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Description

[0001] This invention was in part made with government support under grant number HL-43521-07, awarded by the
National Institutes of Health. The United States government has certain rights in that part of the invention.

[0002] Thisinvention relates to nucleic acid hybridization probes containing fluorophore and chromophore labels, and
kits and assays containing and employing them.

BACKGROUND

[0003] There are many different types of assays that employ nucleic acid hybridization probes and that utilize for signal
generation a change in the fluorescence of a fluorophore due to a change in its interaction with another molecule or
moiety brought about by changing the distance between the fluorophore and the interacting molecule or moiety.
[0004] These assays rely for signal generation on fluorescence resonance energy transfer, or "FRET", according to
which a change in fluorescence is caused by a change in the distance separating a first fluorophore from an interacting
resonance energy acceptor, either another fluorophore or a quencher. Combinations of a fluorophore and an interacting
molecule or moiety, including quenching molecules or moieties, are known as "FRET pairs." The mechanism of FRET-
pair interaction requires that the absorption spectrum of one member of the pair overlaps the emission spectrum of the
other member, the first fluorophore. If the interacting molecule or moiety is a quencher, its absorption spectrum must
overlap the emission spectrum of the fluorophore. Stryer, L., "Fluorescence Energy Transfer as a Spectroscopic Ruler,"
Ann. Rev. Biochem. 1978, 47: 819-846 ("Stryer, L. 1978"); BIOPHYSICAL CHEMISTRY part Il, Techniques for the Study
of Biological Structure and Function, C.R. Cantor and P.R. Schimmel, pages 448-455 (W.H. Freeman and Co., San
Francisco, U.S.A., 1980) ("Cantor and Schimmel 1980"), and Selvin, P.R., "Fluorescence Resonance Energy Transfer,"
Methods in Enzymology 246: 300-335 (1995) ("Selvin, P.R. 1995"). Efficient, or a substantial degree of, FRET interaction
requires that the absorption and emission spectra of the pair have a large degree of overlap. The efficiency of FRET
interaction is linearly proportional to that overlap. Haugland, R.P., Yguerabide, Jr., and Stryer, L., "Dependence of the
Kinetics of Singlet-Singlet Energy Transfer on Spectral Overlap," P.N.A.S. (U.S.A.) 63: 24-30 (1969) ("Haugland et al.
1969"). The cited art teaches that to obtain a large magnitude of signal, a high degree of overlap is required. FRET pairs,
including fluorophore-quencher pairs, have been chosen on that basis.

[0005] One suitable FRET pair disclosed in Matayoshi et al. 1990, Science 247: 954-958, includes DABCYL as a
guenching moiety (or quenching label) and EDANS as a fluorophore (or fluorescent label). The absorption spectrum of
DABCYL has a high degree of overlap with the emission spectrum of EDANS, making these two a good FRET pair.
Despite the recognized advantage of using a FRET pair that includes a quencher that does not itself fluoresce, such as
DABCYL, very few such FRET pairs have been identified. In general, the number of fluorophore-quencher pairs is
extremely limited because of the need for a high degree of spectral overlap. Additional such pairs would be highly
desirable for a number of reasons, including flexibility in assay design and distinguishing signals in multiplex assays.
[0006] A variety of labeled nucleic acid hybridization probes and detection assays that utilize FRET and FRET pairs
are known. One such scheme is described by Cardullo et al. (1988), P.N.A.S. 85: 8790-8794 and in Heller et al. EP
0070685.A2, claiming priority of U.S. 284469 filed on July 17, 1981. It uses a probe comprising a pair of oligodeoxynu-
cleotides complementary to contiguous regions of a target DNA strand. One probe molecule contains a fluorescent label,
a fluorophore, on its 5’ end, and the other probe molecule contains a different fluorescent label, also a fluorophore, on
its 3' end when the probe is hybridized to the target sequence, the two labels are brought very close to each other. When
the sample is stimulated by light of an appropriate frequency, fluorescence resonance energy transfer from one label to
the other occurs. FRET produces a measurable change in spectral response from the labels, signalling the presence of
targets. One label could be a "quencher,” which in this application is meant an interactive moiety (or molecule) that
releases the accepted energy as heat.

[0007] Heller published patent application WO 93/09128(1993), reporting single probes and probe pairs that include
multiple donor fluorphores as well as an acceptor fluorophore and, optionally, a non-fluorescent quencher which absorbs
energy from the acceptor by FRET before it can emit.

[0008] Another solution-phase scheme utilizes a probe comprising a pair of oligodeoxynucleotides and a FRET pair.
However, here the two probe molecules are completely complementary both to each other and to complementary strands
of a target DNA (Morrison and Stols, "Sensitive Fluorescence-Based Thermodynamic and Kinetic Measurements of
DNA Hybridization in Solution,” Biochemistry 32: 309-3104 (1993) and Morrison EP 0 232 967 A2, claiming priority of
U.S. application Serial No. 817841, filed January 10, 1986. Each probe molecule includes a fluorophore conjugated to
its 3' end and a quenching moiety conjugated to its 5’ end. When the two oligonucleotide probe molecules are annealed
to each other, the fluorophore of each is held in close proximity to the quenching moiety of the other. With the probe in
this conformation, if the fluorophore is then stimulated by light of an appropriate wavelength, the fluorescence is quenched
by the quenching moiety. However, when either probe molecule is bound to a target, the quenching effect of the com-
plementary probe molecule is absent. In this conformation a signal is generated. The probe molecules are too long to
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self-quench by FRET when in the target-bound conformation.

[0009] A solution-phase scheme that utilizes FRET pairs and the phenomenon known as strand displacement is
described by Diamond et al. U.S. Patent No. 4,766,062; Collins et al. U.S. Patent No. 4,752,566; Fritsch et al. U.S.
Patent Nos. 4,725,536 and 4,725,537. Typically, these assays involve a probe comprising a bimolecular nucleic acid
complex. A shorter single strand comprising a subset of the target sequence is annealed to a longer single strand which
comprises the entire target binding region of the probe. The probe in this configuration thus comprises both single-
stranded and double-stranded portions. Diamond et al. proposed that these probes may further comprise either a 32P
label attached to the shorter strand or a fluorophore and a quencher moiety which could be held in proximity to each
other when the probe conformation is that complex.

[0010] Another type of molecular probe assay utilizing a FRET pair is described in European Patent Application o 601
889 A3, publication date 15 June, 1994, which claims priority of Bagwell U.S. patent application Serial No. 990,298, filed
10 December 1992.

[0011] Another type of nucleic acid hybridization, probe assay utilizing a FRET pair is the so-called - "TagMan" assay
described in Gelfand et al. U.S. Patent 5,210,015, and Livak et al. U.S. Patent 5,538,848. The probe is a single-stranded
oligonucleotide labeled with a FRET pair. In a "TagMan" assay, a DNA polymerase releases single or multiple nucleotides
by cleavage of the oligonucleotide probe when it is hybridized to a target strand. That release provides a way to separate
the quencher label and the fluorophore label of the FRET pair. According to Livak et al. "straightening” of an end-labelled
"TagMan" probe also reduces quenching.

[0012] Yetanother type of nucleic acid hybridization probe assay utilizing FRET pairs is described in PCT Application
No. WO 95/133994, which utilizes labeled oligonucleotide probes, which we have cometo refer to as "Molecular Beacons."
Tyagi, S. and Kramer, F.R., "Molecular Beacons: Probes that Fluoresce upon Hybridization," Nature Biotechnology 14:
303-308 (1996). A Molecular beacon probe is an oligonucleotide whose end regions hybridize with one another in the
absence of target but are separated if the central portion of the probe hybridizes to its target sequence. The rigidity of
the probe-target hybrid precludes the simultaneous existence of both the probe-target hybrid and the intramolecular
hybrid formed by the end regions. Consequently, the probe undergoes a conformational change in which the smaller
hybrid formed by the end regions disassociates, and the end regions are separated from each other by the rigid probe-
target hybrid.

