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FIELD OF THE INVENTION

The present invention relates to methods for detecting amplification of nucleic acid
target sequences and in particular to detection of amplification by fluorescence polarization.

BACKGROUND OF THE INVENTION

Strand Displacement Amplification (SDA) utilizes the ability of a restriction enzyme to
nick a hemimodified recognition site and the ability of a polymerase to displace a downstream
DNA strand to amplify a target nucleic acid (U.S. Patent No. 5,270,184, hereby incorporated
by reference; Walker, et al. 1992. Proc. Natl. Acad. Sci. USA 89, 392-396, Walker, et al.
1992. Nucl. Acids Res. 20, 1691-1696). The target for SDA may be present on fragments of

-nucleic acid ‘generated by treatment with a restriction endonuclease, or targets appropriate for

SDA may be generated by extension and displacement of primers. This second type of target
generation and the subsequent steps of the SDA reaction are illustrated in Fig. 1. The target
generation process (left side of Fig. 1) produces copies of the target sequence flanked by the
nickable restriction sites required for SDA. These modified target sequences are exponentially
amplified by repeated nicking, strand displacement, and repriming of displaced strands (right
side of Fig. 1) . Despite the apparent complexity of Fig. 1, SDA operates under a very simple
protocol: double-stranded target DNA is heat denatured in the presence of all reagents except
the restriction enzyme and polymerase. Exponential amplification then proceeds at a constant,
reduced temperature upon addition of the enzymes, without any further manipulation of the
reaction. SDA is capable of los-fold amplification of target sequences in 2 hours at a constant
reactlon temperature, usually about 35-42°C.

Fluoresence Polarization (FP) is a measure of the time-average rotational motion of
fluorescent molecules. It has been known since the 1920's and has been used in both research
and clinical applications for sensitive determination of molecular volume and microviscosity.
The FP technique relies upon changes in the rotational properties of molecules in solution.
That is, molecules in solution tend to "tumble" about their various axes. Larger molecules
(e.g., those with greater volume or molecular weight) tumble more slowly and along fewer
axes than smaller molecules. They therefore; move less between excitation and emission,
causing the emitted light to exhibit a relafiw)ely' higher degree of polarization. Conversely,
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any furt her latized q“g":? t "The polanza%lon of the emission is measured by measuring the relative
10 mtensmes of emission (i) parallel to the plane of polarized excitation light and (ii)
perpendicular to the plane of polarized excitation light. A change in the rate of tumbling due

to a change in size and/or rigidity is accompanied by a change in the relationship between the

plane of excitation light and the plane of emitted fluorescence, i.e., a change in fluorescence

polarization. Such changes can occur, for example, when a single stranded oligonucleotide

15 probe becomes double stranded or when a nucleic acid binding protein binds to an
oligonucleotide. Fluorescence anisotropy is closely related to FP. This technique also |

measures changes in the tumbling rates of molecules but is calculated using a different

equation. It is to be understood that polarization and anisotropy are interchangeable

_ techniques for use in the present invention. The term fluorescence polarization is generally

20 used herein but should be understood to include fluorescence anisotropy methods. In steady
state measurements of polarization and anisotropy, these values are calculated according to the
following equations:

P (polarization) Ipa - Ipe

Ipa + Ipe

Ipa - Ipe
- Ipa+ 2Ipe

r (anisotropy)

25  where Ipa is the intensity of fluorescence emission parallel to the plane of polarized excitation
' light and Ipe is the intensity of fluorescence emission perpendicular to the plane of polarized
excitation light.

As FP is honiogenous, this technidue is ideal for studying tholecular interactions in
30 solution without interference by physical manipulation. Fluorescence polarization is therefore
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Patent Publication No. 0 382 433 describes fluorescence polarization detection of amplified

target sequences by hybridization of a fluorescent probe to the amplicons or by incorporation

of a fluorescent label into the amplification products by target-specific extension of a

fluorescently-labeled amplification primer. PCT Patent Publication No. WO 92/18650

10 describes similar methods for detecting amplified RNA or DNA target sequences by the
increase in fluorescence polarization associated with hybridization of a fluorescent probe.

Fluorescence polarization may be monitored as either transient state FP or steady state
FP. In transient state FP, the excitation light source is flashed on the sample and polarization
15  of the emitted light is monitored by turning on the photomultiplier tube after the excitation
 light source is turned off. This reduces interference from light scatter, as fluorescence lasts
longer than light scatter, but some fluorescence intensity is lost. In steady state FP, excitation
light and emission monitoring are continuous (i.e., the excitation source and photomultiplier
tube are on continuously). This results in measurement of an average tumbling time over the
20 monitoring period and includes the effects of scattered light.

The present invention provides FP or fluorescence anisotropy detection methods for
use with nucleic acid amplification methods such as SDA. Previously, -SDA-ampliﬁed target
sequences were detected following amplification using 32P-probes (Walker, et al. 1992 Nucl.

25 Acids Res., supra) or by a sandwich hybridization assay with chemiluminescent signal
generation (Spargo, et al. 1993. Molec. Cell. Probes 7, 395-404). Both of these detection
fdrmats require separation of free and bound detector probe before the signal can be measured.
However, the ability to differentiate free and bound probe using FP without physwal separation
enables performance of SDA and detection of amplification in a homogeneous, closed system.

30 Furthermore, it has been discovered that SDA and FP detection can be combined in a single
step (i.e., real-time amplification and detection), in part as a result of the isothermal nature of
SDA. A closed, homogeneous assay reduces operating steps and procedural complexity, as
well as providing improved control of the dispersal of amplification products in the laboratory,
thereby reducing the potential for false pos1t1ves due to accidental contamination of samples

35 with target DNA. g
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preferably less than 70% of the total nucleotide composition of the probe. Similarly, for SDA
the target sequence preferably has a low GC content to minimize secondary structure. The 3'
end of an SDA amplification primér (the target binding sequence) hybridizes at the 3' end of
the target sequence. The target binding sequence confers target specificity on the amplification
10  primer. The SDA amplification primer further comprises a recognition site for a restriction
endonuclease near its 5' end. The recognition site is for a restriction endonuclease which will
nick one strand of a DNA duplex when the recognition site is hemimodified, as described by
Walker, et al. (1992. Proc. Natl. Acad. Sci. and Nucl Acids Res., supra). The SDA
amplification primer generally also compﬁses additional sequences 5' to the restriction
15 endonuclease recognition site to allow the appropriate restriction endonuclease to bind to its
recognition site and to serve as a primer for the polymerase after nicking, as is known in the
art. For the majority of the SDA reaction, the amplification primer is responsible for
exponential amplification of the target sequence. The SDA amplification primer may also be
referred to as the “S" primer,- e.g, S; and S, when a pair of amplification primers is used for
20  amplification of a double stranded sequence. For other amplification methods which do not
. require attachment of specialized sequences to the ends of the target, the amplification primer
generally consists of only the target binding sequence. -

A bumper or external primer is a primer used in SDA which anneals to a target
25 sequence upstream of the amplification primer such that extension of the bumper primer
displaces the downstream primer and its extension product. Bumper primers may also be
referred to as "B" primers, e.g., B; and B, when a pair of bﬁmper primers is used to displace
the extension products of a pair of amplification primers. Extension of bumper primers is one
method for displacing the extension products of amplification primers, but heating is also

30 suitable. '

The terms target or target sequence refer to nucleic acid sequences amplifiable by
amplification primers.  These include the original nucleic acid sequence to be amplified, the
complementary second strand of the original nucleic acid sequence to be amplified, and either

35 strand of a copy of the original sequence which is produced by the amplification reaction.
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prbduced by hybridization of a primer and extension of the primer by polymerase using the
target sequence as a template.
10 o

SUMMARY OF THE INVENTION

 The present invention provides methods for detection of nucleic acid amplification.
using FP and a.detector probe comprising a fluorescent dye. Amplification is detected as an
15 increase in FP associated with target-dependent formation of double-stranded fluorescent
products from the single-stranded detector probe. In one embodiment, the invention also
relates to a novel technique that can be used to enhance the magnitude of the increase in FP
which results from formation of double-stranded DNA. Enhancing the magnitude of this
change is advantageous because there is otherwise only about a 20 mP difference between
20 single-stranded FP values and double-stranded FP wvalues for a fluorescein labelled
oligonucleotide. It has been found that double-stranded DNA binding proteins can be used to
enhance the increase in FP associated with the single- to double-stranded conversion. In one
example, the double-stranded DNA binding protein is the restriction endonuclease EcoRI,
* which in its natural form requires magnésium to cut the DNA to which it binds. In the absence
25  of magnesium, EcoRI binds but does not cut, and under these conditions can be used to
enhance the increase in FP associated with single- to double-stranded conversion. In a second
example, the DNA binding protein is a mutant form of EcoR1, designated EcoRI (Gln 111) and -
described by Wright, et. al. (1989. J. Biol. Chem. 264, 11816-11821). EcoRI (Gin 111) binds
more tightly than natural EcoRI to double-stranded DNA but does not cut the nucleic acid
- 30 even in the presence of magnesium. Binding of this protein also enhances the increase in FP
which accompanies conversion to double-stranded form. |

DESCRIPTION OF THE DRAWINGS

35 Fig. 1 illustrates the target generation scheme for SDA (left side) and the reaction steps
for exponential amplification of a target sequence by SDA (right side).
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target-dependent manner during SDA when the detector probe is entirely homologous to the
target sequence. Fig. 2B illustrates the various forms of the fluorescent detector probe

5 generated in a target-dependent manner during SDA when the detector probe is partially
homologous to the target sequence, e.g., when the detector probe contains a recognition site
for a double-stranded DNA .bind'ing protein (i.e., the nucleotide sequence to which the DNA
binding protein binds).

10 Fig. 3 is a graph of the increase in FP associated with SDA of an M. tuberculosis target
sequence.

F1g 4 is a graph of fluorescence polarization values obtained after SDA of various
initial amounts of an M. tuberculosis target sequence.
15 _
Fig. 5 is a graph showing enhancement of the increase in FP by addition of EcoRI or
EcoRI (GlIn 111) when a single-stranded oligonucleotide is converted to double-stranded form
by hybridization to its complement.

20 Fig. 6 is a graph showing enhancement of the increase in FP by addition of EcoRI (Gin
111) when the detector probe is converted to double stranded form during amphﬁcatlon ofa
target sequence.

Fig. 7 is a graph illustrating FP values obtained upon amplification of various initial

25 amounts of target sequence with post-amplification addition of EcoRI (Gln 111), using a
detector probe which does not contain an EcoRI recognition site.

Fig. 8 is a graph illustrating FP values obtained upon amplification of various initial
amounts of target sequence with post-amplification addition of EcoRI (Gln 111), using a
30  detector probe which contains an EcoRI recognition site.

- Fig. 9 is a graph showing the increase in FP associated with: conversion of the detector
probe to double-stranded form during amplification of an M. fuberculosis target sequence, |
with EcoRI (Gln 111) present during amplification.

35 '
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10 restriction enzymes and exonuclease deficient polymerases known for use in SDA may be
substituted.

S; and S, hybridize to the opposite, complementary strands of the double stranded

target sequence, flanking the region to be amplified. B} and B, are external or bumper primers

15  which consist only of target binding sequences and hybridize at positions 5' to Sy and S,.

- After annealing of the primers to the target at about 40°C, HincIl is added along with an |

exonuclease deficient form of the Klenow fragment of E. coli DNA polymerase I (exo"
Klenow). At this point the remaining target generation steps on the left side of Fig.1 proceed -

as a single cascade. Exo~ Klenow, which is present in large molar excess over the number of

. 20  target sequencés, simultaneously extends ail four primers using dGTP, dCTP, dUTP (or TTP)
and dATPaS (deoxyadenosine S'-[a-thio]friphosphate). S; and S, are extended and their
extension products are displaced by extension of 'Bl and B,. The displaced extension products

of Sy and S, (S;-ext and S,-ext) serve as targets for binding of the opposite amplification
primers. Further rounds of extension and displacement produce two target fragments with a

25  hemiphosphorothioate Hincll site at each end and two longer target fragments with a
hemiphosphorothioate Hincll site at only one end (bottom left side of Fig. 1). Incorporation of
dATPasS in place of dATP in one of the two strands by the polymerase causes the restriction
endonouclease to nick one strand rather than cleave both strands of the duplex. "Nicking"
refers to cleavage of one strand of double stranded DNA as opposed to double stranded

30 cleavage. HinclI nicks the unmodified primer strands of the hemiphosphorothioate recognition
sites, leaving intact the modified complementary strands. Exo~ Klenow then extends from the

3'-end of the nick and displaces the downstream newly synthesized strand. New S; and S,

primers bind to the displaced strands and are extended. This is followed by additional nicking

and strand displacemént steps until the four duplexes at the bottom left side of Fig. 1 converge

35 into the "steady-state" ampliﬁéation'cgql_e iiius_t_rzited on the right side of Fig. 1. During each
SDA cycle, the 3' énd of S; hybridizesto thie 3'-end of the displaced target strand T,, forming

ancx
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10 sites are represented by M and ] [_. The partial HincII recognition sites (5'-GAC and its
complement 5'-GTC) are present at the 5'-and 3'-ends of displaced strands and are represented
by [_and |, respectively.

In the inventive amplification detection system, a single-stranded oligodeoxynucleotide

15  detector probe comprising a fluorescent label is converted to double-stranded form in a target-
| dependent manner during SDA (Fig. 2A and Fig. 2]3). Fig. 2A and Fig. 2B illustrate the same
process, except that in Fig. 2A the entire nucleotide sequence of the detector probe is
complementary to the target sequence and in Fig. 2B a portion of the nucleotide sequence of

the detector probe is not complementary to the target sequence. As discussed below, the non-

20 complementary portion of the detector probe may comprise a recognition site for a DNA
binding protein or may be a structural feature which results in an increase in FP. In Fig. 2B,

the non-complementary sequence or structural feature is depicted as @ . In both Fig. 2A and
Fig. 2B, the fluorescent label is depicted as {:}— . |

25 The following references to structures relate to both Fig. 2A and Fig. 2B.
Hybridization, extension and displacement of a fluorescent detector probe for FP detection of
amplification occurs concurrently with the SDA cycle shown on the right side of Fig. 1. The
fluorescent detector probe (D) hybridizes to one of the two complementary strands of a double
stranded target sequence or to a displaced single-stranded copy of the target strand

30 downstream from one of the SDA primers (e.g., S;). This pfovides one source of double-
stranded detector probe (structure I). The amplification primer/target complex is identical to
the complex shown at the top left of the SDA cycle illustrated on the right side of Fig. 1, but in
Fig. 1 it is depicted without the detector probe. The primer and detector probe in structure I
are then simultaneously extended by exo~ Klenow polymerase (structure II), resulting in

35  displacement of the detector probe extension product (structure III) by extension of the
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‘DNA. meM‘SDApams(Wmﬁ@a domplex (structure IV) which becomes ﬁ.l
double-stranded by exo~ Klenow polymerase extension, again providing a source of double-
5 stranded fluorescent detector probe (structure V). Structure V is a template for linear SDA,
due to the nickable HinclI site on S,. Nicking, polymerase extension and strand displacement
using structure V as a template produces single-strands to which additional fluorescent
detector probes hybridize (structure VI) and are extended to generate structure VII. Structure |
I, structure II, structure V and structure VII are all forms of double-stranded fluorescent
10  detector probe which are indicative of target-specific SDA. Each of these structures
contributes in a target-dependent manner to the increase in FP associated with double-stranded
conversion of the single-stranded fluorescent detector probe. Fig. 2B illustrates how this same
process also results in conversion of the DNA binding protein recognition site or structural
feature to double-stranded form (structures V, VI and VII). These structures may then bind
15 the double-stranded DNA binding protein to enhance the increase in FP associated with
double-strandedness of the detector probe. |

enabl es performance of SDATlﬁerﬂee@ﬁss%LdQﬁ anplification f analsrﬁjﬁfg’dﬂ%BEEN

Any protein which binds to a specific double-stranded DNA sequence may be used to

enhance the increase in FP associated with conversion of the detector probe to double-stranded

20 form. This is accomplished by includihg the nucleotide sequence of the appropriate

recognition site for the double-stranded DNA binding protein in the nucleotide sequence of the

detector probe at a position near the site of attachment of the fluorescent label. Recognition

sites for restriction endonucleases (e.g., EcoRI and mutant forms of EcoRI) are useful for this

purpose. In addition, the recognition site for the 7rp repressor protein (i.e., the 7rp repressor

25  operator sequence) or the recognition sequence for the DNA binding domain of the estrogen

receptor protein (i.e., the estrogen responsive element sequence) may be included in the

sequence of the detector probe to enhance the increase in FP upon binding to Trp repressor or

- estrogen receptor. Changes in FP may also be enhanced by designing a detector probe

_ comprising a nucleotide sequence which results in a structural feature which further slows the

30 tumbling of double-stranded DNA, for example a recognition site for a third oligonucleotide

- which in double-stranded form is capable of hybridizing to the third oligonucleotide to form a
triple helical structure.

