulting product is detected by the
hybridisation of molecular beacon, as described below.

3.3. Detection of RNA by molecular Beacon Assay

[0058] 5µl of reaction sample is added to the reaction mix consisting of 145µl hybridisation solution and 2picomol
molecular beacon (fluorochrome = FAM; quencher = methyl red), in a Labsystems Whitestrip well plate, which is incu-
bated in the dark with shaking at 22°C for 1 hour. Fluorescence signal from the hybridised beacon/target is measured
using the Wallac Victor 1420 Multilabel Counter, using the fluorescein protocol.
[0059] Figure 3 is a schematic representation of the example detailed above. Functionally equivalent integers are
denoted using the same reference numerals as in Figures 1 and 2.
[0060] Referring to Figure 3, steps (i) and (ii) are performed essentially as described in Example 1. However, first
probe 4 comprises a sequence which constitutes an inactive single stranded RNA promoter. Upon hybridisation of the
complementary portion of the second probe 16, an active double stranded T7 RNA polymerase promoter 20 is formed.
[0061] Addition of T7 RNA polymerase (step (iii)) leads to transcription from the RNA promoter site, producing multiple
RNA copies 22 of the first probe 4 which may be detected by any one of a number of means. In this example they are
detected by hybridisation to a fluorescent molecular beacon oligonucleotide.

Example 4

[0062] This example demonstrates the formation of a functional T7 DNA dependent RNA polymerase promoter as
a result of the interaction of target nucleic acid (the E6 oncogene from HPV 16) and hybridised probes. Primer extension
of one of these probes produces the functional promoter and enables the de novo synthesis of RNA in the presence
of T7 RNA polymerase. The example is represented schematically in Figure 4.

4.1. Preparation of Oligonucleotides

[0063] The target oligonucleotide and first and second probes are synthesised by phosphoramidite chemistry using
an Applied Biosystems 380A synthesiser, according to the manufacturer's instructions. All oligonucleotides are HPLC
purified using standard techniques.

4.2. Looping out of probe, primer extension and RNA synthesis

[0064] Hybridisation reactions comprise mixtures of DNA including target oligonucleotide, first and second probes
together with relevant controls comprising mixtures with and without target or first and second probes. For hybridisation
reactions, 100ng of target oligonucleotide is mixed with 100ng of first probe and 200ng of second probe in a solution
containing 10nmoles dNTP, 40nmoles rNTP mix, 4µl 5 x reaction buffer, and molecular biology grade water to 20µl.
The mixture is heated to 90°C for 3 minutes to denature the nucleic acids, incubated on ice for 2 minutes, and primers
annealed at 49°C, extended and RNA transcribed at 37°C for 180 minutes by addition of 2.5units of Klenow (exo-)
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DNA polymerase and 40 units T7 RNA polymerase. The resulting product is detected by the hybridisation of molecular
beacon as described in Example 3.

4.3. Oligonucleotides.

Target sequence

[0065]

First Probe

[0066]

Second Probe

[0067]

Molecular Beacon Oligonucleotide

[0068]

[0069] The example is represented schematically in Figure 4. Functionally equivalent integers are denoted by the
same reference numerals used in Figures 1 and 2.
[0070] Referring to Figure 4, steps (i) and (ii) are performed essentially as described in Example 1. However, unlike
in Example 3, mere hybridisation of the second probe 16 to the first probe 4 is insufficient to generate an active RNA
promoter. The RNA promoter sequence is located more 5' on the first probe 4 than in Example 3, such that primer
extension of the second probe 16, using Klenow polymerase (or other exonuclease deficient polymerase), is necessary
to produce nucleic acid complementary to the RNA promoter sequence on the first probe 4. Once the second probe
16 is extended however, an active RNA promoter 20 is formed which, upon addition of the T7 RNA polymerase (in
step (iii)), produces multiple RNA copies 22 of the first probe 4.

Example 5

[0071] This example demonstrates the synthesis of a de novo nucleic acid concatamer as a result of the interaction
of target nucleic acid (a specific sequence from Human cytomegalovirus), and hybridised probes, followed by specific
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restriction, release and ligation of a closed circular nucleic acid. The closed circular nucleic acid subsequently acts as
a template for the synthesis of a de novo primer extended product following the annealing of an extension primer. The
example is illustrated schematically in Figure 5.

5.1. Preparation of Oligonucleotides

[0072] The target nucleic acid and first and second probes are synthesised by phosphoramidite chemistry using an
Applied Biosystems 380A synthesiser, according to the manufacturers instructions. All oligonucleotides are HPLC
purified using standard techniques.