[0013] Labeling a DNA helix with the FRET pair coumarin and fluorescein to monitor helicase unwinding is disclosed
in Houstons P. and Kodadek, T., "Spectrophotometric Assay for Enzyme-Medicated Unwinding of Double-Stranded
DNA, Proc. Natl. Acad. Sci. (USA) 91:5471-5474 (1994). Wiegant, J. et al., "Multiple and Sensitive Fluorescence In Situ
Hybridization with Rhodamine -, Fluorescein-, and Coumarin-Labeled DNAs," Cytogenet. Cell Genet. 63: 73-76 (1993)
describes labeling FISH probes with each of the three fluorophores for six-color or seven color in situ hybridization
analysis, wherein using all three probes (red, green and blue) gave an overall merged signal that was white.

[0014] Aspects of this invention include probes containing non-FRET fluorophore-quencher pairs and chromophore
pairs useful in assays; improved assays, including multiplexed assays, utilizing such pairs of molecules or moieties; and
assay kits that include such pairs.

SUMMARY OF THE INVENTION

[0015] As opposed to FRET, quenching molecules and even other fluorophores can serve as efficient quenching
moieties for fluorophores when attached to nucleic acid hybridization probes such that the fluorescing moiety and quench-
ing moiety are in contact, even when the rules of FRET are violated. Further, the absorption spectra of a pair of chromo-
phores (fluorescing or non-fluorescing), even identical chromophores, in a probe so constructed is altered in a detectable
fashion.

[0016] In FRET, afirst fluorophore absorbs at a first wavelength and emits at a second, longer wavelength. A second
fluorophore or quencher which is near the first (the FRET range is reportedly 10-100 A), if and to the degree its absorption
spectrum overlaps that emission, absorbs some or most of the emitted energy and, if a fluorophore, re-emits at a third,
still longer wavelength, or, if a quencher, releases the energy as heat. FRET progresses in the direction of increasing
wavelength. It does not progress in the direction of decreasing wavelength. A probe according to this invention is a
"nucleic acid hybridization probe," which as used herein means a probe that is hybridizable to a natural oligonucleotide
strand and is composed of natural or modified nucleotides joined by natural or non-natural linkages. A peptide nucleic
acid probe is a "nucleic acid hybridization probe," as are, of course, DNA probes, RNA probes and probes of mixed DNA
and RNA. The term "probe" as used herein includes a single molecule and also a pair of molecules .that in combination
affect the level of signal.

[0017] A probe according to this invention comprises a non-FRET pair of labels consisting of a first fluorophore and
a chromophore said chromophore selected from the group consisting of fluorophores and quenchers. The term "non-
FRET" means that the efficiency of quenching of said first fluorophore by said chromophore, as measured by the decrease
in emission intensity of said first fluorophore when labels are attached to oligodeoxynucleotides and separated by a
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FRET distance within a range of from ten to one hundred Angstroms, is less than sixty percent.

[0018] A probe according to this invention is capable of undergoing a conformational change upon interacting with a
target in an assay. Preferably a pair of labels, for example, a fluorophore and a quencher, "touch” all or part of the time
when the probe is not interacting with target, and interaction with target separates the label pair, thereby preventing
"touching". Examples of such probes include certain of the following probe constructions: bimolecular probes disclosed
in Morrison EP 0 232 967 A2, bimolecular probes disclosed in Diamond et al. U.S. Patent No. 4,766,062, single-molecule
oligonucleotide probes such as disclosed in Gelfand et al. U.S. Patent 5,210,015 and Livak et al. U.S. Patent No.
5,538,848 ("TagMan" probes) and self-hybridizing single-molecule probes disclosed in PCT Application No. WO 95/13399
and Nature Biotechnology 14: 303-308 (1996) ("Molecular Beacon" probes). However, a probe according to this invention
may function in the opposite manner such that a label pair is made to "touch" by interaction of the probe with its target.
An example of such a probe is the bimolecular probe disclosed in Heller et al. EP 0070685.A2. Our most preferred probe
constructions are "Molecular Beacon" probes.

[0019] When attached to a probe according to this invention such that it is in contact with, or "touching", the first
fluorophore in one of its conformations, a quenching moiety need not have an absorption spectrum that overlaps the
emission spectrum of the first fluorophore. Moreover, the absorption wavelength of the quencher can be shorter than
the fluorophore’s emission wavelength. Similarly, a second fluorophore that absorbs at a wavelength shorter than the
emission wavelength of the first can, in the probe construction described above, act as a quencher; that is, suppress
emission by the first fluorophore and dissipate the incident energy as heat rather than as photon emission.

[0020] In probes constructed as described above, change in the absorption spectra of the label pair can be used as
a detectable signal, as an alternative to change in fluorescence. When change in absorption is utilized, the label pair
may include any two chromophores, that is, fluorophores, quenchers and other chromophores which form a non-FRET
pair. The label pair may even be identical chromophores.

[0021] In addition to probes, this invention includes assays employing such probes and, assay kits containing them.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Figure 1 shows excitation and emission spectra for EDANS-labeled DNA.

Figure 2 shows excitation and emission spectra for Tetramethylrhodamine-labeled DNA.

Figure 3 is a graph showing the absorption spectrum of DABCYL and emission spectra for each of nine fluorophores.
Figure 4 shows the chemical structure of reactive forms of a number of fluorophore.

Figure 5 shows the chemical structures of reactive forme of several quenchers and a fluorophore used as a quencher.
Figure 6 shows absorption spectra for a pair of chromophores when touching and when separated.

Figure 7 shows kinetic fluorescence measurements using four probes in a multiplex assay.

Figure a shows real-time fluorescence measurements using two probes in a multiplex PCR amplification assay.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Onetype of probe structure useful in this invention is the "Molecular Beacon" oligonucleotide structure described
in PCT Application No. WO 95/13399, and Tyagi, S. and Kramer, F.R., "Molecular Beacons: Probes that Fluoresce upon
Hybridization," Nature Biotechnology 14: 303-308 (1996). In those probes, a central target-recognition sequence is
flanked by arms that hybridize to one another when the probe is not hybridized to a target strand, forming a "hairpin”
structure, in which the target-recognition sequence (which is commonly referred to as the "probe sequence") is in the
single-stranded loop of the hairpin structure, and the arm sequences form a double-stranded stem hybrid. When the
probe hybridizesto atarget, thatis, when the target-recognition sequence hybridizes to a complementary target sequence,
a relatively rigid helix is formed, causing the stem hybrid to unwind and forcing the arms apart. A FRET pair, such as
the fluorophore EDANS and the quencher DABCYL, may be attached to the arms by alkyl spacers. When the Molecular
Beacon is not hybridized to a target strand, the fluorophore’s emission is quenched. When the Molecular Beacon is
hybridized to a target strand, the FRET pair is separated by more than 100 A, and the fluorophore’s emission is not
qguenched. Emitted fluorescence signals the presence of target strands. Molecular beacon probes may have target
recognition sequences 7-140 nucleotides in length and arms that form a stem hybrid, or "stem duplex” 3-25 nucleotides
in length. Modified nucleotides and modified nucleotide linkages may be used. Molecular beacons may be, for example,
peptide nucleic acid ("PNA") probes.

