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RNA-containing probes and kits comprising RNA-contain 
ing probes for the detection and analysis of nucleic acid 
sequences are described. These probes are contacted with a 
sample Suspected of containing the nucleic acid sequence and 
if they form duplexes, they are hydrolysed. This may be done, 
for example during an amplification reaction. AMP generated 
as a result of the hydrolysis is converted to ATP. The ATP may 
then be detected using bioluminescent reagents. Inclusion of 
modified adenosine in at least one probe means that the signal 
arising from one probe will give rise to a different and distin 
guishable bioluminescent signal thus enabling the use of for 
example an internal control in bioluminescently-reported 
nucleic acid tests. 
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ANALYTICAL METHOD AND KIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional application of U.S. 
patent application Ser. No. 12/064,103 filed Apr. 29, 2008, 
which is the National Stage of International Application No. 
PCT/GB2006/002967 filed Aug. 8, 2006, the disclosures of 
which are hereby incorporated by reference in their entireties. 

FIELD OF THE INVENTION 

0002 The present invention relates to a method of analyz 
ing a nucleic acid sequence, for example to detect the pres 
ence of a particular sequence within a sample, or to determine 
the precise sequence of a particular nucleic acid, and to kits 
and reagents for use in these methods. 

BACKGROUND 

0003 Currently there is a wide range of methods for con 
ducting the analysis of nucleic acids. Analytical methods may 
be directed to those that detect the presence or amount of a 
particular nucleic sequence in a sample Suspected of contain 
ing that sequence. Other methods elucidate the structure of a 
nucleic acid to determine its sequence of nucleotides for 
information or diagnostic purposes. 
0004 Amplification reactions are commonly used to 
effect or assist in this analysis, particularly where the particu 
lar nucleic acid sequence is present in only minute amounts. 
The use of amplification reactions such as the polymerase 
chain reaction (PCR) for detection of target nucleic acid 
sequences is well known. One or more primers which are 
specific for the particular sequence are included in an ampli 
fication reaction mixture. These will hybridize to the specific 
target sequence when in single stranded form within a sample 
tube. If the target sequence is present, the primer will bind to 
it, whereupon polymerase enzyme present in the mixture will, 
at certain temperature conditions, extend the primer to form a 
complete complementary Strand. This material then forms 
further templates, for amplification in Subsequent cycles of 
denaturation, primer annealing and extension. 
0005 Isothermal amplification techniques are also 
known, and these include Strand Displacement Amplification 
(SDA) (Walker et al. Proc. Natl. Acad. Sci. USA (1992) 89, 
392-396), loop-mediated isothermal amplification (LAMP) 
(Notomi et al. Nucleic Acids Res. 28, 2000) where the poly 
merase used has strand displacement activity, rolling circle 
amplification (RCA), etc. 
0006. The amplified product may be detected, for example 
on an electrophoretic gel. However, fluorescent labelling 
methods are now frequently used to detect when an amplifi 
cation reaction has been effected, and/or to monitor its 
progress. Examples of such assays include the TAOMANTM 
assay, as well as assays described and claimed for example in 
WO 99/28500, WO 99/28501, WO 99/42611 and WO 
99/66071. An assay using labelled ribo-oligonucleotide 
probes is described in WO 98/04738. Labelling of probes 
however is a complex process which increases the cost. 
0007 Methods for sequencing nucleic acid sequences are 
also well known. Gel methods are conventional. More recent 
methods are carried out using devices Such as the Pyrose 
quencer available from Biotage AB, that rely on the genera 
tion of a bioluminescent signal when a correct nucleotide is 
added during the construction of a complementary strand on 
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a single stranded nucleic acid template. Other methods for 
interrogating the identity of a specific base in a nucleic acid 
sample using pyrophosphorolysis reactions are described in 
WO99/464O9. 

0008 WO 02/090586 describes how ribonucleic acid 
(RNA) probes, which are unlabelled, can provide a useful 
means for monitoring or detecting Such events. The detection 
in this case relies on the hydrolysis of specific probes, fol 
lowed by detection of adenosine monophosphate (AMP) pro 
duced by the hydrolysis. In particular, AMP produced as a 
by-product of probe hydrolysis is phosphorylated to form 
adenosine triphosphate (ATP), which can then be detected, 
for instance using a bioluminescent signalling system such as 
the luciferase/luciferin system. 
0009 Bioluminescent signalling systems are particularly 
preferred because they are generally more sensitive and pro 
vide a greater dynamic range than fluorescent systems. Con 
sequently, the use of RNA hydrolysis probes in analytical 
methods facilitates the detection of interactions at the nucleic 
acid level within a sample and so gives rise to enhanced 
methods of analysis. 
0010. In addition, the apparatus required to detect a biolu 
minescent signal is simpler than that required to detect a 
fluorescent signal. A light detector Such as a CCD camera can 
detect a bioluminescent signal whereas a filtered collimated 
light source and an optical system are required in addition to 
a detector in order to measure a fluorescent signal. 
0011. However, although fluorescent signalling systems 
can be used in multiplex assays, by the use of different fluo 
rescent dyes or the like on various probes, the system 
described in WO 02/090586 is not suitable for use in multi 
plex assays. This is because the signalling relies on the pro 
duction of AMP, which is ubiquitous in the hydrolysis of all 
probes. 
0012. Furthermore, when using such a system, there has 
hitherto been no possibility of utilizing internal controls. For 
instance, internal control reactions are generally similar reac 
tions to the test reaction, but with a different target sequence. 
They are run simultaneously in a reaction vessel with a test 
reaction Such as an amplification reaction. An example of 
such a reaction is described in U.S. Pat. No. 6,723,507. The 
target of the internal control reaction is known to be present in 
the reaction vessel throughout and its amplification is used to 
Verify that an assay has functioned, particularly if the assay 
correctly provides a negative result with respect to the target 
of the test. The internal control provides assurance that an 
assay has functioned so that false negative results can be 
eliminated. 