5.2. Looping out of probe, circularisation and amplification.

[0073] Hybridisation reactions comprise mixtures of DNA including target DNA (Human cytomegalovirus sequence),
and first and second probes together with controls comprising mixtures with and without target or first and second
probes. For hybridisation reactions, 100ng of target oligonucleotide is mixed with 100ng of first probe and 100ng of
second probe in a solution containing 0.2mM dNTP mix, 4µl 5 x universal buffer, and distilled water to 20µl. The mixture
is heated to 94°C for 0.5 minutes to denature the nucleic acids, primers annealed at 50°C for 10 minutes, followed by
30 minute incubation at 37°C in the presence of 5 units Stu1 restriction endonuclease. Following restriction, 5units of
T4 DNA ligase and 10 units φ29 polymerase is added and incubated at 37°C for 90 minutes. Detection of the resulting
primer extended product is achieved through the hybridisation of a molecular beacon (as described previously).

5.3. Oligonucleotides

Target Sequence

[0074]

First Probe

[0075]

Second Probe

[0076]
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Molecular Beacon Oligonucleotide

[0077]

[0078] All Molecular Beacon sequences quoted in this specification have a 5' FAM (fluorophore) and a 3' methyl red
(quencher).
[0079] The Example is illustrated schematically in Figure 5. Functionally equivalent integers are denoted by the same
reference numerals as in Figures 1 and 2.
[0080] Referring to Figure 5, steps (i) and (ii) are performed essentially as described previously. However, it should
be noted that the first probe 4 comprises 5' and 3' self-complementary portions (6" and 8" respectively) which can
anneal to each other, forming a stem 24, when stabilised by hybridisation to the target 2 of the 5' and 3' target-com-
plementary portions 6 and 8 (step (i)). In addition, the second probe 16 comprises a region 26 which is complementary
to the "top" part of the stem 24. Accordingly, when the double stranded stem 24 is cleaved by the action of a specific
restriction endonuclease (step (iii)), the second probe 16 can become completely base paired with the first probe 4,
which is released from the portions 6, 8 still hybridised to the target sequence 2. The first probe 4 thus has a double
stranded region (where the second probe 16 is hybridised) with a single stranded nick, which can be joined by a ligase
(step (iv)) to give a covalently closed circular molecule, which facilitates performance of rolling circle replication (step
(v)). The newly synthesised nucleic acid 18 is a concatameric product which can readily be detected (e.g. by hybridi-
sation to a molecular beacon oligonucleotide).

Example 6

[0081] This example demonstrates a method in accordance with the second aspect of the invention in which the
synthesis of a de novo nucleic acid strand is a result of the interaction of target nucleic acid (the cystic fibrosis tran-
sregulator (CFTR) gene), and hybridised probes to yield a de novo primer extended product.

6.1. Preparation of Oligonucleotides

[0082] First and second probes and all other oligonucleotides were synthesised by phosphoramidite chemistry using
an Applied Biosystems 380A synthesiser, according to the manufacturer's instructions. All oligonucleotides were HPLC
purified using standard techniques.

6.2. Preparation of target DNA

[0083] DNA samples were obtained from a normal individual homozygous for the non-mutated CFTR gene. DNA
was derived from blood lymphocytes in the following manner; 50µl of whole blood was washed twice in TE (10mMTris:
1mM EDTA.pH8). The cells were then lysed in polymerase chain reaction (PCR) buffer containing 0.5% Tween 20 and
Proteinase K (100mg/ml). Cells were incubated at 55°C for 1 hour followed by a heat inactivation step at 95°C for 10
minutes.
[0084] The CFTR region of interest was than amplified by the polymerase chain reaction (PCR) procedure as outlined
in EP200362). 10µl of the DNA preparation was placed in a 0.2ml microtube together with 5µl 10x PCR buffer, dNTP
mix (0.2mM each), 1 unit AmpliTaq polymerase (Roche Molecular Systems Inc.) and 0.5mM oligonucleotide amplifi-
cation primers (CTFR oligos 1 and 2). Amplification was undertaken by 35 cycles in a thermal cycler (GeneAmp PCR
System 2400 - Roche Molecular Systems Inc.) comprising successive steps of 94°C for 0.5 minutes, 55°C for 0.5
minutes and 72°C for 1 minute. The resulting 177bp PCR product was purified by elution through a PCR preparation
purification column (Qiagen Ltd.). Final PCR product concentration was made to 100ng/ml.