It is not a requirement of the invention that the detector probe carry the fluorescent
35 label, as in the foregoing illustrative example. It will be apparent to one skilled in the art that,

in certain embodiments of the invention, the detector probe may be unlabeled. That is, if a

10
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double-stranded recognition sites for double-stranded DNA binding proteins or triple helix
10 forming oﬁgonuéleotides, specific binding of the fluorescently labeled protein or
oligonucleotide to double-stranded detecto'r'probe structures will increase the magnitilde of the
change in FP and provide the fluorescent label needed for detection by FP. As smaller double-
stranded DNA binding agents have a greater effect on the change in FP, triple helix formation
is likely to be a more sensitive detection system than protein binding in many cases.
5 | . _ |
Fig: 2A, Fig. 2B and the foregoing description of the invention use SDA as an example,
however, the invention may also be applied to any amplification method in which a strand-
displacing polymerase is used or can be substituted for a polymerase which ‘has 5-3'
exonuclease activity. The ability of the polymerase to displace a downstream strand of DNA
20  without digesting it is the essential feature of the amplification method which provides target-
specific generation of double-stranded fluorescent detector probe. The other features of such
amplification methods, such as the nature of the target sequence and the structural features of
the amplification primers, are not critical to the present invention. The inventive methods may
therefore be used in isothermal amplification reactions other than SDA, e.g,, Self-Sustained
25  Sequence Replication (3SR), as the detection method is independent of whether the target
- sequence is RNA or DNA. In 3SR, target-dependent generation of double-stranded detector
probe occurs generally as illustrated in Fig. 2A and 2B for SDA. The T7 RNA polymerase
lacks 5'-3' exonuclease activity. The degradative activity of reverse transcriptase is an RNAse
H activity which is active only on RNA hybridized to DNA. In the 3SR amplification scheme
30  of Guatelli, et al. (1990. 87, 1874-1878. See Fig. 1), the detector probe of the invention
hybridizes to the RNA target sequence and is displaced by extension of the 3' amplification
primer "A". The detector probe also hybridizes to the DNA target sequences generated in the
3SR amplification process. In either case, the extended detector probe is displaced by the
polymerase when the upstream 3' ("A") or 5' ("B") amplification primer is extended. The
35 opposite amphﬁcatlon primer then binds to the detector probe extension product and is
extended, converting the ﬂuorescently-labeled detector probe to double-stranded form.

11
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exo” Klenow, Bca polymerase or Bst polymerase), extension of a PCR amplification primer
10  hybridized to the target sequence displaces the extended downstream detector probe.  The
opposite PCR amplification primer hybridizes to the extension product of the detector probe
and is extended, resulting in conversion of the single-stranded detector probe to double-
stranded form. The double-stranded detector probe is amplifiable by hybridization and
extension of one amplification primers and one detector probe in subsequent cycles, providing
15 an additional source of double-stranded detector probe. The increase in fluorescence
polarization ‘or fluorescence anisotropy may then be detected after conclusion of the PCR
under conditions in which amplification products remain double-stranded or during PCR at the
low temperature points of the cycling protocol.

20 Single- to double-stranded conversion of the detector probe is monitored by measuring
fluorescence polarization or fluorescence anisotropy. The change in exclusion volume which
accompanies the change in probe conformation (primarily strandedness) results in a detectable
increase in correlation time (tumbling time) for the fluorescent label. The accompanying
changes in FP values may be monitored on a transient-state fluorometer (e.g., from Diatron) or

25 a steady state fluorometer (e.g., Jolley Instruments) designed for detection of the selected
fluorescent label. While the polarization measurements may be taken post-amplification, as has
been done previously, the present methods also for the first time allow "real-time" monitoring
of fluorescence polarization during target sequence amplification. Real-time monitoring of
fluorescence provides significant advantages over the prior art. That is, it provides an

30 essentially immediate result, it is quantitative, it improves sensitivity (analysis of a change in
slope is more accurate than a single endpoint), and the sample acts as its own internal standard.
This last advantage is particularly important for analysis of clinical specimens, as sample
viscosity may significantly affect endpoint readings.

35 As hybridized andunhyﬁndlzed (ie., .double and single stranded) probe are not
separated prior to measurement, FP:based detection of target amplification requires

12
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percentage of converted detector probe for a given level of target amplification. However, low

5  detector probe concentrations present a kinetic challenge for SDA. The fluorescent detector
~ probe must hybridize to the displaced target strand before hybridization and extension of the
upstream amplification primer (S;). The kinetics of S; extension are controlled by S
hybridization and polymerase binding rates. It is therefore useful in some cases to modify
conventional SDA reaction conditions (Walker et al. 1992. Proc. Natl. Acad. Sci. and Nucl.
10 Acids Res., supra, Walker. 1993. PCR Methods and Applications 3, 1-6) to decrease the rate
' of S; extension and facilitate prior hybridization of the fluorescent detector probe when low
target concentrations are present. This may be achieved by adjusting the concentration of S;
and po'lymerase to 10 nM - 1 pM and 0.1-10 unit, respectively. Lower S; and polymerase
concentrations result in slower SDA rates, so it may also be necessary to extend the typical
15 SDA reaction time from 2 to 3 hours. If sensitivity is not essential, or for quantitation of
relatively high initial target concentrations, the fluorescent detector probe concentration may

be as high as the concentration of amplification primer.

Use of an unlabeled detector probe, as described above, may be employed in the

. 20  amplification reaction to allow rapid extension of the S; primer even when it is desired to keep

the concentration of fluorescently-labeled probe low, e.g., for increased sensitivity. In this

embodiment, the detector probe is not fluorescently labeled but includes near its 5' end a

sequence Which, in double-stranded form, is capable of hybridizing to a fluorescently labeled

third oligonucleotide to form a triple helix. Conversion of the unlabeled detector probe to

25  double-stranded form (following the reaction scheme of Fig. 2B - structures V, VI and VID)

allows hybridization to the fluorescently labeled third oligonucleotide for detection of the

associated increase in FP. The unlabeled detector probe can be present in'the amplification

reaction at concentrations comparable to S; so that reaction kinetics are improved and its rate

~-of conversion to structure V, VI or VII is more rapid. Once these target-specific double-

30 stranded structures are formed during amplification, the fluorescently labeled third

| oligonucleotide probe hybridizes, enhancing the increase in FP and providing the fluorescent

label for specific detection. The third oligonucleotide with its fluorescent label may be present

at high or low concentration depending on the sensitivity required, without interfering with the

eﬁic1ency of productlon of double-stranded detector probe products. In addition, in this

35  embodiment the fluorescent label may be- linked to the 3' end of the third oligonucleotide if
desired, a configuration which is not desirable when the label is linked to the detector probe.

13
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(i.e., the fluorescent detector probe does not contain a nickable HinclII sit€). SDA requires
two primers, each containing a nickable HinclI site, to support exponential amplification. This
is in contrast to the Polymerase Chain Reaction, in which any oligonucleotide which hybridizes

10  to any sequence and can be extended serves as an amplification primer, allowing misprimed
products to be exponentially amplified. Background amplification in SDA is further reduced
when the fluorescent detector probe is used at low concentrations (e.g., 50 pM - 10 nM).

Cop| es of the target m&@gggggﬁmﬁ e gener ated during hﬁ_”g@pﬂggfrl,_g@tgm

Any fluorescent molecule known in the art for labeling nucleic acids may be used in the
15 methods of the invention (e.g., fluorescein and fluorescein derivatives such as ebsin;
rhodamines such as Texas Red and tetramethylrhodamine; cyanine dyes such as thiazole
orange, oxazole yellow and related dyes described in U.S. Patent Nos. 4,957,870 and
4,888 867; pyrene; porphyrin dyes such as La Jolla Blue). The fluorescent label should be
selected such that the fluorescent lifetime of the label is comparable in magnitude to the
20 correlation time being measured, taking into account that temperature, viscosity, and the size
of the oligonucleotide to which the fluorescent dye is conjugated all affect tumbling time. For
example, fluorescein (lifetime approximately 4 nanosec.) and Lalolla Blue (lifetime
approximately 2 nanosec.) are both useful for correlation times of about 0.1 - 100 nanosec. If
a nucleic acid binding protein is used in conjunction with the fluorescent label, the correlation
25  time measured is generally increased. For example, correlation time for a free fluorescein label
is about 0.2 nanosec. The correlation time increases to about 0.4 nanosec. when the
fluorescein label is conjugated to a single stranded oligonucleotide and increases further to
about 2 nanosec. when conjugated to a double-stranded oligonucleotide. When FP is
enhanced by binding the fluorescein-labeled double-stranded oligonucleotide with EcoRI, the
30 . correlation time again increases to about 20 nanosec. La Jolla Blue (Devlin, et al. 1993. Clin.
Chem. 39, 1939-1943) is particularly suitable for labeling the fluorescent detector probe when
biological samples are to be amplified, as this dye absorbs and emits light in the near-infra red
spectrum, a region of relatively low background fluorescence with clinical specimens (peak
maxima at about 685 nm and 705 nm, respectively).
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amplified product levels. End-point measurements of FP taken under conditions of probe
saturation after completion of SDA may not be strictly quantitative with regard to the initial
target levels. Monitoring FP in "real-time," during SDA rather than after completion of the
ampliﬁcation reaction, overcomes the problem of detector probe saturation because samples
containing higher target levels exhibit more rapid increases in FP values than those containing
less target. Of course, the correlation between the rate of FP increase and initial target levels is
valid only when comparing samples in which the rate of amplification is essentially identical.
Again, for clinical specimens, each of which contains varying levels of SDA inhibitors, the
assay may not be strictly quantitative. For example, it may be difficult to differentiate a sample
which contains a high amount of initial target and undergoes inefficient SDA from a sample
which contains a low amount of initial target but undergoes SDA at a high rate. Nevertheless,
realtime monitoring of FP values during SDA provides at least a semi-quantitative estimate of
initial target levels. Quantitation may be improved by including an additional target sequence

~ at a known initial concentration as a positive control (Walker, et al. 1994. Nucl. Acids Res.

25

30

22, 2670-2677).' The positive control target not only provides an indication of general SDA
performance for a sample (ie., a control for false negatives), it also provides a standard for
quantitating the initial amount of target in the sample.

The fluorescent label is covalently linked or conjugated to the detector probe so as not
to interfere with either emission of fluorescence from the label or hybridization of the probe to |
the target sequence. As FP changes occur when the label is near or involved in a
conformational change, the linkage should be in proximity to the site where the conformational
change is expected. This may be either the 5' end of the detector probe or an internal site. In
general, the label is not linked to the 3' end of the detector probe, as the 3' end must be

available for extension by polymerase. A more rigid linkage or "tether", such as one containing

35

double bonds, slows the tumbling time of the fluorescent label and allows measurement of
longer correlation times. The fluorescent label is covalently coupled to the detector probe via
a linker or "tether” suitable for use in conjugating labels to oligonucleotides, e.g., axhino-ethyl,
amino-hexyl and amino-propyl linking armé (Applied Biosystems, Clontech, Glen Research,

15
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FP may be used for detection of amplification of any target for which appropriate
amplification primers and detector probes can be designed. In one representative embodiment,
the inventive detection methods may be applied to an SDA system previously developed for

10  amplification of an M. fuberculosis target sequence (IS6110 - Walker et al. 1992. Nucl. Acids
Res. and Proc. Natl. Acad. Sci., supra; Spargo et al. 1993, suprd). Samples containing
different amounts of M. tuberculosis genomic DNA (which includes the IS6110 target
sequence) and a fluorescent detector probe were amplified and amplification was
simultaneously detected by the increase in FP. The two samples containing target M.

15  tuberculosis DNA exhibited an increase in FP values over time while the negative control (zero
M. tuberculosis DNA) did not display any significant change in FP values. Furthermore, the
samples containing M. tuberculosis DNA exhibited increasing FP values in a time dependent
fashion which reflected initial M. fuberculosis target levels (ie., quantitative detection). This
experiment illustrated the utility of the system for real-time detection of SDA. However, the

20  current design of the Diatron fluorometer used for detection of FP rendered careful execution
of SDA reactions in the fluorometer logistically difficult. Specifically, sample temperature
control on the current Diatron instrument was not optimum for the SDA reaction.

. Consequently, SDA was also performed in the presence of the detector probe in
microcentrifuge tubes using a temperature controlled water bath, with subsequent

25  measurement of FP values in the fluorometer. Samples containing M. fuberculosis DNA
exhibited detectably higher FP values than the samples lacking M. tuberculosis DNA even
when only 1 M. fuberculosis genome was present as a target. Although FP values generally
increased with increasing levels of initial M. fuberculosis DNA, FP values tended to reach a
maximum level over a range of target input levels. This was due to the low concentration of

30 detector probe used to increase sensitivity, which resulted in complete conversion of the
detector probe to double-stranded form (probe saturation).