[0024] We have discovered that in certain Molecular Beacon probes, a pair of labels "touches" when the probe is not
hybridized to a target. By "touching" we mean that the absorption spectrum of the pair is significantly altered. Figure 6
presents absorption spectra for a Molecular Beacon whose complementary terminal nucleotides are part of a stem
hybrid. The probe was labeled with DABCYL on one end and Tetramethylrhodamine on the other end. Spectrum 20 is
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from the probe in a first conformation, not bound to target, with the arms hybridized to one another. Spectrum 21 is from
the probe in a second conformation, bound to target, with the arms not hybridized. The absorption maxima are at about
4800 A and 5500 A in spectrum 21. Comparison of spectrum 20 with spectrum 21 shows that the label pair are "touching"
when the arms are hybridized: absorption at 4800 A is reduced from about 0.033 to about 0.026, and absorption at 5500
A is increased from about 0.046 to about 0.063. FRET would not change the absorption spectrum of the pair. Van Der
Meer, B.W., Coker, G., lll, and Chen S-Y.S., RESONANCE ENERGY TRANSFER, VCH Publishers, Inc. (New York
1994). Whether or not two chromophores are "touching"” can be determined by comparing the absorption spectrum when
they are touching to the absorption spectrum when they are separated by more than 100 A, as shown in Figure 6.
[0025] We have discovered that a quencher, for example DABCYL, attached to one end of a Molecular Beacon
constructed as described in the preceding paragraph, will effectively quench fluorophores attached to the other end in
violation of FRET rules, thereby greatly enlarging the available number of fluorophore-quencher pairs that can be used
in nucleic acid hybridization probes.

[0026] The following description references the spectral data presented in Figures 1, 2 and 3. Figure 1 presents the
excitation (curve 1 on the left, shorter wavelength) and emission (curve 2 on the right, longer wavelength) spectra of a
Molecular Beacon containing the quencher DABCYL and the fluorophore EDANS, when it is hybridized to a target.
Figure 2 presents the excitation spectrum (curve 3) and emission spectrum (curve 4) of a Molecular Beacon containing
the quencher DABCYL and the fluorophore Tetramethylrhodamine, when it is hybridized to a target.

[0027] Figure 3 presents the absorption spectrum 5 for the quencher DABCYL and emission spectra 6-14 for a number
of fluorophores: EDANS(6), Fluorescein(7), Lucifer Yellow(8), BODIPY(9), Eosine(10), Erythrosine(11), Tetramethyl-
rhodamine(12), Texas Red(13) and Coumarin(14). The large overlap for EDANS and Coumarin with DABCYL demon-
strates why EDANS and DABCYL and Coumarin and DABCYL are FRET pairs. Curve 12 is the emission spectrum for
Tetramethylrhodamine. It has almost no overlap with the absorbance spectrum of DABCYL. Curve 13 is the emission
spectrum for Texas Red. It has no overlap with the absorbance spectrum of DABCYL. According to FRET rules, the
degree of fluorescence energy transfer is a function of the amount of spectral overlap.

[0028] Initially using the procedure described in Example 1, we determined the spectral overlap of several fluorophores
with an exemplary quencher, for which we chose DABCYL. The calculated overlap and the consequent expected degree
of quenching are summarized in Table 1.

Table 1
Quenching with DABCYL by FRET
Fluorophore Spectral Overlap Expected FRET
Quenching Efficiency, %

EDANS 4856 95.60

Fluorescein 1448 30.38

Lucifer Yellow 2485 52.15

BODIPY 1050 22.04

Eosine 409 8.58

Erythrosine 184 3.86

Tetramethylrhodamine 2 0.05

Texas Red 0 0.00

[0029] For use in an assay, a quencher or interacting fluorophore should have sufficient spectral overlap, as spectral
overlap was determined by the procedure of Example 1, to absorb at least 60% of a fluorophore’s emission by fluorescence
resonance energy transfer, which we define as the minimal interaction to be considered a "FRET pair" as that term is
used herein. According to that description, only EDANS of the fluorophores in Table 1 forms a FRET pair with the
guencher DABCYL. We have discovered, however, that when DABYCL or another suitable quencher contacts or "touch-
es" any of the seven other fluorophores tested, efficient quenching is achieved.

[0030] To demonstrate embodiments of probes with "touching" pairs of a fluorophore with another fluorophore or
guencher, where the pairs are not FRET pairs as defined above, we prepared Molecular Beacon probes end-labeled
with DABCYL at one end and one of eight different fluorophores at the other end. We tested quenching efficiency by
the procedures described in Example 2. Table 2 presents the observed quenching efficiency and also the expected
guenching efficiency by FRET. Figure 6 demonstrates that "touching" is achieved, and Table 2 shows the effect on
guenching that results for non-FRET pairs, which includes all fluorophores in Table 2 except EDANS.
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Table 2
Quenching by "Touching"
Fluorophore Expected FRET Quenching Efficiency,% Observed Quenching Efficiency, %

EDANS 95.60 95.60
Fluorescein 30.38 94.52
Lucifer Yellow 52.15 96.84
BODIPY 22.04 94.17
Eosine 8.58 90.66
Erythrosine 3.86 72.22
Tetramethylrhodamine 0.05 95.77
Texas Red 0.00 99.10

[0031] Not all Molecular Beacon designs are considered likely candidates for probes according to this invention,
because "touching" is required. Only Molecular Beacons having a label pair attached such that the label moieties can
touch when the probe is not hybridized to a target may be probes according to this invention. Besides the end-labeling
described above, another configuration that should be useful is to separate the label moieties by five nucleotides along
the stem hybrid. This brings the two labels to the same side of the helix, because the helix makes a complete turn every
ten nucleotides. Separation by four or six nucleotides along the helix would be less preferred candidates. To ascertain
whether or not a particular Molecular Beacon design is suitable for probes according to this invention, one can simply
prepare a probe and test it by the procedures described herein.

[0032] The same applies to other probe constructions. The data presented here establishes that probe pairs of the
types described in Heller et al. EP 0070685.A2, Morrison EP 0232967.A2 and Diamond U.S. 4,766,062 will provide
"touching"” if the two molecules of the probe are end-labeled in the fashion described herein for Molecular Beacons.
Other candidate configurations should be tested.

[0033] Probes according to this invention include probes whose labels can "touch”, but in fact "touch" only part of the
time, such as, for example, a "TagMan" probe or other single-stranded probe that is labeled along the probe. Such linear
probes form a random coil when not hybridized. Probes that "touch" only part of the time will tend to be less efficiently
guenched and generate higher background than probes such as the preferred Molecular Beacon probes described
herein and are, therefore, less preferred. To be useful in this invention such a probe must provide at least 20% quenching,
preferably 30% and more preferably at least 40% quenching, according to the procedure of Example 2.

[0034] To demonstrate probes whose labels "touch" only part of the time, we prepared three non-self-hybridizing
oligonucleotide probes. They were thirteen nucleotides long and end-labeled with DABCYL (3’ end) and one of three
fluorophores -- EDANS, Fluorescein or Tetramethylrhodamine (5’ end). We hybridized the three probes to an unlabeled,
perfectly complementary target oligonucleotide, of the same length as the probes and we hybridized the three probes
to a perfectly matched target oligonucleotide labeled at its 3’ end with DABCYL. The first target eliminates quenching,
and the second target maximizes quenching by "touching" the fluorophore to the target's DABCYL moiety. Utilizing the
procedure of Example 2, we measured quenching efficiency when the probes were not hybridized (a random-coil state)
and hybridized to each target. Table 3 presents those results.

Table 3
Observed Quenching Efficiency, %
Probe/State fluorophore paired with DABCYL
EDANS Fluorescein Tetramethylrhodamine
13-mer/unhybridized 76 81 44
13-mer/hybridized to unlabeled target 0 0 0
13-mer/hybridized to labeled target 96 95 96

[0035] The results in Table 3 show that for a probe according to this invention in which the label pair (Tetramethyl-
rhodamine-DABCYL) has essentially no spectral overlap, precluding FRET interaction completely, nearly half of the
fluorescence (44%) was quenched by "touching" part of the time due to random-coil movement. A probe according to
this invention in which the label pair (Fluorescein-DABCYL) has some spectral overlap but not enough to be a FRET
pair was quenched as well as the probe with the FRET pair (EDANS-DABCYL). The background from all three 13-mer
oligonucleotide probes was shown to be considerably higher than from similarly labeled Molecular Beacon probes, which
give better quenching and, thus, higher signal-to-background ratios.