6.3. Looping out of target amplification.

[0085] Hybridisation reactions comprising mixtures of DNA including target DNA, and first and second probes, to-
gether with controls comprising mixtures with and without template or first and second probes were prepared. For
hybridisation reactions, 100ng of target CFTR DNA was mixed with 100ng of first probe and 100ng probe in a solution
containing 0.2mM dNTP mix, 2.5ul 10 x polymerase buffer (Boehringer Mannheim Gmbh) 1 unit Taq polymerase and
distilled water to 25ul. The mixture was heated to 94°C for 0.5 minutes to denature the target nucleic acid, and primers
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annealed and extended at 45°C for 1 minute. This procedure was repeated 20 times using a GeneAmp PCR System
2400 - (Roche Molecular Systems Inc.). An aliquot (15µl) of the resulting product was denatured at 94°C for 1 minute
prior to electrophoresis through a 3.5% Metaphor (FMC) agarose gel to observe and identify the primer extended
product. The results of the agarose gel electrophoresis are shown in Figure 6.

First Probe

[0086]

Second Probe

[0087]

CFTR oligonucleotide 1

[0088]

CFTR oligonucleotide 2

[0089]

[0090] Referring to Figure 6, the figure shows gel electrophoresis analysis of the results of the primer extension
reaction performed in accordance with the invention. The lane on the left labelled M comprises molecular weight mark-
ers. The other lanes comprise the results of reactions as follows:

lane 1 - 4µg/ml 177bp CFTR PCR fragment (target sequence) ÷ first and second probes;
lane 2 - control, as lane 1 but without first probe;
lane 3 - control, as lane 1 but without second probe;
lane 4 - control, as lane 1 but without target sequence.

It is apparent that only in lane 1 is the expected 96bp nucleotide extension product obtained. No extension product is
obtained in any of the control reactions.

Example 7

[0091] It will be evident to those skilled in the art that the above examples should not be deemed limiting and that
sequences could be modified such that the loop contains sequences to a plurality of T7 or Sp6 RNA polymerase
promoters. Upon primer extension of the second probe a plurality of active RNA polymerase promoters 20 is produced
(Figure 7, reference numerals as previously). It will also be obvious from the above examples that loop sequences
containing a plurality of RNA polymerase promoter sequences 20 when copied on a concatameric molecule 18 via
rolling circle amplification will become active when excess of the first probe 4 (loop sequence oligonucleotide) anneals
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to it. Therefore, in the presence of a specific RNA polymerase, multiple copies 22 of RNA molecules will be transcribed
(Figure 8, refernce numerals as previously).

SEQUENCE LISTING

(1) GENERAL INFORMATION:

[0092]

(i) APPLICANT:

(A) NAME: Cytocell Limited
(B) STREET: Somerville Court. Banbury Business Park
(C) CITY: Adderbury, Banbury
(D) STATE: Oxfordshire
(E) COUNTRY: United Kingdom
(F) POSTAL CODE (ZIP): OX17 3SN
(G) TELEPHONE: (01295) 810910
(H) TELEFAX: (01295) 812333

(ii) TITLE OF INVENTION: Assay Involving Looped Nucleic Acid

(iii) NUMBER OF SEQUENCES: 15

(iv) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: Patent In Release #1.0, Version #1.30 (EPO)

(2) INFORMATION FOR SEQ ID NO: 1:

[0093]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 71 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

(2) INFORMATION FOR SEQ ID NO: 2:

[0094]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 102 base pairs
(B) TYPE. nucleic acid
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

(2) INFORMATION FOR SEQ ID NO: 3:

[0095]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

(2) INFORMATION FOR SEQ ID NO: 4:

[0096]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 70 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

(2) INFORMATION FOR SEQ ID NO: 5:

[0097]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 126 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

(2) INFORMATION FOR SEQ ID NO: 6:

[0098]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

(2) INFORMATION FOR SEQ ID NO: 7:

[0099]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

(2) INFORMATION FOR SEQ ID NO: 8:

[0100]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 70 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:



EP 0 964 931 B1

5

10

15

20

25

30

35

40

45

50

55

17

(2) INFORMATION FOR SEQ ID NO: 9:

[0101]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 135 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

(2) INFORMATION FOR SEQ ID NO: 10:

[0102]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

(2) INFORMATION FOR SEQ ID NO: 11:

[0103]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:



EP 0 964 931 B1

5

10

15

20

25

30

35

40

45

50

55

18

(2) INFORMATION FOR SEQ ID NO: 12:

[0104]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

(2) INFORMATION FOR SEQ ID NO: 13:

[0105]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

(2) INFORMATION FOR SEO ID NO: 14:

[0106]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
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(2) INFORMATION FOR SEQ ID NO: 15:

[0107]

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

Claims

1. A method of detecting the presence of a nucleic acid target sequence of interest in a sample, comprising the steps
of:

(a) reacting the sample containing the target sequence of interest with a first nucleic acid probe, so as to cause
hybridisation between complementary portions of the target and the probe, wherein the probe comprises 5'
and 3' portions complementary to respective, substantially adjacent portions of the target sequence and an
intervening non-complementary portion which does not become hybridised to the target, thereby creating a
loop region looped out from a complex formed between the first probe and the target, such that non-contiguous
portions of the first probe are brought into close proximity;

(b) hybridising a second nucleic acid probe to the non-contiguous portions of the first probe,

(c) initiating nucleic acid synthesis, using the first probe as template, in a manner dependent upon hybridisation
of the second probe to the first probe; and

(d) detecting the newly synthesised nucleic acid from step (c) above.

2. A method according to claim 1, wherein the second probe is extended by a polymerase using the first probe as a
template.

3. A method according to claim 1 or 2, wherein the first probe comprises self-complementary sequences which be-
come annealed when the 5' and 3' target-complementary portions are hybridised to the target sequence, said
annealed self-complementary sequences forming a double stranded stem comprising a cleavage site.

4. A method according to claim 3, wherein the cleavage site is recognised by a restriction endonuclease.

5. A method according to claim 3 or 4, wherein the second probe comprises a sequence which is complementary to
the sequence of the stem when the stem is cleaved at the cleavage site.

6. A method according to any one of claims 3, 4 or 5 wherein, following cleavage of the stem, the free ends of the
stem are joined by a ligation step.

7. A method according to any one of the preceding claims, wherein the first probe comprises one strand of one or
more RNA promoters, and wherein the second probe comprises the complementary strand, such that hybridisation
of the second probe to the first probe results in the formation of one or more active, double stranded RNA promoters
which can initiate RNA synthesis in the presence of an RNA polymerase recognising the RNA promoter.

8. A method according to any one of the preceding claims, wherein the first probe comprises one strand of one or
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more RNA promoters, and wherein extension of the second probe results in the synthesis of the complementary
strand thereby forming one or more active, double stranded RNA promoters which can initiate RNA synthesis in
the presence of an RNA polymerase recognising the RNA promoter.

9. A method according to claim 7 or 8, wherein a number of identical RNA promoters is formed, each of which is
recognised by a single RNA polymerase.

10. A method according to any one of claims 7, 8 or 9, wherein the RNA promoter is recognised by T7 or Sp6 RNA
polymerases.

11. A method of detecting the presence of a nucleic acid target sequence of interest in a sample, comprising the steps
of:

(a) reacting the sample containing the target sequence of interest with a first nucleic acid probe, so as to cause
hybridisation between complementary portions of the target and the probe, wherein the target comprises 5'
and 3' portions complementary to respective, substantially adjacent portions of the probe sequence and an
intervening non-complementary portion which does not become hybridised to the probe, thereby creating a
loop region looped out from a complex formed between the first probe and the target, such that non-contiguous
portions of the target are brought into close proximity;

(b) hybridising a second nucleic acid probe to the non-contiguous portions of the target,

(c) initiating nucleic acid synthesis, using the target as template, in a manner dependent upon hybridisation
of the second probe to the target; and

(d) detecting the newly synthesised nucleic acid from step (c) above.

12. A method according to claim 11, wherein the second probe is extended by a polymerase using the target as a
template.

13. A method according to claim 11 or 12, wherein the target comprises one strand of one or more RNA promoters,
and wherein the second probe comprises the complementary strand, such that hybridisation of the second probe
to the target results in the formation of one or more active, double stranded RNA promoters which can initiate RNA
synthesis in the presence of an RNA polymerase recognising the RNA promoter.

14. A method according to any one of claims 11, 12 or 13, wherein the target comprises one strand of one or more
RNA promoters, and wherein extension of the second probe results in the synthesis of the complementary strand
thereby forming one or more active, double stranded RNA promoters which can initiate RNA synthesis in the
presence of an RNA polymerase recognising the RNA promoter.

15. A method according to claim 13 or 14, wherein a number of identical RNA promoters is formed, each of which is
recognised by a single RNA polymerase.

16. A method according to any one of claims 13, 14 or 15, wherein the RNA promoter is recognised by T7 or Sp6 RNA
polymerases.