. Samples which truly lacked M. tuberculosis target DNA exhibited FP values
characteristic of single-stranded detector probe (in this casé., about 40-45 mP for fluorescein

35  and about 60 mP for La Jolla Blue - "LJB ", " Any observed increase in FP values for these zero
target samples may theoretically derive from two sources. First, there may have been

16
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val ueg ofstirgrthe thropgh-bagkgtound bzhndmtlon (e 8, ito dhe hmmm A which is often present in
test samples) or through spurious polymerase activity such as extension of a transiently formed
hairpin in the detector probe. Two types of control samples have been analyzed to elucidate
possible sources of background signal in zero target samples. One type of control sample
contained dATP instead of dATPaS in the SDA reaction. Substitution of dATP allowed any
10  nonspecific extension of the detector probe by exo~ Klenow, but disabled the SDA mechanism
- by allowing double-stranded cleavage of HincIl sites. The second type of control sample did
not contain exo~ Klenow. This disabled both SDA and any nonspecific detector probe
extension.  Controls without polymerase therefore revealed any nonspecific, direct
hybndnzatxon of the detector probe with non-target DNA. Analysis of these control samples
15 and the zero target samples indicated that nonspecific hybridization of the detector probe is
extremely low and not mediated by exo~ Klenow. The slightly higher FP values which may be
recorded upon amplification of zero target samples probably reflect minute contamination with

target DNA. '

20 The following experimental examples are provided to illustrate certain embodiments of
the invention but are not intended to limit the invention as defined by the appended claims.
The sequences of the oligonucleotides used in the examples are as follows:

OLIGONUCLEOTIDE SEQUENCE SEO ID NO:
5dGCATTATAGTACCTGTCTGTTGACACTGAGATCCCCT?' SEQ ID NO: 1
5dTTGAATAGTCGGTTACTTGTIGACGGCGTACTCGACC3' SEQ ID NO: 2
SdTGGACCCGCCAAC? SEQ ID NO: 3
S'dCGCTGAACCGGATY SEQ ID NO: 4
SLIB-dTGAAAGACGTTATCCACCATACGGATAG?' . SEQID NO: 5
S'F-dGGAATTCATCCGTATGGTGGATAACGTCTTTCAS SEQ ID NO: 6
5'F-dATCCGTATGGTGGATAACGTCTTTCAY : SEQ ID NO: 7

- S'dTGAAAGACGACGTTATCCACCATACGGATGAATTCC? SEQ ID NO: 8

5'dTGAAAGACGTTATCCACCATACGGAT3' - SEQIDNO:9

17
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are complements. SEQ ID NO: 7 and SEQ ID NO. 9 are also complementary.
EXAMPLE 1

FP values were monitored in real-time during SDA of samples containing M.

tuberculosis target DNA and a La Jolla Blue labelled detector probe (SEQ ID NO: 5). SDA '

reaction conditions were modified to improve sensitivity as described above and dUTP was
substituted for TTP to allow subsequent inactivation of amplicons using UDG. Each 120 pL
sample contained 50 mM K,POy (pH 7.6), 7 mM MgCl,, 0.5 mM dUTP, 0.2 mM each dGTP,
dCTP and dATPaS, 16% (v/v) glycerol, 0.1 mg/mL BSA, 0.001% Tween-20, 100 ng human
placental DNA, 100 nM primer S; (SEQ ID NO:2), 300 nM primer S, (SEQ ID NO:1), 25
nM each primers B; and B, (SEQ ID NO:3 and SEQ ID NO:4), 300 units HincIl (New

England Biolabs), 0.25 units exo~ Klenow (United States Biochemical), 500 pM La Jolla Blue -

labelled detector probe (SEQ ID NO: 5) and the amounts of M. tuberculosis genomic DNA
indicated in Fig. 3. The reactions in this example correspond to Fig. 2, with the detector probe
hybridizing downstream of §;.

La Jolia Blue was conjugated to the 5'-end of the oligodeoxynucleotide detector probe
as previously described (Devlin, et al., supra). This detector probe hybridizes to nucleotide
positions 985-1012 of the IS6110 element found in the M. tuberculosis genome (Nucl. Acids
Res. 1990. 18, 188). The site of detector probe hybridization is contained in the target
sequence being amplified (nucleotide positions 972-1023). For each sample, all reagents
except HincIl and exo~ Klenow were assembled in a microcentrifuge tube, the sample was
heated in a boiling water bath for 2 minutes and then equilibrated at 40°C in a water bath. The
samples were transferred to glass cylindrical cuvettes (4 mm inner diameter, 23 mm height),
equilibrated at 40°C in the fluorometer, and Hincll and exo~ Klenow were added.
Fluorescence polarization values were recorded (Devlin et. al. 1993, supra) as SDA proceeded
at 40°C.

In this experiment, SDA was performed in the Diatron transient state fluorometer. FP
values were recorded as a function of time for the three samples containing the indicated
amount of target DNA. FP values were expressed as millipolarization units (mP): FP (mP) =
1000[S(par)-S(perp)/[S(par)+S(perp)]. S(par) ‘and. S(perp) represent the total number of

18
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tuberculosis target DNA exhibited no substantial increase in FP values.

10 _ EXAMPLE 2

SDA reactions were performed as described in Exzimple 1, but FP values were
measured after termination of SDA. The La Jolla Blue detector probe (SEQ ID NO: 5) was
present during SDA at 500 or 50 pM. SDA proceeded for 3 hours in microcentrifuge tubes

15 maintained at 41°C in a water bath and was terminated by addition of EDTA to 8 mM. The

~ samples were transferred to glass cylindrical cuvettes (4 mm inner diameter, 23 mm height) and

read on a Diatron transient-state fluorometer. FP values (mP) were taken for samples

containing various levels of input target M. fuberculosis DNA. Two additional control

reactions were also included. One incorporated dATP instead of dATPaS during SDA, which

20 supports general enzyme activity for Hincll and exo~ Klenow but does not support
amplification of the target. The second control lacked exo~ Kienow.

The results, after completion of SDA, are shown in Fig. 4. All samples containing M.

tuberculosis target DNA exhibited higher FP values than the samples lacking M. tuberculosis

25" DNA due to target-dependent single- to double-stranded conversion of the La Jolla Blue
labelled detector probe during SDA. With 500 pM of detector probe, there was a trend
toward decreasing magnitude of the change in FP values with decreasing levels of M.
tuberculosis DNA. This decrease in magnitude, if any, was minimal with 50 pM of detector
probe, suggesting probe saturation. However, the poor signal to noise ratio obtained with the

30  lower detector probe concentration also compromises accuracy. The zero M. tuberculosis
DNA samples, with 500 pM detector probe, displayed FP values slightly higher than the two
control samples ("dATP" and "no exo~ Klenow"), probably due to accidental contamination

with minute quantities of the IS6110 target sequence. IS6110 is present in about 10 copies per

M. tuberculosis genome, an amount of target sequence which is amplifiable by SDA even if

35  only one contaminating genome is present. Analysis of the two control reactions indicated that
' the polymerase did not convert single-stranded detector probe to double-stranded form in a

19
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oligonucleotides were purified by denaturing gel electrophoresis. FP values for fluorescein
were recorded on an FPM 1 steady state fluorometer from Jolley Consulting and Research,
Inc., 34469 N. Circle Dr., Round Lake, IL 60073. This instrument uses disposable 12x75 mm
test tubes (Fisher) with a minimum sample volume of 1 mL.

EXAMPLE 4

Samples (100 pL) of 10 nM SEQ ID NO: 6 with or without 10 nM SEQ ID NO: 8 (the
complement of SEQ ID NO: 6) were prépared in 4mM TAE, 50 mM NaCl, pH 7.8. Control
samples, containing oligonucleotides which lacked an EcoRI recognition site, were similarly
constructed using SEQ ID NO: 7 with and without its complement (SEQ ID NO: 9). These
samples were incubated for 30 minutes at 37°C and then diluted to 1 mL using 55 mM NaCl,

22 mM TRIS-HCI (pH 7.5), 0.7 mM K,PO, (pH 7.4), 1.1 mM EDTA, 0.7 mM beta

25

30

35

mercaptoethanol, 13 pg/mL BSA, 0.02% Triton X-100, 7% glycerol. FP values were
recorded at 37°C on the FPM-1 instrument. Then 5 pL of 100,000 units/mL EcoRI (New
England BioLabs) or 5 uL of 1.6 uM EcoRI (Gin 111) were added, and FP readings were
taken at the indicated times. The results, 1 hour post-addition of DNA binding protein, are
shown in Fig. 5.

FP values increased from 45.6 to 64.1 mP upon hybridization of SEQ ID NO: 6 to its
complement (SEQ ID NO: 8), corresponding to a change of 18 mP. Inclusion of EcoRI
increased the change in FP accompanying the conformational transition from 18 mP to 133 mP
(181.2 - 48.2 = 133 mP). EcoRI (GiIn 111) enhanced the increase in FP by 185 mP (242.1 -
57.3 = 185 mP). Not only did EcoRI (Gin 111) enhance the increase in FP to a greater extent
than EcoRI, FP was stable over a longer period of time. This effect may be due to the tighter
binding of EcoRI (Gln 111), resulting in relatively less dissociation of the protein from its
recognition site as compared to EcoRL. In contrast, addition of the double-stranded DNA
binding protein did not enhance the increase in FP associated with conversion from single- to

20
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SDA was performed in the presence of fluorescent detector probes (SEQ ID NO:6 or
SEQ ID NO:7) on samples containing M. fuberculosis DNA. - SEQ ID NO:7 has the same
target binding sequence as SEQ ID NO:6, but lacks the EcoRI binding site present in SEQ ID
NO:6. FP values were measured after completion of the SDA reaction, before and after
addition of EcoRI or EcoRI (Gin 111). Both double-stranded DNA binding proteins were
added to the sample containing SEQ ID NO: 7. SEQ ID NO: 6 and SEQ ID NO: 7 hybridize
to nucleotide positions 985-1010 of the IS6110 element which is contained in the sequence
undergoing SDA (nucleotide positions 972-1023). SDA reactions (100 uL) were generally
performed as in Example 2 but with the following exceptions: SEQ ID NO: 7 or SEQ ID NO:
6 were included at 10 nM in place of SEQ ID NO: 5. The concentrations of S; (SEQ.ID
NO:2) and S, (SEQ ID NO:1) were 300 and 50 nM, respectively. In this example, in contrast
to Example 1 and the illustration of the invention in Fig. 2, hybridization of the detector probe
was downstream from S,. Also, 1 unit of exo- Klenow was used. Each SDA reaction
contained 106 M. tuberculosis genomes, but 10 mM EDTA was added to some samples to
inhibit SDA ("no SDA" controls). Following SDA, the samples were diluted as in Example 4
to 1 mL in disposable 12 x 75 mm glass tubes (Fisher) and incubated for 20 minutes at 37°C
before recording FP values on the FPM I instrument at 37°C. Following the initial FP reading,

- 5uL of 100,000 units/mL. EcoRI or 5 pL of 1.6 uM EcoRI (Gin 111) were added. The

25
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samples were then incubated at 37°C, and FP values were recorded.

The results, 2 hours post-addition of the double-stratided_DNA binding protein, are
shown in Fig. 6. SDA of M. tuberculosis DNA was observed as an increase in FP values for
SEQ ID NO: 6 and SEQ ID NO: 7 before protein addition, indicating conversion to double-
stranded form. FP values for the control, SEQ ID NO:7, increased from 21.3 mP upon SDA
of the target M. tuberculosis sequence. Addition of EcoRI (Gln 111) increased the magnitude
of the difference in FP between single-stranded and double-stranded forms to 89.4 mP for
amplified samples containing SEQ ID NO:6 (in which a double-stranded EcoRI recognition
site is -generé.ted). No such effect was observed upon addition of EcoRI (Gln 111) to amplified
samples containing SEQ ID NO:7. In unamplified samples (in which the EcoRI site remained
single-stranded) addition of EcoRI (GIn 111) did not result in any increase in FP over values
expected for single-stranded probe alone. "C'ompared to Example 4, which analyzed only the
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SDA was performed with SEQ ID NO: 6 or SEQ ID NO: 7 detector probes as in
10 Example 5. The series of samples contained varying levels of M. fuberculosis target DNA with
post-SDA addition of EcoRI (Gin 111)._ As previously noted, the SEQ ID NO: 7 detector
probe has no EcoRI recognition site and should not bind EcoRI (Gln 111). A control SDA
reaction which included 100,000 M. fuberculosis genomes and dATP instead of dATPaS was
also performed. Following SDA, these 100 pL samples were diluted to 1 mL with buffers as in
15 Example 4 and incubated at 37°C for 20 minutes. FP values were recorded on the FPM 1
instrument. -After the initial FP readings, 5 uL of 1.6 uM EcoRI (Gin 111) were added, and
FP readings were recorded. The results for SEQ ID NO: 7, at 1.5 hours post-addition of
double-stranded DNA binding protein, are shown in Fig. 7. The results for SEQ ID NO: 6, at
3.5 hours post-addition, are shown in Fig. 8.
20
For both SEQ ID NO: 6 and SEQ ID NO: 7, higher FP values were observed for all
samples containing M. tuberculosis DNA as compared with the zero M. fuberculosis DNA
sample before addition of EcoRI (Gln 111). The slightly higher FP values for the zero M.
. tuberculosis DNA samples compared with the negative control samples containing dATP
25 instead of dATPaS ("no SDA" in Fig. 7 and Fig. 8) suggested that the zero M. fuberculosis
samples were slightly contaminated with a few target molecules. Addition of EcoRI (Gln 111)
enhanced the sensitivity of M. fuberculosis detection for SEQ ID NO: 6 (Fig. 8) but not SEQ
ID NO: 7 (Fig. 7), which has no EcoRI recognition site.

30 _ ' EXAMPLE 7

Because SDA reactions contain magnesium, which activates EcoRI cleavage of double-
stranded DNA, natural EcoRI cannot be present during SDA. It can be added post-SDA if
enough EDTA is available to coordinate magnesium atoms. In contrast, EcoRI (Gln 111) does.

35 not cleave DNA even in the presence of magnesium. SDA was performed as in Example 6 in
the presence of both SEQ ID NO: 6 and EcoRI (Gln.- 11 1). One pL of 8 uM EcoRI (Gln 111)

2
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anplification occurs co cu rentl with the SDA cycl e showpy OHIS SHERT GRS BEEN
side of Fig. 1. The fl u probe (D) hybridijzes t BEBbACED t he
t:-wo conpdprjg{j@ ary strand tranded target seq -
di spl aced si ngl e-st rande arget strand downstream from one of
the SDA priners (e.g., [err])_ Th| s provi des one source of doubl e- stranded
detector probe (structure |)., The aPBQUENCE IISBHGri nmer/target conplex is
identical to the conplex shown at the top left of the SDA cycle illustrated

on the ri'gﬂ cRieArOfndriinTFoN: DUt in Fig. 1 it is depicted wthout the
det ect®or probe. The priner and detector probe in structure | are then

si mul t aneousl| {ik APERTENTY\Wadker, IGeemﬁNTpol ynmerase (structure 11), resulting

i n di spl acenent of the det b‘l"%ﬂﬂg xt ensi on product (structure I11) by
extension of the . REPLA A

10 (ii) TITLE OF INVENTION: FLUORESCENCE POLARIZATION DETECTION OF
NUCLEIC ACID AMPLIFICATION

(iii) NUMBER OF SEQUENCES: 9

15 (iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Richard J. Rodrick, Becton Dickinson and
Company
(B) STREET: 1 Becton Drive
(C) CITY: Franklin Lakes
20 (D) STATE: NJ
(E) COUNTRY: US
{F) 2ZIP: 07417

(v) COMPUTER READABLE FORM:
25 (A) MEDIUM TYPE: Floppy disk
. (B) COMPUTER: IBEM PC compatible
(C) OPERATING SYSTEM: PC- DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

30 (vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

35 (viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Fugit, Donna R.
(B) REGISTRATION NUMBER: 32,135
(C) REFERENCE/DOCKET NUMBER: P-3233

40 _
(2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
' (A) LENGTH: 37 base pairs
45 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

50 (ii) MOLECULE TYPE: DNA (genomic)
_ (xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
55 GCATTATAGT ACCTGTCTGT TGACACTGAG ATCCCCT 37
(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
60 - (A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid -

'(C) STRANDEDNESS: single
{D) “TOPOLOGY: linear
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Date: 06 NOV 1995 9 upsﬂﬁ&mta epif on prinmer [err] in MaNnNREPLACED

anal ogous to the strand ﬁEactlon intrinsic to e .
di spl acedP-328hgl e- st rand ion product (structure I11)

hybri di zes to the other prlrrer (S2) formng a conplex (structure |V)
whi ch becones, full oubl e- stran b x0- Kl enow pol ynerase extensi on,
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structur e(3) aNEODRATION FOR SEQl ImING: a!l forms of doubl e-stranded fl uorescent
det ectbr pr obe, V\/mch are L ndi catlv% of target-specific SDA. Each of these
structures co ul's g;endent manner to the increase in FP
P
associ at ed W|th dqg I-p;pgtr 3 acid

(C) STRANDEDNESS: single
15 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

20
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

- TGGACCCGCC AAC ' 13
25 (2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
30 ' {C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

