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Description
Background:
1. Technical Field

[0001] Thisinvention is related to the field of probe based nucleic acid sequence detection, quantitation and analysis.
More specifically, this invention relates to methods, kits and compositions suitable for suppressing the binding of de-
tectable nucleic acid probes or detectable PNA probes to non-target sequences in an assay for detecting a target
sequence of a nucleic acid molecule of interest.

2. Background Art

[0002] Probe-based assays are useful in the detection, quantitation and analysis of nucleic acids. Nucleic acid probes
have long been used to analyze samples for the presence of nucleic add from a bacteria, fungi, virus or other organism
(See for example; US patents: 4,851,330,5,288,611, 5,567,587, 5,601,984 and 5,612,183). Probe-based assays are
also useful in examining genetically-based disease states or clinical conditions of interest. Nonetheless, probe-based
assays have been slow to achieve commercial success. This lack of commercial success is, at least partially, the result
of difficulties associated with specificity, sensitivity and reliability.

[0003] Nucleic add hybridization is a fundamental process in molecular biology. Sequence differences as subtle as
a single base (point mutation) in very short oligomers (< 10 base pairs "bp") can be sufficient to enable the discrimination
of the hybridization to complementary nucleic acid target sequences as compared with non-target sequences. None-
theless, nucleic acid probes of greater than 10 bp in length are generally required to obtain the sequence diversity
necessary to correctly identify a unique organism, disease state or clinical condition of interest. However, the ability to
discriminate between closely related sequences is inversely proportional to the length of the hybridization probe be-
cause the difference in thermal stability decreases between wild type and mutant complexes as the probe length in-
creases. Consequently, the power of probe based hybridization to correctly identify the target sequence of interest
from closely related (e.g. point mutations) non-target sequences can be very limited.

[0004] An extensive review of the "Prinaples and Practices of Nucleic Acid Hybridization" is available (See: David E
Kennell, Prinaples and Practices of Nucleic Add Hybridization, pp. 259-301). In the manuscript, the author discusses
the "Use of Competitor RNA to Estimate Specifiaty". This process is based on the principle that two identical molecules
will compete with each other for a common binding site. This principle is applied to assess similarities between two
RNA populations competing for a common DNA. Typically, one population of RNA is labeled and the competitor pop-
ulation of RNA is unlabeled. The competition assay is used to estimate the degree of relation between the through the
two RNA species. A process called "presaturation competition", wherein the unlabeled competitor RNA is hybridized
to the DNA before hybridization of the labeled RNA, has been reported to be useful in improving the results of this type
of assay (See: p 297). However, the author warns that "great caution should be exercised " in interpreting the data
from these assays (See: p.291 and p. 298 first full paragraph). No data is provided which quantitates the benefits
associated with the application of this methodology.

[0005] Gray et al. describe in-situ methods for chromosome-spedfic staining wherein the hybridization of labeled
nucleic acid fragments to repetitive sequences of chromosomal DNA is disabled (See: Gray et al. US Pat. No.
5,447,841). In one embodiment of the invention, disabling of the hybridization capacity of the repetitive DNA sequences
within nucleic acid fragments involves blocking the repetitive sequences by pre-reassociation of fragments with frag-
ments of repetitive-sequence-rich DNA, by pre-reassociation of target DNA with fragments of repetitive-sequence-rich
DNA, or pre-reassociation of both the fragments of the heterogeneous mixture and the target DNA with repetitive-
sequence-rich DNA (See: col. 9, Ins. 58-68). The pre-reassociation procedure may be performed in a number of differing
formats (See: claims 2-5). This method provides blocking sufficient to permit detection of large labeled nucleic add
(greater than 1000 bp) hybridized to chromosomal DNA (See: Claim 1). No data is provided which quantitates the
benefits associated with the application of this methodology. Moreover, this treatment merely results in nucleic acid
fragments whose repetitive sequences are blocked by complementary fragments such that sufficient unique sequence
regions remain free for attachment to chromosomal DNA during the in-situ hybridization step (See: col. 10, Ins. 3-13).
[0006] Hybridization assays hold promise as a means to screen large numbers of patient samples for a large number
of mutations. In practice, however, it is often difficult to multiplex an assay given the requirement that each of the many
very different probes in the assay must exhibit a very high degree of specificity for a specific target nucleic acid under
the same or similar conditions of stringency. Recently however, a probe based assay has been shown to be effective
at selectively detecting up to twelve cystic fibrosis transmembrane conductance regulator (CFTR) mutations using
pools of allele specific oligonucleotides "ASOs" (See: Shuber et al., Human Mol. Gen., (1993) 2, 153-158). The authors
utilized a tetramethylammonium chloride (TMAC) buffer to eliminate variability in the affinity of the nudeic acid probes

MPI EXHIBIT 1061 PAGE 2



10

15

20

25

30

35

40

45

50

55

EP 0946 750 B1

for their complementary target nucleic acid sequences. Interestingly, the authors describe the use of labeled and un-
labeled nucleic acid probes in the hybridization cocktail. However, there is no discussion of the rational for applying
this methodology and there is no data provided which quantitates the benefits associated with application of this tech-
nology.

[0007] More recently, Shuber and his coworkers introduced a technique they coined MASDA (multiplex allele specific
diagnostic assay). See: Shuber et al. Human Mol. Gen. (1997) 6, 337-347. In this assay, a single hybridization is
performed with a pool of allele specific oligonucleotide probes. The ASOs are affinity purified from the pool by hybrid-
ization to the target nucleic add (patient sample) which has been immobilized to a surface. Probes, which hybridize to
the target nucleic acid, are thereafter eluted from the surface and analyzed to thereby determine the presence or
absence of one or more clinical conditions of interest. The authors report that they observe such a high degree of
specificity of hybridization of the component labeled ASOs of the pool that, in a single assay, the method is capable
of analyzing greater than 500 samples for greater than 100 known mutations. As in the prior Shuber publication, the
authors describe the use of a hybridization cocktail containing both labeled and unlabeled probes. This cocktail is
prepared to achieve uniform hybridization signals in the assay. However, no data is provided which quantitates the
benefits associated with the application of this methodology.

[0008] It has been reported that oligonudeotides can be used to reduce or eliminate the hybridization of target probes
to non-target sequences (See: Arnold, L.J. Jr.; European Patent Application, EP-A-304,184). However, despite recog-
nizing the difficulty of nucleic acid point mutation analysis, Arnold does not expressly describe, suggest or teach that
his invention is suitable for point mutation analysis. More importantly, the model systems used as Examples to illustrate
his invention have a two base pair mismatch between the target probe and the non-target probe. Additionally, an
important recognized limitation of the Arnold invention is the potential for reduction in specific signal caused by the
cross reaction between the target sequence and non-target probe to thereby form a target sequence/non-target probe
hybrid (See: p. 3, Ins. 27-31 and Ins 48-50). This may explain why Arnold specifically expresses a preference for lower
ratios of non-target probe to target probe (See: p. 7, Ins. 53-54). The data in Tables 1-4 clearly demonstrates that as
the ratio of non-target probe to target probe increases, there is a substantial decrease in the specific signal.

[0009] In a similar fashion, the use of "blocking oligonucleotides" to suppress the capture of amplified nucleic acids
of non-target organisms has also been described (See: Nycz et al, European Patent Application EP-A-725,148). Unlike
Arnold, Nycz et al. did utilize "blocking oligonucleotides" which were single point mutations of the capture probes used
to immobilize the amplicons to a support and thereby achieve species specific detection of nucleic acid samples.
However, Nycz et al. used capture probe to blocker probes ratios of only 1 to 1 (See: discussion of Examples 2-5).
Like Arnold, Nycz et al. observed as much as a thirty percent reduction in specific signal in one assay (See: The
discussion of Example 3 on page 11) and careful analysis of the data provided in the Tables likewise revealed significant
signal reductions in almost all cases for which comparative data was shown.

[0010] The background art thus far discussed does not disclose, suggest or teach anything about Peptide Nucleic
Acids (PNAs).

[0011] Peptide Nucleic Acids (PNAs) are non-naturally occurring polyamides which can hybridize to nucleic acids
(DNA and RNA) with sequence specificity. (See United States Patent No. 5,539,082 and Egholm et al., Nature (1993)
365, 566 568 as well as Pluskal et al., Faseb Journal, Abstract No. 35, 1994)). PNA's are candidates for investigation
as alternatives/substitutes to nucleic acid probes in probe-based hybridization assays because they exhibit several
desirable properties. PNA's are achiral polymers which hybridize to nucleic acids to form hybrids which are more ther-
modynamically stable than a corresponding nucleic acid/nucleic acid complex (See: Egholm et. al., Nature (1993) 365,
566-568 as well as Pluskal et al., Faseb Journal, Abstract No. 35, 1994)). Being non-naturally occurring molecules,
they are not known to be substrates for the enzymes which are known to degrade peptides or nucleic acids. Therefore,
PNA's should be stable in biological samples, as well as, have a long shelf-life. Unlike nucleic acid hybridization which
is very dependent on ionic strength, the hybridization of a PNA with a nucleic acid is fairly independent of ionic strength
and is favored at low ionic strength under conditions which strongly disfavor the hybridization of nucleic acid to nucleic
acid (See: Egholm et. al., Nature, p. 567). The effect of ionic strength on the stability and conformation of PNA com-
plexes has been extensively investigated (See: Tomac et al. J. Am. Chem. Soc. (1996) 118, 5544-5552). Sequence
discrimination is more effiaent for PNA recognizing DNA than for DNA recognizing DNA (See: Egholm et al., Nature,
p. 566). However, the advantages in point mutation discrimination with PNA probes, as compared with DNA probes,
in a hybridization assay appears to be somewhat sequence dependent (See: Nielsen et al. Anti-Cancer Drug Design
(1993) 8, 53 65). As an additional advantage, PNA's hybridize to nucleic add in both a parallel and antiparallel orien-
tation, though the antiparallel orientation is preferred (See: Egholm et al., Nature, p. 566).

[0012] PNAs are synthesized by adaptation of standard peptide synthesis procedures in a format which is now com-
mercially available. (For a general review of the preparation of PNA monomers and oligomers please see: Dueholm
etal., New J. Chem. (1997), 21, 19-31 or Hyrup et. aL, Bioorganic & Med. Chem. (1996) 4, 5-23). Labeled and unlabeled
PNA oligomers can be purchased (See: PerSeptive Biosystems Promotional Literature: BioConcepts, Publication No.
NL612, Practical PNA, Review and Practical PNA, Vol. 1, Iss. 2) or prepared using the commercially available products.
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[0013] Labeled PNA probes have been hybridized to target nucleic acid subsequences of denatured dsDNA as a
means to detect the presence and amount of the DNA of interest in an assay coined "pre-gel hybridization" (See:
O'Keefe et al. Proc. Natl. Acad. Sci. USA (1996) 93,14670-14675). This assay relies on the rapid kinetics of PNA/DNA
hybrid formation and the relatively slow rate of reannealing of the dsDNA. Thus, under conditions of low salt, the sample
is analyzed for the presence of the PNA/DNA hybrid before the PNA/nucleic add complex is dissociated by the rean-
nealing/reformation of the dsDNA. "Pre-gel hybridization" is reported to provide very good discrimination of point mu-
tations in a DNA sample (See: figure 4 of the O'Keefe manuscript and the associated description).

[0014] In a similar manner, unlabeled PNAs have been shown to be effective at blocking the interstrand and intras-
trand interactions of dsDNA to thereby enhance the PCR amplification of variable numbers of tandem repeat (VNTR)
loci (See: Demers et al. Nucl. Acids Res., (1995) 23, 3050-3055 and US Pat. No. 5,656,461). For this application, the
unlabeled PNAs need to be designed such that they form PNA/nucleic add hybrids which are stable enough to disrupt
the interstrand and intrastrand interactions of dsDNA. However, the PNA/nucleic acid complex must be susceptible to
dissociation by the operation of the polymerase during primer extension.

[0015] In still another related application, a process coined "PCR clamping" can be used to obtain point mutation
discrimination when directing unlabeled PNAs of defined sequence to interfere with the PCR process (See: @rum et
al. Nucl. Acids Res. (1993), 21, 5332-5336). In one embodiment of PCR clamping, an unlabeled PNA, which is identical
in nucleobase composition to the PCR primer, competes with the PCR primer for binding to the common recognition
site. In another embodiment, the target site for the unlabeled PNA is located within the PCR amplicon region. In this
embodiment, clamping operates if the PNA/nucleic acid hybrid is stable enough to prevent read through by the polymer-
ase. In yet another embodiment, the target site for the unlabeled PNA is located adjacent to the PCR priming site. In
this embodiment, PCR clamping may operate either by preventing read through of the polymerase or by preventing
(blocking) primer annealing. To obtain point mutation discrimination using PCR clamping, longer mutant and wild type
nucleic acid PCR primers are designed such that amplification proceeds only if the longer PCR primer is a perfect
complement to the recognition site and thereby out competes the unlabeled PNA for binding within that site. PCR
damping has recently been directed to analysis of the Ki-ras mutations of codon 12 and 13 (See: Thiede et al. Nucl.
Acids Res. (1996) 24, 983-984).

[0016] Very recently, the "Hybridization based screening on peptide nucleic acid (PNA) oligomer arrays" has been
described wherein arrays of some 1000 PNA oligomers. of individual sequence were synthesized on polymer mem-
branes (See: Weller et al. Nucl. Acids Res. (1997) 25, 2792-2799). Arrays are generally used, in a single assay, to
generate affinity binding (hybridization) information about a specific sequence or sample to numerous probes of defined
composition. Thus, PNA arrays may be useful in diagnostic or antisence applications. However, in the present study,
the authors note that the affinity and spedficity of DNA hybridization to immobilized PNA oligomers depended on hy-
bridization conditions more than was expected. Moreover, there was a tendency toward nonspecific binding at lower
ionic strength. Furthermore, certain very strong binding mismatches were identified which could not be eliminated by
more stringent washing conditions. These results demonstrate the need for improved methods of suppressing the
binding of nucleic acids to non-complementary PNAs. Moreover, these unexplained results are also illustrative of the
lack of complete understanding of these newly discovered molecules (i.e. PNA)

[0017] There are indeed many differences between PNA probes and standard nucleic acid probes. These differences
can be conveniently broken down into biological, structural, and physico-chemical differences. As discussed above
and below, these biological, structural, and physico-chemical differences may lead to unpredictable results when at-
tempting to use PNA probes in applications were nucleic acids have typically been employed. This non-equivalency
of differing compositions is often observed in the chemical arts.

[0018] With regard to biological differences, nucleic acids, are biological materials that play a central role in the life
of living species as agents of genetic transmission and expression. Their in vivo properties are fairly well understood.
PNA, on the other hand is recently developed totally artificial molecule, conceived in the minds of chemists and made
using synthetic organic chemistry. It has no known biological function.

[0019] Structurally, PNA also differs dramatically from nucleic acid. Although both can employ common nucleobases
(A, C, G, T, and U), the backbones of these molecules are structurally diverse. The backbones of RNA and DNA are
composed of repeating phosphodiester ribose and 2-deoxyribose units. In contrast, the backbones of PNA are com-
posed on N-(2-aminoethyl)glycine units. Additionally, in PNA the nucleobases are connected to the backbone by an
additional methylene carbonyl unit.

[0020] Despite its name, PNA is not an acid and contains no charged acidic groups such as those present in DNA
and RNA. Because they lack formal charge, PNAs are generally more hydrophobic than their equivalent nucleic acid
molecules. The hydrophobic character of PNA allows for the possibility of non-specific (hydrophobic/hydrophobic in-
teractions) interactions not observed with nucleic acids. Further, PNA is achiral, providing it with the capability of adopt-
ing structural conformations the equivalent of which do not exist in the RNA/DNA realm.

[0021] The physico/chemical differences between PNA and DNA or RNA are also substantial. PNA binds to its com-
plementary nucleic acid more rapidly than nucleic add probes bind to the same target sequence. This behavior is
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believed to be, at least partially, due to the fact that PNA lacks charge on its backbone. Additionally, recent publications
demonstrate that the incorporation of positively charged groups into PNAs will improve the kinetics of hybridization
(See: lyer et al. J. BioL Chem. (1995) 270, 14712-14717). Because it lacks charge on the backbone, the stability of
the PNA/nucleic acid complex is higher than that of an analogous DNA/DNA or RNA/DNA complex. In certain situations,
PNA will form highly stable triple helical complexes or form small loops through a process called "strand displacement".
No equivalent strand displacement processes or structures are known in the DNA/RNA world.

[0022] In summary, because PNAs hybridize to nucleic acids with sequence speafiaty, PNAs are useful candidates
for developing probe-based assays. However, PNA probes are not the equivalent of nucleic acid probes. Nonetheless,
even under the most stringent conditions both the exact target sequence and a closely related sequence (e.g. a non-
target sequence having a single point mutation (a.k.a. single base pair mismatch)) will often exhibit detectable inter-
action with a labeled nucleic acid or labeled PNA probe (See: Nielsen et al. Anti-Cancer Drug Design at p. 56-57 and
Weller et al. at p. 2798, second full paragraph). Any hybridization to a closely related non-target sequence will result
in the generation of undesired background signal. Because the sequences are so closely related, point mutations are
the some of the most difficult of all nucleic acid modifications to detect using a probe based assay. Numerous diseases,
such as sickle cell anemia and cystic fibrosis, are caused by a single point mutation of genomic nucleic acid. Conse-
quently, any method, kits or compositions which could improve the specificity, sensitivity and reliability of probe-based
assays would be useful in the detection, analysis and quantitation of nucleic acid containing samples and particularly
useful for nucleic add point mutation analysis.

Disclosure Of The Invention:

1. Summary:

[0023] This invention relates to methods, kits and compositions suitable for the improved detection, quantitation and
analysis of nucleic acid target sequences using probe-based hybridization assays. The invention is more specifically
directed to methods, kits and compositions suitable for suppressing the binding of detectable probes to non-target
sequences in an assay for a target sequence of a nucleic acid target molecule. Suppression of the nonspecific binding
of detectable probe directly improves the sensitivity of the assay thereby improving the signal to noise ratio of the
assay. Suppression of nonspecific binding will also result in improvements in reliability since the incidence of false
positives and false negative should also be reduced. Because the methods, kits and compositions of this invention are
directed to the suppression of nonspecific binding of probes to nudeic acids, they are particularly well suited for the
development of sensitive and reliable probe-based hybridization assays designed to analyze for point mutations. The
methods, kits and compositions of this invention should also find utility for the detection, quantitation or analysis of
organisms (micro-organisms), viruses, fungi and genetically based clinical conditions of interest.

[0024] It has been surprisingly observed that the signal caused by the nonspecific binding of detectable probes to
one or more non-target nudeic add sequences can be dramatically suppressed by the addition of one or more unlabeled
probes wherein the sequence of the one or more unlabeled probes is complementary to one or more non-target se-
quences to which the detectable probe binds in a nonspecific manner. For example, it has been observed that the
addition of 25 equivalents of unlabeled PNA probe, having a single mismatch as compared with the labeled PNA probe,
does not substantially alter the detection linut of the assay. However, the presence of the unlabeled PNA probe resulted
in at least a 10 fold suppression in the binding of labeled PNA probe to the non-target sequence (point mutation) and
a correlating improvement of approximately 30 fold, in the signal to noise ratio of the assay (see Example 4A and
Figure 1).

[0025] When the unlabeled PNA probe was present at 500 equivalents, there was very little loss of detectable signal
(approximately 3 to 10 fold). However, suppression of binding of the labeled probe to a non-target sequence (point
mutation) is substantially improved as compared with the experiment wherein only 25 equivalents of unlabeled PNA
probe was present (Compare: Examples 4A and 4B of this specification). The results demonstrate that point mutation
discrimination improved from approximately 10 fold in the absence of the unlabeled probe to greater than 1000 fold in
the presence of high levels of unlabeled (blocker) PNA probe. Consequently, when employing the methods described
herein, one can achieve several logs of improvement in point mutation discrimination and similar dramatic improve-
ments in the dynamic range of the hybridization assay.