17. A method according to any one of the preceding claims, wherein the 3' end of the first probe and/or the target is
blocked to prevent extension by a polymerase.

18. A method according to any one of the preceding claims, wherein the second probe is extended by rolling circle
replication.

19. A method according to any one of the preceding claims, comprising the use of a strand displacement factor.

20. A method according to any one of the preceding claims, wherein the newly-synthesised nucleic acid incorporates
a labelling reagent.

21. A method according to claim 20, wherein the labelling reagent is a labelled nucleotide or nucleotide analogue.
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22. A method according to any one of the preceding claims, wherein the newly synthesised nucleic acid is detected
by hybridisation to a molecular beacon sequence.

23. Use of a kit, the kit comprising a first nucleic acid probe molecule for hybridisation to the target sequence of interest,
a second nucleic acid probe molecule for hybridisation to non-contiguous portions of the first probe molecule which
are brought into close proximity upon hybridisation of the first probe to the target, in a method according to claim 1.

24. Use of a kit, the kit comprising a first nucleic acid probe molecule for hybridisation to the target sequence of interest,
a second nucleic acid probe molecule for hybridisation to non-contiguous portions of the target which are brought
into close proximity upon hybridisation of the first probe to the target, in a method according to claim 11.

25. Use of a kit according to claim 23 or 24, the kit further comprising one or more of the following components: a DNA
polymerase; an RNA polymerase; nucleotides (ribonucleotides or deoxyribonucleotides) for synthesis of nucleic
acid; detection reagents (e.g. labelling reagents such as labelled nucleotides or nucleotide analogues, molecular
beacon sequences); enzyme cofactors; strand displacement factors; and reaction buffers.

Patentansprüche

1. Verfahren zum Nachweisen des Vorhandenseins einer interessierenden Nukleinsäure-Zielsequenz in einer Probe,
das die Schritte umfasst:

a) Reagieren der Probe, die die untersuchte Zielsequenz enthält, mit einer ersten Nukleinsäuresonde, um
eine Hybrisidierung zwischen komplementären Abschnitten des Ziels und der Sonde zu bewirken, wobei die
Sonde 5'- und 3'-Abschnitte, die zu entsprechenden, im Wesentlichen benachbarten Abschnitten der Zielse-
quenz komplementär sind, und einen dazwischen liegenden, nicht komplementären Abschnitt umfasst, der
nicht an dem Ziel hybridisiert wird, wodurch ein Schleifenbereich erzeugt wird, der eine aus einem Komplex
herausragende Schleife bildet und zwischen der ersten Sonde und dem Ziel ausgebildet ist, so dass nicht
benachbarte Abschnitte der ersten Sonde in unmittelbare Nähe gebracht werden;
b) Hybridisieren einer zweiten Nukleinsäuresonde an den nicht benachbarten Abschnitten der ersten Sonde,
c) Initiieren einer Nukleinsäuresynthese, wobei die erste Sonde als Vorlage verwendet wird, in einer Weise,
die von der Hybridisierung der zweiten Sonde an der ersten Sonde abhängt; und
d) Nachweisen der neu synthetisierten Nukleinsäure aus obigem Schritt c).

2. Verfahren nach Anspruch 1, bei dem die zweite Sonde durch eine Polymerase gestreckt ist, wobei die erste Sonde
als Vorlage verwendet wird.

3. Verfahren nach Anspruch 1 oder 2, bei dem die erste Sonde selbstkomplementäre Sequenzen umfasst, die an-
gelagert werden, wenn die komplementären 5'- und 3'- Zielabschnitte an der Zielsequenz hybridisiert werden,
wobei die angelagerten selbstkomplementären Sequenzen einen Doppelstrangstamm bilden, der eine Spaltstelle
aufweist.

4. Verfahren nach Anspruch 3, bei dem die Spaltstelle durch eine Restriktions-Endonuklease erkannt wird.

5. Verfahren nach Anspruch 3 oder 4, bei dem die zweite Sonde eine Sequenz umfasst, die komplementär zu der
Sequenz des Stamms ist, wenn der Stamm an der Spaltstelle gespalten wird.

6. Verfahren nach einem der Ansprüche 3, 4 oder 5, bei dem nach der Spaltung des Stamms die freien Enden des
Stamms durch einen Ligierungsschritt verbunden werden.

