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Description
[0001] The present invention relates to the field of assays which involve nucleic acid hybridization probes. Assays are useful for the detection of specific genes, gene
segments, RNA molecules and other nucleic acids. Such
assays are used clinically, for e.g., tissue, blood and urine
samples, as well as in food technology, agriculture and
biological research.
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Background of the Invention
[0002] Nucleic acid hybridization probes are used to
detect specific target sequences in a complex mixture.
Conventional, heterogeneous, hybridization assays,
such as those described in Gillespie and Spiegelman
(1965), typically comprise the following steps: immobilization of at least the target nucleic acid on paper, beads,
or plastic surfaces, with or without using capture probes;
addition of an excess of labelled probes that are complementary to the sequence of the target; hybridization; removal of unhybridized probes; and detection of the
probes remaining bound to the immobilized target.
[0003] Unhybridized probes are removed by extensive
washing of the hybrids. This is generally the most timeconsuming part of the procedure, and often utilizes complex formats such as sandwich hybridization. The use of
solid surfaces lengthens the time it takes for hybridization
by restricting the mobility of, or access to, the target. The
large area presented by the solid surfaces nonspecifically
retains unhybridized probes, leading to background signal. Additionally, solid surfaces may interfere with signal
from the probes. The requirement that the probe-target
hybrids be isolated precludes in vivo detection and concurrent detection of nucleic acids during synthesis reactions (real-time detection).
[0004] Several solution-phase detection schemes,
sometimes referred to as homogeneous assays, are
known. By "homogeneous" we mean assays that are performed without separating unhybridized probes from
probe-target hybrids. These schemes often utilize the
fact that the fluorescence of many fluorescent labels can
be affected by the immediate chemical environment. One
such scheme is described by Heller et al. (1983) and also
by Cardullo et al. (1988). It uses a pair of oligodeoxynucleotide probes complementary to contiguous regions of
a target DNA strand. One probe contains a fluorescent
label on its 5’ end and the other probe contains a different
fluorescent label on its 3’ end. When the probes are hybridized to the target sequence, the two labels are very
close to each other. When the sample is stimulated by
light of an appropriate frequency, fluorescence resonance energy transfer ("FRET") from one label to the
other occurs. This energy transfer produces a measurable change in spectral response, indirectly signaling the
presence of target. The labels are sometimes referred to
as FRET pairs. However, the altered spectral properties
are subtle, and the changes are small relative to back-
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ground signal. Monitoring requires sophisticated instruments, and, even so, sensitivity is limited. Moreover, the
hybridization signal is, in some cases, a negative one;
i.e., the presence of target results in a reduction in the
amount of fluorescence measured at a particular wavelength.
[0005] This technique requires that two unassociated
probes bind simultaneously to a single-stranded target
sequence. The kinetics of this tri-molecular hybridization
are too slow for this technique to be suitable for real-time
detection. The requirement that target be single-stranded
makes the technique unsuitable for in vivo detection of
double-stranded nucleic acids.
[0006] Another solution-phase scheme also utilizes a
pair of oligodeoxynucleotide probes. However, here the
two probes are completely complementary both to each
other and to complementary strands of a target DNA
(Morrison, 1987; Morrison, 1989; Morrison et al., 1989;
Morrison and Stols, 1993). Each probe includes a fluorophore conjugated to its 3’ end and a quenching moiety
conjugated to its 5’ end.
[0007] When the two oligonucleotide probes are annealed to each other, the fluorophore of each probe is
held in close proximity to the quenching moiety of the
other probe. If the fluorescent label is then stimulated by
an appropriate frequency of light, the fluorescence is
quenched by the quenching moiety. However, when either probe is bound to a target, the quenching effect of
the complementary probe is absent. The probes are sufficiently long that they do not self-quench when targetbound.
[0008] In this type of assay, there are two opposing
design considerations. It is desirable to have a high concentration of probes to assure that hybridization of probes
to target is rapid. It is also desirable to have a low concentration of probes so that the signal from probes bound
to target is not overwhelmed by background signal from
probes not hybridized either to target or other probes.
This situation necessitates waiting a relatively long time
for the background fluorescence to subside before reading the fluorescent signal.
[0009] An assay according to this scheme begins by
melting a mixture of probes and sample that may contain
target sequences. The temperature is then lowered, leading to competitive hybridization. Some probes will hybridize to target, if present; some will hybridize to complementary probes; and some will not hybridize and create
background signal. A parallel control assay is run with
no target, giving only a background level of fluorescence.
If the sample contains sufficient target, a detectably higher level of residual fluorescence is obtained.
[0010] With this scheme it is necessary to delay reading the residual fluorescence for a considerable time to
permit nearly all the excess probes to anneal to their complements. Also, a parallel control reaction must be performed. Additionally, a low concentration of probes is
used to reduce the fluorescent background. Thus, kinetics are poor and result in an inherently slow assay. That
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precludes real-time detection. These problems are particularly severe for double-stranded targets. The probes,
as well as the targets, need to be melted, rendering the
assay unsuitable for use in vivo. Also, the signal is not
only residual, it is a differential signal from comparison
to an external control.
[0011] EP-A-0601889 discloses nucleic acid probes
which include a sequence complementary to the desired
polynucleotide target and are capable of forming one or
more imperfect hairpins, with at least one of the hairpins
including the complementary sequence. Such probes
can also include at least one label pair, involving a donor
and an acceptor, such that when one or more imperfect
hairpins are formed a donor label moiety and an acceptor
label moiety are in close enough proximity to allow resonance energy transfer between them. In greater structural detail, the disclosed probes have either a single arm
or a pair of arms which hybridize to the complementary
sequence so as, in use, to compete with the polynucleotide target in hybrid formation. The arm or arms and the
complementary sequence are connected by a loop or
loops, respectively which merely serve as connectors.
[0012] Another solution-phase scheme utilizing the
phenomenon known as strand displacement is described
by Diamond et al., 1968. Typically, these assays involve
a bimolecular nucleic acid probe complex. A shorter single-strand comprising a subset of the target sequence is
annealed to a longer probe single-strand which comprises the entire target binding region of the probe. The probe
complex reported thus comprises both single-stranded
and double-stranded portions. The reference proposed
that these probe complexes 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 complex is formed.
[0013] It is stated that in assays utilizing these probe
complexes target detection is accomplished by a twostep process. First, the single-stranded portion of the
complex hybridizes with the target. It is described that
target recognition follows thereafter when, through the
mechanism of branch migration, the target nucleic acid
displaces the shorter label-bearing strand from the probe
complex. The label-bearing strand is said to be released
into solution, from which it may be isolated end detected.
In an alternative arrangement reported as a 32P labeled
probe for a capture procedure, the two single-stranded
nucleic acids are linked together into a single molecule.
[0014] These strand-displacement probe complexes
have drawbacks. The mechanism is two-step, in that the
probe complex must first bind to the target and then
strand-displacement, via branch migration, must occur
before a target is recognized and a signal is generated.
Bimolecular probe complexes are not reported to form
with high efficiency, resulting in probe preparations
wherein the majority of the target binding regions may
not be annealed to a labeled strand. This may lead to
competition between label-bearing and label-free target
binding regions for the same target sequence. Addition-
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ally, there may be problems with non-specific fall-off of
labeled strands. Moreover, the displaced labeled strand
may need to be separated from the unhybridized probe
complexes before a signal may be detected. This requirement would make such a probe complex unsuitable for
a homogeneous assay.
[0015] A drawback of prior art homogeneous and heterogeneous assays employing labeled probes is the difficulty in achieving hybridization to a preselected target
sequence while avoiding hybridization to other sequences differing slightly from the target sequence. The permissible range of conditions tends to be both small and
different from one target to another. Consequently, assay
conditions must be varied for different target-probe combinations, whereas common assay conditions are desirable from the standpoint of those performing assays and
from the standpoint of those developing and marketing
assays and kits. Moreover, even with adjusted conditions, it is difficult to discriminate between alleles with
unstructured oligonucleotide probes. It is difficult to distinguish between alleles differing by a single base pair
simply according to differences in hybridization of an oligonucleotide. Further discrimination techniques, such
as ligating adjacently hybridized probes at the point of
mutation (Landegren et al. U.S. Patent 4,986,617) or digestion and electrophoresis of the product of amplification by the polymerase chain reaction (Mullis et al. U.S.
Patent 4,683,195) have been developed to discriminate
between alleles. However, these ligation or digestion
methods have the disadvantage of requiring additional
reagents or steps, or both.
[0016] An object of this invention is the use of labeled
hybridization probes with improved ability to discriminate
between genetic alleles and other closely related nucleic
acid sequences, including sequences differing by only
one nucleotide, and assays using such probes.
[0017] Another object of this invention is the use of
such hybridization probes that generate a signal upon
hybridization with a target nucleic acid sequence but exhibit little or no signal generation when unhybridized, and
assays using these probes.
[0018] The invention enables kits that can be used to
nake such nucleic acid probes specific for target sequences of choice.
[0019] A further object of this invention is homogeneous assays using such probes.
[0020] A further object of this invention is the use of
such hybridization probes and rapid methods wherein
detection is performed quickly and without delay.
[0021] The invention enables such hybridization
probes and methods that can detect nucleic acids in vivo.
[0022] The invention enables such hybridization
probes and methods that can detect nucleic acids in situ.
[0023] A further object of this invention is the use of
such hybridization probes and methods that can detect
nucleic acid target sequences in nucleic acid amplification and other synthesis reactions in real-time mode.
[0024] A further object of this invention is the use of
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such hybridization probes and assays that permit detection of nucleic acid targets without the use of expensive
equipment.
[0025] The invention enables such labeled hybridization probes whose construction can be modified for improved allele-discrimination in a wide range of assay conditions or using easily standardized hybridization conditions.
[0026] In order to realize the full potential of the process
of hybridization in the field of diagnostics and research,
a technique is needed for monitoring hybridization in solutions with probes having little or no signal of their own
yet producing a detectable signal when hybridized to a
target. Preferably, the probe should permit monitoring of
the progress of reactions that produce nucleic acids with
either linear or exponential kinetics. Also, the probe
should allow detection of nucleic acids in vivo (and in
situ) without the destruction of the tissue or cell. Of
course, the probe should also be useful in conventional
hybridization assays. Additionally, the assays should
permit very sensitive detection of targets either directly
or in conjunction with amplification techniques. Also preferably, the probe should be capable of generating a hybridization signal detectable by the naked eye. Finally,
the probes should permit detection of different targets in
a single assay. Objects of this invention are nucleic acid
hybridization assays and the use of probes that satisfy
all or nearly all of these requirements.
Summary of the Invention
[0027] Probes for use according to this invention are
labeled probes that have a nucleic acid target complement sequence flanked by members of an affinity pair,
or arms, that, under assay conditions in the absence of
target, interact with one another to form a stem duplex.
Hybridization of the probes to their preselected target
sequences produces a conformational change in the
probes, forcing the arms apart and eliminating the stem
duplex. Embodiments of probes for use according to this
invention employ interactive labels, whereby that conformational change can be detected, or employ a specially
limited allele-discriminating structure, or both.
[0028] The invention includes the use of conformationally detectable hybridization probes, and assays.
[0029] Probes for use according to this invention having interactive labels are unimolecular, single strands.
They comprise at least: a single-stranded nucleic acid
sequence that is complementary to a desired target nucleic acid, herein referred to as a "target complement
sequence;" 5’ and 3’ regions flanking the target complement sequence that reversibly interact by means of either
complementary nucleic acid sequences or by attached
members of another affinity pair; and interactive label
moieties for generating a signal. Probes for use in accordance with this invention include complementary nucleic acid sequences, or "arms," that reversibly interact
by hybridizing to one another under the conditions of de-
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tection when the target complement sequence is not
bound to the target.
[0030] The signal generating label moieties of probes
for use according to this invention having interactive labels are "pairs" matched such that at least one label moiety can alter at least one physically measurable characteristic of another label moiety when in close proximity
but not when sufficiently separated. The label moieties
are conjugated to the probe such that the proximity of
the label moieties to each other is regulated by the status
of the interaction of the affinity pair. In the absence of
target, the label moieties are held in close proximity to
each other by the linking interaction of the affinity pair.
We refer to this conformation as the "closed" state. When
the target-indicating detectable signal is not generated
in the closed state, which is the fact with most embodiments, we say that the closed state is the "off" state.
[0031] When the target complement sequence hybridizes to its target, a conformational change occurs in the
unitary probe, separating the affinity pair and, consequently, the label moieties of interactive labels. We refer
to this conformation as the "open" state, which in most
embodiments is the "on" state. Separation is driven by
the thermodynamics of the formation of the target complement sequence-target sequence helix. Formation of
the target complement sequence-target sequence helix
overcomes the attraction of the affinity pair under assay
conditions. A signal is generated because the separation
of the affinity pair alters the interaction of the label moieties and one can thereafter measure a difference in at
least one characteristic of at least one label moiety conjugated to the probe. An important feature of the probes
for use in accordance with this invention is that they do
not shift to the open conformation when non-specifically
bound.
[0032] Probes for use in accordance with this invention
having interactive labels have a measurable characteristic, which we sometimes refer to as a "signal", that differs depending on whether the probes are open or closed.
The measurable characteristic is a function of the interaction of the label moieties and the degree of interaction
between those moieties varies as a function of their separation. As stated, probes for use in accordance with this
invention have a closed conformation and an open conformation. The label moieties are more separated in the
open conformation than in the closed conformation, and
this difference is sufficient to produce a detectable
change in at least one measurable characteristic. In the
closed conformation the label moieties are "proximate"
to one another, that is, they are sufficiently close to interact so that the measurable characteristic differs in detectable amount, quality, or level, from the open conformation, when they do not so interact. It is desirable, of
course, that the difference be as large as possible. In
some cases it is desirable that in the "off" state the measurable characteristic be a signal as close as possible to
zero.
[0033] The measurable characteristic may be a char-
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acteristic light signal that results from stimulating at least
one member of a fluorescence resonance energy transfer (FRET) pair. It may be a color change that results
from the action of an enzyme/suppressor pair or an enzyme/cofactor pair on a substrate to form a detectable
product. In all of these cases, we say that the probes
have a characteristic signal whose level depends on
whether the label moieties are proximate due to the
probes being in the closed position or are separated due
to the probes being in the open position.
[0034] As stated, a detectable signal may be generated by the probe in either the open or closed conformation.
The choice of label moieties dictates in which state a
signal is generated or that different signals are generated
in each state. Our most preferred interactive label moieties are a fluorophcre/quencher pair, preferably covalently conjugated to the probe, most preferably to arm portions that are not complementary to the target. Our most
preferred probes thus generate a positive fluorescent signal of a particular wavelength when bound to the target
in the open state and stimulated with an appropriate slight
source. When referring to these probes we also refer to
this conformation as the "on" state.
[0035] The invention further comprises assay methods
which utilize at least one interactively labeled, unitary
probe according to this invention. Such assays of this
invention may be used for targets that are single-stranded or double-stranded. Assays according to this invention
may be performed in vitro. Such assays may be performed in situ in living or fixed tissue without destruction
of the tissue. Preferred are assays that do not require
separation or washing to remove unbound probes, although washing may improve performance.’ Our most
preferred assays using interactively labeled, unitary
probes are homogeneous assays.
[0036] Assays according to this invention using interactively labeled probes comprise at least adding at least
one probe according to this invention to a sample suspected to contain nucleic acid strands containing a target
sequence, under assay conditions appropriate for the
probe, and ascertaining whether or not there is a change
in the probe’s measurable characteristic as compared to
that characteristic under the same conditions in the absence of target sequence. The assays may be qualitative
or quantitative. In some embodiments, it may be desirable to run a control containing no target and to compare
the response of the sample to the response of the control.
The level of signal may be measured for quantitative determinations. A change may simply be detected for qualitative assays. When a control is used, the difference in
signal change between the sample and the control may
be calculated.
[0037] Assays according to this invention using probes
with interactive labels may include contacting at least one
unimolecular probe of the invention with amplification or
other nucleic acid synthesis reactions, for example:
polymerase chain reactions, PCR, (Erlich et al., 1991);
Q-beta replicase-mediated amplification reactions,
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(Lomeli et al., 1989); strand-displacement amplification
reactions, SDA, (Walker et al., 1992); self-sustained sequence reactions, 3SR, (Guatelli et al., 1990); and transcription and replication reactions.
[0038] These assays may be qualitative or quantitative. They may detect synthesized target in real-time
mode.
[0039] We refer to nucleic acid probes for use in accordance with this invention as "allele-discriminating"
probes. These are labeled, unimolecular probes having
relatively short target complement sequences flanked by
nucleic acid arms that are complementary one another.
Allele-discriminating embodiments preferentially hybridize to perfectly complementary target sequences. They
discriminate against sequences that vary by as little as
one internally located nucleotide, which for these probes
are non-targets. Allele-discriminating embodiments may
include interactive labels, in which case the probes are
a subset of the interactively labeled probes whose construction, operation and use in assays is described
above. However, allele-discriminating probes for use in
accordance with this invention may have labels that are
not interactive, such as, for example, radioactive labels,
in which case signal level does not differ depending on
whether probes are open or closed. When non-interactive labels are used, bound (hybridized to target sequence) and unbound probes must be separated. Numerous techniques for separating bound and unbound
(not hybridized) probes are well known to persons skilled
in the art of nucleic acid hybridization assays.
[0040] Allele-discriminating probes for use in accordance with this invention, both probes with interactive labels and probes with non-interactive labels, have a superior ability to discriminate between target sequences
and non-target sequences differing by a single nucleotide
as compared to labeled nucleic acid a hybridization
probes that are not structured. They also have a larger
permissible range of assay conditions for proper functioning. Additionally, their performance under particular
conditions can be adjusted by altering the construction
of their stem duplex, a design variable not possessed by
oligonucleotide probes generally. The improved characteristics of allele-discriminating probes for use in accordance with this invention permit multiple assays under
conmon conditions and multiplexed assays including
multiple probes and targets in the same assay.
[0041] Assays according to this invention employing
allele-discriminating probes are particularly useful to determine the allelic status of a plant or a human or other
animal. They are also useful to discriminate between or
among closely related viruses, bacteria and other organisms, for example, species, subspecies and variants.
Embodiments of assays utilizing interactively labeled allele-discriminating probes are a subset of assays, described above, using interactively labeled probes. Embodiments of assays utilizing non-interactively labeled
probes, on the other hand, include traditional separation
techniques. These embodiments may include, for exam-
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ple, adding at least one unimolecular probe having noninteractive labels according to this invention to a sample
suspected to contain nucleic acid strands containing a
target sequence under assay conditions appropriate for
the probe, removing unhybridized probes, and ascertaining whether or not the non-interactive signal is present.
A positive or negative control may be employed. The level
of non-interactive signal may be measured for quantitative determinations or a change in signal level may be
detected for qualitative determinations. When a control
is used, the difference between the control and the noninteractive signal may be calculated.
[0042] This invention also provides a means for locating and isolating amplified target. For example, utilizing
a preferred probe comprising a fluorophore/quencher label pair, PCR products can be identified, quantified and,
optionally, isolated after electrophoresis in a gel by stimulating the hybridized probe in the gel, any resulting signal indicating the presence, amount and location of the
target. Similarly, this invention provides a means for identifying and, optionally, isolating any desired nucleic acid
from a mixture of nucleic acids that is separated by physical means, as by chromatography or electrophoresis.
[0043] In this description we sometimes refer to
"probe," "target," "oligonucleotide," "nucleic acid",
"strand" and other like terms in the singular. It will be
understood by workers in the art that many terms used
to describe molecules may be used in the singular and
refer to either a single molecule or to a multitude. For
example, although a target sequence may be detected
by a probe in an assay (and in fact each individual probe
interacts with an individual target sequence), assays require many copies of probe and many copies of target.
In such instances, terms are to be understood in context.
Such terms are not to be limited to meaning either a single
molecule or multiple molecules.