0013 When using AMP as the basis for a signalling sys 
tem however, no internal control is possible since the signal it 
produces is going to be the same irrespective of the Source. 
0014. The applicants have found a way of addressing this 
problem, which allows the advantageous bioluminescent sys 
tem to be applied in multiplex assays, and/or to be subject to 
an internal control. 

SUMMARY OF THE INVENTION 

0015. Among the various aspects of the invention is the 
provision of a kit for use in analysis. The kit comprises at least 
two RNA-containing probes, each of which is specific for a 
target sequence, wherein one of said probes comprises at least 
one modified adenosine. 
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0016. Another aspect of the invention encompasses an 
RNA-containing probe which includes a modified form of 
adenosine. 
0017. A further aspect of the invention provides an RNA 
containing probe which comprises an RNA/DNA heteropoly 
mer which contains at least one adenosine or a modified form 
of adenosine. 
0018 Still another aspect of the invention encompasses an 
oligonucleotide comprising a DNA polymer, wherein the oli 
gonucleotide is able to function as a primer in a nucleic acid 
amplification reaction. The oligonucleotide is linked to an 
RNA-containing probe region by way of a blocking group 
which prevents an extension reaction from amplifying the 
probe region of the oligonucleotide. 

DESCRIPTION OF THE DRAWING 

0.019 FIG. 1 illustrates an embodiment of the invention. 
(A) presents a schematic of a reaction in which ATP catalyses 
the luciferase/luciferin reaction system. (B) presents a sche 
matic of a reaction in which the luciferasefluciferin reaction 
system is catalysed by a modified ATP (ATP"). 

DESCRIPTION OF THE INVENTION 

0020. According to the present invention there is provided 
a method for detecting more than one nucleic acid sequence in 
a sample, said method comprising: 
0021 (i) contacting said sample with a first RNA-contain 
ing probe which is capable of hybridizing to a first nucleic 
acid sequence, and a second RNA-containing probe which is 
capable of hybridizing to a second nucleic acid sequence, 
wherein at least one adenosine in said first or said second 
RNA-containing probe is a modified form of adenosine, 
which, when phosphorylated to the corresponding triphos 
phorylated form, interacts with a bioluminescent signalling 
system to produce an altered bioluminescent signal as com 
pared to the signal produced by said bioluminescent signal 
ling system when it interacts with non-modified adenosine in 
triphosphorylated form; under conditions such that the first 
RNA-containing probe will bind to any first nucleic acid 
sequence present in the sample, and the second RNA-con 
taining probe will bind to any second nucleic acid sequence 
present in the sample, 
0022 (ii) subjecting any nucleic acid/probe complex to 
conditions under which RNA-containing probe bound to 
nucleic acid is hydrolysed to generate adenosine monophos 
phate (AMP), and/or modified adenosine monophosphate 
(AMP"), 
0023 (iii) phosphorylating any AMP and AMP" present to 
produce adenosine triphosphate (ATP) or modified adenosine 
triphosphate (ATP") respectively, 
0024 (iv) detecting ATP or ATP" using a bioluminescent 
signalling system which produces a different signal when 
reacting with ATP" as compared to ATP, and 
0025 (V) determining the nature of the signal so produced 
and relating this to the presence or absence of said first nucleic 
acid and said second nucleic acid in the sample. 
0026. For the avoidance of doubt, the expression “modi 
fied form of adenosine” as used herein means that the struc 
ture of the adenosine is altered but it may still be phosphory 
lated in a way which is similar to adenosine, but when it is 
phosphorylated to the corresponding triphosphorylated form, 
it interacts with a bioluminescent signalling system to pro 
duce an altered bioluminescent signal as compared to the 
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signal produced by said bioluminescent signalling system 
when it interacts with unmodified adenosine in triphospho 
rylated form. The molecule will still be recognizable as an 
adenosine derivative in that it will contain a purine ring linked 
to a Sugar molecule. However, it will generally not contain 
other modification moieties Such as biotin etc. 
0027. As used herein, the expression “RNA-containing 
probe relates to nucleic acid sequences which comprise at 
least some RNA. Thus it includes RNA/DNA heteropolymers 
which contain at least one adenosine nucleotide or a modified 
form of adenosine as described above, as well as RNA mol 
ecules. For instance, the probe could comprise essentially a 
DNA polymer wherein one or more deoxy-adenosine nucle 
otides are replaced by adenosine or a modified form of 
adenosine, also as described above, or the probe could contain 
a stretch of DNA or admixed DNA/RNA bases with an RNA 
or modified RNA tail. 