[0036] To be useful in this invention, a non-FRET fluorophore-quencher pair when attached to complementary ends
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of a hybrid must satisfy certain criteria when tested according to Examples 1 and 2 presented below. The pair must yield
a degree of quenching above 60 percent, preferably at least 70 percent and more preferably at least 80% to minimize
background signal. In addition, the quenching efficiency must be at least 10 percent greater than predicted by spectral
overlap, which follows from the significant change in absorbance that signifies "touching". Preferably, the quenching
efficiency is at least 30 percent greater than predicted by spectral overlap.

[0037] A quencher suitable for use in this invention should satisfy several criteria. First, it is a chromophore that is not
a fluorophore; it can absorb light and dissipate energy as heat. Second, it should be a relatively good absorber; it
preferably should have an extinction coefficient of at least 104 ML, Third, it should not repel or seek to avoid the fluorophore
to be quenched; thatis, if the fluorophore is hydrophobic, the quencher should also be hydrophobic, and if the fluorophore
is positively or negatively charged, the quencher should not be similarly charged. Fourth, it should not be chemically
reactive in use, particularly it should not generate destructive free radicals. Finally, for ease of use, it should be available
in an activated form containing leaving groups for coupling to the probe. Quenchers satisfying these criteria include, for
example, DABCYL, DABMI and Malachite Green, all of which appear in Figure 5.

[0038] A second fluorophore that does not form a FRET pair with the first fluorophore can be used in place of a
quencher. Preferably the second fluorophore has no spectral overlap or minimal spectral overlap with the first fluorophore.
Criteria for selecting a second fluorophore are basically the same as for selecting a quencher. Considering the first
fluorophore to be the one excited in an assay, it is preferred that the excitation spectrum of the second fluorophore be
at wavelengths shorter, completely or nearly so, than the emission excitation spectrum of the first fluorophore. Coumarin,
a fluorophore that normally emits in the blue range, has been shown to act as a quencher for Tetramethylrhodamine in
a Molecular Beacon probe according to this invention.

[0039] Although change in fluorescence is preferred for detection in this invention, "touching" permits change in ab-
sorbance to be used for detection. As explained above in connection with Figure 6, the absorption spectrum changes
when two chromophores, fluorescing or non-fluorescing, are made to "touch”. We have shown this occurs, utilizing a
Molecular Beacon labeled at both ends with Tetramethylrhodamine. Other label pairs could be, for example, the non-
fluorophores DABCYL-DABCYL, Malachite Green-DABCYL or Malachite Green-Malachite Green, or the fluorophores
Fluorescein-Tetramethylrhodamine. Figure 6 demonstrates that the label pair could be DABCYL-Tetramethylrhodamine.
For use with absorption detection, one could select a suitable pair by obtaining absorption spectra for the probe in the
"touching” and "non-touching” configurations, and ascertaining if the change in absorption is a suitable signal for the
test or assay and the sensitivity of the instrument to be used. Where two different chromophores are used, the change
in the ratio of absorptions at their peak wavelengths is a convenient way to measure signal change. Preferably, where
absorbance is used for detection, the labels should have extinction coefficients of at least 3 x 104 M-1.

[0040] Attachment of chromophores to the probe is by conventional means. The points of attachment, taking into
consideration linkers, such as alkyl spacers, for example, must permit the two labels to "touch" as defined above.
Complementary end nucleotides of a hybrid (whether in one or separate molecules) ensure "touching”, as demonstrated
by the Molecular Beacons described herein.

[0041] Thisinvention also includes assays that utilize chromophore pairs, preferably fluorescer-quencher pairs, of this
invention. Thus, in an assay that relies for generation of a signal on quenching the fluorescence of a fluorophore, this
invention includes the improvement comprising using a fluorophore-quencher pair wherein the quencher is, for example,
DABCYL and the degree of quenching is at least 60%, preferably 70% and more preferably 80%, and at least 10%,
preferably at least 30%, above the quenching efficiency expected based on spectral overlap. An assay according to this
invention can be a multiplex assay that includes multiple fluorescer-quencher pairs and generates multiple signals. The
assays may be detection assays, either qualitative, quantitative or both. Detection may comprise part of a larger process
that includes, for example, a nucleic acid amplification. This will be the case particularly if detection is in real-time during
the amplification or other process. Well-known amplification processes include the polymerization chain reaction ("PCR")
process disclosed, for example, in United States Patent Nos. 4,683,202, 4,683,195 and 4,965,188; Q-beta replication
(Lomeli et al., "Quantitative Assays Based on the Use of Replicable Hybridization Probes," Clin. Chem. 39, 1826-1831
(1989)); NASBA,; self-sustained sequence reactions ("3SR") (Guatelli et al., "Isothermal in vitro Amplification of Nucleic
Acids by Multienzyme Reaction Modeled after Retrovival Replication,” P.N.A.S. (U.S.A.) 87: 1874-1878 (1990)) and
transcription and replication reactions.

[0042] Our invention also includes reagent kits that include labeled probes according to this invention, together with
other reagents for an assay. For example, a kit may include enzymes, primers and buffers for a PCR reaction together
with Molecular Beacons for detecting amplified product. For multiplex assays, kits according to this invention will include
multiple probes, at least one of which is a probe according to this invention. For example, several Molecular Beacons
can be included, each labeled according to this invention with DABCYL as a quencher, but each with a different fluoro-
phore. In that case at least one probe will include a non-FRET fluorophore-quencher pair according to this invention.
Another pair may be a recognized FRET pair, such as EDANS and DABCYL. Multiple probes according to this invention
may, of course, be included. For multiplexing with fluorescence detection, it will be recognized that it is desirable to
minimize the overlap of both the excitation spectra and the emission spectra of the different fluorophores. For multiplexing
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with absorption detection, it will be recognized that it is desirable to minimize the overlap of absorption spectra of the
different probes.

[0043] Using the assay procedures described herein, we have shown that DABCYL can quench the fluorescence of
Fluorescein, Lucifer Yellow, BODIPY, Eosine, Erythrosine, Tetramethylrhodamine, Texas Red and Coumarin, all com-
mercially available fluorophores whose chemical structures are well known and published. We have also shown effective
fluorophore quenching in non-FRET pairs containing other quenchers, DABMI and Malachite Green, as well as appro-
priate (shorter wavelength) fluorophores such as Coumarin. Figure 4 shows the chemical structures of the reactive forms
of fluorophores, and Figure 5 shows the chemical structures of the reactive forms of Coumarin, DABMI, Malachite Green
and DABCYL, as reported in the catalog of Molecular Probes, Inc., Eugene, Oregon, U.S.A., entitled "Handbook of
Fluorescent Probes and Research Chemicals," 5th Ed. 1992-1994, by R.P. Haugland (K.D. Larison, ed.), copyright
1992. These combinations are given by way of example only. Workers in the art can, by the straightforward procedures
set forth herein, select and test other chromophores.