Detailed Description of the Invention
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Brief Descriptions of the Drawings
[0044]
FIG. 1 is a schematic representation of a probe having interactive labels in the "closed" conformation.
FIG. 2 is a schematic representation of a probe of
FIG. 1 in the "open" conformation.
FIG. 3 is a schematic representation of a unimolecular probe with hairpin sequences in the arms, and
interactive labels, bound to a target sequence.
FIG. 4 is a schematic representation of a tethered
unimolecular probe having interactive labels according to the invention.
FIG. 5 depicts the thermal denaturation curve of
Probe D according to Example III.
FIG 6 is a graph of the kinetics of hybridization of
Probe D, an interactively labeled allele-discriminating probe according to this invention.
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[0045] Hybridization probes for use in accordance with
the invention can be made from DNA, RNA, or some
combination of the two. The probes may include modified
nucleotides. Modified internucleotide linkages are useful
in probes comprising deoxyribonucleotides and ribonucleotides to alter, for example, hybridization strength and
resistance to non-specific degradation and nucleases.
The links between nucleotides in the probes may include
bonds other than phosphodiester bonds, for example,
peptide bonds. Modified internucleotide linkages are well
known in the art and include methylphosphonates, phosphorothioates, phosphorodithionates, phosphoroamidites and phosphate ester linkages. Dephospho-linkages are also known, as bridges, between nucleotides
and include siloxane, carbonate, carboxymethyl ester,
acetamidate, carbamate, and thioether bridges. "Plastic
DNA," having for example N-vinyl, methacryloxyethyl,
methacrylamide or ethyloneimine internucleotide linkages can also be used in probes (see e.g. Uhlmann and
Peyman (1990) pp. 545-569) "Peptide Nucleic Acid"
(PNA) is particularly useful because of its resistance to
degradation by nucleases and because it forms a stronger hybrid with natural nucleic acids. (Orum et al. (1993);
Egholm, et al. (1993) herein incorporated by reference).
[0046] FIG. 1 schematically shows a bimolecular version of unitary probe 1 with interactive labels. Probe 1
includes a single-stranded target complement sequence
2 having a 5’ terminus and a 3’ terminus, which in bimolecular probe 1 includes sequence 2a and sequence 2b,
which together are complementary to a preselected target sequence contained within a nucleic acid target
strand. Probe 1 can be considered as a single strand,
the unimolecular version, in which a single target complement sequence 2 is severed at about its midpoint. The
following description describes probe 1 as so considered,
that is, as the unimolecular version, for convenience. The
description thus applies to both the bimoleculer and unimolecular versions.
[0047] Extending from sequence 2, and linked thereto,
are an affinity pair, herein depicted as oligonucleotide
arms 3, 4. An affinity pair is a pair of moieties which have
affinity for each other. Although we prefer complementary
nucleic acid sequences, as shown in FIG. 1, other affinity
pairs can be used. Examples include protein-ligand, antibody-antigen, protein subunits, and nucleic acid binding
proteins-binding sites. Additional examples will be apparent to those skilled in the art. In some cases, use of
more than one affinity pair may be appropriate to provide
the proper strength to the interaction. The affinity pair
reversibly interacts sufficiently strongly to maintain the
probe in the closed state under detection conditions in
the absence of target sequence but sufficiently weakly
that the hybridization of the target complement sequence
and its target sequence is thermodynamically favored
over the interaction of the affinity pair. This balance allows
the probe to undergo a conformational change from the
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closed state to the open state. Additionally, the affinity
pair should separate only when probe binds to target and
not when probe is non-specifically bound.
[0048] The mechanism by which the probe shifts from
a closed to an open conformation will be described for
the embodiment in which the affinity pair is complementary oligonucleotide arms, but the generalization to other
affinity pairs will be apparent. Referring to FIG. 1, arms
3, 4 are chosen so that under preselected assay conditions, including a detection temperature, they hybridize
to each other, forming stem duplex 5, which we sometimes refer to as an arm stem. In the absence of target,
association of arms 3, 4 is thermodynamically favored
and maintains stem duplex 5, holding the probe 1 in the
closed conformation depicted in FIG. 1. In FIG. 2, target
complement sequence 2 (comprising sequences 2a and
2b) is hybridized to target sequence 8 of target nucleic
acid 9. That hybridization forms a relatively rigid doublehelix of appropriate length. For probes for use in accordance with this invention formation of a helix by interaction
of the target complement sequence and the target sequence is thermodynamically favored under assay conditions at the detection temperature and drives the separation of arms 3, 4, resulting in dissolution of stem duplex
5 and the maintenance of the open conformation’ depicted in FIG. 2. Arm regions 3 and 4 do not interact with
each other to form the stem duplex when target complement sequence 2 is hybridized to the target sequence 6.
Because the interaction of the target complement sequence 2 with the target sequence 8 drives the separation
of the arms 3 and 4, we sometimes refer to this mechanism as a "spring." Importantly, non-specific binding of
the probe does not overcome the association of the arms
in this manner. This feature leads to very low background
signal from inappropriately "opened" probes.
[0049] The affinity pair illustrated in the preferred embodiment of FIGS. 1 and 2 is a pair of complementary
nucleic acid sequences. Arms 3, 4 are chosen so that
stem duplex 5 (FIG. 1) is a smaller hybrid than the hybrid
of target complement sequence 2 and target sequence
8 (FIG. 2).
[0050] A probe having interactive labels according for
use in accordance with this invention has a measurable
characteristic, which we sometimes call a characteristic
signal or simply the signal, due to the label pair. Probe 1
includes label moieties 6, 7 conjugated to and forming
part of probe 1 at the 5’ and 3’ termini, respectively, of
the stem duplex 5. Label moieties 6, 7 are placed such
that their proximity, and therefore their interaction with
each other, is altered by the interaction of arms 3, 4. Label
moieties 6, 7 could be conjugated elsewhere to arms 3,
4 or to sequence 2 near its linkage with the stem 5, that
is, close to arms 3, 4. Some label moieties will interact
to a detectably higher degree when conjugated internally
along the arms. This is because they will not be affected
by unraveling of the termini.
[0051] More than one pair of label moieties may be
used. Further, there is no requirement for a one-to-one
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molecular correspondence between members of a label
pair, especially where one member can affect, or be affected by, more than one molecule of the other member.
Label moieties suitable for use in probes of this invention
interact so that at least one moiety can alter at least one
physically measurable characteristic of another label
moiety in a proximity-dependent manner. The characteristic signal of the label pair is detectably different depending on whether the probe is in the open conformation or
the closed conformation.
[0052] For example, referring to FIGS. 1 and 2, the
preferred label, moieties are a FRET pair, most preferably fluorophore 7 and quencher 6. In that embodiment,
the characteristic signal is fluorescence of a particular
wavelength. When probe 1 is in the closed state (FIG.
1), label moiety 6 quenches fluorescence from moiety 7.
When moiety 7 is stimulated by an appropriate frequency
of light, a fluorescent signal is generated from the probe
at a first level, which may be zero. Probe 1 is "off." When
probe 1 is in the open state (FIG. 2), label moiety 6 is
sufficiently separated from label moiety 7 that fluorescence resonance energy transfer between them is substantially, if not completely, precluded. Label moiety 6 is
therefore unable to quench effectively the fluorescence
from label moiety 7. If moiety 7 is stimulated, a fluorescent
signal of a second level, higher than the first is generated.
Probe 1 is "on." The difference between the two levels
of fluorescence is detectable and measurable. Utilizing
fluorescent and quencher moieties in this manner, the
probe is only "on" in the "open" conformation and indicates that the probe is bound to the target by emanating
an easily detectable signal. The conformational state of
the probe alters the signal generated from the probe by
regulating the interaction between the label moieties.
[0053] Probes for use in accordance with this invention
comprise complementary oligonucleotide arms. The
lengths of target complement sequences and arm sequences are chosen for the proper thermodynamic functioning of the probe under the conditions of the projected
hybridization assay. Persons skilled in hybridization assays will understand that pertinent conditions include
probe, target and solute concentrations, detection temperature, the presence of denaturants and volume excluders, and other hybridization-influencing factors.
[0054] The length of a target complement sequence
can range up to about 25 nucleotides. The lower limit is
set by the minimum distance at which there is no detectable difference in the measurable characteristic (or characteristic signal) affected by the interaction between the
label moieties used when the probe is closed, from when
the probe is opened. Thus, the minimum length of the
target complement sequence 2 for a particular probe depends upon the identity of the label pair and its conjugation to the probe. Our most preferred label moieties are
the fluorescent moiety 5-[(2-aminoethyl)amino]naphthalene-1-sulfonic acid (EDANS) and quenching moiety
4-(4-dimethylaminophenylazo)benzoic acid (DABCYL).
For EDANS and DABCYL, quenching is essentially elim-
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inated by a separation of 60 Angstroms, which is equivalent in length to about 20 nucleotide pairs in a doublehelical nucleic acid. Thus, in the preferred embodiment
of FIGS. 1 and 2, target complement sequence 2, comprising 2a and 2b, should be at least 20 nucleotides long.
Shortening sequence 2 will progressively weaken the signal from hybridized probes and thereby reduce the difference in signal level between open and closed probes.
[0055] When designing probes with interactive labels
for use in accordance with this invention, consideration
may be given to the helical nature of double-stranded
DNA. When a unimolecular probe is in the open conformation, maximum separation of label moieties is
achieved if the moieties are located on opposite sides of
the probe-target double-helix. For example, if the label
moieties are conjugated to the 5’ and 3’ termini of the
stem duplex distal to the target complement sequence
linkage, and a B-form target complement sequence-target sequence double-helix is expected, the choice of a
6-, 16-, or 26-nucleotide-long target complement sequence will achieve maximum separation by orienting
the label moieties in a trans configuration on opposite
sides of the double-helix, as label moieties 6, 7 are shown
in FIG. 2. In this size range, we prefer target complement
sequences which are within 1 to 3 nucleotides of these
lengths. We prefer a target complement sequence having
a length in the range of 7 to 25 nucleotides, preferably
10-25. The target complement sequences of our most
preferred embodiment constructed to date is 15 nucleotides.
[0056] The complementary oligonucleotide arm sequences should be of sufficient length that under the conditions of the assay and at the detection temperature,
when the probe is not bound to a target, the arms are
associated, and the label moieties are kept in close proximity to each other.
[0057] The upper limit of the length of the arms is governed by two criteria related to the thermodynamics of
the probes.
[0058] First, we prefer that the melting temperature of
the arm stem, under assay conditions, be higher than the
detection temperature of the assay. We prefer stems with
melting temperature at least 5°C higher than the assay
temperature and, more preferably at least 10°C higher.
[0059] Secondly, the energy released by the formation
of the stem should be less than the energy released by
the formation of the target complement sequence-target
sequence hybrid so that target-mediated opening of the
probe is thermodynamically favored. Thus, the melting
temperature of the target complement sequence-target
sequence hybrid is higher than the melting temperature
of the stem. Therefore, arm sequences should be shorter
than the target complement sequence. For bimolecular
embodiments, as already stated, the arm sequences
should be shorter than each portion of the target complement sequence.
[0060] Therefore, the melting temperature of the arm
stem must be above the assay temperature, so that the
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probe does not open before the target complement sequence hybridizes to a target, and yet sufficiently below
the melting temperature of the hybrid of the target complement sequence with the target sequence to assure
proper probe functioning and, thereby, generation of a
detectable signal. We prefer that the melting temperature
of the arm stem be at least 5°C, more preferably at least
10°C, above the assay temperature and at least about
20°C below the melting temperature of the hybrid of the
target complement sequence with the target sequence.
[0061] Embodiments of probes for use in accordance
with this invention also include allele-discriminating
probes, which are labeled unimolecular probes having
complementary oligonucleotide arms. Allele-discriminating probes do not shift from the closed conformation to
the open conformation when there is one or more internally located nucleotide mismatches between a targetlike sequence and the target complement sequence. By
"internally located" we mean not at a terminal or penultimate nucleotide of the target complement sequence.
Allele-discriminating probes may also be used to detect
internally located insertions or deletions. We prefer that
the target complement sequence be designed such that
the mismatch, deletion or addition occurs as close to the
middle as possible. Allele-discriminating probes open
and close’by the same thermodynamic mechanism described above for unimolecular probes.
[0062] However, we have discovered some additional
considerations that we believe are useful in the design
of allele-discriminating probes. Allele-discriminating
probes must be designed such that, under the assay conditions used, hybridization and the shift to the open conformation will occur only when the target complement
sequence finds a perfectly complementary target sequence. We believe that the intramolecular nature of the
stem duplex makes formation of the stem duplex much
more likely than if that formation were intermolecular.
This imparts significant freedom of design and surprisingly improved discrimination power. The difference in
energy released by forming a target complement sequence-perfectly complementary target sequence hybrid
versus the energy that would be released in the formation
of a target complement sequence-imperfectly complementary sequence hybrid must be considered with reference to the energy released in forming the stem duplex.
The energy released under assay conditions in forming
a perfect hybrid between the target complement sequence and the target sequence must be greater than
the energy released in the formation of the stem duplex.
However, the energy that would be released under the
same assay conditions in forming an imperfect hybrid
between the target complement sequence and a nontarget sequence having one internally located mismatch
must be less than the energy released in formation of the
stem duplex.
[0063] A probe designed within these parameters will
hybridize and shift to the open conformation only when
the target sequence is a perfect complement to the target
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complement sequence. We have found that probes having target complement sequences from 7 to 25 nucleotides, combined with arm sequences from 3 to 8 nucleotides, may be designed within these parameters. The
guanosine-cytidine content of the stem duplex and
probe-target hybrids, salt, and assay temperature should
all be considered. We have found that magnesium salts
have has a strong stabilizing effect that is particularly
important to consider when designing short, allele-discriminating probes. One may calculate the free energy
released in the formation of any particular hybrid according to known methods, including the methods of Tinoco
et al., (1973) and Freier et al., (1986). However, in most
instances, it is simplest to approximate the energetics,
synthesize a probe, and test the probe against targets
and imperfect non-targets to be discriminated against,
under the assay conditions to be used.
[0064] If an allele-discriminating probe is to have a target complement sequence near the upper limits of 25
nucleotides long, the sequence should be designed such
that a single nucleotide mismatch to be discriminated
against occurs at or near the middle of the target complement sequence. For example, probes with 21 nucleotide long probe sequences should preferably be designed so that the mismatch occurs opposite one of 14
most centrally located nucleotides of the target complement sequence and most preferably opposite one of the
7 most centrally located nucleotides. Designing a probe
so that the mismatch to be discriminated against occurs
in or near the middle of the target complement sequenceimperfect target sequence is believed to improve the performance of an allele-discriminating probe.
[0065] One skilled in the art will realize that these parameters will vary with the conditions of the hybridization
assay and that those conditions must be considered
when designing the nucleic acid sequences of probes of
this invention. Put another way, the probe must be constructed to function as described above under the conditions of the assay in which it is to be used in order to
be a probe in accordance with this invention. A particular
construction may be a probe in accordance with this invention under one set of assay conditions but not under
another set of assay conditions. The length of the arms
and their guanosine-cytidine content affect the melting
temperature of a stem duplex. For a desired melting temperature, under particular assay conditions, a length and
a guanosine-cytidine content of the arms can easily be
calculated, by those skilled in the art. The melting temperature of the duplex stem of a probe can be empirically
determined for given assay conditions using the methods
described below in Example III.
[0066] We view these parameters as design considerations which are useful as guidelines. Because the behavior of probes in complex solutions can not always be
predicted with certainty, empirical testing is very useful
in tailoring probes in accordance with the invention to
perform optimally under particular assay conditions, that
is, to maximize the off versus on signal difference and,