40 CGCTGAACCG GAT _ : 13
(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs

45 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

' (ii) MOLECULE TYPE: DNA (genomic)
50 _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S:
55 TGAAAGACGT TATCCACCAT ACGGATAG 28
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
60 _-{A) LENGTH: 33 base pairs
- (B) TYPE: nucleic’ acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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illustrates how this sane I esults in convers|f{on ofREFACEHA
bi ndi ng pP3233n recogniti ctural feature to = .

form (structures V, VI and VIl1). These structures nmay then bind the

doubl e-stranded DNA_bi nding protejn to enhance the increase in FP
associ at ed wi'th dOIBrESTY dggﬁeeggn%"fm?he detector probe. Any protein

whi ch binds to a specific doubl e-stranded DNA sequence may be used to

enhance the increase in FP associated with conversion of the detector probe
to doubl e- st rlxhY HEOPBNGR DESERISTIAN: 588 FPI ¥@1fed by i ncl udi ng the nucl eoti de

sequence 8&&%‘?&3% M&ﬁ@p{ﬁﬁﬁg‘@ﬁim site for the doubl e-stranded FINA
bi nding protein 1n the nucleotide sequence of the detector probe at a
posi ti on nexrINFORMATION FOR SBQ Foweent of the fluorescent | abel. Recognition.
sitesl@or restrjction endonucl e.g., EcoRl and mutant forms of EcoRl)
are useful fortH ‘,’M‘E&%&E +Pn, the recognition site for the Trp
repressor protein .BypE.l AE1ELE dc2Ar €ssor operator sequence) or the
recogni tion sequeni® STRANDERNEBBIA fimgle ng domai n of the estrogen
15 (D) TOPOLOGY: linear '
(ii) MOLECULE TYPE: DNA (genomic)
20 .
: (xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
ATCCGTATGG TGGATAACGT CTTTCA . 26
25 (2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
{aA) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
30 (C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
TGAAAGACGA CGTTATCCAC CATACGGATG AATTCC ' _ ' 36
40 :
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
45 (B) TYPE: nucleic acid
' (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
5'0 (ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

55 TGAAAGACGT TATCCACCAT ACGGAT 26
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i ncl uded in the ,", } | nhance t fe_i ncPERER |
FP upon b t ﬁW r. Changes in FP may _
al so be e detector probe conprrsrng a nucl eoti de

sequence vvhr ch results I n a structural feature which further slows the

ol 1 gonucl SBa N AMER oubl e st randed Tor m i & capabl e of S'h‘yﬁr dizing to
the third oligonucleotide to forma triple hel'ical structure s not a
| abel | as li n o Aempl S e Stine aBtoblipFion S palsgbieNeiplof ficide ﬁrﬂsz?ﬁre?i'?%%?,ﬁe
skil | ed i m 4 Boraad Displaa¢ment Amglificaion readtoob (SBA)s thefmethed comprlﬁngan t he
detectgr probe ayey %Idﬂ?ﬁf%ltﬁéj SDA3kadiidn 4 Tird amplification primer for SDA which
' hybridizes to a first strand of the target sequence, and a fluorescently-labeled single-
stranded detector probe which hybridizes to the first strand of the target sequence
downstream of the first amplification primer; _
b) extending the first amplification primer and the detector probe on the target
10 sequence, thereby (i) producing a detector probe extenston product which is displaced
from the first strand of the target setluence by extension of the first amplification primer
and (ii) amplifying the target sequence;

¢) - hybridizing to the extension product a second amplification primer for SDA
which hybridizes to a second strand of the target sequence complementary to the first
15 strand of the target sequence;
d) extending the second amplification primer, thereby converting the detector
probe extension product to double-stranded form, and;
e) detecting target amplification by measuring fluorescence polarization.
20 2. The method of Claim 1 wherein the detector probe is labeled with La Jolla Blue or
fluorescein. '
3. The method of Claim 1 wherein fluorescence polarization is measured during

amplification by transient state fluorescence polarization.

4. The method of Claim 1 wherein fluorescence polarization is measured after target

amplification by steady state or transient state fluorescence polarization.

5. The method of Claim 1 further comprising quantitating the initial concentration of the
30  target sequence from the measured fluorescence polarization.

6. The method of Claim 1 wherein the detector probe compriées a recognition site for a
nucleic acid binding protein. |

35 7. A method for detecting amplification of a nucleic acid target sequence in an
amplification reaction, the method comprising;
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from the first strand of the target sequence by extension of the first amplification primer
and (ii) amplifying the target sequence: '
c)  hybridizing to the detector probe extension product a second amplification

10 primer which hybridizes to a second strand of the target sequence complementary to
the first strand of the target sequence;
d) extending the second amplificatiori primer, thereby converting the detector
probe extension product to double-stranded form, and,;
e) detecting target amplification by measuring fluorescence polarization.

15 '
8. The method of Claim 7 wherein the amplification reaction is SDA.

9. The method of Claim 7 wherein the ampliﬁcation reaction is PCR.

20 10 " The method of Claim 7 wherein the amplification reaction is 3SR.
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abi ity oflubrescently Jabelledssligbdeskyfpdlentide rohrmebxmﬂﬁd Sionfsifigled toDidhbleg-sthanded

b v s i B o' g S?ﬁ%*é@h ey n%ﬁ'sd%@ﬁ@%sb Sl Pled bl othis
det ect or penfbamnatipnal changs is accompasicd by anumtrewsnpm ﬂﬁomenmpm:moa vakigs hThe
the natur g,48ack qﬁﬂﬁ@fe@&hcéﬁ&&%‘ﬁﬁn %Qﬁjb+ 6h Y'tinsibmadeate ?ﬁ'xo&fmét real-

arrpl i fication prirners, are not critica e present I nventl on.
i nvent i vetimgtdysing the pmpliisation reactjgn ue@eut m Rlayisical mapipylation p emaawle The

react i onsiRefdfe hehodsBereféreprovide hfciosed,t Rdméiféneous system for both amplification of
10  target sequences and detection of amplification. Alternatively, amplification may be detected
in the fluorometer after the amplification reaction is completed.
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Sequence Repl i cat i B ®ﬂ?és,3egh§{ t he det ectl on nethod is indep dﬂ”@SQEET HAS BEEN

géneration of doubl ector - probe occurs generally
illustrated in Fig. 2A an SDA. The T7 RNA pol ynerase Iacks 5 -3
exonucl ease activity. The degradative activity of reverse transcriptase is
an RNAse H activity which is active only on RNA hybridized to DNA. In the
3SR anplification scheme of CGuatelli, et al. (1990. 87, 1874-1878. See Fig.

1), the det ecF rob%éyt he invention hybridizes to the RNA target
[
| s

whet her the target W DNA. In 3SR, target-de dentnEpLACED

sequence and by extension of the 3" anplification primer "A".
"The det ector bridizes to the DNA target sequences generated in
the 3SR anplification process. In either case, the extended detector probe
is displaced by the polynmerase when the upstream3 ("A") or 5 ("B")
anplification prinmer is extended. The opposite anplification primer then

bi nds to the detector probe extension product and is extended, -converting
the fluorescently-I|abel ed detector probe to double-stranded form

denature target
and bind primers

5 NP

2

5’_'31\Si

add exo"Klenowlprimer extension and

and Hincll | displacement using dGTP,
- dCTP, dUTP and dATPcS

lopposi’re primers bind
~3 to Sq17ext and SoText
BINC ‘ 2

St —ext \
\s% —ext 52

N5

2

exfensio'n and
displacement

‘opposife primers bind

* extension



3SR and provide a sour copies of the dete The

i nventive nethods may |ed to nonitoring of the Pol ymer ase Chain
Reaction (PCR), although fluorescence pol arization neasurenents nmust be
taken during the |ow tenperature periods of the anplification cycle for
"real tinme" nonitoring of anplification. Again, the nmechanismfor

tar get-depenEsE geng ai on of doubl e-stranded detector probe is generally

REPLACENENT SHEET Dafyg: 88t N@\Bé& lagell Det ect or probe exte THIS PHBELIEAS BEEN
whi ch include the T7 “! ggpm prom)t er sequence are [pnpl i RERDACEDY
p

as illustrat ) A and 2B. Using a 5 -3 exonucl ease defi cient
pol ynerase (&. ™ ex | enow, Bca pol ynerase or Bst pol ynerase), extension
of a PCR anplification priner - .

B1
...—-—Sz\\~

‘nicking by Hincll

* extension/displacement

{opposite primers bind

5' St 5 Tq

; * ————— ’
Ty So S)

*
* extension

el il L ]
| * nicking

= | & . il &
l extension and

strand
displacement

hybridize SDA primers to displaced strands



Hybridized to the'FéFgg?“géquence di spl aces t he extended dom&é??% EFrgé%BEEN
detector probe. Thermyapes kB2 axR! i fication priner hybridizes_t 'r%e

‘extension product of probe and is extended, resulting in
conversion of the si ﬂg;& udet ector probe to double- stranded form
The doubl e-stranded is anplifiable by hybridization and

extensi on of one anplification priners and one detector probe in subsequent
cycles, providing an additional source of doubl e-stranded detector probe.
The increase in fluorescence polarization or fluorescence anisotropy may

t hen be detected after conclusion of the PCR under conditions in which
anplification products renmai n doubl e-stranded or during PCR at the | ow
tenperature points of the cycling protocol. Single-. to doubl e-stranded
conversion of the detector probe is nonitored by neasuring fluorescence

pol ari zation or fluorescence anisotropy. The change in exclusion vol une

whi ch acconpani tRe change in probe conformation (primarily strandedness)
results in a de%ﬁiggPLeZZ rease in correlation tinme (tunbling time) for
the fluorescent ! : acconpanyi ng

Structure
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changes in FP vaIuesTgag be monitored on a transient-state fILdPH {BET HAS BEEN

‘(e.g., fromDi atron) R @tk fl uoroneter (e.g., Jollley PL_ACED
Instrunents) deS|gned of the selected fl uorescent | abel

Wil e the polarizatio nay be taken post-anplification, as has
been done previously, the present net hods also for the first tine allow -
"real -tinme" nonitoring of fluorescence polarization during target sequence
anplification. Real-time nonitoring of fluorescence provides significant
advant ages over the prior art. That is, it provides an essentially
imediate result, it is quantitative, it inproves sensitivity (analysis of
a change in slope is nore accurate than a single endpoint), and the sanple
acts as its own internal standard. This |ast advantage is particularly

i nportant for analysis of clinical specinens, as sanple viscosity may
significantly affect endpoint readings. As hybridized and unhybri di zed

‘(i.e., double a ngl randed) probe are not separated prior to
measur enent, FP bké; ;&EBtlon of target anplification requires

Structure

£ e .v'l
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REPLACEMENT SHE

si ngl e- st randed ctor
Ther ef or e, |Owld
(1e., detection n of

sequence) because they result

1995 12 appreci abl e conversio
gﬁ&?ESB probe to doubl e- strandedﬂi
oncentrations facilitate high semsTtrviy
initially | ow concentrations of target
in a higher percentage of converted detector

OHIS $ISEET HAS BEEN
or m REPLACED

probe for a given level of target anplification. However, |ow detector
probe concentrations present a kinetic chal l-erge—f6+—SBAy The fl uorescent
detector probe nust hybridize to the displag¢edy arget mtrand bef ore
hybridi zati on and extensi on of the upstream nELlfNCat primer [err].
The kinetics of [err] extension are controlljed Rybri di zati on and
pol ymerase binding rates. It is therefore usef | g sogejcases to nodify
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'conventlonal SDARd Hels N efely tlons (Wal ker et al. 1992. Prj J*N&SHEEAﬂwéggEN
Sci. and Nucl, Aclfu ﬂ“meﬁh val ker. 1993. PCR Met hods d REPLACED

Appl i cati ons 3 1 e the rate of [err] extension and racHreare—
prior hybridizati rescent detector probe when | ow target
concentrations are present. This nmay be achi eved by adjusting the

concentration of [err] and polynmerase to 10 nM- 1 [err]Mand 0.1-10 unit,
respectively. Lower [err] and pol ynmerase conce esult in slower

SDA rates, so it may al so be necessary to extend toe typjcal SDA reaction.

tinme fron12 to 3 hours. If sensitivity is .not or for
~quantitation of relatively high initial target [congentgafions, the

concentration of anplification priner. Use of e
as descri bed above, may be enployed in the anpljfi-gatign]reaction to allow
rapi d extension of the [err] primer even when it i® dé€Bifed to keep the
concentration of fluorescently-I|abel ed probe ij ® 9.2 for increased
sensitivity. In this enbodi nent, the detector ' t fluorescently
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" . - — . | .Ml THIS SHEET HAS BEEN
sequence which, in double-stranded~form is capable of hybrid zln% REPIACED
Lo

fluorescently | aHblséhbeﬂkﬁsB@gn e'lgg({lucl eotide to forma triple hekt , —

Conver si on of the or probe to doubl e-stranded form

(followi ng the realim,gml{ f Fig. 2B - structures V, VI and VII) '
Ll

al l ows hybridi zation rescently labeled third oligonucleotide for
detection of the associated increase in FP. The unl abel ed detector probe
can be present in the anplification reaction at concentrations conparabl e
to [err] so that reaction kinetics are inproved and its rate of conversion
to structure V, VI or VII is nore rapid. Once these target-specific doubl e-
stranded structures are forned during anplificdtion, the]fluorescently

‘I abel ed third oligonucl eotide probe hybridizes,| emdancEnp the increase in
FP and providing the fluorescent |abel for speqifig cmge:tion. The third
oligonucleotide with its fluorescent |abel nayibe jgresgnl at high or |ow
concentration depending on the sensitivity reqired, wthout interfering
with the efficiency of production of double-strjandgd d®tpctor probe
products. In addition, in this enbodi nent thelfl Gor esgepht | abel may be
linked to the 3' end of the third-oligonucleotideégf ég '
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desi Ted, a conflguratlon V\:hl ch is not desirable when the | abgl THiS SHEERG4AS BEEN
the detector prtBlneSheetH mﬁ SHEET Date: 06 NOV 1995 1§ The BERCAGERS

illustrated in F| 2B occur concurrently with tl

depicted in Fig. mA erfering with the anplification reaction.
The presence of the tluorescent detector probe does not increase SDA

background reactions because any m sprimng by the detector probe and an
anplification prinmer generates an extension product which cannot be
exponential ly fie ue to the presence of only one nickable Hincll
site (i.e. ﬁt&aﬁ%gnt det ect or probe does not contain a nickable
Hi nl | S|te) quir

%] SDA disabled
7 SDA
140
120—
100
80—
FLUORESCENCE
POLQRIZA)JION
mP -
60— /%
40 i Z
20 [ é
EcoRl and EcoRlI
" EcoRl
(GIn111)
w . J — y

SEQ ID No:7 . SEQ ID No:6



two primers, each containing a nickable Hnll site, to suppor{| BSEHEET HAS BEEN
npllflcaﬁﬂ@nmaihuimuﬂkﬁg Bcegontrast to the Pol ynerase Chain Refict i onREPLACED

whi ch any. o whi ch hybridizes to any sequence and can be

ext ended se lification primer, allow ng misprinmed products to
be exponentla y anpli d. Background anplification in SDA is further
reduced when the fluorescent detector probe is used at |ow concentrations
(e.g., 50 pM- 10 nM. Any fluorescent nol ecul e known i he art for

| abel i ng nucleic acids may be used in the nethods gk the {nvention (e.qg.,
fluorescein and fluorescein derivatives such as eostn; rhpdani nes such as
Texas Red and tetranethyl rhodani ne; cyani ne dyeq such as, fhi azol e orange,
oxazol e yell ow and rel ated dyes described in U § Htent Nos. 4,957,870 and
4,888, 867; pyrene; porphyrin dyes such as La Jol{l a@ u€y.{ The fl uorescent

| abel should be selected such that the fluorescgn \TTfetlwe of the label is
conparable in magnitude to the correlation tine bemng t@asured, taking into
account that tenperature, viscosity, and the siZge 08 t Eligonucleotide to
whi ch the fluorescent dye is conjugated all afféctlﬂunﬁ2i1g time. For
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exarrpl e, u rescel n (lifetinme approximately 4 nanosec.) and lfaliolS SHERTUGAS BEEr\r