Example 1

Initial Determination of Spectral Overlap

[0044] Inorderto determine the spectral overlap between the absorption spectrum of DABCYL and emission spectrum
of each of several fluorophores, the absorption spectrum of DABCYL was determined. Since the absorption spectra of
DABCYL may be altered upon attachment with DNA, we coupled DABCYL to an oligodeoxynucleotide by using methods
described by Tyagi and Kramer 1996. The oligodeoxynucleotide was 5 AAG TTA AGA CCT ATG A - hexalkylamino-
DABCYL. A 6 x 106 M solution (400 w) of this oligodeoxynucleotide was placed in a quartz cuvette and its absorption
spectrum was determined using a Perkin-Elmer Lambda 3A UV-Visible spectrophotometer. The visible portion of this
spectrum is shown in Figure 3. The emission spectra of molecular beacons containing different fluorophores (each bound
to their targets) is also plotted in the same figure. Each spectrum was normalized by assigning a value of 100 to its
maxima and a proportionally lower value to other points. For each emission spectrum, only the top 75% of the spectrum
on either side of the maxima were considered. By "top 75%" is meant the range of emission wavelength for which the
emission is at least 75% of the maximum emission. The extent of overlap between the absorption spectrum of DABCYL
and the emission spectrum of various fluorophore was determined graphically. The spectral overlap for EDANS was,
sum of absorption of DABCYL at each wavelength between 490 nm and 524 nm plus sum of emission of EDANS at
each wavelength from 469 nm to 489 nm. For Fluorescein it was, sum of absorption of DABCYL at each wavelength
between 507 nm and 527 nm plus sum of emission of Fluorescein at each wavelength from 505 nm to 530 nm. For
Lucifer Yellow it was the sum of absorption of DABCYL at each wavelength between 506 nm and 548 nm plus the sum
of emission of Lucifer Yellow at each wavelength from 520 nm to 504 nm. For BODIPY, Eosine, Erythrosine, and
Tetramethylrhodamine the overlap was the sum of DABCYL absorption from 513 nm to 533 nm, 532 nm to 553 nm, 542
nm to 563nm, and 560 nm to 588 nm respectively. For Texas Red (shown in Figure 3) there was no overlap at all, even
when the entire emission spectrum was considered. The extents of spectral overlaps, which according to our definition
has no units, are shown in Table 1.

Calculation Expected Quenching Efficiencies

[0045] For achemical moiety to serve as a quencher of a fluorophore by FRET, its absorption spectrum must overlap
with the emission spectrum of the fluorophore (Stryer, L. 1978; Cantor and Schimmel 1980; and Selvin P.R. 1995). The
efficiency of FRET (and therefore quenching) between a fluorophore and a quencher is linearly proportional to the
spectral overlap between the absorption spectrum of the quencher and the emission spectrum of the fluorophore. This
prediction from Forster’s original theory of fluorescence resonance energy transfer was confirmed experimentally (Haug-
land et al. 1969) and has since been the basis of selection of FRET pairs. The expected efficiency or degree of quenching
for the set of fluorophores, assuming a linear relationship between the quenching efficiency and the spectral overlap,
are shown in Table 1. In order to calculate the expected efficiency or degree of quenching, the spectral overlap for each
fluorophore was divided by the spectral overlap for EDANS and multiplied by the observed quenching efficiency of
EDANS. The expected degrees of quenching are also presented in Table 1.

Example 2

Synthesis of Molecular Beacons to Test the Degree of Quenching of Candidate Fluorophores by DABCYL

[0046] We prepared eight molecular beacons with identical nucleotide sequences. Each molecular beacon contained
a DABCYL moiety at its 3' end and one of six candidate fluorophores that we tested (Fluorescein, BODIPY, Lucifer
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Yellow, EDANS, Erythrosine, Eosine, Tetramethylrhodamine or Texas Red) at its 5’ end. Thus they were identical except
the nature of fluorophore that was present at their 5’ end. In order to synthesize these molecules, an oligonucleotide
which contained a protected sulphydryl group at its 5’ end and a primary amino group at its 3’ end was obtained from
Midland Certified Reagents (Midland Texas). The sulphydryl and the primary amino group in this oligonucleotide were
tethered to the DNA via - (CH2)6- and -(CH2)7- spacers respectively. The sequence of the oligonucleotide was: 5’ SH
- CCG AGA AAG AAAATATCATTG GTG TTT CCT ATG ATG AAT CTC GG - Amino 3'. An amine reactive derivative
of DABCYL was coupled to the 3’ end of this oligonucleotide according to the methods described by Tyagi and Kramer
1996. The coupled oligonucleotide was purified using high pressure liquid chromatography. After purification, the pro-
tective group was removed from the sulphydryl group at the 5’ end (Tyagi and Kramer 1996). This preparation was
divided into seven fractions. These fractions were coupled with iodoacetamide derivatives of Fluorescein, Lucifer Yellow,
EDANS, Erythrosine, Eosine and Tetramethylrhodamine and with the bromomethyl derivative of BODIPY (Molecular
Probes). In each case, the unreacted fluorophore was removed by gel filtration on a small column (NP-5, Pharmacia).
Each doubly labeled oligonucleotide was further purified by high pressure liquid chromatography and dissolved in buffer
A (1 mM MgCl, and 20 mM Tris-HCI pH 8.0).

Determination of Quenching Efficiency

[0047] The molecular beacons labelled with DABCYL at their 3’ ends and a fluorophore at their 5’ ends were designed
in such a way that six terminal nucleotides on either side of the molecule formed a hairpin stem which brought the
fluorophore in close proximity to the DABCYL. With a FRET pair, it was expected from Tyagi et al. that quenching would
occur by fluorescence resonance energy transfer. With non-FRET pairs, as defined herein, no quenching or less than
minimally needed quenching was expected by fluorescence resonance energy transfer.

[0048] The middle region of these oligonucleotides constitutes a probe that can interact with a target. The interaction
of the probe with a target leads to unwinding of the stem helix and separation of the fluorophore from the DABCYL by
more than 100 A. In this state, no fluorescence resonance energy transfer can occur and therefore no quenching can
take place. Tyagi and Kramer have shown that when EDANS and DABCYL are used as a fluorophore and quencher of
a FRET pair in these oligonucleotides, the fluorescence of EDANS is quenched very efficiently by DABCYL. Upon
addition of the target of the molecular beacon the fluorescence of EDANS is fully restored.

[0049] Inorderto determine the degree of quenching for the present series of fluorophores, the excitation and emission
spectra of each molecular beacon was recorded before and after addition of the target using a Photon Technology
(Princeton) fluorometer. To obtain an emission spectrum solution of a molecular beacon in Buffer A was held at 25°C
in a cuvette. The solution was excited at the excitation maxima of the fluorophore in the molecular beacon, while the
intensity of the emitted light was measured as a function of emission wavelength. An excitation spectrum was recorded
by monitoring the intensity of emission at the emission maximum of the fluorophore and changing the excitation wave-
length. Sufficient time was given for the hybrids to form. After recording the two spectra, a five-fold molar excess of the
target of the Molecular Beacon was added to the solution. After the completion of hybridization, the excitation and
emission spectra were recorded again. Four spectra were recorded for each of the eight Molecular Beacons. The spectra
for two, Molecular Beacons containing EDANS and Tetramethylrhodamine, are shown in Figures 1-2, where the spectra
before the addition of the target (71, 72, 73, 74) are depicted by broken lines and the spectra after the addition of target
(1, 2, 3, 4) are shown by continuous lines. The spectra on the left are excitation spectra. On the right are emission spectra.
[0050] The degree of quenching was determined from the intensities of emission at the emission maxima. The per-
centage of observed quenching is defined as (1-F,/F;)*100, where F is the intensity of emission before the addition of
the target and F, is the intensity of emission after the addition of the target. Table 2 lists the observed quenching efficiency
for each of the seven fluorophores tested, as well as the expected quenching efficiency if FRET was the mechanism.