5

10

15

20

25

30

35

40

45

50

55

9

16

if desired, to minimize the off signal level.
[0067] As is apparent to one skilled in the art from the
foregoing descriptions of probe function, the thermodynamics of probes having nucleic acid stems will vary with
length and nucleotide composition of the stem and target
complement sequence, as well as assay conditions. An
advantage of the present probes over "linear" oligonucleotide probes, by which we mean probes having no
closed conformation, is that one has much greater latitude to design probes according to the assay conditions,
rather than, as typically done, to vary assay conditions
to suit a linear oligonucleotide probe. When one attempts
to discriminate between perfectly complementary targets
and non-targets having a single mismatch with a linear
oligonucleotide probe, one must attempt to find a narrow
range of assay conditions wherein the linear oligonucleotide will hybridize only to a perfectly complementary target sequence. In contrast, formation of the stem duplex
of an allele-discriminating probe for use in accordance
with this invention provides a release of free energy countervailing the release of free energy of formation of a mismatched hybrid with the target complement sequence.
Therefore, the presence of the stem duplex prevents the
formation of a mismatched hybrid under assay conditions
in which a linear oligonucleotide forms a mismatched hybrid.
[0068] An allele-discriminating probe for use in accordance with this invention may have interactive labels as
described above. It may, however, have a non-interactive
label which emits a non-interactive signal. In such probes
according to this invention, the non-interactive signal can
be generated irrespective of whether the probe is in the
open or closed position. Non-interactive labels are commonly known in the art and include labels such as radioisotopes, enzymes such as alkaline phosphatase or
horseradish peroxidase, fluorophores and label moieties
for the generation of light through radioluminescent, bioluninescent, chemiluminescent or electrochemiluminescent reactions. Non-interactive label moieties may be
anywhere in the probe or may be conjugated to the probe
at any location, as long as probe function, particularly
hybridization to target, is not substantially interfered with.
[0069] In certain preferred embodiments the sequence
of each arm forms an internal secondary structure, such
as a hairpin stem, when the probe is open. A probe 90
of this design, having interactive labels, is illustrated in
FIG. 3. Once target complement sequence 91 has bound
to the target sequence 92 of target 93 and formed a
probe-target helix, arms 94, 95 are separated, and a signal is generated by separation of label moieties 96, 97.
The open conformation shown in FIG. 3 is stabilized because the opened arms 94, 95 fold back on themselves
to form hairpins 98, 99. The hairpins are comprised of
neighboring complementary sequences that form a stem
that is at least three nucleotide pairs in length. This stabilizes the open conformation, because additional energy
is released when each separated arm 94, 95 forms an
internal hairpin structure.