0028. In one embodiment, the probes are RNA molecules. 
0029. However, in another embodiment, the probe is an 
RNA/DNA heteropolymer as described above. These mol 
ecules may be preferred, where for instance enzymes used to 
hydrolyse the probe are more effective at hydrolyzing mol 
ecules of this type. Provided some AMP is released during the 
hydrolysis, a detectable signal will be produced using the 
method described above. 
0030 The sequence of the RNA-containing probes will be 
Such that they hybridize to a particular target nucleic acid. 
0031 Probes and specifically RNA-containing probes will 
hybridize to nucleic acid sequences that are complementary 
or substantially complementary thereto. Preferably the modi 
fied form of adenosine included in said first or said second 
RNA-containing probe will bind to a thymidine or uridine in 
the complementary nucleic acid in the same way as an 
unmodified adenosine by way of Watson-Crick bonding. 
However, it is possible for the modification to weaken or 
eliminate this bonding, and provided the probe is of sufficient 
length and otherwise of significant complementarity, it will 
still hybridize to the target sequence. 
0032 For the avoidance of doubt also, the expression 
“RNA-containing probe when in double stranded form as 
used herein means that the RNA-containing probe is an ele 
ment of a duplex nucleic acid wherein the other element of the 
duplex is any nucleic acid, including DNA, RNA or even a 
further DNA/RNA heteropolymer. 
0033. At least one adenosine, suitably more than one, and 
preferably all of the adenosine nucleosides in one of said first 
or said second RNA-containing probe is a modified form of 
adenosine. Similar modified adenosines should be present in 
only one of the probes, so that hydrolysis of that probe will 
give rise to a bioluminescent signal, which is different and 
distinguishable from that of the other probe. 
0034 More than two RNA-containing probes can be used 
in the process of the invention, to detect further nucleic acid 
sequences, provided that each of the additional probes con 
tains at least one adenosine which is modified differently 
from those contained in any other probe in the system, and 
that the different modification leads to a different and distin 
guishable bioluminescent signal. 
0035 RNA-containing probes, including those which 
incorporate modified adenosine as described above, may be 
hydrolysed when in double stranded form, in various ways, 
for example using enzymes or ribozymes. Preferably the 
probes are hydrolysed enzymatically. 
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0036) A variety of enzymes may be used, and the selection 
will depend upon factors such as the precise nature of the 
probe employed, the conditions under which the assay is 
being conducted, and whether or not it is conducted in con 
junction with other reactions such as an amplification reac 
tion such as the polymerase chain reaction (PCR). These 
include polymerase enzymes commonly used in PCR reac 
tions such as Taq polymerase as will be discussed in more 
detail below. 
0037 Alternatively or additionally, they may be hydroly 
sed by RNAse enzymes, which will hydrolyse them only 
when in double stranded form, for example as an RNA/DNA 
duplex. Such duplexes may be formed in the course of an 
amplification reaction such as a PCR reaction, but this is not 
necessarily the case. Examples of Such enzymes include T7 
exonuclease (available from BioLabs), Snake Venom phos 
phodiesterase (SVPD) (available from Sigma and Amersham 
Biosciences), RNAse H (available from Epicentre). It is 
important to ensure however that any enzymes used in this 
way are free of unwanted activity such as DNAse or RNAse 
activity which would non-selectively hydrolyse the RNA 
containing probes, for example in single stranded form. The 
property can be tested for using routine methods. For 
instance, the enzyme may be incubated with a sample of 
probe prior to use, and then the sample analyzed, for example, 
by gel electrophoresis or any other conventional method 
which detects differences in size of nucleic acids. 
0038 Particularly preferred enzymes are T7 exonuclease 
and SVPD. However, in any particular circumstances, 
enzymes may be tested using routine procedures such as 
those outlined above, to ensure that they hydrolyse the RNA 
containing probe when in double stranded form sufficiently 
well to ensure that at least Some free AMP or AMP' is 
released. 
0039 Adenosine monophosphate (AMP) or modified 
adenosine monophosphate (AMP") obtained by hydrolysis 
of the first or second nucleic acid probes may be phosphory 
lated to adenosine triphosphate (ATP) or modified adenosine 
triphosphate (ATP") respectively, enzymatically either 
directly or by way of the production of adenosine diphos 
phate. 
0040. The one or more enzymes necessary to convert AMP 
or AMP" produced to ATP or ATP" respectively (for example 
as used in (c) below, may for example be selected from 
phosphoenolpyruvate synthase which produces ATP directly 
from AMP in the presence of phosphate and phospho 
enolpyruvate, which are also added as reagents to the reaction 
mixture. Alternatively, a combination of a nucleoside triph 
osphate-adenylate kinase and NTP will yield adenosine 
diphosphate (ADP) or modified adenosine diphosphate 
(ADP") respectively, which may then be converted to ATP or 
ATP" respectively by inclusion or addition of an enzyme such 
as adenylate kinase. (NTP may be present in the reaction 
mixture anyway, if for example it is used in connection with 
a polymerase chain reaction). 
0041. Yet further examples of suitable enzymes include 
pyruvate phosphate dikinase such as that described by Eisaki 
etal, Biochim. et Biophys Acta 1431 (1999)363-373. 
0042 ATP or ATP" may be readily detected using biolu 
minescent systems. One of the commonest bioluminescent 
signalling systems utilizes a combination of the enzyme 
luciferase, found in nature in organisms in particular Coele 
optera such as fireflies and glow-worms, and the enzyme 
Substrate, luciferin. In the presence of adenosine triphosphate 
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(ATP) found in all cells, luciferase oxidizes luciferin to pro 
duce oxyluciferin and AMP as well as a bioluminescent sig 
nal, which may be monitored for example using a luminom 
eter. 