Example 3

[0051] In order to demonstrate the utility of fluorophore-quencher combinations that are available for use in probes of
this invention, a multiplex detection assay utilizing four different nucleic acid targets was performed. We chose targets
that differed in their nucleotide sequence by just one nucleotide and designed a set of four differently labeled molecular
beacons to detect these targets. These molecular beacons possessed a DABCYL moiety at their 3’ end and were
identical in all respects, except that each was labeled with a different fluorophore at its 5’ end and each had a different
nucleotide at the center of its probe sequence. These molecular beacons were labeled with either a blue, green, orange,
or red fluorophore and had either a thymidine, cytidine, adenine, or guanosine residue at the center of its probe sequence,
respectively. The nucleotide sequences of the blue, green, orange, and red molecular beacons were Coumarin-5-GCG
AGC CAC CAA ATA TGA TAT GCT CGC-3'-DABCYL, Fluorescein-5-GCG AGC CAC CAA ACA TGA TAT GCT CGC-
3'-DABCYL, Tetramethylrhodamine-5’GCG AGC CAC CAA AAA TGA TAT GCT CGC-3-DABCYL, and Texas red-5'-
GCG AGC CAC CAAAGA TGA TAT GCT CGC-3'-DABCYL, respectively. The targets of these molecular beacons were
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5'-AAA GAA AAT ATC ATATTT GGT GTT TCC TAT-3’, 5-AAA GAA AAT ATC ATG TTT GGT GTT TCC TAT-3, 5-
AAA GAA AAT ATC ATT TTT GGT GTT TCC TAT-3', 5-AAA GAA AAT ATC ATC TTT GGT GTT TCC TAT-3’, respec-
tively. The underlined residues represent the only difference in the nucleotide sequence among these molecules. The
fluorophores were chosen in such a way that when each was excited at its optimal excitation wavelength and observed
at its optimal emission wavelength, the fluorescence of one molecular beacon could be determined independently of
the fluorescence of each of other molecular beacons. An equimolar mixture of these molecular beacons was prepared
and aliquots of this mixture were plated into each of four tubes. One of the four targets was added to each of these
solutions while holding the temperature of the solution 25°C, and the fluorescence of each molecular beacon in that tube
was monitored repeatedly. The changes in fluorescence of each molecular beacon was monitored by rapidly changing
the position of the diffraction gratings of our spectrofluorometer to alternate between the optional pairs of excitation and
emission wavelengths for measuring the fluorescence of each fluorophore. While holding the excitation wavelength at
400 nm, the fluorescence of Coumarin .was monitored at 475 nm for a five second interval. These wavelengths were
changed to 491 and 515 for the next five seconds (Fluorescein), and then to 575 and 595 for the following five seconds
(Tetramethylrhodamine), and finally to 595 and 615 for the last five seconds (Texas Red). This series of measurements
was made repeatedly until the fluorescence of the perfectly matched probe-target hybrid reached a plateau. These
results were plotted as, four separate fluorescence vs. time curves, one for each molecular beacon.

[0052] The addition of each target led to an increase in the fluorescence of the perfectly complementary molecular
beacon, but did not lead to an increase in the fluorescence of the other molecular beacons that were present in the same
solution (Figure 7). When the target 100 contained an adenosine as its central nucleotide (Panel a), the blue fluorescence
indicated by squares 101 increased, when the target 110 contained a guanosine as its central nucleotide (Panel b), the
green fluorescence indicated by circles 111 increased, when the target 120 contained a thymidine as its central nucleotide
(Panel c), the orange fluorescence indicated by inverted triangles 121 increased, and when the target 130 contained a
cytidine as its central nucleotide (Panel d), the red fluorescence indicated by diamonds 131 increased. The color of the
fluorescence in the tube indicated which nucleotide residue was present at the center of the target. There was no
significant "crosstalk," either at the level of hybridization, or at the level of signal detection. The two notable exceptions
were that a target 110 with a guanosine residue at its center elicited a small response 112 from a molecular beacon that
contained a thymidine at the corresponding position, and a target 120 with a thymidine at its center elicited a small
response 122 from a molecular beacon that contained a guanosine at the corresponding position. This occurred because
guanosine is able to form a relatively stable base-pair with thymidine. Each target could also be identified visually by
the color of the fluorescence that developed when higher concentrations of molecular beacons and targets were used
and when the tubes were illuminated by a broad-wavelength ultraviolet lamp.

[0053] We also demonstrated the utility of this invention in a very simple detection of the genetic abnormality that is
responsible for cystic fibrosis. One of the most common genetic causes of cystic fibrosis is a three-nucleotide deletion
at position 508 in the gene for the cystic fibrosis transmembrane conductance regulator (CFTR). Two molecular beacons
were prepared for the detection of this gene. One molecular beacon was labelled with Fluorescein and DABCYL and
had a probe sequence that was perfectly complementary to the wild-type CFTR gene sequence. The other molecular
beacon was labelled with Tetramethylrhodamine and DABCYL and had a probe sequence that was perfectly comple-
mentary to the mutant CFTR gene sequenced. Three tubes containing an equimolar mixture of both of these molecular
beacons and containing the other components necessary for a polymerase chain reaction (including appropriate primers),
were prepared. DNA encoding the wild-type gene was added to the first tube and DNA encoding the mutant gene was
added to the second tube. The third tube was a negative control that did not contain any template DNA. Polymerase
chain reactions were performed by cycling the temperature of the tubes between 94, 55 and 72 degrees centigrade
corresponding to the melting, annealing, and polymerization steps, respectively, of the PCR cycle. The progress of the
reactions was monitored in the sealed tubes during the course of these reaction by measuring the fluorescence of each
molecular beacon repeatedly during the 55° cycle. A thermal cycler that could monitor the fluorescence of the sealed
tubes in real-time was used for this purpose (System 7700, Applied Biosystems, CA). Figure 8 shows the results. The
tube that contained wild-type (template) DNA (Panel a) exhibited a rise in the fluorescence of the Fluorescein molecular
beacon (squares 140), but did not exhibit a rise in Tetramethylrhodamine fluorescence (circles 141). The tube that
received mutant template DNA (Panel b) exhibited a rise in the fluorescence of Tetramethylrhodamine (circles 150), but
did not exhibit a rise in the fluorescence of Fluorescein (squares 151). The level of fluorescence of neither molecular
beacon rose in the third tube. This background signal is indicated by inverted triangles 142,152 and is included in both
of the panels. This experiment demonstrates that by using the fluorophore-quencher pairs selected according to this
invention, it is possible to perform multiplex detection of genetic alleles.

Example 4

[0054] Subsequent to our initial experiments on quenching according to the procedures set forth in Example 1 and
Example 2, we carried out further experiments with more extensively purified Molecular Beacon probes. Three HPLC
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purifications were used for end-labeled Molecular Beacon probes having a central region 20 nucleotides long flanked
by arms 6 nucleotides long and completely complementary to each other. Label pairs were DABCYL on one end and
one of nine different fluorophores (Figure 3) on the other end.

[0055] Expected quenching efficiency was calculated differently from the method of Figure 2. Entire spectra were used
as a basis, and calculation was according to Haugland et al. 1969, discussed earlier, wherein spectral overlap is defined
as, J = [F(NOM)A4A / [F(\)dA, where, F()A) is the normalized fluorescence emission at wavelength A, and O (A) is the
molar extinction coefficient of DABCYL when coupled to an oligonucleotide at wavelength A. All spectral parameters
were determined in the buffer mentioned above using a photon counting fluorometer (Photon Technology International,
NJ).

[0056] Utilizing full spectra, of course, the amount of overlap is greater than the amount calculated according to
Example 1, and, consequently, sois the expected quenching efficiency. Our definition of the minimum expected quenching
efficiency required for a FRET pair and for a non-FRET pair useful in a probe according to this invention all change
upwardly using this different technique. The minimum expected efficiency for a FRET pair would be 80%, for example
(rather than 60% according to the method of Example 1), and a probe according to this invention would have observed
guenching efficiency of at least 80%, preferably 90% and more preferably 95%, plus be at least 10% above the expected
from overlap, preferably at least 15%. The results obtained are presented in Table 4. To avoid confusion, the entirety
of this specification and claims, except for this Example 4, is to be interpreted according to the definitions related to the
procedures of Examples 1 and 2, not this Example 4.