17

EP 0 745 690 B1

[0070] Another means of stabilizing the open conformation is to have one or both arm sequences be at least
partially complementary to sequences adjacent to the
target sequence. Complementary sequences may be
placed within an arm at locations proximal or distal to the
junction of the arm and target complement sequence.
Further, one arm sequence may be completely complementary to sequences adjacent to the target without
putting undue restriction on the design of a probe tailored
to a specific target. This feature increases the thermodynamic stability of the open conformation. We note that
although portions of the arms may be complementary to
the target, interaction of the target complement sequence
with the target sequence must be sufficient to shift the
probe to the open conformation. This design feature applies both to unimolecular embodiments and bimolecular
embodiments.
[0071] FIGS. 1-3 show our preferred label pair as a
luminescent moiety (7, 96) and a quenching moiety (6,
97). Any label pair can be used to generate a signal where
one member of the pair can detectably alter at least one
physically measurable characteristic of the other when
in close proximity, but to a different extent when apart.
Alternatively, both members may detectably alter such a
characteristic of one member when in close proximity,
but differently when apart. Additionally, it is necessary
that the label moieties must be conjugatable to the probe.
[0072] Luminescent label moieties to be paired with
appropriate quenching moieties can be selected from any
one of the following known categories: a fluorescent label, a radioluminescent label, a chemiluminescent label,
a bioluminescent label and an electrochemiluminescent
label. The use of multiple quenching moieties with a single luminescent moiety will increase quenching. In this
instance a label pair comprises one fluorescent moiety
"paired" to several quenching moieties. Other useful label
pairs include a reporter enzyme and appropriate inhibitor.
[0073] Although not preferred, a useful label pair may
generate a signal in the closed conformation and be inactive in the open conformation. Examples of such pairs
are an enzyme and its cofactor and fragments or subunits
of.enzymes that must be close to each other for the enzyme to be active. In embodiments of this type, the closed
conformation is the "on" state.
[0074] Our preferred labels are chosen such that fluorescence resonance energy transfer is the mode of interaction between the two labels. In such cases, the
measurable physical characteristics of the labels could
be a decrease in the lifetime of the excited state of one
label, a complete or partial quenching of the fluorescence
of one label, an enhancement of the fluorescence of one
label or a depolarization of the fluorescence of one label.
The labels could be excited with a narrow wavelength
band of radiation or a wide wavelength band of radiation.
Similarly, the emitted radiation could be monitored in a
narrow or a wide range of wavelengths, either with the
aid of an instrument or by direct visual observation. Examples of such pairs are fluorescein/sulforhodamine
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101, fluorescein/pyrenebutanoate, fluorescein/fluorescein, acridine/fluorescein, acridine/sulforhodamine 101,
fluorescein/ethenoadenosine, fluorescein/eosin, fluorescein/erythrosin and anthranilamide-3-nitrotyrosine/
fluorescein. Other such label pairs will be apparent to
those skilled in the art.
[0075] Our most preferred probes described more particularly in the Examples, allow detection of hybridization
by the naked eye and require only a simple ultraviolet
lamp as an excitation device. These probes satisfy the
following criteria: only one label moiety is fluorescent,
and its fluorescence is visible to the naked eye; the other
label moiety quenches this fluorescence extremely efficiently; and no significant quenching occurs at distances
greater than about two turns of a nucleic acid doublehelix. Of course, multiple copies of one or both label moieties may be used.
[0076] Our most preferred fluorescent label is EDANS
and our most preferred quenching moiety is DABCYL.
The absorption spectrum of DABCYL has a good overlap
with the emission spectrum of EDANS, leading to very
efficient energy transfer. It has been shown that one can
achieve a 40-fold reduction in the fluorescence of EDANS
by linking it to DABCYL through an octapeptide spacer,
and more than a 200-fold reduction in fluorescence by
linking EDANS directly to DABCYL. Also, there is no
quenching of the fluorescence of EDANS by DABCYL at
distances greater than 60 Angstroms. Finally, DABCYL
has no fluorescence of its own (Matayoshi et al., 1990;
Wang et al., 1991).
[0077] EDANS and DABCYL are conjugated to the
probe in the region of the oligonucleotide arms or other
affinity pair. In our most preferred probes to date, both
unimolecular and bimolecular, EDANS and DABCYL are
covalently linked to the free 5’ and 3’ termini of the arms,
distal to the linkage of the arms and the target complement sequence. The positions of EDANS and DABCYL
at, respectively, the 5’ and the 3’ termini can, of course,
be reversed. The EDANS and DABCYL moieties could
be conjugated anywhere along the terminal portions of
the probe, as long as they are proximate to each other
in the closed conformation of the probe and sufficiently
separated from each other in the open conformation. We
sometimes refer to a probes so labeled as oppositely
terminally labeled probes.
[0078] Referring to FIG. 1, locating the label moieties
along the stem duplex 5, rather than at the free 5’ and 3’
termini of the arms, may increase the interaction between
the label moieties when the probe is in the closed conformation. It is well known that the terminal nucleotides
of a double-helix will unravel and rehybridize in a random
fashion at a rate dependent on temperature. Therefore,
placing the moieties internally along the stem will result
in less separation of the moieties due to the unraveling
of the termini.
[0079] When placing moieties along the stem duplex,
consideration may be given to the helical structure of the
stem duplex. The moieties may be conjugated to nucle-
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otides staggered along each arm such that when the
arms anneal, the moieties will lie on the same side of the
stem-duplex helix. This positioning will further maximize
interaction of the label moieties in the closed conformation.
[0080] As stated earlier, multiple labels, e.g., multiple
EDANS and DABCYL moieties, can be used. Multiple
labels, in some cases, permit assays with higher sensitivity. For example, when the affinity pair is oligonucleotide arms, a multiplicity of labels can be achieved by
distributing a number of EDANS moieties on one arm
and a corresponding number of DABCYL moieties on the
other arm, such that each EDANS moiety can be close
to a DABCYL moiety when the arm stem helix forms.
Multiplicity can also be achieved by covalently linking
multiple labels to the arms, in a manner resembling a
bunch of grapes. A multiplicity of labels should not be
used with label moieties that self-quench. In a preferable
application, quenching in the closed conformation may
be enhanced by placing a single EDANS moiety on one
arm and multiple DABCYL moieties on the other arm such
that when the stem helix is formed, at least one DABCYL
moiety is adjacent to an EDANS moiety at any given instant.
[0081] The conjugation of the label moieties to any location on the probe must be stable under the conditions
of the assay. Conjugation may be covalent, which we
prefer. Examples of noncovalent conjugation include,
without limitation, ionic bonding, intercalation, protein-ligand binding and hydrophobic and hydrophilic interactions. Appropriately stable means of association of label
moieties to the probes will be apparent to those skilled
in the art. The use of the term "conjugation" herein encompasses all means of association of the label moieties
to the probe which are stable under the conditions of use.
We consider stably conjugated label moieties to be included within the probe molecule to which they are conjugated.
[0082] We sometimes conjugate label moieties to the
probes by covalent linkage through spacers, preferably
linear alkyl spacers. The nature of the spacer is not critical. For example, EDANS and DABCYL may be linked
via six-carbon-long alkyl spacers well known and commonly used in the art. The alkyl spacers give the label
moieties enough flexibility to interact with each other for
efficient fluorescence resonance energy transfer, and
consequently, efficient quenching. The chemical constituents of suitable spacers will be appreciated by persons
skilled in the art. The length of a carbon-chain spacer
can vary considerably, at least from 1 to 15 carbons. However, in the case of multiple labels conjugated to an arm
in a "bunch of grapes" configuration, a multiply bifurcated
spacer is desirable.
[0083] For allele-discriminating probes that have noninteractive labels, labels may be conjugated to the probes
as described above. However, radioactive labels may be
incorporated in the probes by synthesis with radioactive
nucleotides or by a kinase reaction, as is known in the art.
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[0084] Assays according to this invention, which may
be qualitative or quantitative, do not require washing to
remove unbound probes, if interactive labels are used.
An assay according to this invention may thus comprise
adding a unitary probe according to this invention to a
sample suspected to contain strands containing target
sequence and ascertaining whether or not a detectable
signal occurs under assay conditions at the detection
temperature. Homogeneous assays are preferred, although probes with interactive labels according to this
invention may be used in heterogeneous hybridization
assays. Assays according to this invention employing allele-discriminating probes with non-interactive labels are
heterogeneous hybridization assays, that include separation or washing steps. A control without target sequence may be run simultaneously, in which case signal
generation of the sample and the control may be compared, either qualitatively or quantitatively by measuring
the two and calculating a difference. Assays of this invention include real-time and end-point detection of specific single-stranded or double-stranded products of nucleic acid synthesis reactions, such as transcription, replication, polymerase chain reaction (PCR), self-sustained
sequence reaction (3SR), strand-displacement amplification reaction (SDA), and Q-beta replicase-mediated
amplification reaction. For assays wherein the unitary
probes will be subjected to melting or other denaturation,
the probes must be unimolecular. Assays with allele-discriminating probes include, for example, amplifying a sequence or genomic region that contains either a target
sequence or an allele of that target sequence, and adding
probe to detect which allelic variant is present in the amplified product. If the probe has interactive labels, the
assay can be homogeneous. If the probe has a non-interactive label, separation of bound from unbound probes
is included in the assay.
[0085] Quantitative assays can employ quantitating
methods known in, the art. An end point for a sample
may be compared to end points of a target dilution series,
for example. Also, readings may be taken over time and
compared to readings of a positive or negative control,
or both, or compared to curves of one or more members
of a target dilution series.
[0086] Assays according to the invention employing
probes with interactive labels include in situ detection,
qualitative or quantitative, of nucleic acids in, for example, fixed tissues without destruction of the tissue. Because a large excess of probes can be used without the
need for washing and without generation of a large background signal, in situ assays of this invention are particularly useful. In situ hybridization assays, according to
this invention include "chromosome painting," for the purposes of mapping chromosomes, and for detecting chromosomal abnormalities (Lichter et al., 1990).
[0087] Assays of in accordance with this invention can
employ probes with interactive labels. A large excess of
probes can be used without the need to wash. The assays
can be for double-stranded targets, as well as single-
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stranded targets. Probes for use in accordance with this
invention are useful as "vital stains" (agents that can stain
specific constituents of cells without killing them) in assays for the detection of targets. They can be used in
assays to locate specific nucleic acids within various living cells or organelles within living cells. In assays according to this invention, probes can be delivered to the
interior of cells via known techniques, e.g., by liposomes
or by making the cell membranes porous to nucleic acid
molecules. For studying gene expression during development we prefer direct injection.
[0088] By using multiple probes with interactive labels
that generate different, non-interfering detectable signals, e.g., fluorescence at different wavelengths or fluorescence and colored product formation, assays of this
invention can detect multiple targets in a single assay.
Also, multiple probes, each specific for different regions
of the same target nucleic acid, yet having the same label
pair, can be used in order to enhance the signal. If multiple
probes are used for the same target, they should bind to
the target such that neighboring probes do not quench
each other. Similarly, one can use multiple allele-discriminating probes with different, distinguishable but non-interactive labels in assays that include separation of hybridized probes from unhybridized probes.
[0089] Additionally, special probes according to this invention can be designed to detect multiple target sequences. If multiple target complement sequences are
incorporated into one probe, the probe design must be
such that hybridization of any one sequence to its target
causes the probe to shift from the closed , conformation
to the open conformation.
[0090] Certain preferred embodiments of assays according to this invention comprise addition of probes with
interactive labels according to this invention to a sample
and visualization with the naked eye for detection of a
specific target nucleic acid sequence in a complex mixture. By comparison with positive standards or the results
obtained with positive standards, visualization can be
roughly quantitative. In certain situations, as where information on the size of a nucleic acid is desired, nucleic
acid in the sample can first be fractionated by non-denaturing gel electrophoresis, and then the gel itself can be
assayed directly. Alternatively, hybridization can be carried out on restriction fragments, either without fractionation or prior to fractionation, as in Example IV.
[0091] Thus, with this invention the need for often-used
procedures such as Southern and northern blotting
(Sambrook et al., 1989), can be eliminated. However,
probes for use in accordance with the present invention
are also very useful in such heterogeneous assays. A
major drawback of these assays, the requirement of extensive washing to reduce the background signal from
probes which are not hybridized to targets, is ameliorated
by the use of probes with interactive labels.
[0092] Our preferred probes, with interactive labels,
emanate a high level of positive signal only in the targetbound, open conformation and little-to-no signal in the
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closed conformation. Furthermore, our preferred probes
do not assume the open conformation unless bound to
target, remaining closed when non-specifically bound.
As described above, this leads to a background signal
that is nonexistent or naturally very low. Therefore, the
use of these probes greatly simplifies conventional, heterogeneous assays because either no washing is required or only mild, low stringency washing is used to
further reduce any background signal present after hybridization. Additionally, conventional hybridizations may
be carried out under generally less stringent conditions.
[0093] Heterogeneous assays according to the
present invention may include the use of capture probes.
In a capture-probe assay, a capture probe is attached to
a surface either before or after capturing a target strand.
Surface attachment means and steps are well known in
the art and include reaction of biotin-labeled capture
probes to avidin-coated surfaces, for example, magnetic
beads. The capture probe includes a sequence complementary to a sequence in the target strand and hybridizes
to the target strand to capture it. Probes for use in accordance with this invention, having a target complement
sequence that hybridizes to the target at a location other
than the location where the capture probe hybridizes,
may be added before or after or at the same time as the
capture probes and before or after washing the capture
probe-target strand hybrids. If a probe with interactive
label moieties is used, washing is not required, although
mild washing may enhance the assay result by lowering
background. If a probe with a non-interactive label is added, then surface bearing the capture probe-target strandprobe hybrids should be washed as in a typical heterogeneous assay.
[0094] Probes for use in accordance with this invention
open very quickly upon interaction with a target sequence. The ability to interact is concentration dependent, as workers skilled in hybridization assays recognize.
Assay conditions may be selected in which the probes
with interactive labels respond to the presence of target
nucleic acids and generate signal very quickly. Because
of this, assays according to this invention include realtime monitoring of production of specific nucleic acids.
Synthesis processes such as transcription, replication or
amplification can be monitored by including probes in the
reaction mixture and continuously or intermittently measuring the fluorescence. Probes are used in substantial
excess so that the relatively abundant probes find their
targets in nascent nucleic acid strands before the targets
are sequestered by the binding of complementary
strands.
[0095] The use of probes with interactive labels in assays for the identification of products of nucleic acid amplification reactions generally eliminates the need for
post-amplification analysis to detect desired products
and distinguish desired products from unwanted side reactions or background products. Of course, probes according to the invention can be added at the end of a
synthesis process for end-point detection of products. In
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assays for monitoring the progress of an amplification
reaction, the probes can be present during synthesis.
The presence of probes improves the accuracy, precision
and dynamic range of the estimates of the target nucleic
acid concentration. Reactions in closed tubes may be
monitored without ever opening the tubers. Therefore,
assays using these probes with interactive labels can
limit the number of false positives, because contamination can be limited.
[0096] Unimolecular probes with interactive labels as
described herein are particularly useful in assays for
tracking polymerase chain reactions, since the probes
can open and close with a speed that is faster than the
speed of thermal cycling. A probe, preferably one that is
"off" in the closed position, and includes a target complement sequence having complementarity to an expected amplification product, is included in a polymerase
chain reaction mixture. For this embodiment the probe
has a melting temperature such that the probe remains
closed under the reaction conditions at the annealing
temperature of the polymerase chain reaction. The probe
may, but need not, remain closed at the extension temperature, if that is higher than the annealing temperature.
At the annealing temperature, the target complement sequence hybridizes to its target and the probe generates
signal. During the ramp down from the denaturing temperature to the annealing temperature and also at the
annealing temperature, melted (i.e., opened) probes
which do not find their target close rapidly through an
intramolecular event. The signal, e.g. fluorescence, may
therefore be read at the annealing temperature. It is also
possible to program into the reaction cycle a distinct temperature at which the fluorescence is read. In designing
a probe for use in a PCR reaction, one would naturally
choose a target complement sequence that is not complementary to one of the PCR primers.
[0097] Some probes can be displaced from their target
sequence by the annealing of the product’s complementary strand, as can PCR primers. This can be overcome
by increasing the concentration of the probes or by designing an asymmetry into the synthesis of the product
strands in the polymerase chain reaction. In asymmetric
amplification, more of the strand containing the target is
synthesized relative to the synthesis of the complementary strand.
[0098] Similarly, other nucleic acid amplification
schemes (see Landegren, 1993, for a rev ew) can be
monitored, or assayed, with embodiments of probes as
described herein with interactive labels. Appropriate
probes can be used, for example, in Q-beta replicasemediated amplification, self-sustained sequence replication, transcription-based amplification, and strand-displacement amplification reactions, without any modification in the scheme of amplification. For monitoring amplifications that utilize DNA-directed RNA polymerase,
for example transcription, the probes must not be templates for the polymerase; for example, the probes can
be RNA.
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[0099] Certain embodiments of assays according to
the present invention utilize multiple hybridization probes
with interactive labels linked to a solid surface or surfaces. Because probes as described herein are used, washing is not required. When probes are linked to a solid
surface, we refer to them as "tethered probes." Tethered
probes for use in accordance with this invention must
have interactive labels. They may, but need not be, allelediscriminating probes as well. A probe of this type is depicted in FIG. 4, which shows a probe 101 having a target
complement sequence 104, complementary arms 105
and 106, and label pair 107, 108 conjugated to arms 105,
106. Probe 101 is tethered to solid surface 103 by a linking moiety 102. Linking moiety 102 may be covalent or
noncovalent. We prefer covalent linkage. Any type of surface 103 may be used, including beads, membranes, microtiter wells, and dipsticks. We prefer surfaces that are
neutral with respect to the components of the probe, that
is, surfaces that do not interact with nucleic acids, do not
interact with the label moieties and do not interfere with
the probe signal. An example of such a surface is a surface coated with a siliconizing agent.
[0100] A useful surface does not significantly interfere
with: a) the ability of the affinity pair, preferably arm sequences, of the probe to maintain the closed conformation; b) the hybridization of the target complement sequence to the target; c) the ability of the affinity pair to
remain displaced, preferably of arm sequences of the
probe to remain unhybridized to each other, when in the
open conformation; d) the interaction of proximate label
moieties in the closed conformation, preferably the
quenching of a luminescent moiety by a quenching moiety; and e) the action of label moieties in the open conformation, preferably the ability of a luminescent moiety
to luminescence when stimulated by light of an appropriate frequency. Such surfaces are known in the art.
[0101] Probes for use in accordance with this invention
may be tethered by numerous molecular linking moieties
102 known to those skilled in the art. For example, a
suitable linking moiety 102 comprises an alkyl chain or
an oligonucleotide chain (such as oligouridine).. We prefer oligonucleotide linking moieties because they are easily incorporated into probes. As persons skilled in the art
will appreciate, the nucleotide sequence of such an oligonucleotide linking moiety should not be substantially
complementary to any other sequence in the probe.
[0102] Tethered probes for use in accordance with this
invention are advantageously useful in assays for the
simultaneous determination of a predetermined set of
target sequences. For example, a series of luminescent
probes can be prepared, each comprising a different target complement sequence. Each probe may be linked to
the same support surface, such as a dipstick, at its own
predetermined location. After contacting the support and
the sample under hybridization conditions, the support
may be stimulated with light of an appropriate frequency.
Luminescence will occur at those locations where tethered probes have formed hybrids with target molecules
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from the sample. If the tethered probes are allele-discriminating probes, a single assay can determine which
mutations or alleles of a particular gene are present, for
example.
[0103] Such assays are particularly useful in clinical
situations, e.g., in which a patient has an obvious infection, and the physician needs to know the identity of the
infectious agent in order to prescribe effective treatment
rapidly.
[0104] Assay kits enabled by this invention include at
least one probe as described herein and instructions for
performing an assay. Kits may also include assay reagents, e.g., salts, buffers, nuclease inhibitors, restriction
enzymes and denaturants. Kits may include a target or
model target for a positive control test, and a target-less
"sample" for a negative control test.
[0105] Amplification assay kits may include, in addition
to some or all of the above, primers, nucleotides,
polymerases and polymerase templates for the assay
and for control assays.
[0106] Vital stain kits may include, in addition to probe
and instructions, permeabilizing agents, liposome precursors, buffers, salts, counterstains and optical filters.
[0107] In situ kits may include, in addition to probe and
instructions, fixatives, dehydrating agents, proteases,
counterstains, detergents, optical filters and coated microscope slides.
[0108] Kits include probes which are allele-discriminating probes. Such kits are useful in ascertaining the allelic
status of an organism and to discriminate between closely related organisms. Allele-discriminating probe kits with
non-interactively labeled probes may include capture
probes and magnetic beads for use in separation of
bound probes from unbound probes. Where appropriate
to the chosen label, a kit may include detection reagents.
[0109] Field kits may include, in addition to instructions, tethered probes with interactive labels according
to this invention. At least one probe may be tethered to
beads, wells or a dipstick. Multiple probes may be included, including a positive control probe that will hybridize
to a component of uninfected samples.
[0110] Field kits may include, in addition to instructions, untethered probes in accordance with this invention. Such kits may be for infectious agents or genes. Kits
for genes may include negative and, sometimes, positive
targets.
[0111] Probe constructs may be tested to determine
whether they are probes in accordance with the present
invention under particular assay conditions. A test may
be designed which is appropriate to the affinity pair and
label moieties used in the probe construct.
[0112] For example, when a probe has interactive labels the test should be conducted under the conditions
of the hybridization assay, using the detector to be used,
and generally comprises the following steps: first, one
measures the level of signal that is generated in the absence of target, then one measures the level of signal
that is generated when there is an excess of probes in
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the presence of the minimum level of target which one
needs to detect. If the level of signal from the first measurement is in accord with the level expected from proximate label moieties, if the level of signal from the second
measurement is in accord with the level expected due to
opening of the probes, and if the detector can reliably
distinguish between the levels of signal from the two
measurements, the construct is a probe for use in accordance with this invention in that assay.
[0113] Probe constructs has for use in accordance with
this invention have oligonucleotide arms as the affinity
pair. The probe construct must pass the test described
in Example III to be a probe for use in accordance with
this invention.
[0114] To determine whether or not a probe with noninteractive labels is an allele-discriminating probe for use
in accordance with this invention, it must be determined
whether or not that probe, under the assay conditions to
be used, forms a stem duplex in the absence of its target
sequence and shifts to the open conformation by hybridizing to its target sequence. This can be done by making
a variant of the probe in which the interactive label pair
DABCYL and EDANS are substituted for the intended
non-interactive label, and submitting the variant, under
the intended assay conditions, to the test described in
Example III. For radioactively labeled Probe F, described
below, we did this by testing Probe D, which has the same
nucleotide sequence but interactive labels. Often, it will
be possible to add DABCYL and EDANS to the non-interactively labeled probe in question, rather than substituting the pair for the non-interactive label.
[0115] To determine whether or not a probe for use in
accordance with this invention with interactive labels is
an allele-disoriminating probe, the probe is further tested
against non-targets having an internally located mismatch. If the level of signal detected in a test assay using
perfectly complementary target is at least five times higher above background than signal above background in
a test assay using a non-target with a single internally
located mismatch, the probe is an allele-discriminating
probe for use in accordance with this invention under the
assay conditions. We prefer, however, that this ratio be
even higher, preferably at least ten times higher or more
preferably at least twenty times higher.
[0116] To determine whether or not a probe with noninteractive labels that passed the initial test described
above is an allele-discriminating probe for use in accordance with this invention, the probe is further tested in
common heterogeneous assays against perfect target
sequences and non-targets having an internally located
mismatch. If the level of non-interactive signal detected
in a test assay using perfectly complementary target is
at least three times higher above background than noninteractive signal above background in an identical test
assay using a non-target with a single mismatch, the
probe is an allele-discriminating probe for use in accordance with this invention under the assay conditions. We
prefer, however, that this ratio be even higher, preferably
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at least five times higher, more preferably at least ten
times higher and most preferably at least twenty times
higher.
[0117] The following Examples illustrate several embodiments of the invention. They are not intended to restrict the invention, which is not limited to these specific
embodiments.