[0026] The applicants are not aware of any similar method suitable for obtaining such a dramatic suppression of
binding to non-target sequences and the correlating improvement in signal to noise ratio. The data presented in Ex-
ample 6, demonstrates the clear superiority of PNA probes as compared with DNA probes with regard to suppression
of binding to non-target sequences, improvement in signal to noise ratios and point mutation discrimination.

[0027] In preferred embodiments of this invention, PNA probes are used either alone or in combination with nucleic
acid probes. When combined with nucleic acid probes, the preferred combination involves unlabeled PNA probes used
to suppress the binding of detectable (labeled). nucleic acid probes to non-target sequences. In the most preferred
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embodiment of this invention, both the detectable probes and unlabeled or independently detectable probes are PNA
probes because this embodiment exhibits both the greatest ability to suppress binding to non-target sequences and
the greatest ability to discriminate point mutations.

[0028] The hybridization assay of this invention can be performed in solution. Alternatively, one or more assay com-
ponents may be immobilized to a surface. Thus, in one embodiment the nucleic acid target molecule comprising the
target sequence is immobilized to a surface. In this embodiment, the immobilized target sequence is contacted with a
solution containing the detectable and unlabeled orindependently detectable probes (e.g. dot blot format). Alternatively,
one or more probes may be immobilized on a surface and used, in a capture assay, to capture the nucleic acid target
molecule comprising the target sequence. In a preferred embodiment, arrays of greater than two probes are used to
generate binding (affinity) or sequence information about one or more nucleic acid target molecules of interest which
may be present in the sample.

[0029] In one embodiment, the invention is related to a method for suppressing the binding of detectable probe to a
non-target sequence in an assay of a sample for a target sequence. The method comprises contacting the sample
with a set containing two or more probes under conditions suitable for the probes to hybridize to nucleic acid. At least
one of the probes is a detectable probe labeled with a detectable moiety and having a sequence complementary or
substantially complementary to a target sequence. At least one of the other probes is an unlabeled or independently
detectable probe having a sequence complementary or substantially complementary to a non-target sequence. The
second step comprises detecting the presence, absence or quantity of a target sequence in the sample by directly or
indirectly detecting or quantitating the detectable moiety. At least one of either a detectable probe or an unlabeled or
independently detectable probe is a PNA probe. Preferably, the one or more unlabeled or independently detectable
probes is a PNA probe. Most preferably, all the probes are PNA probes. In preferred embodiments, the detectable
probe is perfectly complementary to a target sequence and the unlabeled or independently detectable probe is perfectly
complementary to a non-target sequence which may be present in the sample.

[0030] Inanother embodiment, the invention relates to a kit suitable for suppressing the binding of a detectable probe
to a non-target sequence in an assay of a sample for a target sequence. The kit comprises a set of two or more probes
wherein, at least one of the probes is a detectable probe labeled with a detectable moiety and having a sequence
complementary or substantially complementary to the target sequence. At least one of the other probes is an unlabeled
orindependently detectable probe having a sequence complementary or substantially complementary to the non-target
sequence. At least one of either a detectable probe or an unlabeled or independently detectable probe is a PNA probe.
Preferably, the one or more unlabeled or independently detectable probes is a PNA probe. Most preferably, all the
probes are PNA probes. In preferred embodiments, the detectable probe is perfectly complementary to a target se-
quence and the unlabeled or independently detectable probe is perfectly complementary to a non-target sequence
which may be present in the sample.

[0031] In another embodiment, the invention relates to a composition for suppressing the binding of a detectable
probe to a non-target sequence in an assay of a sample for a target sequence. The composition consists of a set of
two probes wherein, one of the probes is a detectable probe labeled with a detectable moiety and having a sequence
complementary to the target sequence. The other probe is an unlabeled or independently detectable probe having a
sequence complementary to a non-target sequence. Either of the detectable probe or the unlabeled or independently
detectable probe is a PNA probe. Preferably, the unlabeled or independently detectable probe is the PNA probe. Most
preferably, both probes of the composition are PNA probes.

[0032] In another embodiment, the invention relates to a composition for suppressing the binding of a detectable
probe to a non-target sequence in an assay of a sample for a target sequence. The composition consists of a set of
four probes wherein, one of the probes is a detectable probe labeled with a detectable moiety and having a sequence
complementary to the target sequence. The other three probes are unlabeled or independently detectable probes
having sequences which hybridize specifically with non-target sequences which are related to the target sequence as
the three possible single point mutations. Either of the detectable probe or at least one of the three unlabeled or
independently detectable probes is a PNA probe. Preferably the three unlabeled or independently detectable probes
are PNA probes. Most preferably, all probes of the composition are PNA probes.

[0033] In yet another embodiment, this invention relates to a method for suppressing the binding of a non-target
sequence to a capture probe immobilized on a surface in a capture assay of a sample for a target sequence. The
method comprises contacting the sample with a solution containing one or more blocking probes under conditions
suitable for the blocking probes to hybridize to nucleic acid. Each of the blocking probes is complementary or substan-
tially complementary to one or more non-target sequences which may be present in the sample. The sample is also
contacted with at least one capture probe immobilized on a surface under conditions suitable for the target sequence,
if present, to hybridize to the capture probe. The immobilized capture probe is complementary or substantially com-
plementary to the target sequence and thereby forms a capture probe/target sequence complex. The presence or
amount of nucleic acid target molecule immobilized to the surface is then detected, identified or quantitated. In preferred
embodiments, an array of two or more capture probes immobilized on a surface is used to screen one or more samples
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for one or more target sequences of interest. In preferred embodiments, the blocking probe is perfectly complementary
to a non-target sequence and the capture probe is perfectly complementary to a target sequence.

[0034] In still another embodiment, this invention relates to a kit suitable for suppressing the binding of a non-target
sequence to a capture probe immobilized on a surface in a capture assay of a sample for a target sequence of a nucleic
acid target molecule. The kit comprises a capture probe having a sequence complementary or substantially comple-
mentary to the target sequence, wherein the capture probe is, or is modified to be, immobilized on a surface. The kit
also comprises one or more blocking probes, wherein each blocking probe has a sequence complementary or sub-
stantially complementary to a non-target sequence which may be present in the sample. At least one of the capture
probe or the one or more blocking probes is a PNA probe.

[0035] In preferred embodiments of this invention, a multiplex hybridization assay is performed. In a multiplex assay,
numerous conditions of interest are simultaneously examined. Multiplex analysis relies on the ability to sort sample
components or the data associated therewith, during or after the assay is completed. In preferred embodiments of the
invention, distinct independently detectable moieties are used to label each of the different labeled probes of the set.
The ability to differentiate between and quantitate each of the independently detectable moieties provides the means
to multiplex the hybridization assay because the data which correlates with the hybridization of each of the distinct
independently detectable probes to a target sequence of interest can be correlated with the data for each of the inde-
pendently detectable moieties. Because multiplex hybridization assays involve numerous probes and target sequenc-
es, there is a great potential for non-specific hybridization to adversely effect the reliability of the multiplex assay.
However, application of the methods of this invention will substantially improve the sensitivity and reliability of multiplex
probe-based hybridization assays.

[0036] In summary, the methods, kits and compositions of this invention are used to suppress binding of probes to
non-target sequences thereby substantially improving sequence discrimination and dynamic range of the hybridization
assay. These advantages substantially improve the sensitivity and reliability of probe-based assays in general and are
particularly useful when employing multiplex methodologies and/or point mutation analysis.

2. Description of the Preferred Embodiments of the Invention:

|. Definitions:
[0037]

a. As used herein, the term "Peptide Nucleic Acid" or "PNA" is defined as any of the compounds referred to or
claimed as a Peptide Nucleic Adds in United States Patent No. 5,539,082. The term "Peptide Nucleic Acid" or
"PNA" shall also apply to those compositions referred to as Peptide Nucleic Acids in the following publications:

Diderichsen et al., Tett. Lett. (1996) 37, 475-478;

Fuijii et al., Bioorg. Med. Chem. Lett. (1997) 7, 637-640;

Jordan et al., Bioorg. Med. Chem. Lett. (1997) 7, 687-690;

Krotz et al., Tett. Lett. (1995) 36, 6941-6944;

Lagriffoul et al., Bioorg. Med. Chem. Lett. (1994) 4, 1081-1082;
Lowe et al., J. Chem. Soc. Ferkin Trans. 1, (1997) 1, 539-546;
Lowe et al., J. Chem. Soc. Perkin Trans. 1, (1997) 1, 547-554;
Lowe et al., J. Chem. Soc. Perkin Trans. 1, (1997) 1, 555-560;
Petersen et al., Bioorg. Med. Chem. Lett. (1996) 6, 793-796; and
US Pat. No. 5,623049.

b. As used herein, the term "complementary sequence" or "complementary probe" is defined as the subunit se-
quence of a DNA, RNA or PNA oligomer designed to hybridize with exact complementarity to a nucleic acid se-
quence or subsequence.

c. As used herein, the term "PNA probe" is defined as any oligomer, comprising two or more PNA subunits (residues,
monomer), suitable for hybridizing to a nucleic acid (DNA or RNA) sequence. The PNA probe may be labeled with
a detectable moiety or may be unlabeled.

d. As used herein, the term "target sequence" is any defined nucleic add sequence to be detected in an assay.
The "target sequence" may comprise the entire sequence of interest or may be a subsequence of the nucleic acid
target molecule of interest.

e. As used herein, the term "non-target sequence" is any nucleic add sequence which is not a target sequence.
The non-target sequences which generate the most background will be sequences which are closely related to
the target sequence (e.g. point mutations).
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f. As used herein, the term "single base pair mismatch" or "point mutation" is defined as the modification of a
nucleic acid sequence such that a single nucleotide within the defined nucleic acid sequence has been substituted.
g. As used herein, the term "sensitivity" or "assay sensitivity" is defined as the difference in signal intensity caused
by or attributable to the binding of detectable probe to its complementary sequence and any background or signal
caused or attributable to any other source.

h. As used herein, the term "assay limit" or "limit of detection" is defined as the lower limit of signal intensity caused
by the specific binding of detectable probe which can be detected above the background (noise).

i. As used herein, the terms "signal to noise" and "dynamic range" shall be interchangeable.

II. Detailed Description

General:

[0038] This invention relates to methods, kits and compositions suitable for the improved detection, quantitation and
analysis of nucleic acid target sequences using probe-based hybridization assays. The invention is more specifically
directed to methods, kits and compositions suitable for suppressing the binding of detectable probes to non-target
sequences in an assay for a target sequence of a nucleic acid target molecule. Suppression of the nonspecific binding
of detectable probe directly improves the sensitivity of the assay thereby improving the signal to noise ratio of the
assay. Suppression of nonspecific binding will also result in improvements in reliability since the incidence of false
positives and false negative should also be reduced. Because the methods, kits and compositions of this invention are
directed to the suppression of nonspecific binding of probes to nucleic acids, they are particularly well suited for the
development of sensitive and reliable probe-based hybridization assays designed to analyze for point mutations. The
methods, kits and compositions of this invention should also find utility for the detection, quantitation or analysis of
organisms (micro-organisms), viruses, fungi and genetically based disease state or clinical conditions of interest.
[0039] It has been surprisingly observed that the signal caused by the nonspecific binding of detectable probes to
one or more non-target nucleic acid sequences can be dramatically suppressed by the addition of one or more unlabeled
probes wherein the sequence of the one or more unlabeled probes is complementary to one or more non-target se-
quences to which the detectable probe binds in a nonspecific manner. For example, it has been observed that the
addition of 25 equivalents of unlabeled PNA probe, having a single mismatch as compared with the labeled PNA probe,
does not substantially alter the detection limit of the assay. However, the presence of the unlabeled PNA probe resulted
in at least a 10 fold suppression in the binding of labeled PNA probe to the non-target sequence (point mutation) and
a correlating improvement of approximately 30 fold, in the signal to noise ratio of the assay (see Example 4A and
Figure 1).

[0040] When the unlabeled PNA probe was present at 500 equivalents, there was very little loss of detectable signal
(approximately 3 to 10 fold). However, suppression of binding of the labeled probe to a non-target sequence (point
mutation) is substantially improved as compared with the experiment wherein only 25 equivalents of unlabeled PNA
probe was present (Compare: Examples 4A and 4B of this specification). The results demonstrate that point mutation
discrimination improved from approximately 10 fold in the absence of the unlabeled probe to greater than 1000 fold in
the presence of high levels of unlabeled (blocker) PNA probe. Consequently, when employing the methods described
herein, one can achieve several logs of improvement in point mutation discrimination and similar dramatic improve-
ments in the dynamic range of the hybridization assay.

[0041] The applicants are not aware of any similar method suitable for obtaining such a dramatic suppression of
binding to non-target sequences and the correlating improvement in signal to noise ratio. The data presented in Ex-
ample 6, demonstrates the clear superiority of PNA probes as compared with DNA probes with regard to suppression
of binding to non-target sequences, improvement in signal to noise ratios and point mutation discrimination.

[0042] In preferred embodiments of this invention, PNA probes are used either alone or in combination with nucleic
acid probes. When combined with nucleic acid probes, the preferred combination involves unlabeled PNA probes used
to suppress the binding of detectable (labeled) nucleic acid probes to non-target sequences. In the most preferred
embodiment of this invention, both the detectable probes and unlabeled or independently detectable probes are PNA
probes because this embodiment exhibits both the greatest ability to suppress binding to non-target sequences and
the greatest ability to discriminate between point mutations.

Nucleic Acid Synthesis and Labeling

[0043] Those or ordinary skill in the art will recognize that both labeled, unlabeled or modified oligonucleotides are
readily available. They can be synthesized using commercially available instrumentation and reagents or they can be
purchased from numerous commercial vendors of custom manufactured oligonucleotides.
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PNA Synthesis:

[0044] Methods for the chemical assembly of PNAs are well known (See: United States Patent No. 5,539,082, entitled
"Peptide Nucleic Acids"). Chemicals and instrumentation for the support bound automated chemical assembly of Pep-
tide Nucleic Acids are now commercially available. Chemical assembly of a PNA is analogous to solid phase peptide
synthesis, wherein at each cycle of assembly the oligomer possesses a reactive alkyl amino terminus which is con-
densed with the next synthon to be added to the growing polymer. Because standard peptide chemistry is utilized,
natural and non-natural amino acids are routinely incorporated into a PNA oligomer. Because a PNA is a polyamide,
it has a C-terminus (carboxyl terminus) and an N-terminus (amino terminus). For the purposes of the design of a
hybridization probe suitable for antiparallel binding to the nucleic acid target sequence (the preferred orientation), the
N-terminus of the PNA probe is the equivalent of the 5'-hydroxyl terminus of an equivalent DNA or RNA probe. Con-
sequently, to design a PNA probe suitable for parallel binding to a nudeic acid target sequence, the C-terminus of the
PNA probe will be the equivalent of the 5'-hydroxyl group of an equivalent DNA or RNA probe.

PNA Labeling:

[0045] PNA's are labeled using chemical methodologies well known to those of ordinary skill in the art. Chemical
labeling of a PNA is analogous to peptide labeling. Because the synthetic chemistry of assembly is essentially the
same, any method commonly used to label a peptide may be used to label the PNA. For example, the polymer may
be labeled by condensation of a suitable detectable moiety to the amino terminus of the polymer during chemical
assembly. Generally, the amino terminus is labeled by reaction with a detectable moiety having a carboxylic add group
or activated carboxylic add group. Amide formation of this type is a well known and often utilized chemical reaction.
The condensation reaction forms a very stable amide bond thereby generating the labeled PNA having a detectable
moiety (label).

[0046] Similarly, the PNA can be extended with a linker moiety before the label (detectable moiety) is attached (e.g.
Expedite™ PNA Linker; a.k.a. Fmoc-8-amino-3,6-dioxaoctanoic acid). Generally, linkers are used to minimize the ad-
verse effects that bulky labeling reagents might have on hybridization properties of the PNA oligomers. Specialized
reagents can be attached to the PNA terminus or the linker modified terminus for specific or optimized labeling reactions.
For example, a terminal arylamine moiety can be generated by condensing a suitably protected 4-aminobenzoic acid
derivative with either of the amino terminus of the PNA oligomer or the amino terminus of a linker extended PNA
oligomer. After synthesis is complete, the labeled PNA is cleaved, deprotected and purified using well known method-
ologies.

[0047] Alternatively, the C-terminal end of the PNA can be labeled with a detectable moiety. Generally the C-terminal
end of the PNA is labeled by first condensing a labeled moiety with the support upon which the labeled PNA is to be
assembled. Next, the first synthon of the PNA can be condensed with the labeled moiety. Alternatively, one or more
linker moieties or amino acids can be introduced between the labeled moiety and the PNA oligomer using commercially
available reagents (e.g. Expedite™ PNA Linker; a.k.a. Fmoc-8-amino-3,6-dioxaoctanoic acid). Thereafter, the PNA is
assembled, cleaved, deprotected and purified using the standard methodologies.

[0048] For example, the labeled moiety could be a lysine derivative wherein the e-amino group is labeled with a
detectable moiety. For example the moiety could be a fluorochrome such as 5(6) carboxyfluorescein. Alternatively, the
labeled moiety could be a lysine derivative wherein, the e-amino group is derivatized with a 4-aminobenzoic acid moiety
(e.g. 4-(N-(tert-butyloxycarbonyl)aminobenzamide). Condensation of the lysine derivative with the support would be
accomplished using standard condensation (peptide) chemistry. The a-amino group of the lysine derivative would then
be deprotected and the PNA assembly initiated by condensation of the first PNA synthon with the o- amino group of
the lysine amino acid. After complete assembly, the PNA oligomer is then cleaved from the support, deprotected and
purified using well known methodologies.

[0049] According to another well known method, the label (detectable moiety) is attached to the PNA after it is fully
assembled and cleaved from the support. This method would be preferable where the label (detectable moiety) is
incompatible with the cleavage, deprotection or purification regimes commonly used to manufacture the PNA. For
example, this method would be preferred when the label is an enzyme since the enzyme activity may be destroyed by
any of the commonly utilized cleavage, deprotection or purification techniques.

[0050] By this method, the PNA will generally be labeled in solution by the reaction of a functional group on the PNA
and a functional group on the label (detectable moiety). Those of ordinary skill in the art will recognize that the com-
position of the solution will depend on the nature of PNA and the detectable moiety (label). The solution may comprise
organic solvent, water or any combination thereof. Generally, the organic solvent will be a polar non-nucleophilic solvent
Non-limiting examples of suitable organic solvents indude acetonitrile, tetrahydrofuran, dioxane and N,N'-dimethylfor-
mamide. For labeling reactions involving enzymes, generally the organic concentration will be less than 50% and
preferably less than 20%.
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[0051] Generally the functional group on the PNA will be an amine and the functional group on the label will be a
carboxylic acid or activated carboxylic acid. Non-limiting examples of activated carboxylic acid functional groups include
N-hydroxysuccinimidyl esters. If the label is an enzyme, preferably the amine on the PNA will be an arylamine. In
aqueous solutions, the carboxylic acid group of either of the PNA or label (depending on the nature of the components
chosen) can be activated with a water soluble carbodiimide. The reagent, 1-(3-dimethylaminopropyl)-3-ethylcarbodi-
imide hydrochloride (EDC), is a commercially available reagent sold specifically for aqueous amide forming conden-
sation reactions.

[0052] Generally, the pH of aqueous solutions will be modulated with a buffer during the condensation reaction.
Preferably the pH during the condensation is in the range of 4-10. When an arylamine is condensed with the carboxylic
acid, preferably the pH is in the range of 4-7. When an alkylamine is condensed with a carboxylic acid, preferably the
pH is in the range of 7-10. Generally, the basicity of non-aqueous reactions will be modulated by the addition of non-
nucleophilic organic bases. Non-limiting examples of suitable bases include N-methylmorpholine, triethylamine and N,
N-diisopropylethylamine. Alternatively, the pH is modulated using inorganic buffers such as (N-[2-hydroxyethyl]piper-
azine-N'-[2-ethanesulfonic acid) (HEPES).