Table 4
Comparison of Expected and Observed
Quenching Efficiency, %

Fluorophore Spectral Overlap Expected Quenching Observed Quenching
(10-15M-1cm-3) Efficiency, % Efficiency, %
Coumarin 1.260 99.3 99.3
EDANS 1.090 85.9 99.5
Fluorescein 0.974 76.7 99.9
Lucifer Yellow 0.796 62.7 99.2
BODIPY 0.781 60.9 95.0
Eosine 0.414 32.9 98.2
Erythrosine 0.253 19.9 87.5
Tetramethylrhodamine  0.019 14 98.7
Texas Red 0.000 0.0 99.1
Claims

1. Aprobe capable of hybridizing with a nucleic acid strand comprising one or two molecules from the group consisting
of natural nucleotides, modified nucleotides and combinations thereof, and a non-FRET pair of labels, optionally
two non-FRET pairs of labels, consisting of a first fluorophore and a chromophore, said chromophore selected from
the group consisting of fluorophores and quenchers, wherein the non-FRET pair of labels is characterised in that,
the efficiency of quenching of said first fluorophore by said chromophore, as measured by the decrease in emission
intensity of said first fluorophore when said labels are attached to oligodeoxynucleotides and separated by a FRET
distance within the range of from ten to one hundred Angstroms, is less than sixty percent, and wherein interaction
of the probe with a target causes the probe to change from a first conformation to a second conformation, thereby
changing the distance between the labels of said label pair, and wherein in only one conformation do the labels
touch sufficiently to quench the fluorescence of said first fluorophore by at least 25 percent.

2. A probe as claimed in claim 1, wherein said probe comprises two molecules that are capable of hybridizing with
one another to form a hybrid and one member of said label pair is attached to one of said molecules at an end of
said hybrid, wherein the quenching efficiency in the hybrid is at least sixty percent and at least ten percent above
the quenching efficiency expected based on spectral overlap.

3. Aprobe as claimed in claim 1, wherein said probe comprises a single molecule and the members of said non-FRET

label pair, when attached to hybridized end nucleotides of double stranded DNA, provide a quenching efficiency of
at least sixty percent and at least ten percent above the quenching efficiency expected based on spectral overlap.
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A probe as claimed in claim 3, wherein the members of said non-FRET label pair, when attached to hybridized end
nucleotides of double stranded DNA, provide a quenching efficiency of at least seventy percent and at least thirty
percent above the quenching efficiency expected based on spectral overlap.

A probe as claimed in any preceding claim, wherein the chromophore is a quencher, preferably DABCYL, or wherein
the chromophore is afluorophore having an excitation maximum at a wavelength shorter than the excitation maximum
of said first fluorophore.

A probe as claimed in any of claims 3 to 5, wherein said molecule is a self-hybridizing oligonucleotide having a
target complementary region of 7-140 nucleotides flanked by arms hybridizable to one another to form a hybrid 3-25
nucleotides in length.

A kit of reagents for an assay comprising detection reagents that include a probe according to any of claims 1 to 6,
preferably said kit further comprising reagents for performing nucleic acid amplification, more preferably said am-
plification selected from the group consisting of PCR, 3SR, LCR, Q-Beta replication and NASBA, even more pref-
erably said amplification is PCR.

An assay, optionally a multiplex assay, that includes a step of detecting that comprises contacting at least one probe
according to any of claims 1 to 6 with a sample suspected to contain a target for said probe and measuring the
change in fluorescence, preferably said assay further includes amplification by the PCR process and detection in
real time.

An assay that includes detecting by contacting at least one single-stranded hybridization probe with a sample
suspected of containing a target for said probe, and measuring the absorbance, said probe being capable of hy-
bridizing with a natural oligonucleotide, said probe containing nucleotides selected from the group consisting of
natural nucleotides, modified nucleotides and combinations thereof, and said probe containing a non-FRET pair of
chromophores according to any of claims 1 to 6, wherein interaction of the probe with the target causes the probe
to change from a first conformation to a second conformation, thereby changing the distance between said chromo-
phores, and wherein in only one conformation do the chromophores touch sufficiently to detectably change absorb-
ance.

Anassay as claimed in claim 9, wherein said probe is a self-hybridizing oligonucleotide having a target complementary
region of 7-140 nucleotides flanked by arms hybridizable to one another to form a hybrid 3-10 nucleotides in length.

Patentanspriiche

Eine Sonde, die in der Lage ist, mit einem Nukleinsaurestrang zu hybridisieren, umfassend ein oder zwei Molekile
aus der Gruppe bestehend aus nattirlichen Nukleotiden, modifizierten Nukleotiden und Kombinationen davon, und
einem nicht-FRET-Paar an Markierungen, gegebenenfalls zwei nicht-FRET-Paaren an Markierungen, bestehend
aus einem ersten Fluorophor und einem Chromophor,

wobei der Chromophor ausgewahlt ist aus der Gruppe bestehend aus Fluorophoren und Quenchern,

wobei das nicht-FRET-Paar an Markierungen derart charakterisiert ist, dass die Effizienz des Quenchens des ersten
Fluorophors durch den Chromophor, wie liber die Abnahme an Emissionsintensitat des ersten Fluorophors zu
messen, wenn die Markierungen an Oligodesoxynukleotide angeheftet und durch eine FRET-Distanz im Bereich
von 10 bis 100 Angstrém getrennt werden, weniger als sechzig Prozent betragt,

und wobei die Wechselwirkung der Sonde mit einem Target die Sonde dazu veranlasst, von einer ersten Konfor-
mation in eine zweite Konformation zu wechseln,

wobei die Distanz zwischen den Markierungen des Markierungspaars verandert wird, und wobei sich die Markie-
rungen in nur einer Konformation ausreichend berthren, um die Fluoreszenz des ersten Fluorophors um mindestens
25 Prozent zu quenchen.

Eine Sonde wie in Anspruch 1 beansprucht, wobei die Sonde zwei Molekule umfasst, die in der Lage sind miteinander
zu hybridisieren um ein Hybrid zu bilden, und ein Mitglied des Markierungspaars an eines dieser Molekdle an einem
Ende des Hybrids angeheftet ist, wobei die Quenching-Effizienz im Hybrid mindestens sechzig Prozent betragt und
mindestens zehn Prozent tiber der Quenching-Effizienz liegt, die basierend auf der spektralen Uberlappung erwartet
wird.
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Eine Sonde wie in Anspruch 1 beansprucht, wobei die Sonde ein einzelnes Molekiil umfasst, und die Mitglieder des
nicht-FRET-Markierungspaars, wenn sie an die hybridisierten Endnukleotide der doppelstrangigen DNA angeheftet
sind, eine Quenching-Effizienz bereitstellen, von mindestens sechzig Prozent und mindestens zehn Prozent tiber
der Quenching-Effizienz, die basierend auf der spektralen Uberlappung erwartet wird.

Eine Sonde wie in Anspruch 3 beansprucht, wobei die Mitglieder des nicht-FRET-Markierungspaars, wenn sie an
die hybridisierten Endnukleotide der doppelstrangigen DNA angeheftet sind, eine Quenching-Effizienz bereitstellen,
von mindestens siebzig Prozent und mindestens dreif3ig Prozent tber der Quenching-Effizienz, die basierend auf
der spektralen Uberlappung erwartet wird.

Eine Sonde wie in einem der vorhergehenden Anspriiche beansprucht, wobei der Chromophor ein Quencher,
vorzugsweise DABCYL, ist, oder wobei der Chromophor ein Fluorophor ist, mit einem Exitationsmaximum bei einer
Wellenlange, die kirzer ist als das Exitationsmaximum des ersten Fluorophors.

Eine Sonde wie in einem der Anspriiche 3 bis 5 beansprucht, wobei das Molekiil ein selbst-hybridisierendes Oligo-
nukleotid ist, mit einem Target-komplementéren Bereich von 7-140 Nukleotiden, flankiert von Armen, die aneinander
hybridisierbar sind, um ein Hybrid von 3-25 Nukleotiden L&nge zu bilden.