7. Verfahren nach einem der vorigen Ansprüche, bei dem die erste Sonde einen Strang von einem oder mehreren
RNS-Promotoren umfasst und bei dem die zweite Sonde den komplementären Strang umfasst, so dass die Hy-
bridisierungderzweitenSondeandererstenSondezurBildungeinesodermehrereraktiverDoppelstrang-RNS-Pro-
motoren führt, die bei Vorhandensein einer RNS-Polymerase, die den RNS-Promotor erkennt, eine RNS-Synthese
initiieren können.

8. Verfahren nach einem der vorigen Ansprüche, bei dem die erste Sonde einen Strang von einem oder mehreren
RNS-Promotoren umfasst und bei dem die Streckung der zweiten Sonde zur Synthese des komplementären
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Strangs führt, wodurch ein oder mehrere aktive Doppelstrang-RNS-Promotoren gebildet werden, die bei Vorhan-
densein einer RNS-Polymerase, die den RNS-Promotor erkennt, eine RNS-Synthese initiieren können.

9. Verfahren nach Anspruch 7 oder 8, bei dem mehrere identische RNS-Promotoren gebildet werden, von denen
jeder von einer einzigen RNS-Polymerase erkannt wird.

10. Verfahren nach einem der Ansprüche 7, 8 oder 9, bei dem der RNS-Promotor von T7- oder Sp6-RNS-Polymerasen
erkannt wird.

11. Verfahren zum Nachweisen des Vorhandenseins einer interessierenden Nukleinsäure-Zielsequenz in einer Probe,
das die Schritte umfasst:

a) Reagieren der Probe, die die untersuchte Zielsequenz enthält, mit einer ersten Nukleinsäuresonde, um
eine Hybridisierung zwischen komplementären Abschnitten des Ziels und der Sonde zu bewirken, wobei das
Ziel 5'- und 3'-Abschnitte, die zu entsprechenden, im Wesentlichen benachbarten Abschnitten der Sonden-
sequenz komplementär sind, und einen dazwischen liegenden, nicht komplementären Abschnitt aufweist, der
nicht an der Sonde hybridisiert wird, wodurch ein Schleifenbereich erzeugt wird, der eine aus einem Komplex
herausragende Schleife bildet und zwischen der ersten Sonde und dem Ziel ausgebildet ist, so dass nicht
benachbarte Abschnitte des Ziels in unmittelbare Nähe gebracht werden;
b) Hybridisieren einer zweiten Nukleinsäuresonde an den nicht benachbarten Abschnitten des Ziels;
c) Initiieren von Nukleinsäuresynthese, wobei das Ziel als Vorlage verwendet wird, in einer Weise, die von der
Hybridisierung der zweiten Sonde an dem Ziel abhängt; und
d) Nachweisen der neu synthetisierten Nukleinsäure aus obigem Schritt c).

12. Verfahren nach Anspruch 11, bei dem die zweite Sonde durch eine Polymerase gestreckt ist, wobei das Ziel als
Vorlage verwendet wird.

13. Verfahren nach Anspruch 11 oder 12, bei dem das Ziel einen Strang von einem oder mehreren RNS-Promotoren
umfasst, und bei dem die zweite Sonde den komplementären Strang aufweist, so dass die Hybridisierung der
zweiten Sonde an dem Ziel zur Bildung von einem oder mehreren aktiven Doppelstrang-RNS-Promotoren führt,
die bei Vorhandensein einer RNS-Polymerase, die den RNS-Promotor erkennt, eine RNS-Synthese initiieren kön-
nen.

14. Verfahren nach einem der Ansprüche 11, 12 oder 13, bei dem das Ziel einen Strang von einem oder mehreren
RNS-Promotoren umfasst und bei dem eine Streckung der zweiten Sonde zur Synthese des komplementären
Strangs führt, wodurch ein oder mehrere aktive Doppelstrang-RNS-Promotoren gebildet werden, die bei Vorhan-
densein einer RNS-Polymerase, die den RNS-Promotor erkennt, eine RNS-Synthese initiieren können.

15. Verfahren nach Anspruch 13 oder 14, bei dem mehrere identische RNS-Promotoren gebildet werden, von denen
jeder von einer einzigen RNS-Polymerase erkannt wird.

16. Verfahren nach einem der Ansprüche 13, 14 oder 15, bei dem der RNS-Promotor von T7- oder Sp6-RNS-Polyme-
rasen erkannt wird.

17. Verfahren nach einem der vorigen Ansprüche, bei dem das 3'-Ende der ersten Sonde und/oder des Ziels blockiert
wird, um eine Streckung durch eine Polymerase zu verhindern.