5

showed blue-white fluorescence in the presence of urea
(due to the EDANS), was orange in colour (due to the
DABCYL), and was radioactive (due to the 32P). Purified
Probe A was eluted from the gel and was stored in 10
mM Tris-HCl, pH 8.0 containing 1 mM EDTA (TE buffer).
EXAMPLE II: Synthesis of Probe D

EXAMPLE I (COMPARATIVE): Synthesis of Probe A
10

[0118] Probe A is a molecular probe comprising target
complement sequence and complementary arms. The
particular probe depicted is for detection of the integrase
gene of the human immunodeficiency virus HIV-1 (Muesing et al., 1985). The target complement sequence, is
complementary to the 35-nucleotide long target sequence
5’- AATGGCAGCAATTTCACCAGTACTACAGTTAAGGC-3’ (SEQ ID NO:1). The complementary axis are thirteen nucleotides long. It will be appreciated that a target
complement sequence of the same length, complementary to another target, could be substituted. The probe
was assembled using the first two-oligonucleotide ligation method described above. Each of the two oligonucleotides were prepared by solid-state synthesis. During
the synthesis of one oligodeoxynucleotide, a modified
nucleotide was introduced at the 5’ terminus. This nucleotide comprises a sulfhydryl group covalently bonded to
the 5’ phosphate via a hexa-alkyl spacer. This oligonucleotide was then coupled to the EDANS label moiety.
The method of Connoly and Rider (1985), incorporated
herein by reference, was used to couple a sulfhydrylreactive form of EDANS (1,5-IAEDANS. Molecular
Probes, Eugene, Oregon) to the oligonucleotides via a
thioether bond. The oligonucleotide was then purified by
high-pressure liquid chromatography (HPLC). During the
synthesis of the other oligonucleotide, the method of Nelson et al., (1989), which is incorporated herein by reference, was used to introduce a primary amino group covalently attached via a hepta-alkyl spacer to the 3’ oxygen
of the 3’-terminal nucleotide. About 2.5 mg of the oligonucleotide was kinased at its 5’ end with 32P using T4
polynucleotide kinase. The 32P was used to trace the oligonucleotide during synthesis and purification. The kinased oligonucleotide was then dissolved in 300 Pl of
0.2 M sodium bicarbonate and reacted with 300 Pl 60
mg/ml of the amino-reactive form of a label moiety, DABCYL succinimidyl ester (Molecular Probes, Eugene, Oregon). The amino-reactive DABCYL was added to a continuously stirred reaction mixture in fifteen aliquots of 20
Pl each, over a 72-hour period. The reaction mixture was
then precipitated with ethyl alcohol by adding ammonium
acetate followed by ethyl alcohol. The oligonucleotide
was then purified by HPLC. The two oligonucleotides
were then annealed to each other and ligated by incubation with T4 DNA ligase, at 16°C. The ligated product was
purified by polyacrylamide gel electrophoresis in the
presence of 7 M urea. The band containing Probe A