[0053] Non-limiting examples of detectable moieties (labels) suitable for labeling nucleic acid or PNA probes used
in the practice of this invention would include chromophores, fluorochromes, spin labels, radioisotopes, enzymes,
haptens and chemiluminescent compounds. Preferred fluorochromes include 5(6)-carboxyfluorescein, Cyanine 3 (Cy3)
Dye and Cyanine 5 (Cy5) Dye. Preferred haptens include 5(6)-carboxyfluorescein, 2,4-dinitrophenyl, digoxigenin, and
biotin. Preferred enzymes include soybean peroxidase, alkaline phosphatase and horseradish peroxidase. Other suit-
able labeling reagents and preferred methods of attachment would be recognized by those of ordinary skill in the art
of PNA, peptide or nucleic acid synthesis.

Immobilization Of Probes To Surfaces:

[0054] One or more probes will preferably be immobilized to a surface. In one embodiment, the probe can be immo-
bilized to the surface using the well known process of UV-crosslinking. Alternatively, the probe can be covalently bound
to a surface by the reaction of a suitable functional group on the probe. Methods are well known in the art for the
attachment of oligonucleotide probes to surfaces. These procedures generally involve the reaction of a nucleophilic
group (e.g. an amine or thiol) on a modified oligonucleotide with an electrophilic group on the support to be modified.
Thus, one or more suitably prepared PNA probes bearing nucleophilic moieties can, likewise, be covalently immobilized
to a suitable surface. Because native PNA possesses an amino terminus, PNA generally will not require modification
to thereby immobilize it to a surface. Conditions suitable for the immobilization of a PNA to a surface will generally be
similar to those conditions describe above for the labeling of a PNA. The immobilization reaction is essentially the
equivalent of labeling the PNA whereby the label is substituted with the surface to which the PNA probe is to be
covalently immobilized. In preferred embodiments of this invention, surfaces comprising tresyl groups are reacted with
arylamine modified PNA probes to thereby generate capture surfaces.

Probes:

[0055] The labeled and unlabeled probes of a set used for the practice of this invention will generally have a length
of between 5 and 100 subunits. Preferably, the PNA probes will be 10 to 20 subunits in length and the nucleic acid
probes will be 15-30 subunits is length. The labeled and unlabeled probes of a set may be nearly the same length or
of identical length. When mixing PNA and nucleic acid probes in a set, typically the DNA probes will be longer to thereby
generate probes which, when hybridized to target sequences, will have thermal stabilities (Tm values) which are com-
parable with the PNA probes (See: Egholm et al. Nature (1993) 365, 566-568).

[0056] Inone embodiment, a detectable probe is completely complementary to the target sequence and an unlabeled
or independently detectable probe, which is complementary to the non-target sequence, comprises at least one single
nucleobase substitution (mismatch) as compared with the target sequence. Though, both the detectable probe and
the unlabeled or independently detectable probe will hybridize, to some extent, to the target sequence, hybridization
of the perfectly complementary detectable probe and the target sequence will be thermodynamically favored as com-
pared with the hybridization of the non-complementary unlabeled or independently detectable probe and the target
sequence. Similarly, hybridization of the unlabeled or independently detectable probe to the non-target sequence will
be thermodynamically favored as compared with the hybridization of the non-complementary detectable probe and
the non-target sequence.

[0057] In certain other embodiments, a detectable probe is selected to be substantially complementary to the target
sequence since it has been demonstrated that greater sequence discrimination can be obtained when utilizing probes
wherein there exists a single point mutation (base mismatch) between the probe and the target sequence (See: Guo
et al. Nature Biotechnology (1997) 15, 331-335). Consequently, the probe sequence of the detectable probe need not
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comprise a nucleobase sequence which is exactly complementary to the target sequence to be detected in the probe-
based hybridization assay. However, when utilizing a substantially complementary probe sequence, it is important that
an unlabeled or independently detectable probe comprise a greater number of non-complementary nucleobases (point
mutations) to the target sequence as compared with the detectable probe. Additionally, it is important that the detectable
probe comprise a greater number of non-complementary nucleobases (point mutations) to the non-target sequence
as compared with the unlabeled or independently detectable probe.

[0058] For example, the detectable probe can be designed to comprise a single nucleobase mismatch as compared
with a probe which is exactly complementary to a target sequence. The unlabeled or independently detectable probe
would be designed to comprise at least two nucleobase mismatches as compared with a probe which is exactly com-
plementary to a target sequence to be detected. Similarly and by design, the detectable probe would then comprise
at least two nucleobase mismatches as compared with a probe which is exactly complementary to a non-target se-
quence and the unlabeled or independently detectable probe would comprise less than two nucleobase mismatches
as compared with a probe which is exactly complementary to a non-target sequence. Thus, when the detectable and
unlabeled or independently detectable probes are present in the probe-based hybridization assay, hybridization of the
more perfectly complementary detectable probe and target sequence will be thermodynamically favored as compared
with the hybridization of the less complementary unlabeled or independently detectable probe and the target sequence.
Similarly and by design, hybridization of the more perfectly complementary unlabeled and independently detectable
probe and non-target sequence will be thermodynamically favored as compared with the hybridization of the less
complementary detectable probe and the non-target sequence. Thus, if neither probe is perfectly complementary to
the target sequence, hybridization of the more closely related probes and target or non-target sequences will be pre-
ferred.

[0059] Thus, when a detectable probe is designed to hybridize to a substantially complementary target sequence,
it is a general requirement that a detectable probe comprise N nucleobase mismatches as compared with a probe
which is exactly complementary to a target sequence. The one or more unlabeled or independently detectable probes
comprise N+m nucleobase mismatches as compared with a probe which is exactly complementary to a target se-
quence. The integer N is 0, 1 or 2 and the integer m is 1,2 or 3. Similarly, the unlabeled or independently detectable
probe will comprise P nucleobase mismatches as compared with a probe which is exactly complementary to a non-
target sequence and the one or more detectable probes will comprise P+q nucleobase mismatches as compared with
a probe which is exactly complementary to a non-target sequence. The integer P is 0,1 1 or 2 and the integer q is 1,2
or 3, provided that N is greater than or equal to P.

Hybridization Assay:

[0060] In one embodiment, the invention is related to a method for suppressing the binding of detectable probe to a
non-target sequence in an assay of a sample for a target sequence. The method comprises contacting the sample
with a set containing two or more probes under conditions suitable for the probes to hybridize to nucleic acid. At least
one of the probes is a detectable probe labeled with a detectable moiety and having a sequence complementary or
substantially complementary to a target sequence. At least one of the other probes is an unlabeled or independently
detectable probe having a sequence complementary or substantially complementary to a non-target sequence. The
second step comprises detecting the presence, absence or quantity of a target sequence present in the sample by
directly or indirectly detecting or quantitating the detectable moiety. At least one of the detectable probes or the unla-
beled or independently detectable probes is a PNA probe. Preferably, the one or more unlabeled or independently
detectable probes is a PNA probe. Most preferably, all probes of the set are PNA probes. In preferred embodiments,
the detectable probe is perfectly complementary to a target sequence and the unlabeled or independently detectable
probe is perfectly complementary to a non-target sequence which may be present in the sample.

[0061] The target sequence may comprise the entire sequence of interest or may be a subsequence of the nucleic
acid target molecule of interest. The target sequence or nucleic acid target molecule of interest may comprise DNA or
RNA.

[0062] According to the method, upon contacting the sample with the set of probes, a detectable probe will bind
(hybridize) to the complementary or substantially complementary target sequence, if present in the sample. Thereafter,
the presence or amount of target sequence present in the sample is detected by directly or indirectly detecting the
presence, absence or quantity of detectable moiety (label). Generally, the one or more detectable moieties are used
to identify or quantitate the probe to which they are attached. However, the detectable moieties are indirectly used to
identify or quantitate the presence or amount of target sequence present in the sample. Consequently, the assay must
be designed to correlate the presence of the detectable moiety with the hybridization of the detectable probe to the
target sequence.

[0063] Generally, the unbound or non-specifically bound detectable probe will be removed so that the presence of
the detectable moiety is a true indicator of the presence, absence or quantity of target sequence present in the sample.
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Thus, in certain embodiments, the probe/target sequence is separated from the detectable probe. For example, either
the complex or the detectable probe may be immobilized to a support so that the other assays components are easily
washed away. Alternatively, the components are separated by size using a chromatographic process. In other embod-
iments, the detectable moiety of the probe is detectable only when hybridized to the target sequence and, therefore,
the excess detectable probe need not be removed from the sample to obtain useful hybridization information (See:
Tyangi et al., Nature Biotech. (1996), 14, 303-308). In still another embodiment, the detectable moiety may be cleaved
from the probe/target sequence and thereafter detected or quantitated (See: US Pat. No. 5,410,068 entitled "Succin-
imidyl Trityl Compounds and a Process for Preparing Same").

[0064] Nonetheless, it is the correlation between hybridization and the presence, absence or amount of detectable
moiety which must be maintained by appropriate design of the hybridization assay. Consequently, in certain embodi-
ments, the complex formed between the detectable probe and target sequence may be dissociated to thereby retrieve
the detectable probe for analysis. For example, this may be preferred where the target sequence has been immobilized
to a surface. The MASDA technique previously described would be an example of a suitable format for dissociating
the probe/target sequence complex to thereby generate information about the one or more detectable probes which
hybridized to the one or more immobilized target sequences present in the sample to be analyzed.

[0065] Generally, a detectable probe will bind most strongly to a closely related sequence to thereby generate un-
desirable background signal. Closely related sequences are sequences having nearly identical nucleotide composition.
Nonspecific binding occurs because the target and non-target sequences are so closely related that the detectable
probe is very nearly the complement to the non-target sequence. Point mutations are very closely related sequences
because they differ by the substitution of a single nucleotide. Consequently, single point mutations are very difficult to
distinguish in a probe-based assay. Because the non-specific binding of the detectable probe to a non-target point
mutation can be dramatically reduced in the presence of an unlabeled probe which is complementary to one or more
closely related non-target sequences which may be in the sample of interest, this invention is very well suited to im-
proving the sensitivity and reliability of probe-based point mutation analysis.

[0066] According to the method, there is no requirement that only a single detectable (labeled) probe be used. A
mixture of two or more detectable probes may be preferred when two or more target sequences are to be identified in
the same assay. Moreover, the suppression of binding to non-target sequences and the associated improvements in
signal to noise ratios make the method of this invention particularly attractive when applied in a multiplex analysis of
one or more samples for one or more conditions of interest. A multiplex assay would require numerous detectable
probes wherein each detectable probe was used to detect, identify or quantitate a individual organism, fungi, virus,
disease state or clinical condition of interest. Preferably, two or more detectable probes will comprise independently
detectable moieties to thereby simplify the analysis of the data.

[0067] According to the method, there is no requirement that only a single unlabeled (or independently detectable)
probe be used. A mixture of two or more unlabeled probes might be preferred when the labeled detectable probe binds
non-specifically to more than one non-target sequence. A mixture of probes may also be preferred when the one or
more of the non-target sequence(s) is not known with certainty. Large mixtures of unlabeled probes will most likely be
preferred in multiplex analysis wherein numerous detectable probes are used and there are numerous closely related
sequences which may be present in the sample.

[0068] Without intending to be bound to this description, it is believed that the binding of the detectable probe to the
non-target sequence is suppressed because the unlabeled probe, which is complementary to the non-target sequence,
will preferentially hybridize to the non-target sequence and thereby form a more thermodynamically stable complex
than is formed by hybridization of the detectable probe and the non-target sequence. Consequently, the binding of the
detectable probe to the non-target will be substantially diminished in the presence of the unlabeled probe as compared
to the hybridization which occurs in the absence of the unlabeled (independently detectable) probe.

[0069] Because the method of this invention may be used in a hybridization assay, this invention will find utility in
improving assays used to detect, identify of quantitate the presence or amount of an organism or virus in a sample
through the detection of target nucleic adds associated with the organism or virus. (See: United States Patent No.
5,641,631, entitled "Method for detecting, identifying and quantitating organisms and viruses"). Similarly, this invention
will also find utility in an assay used in the detection, identification or quantitation of one or more species of an organism
in a sample (See United States Patent No. 5,288,611, entitled "Method for detecting, identifying and quantitating or-
ganisms and viruses"). This invention will also find utility in an assay used to determine the effect of antimicrobial
agents on the growth of one or more microorganisms in a sample (See: United States Patent No. 5,612,183, entitled
"Method for determining the effect of antimicrobial agents on growth using ribosomal nucleic acid subunit subsequence
speafic probes"). This invention will also find utility in an assay used to determine the presence or amount of a taxonomic
group of organisms in a sample (See: United States Patent No. 5,601,984, entitled "Method for detecting the presence
of amount of a taxonomic group of organisms using specific r-RNA subsequences as probes".
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Immobilization Of The Target Sequence To A Surface:

[0070] In one embodiment of this invention, the target sequence or nucleic acid target molecule of interest is immo-
bilized to a surface. Those of ordinary skill in the art will recognize the numerous methods suitable for immobilizing a
nucleic acid to a surface. Preferably, the target sequence will be immobilized to a surface using UV crosslinking. When
immobilized to a surface, the probes of the set will hybridize to the one or more target sequences of interest, if present.
Immobilization to a surface is a preferred embodiment because non-specifically bound probes of the set can be easily
washed away after hybridization to thereby more easily detect the presence, absence or quantity of the one or more
detectable moieties.

[0071] The detectable moieties, present as a result of the formation of detectable probe/target nucleic acid complex-
es, may be detected on the support. Alternatively, the detectable probe/target nucleic acid complexes may be disso-
ciated and the probes eluted from the support for independent analysis (e.g. the MASDA technique described in Shuber
et al. Human Mol. Gen. (1997) 6, 337-347. In preferred embodiments, probes of distinct composition bearing inde-
pendently detectable moieties are used to "probe" for differing target sequences of interest. Consequently, the presence
of a particular independently detectable moiety in the aliquot eluted from the support can be used to detect, identify or
quantitate the presence or amount of an organism, virus, fungi, disease state or condition of clinical interest. In a
preferred embodiment, each of the independently detectable moieties is an independently detectable mass marker
and mass spectrometry is used to identify the one or more probes present in the aliquot. Preferably, positive-ion Fast
Atom Bombardment Tandem Mass Spectrometry is used to identify the probes present in the aliquot (See: Takao et
al., Rapid Comm. Mass. Spec. (1994), 925-928).

Detectable and Independently Detectable Moieties:

[0072] In preferred embodiments of this invention, a multiplex hybridization assay is performed. In a multiplex assay,
numerous conditions of interest are simultaneously examined. Multiplex analysis relies on the ability to sort sample
components or the data associated therewith, during or after the assay is completed. In preferred embodiments of the
invention, distinct independently detectable moieties are used to label the different probes of a set The ability to dif-
ferentiate between and/or quantitate each of the independently detectable moieties provides the means to multiplex
the hybridization assay because the data which correlates with the hybridization of each of the distinctly (independently)
labeled probes to a target sequence of interest can be correlated with the data for each of the independently detectable
moieties. Because multiplex hybridization assays involve numerous probes and target sequences, there is a great
potential for non-specific hybridization to adversely effect the sensitivity and reliability of the assay. Consequently, the
sensitivity and reliability of multiplex probe-based assays should be improved when applying the methods, kits and
compositions of this invention to multiplex sample analysis.

[0073] Inasimple embodimentoftheinvention, there is atarget sequence, a non-target sequence, a single detectable
probe complementary to the target sequence and an unlabeled probe complementary to a non-target sequence.
Though both PNA and nucleic acid probes are inherently detectable because they absorb ultraviolet light at 260 na-
nometers, the presence of the labeled probe (and the target nucleic acid/PNA probe complex) can be independently
detected because of the unique properties of the detectable moiety (label). For example, the labeled (detectable) PNA
probe could be labeled with a chromophore, a fluorochrome, a spin label, a radioisotope, an enzyme, a hapten or a
chemiluminescent compound. Non-limiting examples of preferred enzymes include, alkaline phosphatase, soybean
peroxidase and horseradish peroxidase. Non-limiting examples of preferred haptens include, 5(6)-carboxyfluorescein,
biotin, 2,4-dinitrophenyl and digoxigenin. Non-limiting examples of preferred fluorochromes include 5(6)-carboxyfluo-
rescein, cyanine 3 dye and cyanine 5 dye. Non-limiting examples of preferred chemiluminescent compounds include
luminol 1,2-dioxetanes.

[0074] Provided however, that the detectable moieties are independently detectable, there is no requirement that
any of the probes be unlabeled. Indeed, it may be preferable to perform the method of this invention with two, or more,
labeled PNA probes wherein the labels (detectable moieties) are independently detectable provided that the probe
suppresses the binding of the other probe to their respective, non-target sequences.

[0075] Independently detectable moieties are moieties (labels) which, when both are present in a sample each, can
be assayed for independently whereby the presence of the moiety of interest is not significantly affected by signal
generated for the one or more other independently detectable moieties in the sample. For example, two fluorochromes
could be used as labels for the PNA probes, provided the emission wavelengths of each fluorochrome were independ-
ently detectable (e.g. 5(6)-carboxyfluorescein and cyanine-3-dye(Cy3)). Alternatively two enzymes could be used as
labels for the probes, provided the activity of the enzymes can be independently detected. For example, the activity of
soybean peroxidase and alkaline phosphatase can be independently determined. Thus, the detectable probe is the
probe which is sought to be presently detected and the unlabeled or independently detectable probe is the probe which
is subsequently or independently detected.
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[0076] Consequently, in still another embodiment of the invention, a mixture of four labeled, but independently de-
tectable probes, could be used to analyze for and/or quantitate the relative abundance of point mutations of a target
sequence in a sample. The set of probes would consist of four independently detectable probes wherein the sequence
of each of the probes differed as a point mutation by relation to the other three. Thus, each of the probes is comple-
mentary to one of the four possible point mutations of a target sequence, and by relation, the other three probes are
complementary to a non-target point mutation of that sequence. According to the method, the detectable probe would
be the probe for which the signal for the detectable moiety of interest was sought to be presently detected. The assay
could then be repeated three times wherein each time, a different independently detectable moiety was sought to be
detected. In each of the four assays, the three independently detectable probes would thereby suppress the binding
of the detectable probe to the non-target point mutations of the target sequence. Thus, the presence or absence of
each of the point mutations could be detected with greater sensitivity and reliability in each of the four assays because
the non-specific binding of the detectable probe to each of the specific non-targeted point mutated sequence is sup-
pressed. Moreover, when compared with a standard curve, the relative abundance of the target point mutations could
be determined by comparison of the signal intensity obtained for each of the four assays. Alternatively, the intensity of
the point mutation could be determined by simultaneously detecting the four independently detectable moieties in a
single assay. For example, the assay described above might be a simple multiplex assay used to analyze for a single
point mutation in a target sequence of interest.

Order of Probe Addition/Incubation Period:

[0077] In a preferred embodiments, the one or more unlabeled or independently labeled probes are incubated with
the sample for a first period of time, under conditions suitable for probes to hybridize to nucleic acid. Then, the one or
more detectable probes are incubated with the sample for a second period of time under conditions suitable for probes
to hybridize to nucleic acid. When using unlabeled or independently labeled PNA probes, the best signal to noise ratios
are obtained when the first incubation period is 20 minutes or less. The applicants have determined that the application
of these conditions provide the best results particularly when using unlabeled or independently detectable PNA probes
to suppress the binding of detectable probes to non-target sequences.

Equivalents of Unlabeled or Independently Labeled Probe:

[0078] The applicants have surprisingly determined that the presence of between 2- 500 equivalents of unlabeled
or independently detectable probe (as compared with the number of equivalents of detectable probe) does not dra-
matically reduce the limit of detection of signal in the hybridization assay. However, as the ratio of unlabeled or inde-
pendently detectable PNA probe to detectable probe increases, the binding of the detectable probe to non-target se-
quence is dramatically reduced. Consequently, the signal to noise ratio dramatically improves as the ratio of unlabeled
or independently detectable PNA probe to detectable probe is increased. The applicants have not observed any con-
ditions whereby increasing the ratio of unlabeled probe to detectable probe is detrimental to the overall sensitivity and
reliability of the hybridization assay. Consequently, the ratio of unlabeled or independently detectable probe to detect-
able probe is preferably greater than or equal to two.