18. Verfahren nach einem der vorigen Ansprüche, bei dem die zweite Sonde durch Rolling-Circle-Replikation gestreckt
wird.

19. Verfahren nach einem der vorigen Ansprüche, das die Verwendung eines Strangverschiebungsfaktors umfasst.

20. Verfahren nach einem der vorigen Ansprüche, bei dem die neu synthetisierte Nukleinsäure ein Markierungsrea-
gens enthält.

21. Verfahren nach Anspruch 20, bei dem das Markierungsreagens ein markiertes Nukleotid oder Nukleotid-Analog ist.

22. Verfahren nach einem der vorigen Ansprüche, bei dem die neu synthetisierte Nukleinsäure durch Hybridisierung
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an einer molekularen Beacon-Sequenz erfasst wird.

23. Verwendung eines Satzes, wobei der Satz umfasst: Ein erstes Nukleinsäuresondenmolekül für eine Hybridisierung
an der untersuchten Zielsequenz, ein zweites Nukleinsäuresondenmolekül für eine Hybridisierung an nicht be-
nachbarten Abschnitten des ersten Sondenmoleküls, die durch ein Verfahren nach Anspruch 1 bei Hybridisierung
der ersten Sonde an dem Ziel in unmittelbare Nähe gebracht werden.

24. Verwendung eines Satzes, wobei der Satz umfasst: Ein erstes Nukleinsäuresondenmolekül für eine Hybridisierung
an der untersuchten Zielsequenz, ein zweites Nukleinsäuresondenmolekül für eine Hybridisierung an nicht be-
nachbarten Abschnitten des Ziels, die durch ein Verfahren nach Anspruch 11 bei Hybridisierung der ersten Sonde
an dem Ziel in unmittelbare Nähe gebracht werden.

25. Verwendung eines Satzes nach Anspruch 23 oder 24, wobei der Satz weiterhin eine oder mehrere der folgenden
Komponenten umfasst: Eine DNS-Polymerase, eine RNS-Polymerase, Nukleotide (Ribonukleotide oder Desoxy-
ribonukleotide) für die Nukleinsäuresynthese, Erfassungsreagenzien (z.B. Markierungsreagenzien wie markierte
Nukleotide oder Nukleotid-Analoge, molekulare Beacon-Sequenzen), Enzym-Kofaktoren, Strangverschiebungs-
faktoren und Reaktionspuffer.

Revendications

1. Méthode de détection de la présence d'une séquence d'acide nucléique cible d'intérêt dans un échantillon,
comprenant les étapes consistant à :

(a) faire réagir l'échantillon contenant la séquence cible d'intérêt avec une première sonde d'acide nucléique,
de manière à provoquer l'hybridation entre les portions complémentaires de la cible et de la sonde, dans
laquelle la sonde comprend des portions 5' et 3' complémentaires à des portions respectives substantiellement
adjacentes de la séquence cible et une portion intercalaire non-complémentaire qui ne s'hybride pas avec la
cible, créant ainsi une région en boucle sortant du complexe formé entre la première sonde et la cible, de telle
sorte que des portions non-contiguës de la première sonde amenées à proximité étroite ;

(b) hybrider une deuxième sonde d'acide nucléique aux portions non-contiguës de la première sonde ;

(c) initier une synthèse d'acide nucléique, en utilisant la première sonde comme matrice, d'une manière dé-
pendante de l'hybridation de la deuxième sonde à la première sonde ; et

(d) détecter l'acide nucléique nouvellement synthétisé lors de l'étape (c) ci-dessus.

2. Méthode selon la revendication 1, dans laquelle la deuxième sonde est étendue par une polymérase en utilisant
la première sonde comme matrice.

3. Méthode selon la revendication 1 ou 2, dans laquelle la première sonde comprend des séquences auto-com-
plémentaires qui deviennent appariées lorsque les portions 5' et 3' complémentaires à la cible sont hybridées avec
la séquence cible, lesdites séquences auto-complémentaires appariées formant une tige double-brin comprenant
un site de clivage.

4. Méthode selon la revendication 3, dans laquelle le site de clivage est reconnu par une enzyme de restriction.

5. Méthode selon la revendication 3 ou 4, dans laquelle la deuxième sonde comprend une séquence qui est
complémentaire de la séquence de la tige lorsque la tige est clivée au site de clivage.

6. Méthode selon l'une quelconque des revendications 3, 4, et 5 dans laquelle, suite au clivage de la tige, les
extrémités libres de la tige sont jointes par une étape de ligation.