Ein Reagenzienkit fur einen Assay, das Detektionsreagenzien umfasst, die eine Sonde nach einem der Anspriiche
1 bis 6 beinhalten, wobei das Kit vorzugsweise ferner Reagenzien zum Durchfiihren einer Nukleinsdureamplifikation
umfasst, starker bevorzugt, wobei die Amplifikation ausgewahlt ist aus der Gruppe bestehend aus PCR, 3SR, LCR,
Q-Beta-Replikation und NASBA, noch stéarker bevorzugt, wobei die Amplifikation PCR ist.

Ein Assay, gegebenenfalls ein Multiplex-Assay, der einen Detektionsschritt beinhaltet, der das Inkontaktbringen
von mindestens einer Sonde nach einem der Anspriiche 1 bis 6 umfasst, mit einer Probe, von der angenommen
wird, dass sie ein Target fiir die Sonde enthalt, und Messen der Veranderung der Fluoreszenz, wobei der Assay
vorzugsweise ferner die Amplifikation durch den PCR-Prozess und die Detektion in Echtzeit einschlief3t.

Ein Assay, der das Detektieren durch Inkontaktbringen von mindestens einer einzelstrangigen Hybridisierungssonde
mit einer Probe einschliel3t, von der angenommen wird, dass sie ein Target fur diese Sonde enthalt, und Messen
der Absorption,

wobei die Sonde in der Lage ist, mit einem natirlichen Oligonukleotid zu hybridisieren,

wobei die Sonde Nukleotide enthalt, ausgewahlt von der Gruppe bestehend aus natirlichen Nukleotiden, modifi-
zierten Nukleotiden und Kombinationen davon, und die Sonde ein nicht-FRET-Paar von Chromophoren nach einem
der Anspriiche 1 bis 6 enthalt,

wobei die Wechselwirkung der Sonde mit dem Target die Sonde dazu veranlasst, von einer ersten Konformation
in eine zweite Konformation zu wechseln, wobei die Distanz zwischen den Chromophoren verandert wird, und wobei
die Chromophore sich in nur einer Konformation ausreichend beriihren, um detektierbar die Absorption zu verandern.

Ein Assay wie in Anpruch 9 beansprucht, wobei die Sonde ein selbst-hybridisierendes Oligonukleotid ist, mit einem
Target-komplementéaren Bereich von 7-140 Nukleotiden, flankiert von Armen, die aneinander hybridisierbar sind,
um ein Hybrid von 3-10 Nukleotiden Lange zu bilden.

Revendications

Sonde capable d’hybridation avec un brin d’acide nucléique comprenant une ou deux molécules provenant du
groupe constitué de nucléotides naturels, de nucléotides modifiés et de combinaisons de ceux-ci, et une paire de
marqueurs non FRET, facultativement deux paires de marqueurs non FRET, constituée d’'un premier fluorophore
et d'un chromophore, ledit chromophore choisi dans le groupe constitué de fluorophores et de désactiveurs, ou la
paire de marqueurs non FRET est caractérisée en ce que I'efficacité de la désactivation dudit premier fluorophore
par ledit chromophore, comme mesuré par la diminution d'intensité d’émission dudit premier fluorophore lorsque
lesdits marqueurs sont attachés a des oligodésoxynucléotides et séparés par une distance FRET dans la plage de
dix a cent Angstroms, est inférieure a soixante pour cent, et ou l'interaction de la sonde avec une cible amene la
sonde a changer d’une premiére conformation vers une seconde conformation, changeant ainsi la distance entre
les marqueurs de ladite paire de marqueurs, et ou les marqueurs ne se touchent suffisamment que dans une seule
conformation pour désactiver la fluorescence dudit premier fluorophore d’au moins 25 pour cent.
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Sonde selon larevendication 1, dans laquelle ladite sonde comprend deux molécules qui sont capables d’hybridation
I'une avec I'autre pour former un hybride et un élément de ladite paire de marqueurs est attaché a I'une desdites
molécules au niveau d’'une extrémité dudit hybride, dans laquelle I'efficacité de désactivation dans I'hybride est d'au
moins de soixante pour cent et au moins dix pour cent supérieure a I'efficacité de désactivation attendue sur la base
du chevauchement spectral.

Sonde selon la revendication 1, dans laquelle ladite sonde comprend une molécule unique et les éléments de ladite
paire de marqueurs non FRET, lorsqu’elle est attachée a des nucléotides d’extrémité hybridée d’ADN double brin,
fournissent une efficacité de désactivation d’au moins soixante pour cent et au moins dix pour cent supérieure a
I'efficacité de désactivation attendue sur la base du chevauchement spectral.

Sonde selon la revendication 3, dans laquelle les éléments de ladite paire de marqueurs non FRET, lorsqu’elle est
attachée a des nucléotides d’extrémité hybridée d’ADN double brin, fournissent une efficacité de désactivation d'au
moins soixante-dix pour cent et au moins trente pour cent supérieure a I'efficacité de désactivation attendue sur la
base du chevauchement spectral.

Sonde selon 'une quelconque des revendications précédentes, dans laquelle le chromophore est un désactiveur,
de préférence DABCYL, ou dans laguelle le chromophore est un fluorophore ayant un maximum d’excitation a une
longueur d’onde plus courte que le maximum d’excitation dudit premier fluorophore.

Sonde selon I'une quelconque des revendications 3 a 5, dans laquelle ladite molécule est un oligonucléotide s’hy-
bridant sur lui-méme, ayant une région complémentaire cible de 7 a 140 nucléotides entourés par des bras hybri-
dables les uns aux autres pour former un hybride de 3 & 25 nucléotides de longueur.

Kit de réactifs pour un dosage comprenant des réactifs de détection qui comprennent une sonde selon I'une quel-
conque des revendications 1 a 6, de préférence ledit kit comprenant en outre des réactifs pour réaliser une ampli-
fication d’acide nucléique, de maniére davantage préférée, ladite amplification est choisie dans le groupe constitué
par la PCR (amplification en chaine par polymérase, pour « polymerase chain reaction »), 3SR (réplication de
séquences auto-entretenues pour « self-sustained sequence replication »), LCR (réaction en chaine par ligase,
pour « ligase chain reaction »), réplication de Q-béta et NASBA (amplification d'acide nucléique par séquence, pour
« nucleic acid sequenced-based amplification »), de maniére encore davantage préférée, ladite amplification est la
PCR.

Dosage, facultativement un dosage multiplex, qui comprend une étape de détection qui comprend la mise en contact
d’au moins une sonde selon 'une quelconque des revendications 1 a 6 avec un échantillon soupgonné de contenir
une cible pour ladite sonde et la mesure du changement de fluorescence, de préférence ledit dosage comprend en
outre I'amplification par le procédé PCR et une détection en temps réel.

Dosage qui comprend la détection par la mise en contact d’au moins une sonde d’hybridation monocaténaire avec
un échantillon soupgonné de contenir une cible pour ladite sonde, et la mesure de I'absorbance, ladite sonde étant
capable d’hybridation avec un oligonucléotide naturel, ladite sonde contenant des nucléotides choisis dans le groupe
constitué de nucléotides naturels, de nucléotides modifiés et de combinaisons de ceux-ci, et ladite sonde contenant
une paire de chromophores non FRET selon I'une quelconque des revendications 1 a 6, dans lequel l'interaction
de la sonde avec la cible améne la sonde a changer d’'une premiére structure a une seconde structure, changeant
ainsi la distance entre lesdits chromophores, et dans lequel les chromophores se touchent suffisamment dans une
seule conformation pour changer de maniére détectable I'absorbance.

Dosage selon la revendication 9, dans lequel ladite sonde est un oligonucléotide s’hybridant sur lui méme ayant

une région complémentaire cible de 7 a 140 nucléotides entourés par des bras hybridables les uns aux autres pour
former un hybride de 3 a 10 nucléotides de longueur.
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