Hybridization Assay Kits:

[0079] This invention also relates to kits suitable for suppressing the binding of a detectable probe to a non-target
sequence in an assay of a sample for a target sequence. In one embodiment, the kit comprises a set of two or more
PNA probes wherein, at least one of the probes is a detectable probe labeled with a detectable moiety and having a
sequence complementary or substantially complementary to a target sequence. At least one of the other probes is an
unlabeled or independently detectable probe having a sequence complementary or substantially complementary to a
non-target sequence. PNA or nucleic acid probes may be used, provided, at least one of either a detectable probe or
an unlabeled or independently detectable probe is a PNA probe. Preferably, the detectable probes are nucleic acid
probes and the one or more unlabeled or independently detectable probes are PNA probes. Most preferably all probes
are PNA probes. In preferred embodiments, the detectable probe is perfectly complementary to a target sequence and
the unlabeled or independently detectable probe is perfectly complementary to a non-target sequence which may be
present in the sample.

[0080] The kits of this invention may optionally contain instructions, buffers, DNA, RNA, instruments or any other
item desirable for performing probe-based hybridization assays.

[0081] There is no requirement that the kit comprise a single detectable probe because the assay may be designed
to detect two or more target sequences simultaneously. There is no requirement the kit comprise only one unlabeled
or independently label probe because there may be a need to suppress the binding of the detectable probe to more
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than one non-target sequence. Consequently, in one preferred embodiment, the kit comprises a set of detectable
probes wherein each of the different probes of the set comprises an independently detectable moiety. In a preferred
embodiment, the detectable probes of the set are nucleic acid probes and all other probes of the set are unlabeled
PNA probes having a defined sequence and which hybridize to one or more non-target sequences which may be
present in the sample. In another embodiment, all the probes of the set are PNA probes and each of the differing
detectable PNA probes of the set comprise independently detectable moieties.

[0082] Kits of this invention will find utility in improving assays used to detect, identify of quantitate the presence or
amount of an organism or virus in a sample. Similarly, the kits of this invention will also find utility in an assay used in
the detection, identification or quantitation of one or more species of an organism in a sample. The kits of this invention
will also find utility in an assay used to determine the effect of antimicrobial agents on the growth of one or more
microorganisms in a sample. The kits of this invention will also find utility in an assay used to determine the presence
or amount of a taxonomic group of organisms in a sample.

[0083] In one embodiment, the kit comprises a set of two PNA probes, wherein the first PNA probe has a sequence
complementary to the target sequence and is labeled with a detectable moiety. The second PNA probe is unlabeled
and has a sequence complementary to a non-target sequence which may be presentin the sample. In a more preferred
embodiment, the target and non-target sequences are related as point mutations.

[0084] In another embodiment, the kit comprises a set of four probes, wherein the probes of the set consist of a
single detectable probe labeled with a detectable moiety and having a sequence complementary to the target sequence.
The three unlabeled probes each have a defined sequence which is complementary to a non-target sequence which
may be present in the sample. In a more preferred embodiment, the target and non-target sequences are related as
point mutations.

[0085] Alternatively, the detectable probe of the setis a nucleic acid probe and the other probes of the kit are unlabeled
PNA probes each having a defined sequence which is complementary to a non-target sequence which may be present
in the sample. In a more preferred embodiment, the target and non-target sequences are related as point mutations.

Compositions:

[0086] The compositions of this invention may exist as a powder or they may comprise a solution of one or more
components dissolved or suspended in a solvent. Suitable solvents include water or a mixture of water and an organic
solvent. Non-limiting examples of suitable organic solvents include acetonitrile, formamide, dimethylformamide, meth-
anol, ethanol, isopropanol, tetrahydrofuran and 1,4-dioxane. The composition may comprise one or more organic or
inorganic salts to thereby adjust the ionic strength of the composition. The composition may comprise one or more
inorganic or organic detergents. The composition may comprise one or more buffers to thereby adjust the pH of the
composition.

[0087] In one embodiment, this invention relates to a composition for suppressing the binding of a detectable probe
to a non-target sequence in an assay of a sample for a target sequence. The composition consists of a set of two
probes wherein, one of the probes is a detectable probe labeled with a detectable moiety and having a sequence
complementary to the target sequence. The other probe is an unlabeled or independently detectable probe having a
sequence complementary to a non-target sequence. PNA or nucleic acid probes may be used, provided, at least one
of either a detectable probe or an unlabeled or independently detectable probe is a PNA probe. Preferably, the probes
are PNA probes. The probes of the composition may be designed to hybridize specifically to complementary target or
non-target sequences wherein the target and non-target sequences are related as point mutations. In a preferred
embodiment, the detectable probe is a nucleic acid probe and the other probe is an unlabeled PNA probe.

[0088] In another embodiment, the invention relates to a composition for suppressing the binding of a detectable
probe to a non-target sequence in an assay of a sample for a target sequence. The composition consists of a set of
four probes wherein, one of the probes is a detectable probe labeled with a detectable moiety and having a sequence
complementary to the target sequence. The other three probes are unlabeled or independently detectable probes
having a sequence complementary to a non-target sequence. PNA or nucleic acid probes may be used, provided, at
least one of either a detectable probe or an unlabeled or independently detectable probe is a PNA probe. Preferably,
the probes are PNA probes. Preferably the probe set contains probes which hybridize to target and non-target se-
quences which are related as the four possible sequence variations for a single point mutation. In a preferred embod-
iment, the detectable probe is a nucleic acid probe and the other three probes are unlabeled PNA probes.

[0089] The compositions of this invention will find utility in improving assays used to detect, identify of quantitate the
presence or amount of an organism or virus in a sample. Similarly, the compositions of this invention will also find utility
in an assay used in the detection, identification or quantitation of one or more species of an organism in a sample. The
compositions of this invention will also find utility in an assay used to determine the effect of antimicrobial agents on
the growth of one or more microorganisms in a sample. The compositions of this invention will also find utility in an
assay used to determine the presence or amount of a taxonomic group of organisms in a sample.
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Capture Assays:

[0090] Still another embodiment of this invention is related to a method for suppressing the binding of a non-target
sequence to a capture probe immobilized on a surface in a capture assay of a sample for a target sequence of a nucleic
acid target molecule. Capture assays are often preferred because the surfaces can be repetitively treated whereby
the reagents are easily added and removed. Moreover, arrays of capture probes can be constructed to thereby enable
simultaneous analysis of a sample for the presence, absence or quantity of numerous nucleic acid target molecules.
Consequently, capture assays are easily adapted for multiplex sample analysis.

[0091] The method comprises contacting the sample with a solution containing one or more blocking probes under
conditions suitable for the blocking probes to hybridize to nucleic acid. The blocking probes are complementary or
substantially complementary to one or more non-target sequences which, when present in the sample, may bind non-
specifically to the capture probe to generate a detectable signal in the assay. The sample is also contacted with a
capture probe immobilized on a surface. The conditions are suitable for the target sequence, if present, to hybridize
to the capture probe. The capture probe is complementary or substantially complementary to the target sequence and
thereby forms a capture probe/target sequence complex upon hybridization. Finally, the presence or amount of nucleic
acid target molecule which becomes immobilized to the surface by the formation of the capture probe/target sequence
complexis detected, identified or quantitated. In preferred embodiments, the blocking probe is perfectly complementary
to a non-target sequence and the capture probe is perfectly complementary to a target sequence.

[0092] The nucleic acid target molecule which is sought to be captured by operation of the method of this invention
may be DNA or RNA. Both nucleic acid or PNA blocker probes are suitable for use in the capture assay of this invention.
Preferably, the blocker probes are PNA probes. Both nucleic acid or PNA capture probes are suitable for use in the
capture assay of this invention, provided at least one of a capture probe and a blocking probe is a PNA probe. Preferably,
the one or more capture probes are PNA probes. In one preferred embodiment, the capture probes are nucleic acid
probes and the blocker probes are PNA probes. In preferred embodiments, the capture probes and blocker probes
are designed to hybridize specifically to target and non-target sequences which are closely related.

[0093] In a preferred embodiment of this method, the surface comprises an array of probes, wherein each distinct
capture probe in the array is designed to capture a specific nucleic acid target molecule. The presence or quantity of
a nucleic acid target molecule is indicative of the presence or quantity of a specific organism, virus, fungi or, disease
state or condition of clinical interest in the sample.

[0094] Thus, capture assays of this invention will find utility in improving the detection, identification or quantitation
of the presence or amount of an organism or virus in a sample. Similarly, the capture assays of this invention will also
find utility in the detection, identification or quantitation of one or more species of an organism in a sample. The capture
assays of this invention will also find utility in the determination of the effect of antimicrobial agents on the growth of
one or more microorganisms in a sample. Finally, the capture assays of this invention will also find utility in determining
the presence or amount of a taxonomic group of organisms in a sample.

[0095] Because hybridization of the capture probe to the target sequence results in the formation of a capture probe/
target nucleic acid complex, the presence or amount of nucleic acid target molecule immobilized to the surface can be
detected using a labeled antibody which specifically interacts with the capture probe/target sequence complex which
is formed on the surface. If the capture probe is a nucleic acid probe, the complex formed on the surface by capture
is a nucleic acid/nucleic acid complex. Thus, a labeled anti-nucleic acid/nucleic acid antibody can be used to detect
the presence, absence or amount of the nucleic acid/nucleic add complex (See: United State Patent No. 5,200,313
entitled "Nucleic Add Hybridization Assay Employing Detectable Anti-Hybrid Antibodies"). If the capture probe is a PNA
probe, the complex formed on the surface by capture of the target sequence will be a PNA/nucleic add complex.
Consequently, a labeled anti-PNA/nudeic add antibody will be used to detect the presence, absence or amount of the
PNA/nucleic acid complex (See: United States Patent No 5,612,458 entitled "Antibody to PNA/nudeic acid Complex-
es"). Generally, either of the antibodies can be labeled with a detectable moiety. Non-limiting examples of such detect-
able moieties can be selected from the group consisting of a chromophore, a fluorophore, a spin label, a radioisotope,
an enzyme, a hapten and a chemiluminescent compound. Non-limiting examples of suitable enzymes include alkaline
phosphatase, soybean peroxidase and horseradish peroxidase. Non-limiting examples of suitable haptens include
fluorescein, biotin, 2,4-dinitrophenyl and digoxigenin.

[0096] Detection of capture probe/target nucleic acid complexes using an antibody directed to the capture probe/
target sequence is particularly well suited for analysis of arrays because the individual PNA capture probe or nucleic
acid capture probes need not be individually labeled. Moreover, the blocking probes also need not be labeled. Methods
employing unlabeled probes are preferred because the probes generally cost less to produce and are easier to syn-
thesize and purify. Moreover, a single reagent is used to detect and quantitate the presence or amount of the capture
probe/target sequence complex.

[0097] In another embodiment, the presence or amount of target sequence immobilized to the surface is detected
using a detector probe which hybridizes to a second target sequence of the nucleic acid target molecule. The detector
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probe may be a PNA probe or a nucleic acid probe. The detector probe may be labeled with a detectable moiety.
Detectable moieties suitable for labeling the PNA or nucleic acid probes of this invention have been previously de-
scribed.

[0098] In certain embodiments, the Hybridization Assay described above can be used to suppress the binding of
one or more detector probes to the one or more non-second target sequences to thereby improve the reliability of the
assay. According to the method, the set of probes would comprise at least one detector probe having a sequence
complementary to a second target sequence of interest. The set of probes would also comprise at least one non-
second target sequence probe complementary to a non-second target sequence which might be presentin the sample.
[0099] Alternatively, the detector probes need not be labeled with detectable moieties but their presence, absence
or quantity can be determined using labeled antibodies. If the detector probe is a nucleic acid probe, the complex
formed on the surface is a detector (nudeic add) probe/second target sequence complex. As previously described, a
labeled anti-nucleic acid/nucleic acid antibody can be used to detect the presence, absence or amount of the detector
(nucleic add) probe/second target sequence complex. If the detector probe is a PNA probe, the complex formed on
the surface is a detector (PNA) probe/second target sequence complex. Consequently, a labeled anb-PNA/nudleic
acid antibody can be used to detect the presence, absence or amount of the detector (PNA) probe/second target
sequence.

[0100] When using labeled antibodies to detect the detector probe/second target sequence complex in a capture
assay, the nature of the capture probes and the detector probes should be different. For example, if the capture probes
are nucleic acid and the detector probes are PNA probes, the hybrids can be independently detected by using the
appropriate labeled antibody. In this example the labeled anti-PNA/nucleic acid antibody will be used to detect or
quantitate the presence or amount of detector probe present since no cross reaction should occur with the capture
probe/target sequence complex. Similarly, the capture probe/target sequence complex can be specifically detected
using the labeled anti-nucleic acid/nucldc acid antibody since no crossreaction with the detector PNA probe/second
target sequence complex should occur.

Capture Assay Kit

[0101] In still another embodiment, this invention relates to a kit suitable for suppressing the binding of a non-target
sequence to a capture probe immobilized on a surface in a capture assay of a sample for a target sequence of a nucleic
acid target molecule. The kit comprises a capture probe having a sequence complementary or substantially comple-
mentary to the target sequence, wherein the capture probe is, or is modified to be, immobilized on a surface. The kit
also comprises one or more blocking probes, wherein each blocking probe has a sequence complementary or sub-
stantially complementary to a non-target sequence which may be present in the sample. At least one of the capture
probe or the one or more blocking probes is a PNA probe. Thus, in one embodiment of the kit, the capture probe is
immobilized to the surface in a format suitable for the user to immediately perform the assay. In another embodiment,
the kit comprises a capture probe which is modified so that it can be immobilized to a surface. In this embodiment, the
kit may preferably contain a module having a suitably derivatized surface to which the capture probe can be immobilized.
[0102] Having described the preferred embodiments of the invention, it will now become apparent to one of skill in
the art that other embodiments incorporating the concepts described herein may be used. It is felt, therefore, that these
embodiments should not be limited to disclosed embodiments but rather should be limited only by the spirit and scope
of the following claims.

Brief Description of the Drawings:
[0103]

Figure 1 is an autoradiogram generated by exposure of a film to enzymatically catalyzed chemiluminescence
emanating from a nylon membrane.

Figure 2 is a composite electronic image of autoradiograms generated by exposure of a film to enzymatically
catalyzed chemiluminescence emanating from a nylon membrane.

Figure 3 is a Molecular Diagram of hybridization assay components.

Figure 4A is a schematic of a plate assay.

Figure 4B is a graphical illustration of hybridization assay data.

Figure 4C is a graphical illustration of hybridization assay data.

Figure 4D is a tabular illustration of hybridization assay data.

Figure 5A is a schematic of a plate assay.

Figure 5B is a tabular illustration of hybridization assay data.

Figure 5C is a graphical illustration of hybridization assay data.
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Figure 5D is a tabular illustration of hybridization assay data.
Figure 5E is a graphical illustration of hybridization assay data.
Figure 6A is a schematic of a plate assay.

Figure 6B is a tabular illustration of hybridization assay data.
Figure 6C is a tabular illustration of hybridization assay data.
Figure 7 is a sequence schematic of the target and probe binding sites in Neisseria gonorrhoeae and Neisseria
meningitides.

Figure 8A is a schematic of a plate assay.

Figure 8B is a tabular illustration of hybridization assay data.
Figure 8C is a tabular illustration of hybridization assay data.
Figure 8D is a tabular illustration of hybridization assay data.
Figure 8E is a graphical illustration of hybridization assay data.

Modes For Carrying Out The Invention:

Example 1: Synthesis of 4-(N-(tert-butyloxycarbonyl)-aminobenzoic acid

[0104] To 100 mM of methyl-4-amino benzoic acid stirring in 150 mL of dioxane was added 110 mM of di-tert-butyl-
dicarbonate. The reaction was warmed to 70-80°C and let stir for about 48 hours. The solvent was then evaporated
under reduced pressure and the residue redissolved in about 300 mL of ethylacetate. The organic layer was then
washed three times with 10% aqueous citric acid, dried (Na,SO,), filtered and evaporated to a solid. The solid was
then suspended in 150 mL of IN NaOH and 50 mL acetone. The saponification of the ester was allowed to run overnight
until complete hydrolysis was observed by thin layer chromatography (TLC). To the solution was added citric acid until
the pH of the solution was approximately 4. The solid was then collected by vacuum filtration and dried in a vacuum
oven at 50°C. Yield 20.3g, 85%. The product was a single peak when analyzed by HPLC using 0.1% trifluoroacetic
acid (TFA) and a linear acetonitrile gradient.

TH-NMR (dg-DMSO) & = 9.7 (s, 1H), 7.8 (d, 2H), 7.6 (d, 2H), 1.5 (s, 9H).

Example 2: Synthesis of Peptide Nucleic Acids:

[0105] Peptide Nucleic Acids (PNAs) were synthesized using commercially available chemicals and instrumentation
from PerSeptive Biosystems, Inc. Labeling of the amino terminus of the PNA oligomer with a linker group while the
oligomer was still support bound was accomplished by condensation of two subunits of Expedite PNA Linker (P/N
GENO063032) using one of the auxiliary positions of the PNA synthesizer and the standard coupling cycle. To the amino
terminus of the elongated polymer was condensed 4-(N-(tert-butyloxycarbonyl)-aminobenzoic acid (see Example 1).
After desired modification of the amino terminus of the polymer, the oligomers were then cleaved from the support and
deprotected according to the manufactures instructions. The crude oligomer samples were then purified by High Per-
formance Liquid Chromatography (HPLC) using 0.1% trifluoroacetic acid (TFA) and a linear acetonitrile gradient. This
process yielded purified aryl amine terminating oligomers suitable for either conjugation with enzyme or suitable for
use in the assay as an unlabeled probe (i.e. not conjugated to SBP).

Example 3: General Procedure For Conjugation Of Arylamine Containing Peptide Nucleic Acids (PNA's) To Soybean
Peroxidase Or Alkaline Phosphatase

Stock Solutions:
1. Probe Stock:

[0106] Purified arylamine terminated PNA probe, typically fifteen residues in length, was dissolved at a concentration
of approximately 0.33 umol per milliliter in 50% aqueous dimethylformamide (DMF).

2. Enzyme Stock:
[0107] Soybean peroxidase, conjugate grade, obtained from Enzymol International, Columbus OH, was dissolved

at a concentration of 2.65 mg per milliliter in an aqueous buffer comprised of 3 M NaCl, 10 mM MgCl,, 0.1 mM ZnCl,
and 30 mM N-methylmorpholine adjusted to pH 7.6 with 12 N hydrochloric acid.
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3. 30% Aqueous DMF:
[0108] An aqueous DMF solution was prepared by combining three volumes of DMF with 7 volumes of water.
4. MES Buffer
[0109] An 0.2 M solution of 4-morpholineethanesulfonic acid (MES) in water was prepared (not pH adjusted).
5. Glycine Solution
[0110] A solution comprised of 0.5 M glycine and 0.25 M sodium hydroxide in water was prepared.
6. Wash Buffer

[0111] An aqueous buffer comprised of 1.5 M NaCl, 5 mM MgCl,, 0.1mM ZnCl, and 15 mM N-methylmorpholine
adjusted to pH 7.6 with hydrochloric acid was prepared.

7. Storage Buffer

[0112] An aqueous buffer comprised of 3 M NaCl, 10 mM MgCl,, 0.1 mM ZnCl, and 30 mM N-methylmorpholine
adjusted to pH 7.6 with 12 N hydrochloric acid was prepared.