28

15

20

25

30

35

40

45

50

55

15

[0119] Oligodeoxynucleotides that contain a protected
sulfhydryl group at their 5’ end and a primary amino group
at their 3’ end were purchased from the Midland Certified
Reagent Company. In these oligodeoxynucleotides the
sulfhydryl group was connected to the 5’ phosphate via
a -(CH2)6- spacer and the primary amino group was
linked to the 3’ hydroxyl group via a -(CH2)7- spacer. The
first coupling reaction links a DABCYL moiety to each 3’amino group. For each oligonucleotide a 500 Pl solution
containing 0.6 mM oligodeoxynucleotide and 0.1 M sodium bicarbonate was reacted with a 500 Pl solution of
60 mg/ml of the succinimidyl ester of DABCYL (Molecular
Probes, Eugene, OR.); dissolved in N,N-dimethyl formamide. The succinimidyl ester of DABCYL was then added
in small aliquots to a continuously stirred reaction mixture
at room temperature over a 72 hour period. The oligonucleotide in this reaction mixture was then precipitated by
the addition of 300 Pl of 3 M sodium acetate, 1.7 ml water
and 7.5 ml ethanol in order to remove the excess dye.
[0120] The second coupling reaction linked EDANS to
the 5’-sulfhydryl group. Just before coupling the oligonucleotide with EDANS, the S-trityl protective group was
removed from the 5’ end of the oligodeoxynucleotide.
The precipitated oligonucleotide was dissolved in i ml of
0.1 M triethylamine (pH 6.5). This solution was treated
with 10 Pl of 0.15 M silver nitrate (a 5-fold molar excess
of silver nitrate) for 30 minutes at room temperature.
Fourteen Pl of 0.15 M dithiothreitol (7-fold excess of dithiothreitol) was then added to this mixture. After a 5-minute
incubation at room temperature, a precipitate was formed
which was removed by centrifugation. The modified oligonucleotide in the supernatant was then treated with a
500 Pl of 3M 1,5 IAEDANS (Molecular Probes, Eugene,
OR) dissolved in 0.2 M sodium bicarbonate (a 5-fold molar excess of the sulfhydryl-reactive form of EDANS) for
one hour at room temperature (Connolly and Rider 1985,
herein incorporated by reference). The modified oligonucleotide was then precipitated by the addition of ammonium acetate and ethanol. The oligodeoxynucleotide
containing both EDANS and DABCYL was purified by
high pressure liquid chromatography (Beckman) as follows: The precipitated oligonucleotide was dissolved in
1 ml of triethylammonium acetate (pH 6.5). This mixture
was fractionated on a C-18 reverse phase column (Nucleogen DEAE 60-7), using a linear gradient of 0-75%
Acetonitrile containing 0.1 M triethylammonium acetate
(pH 6.5), run for 40 minutes at a flow rate of 1 ml/min.
The fractions that absorbed at 260 and 336 nm and that
exhibited fluorescent emission at 490 nm were isolated.
These fractions had the characteristic fluorescence of
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EDANS and exhibited the melting thermal denaturation
profile discussed below.
[0121] The sequence of Probe D was
EDANS- 5’-GCGAGAAGTTAAGACCTATGCTCGC- 3’DABCYL (SEQ ID NO : 6),
where in each case the underlined segments are the
arms, which participate in the formation of the stem, and
the intervening sequence constitutes the target complement sequence.

5

10

EXAMPLE III: Testing Probe Constructs
[0122] This example describes the test to determine
whether or not a probe constructed with nucleic acid arm
sequences is a probe for use in accordance with this
invention under particular assay conditions.
[0123] Probes for use in accordance with this invention
exhibit a characteristic melting temperature, Tm, the temperature at which two hybridized nucleic acid strands
separate due to thermal energy. The melting temperature
can be determined by monitoring the level of fluorescent
signal as temperature is increased from 10°C to 80°C
under preselected assay conditions: TE buffer with no
added salt. The concentration of probes can be 150
pmoles in a volume of 2 ml TE buffer. Thermal denaturation or transition curves can be recorded with a PerkinElmer LS-5B fluorometer. An EDANS moiety can be excited at 336 nm, and the level of fluorescence at 490 nm
monitored. The Tm of a probe is indicated by the inflection
point of its thermal denaturation curve.
[0124] The following levels of signal, here fluorescence, are noted from the thermal denaturation curve: a
first level at Tm-10°C, a second level at Tm+10°C, and
a third level at the detection temperature of the preselected assay. A probe construct may be a probe for use
in accordance with this invention under the preselected
assay conditions if under those conditions at the detection temperature, addition of excess of model target results in a change in the signal level in the direction toward
the level at Tm+10°C by an amount equal to at least ten
percent of the difference between the signal levels at Tm10°C and Tm+10°C. "Model target" is a nucleic acid
strand containing a sequence complementary to the target complement sequence of the probe construct and no
more than one additional nucleotide immediately adjacent, 5’ or 3’, thereto. Often, actual target will meet this
definition. The concentration of probe constructs used to
measure the signal level in the presence of model target
is the same concentration used to measure the signal
levels in the absence of target, i.e., the concentration
used to obtain the thermal denaturation curve.
[0125] In determining the fluorescence signal, fluorescence can be monitored over time in a Perkin-Elmer LS5B fluorometer with a quartz cuvette maintained at the
detection temperature. The test point is the plateau level,
although one need not wait that long if a "test passing"
level is achieved earlier. As will be recognized, the time
to the plateau level depends on the concentration of mod-
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el target.
[0126] Thermal denaturation profiles and all other fluorescence measurements for experiments with Probe D
were performed on an LS-5B spectrofluorometer (PerkinElmer) using a QS cell (Hellma Cells New York) whose
temperature was controlled by a circulating bath. The
probes were excited at 336 nm and the fluorescence
emission was measured at 490 nm.
[0127] The fluorescence of a 150 microliter solution
(170 nM Probe D, 100 nM Tris-HCl, 1.0 mM MgCl2 pH
8.0) was monitored as the temperature was changed
from 25°C to 75°C at a rate of 2°C/min. The thermal denaturation profile is shown in FIG. 5 (curve 111). When
the temperature of a solution containing the probe was
increased, its fluorescence changed in a manner which
is characteristic of the melting of a nucleic acid double
helix. The display of a distinct thermal transition indicates
that at a low temperatures the arms formed a stem duplex
and at high temperatures the helical order of the stem
melted, and the probe assumed a random-coil configuration. The melting temperature of probes for use in accordance with this invention depend upon the length and
the guanosine-cytosine content of the arm sequences
and the concentration of Mg and other salts in the medium.
Divalent cations have a particularly powerful influence
upon the melting temperature. Probes for use in accordance with this invention with eight or five nucleotide-long
arms were found to exist as random coils in the absence
of magnesium ions. They formed stable stem duplexes
in presence of as little as 1 mM MgCl2.
[0128] From the levels of fluorescence at 25°C and
75°C in FIG. 5 (curve 111), it is estimated that the fluorescence of EDANS in Probe D is quenched by 96 percent when the probe has a stem duplex and by 19 percent
when the probe is in the state of a random coil. The vertical axis in FIG. 5 is a linear scale of fluorescence ranging
from 0 to 100. The minimum limit of the scale is set by
the level of fluorescence of the buffer solution (100 mM
Tris-HCl and 1 mM MgCl2 pH 8.0), and the maximum
limit is set by the fluorescence of a 170 nM solution of
Probe D bound to its target sequence. We have shown
that when the arms form a stem duplex, the degree of
quenching does not depend on the length of the probe.
In the random coil state, however, smaller probes for use
in accordance with this invention were quenched to a
larger extent than longer ones.
[0129] Probe D has been determined to be a probe for
use in accordance with this invention under the described
assay conditions by comparing its thermal denaturation
curve (FIG. 5, curve 111) with its hybridization curve 121
(FIG. 6). In order to obtain the hybridization curve 121
for Probe D, the solution of Probe D specified above was
first maintained at 25°C, and fluorescence was monitored. After confirming that the level of fluorescence was
constant over the first two minutes, 5 Pl of a 2.25 PM
solution containing a model target oligodeoxynucleotide
(5’-CATAGGTCTTAACTT-3’ (SEQ ID NO:7)) were add-
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ed. There was a 5-fold molar excess of model target compared to the concentration of the probe. The level of fluorescence was recorded every second. The experiment
was repeated with oligodeoxynucleotides that included
a single internal nucleotide mismatch (5’-CATAGGTGTTAACTT-3’ (SEQ ID NO:8)) (curve 122 in FIG. 6), and a
single internal nucleotide deletion (5’-CATAGGTTTAACTT-3’ (SEQ ID NO:9)) (curve 123 in FIG. 6). The
identities of the mismatch and the deletion are indicated
with an underline and hyphen, respectively.
[0130] As shown by curve 121 (FIG. 6), when a fully
complementary single-stranded oligodeoxynucleotide
model target was added to a solution of Probe D maintained at a temperature below its melting zone, the fluorescence of the solution increased dramatically over a
short time. This increase was due to hybridization between the model target and the target complement sequence of the probe. The increase in fluorescence over
time exhibited the characteristic second order kinetics of
a hybridization reaction, i.e., the second order rate constant increased with increasing concentrations of the
probe, target, salt or temperature. We prefer interactive
labels comprising fluorophores and quenchers, because
the signal-to-background ratio can be very large. FIG. 6
demonstrates that the ratio for Probe D under these conditions was 25:1 where EDANS and DABCYL were the
label pair. A similar increase in fluorescence was observed when an RNA target was used. When such RNADNA hybrids were treated with ribonuclease H, the fluorescence returned to its lowest level, due to digestion of
the RNA in the RNA-DNA hybrid.
[0131] The increase in fluorescence due to hybridization of Probe D to its target is greater than the increase
in fluorescence due to the thermal denaturation of its
stem. This can be seen by comparing FIGS. 5 and 6,
whose vertical axes are identical in scale. We theorize
that this difference is observed because in the random
coil conformation assumed by melted Probe D, (which is
only 25 nucleotides long) some quenching occurs,
whereas when Probe D is hybridized to its target, the
probe-target hybrid assumes a conformation in which
quenching is reduced or does not occur.
[0132] In an additional experiment, the hybridization
of Probe D was visualized without the aid of an instrument. Two tubes were prepared, each containing 10 Pl
of 16.4 micromolar Probe D, 100 mM Tris-HCl, 1 mM
MgCl2. To one tube, 1.5 Pl of a 250 micromolar solution
of the fully complementary model target was added. The
fluorescence of that tube at room temperature was visible
to the naked eye when both tubes were illuminated with
a broad-wavelength ultraviolet light source (Transilluminator, Model No. 3-3100, Fotodyne, New Berlin, Wisconsin). The other tube had virtually no fluorescence. The
fluorescent signal appeared virtually instantaneously.
The tubes were successfully photographed without filters
using Kodak Ektachrome ASA 200 film and an exposure
time of 0.25 second.