0043. The signalling reaction can be represented as fol 
lows: 

N N COOH 

) { r Luciferase -e- 

HO S S ATP 

D-luciferin 

N N O 

y (? 
HO S S 

Oxyluciferin 

where the vertical arrow indicates a bioluminescent signal. 
CO, and AMP are the other reaction products (or AMP" 
where ATP" is the substrate for the luciferase). 
0044 Examples of the application of such detection sys 
tems are described for example in WO96/02665, the content 
of which is incorporated herein by reference. 
0045 Thus particularly suitable bioluminescent reagents, 
which react in the presence of ATP, include luciferin and 
luciferase. The luciferase used may preferably be a recombi 
nant luciferase which produces a similar effect on a Substrate, 
for example a luciferase which has enhanced thermostability 
as compared to the native forms. Particular examples of Such 
forms are described for example in EP-A-0524448, WO95/ 
25798, WO99/14336, WO00/23878, WO01/20002 and 
WOO1/31028. 
0046. These reagents may be accompanied if necessary by 
a source of magnesium ions such as magnesium acetate. 
However, again Such salts may be present in the reaction 
mixture anyway, for example if they are required in the course 
of an amplification reaction Such as the polymerase chain 
reaction. 
0047. In generating a signal, these reagents regenerate an 
AMP or AMP" molecule, which in the presence of the 
enzymes and/or reagents which phosphorylate AMP or 
AMP" to ATP or ATP", these will be reconverted back to ATP 
or ATP". Thus the signal builds up exponentially and so will 
be readily and rapidly detected. An example of such a system 
is described by Sakakibara et al., Analytical Biochemistry, 
268,94-101 (1999). This exponential rise in signal may mean 
that detection can be carried out directly, in circumstances 
where amplification reactions may previously have been 
required. 
0048. When ATP catalyses the luciferase/luciferin reac 
tion system, the resultant signal is a yellow-green signal at 
about 562 nm. However, it has now been found that certain 
modified forms of ATP (ATP") such as deoxy adenosine 
triphosphate (dATP), will still catalyze the reaction, but that 
the bioluminescent signal produced is at a longer wavelength 
for instance, a red signal at about 610 nm-620 nm, and at a 
much lower level (for example about 1% of the activity of 
ATP in the assay). This signal, even though at a lower level, 
can be detected using Suitable filters on the light being 
observed. See FIG. 1. 
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0049. The structure of ATP and dATP are as follows: 
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0050. Other modified adenosines can be employed. 
0051. The wavelength of the signals produced can be read 
using a conventional luminometer, Suitably provided with 
wavelength selective filters, or a sensitive spectrofluorimeter 
(operated with the light-source switched off) which can dis 
tinguish signals at different wavelengths. Production of a 
signal characteristic only of an unmodified ATP catalyzed 
luciferase/luciferin reaction will indicate that only the probe 
which did not contain modified adenosine was hydrolysed 
during the assay, and that therefore only the nucleic acid 
sequence to which this probe hybridized was present in the 
reaction mixture. However, any difference in the wavelength 
of the emitted light will indicate that at least some of the probe 
which contains a modified adenosine has been hydrolysed, 
and that therefore the sample contains some of the nucleic 
acid sequence to which this probe hybridizes. 
0052. In a particularly preferred embodiment, the method 
of the invention is used in conjunction with an amplification 
reaction Such as the polymerase chain reaction or an isother 
mal amplification reaction Such as those mentioned above, to 
detect sequences which are present in only small quantities in 
the original sample. 
0053. It may be applied for example as an end-point assay, 
where the first and second RNA probes together with the 
enzymes or reagents necessary to bring about hydrolysis of 
annealed probes, and phosphorylation of AMP or AMP' are 
added with the bioluminescent reagents at the end of an 
amplification reaction, and the resultant mixture Subjected to 
conditions suitable for the assay to be conducted as described 
above. 
0054 Alternatively however, these reagents are present 
throughout the amplification reaction, allowing the possibil 
ity that the signal can be generated simultaneously with the 
amplification. 
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0055 For instance, where the RNA-containing probes are 
present throughout the amplification, the probes may be 
designed to anneal to their respective target sequence during 
the annealing phase of the amplification process. Suitably the 
polymerase used in the amplification reaction is one which 
hydrolyses the RNA-containing probe when in double 
Stranded form. In this case, the reaction can be designed so 
that probes will be at least partially hydrolysed during the 
extension phase, resulting in a buildup in AMP or AMP" and 
subsequently, after phosphorylation, ATP or ATP" for detec 
tion. 

0056. Examples of suitable DNA polymerases which may 
be used in the context of a conventional PCR reaction are 
thermostable polymerases such as Thermus aquaticus poly 
merase (Taq), Thermus thermophilus polymerase (Tth), 
Thermus species NH polymerase (TspNH), Thermus brocki 
anus polymerase (Tbr) (all obtainable for example from 
GeneSys Limited, Farnborough, U.K.), Pyrococcus firiosus 
polymerase (Pfu) (obtainable from Stratagene), 9 N7 exo 
DNA polymerase, and Thermococcus litoralis DNA poly 
merase (obtainable from New England Biolabs as VENTTM. 
DNA polymerase). 
0057. If however, the polymerase used does not hydrolyse 
the RNA-containing probe quickly enough, for example if 
rapid PCR is being employed, or if it does not fully hydrolyse 
the probe to the extent that single nucleotides include AMP or 
AMP" are released, then an additional hydrolytic enzyme 
may be added to digest Small fragments released by the poly 
merase to free nucleotides including AMP. Examples of such 
enzymes include those listed above, such as T7 exonuclease 
Or SVPD. 