Conjugation Procedure:

[0113] In a small reaction tube was combined 10 pL of Enzyme Stock, 12.5 uL of 30% Aqueous DMF, and 7 puL of
Probe Stock. In a separate tube was placed 1 mg of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC) and 7 uL of MES Buffer. These reagents were mixed until the EDC had dissolved in the MES Buffer. The EDC/
MES Buffer solution was then added to the tube containing the enzyme and probe (Reaction Mixture). The contents
were mixed, and the tube was placed at 5 °C for 40 min. To the Reaction Mixture was then added 7 uL of Glycine
Solution. The contents were again mixed and the tube was placed at 5 °C for a further 20 minutes. The contents of
the tube were diluted with 50 uL of Wash Buffer and then transferred to the cup of an Ultrafree microconcentrator
(30,000 molecular weight cut-off, Millipore Corporation, Bedford MA). The concentrator was spun at 5,000 x g until
~90% of the liquid had been removed from the cup. An additional 50 uL of Wash Buffer was added to the cup and the
device spun again to remove 90% of the liquid. This washing procedure was repeated two additional times. The contents
of the cup were then diluted to a volume of 1 milliliter in Storage Buffer. The absorbance of this solution at 260 nM was
used to estimate the concentration of the PNA-enzyme conjugate for subsequent assays (0.05 absorbance units at
260 nanometers per milliliter was estimated to be 0.33 nmol per milliliter based on an estimated extinction for a PNA
15-mer of 150 optical density units per umole of probe).

Example 4: Suppression of the Nonspecific Binding of Detectable Probe in a Probe Based Assay

Overview of Experiments A and B:

[0114] Two DNA oligonucleotides which differed in sequence by a single base (point mutation) were detected in
experimental assays using labeled (detectable) PNA probes, each of which was complementary to one of the two
target sequences. Experiments A and B were performed to examine, compare and quantitate the effects associated
with the addition of unlabeled probe on the hybridization assay performance. Experiments A and B were generally
performed in the same manner except that ratios of labeled to unlabeled probe were substantially greater in Experiment
B. The results of Experiments A and B demonstrate a dramatic suppression of binding of labeled probe to non-target
nucleic acid which differs from the target nucleic acid as a point mutation. The suppression of binding to non-target
sequence results in a correlating dramatic improvement in the signal to noise ratio for the hybridization assay.

Probes and Targets (Exp. A & B):

[0115] Target DNA oligonucleotides were obtained from a commercial vendor of custom synthesized DNA. The biotin
was attached by the commercial vendor using commercially available biotin amidites. Labeled and unlabeled peptide
nucleic acid (PNA) probes were prepared as described in Examples 2 and 3 above.
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Target DNA Oligomer Sequences:

Wild Type: 5’ Biotin-GTG GTA GTT GGA GCT GGT GGC GTA-OH 3’ SEQIDNO: 1
Mutant: 5 Biotin-GTG GTA GTTGGA GCTIGTGGCGTACH 3  SEQIDNO:2
Labeled (Detectable) PNA Probes:

PNA-Wild Type: H,NC(O)-ACC TCG ACC ACC GCA-(linker),-P-SBP SEQ IDNO:3
PNA-Mutant: H,NC(0)-ACC TCG AAC ACC GCA-(linker),-P-SBP SEQID NO: 4
Unlabeled PNA Probes:

PNA-Wild Type: H,NC(O)-ACC TCG ACC ACC GCA-(linker),-P-NH, SEQIDNO: 5
PNA-Mutant: H,NC(0)-ACC TCG AAC ACC GCA-~(linker),-P-NH, SEQID NO: 6

(Notes: For the PNA oligomers, “linker” designates the Expedite PNA linker attached to the
amino terminus of the PNA (equivalent to the 5’ hydroxyl end of a DNA or RNA probe for
hybridization purposes) and the letter “P” designates the 4-amino benzoic acid moiety attached
thereto. SBP designates the Soybean Peroxidase enzyme).

Reagents (Exp. A & B):

[0116]
Pre-Hybridization and Hybridization Buffer
50% Fomwndde
20 mM [Tris[hydroxymethyllJamino Jmethane (TRIS) pH 9.4
1.0% Casein
2.3% Polyoxyethylene sorbitan Monolaurate (TWEEN-20)
Oligo Dilution Buffer

100 mM TRIS pH 7.6
20 mM Ethylenediaminetetracetic acid (EDTA)

20x SSC

3 M NaCl
300 mM CgHsNaz07+2H,0 (Sodium Citrate Trisodium Salt: Dihydrate)

Wash Buffer
2x (SSC)
0.1% Sodium Dodecyl Sulfate
0.5% Casein
Blocking Buffer
500 mM NaCl
50 mM TRIS pH 9.0
0.5% Casein

High pH Blocking Buffer
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100 mM TRIS pH 9.4
100 mM NaCl
10 mM MgCl,

Nylon Membrane: Biodyne A™ (Pall, Inc.) was obtained from Gibco, BRL, Gaithersburg, MD.

[0117] The detection system was a commercially available luminol based chemiluminescent substrate (SuperSignal
NA™ from Pierce Chemical). Signal was enzymatically catalyzed by the enzyme Soybean Peroxidase which was
conjugated to the PNA probe (detectable moiety). The enzyme catalytically produced chemiluminescent signal which
was detected using an autoradiographic film.

Experiment A

Assay Description:

[0118]

PNA Probe Solutions:

Set 1 | No unlabeled PNA probe
Set 2 | 1:5, Labeled (Detectable) probe:Unlabeled probe
Set 3 | 1:25, Labeled (Detectable) probe:Unlabeled probe

[0119] Labeled (Detectable) PNA probes were diluted to a final concentration of 4 pmole/mL using Hybridization
Buffer. Set 1 was a control so no unlabeled PNA probe was added. Unlabeled PNA probes were diluted to a final
concentration of: 20 pmole/mL for Set 2, and 100 pmole/mL for Set 3, using Hybridization Buffer. Table 1, summarizes
the components of the mixtures used to generate Sets 1,2 and 3.

Wild Type Labeled Probe 293 pmole/mL

Mutant Labeled Probe 387 pmole/mL

Wild Type Unlabeled Probe : 5 pmole/uL (diluted in 50% formamide)

Mutant Unlabeled Probe 5 pmole/uL (diluted in 50% formamide)

Table 1:
Set# | Probe Type | Wild Type probe | Mutant probe | Mutant unlabeled Wild Type Hyb. Buffer
probe unlabeled probe
1 Wild Type 3.4 uL - - - 46.6 uL
1 Mutant - 2.6 uL - - 47.4 uL
2 Wild Type 3.4 uL - 1uL - 45.6 uL
2 Mutant - 2.6 uL - 1uL 46.4 uL
3 Wild Type 3.4 uL - 5uL - 41.6 uL
3 Mutant - 2.6 uL - 5uL 42.4 uL
Method:

[0120] Each Target DNA oligomer was diluted to the following final concentrations, 100 fmole/ uL, 32 fmole/ uL, 10
fmole/ uL, 3 fmole/ uL, 1 fmole/ uL, 320 amole/uL, and 100 amole/ uL. A control set of dilutions was also made which
consisted of 50% of each of the two oligomers at each dilution. For example, the control called 100 fmole/ uL was
made from equal volumes of the 100 fmole/ uL dilution of each target DNA oligomer. The final concentration of each
target DNA oligomer in the 100 fmole/ uL control was 50 fmole/ uL. For each hybridization, 0.32 uL of each of the target
DNAs was spotted onto a nylon membrane. Six membranes containing each of the three dilution series (Mu, Wt, and
Control) were made. After spotting, the membranes were dried at 37°C for 15 minutes, then irradiated with 254 nm @
0.033 joules/cm? of light to crosslink the DNA to the membrane. Membranes were individually sealed in plastic bags.
[0121] Membranes were then pre-hybridized with 200 uL Hybridization Buffer in a 45 °C water bath for 1 hour. During
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pre-hybridization, membranes were periodically shaken. Next, 50 uL of probe mixtures were added to the bags, the
bags were resealed, and hybridization was allowed to proceed for 30 minutes at 45 °C with periodic mixing.

[0122] Membranes were then washed together twice at room temperature in 100 mL of Wash Buffer. A third wash
was carried out at 45° C while shaking for 15 minutes. Membranes were blocked for 15 minutes while shaking in 100
mL Blocking Buffer. Membranes were blocked again for 5 minutes while shaking in 50 mL High pH Blocking Buffer.
Membranes were blotted on Whatman membrane paper and put collectively into a new plastic pouch. Next, 500 L of
Pierce™ "Stable Peroxide NA" and 500 uL of Pierce™ "Luminol/Enhancer NA" were added to the pouch. The pouch
was sealed and shaken at room temperature for 10 minutes. The membranes were again blotted onto paper then
resealed in individual plastic pouches. The membranes were exposed to autoradiographic film for 2-5 minutes.

Results:

[0123] With reference to Figure 1, the left half of the figure displays the membranes probed with wild type PNA probe
conjugated to soybean peroxidase as the detectable moiety. With reference to Figure 1, the right half displays mem-
brane probed with the mutant PNA probe conjugated to soybean peroxidase as the detectable moiety. For convenience
of interpreting the Figure, columns have been designated with the letters A-R and rows have been designated with the
numbers 1-7. In each column of each membrane a dilution series of target DNA oligomer was applied. For each of the
six membranes there was a column labeled "WT" for the wild type DNA target, "C" for the control (mixture of wild type
and mutant target DNA) and "M" for the mutant DNA target. All six membranes were identical with respect to dimensions
and DNA target location, type and concentration. DNA target oligomers were spotted approximately in the center of
3mm x 3mm squares marked on the membrane. Dilution series were arranged vertically with the highest concentration
of oligomer at the top and the lowest concentration at the bottom. The two sets of membranes (wild type-probed, and
mutant-probed) were arranged from left to right as the relative molar concentration ratio of labeled (detectable) PNA
probe to unlabeled PNA probe in the hybridization was increased from 1:0, 1:5, and 1:25. For the wild type probe, the
"WT" dilution series represented specific signal, and the "M" dilution series represents non-specific signal. For the
mutant probe, the "M" dilution series represents specific signal, and the "WT" dilution series represented non-specific
signal.

[0124] With reference to Figure 1, row 5, when either the wild type or mutant targets are probed with the perfectly
complementary wild type or mutant probes, whether in the presence or absence of blocker probe, the lowest discernible
level of detectable DNA was 320 amole (See: row 5, columns A, D, G, L, O and R). The strength of the signal at 320
amole of spotted target was slightly reduced, in the presence of the unlabeled mutant probe (Compare: row 5, column
Ato row 5, columns D and G). The mutant probe does not display any visible loss of signal in the presence of unlabeled
probe (compare row 5, column L to row 5, columns O and R).

[0125] The control dilution series contained a 1:1 mixture of wild type and mutant target DNA. The amount of specific
signal seen in the control lanes should be approximately the same (across rows) under all conditions tested if the
presence of unlabeled probe does not significantly reduce specific signal, and if the two labeled probes behave in
similar ways under the assay conditions. As can be seen by comparing the signals in columns B, E, H, K, N, and Q in
Figure 1, control signal was maintained across the six membranes. On each membrane, the control signal was ap-
proximately 50% of the specific signal at all levels tested as it should be (for example compare the signals in column
K to those in column L).

[0126] The intensity of the signal caused by non-specific hybridization of the wild type or mutant labeled probe was,
however, dramatically reduced in the presence of the unlabeled probe. For example, with reference to Figure 1, compare
the signal intensity of the labeled wild type probe hybridized to the mutant target (column C) with that obtained from
the hybridization in the presence of the unlabeled mutant probe (See: columns F and | where the unlabeled mutant
probe was present in the hybridization assay in 5 and 25 relative molar excess, respectively to the labeled wild type
probe). In the absence of the unlabeled probe the non-specific signal was present at 3 fmole of target DNA (See: row
3, column C). Addition of 5 fold molar excess of unlabeled mutant probe reduced the intensity of the non-specific signal
by approximately 10 fold so that about 32 fmole of mutant DNA is required to observe a signal (See: row 1, column F).
Addition of 25 equivalents of unlabeled mutant probe reduced the intensity of the signal such that non-specific binding
of the wild type probe to the mutant target was not detectable within the parameters of this experiment (See: row 1,
column I).

[0127] Consistent with these results, when the labeled mutant probe was used for hybridization, the addition of a 25
fold relative molar excess of unlabeled wild type probe to the hybridization reaction resulted in approximately a 10 fold
reduction of non-specific binding of the labeled mutant probed to the wild type DNA target. With reference to Figure 1,
compare column J (no unlabeled wild type probe) with columns M and P (unlabeled wild type probe in relative molar
concentrations of 5 and 25). The mutant probe was detected at about 3 fmole of wild type target in the absence of any
unlabeled wild type probe (row 3, column J). Addition of a 5 fold relative molar excess of unlabeled wild type probe
reduced the intensity of the non-specific signal by approximately 10 fold such that about 32 fmole of wild type target
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DNA was required to observe a signal (row 1, column M). Addition of 25 molar equivalents of unlabeled wild type probe
to the hybridization mixture reduced the intensity of the signal observed such that the lower limit of detection remained
at about 32 fmole of target DNA (row 1, column P).

[0128] In conclusion, the results illustrated in Figure 1 demonstrate that non-specific binding of labeled (detectable)
PNA probes to non-complementary nucleic acid sequences can be suppressed by the addition of unlabelled PNA
probes which are complementary to non-target sequences to which the labeled (detectable) PNA probe binds non-
specifically. As shown here the ability to discriminate between the wild type and mutant targets goes up from 10 fold
in the absence of the unlabeled probe to greater than 100 fold in the presence of unlabeled PNA probe.

Summary:

[0129] Estimated signal to noise ratio increased from approximately 10 to 320 for the labeled wild type probe in the
absence and presence of unlabeled mutant probe, respectively. For the mutant oligonucleotide target, the estimated
signal to noise ratio increased from approximately 3 to 100 for the labeled mutant probe in the presence and absence
of unlabeled wild type probe, respectively. Consequently, point mutation discrimination was dramatically improved in
the presence of the unlabeled (blocker) PNA probe.

Experiment B

Assay Description:

PNA Probe Solutions:

[0130] Table 2 displays the components of Hybridization Sets A (1-4) and B (1-4). Labeled (detectable) PNA probes
were diluted to a final concentration of 5 pmole/mL with Hybridization Buffer. Unlabeled probes were aliquoted from a
concentrated stock "(conc.)" of 333 pmole/uL, or a diluted stock "(dil)" of 5 pmole/uL. The stock which was used to
prepare the sample for the hybridization assay is indicated in Table 2. Because Set 1 was a control, no unlabeled PNA
probe was added. Unlabeled PNA probes were diluted to a final concentration of: 25 pmole/mL for group 2, 500 pmole/
mL for group 3, and 2.5 nmole/mL for group 4. As indicated in the table, the total volume of probe stock was 50 pL for
all Hybridization Sets prepared. The 50 pL of probe stock was then diluted in 150 pL of Hyb. Buffer so that the total
volume of solution applied to the membrane was 200 pL.

Table 2:
Set# | Labeled Probe | Wild Type Mutant labeled Wild Type Mutant Hyb. Buffer
Type labeled probe | probe unlabeled unlabeled probe
probe
1A Wild Type 3.4 uL - - - 46.6 uL
2A Wild Type 3.4l - - 1.0 uL (dil.) 456 uL
3A Wild Type 3.4 L - - 0.3 puL (conc.) 46.3 uL
4A Wild Type 3.4 L - - 1.5 uL (conc.) 45.1 uL
1B Mutant - 2.6 uL - - 47.4 uL
2B Mutant - 2.6 uL 1.0 uL (dil.) - 46.4 L
3B Mutant - 2.6 uL 0.3 uL (conc.) - 47.1 uL
4B Mutant - 2.6 uL 1.5 puL (conc.) - 45.9 uL

Method:

[0131] Dilutions of target oligonucleotides were made in Oligo Dilution Buffer to final concentrations of 3 pmole/uL,
1 pmole/uL, 320 fmole/uL, 100 fmole/uL, 32 fmole/uL, 10 fmole/uL, 3 fmole/uL, 1 fmole/uL, 320 amole/uL, and 100
amole/uL. Eight nylon membranes were prepared as described in Experiment A. Each membrane consisted of two
columns of 6, 3x3 mm squares. Four membranes were designated as Set A, and the other four were designated as
Set B. In the left column of Set A, aliquots of 0.32 uL of the six consecutive dilutions of the wild type target were spotted
onto the membrane to generate a dot blot array of target nucleic acid present in half log steps in the range of 10 fmol
to 32 amole (Because there was no observed signal below 320 amole, only the results for the first four targets are

23

MPI EXHIBIT 1061 PAGE 23



10

15

20

25

30

35

40

45

50

55

EP 0946 750 B1

shown in Figure 2). In the right column of Set A, aliquots of 0.32 uL of the six consecutive dilutions of the mutant target
nucleic acid were spotted onto the membrane to generate a dot blot array of nucleic acid present in half log steps in
the range of 1 pmole and 3 fmole. In the left column of Set B, aliquots of 0.32 uL of the six consecutive dilutions of the
mutant target were spotted onto the membrane to generate a dot blot array of nucleic acid present in half log steps in
the range of 10 fmole to 32 amole. In the right column of Set B, aliquots of 0.32 uL of the six consecutive dilutions of
the wild type target nucleic acid were spotted onto the membrane to generate a dot blot array of nucleic acid present
in half log steps in the range of 1 pmole and 3 fmole. Membranes were dried, and crosslinked as described in Experiment
A.

[0132] Materials and methods were identical to Experiment A, except that the pre-hybridization incubation was ex-
tended to 90 minutes, and the third wash incubation was extended to 30 minutes. As noted above, the total volume of
probe stock applied to each membrane was 200 pL, as compared with Example A wherein the total volume was 250
uL. The membranes of Set A were probed with wild type labeled PNA probe in the presence of unlabeled mutant PNA
probe in the ratios indicated in Figure 2. The membranes of Set B were probed with mutant labeled PNA probe in the
presence of unlabeled wild type PNA probe in the ratios indicated in Figure 2.

Results:

[0133] Figure 2 is a composite of electronic images which were obtained by scanning the autoradiographic images
(film) obtained as raw data from analysis of the membrane sets. The images have been arranged to align like target
concentrations for easy comparison. For convenience, the columns of the figure have been designated with the letters
A-P and rows have been designated with the numbers 1-8. Many locations in the figure contain no data as there was
either no data which was acquired for that set of conditions (i.e. rows 1-4 in columns A, C, E, G, |, K, M and O, and
rows 7 and 8 in columns B, D, F, H, J, L, N, and P) or no detectable signal was observed at the particular concentration
of nucleic acid target (100 amole and 32 amole).

[0134] The left half of the figure displays results for the membranes of Set A and the right half displays results for
the membranes of Set B. For each membrane there is a column labeled "WT" for the wild type target, and "M" for the
mutant DNA target. The two sets of membranes (A and B) are arranged from left to right as the relative molar concen-
tration ratio of labeled (detectable) PNA probe to unlabeled PNA probe was increased from 1:0, 1:5, 1:100 and 1:500.
For the wild type probe, the "WT" dilution series represents specific signal, and the "M" dilution series represents non-
specific signal. For the mutant probe, the "M" dilution series represents specific signal, and the "WT" dilution series
represents non-specific signal.

[0135] Signal from non-specific hybridization of the wild type or mutant labeled probe was greatly reduced in the
presence of the unlabeled (blocker) probes. For example, with reference to Figure 2, compare the signal intensity of
the labeled wild type probe hybridized to the mutant target in the absence of unlabeled (blocker) probe (column B) with
that obtained from the hybridization in the presence of various amounts of unlabeled mutant (blocker) probe (columns
D, F and H). In the absence of the unlabeled probe the non-specific signal was clearly evident at 32 fmole of target
DNA (row 4, column B). Addition of 5 equivalents of unlabeled mutant probe reduced the intensity of the non-specific
signal by approximately 3 fold, increasing the lowest detectable level of non-specific target to 100 fmole (row 3, column
D). Addition of 100 equivalents of unlabeled mutant probe reduced the intensity of the non-specific signal by approx-
imately 32 fold, increasing the lowest detectable level of non-specific target to 1 pmole (row 1, column f). Addition of
500 equivalents of unlabeled mutant probe reduced the intensity of the signal such that non-specific binding of the wild
type probe to the mutant target was not detectable within the parameters of this experiment (row 1, column H).
[0136] The signal from the labeled mutant probe in the presence of wild type unlabeled (blocker) probes, and wild
type targets was consistent with these results. For example, with reference to Figure 2, compare the signal intensity
of the labeled mutant probe hybridized to the wild type target in the absence of blocker probe (column J) with that
obtained from the hybridization in the presence of various amounts of the unlabeled wild type (blocker) probe (columns
L, N and P). In the absence of the unlabeled probe the non-specific signal was dearly evident at 10 fmole of target
DNA (row 5, column J). Addition of 5 fold equivalents of unlabeled wild type probe reduced the intensity of the non-
specific signal by approximately ~3 fold, increasing the lowest detectable level of non-specific target to 32 fmole (row
4, column L). Addition of 100 equivalents of unlabeled wild type probe reduces the intensity of the non-specific signal
by approximately an additional 10 fold thereby increasing the lowest detectable level of non-specific target to 320 fmole
(row 2, column N). Addition of 500 equivalents of unlabeled wild type probe reduced the intensity of the of the non-
specific signal by approximately an additional 3 fold so that 1 pmole of wild type target is the lowest detectable level
(row 1, column P). Consequently, the dynamic range (signal to noise ratio of the assay) for the reactions using the
mutant probe has improved from 10 to 1 in the absence of unlabeled probe to approximately 1000 to 1 in the presence
of 500 equivalents of unlabeled wild type probe.