(lifeti rre eR lazednanosec ) are both useful for correljati onREPLAGED
of” about 0 c. If a nucleic acid binding proteinTsS usetthH———=
conjunctlo rescent | abel , the correlation tinme neasured i-s

general |y |ncreased For exanpl e, correlation time for a free fluorescein
| abel is about 0.2 nanosec. The correlation tinme increases to about 0.4
nanosec. when the fluorescein label is conjugated to a single stranded

ol i gonucl eoti de and i ncreases further to about TTanosec. { when conj ugat ed
to a doubl e-stranded ol igonucl eotide. When FP i q erffanced{by binding the
fl uorescei n-1 abel ed doubl e-stranded ol i gonucl eotfi de=wi th EcoORI, the
correlation tine again increases to about 20 nanos€f. k= folla Blue
(Devlin, et al. 1993. din. Chem 39, 1939-1943) i§3panLi:uIarIy sui tabl e
for |l abeling the fluorescent detector probe when bhe+o§§:1I sanples are to

be anplified, as this dye absorbs and emts light -8t hear-infra red
spectrum a region of relatively | ow background |fl nce with clinica
speci mens (peak naxinma at about 685 nmand 705 nm Yespec ively).
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_REPLACENENT SHEET Date: 06 hEM 1995 14 Background fl uorescen Tﬁg§s ET HAS BEEN.

further nmini pgsitetias B Wof transient-state quorescencj an-‘-r"r J-AQ,?\? -
rat her than st orescence spectroscopy, thereby redu0|ng the
contri bution f ﬂi tering. Lower background fluorescence all ows

the use of lo oncentratlons of fluorescently | abelled detector probe,

whi ch i nproves detection senS|t|V|ty by ensuring that a greater percentage

of single-stranded detector probe is converted to double-stranded form for

a given concentration of anplified product. However, |ow detector probe

concentrations result in saturation of the detector probe over a broad
range of
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amplified provee®< evel s. End- poi nt neasurenments of FP takenrmcgw,enr SH::ET
condi ti ons of probe saturation after conpletion of SDA nay nigt be étl’l cv
quantltatlve with regard to the initial target |evels. Monitprpogig-UR WY éQS

“real-time," during SDA rather than after conpletion of the
react] on, overconmes the problem of det ector _probe saturation because
sanpl ‘es contai ni. ng hi ghmqg= g (ikwd] reases in FP
val ues than those conta S ~el ation
between the rate of FP increas i AMI’ Icﬂlvs is valid only
when conparing sanples in which the rate of an‘gl Ification is essentially
i denti cal . AgaiThis spplicatianis aontimustionvmrpart & $hS oS erioh Non 08220 28 sfiled Apirih 48,
| evel s of 9@ inhibitors, the assay may not be strictly quantitative. For
exanple, it may be difficult to differentiate a sanple which contains a
hi gh amount of initial target and undergoes inefficient SDA froma sanple
whi ch contains a | ow amount of FIRLD OF TREINVENTIONJer goes SDA at a high
rate. Nevertheless, realtinme nonitoring of FP val ues during SDA provides at
| east a sem -quantitative estimate of initial target |levels. Quantitation
may be i nmprovedheypresent ientiom neladslito imethdds for gietecting amplification of nucleic acid

target sequences and in particular to detection of amplification by fluorescence polarization.

BACKGROUND OF THE INVENTION

Strand Displacement Amplification (SDA) utilizes the ability of a restriction enzyme to
nick a hemimodified recognition site and the ability of a polymerase to displace a downstream
DNA strand to amplify a target nucleic acid (U.S. Patent No. 5,270,184, hereby incorporated
by reference; Walker, et al. 1992. Proc. Natl. Acad. Sci. USA 89, 392-396; Walker, et al.
1992. Nucl. Acids Res. 20, 1691-1696). The target for SDA may be present on fragments of
nucleic acid generated by treatment with a restriction endonuclease, or targets appropriate for
SDA may be generated by extension and displacement of primers. This second type of target
_ generation and the subsequent steps of the SDA reaction are illustrated in Fig. 1. The target
generation process (left side of Fig. 1) produces copies of the target sequence flanked by the
nickable restriction sites required for SDA. These modified target sequences are exponentially
. amplified by repeated nicking, strand displacement, and repriming of displaced strands (right
side of Fig. 1) . Despite the appareht complexity of Fig. 1, SDA operates under a very simple
protocol: double-stranded target DNA is heat denatured in the presence of all réagents except '
the restriction enzyme and polymerase. Exponential amplification then proceeds at a constant, ¢
reduced temperature upon addition of the enzymes, without any further manipulation of the
reaction. SDA is capable of 108-fold amplification of target sequences in 2 hours at a constant
reaction temperature, usually about 35-42°C.

Fluoresence Polarization (FP) is a measure of the time-average rotational motion of
fluorescent molecules. It has been known since the 1920’s and has been used in both research
and clinical applications for sensitive determination of molecular volume and microviscosity.
The FP technique relies upon changes in the rotational properties of molecules in solution.
That is, molecules in solution tend to "tumble” about their various axes. Larger molecules
(e.g., those with greater volume or molecular weight) tumble more slowly and along fewer
axes than smaller molecules. They therefore move less between excitation and emission,
causing the emitted light to exhibit a relatively higher. degree of polarization. Conversely,



itt "a known initd concentration as a positive control (wa] FIEPLAGEMENT SHEET
994. Nucl Acids Res. 22, 2670-2677). The positive control OM
provides an indication of general SDA performance for a s éeggolgnmg """"""""

control for false negatives), it also provides a standard for quantitating

the initial amount of target in the sanple. The fluorescent |abel is

covalently linked or conjugated to the detector probe so as not to

interfere with either em ssion of fluorescence fromthe |abel or

hybri di zati on of the probe to the target, sequence. As FP changes occur

- when the | abel is near or involved in a-Tonformational change, the Ilnka e
shoul d befluoreszencei emissions frome ssailer iuerescany emeleeules; nwhich exhibit, moge tpmb mg

expect ed. h

*xPect e b Pl G B, RO S UsF olymigpe hed sl

det ect or fluarkssentamoleple takes adargaxer E‘éf“aﬂﬂﬂlc&ﬂf@“ﬁ@ﬁn i p.gﬁggng,peesvases and the

Eg'néfsmf glsg%nég ”fgdcfreicbﬁaed bédolﬂiﬁeggxglaﬁrvelyt fbFe rpolanseu: h 'mgs lctflﬂngé)ﬁﬁ ahei degredoup! e
r abe

measur enepelagzatiop Hg Eﬁmt@B&“@F EAEENGH cfY %@Wﬁ@%ﬁﬁdﬁ%%%‘h{“ featox IOf Creased size

coval ent | yndrériigidity 6fhé AGorsdentinoleculeobe Vi a

In fluorescence polarization techniques, the fluorescent molecule is first excited by
polarized light. The polarization of the emission is measured by measuring the relative
intensities of emission (i) parallel to the plane of polarized excitation light and (ii)
perpendicular to the plane of polarized excitation light. A change in the rate of tumbling due
to a change in size and/or rigidity is accompanied by a change in the relationship between the
plane of excitation light and the plane of emitted fluorescence, i.e., a change in fluorescence
polarization. Such changes can occur, for example, when a single stranded oligonucleotide
probe becomes double stranded or when a nucleic acid binding protein binds to an
oligonucleotide. Fluorescence anisotropy is closely related to FP. This technique also -
measures changes in the tumbling rates of molecules but is calculated using a different
equation. It is to be understood that polarization and anisotropy are interchangeable
techniques for use in the present invention. The term fluorescence polarization is generally
used herein but should be understood to include fluorescence anisotropy methods. In steady
state measurements of polarization and anisotropy, these values are calculated according to the
following equations:

P (polarization) Ipa - Ipe

Ipa + Ipe

r (anisotropy) Ipa - Ipe

Ipa + 2Ipe

where Ipa is the intensity of fluorescence emission parallel to the plane of polarized excitation
light and Ipe is the intensity of fluorescence emission perpendicular to the plane of polarized
excitation light.

As FP is homogenous, this technique is ideal for studying molecular interactions in
solution without interference by physical manipulation. Fluorescence polarization is therefore



a linker or "tether" suitable for use in conjugating | abel
ol i gonucl eoti des, e.g., am no-ethyl, am no-hexyl and am no-

REPLACEMENT SHEET

ropyl .l Lnkin
arms (Applied Biosystens, Contech, G en Research, REPL BEI\ITQS@W%SQS
Date : 06 Nov 1995 15 Devlin, et al.: supra.). Oher amino |

described in WD 92/18650. The | abel may al so be conjugated to the

ol i gonucl eotide at C5 of pyri'midines or C8 of purines, as generally
descri bed by Goodchild, 1990. Bioconj. Chem 1, 165. Fluorescein may be
l'inked internally by synthesis of an oligonucleotide containing a

. phosphor ot hi oat.e, an bsequenf reaction wth iodoacefam dofl uorescein.
phosp a convenient metﬂoj 'ilor mgxlﬂtonng conversion o\?nsmgle-stranded huorescently abelled DNA

to double-stranded form by hybridization (Murakami, et al. 1991. Nucl. Acids Res. 19, 4097-
4102). The ability of FP to differentiate between single and double-stranded nucleic acid
conformations without physical separation of the two forms has made this technology an
attractive alternative for monitoring probe hybridization in diagnostic formats. European
Patent Publication No. 0 382 433 describes fluorescence polarization detection of amplified
target sequences by hybridization of a fluorescent probe to the amplicons or by incorporation
of a fluorescent label into the amplification products by target-specific extension of a
fluorescently-labeled amplification primer. PCT Patent Publication No. WO 92/18650
describes similar methods for detecting amplified RNA or DNA target sequences by the
- increase in fluorescence polarization associated with hybridization of a fluorescent probe.

Fluorescence polarization may be monitored as either transient state FP or steady state
FP. In transient state FP, the excitation light source is flashed on the sample and polarization
of the emitted light is monitored by turning on the photomultiplier tube after the excitation
light source is turned off. This reduces interference from light scatter, as fluorescence lasts
longer than light scatter, but some fluorescence intensity is lost. In steady state FP, excitation
light and emission monitoring are continuous (i.e., the excitation source and photomultiplier
tube are on continuously). This results in measurement of an average tumbling time over the
monitoring period and includes the effects of scattered light.

The present invention provides FP or fluorescence anisotropy detection methods for
use with nucleic acid amplification methods such as SDA. Previously, SDA-amplified target
sequences were detected following amplification using 32P-probes (Walker, et al. 1992 Nucl.
Acids Res., supra) or by a sandwich hybridization assay with chemiluminescent signal
generation (Spargo, et al. 1993. Molec. Cell. Probes 7, 395-404). Both of these detection
formats require separation of free and bound detector probe before the signal can be measured.
However, the ability to differentiate free and bound probe using FP without physical separation
enables performance of SDA and detection of amplification in a homogeneous, closed system.
Furthermore, it has been discovered that SDA and FP detection can be combined in a single
step- (i.e., real-time amplification and detection), in part as a result of the isothermal nature of
SDA. A closed, homogeneous Assay reduces operating steps and procedural complexity, as
well as providing improved control of the dispersal of amplification products in the laboratory,
thereby reduéing the potential for false positives due to accidental contamination of samples
with target DNA. |



FP ity be used for detection of anplification of any targe ﬂﬁRMﬂﬁWTSHEET
appropriate anplification priners and detector probes can
one -Tepresentative enbodi nent, the inventive detection net
applied to an SDA system previ ously devel oped for amplific —
tubercul osis target sequence (I1S61 10 - Wal ker et al. 1992, Nucl Aci ds
Res. and Proc. Natl Acad Sci., supra; Spargo et al. 1993, supra). Sanples
containing different amounts of M tubercul osis genom ¢ DNA (which includes
the 156110 target sequence) and a fluoregcent detector probe were anplified
and anplification was sinultaneously detect ed by the increase in FP. The
~two sanpl es c@eitaindfbe temngaid phrases ased herein ard defined bs folloes: an i ncrease in
FP val ues over tinme while the negative control (zero M tubercul osis DNA)
did not display any significant change in FP values. Furthermore, the

sanpl es cont aiAn agplificatioe ipeimienss a pirifer fh aplifiation of @asrgey sPquencé by primer a

(e quaneratn pf BeERA I hdiadol Frrfih Bbrldticd 8 ndhirfdRelinca, Xok FrphearBy” ©
t he syst bynSI¥A, the aligonusieotide pummrargfprqublymgmé isuch ﬂv@t the GC content is low,

| preferably less than 70% of the total nucleotide composition of the probe. Similarly, for SDA

the target sequence preferably has a low GC content to minimize secondary structure. The 3'

end of an SDA amplification primer (the target binding sequence) hybridizes at the 3' end of

the target sequence. The target binding sequence confers target specificity on the amplification

primer. The SDA amplification primer further comprises a recognition site for a restriction

endonuclease near its 5' end. The recognition site is for a restriction endonuclease which will
nick one strand of a DNA duplex when the recognition site is hemimodified, as described by
Walker, et al. (1992. Proc. Natl. Acad. Sci. and Nucl. Acids Res., supra). The SDA
amplification primer generally also comprises additional sequences 5' to the restriction
endonuclease recognition site to allow the appropriate restriction endonuclease to bind to its
recognition ‘site and to serve as a primer for the polymerase after nicking, as is known in the
art. For the majority of the SDA reaction, the amplification primer is responsible for
exponential amplification of the target sequence. The SDA amplification primer may also be
referred to as the "S" primer, e.g., S; and S, when a pair of amplification primers is used for
amplification of a double stranded sequenc;é. For other amplification methods which do not
require attachment of specialized sequences to the ends of the target, the amplification primer
generally consists of only the target binding sequence.

A bumper or external primer is a primer used in SDA which anneals to a target
sequence upstream of the amplification primer such that extension of the bumper primer
displaces the downstream primer and its extension product. Bumper primers may also be
referred to as "B" primers, e.g., B; and B, when a pair of bumper primers is used to displace’
the extension products of a pair of amplification primers. Extension of buniper primers is one
method for displacing the extension products of amplification primers, but heating is also
suitable.

The terms target or target sequence refer to nucleic acid sequences amplifiable by

~ amplification primers. These include the origilial nucleic acid sequené_e to be amplified, the
complementary second strand of the original nucleic acid sequence to be amplified, and either
strand of a copy of the original sequence which is produced by the amplification reaction.
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The term extension product refers to the single-stranded copy of a target sequence
produced by hybridization of a primer and extension of the primer by polymerase using the
target sequence as a template.

SUMMARY OF THE INVENTION

The present invention provides methods for detection of nucleic acid amplification
using FP and a detector probe comprising a fluorescent dye. Amplification is detected as.an
increase in FP associated with target-dependent formation of double-stranded fluorescent
products from the single-stranded detector probe. In one embodiment, the invention also
relates to a novel technique that can be used to enhance the magnitude of the increase in FP
which results from formation of double-stranded DNA. Enhancing the magnitude of this
change is advantageous because there is otherwise only about a 20 mP difference between
single-stranded FP values and double-stranded FP values for a fluorescein labelled
oligonucleotide. It has been found that double-stranded DNA binding proteins can be used to
enhance the increase in FP associated with the single- to double-stranded conversion. In one
example, the double-stranded DNA binding protein is the restriction endonuclease EcoRl,
which in its natural form requires magnesium to cut the DNA to which it binds. In the absence
of magnesium, EcoRI binds but does not cut, and under these conditions can be used to
enhance the increase in FP associated with single- to double-stranded conversion. In a second
example, the DNA binding protein is a mutant form of EcoRI, designated EcoRI (Gin 111) and
described by Wright, et. al. (1989. J. Biol. Chem. 264, 11816-11821). EcoRI (Gln 111) binds

- more tightly than natural EcoRI to double-stranded DNA but does not cut the nucleic acid
even in the presence of magnesium. Binding of this protein also enhances the increase in FP
which accompanies conversion to double-stranded form.

DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the target generation scheme for SDA (left side) and the reaction steps
for exponential ampﬁﬁcation of a target sequence by SDA (right side).
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Fig. 2A illustrates the various forms of the fluorescent detector probe generated in a

target-dependent manner during SDA when the detector probe is entirely homologous to the
target sequence. Fig. 2B illustrates the various forms of the fluorescent detector probe
generated in a target-dependent manner during SDA when the detector probe is partially
homologous to the target sequence, e.g., when the detector probe contains a recognition site
for a double-stranded DNA binding protein (i.e., the nucleotide sequence to which the DNA
binding protein binds). |

Fig. 3 is a graph of the increase in FP associated with SDA of an M. tuberculosis target
sequence.

Fig. 4 is a graph of fluorescence polarization values obtained after SDA of various
initial amounts of an M. tuberculosis target sequence.

Fig. 5 is a graph showing enhancement of the increase in FP by addition of EcoRI or
EcoRI (Gln 111) when a single-stranded oligonucleotide is converted to double-stranded form
by hybridization to its complement.

Fig. 6 is a graph showing enhancement of the increase in FP by addition of EcoRI (Gin
111) when the detector probe is converted to double stranded form during amplification of a
target sequence.

Fig. 7 is a graph illustrating FP values obtained upon amplification of various initial
amounts of target sequence' with post-amplification addition of EcoRI (Gin 111), using a
detector probe which does not contain an EcoRI recognition site.

Fig. 8 is a graph illustrating FP values obtained upon amplification of various initial
amounts of target sequence with post-amplification addition of EcoRI (Gin 111), using a
detector probe which contains an EcoRI recognition site.

Fig. 9 is a graph showing the increase in FP associated with conversion of the detector
probe to double-stranded form during amplification of an M. fuberculosis target sequence,
with EcoRI (Gin 111) present during amplification.
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endonuclease recognition sites are designated by the raised boxes. For convenience, the
following description will use HincIl and exo~ Klenow as examples, however, any of the
restriction enzymes and exonuclease deficient polymerases known for use in SDA may be
substituted.

S; and S, hybridize to the opposite, complementary strands of the double stranded
target sequence, flanking the region to be amplified. B; and B, are external or bumper primers
which consist only of target binding sequences and hybridize at positions 5' to S; and S,.
After annealing of the primers to the target at about 40°C, Hincll is added along with an
exonuclease deficient form of the Klenow fragment of E. coli DNA polymerase I (exo-
Klenow). At this point the remaining target generation steps on the left side of Fig.1 proceed
as a single cascade. Exo~ Klenow, which is present in large molar excess over the number of
target sequences, simultaneously extends all four primers using dGTP, dCTP, dUTP (or TTP)
and dATPaS (deoxyadenosine 5'-[a-thio]triphosphate). S; and S, are extended and their
extension products are displaced by extension of By and B,. The displaced extension products
of S; and Sy (S;-ext and Sp-ext) serve as targets for binding of the opposite amplification
primers. Further rounds of extension and displacemént produce two target fragments with a
hemiphosphorothioate HincIl site at each end and two longer target fragments with a

~ hemiphosphorothioate HinclI site at only one end (bottom left side of Fig. 1). Incorporation of
dATPaS in place of dATP in one of the two strands by the polymerase causes the restriction
endonouclease to nick one strand rather than cleave both strands of the duplex.  "Nicking"
refers to cleavage of one strand of double stranded DNA as opposed to double stranded
cleavage. Hincll nicks the unmodified primer strands of the hemiphosphorothioate recognition
sites, leaving intact the modified complementary strands. Exo~ Klenow then extends from the
3'-end of the nick and displaces the downstream newly synthesized strand. New S; and S,
primers bind to the displaced strands and are extended. This is followed by additional nicking
and strand displacement steps until the four duplexes at the bottom left side of Fig. 1 converge
into the "steady-state" amplification cycle illustrated on the right side of Fig. 1. During each
SDA cycle, the 3' end of S; hybridizes to the 3'-end of the displaced target strand T, forming
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5' dGCATTATAGTACCTGTCTGTTGACACTGAGATCCCCT®! SEQ I D NO
5' dTTGAATAGTCGGT TACT TGTTGACGGCGTACT CGACC3'! SEQ I D NO

I
2 .
5' dTGCAGGIpEEAwith'S'-overhangs. Likewise, S, binds to displaced T;. Exo~ Klenowegends the 3
5' dCGCT \ . . . e . 4
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SF- dATC@%EWME?éETEﬁWH : 11) because extension at a nick regeneratef®@ dickable 7
5" dTGAAAGACGACGT TATCCA  ACGGAT TCC3! D 1 8

Hincll recognition site. The strand displaced from the S;-T, duplex is idegtl;:cgl Ito 1
Likewise, the displaced strand from the S,-T; duplex is identical to T;. Consequently, target
amplification is exponential because each displaced T, binds a2 new S; primer and each
displaced T; binds a new S, (long curved arrows on the right side of Fig. 1). Sense and
antisense strands are differentiated by thin and thick lines. Intact and nicked HincII recognition
sites are represented by MR- and ]| |_ . The partial HinclI recognition sites (5'-GAC and its
complement 5'-GTC) are present at the 5'-and 3'-ends of displaced strands and are represented
by I_and |}, respectively.

In the inventive amplification detection system, a single-stranded oligodeoxynucleotide
detector probe comprising a fluorescent label is converted to double-stranded form in a target-
dependent manner during SDA (Fig. 2A and Fig. 2B). Fig. 2A and Fig. 2B illustrate the same
process, except that in Fig. 2A the entire nucleotide sequence of the detector probe is
complementary to the target sequence and in Fig. 2B a portion of the nucleotide sequence of
the detector probeé is not complementary to the target sequence. As discussed below, the non-
complementary portion of the detector probe may comprise a recognition site for a DNA
binding protein or may be a structural feature which results in an increase in FP. In Fig. 2B,
the non-complementary sequence or structural feature is depicted as @ . In both Fig. 2A and
Fig. 2B, the fluorescent label is depicted as {:}- .

The following references to structufes relate to both Fig. 2A and Fig. 2B.
Hybridization, extension and displacement of a fluorescent detector probe for FP detection of
amplification occurs concurrently with the SDA cycle shown on the right side of Fig. 1. The
fluorescent detector probe (D) hybridizes to one of the two complementary strands of a double
stranded target sequence or to a displaced single-stranded copy of the target strand
downstream from one of the SDA primers (e.g., S;). This provides one source of double-
stranded detector probe (structure I). The amplification primef/tﬁrget complex is identical to
the complex shown at the top left of the SDA cycle illustrated on the right side of Fig. 1, but in
Fig. 1 it is depicted without the detector probe. The primer and detector probe in structure I
are then simultaneously extended by exo- Klenow polymerase (structure II), resuiting in
displacement of the deétector probe extension product (structure III) by extension of the
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intrinsic to SDA. The displaced, single-stranded probe extension product (structure III)
hybrid'izes to the other SDA primer (S,) forming a complex (structure IV) which becomes fully
double-stranded by exo~ Klenow polymerase extension, again providing a source of double-
stranded fluorescent detector probe (structure V). Structure V is a template for linear SDA,
due to the nickable Hincll site on S,. Nicking, polymerase extension and strand displacement
using structure V as a template produces single-strands to which additional fluorescent
detector probes hybridize (structure VI) and are extended to generate structure VII. Structure
I, structure II, structure V and structure VII are all forms of double-stranded fluorescent
detector probe which are indicative of target-specific SDA. Each of these structures
contributes in a target-dependent manner to the increase in FP associated with double-stranded
conversion of the single-stranded fluorescent detector probe. Fig. 2B illustrates how this same
process also results in conversion of the DNA binding protein recognition site or structural
feature to double-stranded form (structures V, VI and VII). These structures may then bind
the double-stranded DNA binding protein to enhance the increase in FP associated with _
double-strandedness of the detector probe.

Any protein which binds to a specific double-stranded DNA sequence may be used to
enhance the increase in FP associated with conversion of the detector probe to double-stranded
form. This is accomplished by including the nucleotide sequence of the appropriate
recognition site for the double-stranded DNA binding protein in the nucleotide sequence of the
detector probe at a position near the site of attachment of the fluorescent label. Recognition
sites for restriction endonucleases (e.g., EcoRI and mutant forms of EcoRI) are useful for this
purpose. In addition, the recognition site for the Trp repressor protein (i.e., the Trp repressor
operator sequence) or the recognition sequence for the DNA binding domain of the estrogen
receptor protein (i.e., the estrogen responsive element sequence) may be included in the
sequence of the detector probe to enhance the increase in FP upon binding to 7rp repressor or
estrogen receptor. Changes in FP may also be enhanced by designing a detector probe
comprising a nucleotide sequence which results in a structural feature which further slows the
tumbling of double-stranded DNA, for example a recognition site for a third oligonucleotide
which in double-stranded form is capable of hybridizing to the third oligonucleotide to form a
triple helical structure.

It is not a requirement of the invention that the detector probe carry the fluorescent
label, as in the foregoing illustrative example. It will be apparent to one skilled in the art that,
in certain embodiments of the invention, the detector probe may be unlabeled. That is, if a
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detector probe in the amplification reaction would result in unlabeled versions of structures V,
VI, and VII (of Fig. 2B), produced in a target-dependent manner. As these structures contain
double-stranded recognition sites for double-stranded DNA binding proteins or triple helix
forming oligonucleotides, specific binding of the fluorescently . labeled protein or
oligonucleotide to double-stranded detector probe structures will increase the magnitude of the
change in FP and provide the fluorescent label needed for detection by FP. As smaller double-
stranded DNA binding agents have a greater effect on the change in FP, triple helix formation

 is likely to be a more sensitive detection system than protein binding in many cases.

Fig. 2A, Fig. 2B and the foregoing description of the invention use SDA as an example,
however, the invention may aiso be applied to any amplification method in which a strand-
displacing polymerase is used or can be substituted for a polymerase which has 5-3'
exonuclease activity. The ability of the polymerase to displace a downstream strand of DNA
without digesting it is the essential feature of the amplification method which provides target-
specific generation of double-stranded fluorescent detector probe. The other features of such
amplification methods, such as the nature of the target sequence and the structural features of
the amplification primers, are not critical to the present invention. The inventive methods may
therefore be used in isothermal amplification reactions other than SDA, e.g., Self-Sustained
Sequence Replication (3SR), as the detection method is independent of whether the target
sequence is RNA or DNA. In 3SR, target-dependent generation of double-stranded detector
probe occurs generally as illustrated in Fig. 2A and 2B for SDA. The T7 RNA polymerase
lacks 5'-3' exonuclease activity. The degradative activity of reverse transcriptase is an RNAse
H activity which is active only on RNA hybridized to DNA. In the 3SR amplification scheme
of Guatelli, et al. (1990. 87, 1874-1878. See Fig. 1), the detector probe of the invention
hybridizes to the RNA target sequence and is displaced by extension of the 3' amplification
primer "A". The detector probe also hybridizes to the DNA target sequences generated in the
3SR amplification process. In either case, the extended detector probe is displaced by the
polymerase when the upstream 3' ("A") or 5' ("B") amplification primer is extended. The
opposite amplification primer then binds to the detector probe extension product and is
extended, convertiﬁg the fluorescently-labeled detector probe to double-stranded form.
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Again, the mechanism for target-dependent generation of double-stranded detector probe is
generally as illustrated in Fig. 2A and 2B. Using a 5'-3' exonuclease deficient polymerase (e.g.,
exo~ Klenow, Bca polymerase or Bst polymerase), extension of a PCR amplification primer
hybridized to the target sequence displaces the extended downstream detector probe. The
opposite PCR amplification primer hybridizes to the extension product of the detector probe
and is extended, resulting in conversion of the single-stranded detector probe to double-
stranded form. The double-stranded detector probe is amplifiable by hybridization and
extension of one amplification primers and one detector probe in subsequent cycles, providing
an additional source of double-stranded detector probe. The increase in fluorescence
polarization or fluorescence anisotropy may then be detected after conclusion of the PCR
under conditions in which amplification products remain double-stranded or during PCR at the

low temperature points of the cjcling protocol.

Single- to double-stranded conversion of the detector probe is monitored by measuring
fluorescence polarization or fluorescence anisotropy. The change in exclusion volume which
accompanies the change in probe conformation (primarily strandedness) results in a detectable
increase in correlation time (tumbling time) for the fluorescent label. The accompanying
changes in FP values may be monitored on a transient-state fluorometer (e.g., from Diatron) or
a steady state fluorometer (e.g., Iolley Instruments) designed for detection of the selected
fluorescent label. While the polarization measurements may be taken post-amplification, as has
been done previously, the present methods also for the first time allow "real-time" monitoring
of fluorescence polarization during target sequence amplification. Real-time monitoring of
fluorescence provides significant advantages over the prior art. That is, it provides an
essentially immediate result, it is quantitative, it improves sensitivity (analysis of a change in
slope is more accurate than a single endpoint), and the sample acts as its own internal standard.
This last advantage is particularly important for analysis of clinical specimens, as sample
viscosity may significantly affect endpoint readings.

ss As hybridized and unhybridized (i.e., double and single stranded) probe are not
separated prior to measurement, FP-based detection of target amplification requires
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' amph cation of initially low concentrations of target sequence) because they result in a higher
percentage of converted detector probe for a given level of target amplification. However, low
detector probe concentrations present a kinetic challenge for SDA. The fluorescent detector
probe must hybridize to the displaced target strand before hybridization and extension of the
upstream amplification primer (S;). The kinetics of S; extension are controlled by S;
hybridization and polymerase binding rates. It is therefore useful in some cases to modify
conventional SDA reaction conditions (Walker et al. 1992. Proc. Natl. Acad. Sci. and Nucl.
Acids Res., supra, Walker. 1993. PCR Methods and Applications 3, 1-6) to decrease the rate
of S; extension and facilitate prior hybridization of the fluorescent detector probe when low
target concentrations are present. This may be achieved by adjusting the concentration of S
and polymerase to 10 nM - 1 uM and 0.1-10 unit, respectively. Lower S; and polymerase
concentrations result in slower SDA rates, so it may also be necessary to extend the typical
SDA reaction time from 2 to 3 hours. If sensitivity is not essential, or for quantitation of
relatively high initial target concentrations, the fluorescent detector probe concentration may
be as high as the concentration of amplification primer. |

Use of an unlabeled detector probe, as described above, may be employed in the
amplification reaction to allow rapid extension of the S; primer even when it is desired to keep
the concentration of fluorescently-labeled probe low, e.g., for increased sensitivity. In this
embodiment, the detector probe is not fluorescently labeled but includes near its 5' end a
sequence which, in double-stranded form, is capable of hybridizing to a fluorescently labeled
third oligonucleotide to form a triple helix. Conversion of the unlabeled detector probe to
double-stranded form (following the reaction scheme of Fig. 2B - structures V, VI and VII)
allows hybridization to the fluorescently labeled third oligonucleotide for detection of the
associated increase in FP. The unlabeled detector probe can be present in the amplification
reaction at concentrations comparable to S; so that reaction kinetics are improved and its rate
of conversion to structure V, VI or VII is more rapid. Once these target-specific double-
stranded structures are formed during amplification, the fluorescently labeled third -
oligonucleotide probe hybridizes, enhancing the increase in FP and providing the fluorescent
label for specific detection. The third oligonucleotide with its fiuorescent Iabel may be present
at high or low concentration depending on the sensitivity required, without interfering with the
efficiency of production of double-stranded detector probe products. In addition, in this
embodiment the fluorescent label may be linked to the 3' end of the third oligonucleotide if -
desired, a configuration which is not desirable when the label is linked to the detector probe.
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mispriming by the detector probe and an amphﬁcatlon pnmer generates an extension product
which cannot be exponentially amplified due to the presence of only one nickable Hincll site
(i.e., the fluorescent detector probe does not contain a nickable Hincll site). SDA requires
two primers, each containing a nickable HincII site, to support exponential amplification. This

is in contrast to the Polymerase Chain Reaction, in which any oligonucleotide which hybridizes

to any sequence and can be extended serves as an amplification primer, allowing misprimed
products to be exponentially amplified. Background amplification in SDA is further reduced
when the fluorescent detector probe is used at low concentrations (e.g., S0 pM - 10 nM).