7. Méthode selon l'une quelconque des revendications précédentes, dans laquelle la première sonde comprend
un brin d'un ou plusieurs promoteurs ARN, et dans laquelle la deuxième sonde comprend le brin complémentaire,
de sorte que l'hybridation de la deuxième sonde à la première sonde résulte en la formation d'un ou plusieurs
promoteurs ARN double-brins actifs qui peuvent initier la synthèse d'ARN en présence d'une ARN polymérase
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reconnaissant le promoteur ARN.

8. Méthode selon l'une quelconque des revendications précédentes, dans laquelle la première sonde comprend
un brin d'un ou plusieurs promoteurs ARN, et dans laquelle l'extension de la deuxième sonde résulte en la synthèse
du brin complémentaire formant ainsi un ou plusieurs promoteurs ARN double-brins actifs qui peuvent initier la
synthèse d'ARN en présence d'une ARN polymérase reconnaissant le promoteur ARN.

9. Méthode selon la revendication 7 ou 8, dans laquelle un certain nombre de promoteurs ARN identiques est
formé, chacun étant reconnu par une ARN polymérase unique.

10. Méthode selon l'une quelconque des revendications 7, 8 ou 9 dans laquelle le promoteur ARN est reconnu
par les ARN polymérases T7 ou SP6.

11. Méthode de détection de la présence d'une séquence d'acide nucléique cible d'intérêt dans un échantillon,
comprenant les étapes consistant à :

(a) faire réagir l'échantillon contenant la séquence cible d'intérêt avec une première sonde d'acide nucléique,
de manière à provoquer l'hybridation entre les portions complémentaires de la cible et de la sonde, dans
laquelle la cible comprend des portions 5' et 3' complémentaires à des portions respectives substantiellement
adjacentes de la séquence de la sonde et une portion intercalaire non-complémentaire qui ne s'hybride pas
avec la sonde, créant ainsi une région en boucle sortant du complexe formé entre la première sonde et la
cible, de telle sorte que les portions non-contiguës de la cible sont amenées à proximité étroite ;

(b) hybrider une deuxième sonde d'acide nucléique aux portions non-contiguës de la cible;

(c) initier une synthèse d'acide nucléique, en utilisant la cible comme matrice, d'une manière dépendante de
l'hybridation de la deuxième sonde à la cible ; et

(d) détecter l'acide nucléique nouvellement synthétisé lors de l'étape (c) ci-dessus.

12. Méthode selon la revendication 11, dans laquelle la deuxième sonde est étendue par une polymérase en
utilisant la cible comme matrice.

13. Méthode selon la revendication 11 ou 12, dans laquelle la cible comprend un brin d'un ou plusieurs promoteurs
ARN et dans laquelle la deuxième sonde comprend le brin complémentaire, de sorte que l'hybridation de la deuxiè-
me sonde à la cible résulte en la formation d'un ou plusieurs promoteurs ARN actifs double-brins qui peuvent initier
la synthèse d'ARN en présence d'une ARN polymérase reconnaissant le promoteur ARN.

14. Méthode selon l'une quelconque des revendications 11, 12 ou 13, dans laquelle la cible comprend un brin d'un
ou plusieurs promoteurs ARN et dans laquelle l'extension de la deuxième sonde résulte en la synthèse du brin
complémentaire formant ainsi un ou plusieurs promoteurs ARN double-brins actifs qui peuvent initier la synthèse
d'ARN en présence d'une ARN polymérase reconnaissant le promoteur ARN. sonde qui sont amenées à proximité
étroite suite à l'hybridation de la première sonde avec la cible, dans une méthode selon la revendication 1.

24. Utilisation d'un kit, le kit comprenant une première molécule sonde d'acide nucléique pour hybridation à la
séquence cible d'intérêt, une deuxième molécule sonde d'acide nucléique pour hybridation aux portions non-con-
tiguës de la cible qui sont amenées à proximité étroite suite à l'hybridation de la première sonde avec la cible,
dans une méthode selon la revendication 11.

25. Utilisation d'un kit selon la revendication 23 ou 24, le kit comprenant en outre un ou plusieurs des composants
suivants : une ADN polymérase ; une ARN polymérase ; des nucléotides (ribonucléotides ou désoxyribonucléoti-
des) pour la synthèse d'acide nucléique ; des réactifs de détection (par ex., des réactifs de marquage tels que des
nucléotides ou des analogues de nucléotide marqués, des séquences de balise moléculaire) ; des cofacteurs
enzymatiques; des facteurs de déplacement de brin; et des tampons de réaction.
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