0.058 When such hydrolytic enzymes are used, it may be 
preferable to modify each probe so that it is not hydrolysed by 
these enzymes in the free state. For instance, where the 
enzymes have 5'-3' exonuclease activity against Small single 
stranded fragments, then the probe is suitably blocked at the 
5' end. At the 3' end blocking may be even more necessary 
since in addition to preventing unwanted 3'-5' exonuclease 
activity, the probes may also need to be blocked to prevent 
extension by polymerase activity. Suitable blocking methods 
are well known in the art. For instance, the 3' hydroxy moiety 
can be chemically modified, for example by introduction of a 
phosphate group, to block the extension. 
0059. Such amplification reactions should be conducted in 
the absence of any form of ATP which reacts significantly 
with the bioluminescent signalling system. Certain amplifi 
cation reactions such as the PCR reaction may require, for 
efficient operation of the polymerase, to be carried out in the 
presence of a form of ATP such as deoxyATP (dATP). Clearly 
Such reagents cannot be included where any of the probes 
utilized during the method described above includes similarly 
modified adenosines as this would lead to false positive 
results. In Such cases, it may be necessary to use alternative 
forms of dATP, preferably a form which, although acting as a 
substrate for the DNA polymerisation, does not have any 
significant activity in the bioluminescent reaction. A particu 
lar example of suitable alternative forms may be 2'-deoxyad 
enosine-5'-o(1-thiotriphosphate (dATPCS) or 7-deaza-2'- 
deoxyadenosine-5'-triphosphate (c7dATP), the structures of 
which are as follows: 
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0060. These molecules support polymerase activity in a 
PCR, but interact in the bioluminescent system only at very 
high levels such as in the nanomolar concentrations as com 
pared to ATP or dATP which produce detectable signals in the 
picomolar concentration range (J. Eriksson, Doctoral Thesis, 
Advancements sic in Firefly Luciferase-Based Assays and 
Pyrosequencing Technology, KTH, Stockholm, Sweden, 
2004). As a result, they can be included in the reaction mix 
ture at levels which support the PCR but do not, at those 
levels, generate a bioluminescent signal of sufficient intensity 
or wavelength to interfere with that produced as a result of 
probe hydrolysis. 
0061. In this way, any signal resulting from the presence of 
any alternative form of ATP added to the reaction mixture for 
other purposes, such as the conducting of the PCR, would not 
interfere with the signal produced as a result of hydrolysis of 
the RNA-containing probe. 
0062. The polymerase chain reaction utilizing the above 
described method may comprise a multiplex PCR where 
more than one sequence is amplified, for example a target 
sequence and an internal control sequence which is added to 
the reaction mixture prior to amplification. In Such cases, it 
may be appropriate to add two sets of reaction primers, one set 
applicable to each sequence to be amplified, as would be 
understood in the art. However, where the first and second 
probes anneal to different forms of a similar sequence, for 
example, to differentallelic forms, a single set of primers may 
be sufficient to cause amplification of both forms. 
0063. The bioluminescent reagents may be added at the 
end of the amplification in order to carry out an end-point 
detection procedure. It is possible however for them to be 
present or added throughout the amplification reaction so that 
the progress of the reaction can be monitored. 
0.064 Preferred forms of luciferase used in the methods 
may be those which have higher levels of thermostability than 
the wild-type. Particular examples of such enzymes are 
described for example in EP-A-0524448, WO95/025798, 
WO99/14336, WO00/24878, WO01/20002 WO01/31028, 
the content of which is incorporated herein by reference. The 
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wavelength of emission of some of these enzymes differs 
from that of the wild-type enzymes. However, provided they 
produce distinguishable signals when activated by ATP 
derived by phosphorylation of the modified form or adenos 
ine as compared to the ATP derived by phosphorylation of 
adenosine, they may be used in the method of the invention. 
This can be tested using routine methods which are conven 
tional in the art. However, generally speaking, the thermosta 
bility of reagents such as luciferase is not sufficient to allow it 
to be present throughout an amplification reaction which 
involves thermal cycling such as a PCR reaction. Therefore 
isothermal amplification reactions may be preferred where 
continuous monitoring is required. However, it is possible 
also to adapt a PCR reaction so that the bioluminescent 
reagent is added at the end of each cycle and the signal 
produced read at that time, so as to generate monitoring 
information. Such information may be used then in the quan 
tification of the target nucleic acid sequence in the sample, 
using algorithms etc. which are known in the art. 
0065. The amplification reaction may be conducted in the 
usual way, for example by cycling the reaction mixture 
through denaturation, annealing and extension temperatures. 
0066. The reactions as described above could be carried 
out in a variety of conventional equipment. These include for 
example a Pyrosequencer (available from Biotage AB, Swe 
den), which is already provided with appropriate signal detec 
tion means. Alternatively, the reaction may be carried out 
using blockheating devices as described for example in EP 
A-08 10030 and supplied by the Perkin-Elmer Corporation, or 
other types of thermal cycler such as those described in 
WO98/24548, with the addition of suitable light detection 
means such as a CCD camera equipped with appropriate 
filters. 