32

EXAMPLE IV: Demonstration of Probe Function

5

10

15

20

25

30

35

40

45

50

55

17

[0133] Comparative tests with Probe A were run to
demonstrate probe function. Probe A was tested with an
excess of DNA target and with an excess of RNA target.
The DNA target was the model target described in Example V above. The RNA target was an 880-nucleotide
RHA corresponding to the integrase gene of HIV-1
(Muesing et ai., 1985). The sequence of the DNA model
target is contained within the sequence of the RNA target.
[0134] The target nucleic acids and Probe A were suspended in TE buffer. Five 0.5 ml plastic snap-capped
tubes were prepared containing: 1) 1,000 pmoles of DNA
target; 2) 80 pmoles of RNA target; 3) 80 pmoles of RNA
target and 15 pmoles of Probe A; 4) 1,000 pmoles of DNA
target and 15 pmoles of Probe A; and 5) 15 pmoles of
Probe A. The final volume of each test was adjusted to
6 Pl with TE buffer.
[0135] While illuminating the tubes with ultraviolet light
from a Transilluminator (Model No. 3-3100, Fotodyne,
New Berlin, Wisconsin) the tubes were mixed by gently
pipetting twice with a Gilson micropipettor. Intense blue
fluorescence, indicating detection of the targets by Probe
A, was observed by eye and photographed.
[0136] The appearance of a fluorescent signal was virtually instantaneous in the tube containing the DNA target
and occurred in several minutes in the tube with the RNA
target. The delay with the RNA target is believed due to
the lower amount of target used, although it could be due
to sequestering of the target sequence by the surrounding sequences in the RNA. In a control test, unrelated
nucleic acids were mixed with Probe A. No fluorescence
was observed in these controls (data not shown).
[0137] From the results of these experiments, we infer
that: a) in the absence of target, well-designed probes
have a very low level of background signal; b) probetarget hybridization can produce a signal change detectable by the human eye; c) the probes work with either
RNA or DNA targets; and d) in the presence of target,
the probes can turn "on" very rapidly, within a few seconds. Additionally, rapid heating and cooling of Probe A
in the absence of target sequence demonstrated that the
probe also turned "off" very rapidly, virtually instantaneously.
[0138] The sample used in the test was subsequently
heated to 95°C, rapidly cooled in an ice bath, and incubated again at 20°C, the detection temperature. The kinetics of signal generation was followed as before. The
tracing during incubation at 20°C was virtually indistinguishable. This demonstrates that with well designed unimolecular probes having oligonucleotide arms as the affinity pair, probe-target hybrids are reversibly thermally
denaturable. Thus, those embodiments are suitable for
incorporation into thermal cycling reactions, such as
PCR, for real-time detection of amplification products.
[0139] FIG. 6 demonstrates that Probe D is an "allelediscriminating probe" for use in accordance with this invention under the assay conditions reported above.
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Curve 121 shows the large increase in fluorescence due
to the hybridization of Probe D to its fully complementary
model target. When an oligodeoxynucleotide that contained a single nucleotide mismatch in its center was added to a solution of Probe D, practically no increase in
fluorescence was observed (curve 122). Similarly, addition of an oligonucleotide that contained a single nucleotide deletion lead to practically no increase in fluorescence (curve 123). The addition of unrelated nucleic acids also did not lead to any increase in fluorescence under
the reported assay conditions.
[0140] Curve 121 demonstrates that Probe D recognized and bound to its fully complementary model target
by hybridization of the target complement sequence to
the preselected nucleic acid target sequence. Curves
122 and 123 prove that Probe D did not hybridize to minimally imperfectly matched oligonucleotides. Curves 122
and 123, in conjunction with curve 121, demonstrate that
Probe D effectively discriminates between the fully complementary model target and oligonucleotides in which
a single nucleotide was either changed or deleted. Because Probe D discriminates against the slightly mismatched oligonucleotides, we refrain from calling those
oligonucleotides "model targets." Only perfectly complementary sequence and possibly sequences varying in
hybridization energy by less than does a sequence with
one internally located mismatch are targets for allele-discriminating probes for use in accordance with this invention under appropriate assay conditions.
[0141] Thus, we have demonstrated that allele-discriminating probes can be designed so that a hybrid forms
virtually only with a perfectly matched target sequence.
If a probe with non-interacting label(s) is used, washing
can be employed to separate "allele-discrininating
probes" hybridized to an intended allele from probes not
so hybridized.
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EXAMPLE V: Assays
[0142] Assays that utilize the probes described herein
begin simply by addition of the probes to the material of
interest under conditions that are conducive to hybridization. The methods of processing the samples and monitoring the fluorescence signal may vary with the nature
of the samples. Tissues may be disrupted mechanically
or by incubation with chaotropic salts. Most disrupted tissues may be used directly in the assays. Some tissues,
however, contain naturally fluorescent materials that may
interfere with the detection of signal. In such cases, the
nucleic acids may be isolated from the fluorescent materials either before or after hybridization. The fluorescence of opened probes can be monitored by fluorometers.
[0143] Preferred unitary probes for use in accordance
with the present invention are useful in field tests for infectious diseases. For example, a test for malaria may
begin by addition of guanidine thiocyanate to a sample
of blood to lyse the cells, detoxify the cells and denature
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the constituents. A large excess of interactively labeled
probe (relative to the expected maximal target concentration) which is complementary to the ribosomal RNA of
the malarial parasite may then be added, and hybridization allowed to proceed. Fluorescence of open probes
may be monitored either visually or with help of a fluorometer. Detection of a positive fluorescent signal indicates an infection by the malarial parasite.
[0144] Probes with interactive labels in accordance
with this invention can be used to locate particular nucleic
acid fragments in a gel or other medium, for example
where information on the size of a specific nucleic acid
is desired. The nucleic acids in the sample can first be
fractionated by gel electrophoresis and then the gel itself
bathed in a solution containing the probes. The location
in the gel where the target nucleic acid migrates will be
detectable by the characteristic signal as a result of hybridization.
[0145] Probes with interactive labels in accordance
with the present invention, preferably unimolecular, preferably having a fluorescer and quencher as the label moieties, can be used as vital stains for the detection of cells
that harbor a target nucleic acid. Modified nucleotides
are especially useful for such probes. In order to deliver
the probes into the cells, a permeabilizing agent, such
as toluene, is added to the tissue prior to the addition of
the probes. Alternatively, probes can be encapsulated
into liposomes and these liposomes fused with the cells.
After the delivery of probes, hybridization takes place inside the cells. When the tissue is observed under a fluorescent microscope, the cells that contain the target nucleic acid will appear fluorescent. The subcellular location
of a target nucleic acid can also be discerned in these
experiments.
[0146] Production of nucleic acids in synthesis reactions may be monitored by including appropriately designed probes with interactive labels in the reaction mixture and monitoring the level of signal, e.g., fluorescence,
in real-time. The probes should be designed to be complementary to a segment of the nucleic acid that is produced. Examples of such reactions are RNA synthesis
by DNA-dependent RNA polymerases and by Q-beta
replicase. Unimolecular probes are particularly useful in
tracking a polymerase chain reaction, since they open
and close within a time period that is far shorter than the
duration of an incubation step used in this reaction. An
additional temperature in each cycle, which is 5-12°C
lower than the melting temperature of the stem of the
probe, can be included as the detection temperature. In
each cycle, the level of fluorescence will indicate the
amount of target DNA strand present. An excess of the
probes, as an excess of PCR primers, in the’reaction
mixture should be used. The PCR may be asymmetric.
Real-time monitoring of the correct products, as opposed
to end-point detection, improves the precision and the
dynamic range of the estimates of the target nucleic acid
concentrations by polymerase chain reactions and obviates the need for post-amplification analysis.
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[0147] PCR reaction products may be quantified using
polyacrylamide gel electrophoresis and ethidium bromide staining. A strong correlation was observed between the fluorescence of samples containing a probe
and the fluorescence of samples containing ethidium bromide. The results also demonstrated that the two quantification methods were similar in terms of their sensitivities.
[0148] Polyacrylamide gel electrophoresis of the contents of the PCR reactions indicate that there is no detectable degradation of probes, even after 35 cycles of
polymerization.
[0149] The probes for use in accordance with this invention with interactive labels may also be used for monitoring other nucleic acid amplification reactions, such as
strand displacement amplification reactions and self-sustained sequence replication reactions. Useful probes are
designed and used in a manner similar to the probes for
polymerase chain reaction products. For isothermal amplifications, fluorescence at any time during the reaction
is a direct measure of the amount of nucleic acid synthesized.
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EXAMPLE VI
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[0150] The superior discriminating power of non-interactively labeled allele-discriminating probes for use in
accordance with this invention has been demonstrated
experimentally. Three radioactively labeled probes were
compared against a target sequence and a slightly mismatched oligonucleotide to compare the relative discriminating power of the probes.
[0151] The first probe, Probe F, was an allele-discriminating probe of this invention. Probe F had a target complement sequence of 15 nucleotides and complementary
arms of 5 nucleotides each. The nucleotide sequence of
Probe F was identical to the nucleotide sequence of
Probe D. Having been tested as a variant with interactive
labels, Probe F was thereby shown to be a probe for use
in accordance with this invention under the test conditions for Probe D set forth in Example III. The second
probe, Probe G, had the same target complement sequence as Probe D; however, the nucleotides in one of
its arms were synthesized in a different order so that its
two arms were non-complementary. The third probe,
Probe H, had the same target complement sequence as
Probe D, but did not have arm sequences. Probes F, G
and H possessed a noninteractive label, a radioactive
phosphate atom at their 5’ ends, rather than an interactive
label as in Probe D. The two possible oligonucleotide
targets were 19-nucleotides long and were bound to
streptavidin-coated paramagnetic particles (Promega)
by a biotin group at their 5’ end. A target sequence fully
complementary to the target complement sequence of
Probes F, G and H was located at the 3’ end of the first
possible target. The second possible target was identical
to the first except that the eighth nucleotide from the 3’
end was a G, a single internally located mismatch with
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the target complement sequences of Probes F, G, and H.
[0152] Each probe was hybridized to each target under
the same conditions reported above for the hybridization
of Probe D. The hybrids were captured on the surface of
streptavidin-coated paramagnetic particles. The particles were then washed to remove unhybridized probes.
After washing, radioactivity bound to the beads was
measured with a scintillation counter. By repeating these
reactions without targets present, we estimated that the
background from probes sticking to the beads was about
6000 counts per minutes.
[0153] The first probe gave a reading above background level against the first target (59,000 counts per
minute) over five times higher than against the second
target (11,000 per minute). The second and third probes
gave readings above background against the first target
only about 2.5 times higher than against the second target (45,000 to 21,000 and 135,000 to 54,000 counts per
minute respectively).
[0154] The improved discriminating power of the allele-discriminating probes for use in accordance with this
invention is a surprising discovery. We believe the enhanced discriminatory ability is due to the presence of
the nucleic acid affinity pair which allows the probe to
assume a conformation which is energetically favored
over hybridization to a mismatched sequence, but which
is not favored over hybridization to a perfectly complementary target sequence.
[0155] These results demonstrate that "allele-discriminating probes" hybridized preferentially to perfectly complementary targets. When an allele-discriminating probe
has a non-interactive label, a separation step, such as
washing, capture, or other means, can be used to isolate
"allele-discriminating probes" hybridized to their targets
from probes not so hybridized. Thus, by measuring the
signal from the isolated hybrids one can quantitatively or
qualitatively determine the presence of the perfectly
matched target sequence. Moreover, if an allele-discriminating probe has interactive labels, one need not isolate
the hybrids to measure the amount of signal from probes
hybridized to perfectly matched targets.
EXAMPLEVII: Tethered Probes
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[0156] Probes for use in accordance with the present
invention with interactive labels may be used in assays
wherein they are tethered to a solid support as discussed
above and depicted in FIG. 4.
[0157] In a preferred embodiment, multiple probes are
prepared. Each probe contains a unique target complement sequence. All may contain the same label pair, a
fluorophore and a quencher. Each probe also includes
an oligonucleotide chain extending from the end of one
arm.
[0158] Each probe is tethered via an oligonucleotide
chain to a specific location on a dipstick assigned to it.
This design leaves the target complement sequences
free to participate in homogeneous hybridization. In an
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assay utilizing this embodiment, the dipstick is contacted
with a sample that may contain one or several different
target sequences.
[0159] The tethered probes then interact with their corresponding target sequences. Those probes so interacting will shift to the open state. The dipstick is illuminated
with light of an appropriate frequency. Fluorescence from
particular locations on the dipstick indicates the presence
of corresponding target sequences. Additional configurations of tethered probe assays will be apparent to those
skilled in the art.
[0160] Tethered probes may be allele-discriminating
probes having interactive labels.
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gle nucleotide, said probe having an interactive
label pair under said assay conditions in which
one member of said label pair is conjugated to
said first arm sequence and the other member
is conjugated to said second arm sequence, said
members interacting when said arms form said
stem duplex, and
(b) detecting whether or not adding said sample
resulted in an increase in signal at said hybridization temperature.

5
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3.

An assay according to claim 2;
said stem duplex having a melting temperature at
least 5°C above said hybridization temperature under said assay conditions;
the oligonucleotide sequence of said probe, if oppositely terminally labelled with a fluorophore / quencher pair, producing under said conditions and upon
addition of excess model target an increase in fluorescence that is a least 10 percent as great as the
increase in fluorescence caused by heating it from
10°C below to 10°C above said melting temperature;
and wherein said probe produces a detectable signal
above background in said assay of a sample containing said target sequence that is at least five times
higher above background than in said assay of a
sample containing a sequence differing from said
target sequence by a single internally located nucleotide, and wherein a duplex of said target complement sequence and its target sequence is larger than
said stem duplex.

4.

An assay according to claim 3 wherein said detectable signal above background is at least ten times
higher above background than when contacted with
said sequence differing by said single nucleotide.

5.

An assay according to any one of claims 2 to 4,
wherein said interactive label pair is a fluorophore
and a quencher, optionally DABCYL and EDANS, or
is a FRET pair.

6.

An assay according to any one of claims 2 to 5, further comprising amplification of said target sequence
in the presence of said probe.

7.

An assay according to claim 6, wherein said amplification is a polymerase chain reaction (PCR) amplification.

8.

An assay according to any of claims 2 to 7, wherein
said probe comprises DNA nucleotides, RNA nucleotides, or both DNA nucleotides and RNA nucleotides.

9.

An assay according to any of claims 2 to 8, wherein
said probe contains modified internucleotide linkages or modified nucleotides.

15

Claims
1.

2.