Any fluorescent molecule known in the art for labeling nucleic acids may be used in the
methods of the invention (e.g., fluorescein and fluorescein derivatives such as eosin;
thodamines such as Texas Red and tetramethylrhodamine; cyanine dyes such as thiazole
orange, oxazole yellow and related dyes described in U.S. Patent Nos. 4,957,870 and
4,888 867; pyrene; porphyrin dyes such as La Jolla Biue). The fluorescent label should be
selected such that the fluorescent lifetime of the label is comparable in magnitude to the
correlation time being measured, taking into account that temperature, viscosity, and the size
of the oligonucleotide to which the fluorescent dye is conjugated all affect tumbling time. For
example, fluorescein (lifetime approximately 4 nanosec.) and LaJolla Blue (lifetime
approximately 2 nanosec.) are both useful for correlation times of about 0.1 - 100 nanosec. If
a nucleic acid binding protein is used in conjunction with the fluorescent label, the correlation
time measured is generally increased. For example, correlation time for a free fluorescein label
is about 0.2 nanosec. The correlation time increases to about 0.4 nanosec. when the
fluorescein label is conjugated to a single stranded oligonucleotide and increases further to
about 2 nanosec. when conjugated to a double-stranded oligonucieotide. When FP is
enhanced by binding the fluorescein-labeled double-stranded oligonucleotide with EcoRl, the
correlation time again increases to about 20 nanosec. La Jolla Blue (Devlin, et al. 1993. Clin.
Chem. 39, 1939-1943) is particularly suitable for labeling the fluorescent detector probe when
biological samples are to be amplified, as this dye absorbs and emits light in the near-infra red
spectrum, a region of relatively low background fluorescence with clinical specimens (peak
maxima at about 685 nm and 705 nm, respectively).
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detector probe concentrations result in saturation of the detector probe over a broad range of
amplified product levels. End-point measurements of FP taken under conditions of probe
saturation after completion of SDA may not be strictly quantitative with regard to the initial
target levels. Monitoring FP in “real-time,” during SDA rather than after completion of the
amplification reaction, overcomes the problem of detector probe saturation because samples
containing higher target levels exhibit more rapid increases in FP values than those containing
less target. Of course, the correlation between the rate of FP increase and initial target levels is
valid only when comparing samples in which the rate of amplification is essentially identical.
Again, for clinical specimens, each of which contains varying levels of SDA inhibitors, the
assay may not be strictly quantitative. For example, it may be difficult to differentiate a sample
which contains a high amount of initial target and undergoes inefficient SDA from a sample
which contains a low amount of initial target but undergoes SDA at a high rate. Nevertheless,
realtime monitoring of FP values during SDA provides at least a semi-quantitative estimate of
initial target levels. Quantitation may be improved by including an additional target sequence
at a known initial concentration as a positive control (Walker, et al. 1994. Nucl. Acids Res.
22, 2670-2677). The positive control target not only provides an indication of general SDA
performance for a sample (ie., a control for false negatives), it also provides a standard for
quantitating the initial amount of target in the sample.

The fluorescent label is covalently linked or conjugated to the detector probe so as not
to interfere with either emission of fluorescence from the label or hybridization of the probe to
the target sequence. As FP changes occur when the label is near or involved in a
conformational change, the linkage should be in proximity to the site where the conformational
change is expected. This may be either the 5' end of the detector probe or an internal site. In
general, the label is not linked to the 3' end of the detector probe, as the 3' end must be
available for extension by polymerase. A more rigid linkage or "tether”, such as one containing
double bonds, slows the turhbling time of the fluorescent label and allows measurement of

longer correlation times. The fluorescent label is covalently coupled to the detector probe via
-~ a linker or “tether" suitable for use in conjugating labels to oligonucleotides, e.g., amino-ethyl,
amino-hexyl and amino-propyl linking arms (Applied Biosystems, Clontech, Glen Research,
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also be conjugated to the oligonucleotide at C5 of pyrimidines or C8 of purines, as generally
described by Goodchild, 1990. Bioconj. Chem. 1, 165. Fluorescein may be linked internally by
synthesis of an oligonucleotide containing a phosphorothioate, and subsequent reaction with
iodoacetamidofluorescein.

FP may be used for detection of amplification of any target for which appropriate
amplification primers and detector probes can be designed. In one representative embodiment,
the inventive detection methods may be applied to an SDA system previously developed for
amplification of an M. tuberculosis target sequence (IS6110 - Walker et al. 1992. Nucl. Acids
Res. and Proc. Natl. Acad. Sci., supra; Spargo et al. 1993, supra). Samples containing
different amounts of M. tuberculosis genomic DNA (which includes the IS6110 target
sequence) and a fluorescent detector probe were amplified and amplification was
simultaneously detected by the increase in FP. The two samples containing target M.
tuberculosis DNA exhibited an increase in FP values over time while the negative control (zero
M. tuberculosis DNA) did not display any significant change in FP values. Furthermore, the
samples containing M. tuberculosis DNA exhibited increasing FP values in a time dependent
fashion which reflected initial M. fuberculosis target levels (ie., quantitative detection). This
experiment illustrated the utility of the system for real-time detection of SDA. However, the
current design of the Diatron fluorometer used for detection of FP rendered careful execution
of SDA reactions in the fluorometer logistically difficult. Specifically, sample temperature
control on the current. Diatron instrument was not optimum for the SDA reaction. |
Consequently, SDA was also performed in the presence of the detector probe in
microcentrifuge tubes using a temperature controlled water bath, with subsequent
measurement of FP values in the fluorometer. Samples containing M. fuberculosis DNA
exhibited detectably higher FP values than the samples lacking M. tuberculosis DNA even
when only 1 M. fuberculosis genome was present as a target. Although FP .values generally
increased with increasing levels of initial M. fuberculosis DNA, FP values tended to reach a
maximum level over a range of target input levels. This was due to the low concentration of
detector probe used to increase sensitivity, which resulted. in complete conversion of the
detector probe to double-stranded form (probe saturation).

Samples which truly lacked M. ruberculosis target DNA exhibited FP values
characteristic of single-stranded detector probe (in this case, about 40-45 mP for fluorescein
and about 60 mP for La Jolla Blue - "LJB"). Any observed increase in FP values for these zero
target samples may theoretically derive from two sources. First, there may have been
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[err] Ec oﬂ-ecﬂsatln'oﬁgﬂbaol@r@ndd@hddxzam (Elg rtocttie hgmanv®NA which is often present in
test samples) or through spurious polymerase activity such as extension of a transiently formed

" hairpin in the detector probe. Two types of control samples have been analyzed to elucidate
possible sources of background signal in zero target samples. One type of control sample
contained dATP instead of JATPuS in the SDA reaction. Substitution of dATP allowed any
nonspecific extension of the detector probe by exo~ Klenow, but disabled the SDA mechanism
by allowing double-stranded cleavage of HinclI sites. The second type of control sample did
not contain exo~ Klenow. This disabled both SDA and any nonspecific detector probe
extension. Controls without polymerase therefore revealed any nonspecific, direct
hybridization of the detector probe with non-target DNA. Analysis of these control samples
and the zero target samples indicated that nonspecific hybridization of the detector probe is
extremely low and not mediated by exo~ Klenow. The slightly higher FP values which may be
recorded upon amplification of zero target samples probably reflect minute contamination with
target'DNA.

The following experimental examples are provided to illustrate certain embodiments of
the invention but are not intended to limit the invention as defined by the appended claims.
The sequences of the oligonucleotides used in the examples are as follows:

OLIGONUCLEOTIDE SEQUENCE SEO ID NO:
5$dGCATTATAGTACCTGTCTGTTGACACTGAGATCCCCT?' SEQ ID NO: 1
5'dTTGAATAGTCGGTTACT’I‘G77GACGGCGTACTCGACC3' SEQ ID NO: 2
5'dTGGACCCGCCAAC? SEQ ID NO: 3
5dCGCTGAACCGGAT? SEQ ID NO: 4
SLIB-dTGAAAGACGTTATCCACCATACGGATAGY SEQ ID NO: 5
5'F-dGGAATTCATCCGTATGGTGGATAACGTCTTTCA3' SEQ ID NO: 6
SF-dATCCGTATGGTGGATAACGTCTTTCA?Y | SEQID NO: 7
5dTGAAAGACGACGTTATCCACCATACGGATGAATTCC? SEQ ID NO: 8

5dTGAAAGACGTTATCCACCATACGGAT? SEQ ID NO: 9
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EXAMPLE 1

FP values were monitored in real-time during SDA of samples containing M.
tuberculosis target DNA and a La Jolla Blue labelled detector probe (SEQ ID NO: 5). SDA
reaction conditions were modified to improve sensitivity as described above and dUTP was
substituted for TTP to allow subsequent inactivation of amplicons using UDG. Each 120 pL
sample contained 50 mM K,PO, (pH 7.6), 7 mM MgCl,, 0.5 mM dUTP, 0.2 mM each dGTP,
dCTP and dATPaS, 16% (v/v) glycerol, 0.1 mg/mL BSA, 0.001% Tween-20, 100 ng human
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placental DNA, 100 nM primer S; (SEQ ID NO:2), 300 nM primer S, (SEQ ID NO:1), 25

nM each primers B; and B, (SEQ ID NO:3 and SEQ ID NO:4), 300 units HincIl (New
England Biolabs), 0.25 units exo~ Klenow (United States Biochemical), 500 pM La Jolla Blue
labelled detector probe (SEQ ID NO: 5) and the amounts of M. tuberculosis genomic DNA
indicated in Fig. 3. The reactions in this example correspond to Fig. 2, with the detector probe
hybridizing downstream of S;.

La Jolla Blue was conjugated to the 5'-end of the oligodeoxynucleotide detector probe
as previously described (Devlin, et al., supra). This detector probe hybridizes to nucleotide
positions 985-1012 of the 1S6110 element found in the M. tuberculosis genome (Nucl. Acids
Res. 1990. 18, 188). The site of detector probe hybridization is contained in the target
sequence being amplified (nucleotide positions 972-1023). For each sample, all reagents
except Hincll and exo~ Klenow were assembled in a microcentrifuge tube, the sampie was
heated in a boiling water bath for 2 minutes and then equilibrated at 40°C in a water bath. The

“samples were transferred to glass cylindrical cuvettes (4 mm inner diameter, 23 mm height),

equilibrated at 40°C in the fluorometer, and Hincll and exo~ Klenow were added.
Fluorescence polarization values were recorded (Devlin et. al. 1993, supra) as SDA proceeded
at 40°C. '

In this experiment, SDA was performed in the Diatron transient state fluorometer. FP
values were recorded as a function of time for the three samples containing the indicated
amount of target DNA. FP values were expressed as millipolarization units (mP): FP (mP) =
1000[S(par)-S(perp))/[S(par)+S(perp)]. S(par) and S(perp) represent the total number of
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perpendicular (perp) positions, respectively. Fig. 3 is a plot of FP values as a function of time.
Single- to double-stranded conversion of the detector probe, as evidenced by increasing
fluorescence polarization values, was found to be dependent upon the initial concentration of
M. tuberculosis DNA. Samples containing higher initial levels of target converted more
rapidly than those containing lower initial levels or target. In contrast, the sample lacking M.
tuberculosis target DNA exhibited no substantial increase in FP values.

EXAMPLE 2

SDA reactions were performed as described in Example 1, but FP values were
measured after termination of SDA. The La Jolla Blue detector probe (SEQ ID NO: 5) was
present during SDA at 500 or 50 pM. SDA proceeded for 3 hours in microcentrifuge tubes
maintained at 41°C in a water bath and was terminated by addition of EDTA to 8 mM. The
samples were transferred to glass cylindrical cuvettes (4 mm inner diameter, 23 mm height) and
read on a Diatron transient-state fluorometer. FP values (mP) were taken for samples
containing various levels of input target M. tuberculosis DNA. Two additional control
reactions were also included. One incorporated dATP instead of dATPaS during SDA, which
supports general enzyme aciivity for Hincll and exo~ Klenow but does not support
amplification of the target. The second control lacked exo~ Klenow.

The results, after completion of SDA, are shown in Fig. 4. All samples containing M.
tuberculosis target DNA exhibited higher FP values than the samples lacking M. tuberculosis
DNA due to target-dependent single- to double-stranded conversion of the La Jolla Blue
labelled detector probe during SDA. With 500 pM of detector probe, there was a trend
toward decreasing magnitude of the change in FP values with decreasing levels of M.
tuberculosis DNA. This decrease in magnitude, if any, was minimal with 50 pM of detector
probe, suggesting probe saturation. However, the poor signal to noise ratio obtained with the
lower detector probe concentration also compromises accuracy. The zero M. tuberculosis
DNA samples, with 500 pM detector probe, displayed FP values slightly higher than the two
control samples ("dATP" and "no exo~ Kienow"), probably due to accidental contamination
with minute quantities of the IS6110 target sequence. IS6110 is present in about 10 copies per
M. tuberculosis genome, an amount of target sequence which is amplifiable by SDA even if
only one contaminating genome is present. Analysis of the two control reactions indicated that
the polymerase did not convert single-stranded detector probe to double-stranded form in a
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oligonucleotides were purified by denaturing gel electrophoresis. FP values for fluorescein
were recorded on an FPM 1 steady state fluorometer from Jolley Consulting and Research,
Inc., 34469 N. Circle Dr., Round Lake, IL 60073. This instrument uses disposable 12x75 mm
test tubes (Fisher) with a minimum sample volume of 1 mL.

EXAMPLE 4

Samples (100 pL) of 10 nM SEQ ID NO: 6 with or without 10 nM SEQ ID NO: 8 (the
complement of SEQ ID NO: 6) were prepared in 4mM TAE, 50 mM NaCl, pH 7.8. Control
samples, containing oligonucleotides which lacked an EcoRI recognition site, were similarly
constructed using SEQ ID NO: 7 with and without its complement (SEQ ID NO: 9). These
samples were incubated for 30 minutes at 37°C and then diluted to 1 mL using 55 mM NaCl,
22 mM TRIS-HCI (pH 7.5), 0.7 mM K,PO, (pH 7.4), 1.1 mM EDTA, 0.7 mM beta
mercaptoethanol, 13 ug/mL BSA, 0.02% Triton X-100, 7% glycerol. FP values were
recorded at 37°C on the FPM-1 instrument. Then 5 uL of 100,000 units'mL EcoRI (New
England BioLabs) or 5 puL of 1.6 uM EcoRI (Gin 111) were added, and FP readings were
taken at the indicated times. The results, 1 hour post-addition of DNA binding protein, are
shown in Fig. 5.