0067 Thus in a further particular embodiment, the inven 
tion provides a method for detecting a nucleic acid sequence, 
said method comprising (1) conducting a polymerase chain 
reaction in the presence of (a) a first RNA-containing probe 
which is capable of hybridizing to a first nucleic acid 
sequence during an annealing phase of the polymerase chain 
reaction, and a second RNA-containing probe which is 
capable of hybridizing to a second nucleic acid sequence also 
during an annealing phase of the polymerase chain reaction, 
wherein at least one adenosine in said first or said second 
RNA-containing probe is a modified form of adenosine, 
which, when phosphorylated to the corresponding triphos 
phorylated form, interacts with a bioluminescent signalling 
system to produce an altered bioluminescent signal as com 
pared to the signal produced by said bioluminescent signal 
ling system when it interacts with adenosine in triphospho 
rylated form, (b) an enzyme or enzyme mixture which 
hydrolyses the RNA-containing probe when in double 
stranded form (for example as an RNA/DNA duplex) and (c) 
one or more enzymes or reagents necessary to convert 
adenosine monophosphate to adenosine triphosphate or 
modified adenosine monophosphate to modified adenosine 
triphosphate: phosphorylating any AMP and modified 
adenosine monophosphate present to produce ATP or modi 
fied adenosine triphosphate respectively; (2) adding to the 
sample bioluminescent reagents which react to the presence 
of ATP and to said modified ATP in a different and distin 
guishable way, and (3) determining the nature of the signal So 
produced and relating this to the presence or absence of said 
first nucleic acid and said second nucleic acid in the sample. 
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0068. This method is illustrated diagrammatically herein 
after in FIG. 1. 
0069. A sample which contains or is suspected of contain 
ing two particular nucleic acid sequences, “Target DNA 
sequence 1’, and “Target DNA sequence 2 (which might be 
an control sequence which is amplified using the same prim 
ers as Target DNA sequence 1) subjected to a PCR, which is 
carried out with added dNTPs, but in this case dATP has been 
replaced with dATPC.S. 
0070 A different RNA-containing probe specific for each 
target sequence is present. The probes contain either contain 
A) AMP bases or B) modified AMP bases (AMP") such as 
dAMP bases which, after binding-dependent hydrolysis and 
enzymatic phosphorylation, interact with luciferase to yield 
distinguishable signals. 
(0071. During the DNA polymerisation step of the PCR 
reaction, which is illustrated in FIG. 1, both primers and 
complementary RNA-containing probes bind to the target 
Sequences. 
0072 Nucleases, which may include the polymerase 
enzyme, where this is one which has 5' to 3' nuclease activity 
Such as Taq polymerase, then operate to hydrolyse the RNA 
containing probes as illustrated by the dashed line, releasing 
AMP in the case of the first reaction (A) and dAMP in the case 
of the second reaction (B). AMP is then is converted in situ to 
ATP, whereas AMP", as dAMP, is then is converted in situ to 
dATP. Both ATP and dATP can be detected as a light signal 
following addition of bioluminescent reagents such as 
luciferin and luciferase. 
0073 However, the wavelength of the light produced by 
the ATP will be different to that produced by dATP. The first 
reaction, with normaladenosine bases in the RNA-containing 
probe, will give rise to the emission of green light at a wave 
length of about 562 nm under these conditions. If the second 
reaction has proceeded, the modified adenosine bases in the 
RNA-containing probe, will give rise to the emission of light 
of a different wavelength, for instance in the case of dAMP, 
the ultimate signal will comprise red light at a wavelength of 
about 610 nm. Therefore the presence of one or both of the 
target sequences can be determined by analysing the wave 
length of the emitted light. 
0074 At the same time the polymerase activity will ensure 
that the PCR proceeds, although where the ATP" is dATP, 
some of this will be incorporated into the resultant DNA 
product as a side reaction. 
0075. The methods described above can be used to deter 
mine whether a particular sample contains one or more spe 
cific nucleic acid sequences. 
0.076 For instance, the method could be utilized wherein 
the presence of different sequences, for example those 
derived from different organisms, for example, microorgan 
isms such as bacteria or viruses, are suspected. Using a first 
RNA-containing probe which is specific for a nucleic acid 
sequence found in a first organism and a second RNA-con 
taining probe which is found in a second organism will mean 
that the bioluminescent signal produced will allow the pres 
ence of absence of one or both of these organisms to be 
determined. This may be useful in hygiene applications as 
well as in clinical diagnosis. 
0077. For instance, it may be used to analyze a genetic 
sample for the presence of a specific genotype, polymorphism 
etc. In this case, the first nucleic acid will be one form of a 
particular gene, and the second nucleic acid will be an alter 
native form. When a sample is homozygous or a particular 
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form of the gene, then only the first or second probe will by 
hydrolysed. Where this probe does not contain a modified 
adenosine, the bioluminescent signal detected will be char 
acteristic only of ATP. Similarly, where the sample is 
homozygous for the other form of the gene, then the biolu 
minescent signal measured will be characteristic only of the 
hydrolysis of the probe containing modified adenosine. Pref 
erably all of the adenosines in this probe will be modified so 
a signal of a single wavelength will be detected. However, it 
is possible that “mixed' signals can be determined, whereby 
light of different wavelengths is emitted and detected using a 
system of optical filters or the like. Such as system would be 
required where the sample is heterozygous for the gene type. 
0078. Where the method of the invention is used in con 
junction with an amplification reaction Such as a PCR, it may 
be desirable to link the RNA-containing probe to a DNA 
sequence which acts as a primer to the reaction by way of a 
“blocking group” which is suitably a chemical linker or non 
amplifiable monomer Such as hexethylene glycol and which 
prevents an extension reaction amplifying the probe region of 
the oligonucleotide. The linker will further prevent hydrolysis 
of the probe from extending along the primer. 
0079 Probe/primer combinations of this general type are 
well known as "Scorpions” and these are described for 
instance in WO99/66071. 
0080 With conventional ScorpionTM probes, sequence 
specific priming and PCR product detection is achieved using 
a single oligonucleotide. The ScorpionTM probe maintains a 
stem-loop configuration in the unhybridized state. A pair of 
interacting fluorophores is attached to the oligonucleotide; 
for example a fluorophore at the 5' primer end of the oligo 
nucleotide is quenched by a moiety coupled to the 3' probe 
end. The probe section contains sequence that is complemen 
tary to the extension product of the primer. After extension of 
the ScorpionTM primer, the specific probe sequence is able to 
bind to its complement within the extended amplicon thus 
opening up the hairpin loop. This prevents the fluorescence 
from being quenched and a signal is observed. 
I0081 For use in the method of the present invention, the 
single olignonucleotide probe?primer need not carry any spe 
cific signalling moieties such as fluorophores, as the signal is 
generated as a result of the hydrolysis of the probe section. 
This will reduce the cost and difficulty in preparation. Addi 
tionally, it needs only to be modified to the extent that the 
probe section comprises a RNA-containing probe as defined 
above. The RNA-containing probe will include adenosine or 
modified adenosine as required for the operation of the pro 
CCSS, 