[0137] As the ratio of unlabeled probe to labeled probe was increased there was a slight loss of specific signal For
example, with reference to Figure 2, the lowest detectable level of wild type target was 320 amole (see row 8, columns
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A and C). Inthe presence of 100 fold equivalents of unlabeled mutant (blocker) probe, the limit of detection was reduced
to 1 fmole (row 7, column E), This was a 3 fold loss of signal. In the presence of 500 fold equivalents of unlabeled
probe (row 6, column G), there is approximately a 10 fold loss of signal. As discussed above, however, there was at
least a 32 fold reduction in background associated with non-specific binding to non-target sequence. Consequently,
there was at least a 10 fold improvement in the signal to noise ratio in the presence of 500 equivalents of unlabeled
mutant probe. Similarly, the mutant target was at approximately 320 amole (see row 8, column K). The addition of 100
or 500 fold equivalents of unlabeled wild type probe, reduced the limit of detection to approximately 1 fmole (row 7
columns M and O). This was approximately a 3 fold loss in detectable signal. However, there was approximately a 100
fold reduction in background associated with non-specific binding to non-target sequence. Consequently, there was
atleast a 33 fold improvementin the signal to noise ratio in the presence of 500 equivalents of unlabeled wild type probe.

Summary:

[0138] In conclusion, the results illustrated in Figure 2 further demonstrate that non-specific binding of labeled PNA
probes to non-complementary nucleic acid sequences can be suppressed by the addition of unlabelled PNA probes
which are complementary to non-target sequences to which the labeled PNA probes bind in a non-specific manner.
The results demonstrate that point mutation discrimination improved from approximately 10 fold in the absence of the
unlabeled probe to greater than 1000 fold in the presence of high levels of unlabeled (blocker) PNA probe. Moreover,
there.was very little loss of detectable signal (approximately 3 to 10 fold) even in the presence of 500 fold equivalents
of unlabeled probe. Consequently, when employing the methods described herein, one can achieve several logs of
improvement in point mutation discrimination and similarimprovements in the dynamic range of the hybridization assay.

Example 5: Fluorescein labeling of Peptide Nucleic Acids

[0139] Peptide Nucleic Acids (PNAs) were synthesized using commercially available chemicals and instrumentation
from PerSeptive Biosystems, Inc. The N-terminus of the support bound oligomer was condensed with Fmoc-L-Lys-
(Fmoc)-OH (PerSeptive Biosystems, Inc. P/N GEN911094) using the automated synthesizer and standard PNA cou-
pling conditions. Using the standard PNA protocols and condensation conditions, Fmoc-8-amino-3,6-dioxaoctanoic
acid was condensed with each of the N-o. and N-e amino groups of the deprotected lysine amino acid to thereby branch
the amino terminus of the PNA oligomer. The Fmoc groups of the support bound oligomer were then removed by
treatment with piperidine in DMF. The resin was then treated with a solution containing 0.076 M 5(6)-carboxyfluorescein-
NHS ester (Molecular Probes; P/N C-1311) 0.38 M diisopropyethylamine in DMF at room temperature for 30-60 min-
utes. The support was then washed to remove excess labeling reagent. The PNA was then cleaved from the support
and purified using standard methodologies.

Example 6: Comparison Of Blocking Probe Assays Using Combinations of Detectable Probes (PNA and Nucleic Acid)
and Blocker Probes (PNA and Nucleic Acid)

Overview Of Experiments A through C:

[0140] Experiments A-C were performed to compare combinations of PNA and nucleic acid probes as both detection
and blocking probes in hybridization assays. The experiments were also performed to determine the optimal conditions
for suppression of the binding of detectable probes to non-complementary nucleic acid sequences.

[0141] These experiments were directed to point mutation analysis because point mutations are some of the most
difficult of all nucleic acid modifications to detect using a probe based hybridization assay. A known point mutation in
the codon twelve region of the human Ki-ras gene is commonly observed in malignant tissues and immortalized cell
lines. This was chosen as a model system. Two biotinylated 31-mer DNA targets having the subsequence of the mutant
and wild type codon twelve regions of human Ki-ras were synthesized. These targets differed by one base pair (a base
pair mismatch or point mutation) which occurs in the middle of each oligomer at position 16 (See below: Probes and
Nucleic Acid Targets). PNA and DNA probes which were complementary to each of the two target nucleic add se-
quences were also synthesized. The probes were prepared as both labeled with fluorescein (detectable probes) and
unlabeled (blocker probes).

[0142] A setoflabeled and unlabeled PNA 15-mers was prepared since PNAs of this length have demonstrated high
specific binding to nucleic acid sequences with the appropriate affinity and stability. For comparison, a set of labeled
and unlabeled DNA 15-mers was prepared.

Additionally, a set of labeled and unlabeled DNA 25-mers was also prepared. The longer 25-mer DNAs were believed
to be more suitable for comparison to the 15-mer PNAs because they have a thermal stability (Tm) which was more
closely comparable with the PNA 15-mers.
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[0143] In experiments not described herein, blocker probes were added at various concentrations either before,
during or after the addition of labeled (detectable) probes. The results demonstrated that incubation of the blocker
probe and target nucleic acid prior to addition of the labeled (detectable) probe resulted in the most favorable signal
to noise ratio.
Experiment A
[0144] Signal from labeled probes hybridized to complementary or non-complementary targets over a range of block-

er probe concentrations under conditions optimized for the hybridization of each probe type (PNA or DNA) was meas-
ured. The relative ability of unlabeled PNA and DNA probes to serve as blocker probes was compared.

Experiment B

[0145] The sensitivity and specificity of the DNA and PNA probe sets at various target levels in the presence and
absence of blocking probes was compared.

Experiment C

[0146] PNA and DNA blocker probes were used in conjunction with labeled DNA probes in normal and accelerated
hybridization assays.

Materials and Methods:

[0147] The PNA and DNA probes and targets used are shown below.

Biotinylated DNA targets
Wild type 5 Biotin-GTGGTAGTTGGAGCTGGTGGCGTAGGCAAGA-OH 3’ SEQIDNO:7
Mutant 5 Biotin-GTGGTAGTTGGAGCTIGTGGCGTAGGCAAGA-OH 3° SEQIDNO:8

PNA Labeled Probes ‘

Wild type N (Flu-linker),-K-ACGCCACCAGCTCCA-NH, C SEQIDNO:9
Mutant N (Flu-linker),-K-ACGCCACAAGCTCCA-NH, C SEQID NO:10
PNA Blocker probes

Wild type N H-ACGCCACCAGCTCCA-NH, ‘ C SEQIDNO:11
Mutant N H-ACGCCACAAGCTCCA-NH, C SEQIDNO:12
DNA Labeled Probes

Wild type-15 5’ Flu-spacer-ACGCCACCAGCTCCA-OH 3’ SEQIDNO:13
Mutant-15 5’ Flu-spacer-ACGCCACAAGCTCCA-OH 3’ SEQIDNO: 14

Wild type-25 5'Flu-spacer-TGCCTACGCCACCAGCTCCAACTAC-OH 3 SEQIDNO: 15
Mutant-25 5'Flu-spacer-TGCCTACGCCACAAGCTCCAACTAC-OH 3" SEQIDNO: 16

DNA Blocker probes oy
Wild type-15 5° HO-ACGCCACCAGCTCCA-OH 3 SEQIDNO:17
Mutant-15 5’ HO-ACGCCACAAGCTCCA-OH 3 SEQIDNO:18
Wild type-25 5 HO-TGCCTACGCCACCAGCTCCAACTAC-OH 3’ SEQIDNO:19
Mutant-25 5 HO-TGCCTACGCCACAAGCTCCAACTAC-OH 3’ SEQIDNO:20

[0148] All DNA probes are illustrated from 5' to 3' and all PNA probes are illustrated from the amino terminus (N) to
the carboxyl terminus (C). Probe and target mismatch sites are underlined and lie at the centers of the molecules.
Probe names indicate the sequence to which the probe is complementary. For example, the "wild type PNA" probe is
a perfect match to the wild type DNA target when hybridized in the antiparallel orientation. Nucleic acid probes were
either obtained from commercial vendors of custom oligonucleotides, or synthesized using commercially available
instrumentation and reagents. For the fluorescein labeled DNA probes, "spacer" designates a linker incorporated into
the oligonucleotide with the Fluorodite™ labeling phosphoramidite obtained from PerSeptive Biosystems, Inc (P/N
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GENO080110). The biotin labeled DNA targets were prepared by a commercial vendor of custom oligonudeotides (Geno-
sys) using their standard procedures. PNA probes were synthesized using commercially available instrumentation and
reagents. PNAs were branched at the N-terminus by the condensation of a lysine amino acid (illustrated as "K") during
chemical synthesis. PNAs were labeled with fluorescein as described in Example 5 of this specification. For the PNA
oligomers, "linker" designates the Expedite PNA linker (P/N GEN063032) attached to the lysine amino acid at the N-
terminus of the PNA oligomer.

General Assay Procedure:

[0149] Biotinylated target nucleic acids and probes were incubated under appropriate hybridization conditions, after
which the contents of the hybridization reaction were placed in wells of Streptavidin coated microtitre plates to thereby
capture the biotinylated target nucleic acids and any probes hybridized thereto. After removal of the unbound material
and subsequent washing, the wells were contacted with an alkaline phosphates conjugated to a anti-FITC Fab fragment
"Rabbit(Fab) anti-FITC/AP". The Rabbit(Fab) anti-FITC/AP binds to the fluorescein of the detectable probe, if present
(note, although the PNA probes in this assay were bis-labeled with fluorescein, prior studies demonstrated that detec-
tion of these probes with the Rabbit(Fab) anti-FITC/AP conjugate produced similar levels of signal as single-labeled
PNA or DNA probes). Non-specifically bound o-fluorescein antibody-alkaline phosphatase enzyme conjugate was then
removed by washing, and an alkaline phosphatase activated chemiluminescent substrate was then added to the wells.
Emitted light was measured using a suitable plate reader.

[0150] The Molecular Diagram (Figure 3) illustrates the components of the hybridization assay as described above.
The Streptavidin coated plate, illustrated by the symbol " X", binds the biotinylated nucleic acid target illustrated using
the symbol "B ". Fluorescein labeled probe which is hybridized to the target nucleic acid is
illustrated by the symbol " F". The fluorescein moiety "F", is used as a hapten to thereby bind
an a-fluorescein antibody which is illustrated as the upside down "Y" in the figure. The a-fluorescein antibody is con-
jugated to the alkaline phosphatase enzyme which is illustrated as "AP" in the figure. The o-fluorescein antibody-
alkaline phosphatase enzyme conjugate "Rabbit(Fab) anti-FITC/AP " is commercially available from DAKO A/S (Co-
penhagen, Denmark). Non-labeled blocker probe is shown as not binding to any assay component, it is illustrated by

thesymbol"___ .
[0151] Hybridizations were performed in polystyrene microtiter plates by mixing stock solutions of probes, nucleic
acid targets, and hybridization buffers. All incubations were performed at room temperature with agitation. Each assay
was performed by first adding the required amount of target nucleic acid, diluted to 80 uL volume in buffer to the
polystyrene microtitre plate. For reactions containing unlabeled (blocker) probes, a solution containing the appropriate
amount of unlabeled (blocker) probe, in a 10 uL volume, was then added to the target nudeic acid and the mixture was
incubated at ambient temperature (22 £ 2 °C for all experiments). For control reactions which contained no unlabeled
(blocker) probe, a 10 uL aliquot of the appropriate dilution buffer was added. A solution containing the appropriate
amount of labeled (detectable) probe, in 10 uL volume, was then added to the target/blocker probe mixture and this
solution was again incubated at ambient temperature. Each 100 pL reaction was transferred to a well of a Streptavidin
coated microtitre plate and allowed to incubate for 30 minutes. The solution in the well was then removed, and each
well was washed six times with 300 pL of Wash Buffer A. Next, 100 uL of a 1:1000 dilution of Rabbit(Fab) anti-FITC/
AP stock solution in Wash Buffer B was added, and allowed to incubate for 30 minutes at ambient temperature (the
optimal antibody dilution factor, 1:1000, was determined experimentally, data not shown). The Anti-FITC-AP solution
was then removed and the wells were washed three times with 150 pL of Wash Buffer B, then three times with 150 pL
of Wash Buffer C. Between washes, the plates were incubated at ambient temperature with shaking for 1 minute.
Finally, 50 pL of Visualization Reagent was added to each well and the plate was incubated at ambient temperature
with shaking for exactly 4 minutes. The Visualization Reagent was transferred to an opaque (white) reading plate and
read for 1 sec in a Wallac 1420 Multilabel luminometer. The readings obtained from the luminometer in relative light
units (RLU) indicated the extent of binding of the labeled (detectable) probe to the target nudeic acid. For experiments
A-C, each hybridization reaction was performed at least in triplicate and the resulting measurements were averaged.
No data points were discarded. Background measurements were performed at least in duplicate and were also aver-
aged.

[0152] The time required for each step of the assay is shown below.
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Assay Time Line:

[0153]
Steps: Time Line
1.1 hour blocker probe hybridization 1.00 hr
2.1 hour labeled probe hybridization 2.00 hr
3.30 minute capture of complexes onto SA coated plate 2.50 hr
4.6x Wash Buffer A washes 2.60 hr
5.30 minute Anti-FTTC-AP binding 3.10 hr
6.3x Wash Buffer B Washes 3.15 hr
7.3x Wash Buffer C Washes 3.20 hr
8.4 minute Visualization Reagent incubation 3.30 hr

Reagent and Buffer Compositions:

[0154]
Wash Buffer A
10 mM NaCl
5mM TRIS pH 7.3
0.01% TWEEN-20
Wash Buffer B

0.5 M NaCl
50 mM TRIS pH 9.0

Wash Buffer C

10 mM TRIS pH 9.4
10 mM NaCl
1 mM MgCl,

Visualization Reagent

0.4 mM CDP-Star™
1X Sapphire Il Enhancer™
0.1 M Diethanolamine

The Visualization Reagent comprises CDP-Star™ (Tropix, Bedford, MA), a 1,2-dioxetane, which when dephosphor-
ylated by AP produces a metastable intermediate, which emits light at 466 nm upon decay (half life ~2 min.). Sapphire
II™ (Tropix, Bedford, MA) is a luminescence enhancer which reduces the effects of aqueous quenching, producing
amplified signals

Choice of Hybridization Conditions:

[0155] Those of ordinary skill in the art of nucleic acid hybridization will recognize that factors commonly used to
impose or control stringency of hybridization include formamide concentration (or other chemical denaturant reagent),
salt concentration (i.e., ionic strength), hybridization temperature, detergent concentration, pH and the presence or
absence of chaotropes. Optimal stringency for a probe/target combination is often found by the well known techniques
of fixing several of the aforementioned stringency factors and then determining the effect of varying a single stringency
factor. This was done for the various probes types and lengths. For the work presented here, the hybridization conditions
for a probe set were defined as optimal when a further increase in stringency produced large reduction in signal without
a corresponding increase in the ability to discriminate between perfectly matched and mismatched targets.
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[0156] A number of stringency factors were fixed throughout the experiments for either probe type (PNA or DNA)
including pH (7.0), temperature (ambient), detergent (0.5% v/v, Tween-20) and chaotrope (none). lonic strength was
fixed at 100mM NaCl for hybridizations with PNA detector probes and 250mM NaCl for hybridizations involving DNA
detector probes. With these stringency factors fixed, formamide concentration was varied and found to be optimal at
70%, 65% and 35% for the PNA 15-mer, DNA 25-mer and DNA 15-mer probes, respectively. A summary of buffers
which were found to provide optimal stringency is shown below.

Hybridization Buffer Table:

Buffer ;| Probe Type | Formamide | NaCl(mM) | TWEEN-20 | Na,PO,
A PNA 70% 100 0.5% 10mM
B DNA 25 65% 250 0.5% 10 mM
C DNA 15 35% 250 0.5% 10mM

All hybridizations were performed at room temperature when using the conditions described above.
Experiment A

Assay Description:

[0157] Figure 4Ais a plate assay schematic of the configuration of hybridization reactions performed in the wells of
a microtiter plate for this experiment. Each of the reaction wells in the figure is given a specific location comprised of
an alphanumeric character (e.g. A) and a number (e.g. 1). For row locations the alphanumeric character is sequentially
incremented and for column locations the number is sequentially incremented. For each condition tested, three data
points (arranged column wise) were generated to obtain an average. Dilutions of targets, labeled (detectable) probes
and unlabeled (blocker) probes were prepared as described above. Complementary, "Match", target sequence was
added at 30 fmole to rows A-C; non-complementary, "Mismatch", target sequence was added at 300 fmole to the wells
in rows D-F, "No Target", control hybridizations were performed in the wells in rows G and H. Labeled detector probes
were used at 3 pmole/well. The ratio of unlabeled (blocker) probe to labeled (detectable) probe is indicated at the top
of each column of Figure 4A. Labeled wild type probes (and mutant unlabeled (blocker) probes) were used in the wells
in columns 1-6; labeled mutant probes (and wild type unlabeled (blocker) probes) were used in the wells in columns
7-12.

[0158] The experimental conditions, assay timing and reagent composition were described in the Materials and Meth-
ods section, above. The assay was performed three times, once with PNA probes, once with DNA 25-mer probes, and
once with DNA 15-mer probes. Wild type and mutant PNA 15-mer, DNA 15-mer and DNA 25-mer labeled (detectable)
probes were hybridized under conditions optimized for each probe type (See: Choice of Hybridization Conditions,
above).

Results and Discussion:

[0159] With reference to Figures 4B and 4C, the data displayed are average RLU (with average backgrounds sub-
tracted) on the ordinate axis, vs. the relative amount of unlabeled (blocker) probe ("Blocker(X)") along the abscissas.
The ordinate axes of Figures 4B and 4C are on the LOG,( scale. Figure 4B displays the data for the labeled (detectable)
wild type probes in the presence of various amounts of unlabeled mutant (blocker) probe. Figure 4C displays the data
for the labeled (detectable) mutant probes in the presence of various amounts of unlabeled wild type (blocker) probe.
In both Figures, the solid lines indicate data generated by hybridization between complementary targets and probes
("Match") and the dashed lines indicate data generated by hybridization between non-complementary targets and
probes ("Mismatch"), In both Figures, diamond shaped symbols indicate use of DNA 25-mer probes, triangle shaped
symbols indicate use of PNA probes, and square shaped symbols indicate use of DNA 15-mer probes. The use of
unlabeled (blocker) probes in conjunction with labeled DNA or labeled PNA probes suppressed signal from non-com-
plementary targets (dashed lines). Addition of unlabeled (blocker) probes to complementary target did not prevent
binding (hybridization) of the complementary probe and target as was indicated by the constant signal levels maintained
(solid lines). Of the three probe sets tested, the PNA probes provided the greatest level of discrimination between
complementary and non-complementary sets of probes and targets as indicated by the greatest absolute difference
between the solid and dashed line for each set of probes. These conclusions are further supported by the data presented
in Figure 4D.
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[0160] Figure 4D is a table of Match/Mismatch (Ma/Mi) ratios. Column A displays the relative amount of blocker probe
present in each hybridization reaction. Columns B-G display the calculated Ma/Mi ratio for each probe (defined in row
2) at each relative concentration of unlabeled (blocker) probe. Match refers to signal from hybridization between per-
fectly complementary target nucleic acids and probe sequences, whereas; Mismatch refers to signal from hybridization
between non-complementary target nucleic acids and probe sequences which are related as point mutations. The Ma/
Mi ratio gives a sense of the relative affinity of a probe for its matching target as compared to a one base pair mismatch
target (i.e., point mutant). The ratios were generated by application of the following formula where "avg. bkgd" is the
average background signal.