FP values increased from 45.6 to 64.1 mP upon hybridization of SEQ ID NO: 6 to its
complement (SEQ ID NO: 8), corresponding to a change of 18 mP. Inclusion of EcoRI
increased the change in FP accompanying the conformational transition from 18 mP to 133 mP
(181.2 - 48.2 = 133 mP). EcoRI (Gin 111) enhanced the increase in FP by 185 mP (242.1 -
57.3 = 185 mP). Not only did EcoRI (GIn 111) enhance the increase in FP to a greater extent
than EcoRI, FP was stable over a longer period of time. This effect may be due to the tighter
binding of EcoRI (Gin 111), resulting in relatively less dissociation of the protein from its
recognition site as compared to EcoRL In contrast, addition of the double-stranded DNA
binding protein did not enhance the increase in FP associated with conversion from single- to
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SDA was performed in the presence of fluorescent detector probes (SEQ ID NO:6 or
SEQ ID NO:7) on samples containing M. fuberculosis DNA. SEQ ID NO:7 has the same
target binding sequence as SEQ ID NO:6, but lacks the EcoRI binding site present in SEQ ID
NO:6. FP values were measured after completion of the SDA reaction, before and after
addition of EcoRI or EcoRI (GIn 111). Both double-stranded DNA binding proteins were
added to the sample containing SEQ ID NO: 7. SEQ ID NO: 6 and SEQ ID NO: 7 hybridize
to nucleotide positions 985-1010 of the IS6110 element which is contained in the sequence
undergoing SDA (nucleotide positions 972-1023). SDA reactions (100 uL) were generally
performed as in Example 2 but with the following exceptions: SEQ ID NO: 7 or SEQ ID NO:
6 were included at 10 nM in place of SEQ ID NO: 5. The concentrations of §; (SEQ ID
NO:2) and S, (SEQ ID NO:1) were 300 and 50 nM, respectively. In this example, in contrast
to Example 1 and the illustration of the invention in Fig. 2, hybridization of the detector probe
was downstream from S,. Aiso, 1 unit of exo~ Klenow was used. Each SDA reaction
contained 106 M tuberculosis genomes, but 10 mM EDTA was added to some samples to
inhibit SDA ("no SDA" controls). Following SDA, the samples were diluted as in Example 4
to 1 mL in disposable 12 x 75 mm glass tubes (Fisher) and incubated for 20 minutes at 37°C
before recording FP values on the FPM I instrument at 37°C. Following the initial FP reading,
5 uL of 100,000 units/mL EcoRI or 5 pL of 1.6 uM EcoRI (Gin 111) were added. The
samples were then incubated at 37°C, and FP values were recorded.

The results, 2 hours post-addition of the double-stranded DNA binding protein, are
shown in Fig. 6. SDA of M. tuberculosis DNA was observed as an increase in FP values for
SEQ ID NO: 6 and SEQ ID NO: 7 before protein addition, indicating conversion to double-
stranded form. FP values for the control, SEQ ID NO:7, increased from 21.3 mP upon SDA
of the target M. fuberculosis sequence. Addition of EcoRI (Gln 111) increased the magnitude
of the difference in FP between sitigle-_stranded and double-stranded forms to 89.4 mP for
amplified samples containing SEQ ID NO:6 (in which a double-stranded EcoRI recognition
site is generated). No such effect was observed upon addition of EcoRI (Gin 111) to amplified
samples containing SEQ ID NO:7. In unamplified samples (in which the EcoRI site remained
‘single-stranded) addition of EcoRI (Gin 111) did not result in any increase in FP over values
expected for single-stranded probe alone. Compared to Example 4, which analyzed only the
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det ect or “probes as : e series of sanples contgi.ned yaryin

| evel s ofequired inkbiscurperimentita ohservele ephanceq increassin ERyvaluesonl g mag &P@Y'f n

111) . As sBné rHbifidy of tHeStotein 8indiag probd¥underdifie @ehditions of SDA. In contrast to
Example 4, EcoRI did not enhance the increase in FP values upon SDA amplification of SEQ

ID NO:6 in spite of the double-stranded EcoRI binding site.

EXAMPLE 6

SDA was performed with SEQ ID NO: 6 or SEQ ID NO: 7 detector probes as in
Example 5. The series of samples contained varying levels of M. fuberculosis target DNA with
post-SDA addition of EcoRI (Gln 111). As previously noted, the SEQ ID NO: 7 detector
probe has no EcoRI recognition site and should not bind EcoRI (Gin 111). A control SDA
reaction which included 100,000 M. fuberculosis genomes and dATP instead of dATPaS was
also performed. Following SDA, these 100 pL samples were diluted to 1 mL with buffers as in
Example 4 and incubated at 37°C for 20 minutes. FP values were recorded on the FPM 1
instrument. After the initial FP readings, 5 uL of 1.6 uM EcoRI (Gin 111) were added, and
FP readings were recorded. The results for SEQ ID NO: 7, at 1.5 hours post-addition of
double-stranded DNA binding protein, are shown in Fig. 7. The results for SEQ ID NO: 6, at
3.5 hours post-addition, are shown in Fig. 8.

For both SEQ ID NO: 6 and SEQ ID NO: 7, higher FP values were observed for all
samples containing M. tuberculosis DNA as compared with the zero M. tuberculosis DNA
sample before addition of EcoRI (Gin 111). The slightly higher FP values for the zero M.
tuberculosis DNA samples compared with the negative control samples containing dATP
instead of dATPaS ("no SDA" in Fig. 7 and Fig. 8) suggested that the zero M. fuberculosis
samples were slightly contaminated with a few target molecules. Addition of EcoRI (Gin 111)
enhanced the sensitivity of M. fuberculosis detection for SEQ ID NO: 6 (Fig. 8) but not SEQ
ID NO: 7 (Fig. 7), which has no EcoRI recognition site.

EXAMPLE 7

Because SDA reactions contain magnesium, which activates EcoRI cleavage of double-
stranded DNA, natural EcoRI cannot be present during SDA. It can be added post-SDA if
enough EDTA is available to coordinate magnesium atoms. In contrast, EcoRI (Gin 111) does
not cleave DNA even in the presence of magnesium. SDA was performed as in Example 6 in
the presence of both SEQ ID NO: 6 and EcoRI (Gin 111). One pL of 8 uM EcoRI (Gin 1 11)



probe has no EcoR recognition site and shoul d not bind EclbREPLACEMENT)SHEET
control SDA reaction which included 100,000 M t'ubercul osi s|l genogeg NOV 1985 P
instead of [err] was also perfornmed. Followi ng SDA, these |[|GBt§t-sanptes

were diluted to 1 mL with buffers as in Exanple 4 and i ncubatead at-[err]
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In samples containing 1000 M. tuberculosis genomes or more, amplification was

detectable above the controls which contained zero M. fuberculosis genomes. This sensitivity
was less than that observed in Example 6, probably due to a general inhibition of SDA by
EcoRI (Gin 111).
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NUCLEIC ACID AMPLIFICATION

(iii) NUMBER OF SEQUENCES: 9

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Richard J. Rodrick, Becton Dickinson and
Company '
(B) STREET: 1 Becton Drive
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(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
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(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GCATTATAGT ACCTGTCTGT TGACACTGAG ATCCCCT - | 37
(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

TTGAATAGTC GGTTACTTGT TGACGGCGTA CTCGACC
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
TGGACCCGCC AAC
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
. (A) LENGTH: 13 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CGCTGAACCG GAT
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
TGAAAGACGT TATCCACCAT ACGGATAG
(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

i nhi bition of SDA by EcoRl (A n 111).
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ACI D AMPLI FI CATION (iii) NUVBER OF SEQUENCES: 9 (iv) CORRESPONDENCE

ADDRESS: (A) ADDRESSEE: Richard J. Rodrick, Becton D ckinson and
' 25
(ii) MOLECULE TYPE: DNA (genomic)

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GGAATTCATC CGTATGGTGG ATAACGTCIT TCA
(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
ATCCGTATGG TGGATAACGT CITTCA
{(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: gingle
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
TGAAAGACGA CGTTATCCAC CATACGGATG AATTCC
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

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

TGAAAGACGT TATCCACCAT ACGGAT
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WHAT [S CLAIMED IS:

I A method for detecting amplification of a double-stranded nucleic acid target sequence
in a Strand Displacement Amplification reaction (SDA), the method comprising: _
a) including in the SDA reaction a first amplification primer for SDA which
hybridizes to a first strand of the target sequence, and a fluorescently-labeled single-
stranded detector probe which hybridizes to the first strand of the target sequence
downstream of the first amplification primer;
b) extending the first amplification primer and the detector probe on the target
sequence, thereby (i) producing a detector probe extension product which is displaced
from the first strand of the target sequence by extension of the first amplification primer
~ and (ii) amplifying the target sequence;
c) hybridizing to the extension product a second amplification primer for SDA
which hybridizes to a second strand of the target sequence complementary to the first
strand of the target sequence;

d) extending the second amplification primer, thereby converting the detector
probe extension product to double-stranded form, and,
e) detecting target amplification by measuring fluorescence polarization.
2. The method of Claim | wherein the detector probe is labeled with La Jolla Blue or
fluorescein.
3. The method of Claim 1 wherein fluorescence polarization is measured during

amplification by transient state fluorescence polarization.

4 The method of Claim | wherein fluorescence polarization is measured after target ‘
amplification by steady state or transient state fluorescence polarization.

5. The method of Claim 1 further comprising quantitating the initial concentration of the
target sequence from the measured fluorescence polarization.

6. The method of Claim 1 wherein the detector probe comprises a recognition site for 2
nucleic acid binding protein.

7. A method for detecting amplification of a nucleic acid target sequence mn an
amplification reaction, the method comprising:
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a) including in the amplification reaction a first amplification primer which
hybridizes to a first strand of the target sequence and a fluorescently-labeled detector
probe which hybridizes to the first strand of the target sequence downstream of the first
amplification primer;
b) extending the first amplification primer and the detector probe on the target
sequence, thereby (i) producing a detector probe extension product which is displaced
from the first strand of the target sequence by extension of the first amplification primer
‘and (i1) amplifying the target sequence;
c) hybridizing to the detector probe extension product a second amplification
primer which hybridizes to a second strand of the target sequence complementary to
the first strand of the target sequence:

d) extending the second amplification primer, thereby converting the detector
probe extension product to double-stranded form, and;
e) detecting target amplification by measuring fluorescence polarization.

8. The method of Claim 7 wherein the amplification reaction is SDA.

9. The method of Claim 7 wherein the amplification reaction is PCR.

10.  The method of Claim 7 wherein the amplification reaction is 3SR.




(xi). SEQUENCE DESCRI PTI ON: SEQ I D NO 1: GCATTATAGI ACCTGT
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(i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 37 base pairs (B)
acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear REPLA
Dat e: 06 NOV 1995 -

37 (2) | NFORVATION F

1

FIG-1A

denature target
and bind primers

a 5!
5'131‘@ |

and Hincll

. add exo‘KIenowlprimer extension and

l.-* Bz

\ Siext 52
B1

lopposi’re primers bind
91\3.1- to Si7ext and Sp7ext

" §q SoText \

;\ Bo

2
*exfension and

displacement
&opposi’re primers bind

* extension

displacement using dGTP,
dCTP, dUTP and dATPaS




24 (ii) MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE DESCRI PT||(REPISIQEMENT SHEET
NO 2: TTGAATAGTC GGITACTTGI TGACGGCGTA CTCGACC _ V 1995 .
37 (2) I NFORVATION FOR SEQ ID NO 3: (i) SEQUENCE CHARACTERI qu,t@,;ﬂ(ﬁx)m --------------- :
LENGTH: 13 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS—stngre (D) '
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomc) (xi) SEQUENCE
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(2) INFORMATION FOR SEQ ID NO 4: (i) SEQUENCE CHARACTERI STICS!
13 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. si ng _G __________________________ |
linear (ii) MOLECULE TYPE: DNA (genomc) (xi) SEQUENCE DESGRLRLLCN. ' :

NO 4: CGCTGAACCG GAT

13 (2) I NFORVATION FOR SEQ ID NGO 5: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 28 base pairs (B) TYPE: nucleic a3ci d
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(C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE RERbACEMENT SHEET
(genoni c) (xi) SEQUENCE DESCRI PTION: SEQ I D NO 5: TGAAAGAQET. TATPG NOATISE
ACGGATAG 28 (2) | PO AATI- O R ee-

SEQ ID NO 6: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 33 base pairs (B)
TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear
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SEQUENCE DESCRI PTI ON: SEQ I'D NO 6: GGAATTCATC CGTATGGTGG AJJAACGT
33 (2) | NFORMATI ON FOR SEQ ID NO 7: (i) SEQUENCE CHARACTERISH§tes

LENGTH: 26 base pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA_(.’genom' C)
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 7: ATCCGTATGG TGGATAACGT|| REPLABEMENT SHEET
26 (2) I NFORMATION FOR SEQ ID NG 8: (i) SEQUENCE CHARACTERI S
LENGTH:. 36 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS]
TOPOLOGY: li-near (ii) MOLECULE TYPE: DNA (genomic) (xi) SEQU
DESCRI PTI ON:  SEQ I D NO 8: TGAAAGACGA CGIFATCCAC CATACGGATG AATTCC
36 (2) I NFORMATION FOR SEQID NO 9: (i) "SEQUENCE-CHARALTERI STI CS:
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(A) LENGTH: 26 base pairs (B) TYPE: nucleic acid (C) STRAN DﬁE%%AGEMﬁEJTé‘“EET
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomc) (xi) SBQJEI\@ES NOV 1335
DESCRI PTION: SEQ I D NGO 9: TGAAAGACGT TATCCACCAT ACGGAT g -/ oo
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Amplification reaction (SDA), the nethod conprising: a) OC nrﬁ"r'fr'i"'l"r'i" CHE |
SDA reaction a first anplification prinmer for SDA which hybridizes to a

first strand of the target sequence, and a fluorescently-I|abel ed single-
stranded detector probe which hybridi zes_éf the first strand of the target
sequence downstreamof the first anplifieation priner; b) extendi ng the
first anmplifig pri and the detector probe on the target sequence,
thereby (i) er;I‘lEx tector probe extension product which is displaced
fromthe first strand of the target sequence by extension of the first
anplification primer and (ii) anmplifying the target sequence; c) :

hybridi zing to the extension product a second anplification primer for SDA
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product to doubl e-stranded form and; e) detecting target anplification
by neasuring fluorescence polarization. 2. The nethod of Claiml wherein
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anplification priner; b) extending the first anplificat @FPMQFMEI\H'WEET
the detector probe on the target sequence, thereby (i) profluci nga:

probe extension product which is displaced fromthe first a&haﬂaﬁﬁﬁﬂgiiﬂ{p
target sequence by extension of the first anplification priner and (r1) '
anplifying the target sequence; c) hybridi zing to the detector probe

extension product a second anplification primer which hybridizes to a
second strand of the target sequence conplenentary to the first strand of

the target sequence; d) extendi ng. the second anplification prinmer,
t hereby converting the detector probe extension product to doubl e-stranded
form and; e) detecting target anplifiddtion by neasuring fluorescence
pol ari zation. 8. The nethod of Claim7 wherein the anplification
reaction is SDA 9. The method of Claim7 wherein the anplification
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FLUORESCENCE POLARIZATION DETECTION OF NUCLEIC
ACID AMPLIFICATION

ABSTRACT

Fluorescence polarization methods for detection of nucleic acid amplification. A
fluorescently labelled oligodeoxynucleotide probe is converted from single- to double-stranded
form in a target dependent manner during amplification of the target sequence. This
conformational change is accompanied by an increase in fluorescence polarization values. The
iincrease in fluorescence polarization can be measured on a transient-state fluorometer in real-

* time during the amplification reaction without any physical manipulation of the sample. The
inventive methods therefore provide a closed, homogeneous system for both amplification of
target sequences and detection of amplification. Alternatively, amplification may be detected
in the fluorometer after the amplification reaction is completed.