I0082. Such primer/probe combinations are novel and form 
a further aspect of the invention. 
I0083. The method of the invention may also be adapted for 
sequencing applications and/or for detecting polymorphisms 
or variations in DNA or RNA sequences. 
I0084. In a further aspect, the invention provides a method 
for determining the sequence of a nucleic acid, said method 
comprising 
I0085 (i) binding a first and a second RNA-containing 
probe to a known region of said sequence such that at least one 
nucleotide at an end of said probes reaches into an unknown 
or uncertain region of the sequence and wherein the first and 
second RNA-containing probes differ by the nucleoside 
found at the said end thereof, and wherein at least one adenos 
ine in said first or said second RNA-containing probe is a 
modified form of adenosine, which, when phosphorylated to 
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the corresponding triphosphorylated form, interacts with a 
bioluminescent signalling system to produce an altered biolu 
minescent signal as compared to the signal produced by said 
bioluminescent signalling system when it interacts with 
adenosine in triphosphorylated form; 
I0086 (ii) hydrolyzing the RNA-containing probes using 
an enzyme which hydrolyses said RNA-containing probe 
when in double stranded form (for example as an RNA/DNA 
duplex); 
0087 (iii) converting adenosine monophosphate pro 
duced to adenosine triphosphate (ATP) and modified adenos 
ine monophosphate(AMP") to modified adenosine triphos 
phate (ATP"): 
0088 (iv) adding to the sample bioluminescent reagents 
which react differently to the presence of ATP and ATP"; 
0089 (v) detecting a signal from said bioluminescent 
reagents; and 
0090 (vi) relating that signal to the presence of a region of 
the sequence which is complementary or otherwise to the end 
of one of the said probes. 
0091. In such cases, if the one or more nucleotides at the 
end of the probe are precisely complementary to the unknown 
or uncertain sequence, the probe will bind most efficiently to 
it, whereupon the enzyme will efficiently hydrolyse the 
bound probe during step (ii). As a result, AMP, or AMP" is 
generated depending upon which probe hydrolyses in this 
way, and this is converted to ATP or ATP" respectively as 
described above, and detected using a bioluminescent sys 
tem. 

0092. However, if the nucleotide(s) at an end of the RNA 
containing probe is not a correct match for the template DNA, 
then the effect of the enzyme in (ii) will be to largely dislodge 
the probe intact, from the template. As a result no significant 
hydrolysis occurs and this will be reflected in the lack or 
Substantial reduction in bioluminescent signal generated 
from said probe. 
0093. This reaction may be carried out using probes with 
different nucleotides at the end regions simultaneously, or if 
desired, more than once. For example, if the nucleotide found 
within the sequence at this position is not known, four differ 
ent probes, each with a different nucleotide C, G, U and A at 
the end may be prepared. If possible, each probe would 
include a different form of adenosine, three of which are 
suitably modified and one of which is not. Alternatively, two 
of the probes can be prepared with modified adenosine, and 
the reaction conducted twice, each time with one probe with 
modified adenosine and one probe with unmodified adenos 
1C. 

0094. By conducting these reactions, it should be readily 
apparent which is the correct nucleotide at this position, by 
the level of the signal generated. A good signal would be 
expected only in the reaction in which the probe includes the 
complementary nucleotide at the end. 
0095. If desired, more than one unknown nucleotide may 
be included at the end, for example up to three nucleotides. In 
Such cases, probes representing all possible combinations of 
sequences at the positions may be carried out. It would be 
expected that the probe which had a precisely complementary 
sequence at the end would be efficiently hydrolysed. 
0096. The end used may be the 3' or the 5' end of the probe, 
depending upon the nature of the known versus the unknown 
or uncertain sequence. The enzyme used in step (ii) will be 
selected with this in mind. Hydrolysis of a tightly bound 
RNA-containing probe may be better effected when the end is 
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the 5' end and the enzyme used in step (ii) is capable of 5'-3' 
hydrolysis (as compared to 3’-5’ hydrolysis), as often found in 
enzymes which are regarded as having good "proof-reading 
function. 
0097. The enzymes and reagents used in the method will 
be similar to those used in the method for detecting the pres 
ence or amount of a nucleic acid sample as described above. 
Similarly the reaction may be carried out in equipment as 
described above. 
0098. The sequencing reaction may be used in conjunction 
with an amplification reaction such as a PCR reaction. For 
example the reaction may be carried out subsequent to a PCR 
reaction. At least some stages of the PCR reaction may be 
effected in order to achieve the hydrolysis in step (ii). How 
ever, generally speaking this may not be necessary, since the 
system itself provides a good amplified signal, as a result of 
the “recycling of the AMP detected. 
0099 Such methods would be useful insequencing, where 
at least a portion of the starting sequence is known (for 
example a universal priming sequence). Entire sequences can 
then be resolved, by reiterating the process along the length of 
the sequence. Parallel reactions to elucidate the sequence may 
be possible using RNA oligonucleotide libraries as the 
probes, where for example the sequence is known to contain 
several conserved regions along its length, for example as 
occurs during ribotyping. These regions may each be used as 
the known sequence for locating the RNA-containing probes. 
0100 Sequencing the reverse direction by way of confir 
mation may also be carried out using the method described 
above. Where possible as a result of the presence of conserved 
regions, this may be done in parallel using an array of reac 
tions. 
0101 Alternatively, the methods may be used in the detec 
tion of polymorphisms or allelic variations for use in diag 
nostics. In Such cases, the sequence may be broadly known 
except for a small region of one or more nucleotides which 
may be uncertain at the locus of the polymorphism or varia 
tion. In Such cases, the RNA-containing probe is designed 
Such at least an end region nucleotide corresponds to the 
polymorphism or variation in the sequence, whereupon effi 
cient hydrolysis or otherwise, will indicate whether or not the 
actual sequence is complementary to the probe sequence or 
not. 