The use in an in vitro assay of a labelled probe capable of discriminating between a desired target nucleic acid sequence and a nucleic acid sequence
differing from the target by a single nucleotide;
wherein said probe is of hairpin structure with a stem
portion which is a stem duplex formed by a pair of
complementary nucleotide sequences 3 to 8 nucleotides in length and a loop portion which is a singlestranded target complementary sequence of up to
25 nucleotides in length, and wherein said stem duplex is structured so that the energy released in its
formation is less than the energy released in forming
a perfect hybrid between said target complement sequence and its target nucleic acid sequence but
greater than the energy released in forming an imperfect hybrid between said target complement sequence and a nucleic acid sequence differing from
the target by a single nucleotide.
An in vitro assay for detecting the presence or absence in a sample of a preselected nucleic acid target
sequence, said assay having defined conditions including a hybridization temperature, comprising the
steps of
(a) incubating said sample with a probe of hairpin structure with a stem portion which is a stem
duplex formed by a pair of complementary nucleotide sequences 3 to 8 nucleotides in length
and a loop portion which is a single-stranded
target complementary sequence of up to 25 nucleotides in length, and wherein said stem duplex is structured so that the energy released in
its formation is less than the energy released in
forming a perfect hybrid between said target
complement sequence and its target nucleic acid sequence but greater than the energy released in forming an imperfect hybrid between
said target complement sequence and a nucleic
acid sequence differing from the target by a sin-
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10. An assay according to any of claims 2 to 9, wherein
said probe is tethered to a solid surface.
11. An assay according to any of claims 2 to 6, which
assay is a real-time assay.

5

12. An assay according to any of claims 2 to 11, wherein
there are at least two said preselected nucleic acid
target sequences with a said probe for each of said
target sequence and specific therefor.

10

mentären Sequenz und deren Targetnukleotidsequenz freigesetzt wird, aber größer ist als die
Energie, die bei der Bildung eines nicht perfekten Hybrids zwischen der zu dem Target komplementären Sequenz und einer Nukleinsäuresequenz, welche sich von dem Target durch ein
einziges Nukleotid unterscheidet, freigesetzt
wird, wobei die Sonde unter den Testbedingungen ein interaktives Markierungspaar aufweist,
bei welchem ein Element des Markierungspaars
mit der Sequenz des ersten Arms konjugiert ist
und das andere Element mit der Sequenz des
zweiten Arms konjugiert ist, wobei die Elemente
interagieren, wenn die Arme den Stammduplex
bilden; und
(b) Nachweisen, ob oder ob nicht das Zugeben
der Probe zu einer Zunahme des Signals bei der
Hybridisierungstemperatur geführt hat.

Patentansprüche
1.

2.

Die Verwendung in einem in vitro-Test einer markierten Sonde, die in der Lage ist, zwischen einer
gewünschten Targetnukleinsäuresequenz und einer
Nukleinsäuresequenz, welche sich vom dem Target
durch ein einziges Nukleotid unterscheidet, zu unterscheiden; wobei die Sonde eine Haarnadelstruktur mit einem Stammabschnitt, welcher ein Stammduplex ist, der durch ein Paar komplementärer Nukleotidsequenzen von 3 bis 8 Nukleotiden in der Länge gebildet wird, und einem Schlaufenabschnitt, welcher eine einzelsträngige zu dem Target komplementäre Sequenz von bis zu 25 Nukleotiden in der
Länge ist, aufweist, und wobei der Stammduplex so
strukturiert ist, dass die Energie, die bei dessen Bildung freigesetzt wird, geringer ist als die Energie,
die bei der Bildung eines perfekten Hybrids zwischen
der zu dem Target komplementären Sequenz und
deren Targetnukleotidsequenz freigesetzt wird, aber
größer ist als die Energie, die bei der Bildung eines
nicht perfekten Hybrids zwischen der zu dem Target
komplementären Sequenz und einer Nukleinsäuresequenz, welche sich von dem Target durch ein einziges Nukleotid unterscheidet, freigesetzt wird.
Ein in vitro-Test zum Nachweisen des Vorliegens
oder Fehlens in einer Probe einer vorausgewählten
Nukleinsäuretargetsequenz, wobei der Test definierte Bedingungen, einschließlich einer Hybridisierungstemperatur, aufweist, welcher die folgenden
Schritte umfasst:
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3.

Ein Test gemäß Anspruch 2, wobei
der Stammduplex unter den Testbedingungen eine
Schmelztemperatur aufweist, die wenigstens 5°C
über der Hybridisierungstemperatur liegt;
die Oligonukleotidsequenz der Sonde, wenn diese
an entgegengesetzten Enden mit einem Fluorophor/
Quencher-Paar markiert ist, unter den Bedingungen
und bei Zugabe von überschüssigem Modelltarget
eine Zunahme bei der Fluoreszenz erzeugt, die wenigstens 10 Prozent so groß ist wie die Zunahme bei
der Fluoreszenz, die durch ein Erwärmen von dieser
von 10°C unter der auf 10°C über die Schmelztemperatur verursacht wird;
und wobei die Sonde ein über dem Hintergrund
nachweisbares Signal bei dem Test einer Probe,
welche die Targetsequenz enthält, erzeugt, das über
dem Hintergrund wenigstens fünfmal höher ist als
bei dem Test einer Probe, welche eine Sequenz enthält, die sich von der Targetsequenz um ein einziges
innen lokalisiertes Nukleotid unterscheidet, und wobei ein Duplex der zu dem Target komplementären
Sequenz und deren Targetsequenz größer als der
Stammduplex ist.

4.

Ein Test gemäß Anspruch 3, wobei das über dem
Hintergrund nachweisbare Signal über dem Hintergrund wenigstens zehnmal höher ist als wenn mit
der Sequenz kontaktiert wird, die sich um das einzige
Nukleotid unterscheidet.

50

5.

Ein Test gemäß irgendeinem der Ansprüche 2 bis
4, wobei das interaktive Markierungspaar ein Fluorophor und ein Quencher, gegebenenfalls DABCYL
und EDANS, oder ein FRET-Paar ist.

55

6.

Ein Test gemäß irgendeinem der Ansprüche 2 bis
5, welcher weiterhin die Amplifikation der Targetsequenz in der Gegenwart der Sonde umfasst.
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(a) Inkubieren der Probe mit einer Sonde, welche eine Haarnadelstruktur aufweist, mit einem
Stammabschnitt, welcher ein Stammduplex ist,
der durch ein Paar komplementärer Nukleotidsequenzen von 3 bis 8 Nukleotiden in der Länge
gebildet wird, und einem Schlaufenabschnitt,
welcher eine einzelsträngige zu dem Target
komplementäre Sequenz von bis zu 25 Nukleotiden in der Länge ist, und wobei der Stammduplex so strukturiert ist, dass die Energie, die bei
dessen Bildung freigesetzt wird, geringer ist als
die Energie, die bei der Bildung eines perfekten
Hybrids zwischen der zu dem Target komple-
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7.

Ein Test gemäß Anspruch 6, wobei die Amplifikation
eine Amplifikation durch Polymerasekettenreaktion
(PCR) ist.

8.

Ein Test gemäß irgendeinem der Ansprüche 2 bis
7, wobei die Sonde DNA-Nukleotide, RNA-Nukleotide oder sowohl DNA-Nukleotide als auch RNA-Nukleotide umfasst.

5

9.

Ein Test gemäß irgendeinem der Ansprüche 2 bis
8, wobei die Sonde modifizierte Internukleotidverknüpfungen oder modifizierte Nukleotide umfasst.

10

10. Ein Test gemäß irgendeinem der Ansprüche 2 bis
9, wobei die Sonde an eine feste Oberfläche angebunden ist.

ayant la structure d’une épingle à cheveux avec
une partie tige qui est une tige duplex formée
par une paire de séquences nucléotides complémentaires de 3 à 8 nucléotides de longueur
et une partie boucle qui est une séquence simple
brin complémentaire de la cible, ayant jusqu’à
25 nucléotides de longueur, et dans laquelle ladite tige duplex est structurée de sorte que
l’énergie libérée lors de sa formation soit inférieure à l’énergie libérée lors de la formation d’un
hybride parfait entre ladite séquence complémentaire de la cible et sa séquence d’acide nucléique cible mais supérieure à l’énergie libérée
lors de la formation d’un hybride imparfait entre
ladite séquence complémentaire de la cible et
une séquence d’acide nucléique cible différant
de la cible par un nucléotide unique, ladite sonde
ayant une paire de marqueurs interactifs dans
lesdites conditions de dosage dans lesquelles
un élément de ladite paire de marqueurs est
conjugué à ladite séquence du premier bras et
l’autre élément est conjugué à ladite séquence
du deuxième bras, lesdites éléments interagissant lorsque lesdits bras forment ladite tige duplex, et
(b) détecter si l’ajout dudit échantillon entraîne
une augmentation du signal à ladite température
d’hybridation.
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11. Ein Test gemäß irgendeinem der Ansprüche 2 bis
6, wobei der Test ein Echtzeittest ist.
20

12. Ein Test gemäß irgendeinem der Ansprüche 2 bis
11, wobei es wenigstens zwei der vorausgewählten
Nukleinsäuretargetsequenzen bei der Sonde für jede der Targetsequenzen und dafür spezifisch gibt.
25

Revendications
1.

Utilisation dans un dosage in vitro d’une sonde marquée capable de différencier une séquence cible
d’acide nucléique souhaitée et une séquence d’acide nucléique différant de la cible par un nucléotide
unique ; dans laquelle ladite sonde a une structure
en épingle à cheveux avec une partie tige qui est
une tige duplex formée par une paire de séquences
nucléotides complémentaires de 3 à 8 nucléotides
de longueur et une partie boucle qui est une séquence simple brin complémentaire de la cible, ayant jusqu’à 25 nucléotides de longueur, et dans laquelle
ladite tige duplex est structurée de sorte à ce que
l’énergie libérée lors de sa formation soit inférieure
à l’énergie libérée lors de la formation d’un hybride
parfait entre ladite séquence complémentaire de la
cible et sa séquence d’acide nucléique cible mais
supérieure à l’énergie libérée lors de la formation
d’un hybride imparfait entre ladite séquence complémentaire de la cible et une séquence d’acide nucléique cible différant de la cible par un nucléotide
unique.

30

3.

Dosage selon la revendication 2, dans lequel ladite
tige duplex a une température de fusion d’au moins
5 °C au-dessus de ladite température d’hybridation
dans lesdites conditions de dosage ;
la séquence oligonucléotide de ladite sonde, si marquée de manière terminale et opposée avec une paire de fluorophore/desactivateur, produit dans lesdites conditions et lors de l’ajout d’un excès de cible
modèle une augmentation de la fluorescence qui est
au moins 10 % supérieure à l’augmentation de la
fluorescence provoquée par un chauffage de 10 °C
inférieur à 10 °C supérieur à ladite température de
fusion ;
et dans lequel ladite sonde produit un signal détectable au-dessus du bruit de fond dans ledit dosage
d’un échantillon contenant ladite séquence cible qui
est au moins cinq fois plus élevée au-dessus du bruit
de fond que dans ledit dosage d’un échantillon contenant une séquence différant de ladite séquence
cible par un nucléotide unique situé de manière interne, et dans lequel un duplex de ladite séquence
complémentaire de la cible et de sa séquence cible
est plus large que ledit duplex de la tige.

4.

Dosage selon la revendication 3, dans lequel ledit
signal détectable au-dessus du bruit de fond est au
moins dix fois plus élevé au-dessus du bruit de fond
que lorsqu’en contact avec ladite séquence différant
par ledit nucléotide unique.
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2.

Dosage in vitro pour la détection de la présence ou
de l’absence dans d’un échantillon d’une séquence
cible d’acide nucléique présélectionnée, ledit dosage ayant des conditions définies incluant une température d’hybridation, comprenant les étapes consistant à
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(a) incuber ledit échantillon avec une sonde
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Dosage selon l’une quelconque des revendications
2 à 4, dans lequel ladite paire de marqueurs interactive est un fluorophore et un désactivateur, éventuellement le DABCYL et l’EDANS, ou est une paire de
FRET.

5

6.

Dosage selon l’une quelconque des revendications
2 à 5, comprenant en outre l’amplification de ladite
séquence cible en présence de ladite sonde.

7.

Dosage selon la revendication 6, dans lequel ladite
amplification est une amplification par réaction de
polymérisation en chaîne (PCR).

8.

Dosage selon l’une quelconque des revendications
2 à 7, dans lequel ladite sonde comprend des nucléotides d’ADN, des nucléotides d’ARN ou à la fois
des nucléotides d’ADN et des nucléotides d’ARN.

15

9.

Dosage selon l’une quelconque des revendications
2 à 8, dans lequel ladite sonde contient des liaisons
intemucléotides modifiées ou des nucléotides modifiés.

20

10. Dosage selon l’une quelconque des revendications
2 à 9, dans lequel ladite sonde est attachée à une
surface solide.

25

10

11. Dosage selon l’une quelconque des revendications
2 à 6, lequel dosage est un dosage en temps réel.
12. Dosage selon l’une quelconque des revendications
2 à 11, dans lequel il y a au moins deux dites séquences cibles d’acide nucléique présélectionnées
avec une dite sonde pour chacune desdites séquences cibles et spécifiques de celles-ci.
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