(avg. Match signal - avg. bkgd.)/((avg. Mismatch signal - avg. bkgd.)/10) = Ma/Mi ratio.
The "Mismatch" term (denominator) is divided by 10 to normalize the different levels of target (30 and 300 fmole) being
detected in "Match" and "Mismatch" samples. Background was calculated by averaging all of the "No Target" values
for each probe tested (wells G1-H6 in Figure 4A). As an example, the value of 9 for the wild type PNA probe Ma/Mi
ratio (Figure 4D, column B, row 3) was derived by applying the equation to the average of the signals generated in
wells A1-C1 (Match), and D1-F1 (Mismatch)..
[0161] The data in Figure 4D reveals a dramatic increase in the Ma/Mi ratio upon addition of increasing amounts of
unlabeled (blocker) probe for the two probe types, PNA and DNA (See: rows 3-8 of each column). In the case of the
DNA probe sets (See: columns B, C, F and G) the Ma/Mi ratios go up almost to 300. For the PNA probe sets (See:
columns D and E) the ratios go well above 1000. The four DNA probe sets all demonstrate approximately equal Ma/
Mi ratios. For example, at "2X" (row 6) the wild type DNA 25, mutant DNA 25, wild type DNA 15, and mutant DNA 15
are 110,173,105, and 185 respectively. The PNA probes display a greater increase in discrimination than the DNA
probes as the concentration of unlabeled (blocker) probe was increased. At "2X" blocker (row 6), the wild type PNA
and mutant PNA have Ma/Mi ratios of 1009 and 929, respectively. There is also a substantial difference in Ma/Mi ratios
for the PNA probes present at only 0.5X blocker (row 4). The PNA probes are at 497 and 255, while the DNA probes
have values of only 27, 73, 46, and 83. This observed difference is probably attributable to the fast rate of hybridization
of PNA probes, and the relative stability difference between perfect match and one base pair mismatch PNA/DNA
hybrids as compared to DNA/DNA hybrids.

Summary of Experiment A:

[0162] The data demonstrates that unlabeled PNA and DNA probes can be effectively used to suppress the binding
of detectable probe to non-target sequence over a wide range of concentrations. At all concentrations tested, the
unlabeled (blocker) PNA probes are better at enhancing discrimination between complementary and non-complemen-
tary targets than either of the unlabeled (blocker) DNA probes tested (i.e. 15-mer or 25-mer).

Experiment B

Assay Description:

[0163] In this experiment, wild type and mutant PNA 15-mer, DNA-15-mer and DNA 25-mer labeled (detectable)
probes were hybridized to varying amounts of complementary and non-complementary nucleic acid targets. Results
were obtained both in the presence and absence of two fold equivalents of unlabeled blocker probes.

[0164] Figure 5A is a plate assay schematic of the configuration of hybridization reactions performed in the wells of
a microtiter plate for this experiment. The well positions are again assigned a two digit code comprising an alphanumeric
character (e.g. A) and a numeric character (e.g. 1) to designate column and row assignments, respectively. For each
condition tested, four data points (arranged column wise) were generated to obtain an average (derived data) useful
for comparative analysis. The top half of the plate (rows 1-4) was used to measure signal from labeled wild type se-
quence probes. The bottom half of the plate was used to measure signal from labeled mutant sequence probes.
[0165] Dilutions of target nucleic adds, labeled (detectable) probes and unlabeled (blocker) probes were performed
as described above. For this experiment, "Match" targets were used in quantities of 50,5, and 0.5 femptomoles (fmole)
per well (columns 1-6). "Mismatch" targets were used at high levels, 500 and 50 fmoles per well (columns 9-12), due
to the expected decrease in binding affinity between non-complementary target and probe. Control reactions containing
no target "NT" were also performed in the wells in columns 7 and 8. The presence and absence of unlabeled (blocking)
probe is indicated by the (-) or (+), respectively, above the columns. In this experiment, the wells in the odd numbered
columns (1,3, 5 etc.) were used to measure signal in the absence of unlabeled (blocker) probes, and the wells in the
even numbered columns (2, 4, 6 etc.) were used to measure the signal in the presence of blocker probes. Background
for the wild type sequence probes in the absence of unlabeled (blocker) probe was measured in wells A7-D7, and
background for the mutant sequence probes in the absence of blocker probe was measured in wells E7-H7. The
concentration of labeled (detectable) probe in each well was 5 pmole/100 pL, the unlabeled (blocker) probe was present
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at 10 pmole/100 pL, and the target nucleic acids were present at the concentrations depicted in the figure. The assay
was performed three times, once with PNA probes, once with DNA 25-mer probes, and once with DNA 15-mer probes,

each time under conditions which were optimized for the particular probe type.

Results and Discussion:

[0166] With reference to Figure 5B, the Ma/Mi ratios for 50 fmole of target nucleic acid are shown for all three probe
types, in the absence and presence of blocker probes. The Ma/Mi ratio is calculated the same way as in Experiment
A except that the denominator is not divided by 10 because match and mismatch values were derived from equal
amounts of target (50 fmol). Column B displays Ma/Mi ratios in the absence of blocker probe. Column C displays Ma/
Mi ratios in the presence of two equivalents of unlabeled (blocker) probe. For example, the Ma/Mi ratio for the labeled
PNA probe in the absence of blocker can be found in Figure 5B column B, row 2 (Ma/Mi = 2.5). In this example, the
values for "Match signal", "avg. bkgd", and "Mismatch signal" from the above equation are derived from Figure 5A,
wells A1-D1, A7-D7, and A11-D11, respectively.
[0167] With reference to Figure 5B, column B, all Ma/Mi ratios are between 1.1 and 4.1 in the absence of unlabeled
(blocker) probe (whether DNA or PNA). A low value for the Ma/Mi ratio indicates comparatively poor discrimination
between the match and mismatch targets. Because all values are less than ten in the absence of unlabeled (blocking)
probes these conditions are not be very useful for point mutation analysis. With reference to column C of Figure 5B,
there was a dramatic increase in the Ma/Mi ratio for all experiments where blocker probe was used (compare results
with column B). For the wild type probes, the PNA probe set had more than twice the power to discriminate between
target and non-target nucleic acid as compared with the DNA probe sets (PNA 15-mers, 78; DNA 25-mers, 30; DNA
15-mers, 30). Likewise, for the mutant probes, the PNA probe set had more than twice the power to discriminate
between target and non-target nucleic acid as compared with the DNA probe sets (PNA 15-mers, 140; DNA 25-mers,
42; DNA 15-mers, 65).
[0168] Figure 5C is a graphical illustration of the data from Figure 5B. Note the ordinate axis is on a linear scale. The
graphical illustration is useful as a quick means to visually analyze and compare the tabular data.
[0169] Figure 5D shows the "Blocker Effect" (BE) values for all three probe types at all target amounts tested. The
BE value is determined using the following equation.

(avg. signal w/o blocker- avg. bkgd.)/(avg. signal w/ blocker-avg. bkgd.) = BE
The BE value measures a fold decrease in signal resulting from the addition of unlabeled (blocker) probe to a hybrid-
ization reaction. It follows from the equation, that the BE value for an ideal blocker probe would be approximately equal
to 1.0 when the blocker was added to a hybridization reaction involving a detectable probe and its matched target (i.
e., the blocker probe would not depress the signal). - In the case of a hybridization between a labeled probe and a
mismatched target, an ideal blocker probe would have a large BE value (i.e., the blocker would suppress binding of
the detectable probe to the mismatch target).
[0170] The calculation of a BE value is illustrated by the following example. For the wild type PNA probe at 5 fmole
of wild type (Match) target nucleic acid the BE value equals 1.0 (Figure 5D, column C, row 2). This value was calculated
by using "avg. signal w/o blocker", "avg. bkgd", and "avg. signal + blocker" values derived (as averages) from wells
A3-D3, A7-D7, and A4-D4 respectively (in Figure 5A).
[0171] With reference to Figure 5D, columns B, C, D, there is no appreciable loss of signal (0.5 < BE < 1.5) seen at
any target level, with either the DNA or PNA probes where the labeled probes and target nucleic acids are perfect
complements (i.e., match). However for mismatch targets at both the 500 and 50 fmole levels (See: columns E and
F), the BE values were substantially greater especially for the PNA probes. For example, at 500 fmole of target (see
column E) the wild type and mutant PNA probes have BE values of 132 and 86, respectively. The wild-type DNA
25-mers and DNA 15-mers have BE values of 11 and 17, respectively. The mutant DNA 25-mers and DNA 15-mers
have BE values of and 16 and 23, respectively. This data demonstrates that the use of unlabeled (blocker) PNA probe,
when used with labeled (detectable) PNA probe, results in a much higher level of discrimination between complemen-
tary and non-complementary target nucleic acid than does the use of either set of unlabeled (blocker) DNA probes in
conjunction with labeled (detectable ) DNA probes.
[0172] Although the data in column F generally exhibit the same trends as the data in column E, the values are
consistently lower in column F. It is believed that this discrepancy is attributable to the significantly lower signal at 50
fmole, thereby resulting in lower signal to noise ratios. Therefore, the data in column E is believed to be better quan-
titative data.
[0173] The BE values at 500 and 50 fmole which are listed in Figure 5D are graphically illustrated in Figure 5E. Note
the ordinate axis is on the linear scale. The graphical illustration is useful as a quick means to visually analyze and
compare the tabular data.
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Summary of Experiment B:

[0174] The use of unlabeled (blocker) probes significantly increased the discrimination of point mutations in target
nucleic acids. The improved discrimination was obtained without any significant loss of signal when using both labeled
DNA or PNA probes, at any target level tested. However, the use of unlabeled (blocker) PNA probes produced a
substantially greater increase in point mutation discrimination than the use of unlabeled (blocicer) DNA probes.

Experiment C

Assay Description:

[0175] Experiment C was performed to determine whether the various probe types could be intermixed (e.g., labeled
(detectable )DNA used with unlabeled (blocker) PNA probes) and if so, how did the results compare with the all PNA
or DNA probe sets. To this end, unlabeled (blocker) PNA 15-mer probes were used as blockers for labeled (detectable)
DNA 25-mer probes under conditions optimized for the hybridization of the DNA 25-mers to their targets (Hybridization
Buffer B).

[0176] Hybridization times were also varied to determine whether there was any benefit to performing the hybridiza-
tion assay more rapidly. For this comparison, hybridization time for incubations with the unlabeled (blocker) probe and
labeled (detectable) probe were shortened from 60 to 20 minutes.

[0177] Figure 6A is a schematic of the plate set up used in Experiment C. The well positions are again assigned a
two digit code comprising an alphanumeric character (e.g. A) and a numeric character (e.g. 1) to designate column
and row assignments, respectively. Hybridization reactions were performed in the wells in rows A-C for 60 minutes.
Hybridization reactions were performed in the wells in rows D-H for 20 minutes. For comparison, 20 min. hybridization
reactions were also performed using labeled (detectable) PNA probes with and without unlabeled (blocker) PNA probes
in Hybridization Buffer A (100 mM NaCl and 70 percent formamide) (See Figure 6A, rows G and H) which is optimized
for the all PNA system.

[0178] Only the labeled wild type probes, and their corresponding unlabeled (blocker) mutant probes were used in
this experiment. Hybridization reactions containing the wild type DNA 25-mer probes were performed in the wells in
rows A-F. Hybridization reactions containing the wild type PNA 15-mer probes were performed in the wells in rows G
and H. The unlabeled (blocker) DNA 25-mer probe (mutant sequence) was used in the hybridization reactions per-
formed in the wells in rows A and D. Unlabeled (blocker) PNA probe (mutant sequence) was used in the hybridization
reactions performed in the wells in rows B, E and G. Control reactions containing no unlabeled (blocker) probes were
performed inrows C, F and H. Reactions performed in columns 1-3 contained 500 fmole of mutant (non-complementary)
target. Reactions performed in the wells in columns 4-6 contained 50 fmole of mutant target. Control reactions per-
formed in the wells in columns 7-9 contained no target, and reactions performed in the wells in columns 10-12 contained
50 fmole of wild type (complementary) target. Data was collected from three identical hybridization reactions and av-
eraged to generate the derived data.

Results and Discussion:

[0179] With reference to Figure 6B, the table displays derived Ma/Mi ratios for 50 fmole of target nucleic add for both
probe types in the presence of unlabeled (blocker) probes. The Ma/Mi and blocker effect ratios are generated with the
same formulas used in Experiment A, except that the denominator was not divided by 10 since the match and mismatch
target amounts were equal (50 fmol). For example, use of the labeled and unlabeled DNA 25-mer probes and 60 minute
hybridization times gave a Ma/Mi value of 125 (Figure 6B, column D, row 2). In this example, the terms "Match signal",
"avg. bkgd", and "Mismatch signal" from the above equation are derived from wells A10-A12, A7-A9, and A4-AG, re-
spectively (Figure 6A).

[0180] With reference to Figure 6B, rows 2-4, the presence of unlabeled (blocker) DNA probe (row 2) and unlabeled
(blocker) PNA probe (row 3) exhibited significant beneficial effects on the Ma/Mi ratio as compared with hybridizations
in which no blocker probes were present (row 4). When using the conditions optimized for the DNA 25-mers with 60
minute hybridizations, the results obtained with the unlabeled (blocker) DNA blocker were somewhat better than the
results obtained with the unlabeled (blocker) PNA probes (Compare rows 2 and 3).

[0181] By comparison however, data obtained for the 20 minute hybridizations demonstrate that, under these con-
ditions, the unlabeled (blocker) PNA had a higher Ma/Mi ratio than did the unlabeled (blocker) DNA probe (Compare
rows 5 and 6 respectively). Moreover, the point mutation discrimination was greatly improved in the presence of unla-
beled (blocker) probes (PNA or DNA) (compare rows 5 and 6 with row 7). With reference to column D, rows 8 and 9,
the presence of the unlabeled (blocker) PNA probes, under conditions optimized for PNA hybridizations, resulted in
the highest specificity when used in combination with the labeled (detectable) PNA probe (Ma/Mi ratio = 357). This
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data demonstrates that the rapid hybridization assay format when performed in combination with unlabeled and labeled
PNA probes results in the most dramatic point mutation discrimination.

[0182] With reference to Figure 6C, the BE values calculated from the derived data are presented. The BE value
was calculated as described in Experiment B. In all mismatch cases the BE value was larger when using the unlabeled
(blocker) PNA probes than when using the unlabeled (blocker) DNA 25-mer probes (compare row 3 to row 2, and row
5 to row 4). Concomitant with the marked increase in discrimination through the use of PNA blocker probe, there was
a slight cost to signal (1.2<BE<1.6) (see column D, rows 3,5, and 6). The BE values for the unlabeled (blocker) DNA
probes are similar to those observed in Experiment B. As observed in Experiment B, there was no loss of signal
associated with the presence of the unlabeled (blocker) DNA probes (see column D; rows 2,4). With regard to columns
E and F, a comparison of data in rows 1-5 with the data in row 6 demonstrated that although unlabeled (biocker) PNA
probes can increase the discrimination of the labeled DNA 25-mer probes, the presence of unlabeled (blocker) PNA
probes in conjunction with labeled PNA probes was far better at suppressing signal from mismatch targets.

Summary of Experiment C:

[0183] Unlabeled (blocker) PNA probes can be used to improve discrimination of labeled (detectable) DNA probes
with little loss of sensitivity. However, the presence of unlabeled (blocker) PNA probes increases the level of point
mutation discrimination of labeled (detectable) DNA probes to a greater extent than the most nearly equivalent unla-
beled (blocker) DNA probes. Rapid hybridization assay formats are preferred when using the unlabeled (blocker) PNA
probes, particularly when the conditions have been optimized for hybridization of labeled (detectable ) nucleic acid
probes.

Example 7: Synthesis of PNA Capture Probe comprising a C-terminal Arylamine moiety:

Experiment A: Synthesis of N-o-(Fmoc)-N-e-(4-(N-(tert-butyloxycarbonyl)-obenzoyl)-L-Lysine-OH

[0184] To 2.6 mmole of N-a-Fmoc-L-lysine-OH was added 2.7 mmole of trifluoroacetic acid to dissolve the amino
acid. Once the amino acid was completely dissolved this solution was added to the activated 4-(N-(tert-butyloxycarb-
onyl)-aminobenzoic acid prepared as described below.

[0185] To 2.6 mmole of 4-(N-(tert-butyloxycarbonyl)-aminobenzoic acid (prepared in Example 1) was added 50 mL
of N,N'-dimethylformamide (DMF), 2.7 mmole [O-(7-azabenzatriaol-1-yl)-1,1,3,3-tetramethyl uronium hexafluorophos-
phate (HATU) and 15 mmole diisopropylethylamine (DIEA). This solution was allowed to stir for 20 minutes and then
the solution of N-a-Fmoc-L-lysine-OH was added dropwise. After reacting for 30 min., the solvent was removed by
evaporation under reduced pressure. The residue was partitioned in 100 mL of dichloromethane (DCM) and 50 mL of
10% aqueous citric add. An attempt was made to wash the organic layer with 50 mL of 5% aqueous sodium bicarbonate
but the product crystallized from the solution. The white solid was then collected by vacuum filtration. An attempt was
made to dissolve the solid in a mixture of 30 mL of 10% aqueous citric acid and 70 mL DCM but the product would not
dissolve. Thus, the solid was again collected by vacuum filtration and used as obtained. Yield 0.924 g (1.57 mmole:
60%).

Experiment B: Synthesis of N-o-(Fmoc)-N-e-(4-(N-(tert-butyloxycarbonyl)-aminobenzoyl)-L-Lysine-PAL-Peg/PS
Synthesis Support

[0186] The N-o-(Fmoc)-N-e-(4-(N-(tert-butyloxycarbonyl)-aminobenzoyl)-L-Lysine-OH prepared as described above
was used to prepare a synthesis support useful for the preparation of C-terminal arylamine modified PNA probes. The
Fmoc group of commercially available bulk Fmoc-PAL-Peg-PS (PerSeptive Biosystems, Inc.) synthesis support (ap-
prox. 1 g) was removed by treatment, in a flow through vessel with 20% piperidine in DCM for 25 minutes. The de-
blocking solution was then removed from the reaction vessel and the resin was washed with DMF and dried with a
flushing stream of argon.

[0187] A solution containing 0.440 g N-o-(Fmoc)-N-e-(4-(N-(tert-butyloxycarbonyl)aminobenzoyl)-L-Lysine-OH, 4.8
mL of DMF, 0.266g HATU, 0.157 mL DIEA and 0.104 mL 2,6-lutidine was prepared by sequential addition of the reagents
listed. This solution was added to the washed resin and allowed to react for 2.5 hours. The solution was then flushed
through the vessel with a stream of argon and the resin washed sequentially with DMF, DCM and DMF. The resin was
then dried with a flushing stream of argon.

[0188] The resin was then treated with 5 mL of standard commercially available PNA capping reagent (acetic anhy-
dride and 2,6-lutidine in DMF) for three minutes. The capping reagent was then flushed from the vessel and the resin
was washed with DMF and DCM. The resin was then dried with a stream of argon. Finally, the resin was dried under
high vacuum.

33

MPI EXHIBIT 1061 PAGE 33



10

15

20

25

30

35

40

50

55

EP 0946 750 B1

[0189] Final loading of the resin was determined by analysis of Fmoc loading of three samples of approximately
11-14 mg using well known methods. Analysis determined the loading to be approximately 0.105 mmol/g.