0102 The reactions described above, including detection, 
amplification and sequencing reactions, may be conducted in 
reaction tubes, wells or vessels as appropriate and as known in 
the art. 
0103) Where a plurality of reactions as described above, 
for example amplification or sequencing reactions are carried 
out, these may suitably be carried out simultaneously in sepa 
rate reaction tubes, wells or vessels, which are arranged in an 
array. The tubes, wells or vessels may be thermally cycled (or 
isothermally incubated, depending upon the nature of the 
process being employed) together, and the signals from each 
tube monitored using an appropriately configured lumino 
metric system. 
0104. Alternatively, probes may be immobilized on a Sup 
port, for example of the "dipstick” design or a slide or chip, to 
provide a diagnostic test, for example for a polymorphism or 
allelic variation in a particular test sequence as outlined 
above. 
0105. In yet a further aspect, the invention provides a kit 
for use in a method as described above. Such kits will com 
prise at least two RNA-containing probes, which are specific 
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for the target sequences, and wherein one of which includes at 
least one modified adenosine as described above. 
0106 Kits may also optionally also comprise means for 
converting AMP to ATP, or AMP" to ATP". Particular 
examples of such means are the enzymes listed above for use 
in this context. 
0107. In the case of the method of detecting polymor 
phisms, the kit may comprise up to four similar RNA-con 
taining probes, which differ only by the presence of a differ 
ent nucleotide at the 3' end. In this case, different modified 
adenosines will be present in at least three of said probes. 
0108) Kits will suitably comprise one or more further 
reagents for use in the method. In particular, they may also 
contain bioluminescent reagents such as luciferase and/or 
luciferin. Suitably the luciferase is a recombinant thermo 
stable luciferase as described above. 
01.09. Other particular optional components of the kit may 
include one or more set of primers for use in a particular 
amplification or amplifications. As described above, a primer 
may be linked to an RNA-containing probe by way of a 
blocking group as described above, so that they form a single 
oligonucleotide. 
0110. In addition, kits may contain one or more enzymes 
(for example as an enzyme mixture) which are able to hydrol 
yse RNA-containing probes bound to nucleic acid to generate 
adenosine monophosphate (AMP), and/or modified adenos 
ine monophosphate (AMP"). Examples of such enzymes 
include DNA polymerase which hydrolyses the RNA-con 
taining probes or other hydrolytic enzymes such as an RNAse 
as described above. 
0111. Other reagents such as buffers, nucleotides, poly 
merase enzymes etc., which might be required in order to 
effect an amplification may also be included. 
0112 RNA-containing hydrolysis probes therefore pro 
vide a very versatile means for generating signals indicating 
the presence of very specific nucleic acid sequences within a 
sample. The sensitivity of assays using such probes combined 
with bioluminescent detection systems is high and signals can 
be generated rapidly. 
0113. RNA-containing probes which include a modified 
adenosine as described above are also novel and form a fur 
ther aspect of the invention. 
0114 RNA-containing probes as described above, which 
are either RNA molecules containing a modified form of 
adenosine, or a DNA/RNA heteropolymeras described above 
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are novel and form a further aspect of the invention. Further 
more, the use of these probes individually in an assay for 
particular nucleic acid sequences, in which they are hydroly 
sed to release AMP or AMP" which is phosphorylated to ATP 
or ATP" and detected using a bioluminescent system, forms a 
yet further aspect of the invention. 

1. A kit for use in analysis, the kit comprising at least two 
RNA-containing probes, each of which is specific for a target 
sequence, wherein one of said probes comprises at least one 
modified adenosine. 

2. The kit of claim 1, which further comprises an enzyme or 
enzyme mixture which can hydrolyse an RNA-containing 
probe when in double stranded form. 

3. The kit of claim 1, which further comprises means for 
converting AMP to ATP or modified AMP to modified ATP 

4. The kit claim 1, which further comprises a biolumines 
cent reagent. 

5. The kit of claim 4, wherein the bioluminescent reagent 
comprises luciferase and/or luciferin. 

6. The kit of claim 5, wherein the luciferase is a recombi 
nant thermostable luciferase. 

7. The kit of claim 1, which further comprises at least two 
amplification primers. 

8. The kit of claim 1, wherein one of the RNA-containing 
probes comprises an oligonucleotide comprising a DNA 
polymerable to function as a primer in a nucleic acid ampli 
fication reaction, linked to an RNA-containing probe region 
by way of a blocking group which prevents an extension 
reaction amplifying the probe region of the oligonucleotide. 

9. An RNA-containing probe which includes a modified 
form of adenosine. 

10. An RNA-containing probe which comprises an RNA/ 
DNA heteropolymer which contains at least one adenosine or 
a modified form of adenosine. 

11. The RNA-containing probe of claim 10, which com 
prises a DNA polymer wherein one or more deoxy-adenosine 
nucleotides are replaced by adenosine nucleotides or modi 
fied adenosine nucleotides. 

12. An oligonucleotide comprising a DNA polymerable to 
function as a primer in a nucleic acid amplification reaction, 
linked to an RNA-containing probe region by way of a block 
ing group which prevents an extension reaction amplifying 
the probe region of the oligonucleotide. 
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