Experiment C: Synthesis Of PNA Capture Probe:

[0190] The synthesis support prepared as described in Example B, above, was then packed into a standard PNA
synthesis column. PNA synthesis was performed using standard commercially available instrumentation and reagents.
The deprotection and purification of the PNA was also performed using standard methodologies. The PNA synthesis
gave the desired OL6 PNA capture probe suitable for use in Experiment 8, below.

Example 8: Capture Assay In The Presence And Absence Of Blocking Probes

Preparation Of Nucleic Acid Targets:

[0191] Neisseria gonorrhoeae (N.g.) and Neisseria meningitidis (N.m.) 16S rDNAs were obtained from Dako (Co-
penhagen, Denmark) and then amplified using the polymerase chain reaction (PCR). The nucleotide sequence of the
forward and reverse primers are reported below. Pyrococcus furiosus (Pfu) DNA polymerase was used in the PCR
amplification. Each of the two 16S rDNA amplimers were approximately 1500 base pairs in length. The 16S rDNA
amplimers were then cloned into the transcription vector pPGEM-4Z (Promega Corp., Madison, WI) using standard
methods such that transcription from the T7 promotor yields the 16S rRNA sequence. Regions within the 16S rDNA
clones of the N.g. and N.m. clones were then sequenced using the Circumvent Phototope thermal cycling kit (New
England Biolabs Inc., Beverly, MA). The sequence information obtained was then compared with the data available in
GenBank to confirm that the PCR amplification reactions had not misincorporated any nucleotides.

[0192] Biotin-labeled 16S rRNA transcripts of N.g. and N.m. were then prepared in vitro using T7 RNA polymerase
and the RiboMax transcription kit (Promega Corp., Madison, WI). A ratio of 3 parts uridine triphosphate (UTP) to 1 part
biotin-21-UTP (Clontech Laboratories, Inc., Palo Alto, CA) was used in 18 hr reactions. The DNA template was then
digested with DNase and protein was removed by LiCl precipitation. The unincorporated nucleotides were then removed
by size exclusion chromatography on a Bio-Spin P30 column (Bio-Rad). The purified transcripts were quantitated by
ultraviolet (UV) absorption at 260 nm. The transcripts were stored in 10 mM Tris pH 8,1 mM EDTA at -20°C.

PCR Primers Used To Prepare The Amplimers:

[0193]

Forward: 5 HO-CCG-AAT-TCG-TCG-ACA-ACA-GAG-TTT-

primer GAT-CMTGGC-TCA-G-OH 3’ SEQIDNO:21
Reverse: 5 HO-CCC-GGG-ATC-CAA-GCT-TAA-GGA-GGT-
primer GWT-CCA-RCC-OH 3 SEQIDNO:22 -

M= 1tolratiocof A& C,R=1tolratioof A& G, and W=1to1ratioof A& T

Capture Section Of Target Nucleic Acid Sequences:

[0194]

Neisseria gonorrhoeae (N.g.) 165 TRNA Target Sequence
5 -UGG-CGA-AGG-CAG-CCU-CCU-GGG-AUA-ACA-CUG-
ACG-UUC-AUG-UC- 3 SEQIDNO:23
Neisseria meningitidis (N.m.) 16S rRNA Target Sequence
5 -UGG-CGA-AGG-CAG-CCU-CCU-GGG-ACA-ACA-CUG- .
| ACG-UUC-AUG-UC- 3 SEQID NO: 24
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Capture Probe/Target Site:

[0195] The FNA capture probe, OL6, which is complementary to positions 740-754 in the N.g. 16S rRNA sequence,
was prepared using commercially available chemistry and reagents, except that the PNA probe was C-terminally la-
beled with 4-aminobenzoic acid as described in Example 7. Within the capture site, the N.g. and N.m. targets are
related as a point mutation wherein the uracil residue at position 747 in N.g. is replaced by a cytosine residue in N.m.
Consequently, the capture PNA probe, OL6, would comprise a single base mismatch when hybridizing to the 16S rRNA
of N.m. target (Figure 7).

PNA Blocker Probes:

[0196] A PNA 15-mer homologous to the capture site of the 16S rRNA N.m. target was synthesized (Figure 7) using
commercially available instrumentation and reagents. Similarly, a PNA 15-mer homologous to the capture site of 16S
rRNA N.g. was synthesized (Figure 7) using commercially available instrumentation and reagents. Consequently, these
PNA blocker probes are related in that they specifically hybridize with the N.g. and N.m. capture sites wherein the N.
g. and N.m. capture sites are related as point mutations.

PNA Probe Sequences:

[0197]
OLs . N Ac-CAG-TGT-TAT-CCC-AGG-(linker),-K(P)-NH, C SEQID NO: 25
N.g. blocker N H-(linker),-CAG-TGT-TAT-CCC-AGG-NH, C SEQIDNO:26
N.m. blocker N H-CAG-TGT-TGT-CCC-AGG-NH, C SEQIDNO:27

[0198] The PNA probes are illustrated from the amino terminus (N) to the carboxyl terminus (C). The illustration "Ac"
designates that the amine terminus has been capped with an N-acetyl group. The illustration "linker" designates the
presence of the Expedite PNA linker (P/N GEN063032).

The letter "P" illustrates the 4-amfnobenzoic acid moiety which is attached to the e- amino group of the lysine amino
acid moiety "K".

Preparation Of Microtitre Plates Comprising Capture Probe:

[0199] The arylamine (4-aminobenzoic acid) at the 3' terminus of the PNA capture probe was reacted with the com-
mercially available tresyl-activated dextran coated AquaBind microtiter plates (M&E Corp., Copenhagen, Denmark).
The covalent immobilization of a PNA capture probe to the microtiter plate generates a surface suitable for the specific
hybridization of nucleic acid sequences.

[0200] It was experimentally determined that addition of 150 pmole of PNA capture probe (OL6) to each well in the
microtitre plate produced the optimal specificity and kinetics of capture of the 16S rRNA targets. Consequently, to each
well in the microtitre plate was added a solution containing 150 pmole of PNA capture probe (OL6) in 100 uL of 0.1 M
carbonate buffer pH 9.62. The reaction of the capture probe and the tresyl activated Aquabind microtitre well was
allowed to proceed for 2 hours at 25°C, with shaking. The PNA capture probe solution was then removed and the wells
were washed four times with Wash Buffer 1 (0.01 M phosphate pH 7.2, 2.7 mM KCI, 0.5M NaCl and 1% (v/v) Triton X-
100). Each of the wells was then washed twice with diethyl pyrocarbonate treated deionized water (DEPC-dH,0).
Tresyl groups which may not have reacted during the coupling reaction were quenched by treating each well with
100uL of a solution containing 5% 2-(2-Aminoethoxy)ethanol (AEE) pH 10. This quenching reaction was performed
for 15 min. at 25°C, with shaking. The AEE solution was then removed and each of the wells was washed twice with
DEPC dH,0. The wells were then treated to block the surfaces from non-specific interaction, by the addition of 300uL
of a solution containing 1% diethyl pyrocarbonate treated casein (Boehringer Mannheim, Indianapolis, IN) and 0.1 M
carbonate buffer pH 9.62. This reaction was allowed to proceed for at least 2 hours at 25°C, with shaking. The plates
were then stored at 10°C without removing the solution containing 1% diethylpyrocarbonate treated casein (Boehringer
Mannheim, Indianapolis, IN) and 0.1 M carbonate buffer pH 9.62. Prior to use, this solution was removed and each of
the wells was washed twice with Wash Buffer 1 and twice with DEPC dH,0.

35

MPI EXHIBIT 1061 PAGE 35



10

15

20

25

30

35

40

45

50

55

EP 0946 750 B1

Assay method:

[0201] Each of the wells in the microtitre plates were equilibrated by incubation with 100uL of Hybridization Buffer
(100 mM NaCl, 100 mM Tris pH 7.4,20 mM EDTA, 50% formamide and 0.5% Triton X-100) for 15 min. at 50°C, imme-
diately before use in the capture assay. This buffer was then discarded.

[0202] To perform the hybridization, a set of microtubes (supported in an 8X12 rack) containing hybridization buffer
and the various amounts of biotin-labeled N.g. or N.m. target (0.17 pmole to 0.17 fmole in half log dilutions) were
incubated, in the presence and absence, of 1.7 pmole of either of the N.m. or N.g. PNA blocker probe. The incubation
of each of these hybridization reactions was allowed to proceed for 30 min. at 50°C.

[0203] After 30 min., the contents of each of the hybridization reactions was transferred from each of the microtubes
to a specific well in the microtiter plate comprising the OL6 capture probe immobilized to the well surface. The capture
reaction was allowed to proceed for 30 min. at 50°C, with shaking. The solutions in each of the wells was then discarded.
Any, residual unhybridized target was then removed by washing once with hybridization buffer and four times with THT
buffer (50 mM Tris pH 7.4, 100 mM NaCl and 0.1% Tween 20) both at 50°C.

[0204] The biotinylated N.g or N.m. target nucleic acid which was still present in each of the wells of the microtitre
plate was detected using a Streptavidin/HRP conjugate (DAKO Corp. USA). The Streptavidin/HRP conjugate was
diluted 1:5000 in THT buffer and each well in the microtitre plate was treated with 100 uL of the diluted stock for 30
minutes at 25°C, with shaking. Each of the wells was then washed five times with THT to remove any excess conjugate.
To each well was then added 100 pL of 3,3',5,5' tetramethyl benzidine (TMB+) (DAKO Corp., USA). This reagent was
allowed to react for 15 minutes at 37°C and then the reaction was terminated by addition of an equal volume of 0.5 M
H,SO,. The color which was generated (absorbance at 450 nm) was then measured in a microplate reader (Molecular
Devices Corp., Menlo park, CA).

Assay Design:

[0205] Figure 8A is a plate schematic of the configuration of hybridization reactions performed in the wells of the
microtiter plates used for this experiment. For convenience the rows of the figure have been designated with the letters
A-H and the columns have been designated with the numbers 1-12. As illustrated in the figure, the reactions performed
in the wells in columns 1, 2, 5, 6, 9, and 10 contained various amounts of N. gonorrhoeae target. Similarly, as illustrated
in the figure, the reactions performed in wells in columns 3,4,7,8,11 and 12 contained various amounts of N. meningitidis
target. As illustrated in the figure, for both the N.g. and N.m. containing reactions, the amount of target sequence
present in the wells varied between 170 fmole and 0.17 fmole. Reactions performed in the wells in row H contained
no target and the values obtained for these reactions were used as the assay background. The reactions performed
in the wells in columns 1 through 4 contained no PNA blocker probe. The reactions performed in the wells in columns
5 through 8 contained 1.7 pmole of PNA blocker which was complementary to the N.g. target The reactions performed
in the wells in columns 9 through 12 contained 1.7 pmole of PNA blocker which was complementary to the N.m. target.
Each of the conditions examined was performed in duplicate and, unless otherwise noted, the results were averaged
to generate the derived data.

Results:

[0206] With reference to Figure 8B, the derived data for each of the experimental conditions is presented. Unless
otherwise indicated, the data at each target level represents the average of the two data points collected after the
appropriate averaged background has been subtracted. (Of 96 data points, 3 data points were not included in the
analysis since these were clearly erroneous). Though all the derived data which was acquired in the experiment is
presented in the figures, essentially all the data for target levels below 5.4 fmole gave data points which were not
significantly above background to be considered to be reliable or statistically significant. Consequently, only the data
obtained for target levels greater than 5.4 fmole are discussed in this section.

[0207] Withreference to Figure 8C, a comparison of the percent decrease in capture of the target which is attributable
to the presence of blocking probe is presented. Thus, all data in Figure 8C is derived from data in Figure 8B. For
example, column A represents the percent decrease in capture of the N.g. target in the presence of the N.m blocker
probe. Consequently, the percent decrease of 38.3 reported in Figure 8C, column A for the target level of 170 fmole
is determined by subtracting the value in Figure 8B, in columns A and C and then dividing that difference by the value
in Figure 8B, cohimn A.

[0208] Columns A and B in Figure 8B contain data for the signal (absorbance 450 nm) resulting from capture of the
N.g. and N.m. transcripts in the absence of PNA blocker probe. The data demonstrates that the signal generated in
the presence of 5.4 fmole of N.g. target is approximately equivalent to signal generated in the presence of 0.17 pmole
of N.m. target Therefore, the discrimination between N.g. and N.m., in the absence of blocker probe, is approximately
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1-1.5 logs.

[0209] With reference to Figure 8B, columns C and D present the data for the signal (absorbance 450 nm) resulting
from capture of the N.g. and N.m. transcripts in the presence of 1.7 pmole of PNA blocker probe which is homologous
to the N.m. capture site (the N.m. blocker probe). At all target levels above 5.4 fmole, there is a measurable decrease
in the capture of both the N.m. and N.g. targets as compared with the absence of the N.m. blocker probe (Compare:
data in Figure 8B, column A with C and data in Figure 8B, column B with column D, respectively) However, as can be
seen by comparison of the relative percent decrease in capture of the different targets in the presence of the N.m.
blocker probe (data in Figure 8C) there is a much greater decrease in capture of the N.m. target. For the three highest
target levels, the average decrease in capture of the N.m. target in the presence of the N.m. blocker probe was 69%
while the average decrease in the capture of the N.g. target was only 31%. Therefore, under the conditions of this
assay, addition of 1.7 pmole of N.m. blocker probe improved discrimination between N.g. and N.m. by approximately
two fold.

[0210] With reference to Figure 8B, columns E and F present the data for the signal (absorbance 450 nm) resulting
from capture of the N.g. and N.m. transcripts in the presence of 1.7 pmole of PNA blocker probe which is homologous
to the N.g. capture site (the N.g. blocker probe). At all target levels above 5.4 fmole, there is a significant decrease in
the capture of the N.g. target as compared with the absence of the N.g. blocker probe (Compare: data in Figure 8B,
column A with E) However, as can be seen by comparison of the relative percent decrease in capture of the different
targets in the presence of the N.g. blocker probe (data in Figure 8C) there is a much greater decrease in capture of
the N.g. target. Thus, for the three highest target levels, the average decrease in capture of the N.g. target in the
presence of the N.g. blocker probe was 86% while the decrease in the capture of the N.m. target was minimal (only
16% for the highest target level; See: Figure 8C, column D).

[0211] In summary, the data in Figures 8B and 8C demonstrate that it is possible to improve the selective inhibition
of capture of a target sequences containing a point mutation on a hybridization surface composed of PNA capture
probe when blocking probes are used in the hybridization assay.

[0212] The discrimination ratios which are presented in Figure 8D are derived from the data in Figure 8B. When
considering the data for only the three highest target levels examined (170-17 frnole), the discrimination ratios in the
absence of PNA blocker probe are 21, 12 and 8 (See Figure 8D, column A). In the presence of 1.7 pmole of N.m.
blocker probe, the discrimination ratios for the capture of the N.m. target were increased from 21 to 40, from 12 to 34
and from 8 to 18, respectively (Compare: columns A and B). Consequently, the overall improvement in point mutation
discrimination was two to three fold greater under the conditions examined.

[0213] In the presence of 1.7 pmole of N.g. blocker probe, the discrimination ratios for the capture of the N.g. target
were 3, 1.6 and 1.1 at the three highest target levels examined (See: column C). This data demonstrates that, under
the conditions examined, it is necessary to add PNA blocker in at least 30 fold molar excess to the amount of target
present to thereby completely eliminate the capture of the N.g. target. This is evident since the discrimination ratio
approaches the value of 1 when the signal for N.g. and N.m. approaches equivalent low levels.

[0214] Figure 5E is a graphical illustration of the data in Figure 8D. The graphical illustration is presented as a useful
and quick means to visually analyze and compare the tabular data.

Summary:

[0215] Discrimination in a capture assay can be substantially improved by addition of blocking probes, which are
designed to hybridize to non-target sequences which are closely related to the target sequence of interest.

Claims

1. A method for suppressing the binding of a detectable probe to a non-target sequence in an assay of a sample for
a target sequence, the method comprising the steps of:

a. contacting the sample with a set containing two or more probes under conditions suitable for the probes to
hybridize to nucleic acid, wherein, at least one of said probes is a detectable probe labeled with a detectable
moiety and having a sequence complementary or substantially complementary to the target sequence, and
at least one of the other probes is an unlabeled or independently detectable probe having a sequence com-
plementary or substantially complementary to a non-target sequence which may be present in the sample;
provided that at least one of the detectable probe and the unlabeled or independently detectable probe is a
PNA probe; and

b. detecting the presence or amount of target sequence present in the sample by directly or indirectly detecting
or quantitating the detectable moiety of said detectable probe which hybridized to the target sequence.
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The method of claim 1, wherein all probes of the set are PNA probes.
The method of claims 1 or 2, wherein the target sequence is DNA or RNA.
The method of any of claims 1 to 3, wherein the target sequence is immobilized to a surface.

The method of any of claims 1 to 4, wherein each of the different detectable PNA probes of the set comprise
independently detectable moieties.

The method of any of claims 1 to 5, wherein the detectable moiety is selected from the group consisting of a
chromophore, a fluorochrome, a spin label, a radioisotope, an enzyme, a hapten and a chemiluminescent com-
pound.

The method of any of claims 1 to 6, wherein the ratio of unlabeled or independently detectable probe to detectable
probe is at least two to one.

The method of any of claims 1 to 7, wherein step (a.) comprises

i.) incubating the sample with at least one unlabeled or independently detectable probe having a sequence
complementary or substantially complementary to a non-target sequence which may be present in the sample
for a first period of time under conditions suitable for probes to hybridize to nucleic acid; and

ii.) incubating the sample with at least one detectable probe labeled with a detectable moiety and having a
sequence complementary or substantially complementary to a target sequence for a second period of time,
under conditions suitable for probes to hybridize to nucleic acid.

The method of claim 8, wherein;

i.) each of the first period of time and the second period of time is twenty minutes or less;
ii.) at least one detectable probe is a PNA probe; and
iii.) at least one unlabeled or independently detectable probe is a PNA probe.

The method of claim 4, further comprising the step of:
c. collecting an aliquot, by elution from the surface, containing any of the one or more detectable probes which
hybridized to target sequence when performing step (a.).

The method of claim 10, wherein each of the detectable probes, having a distinct sequence, comprise independ-
ently detectable moieties which are used to identify or quantitate the presence or amount of each distinct probe
sequence present in the aliquot collected.

The method of claim 11, wherein the detectable moiety of the detectable probe is a mass marker and the identity
of each distinct probe in the aliquot is determined by mass analysis using Positive-ion Fast Atom Bombardment
Tandem Mass Spectrometry.

A method for suppressing the binding of a non-target sequence to a capture probe immobilized on a surface in a
capture assay of a sample for a target sequence of a nucleic acid target molecule, the method comprising the
steps of:

a. contacting the sample with a solution containing one or more blocking probes under conditions suitable for
the blocking probes to hybridize to nucleic acid, wherein the blocking probes are complementary or substan-
tially complementary to one or more non-target sequences which may be present in the sample;

b. contacting the sample with the capture probe immobilized on a surface under conditions suitable for the
target sequence, if present, to hybridize to the capture probe, wherein the capture probe is complementary or
substantially complementary to the target sequence and thereby forms a capture probe/target sequence com-
plex; provided that at least one of a blocking probe or a capture probe is a PNA probe; and

c. detecting the presence or amount of nucleic acid target molecule immobilized to the surface.

The method of claim 13, wherein all probes are PNA probes.
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The method of claims 13 or 14, wherein the target nucleic acid molecule is DNA or RNA.

The method of any of claims 13 to 15, wherein the presence or amount of nucleic acid target molecule immobilized
to the surface is detected using a labeled antibody which specifically interacts with the capture probe/target se-
quence complex which is formed on the surface.

The method of claim 16, wherein the labeled antibody is a labeled anti-nucleic acid/nucleic add antibody which
detects the presence of the capture probe/target sequence complex which is formed by hybridization of the capture
probe to the target sequence.

The method of claim 16, wherein the labeled antibody is a labeled anti-PNA/nucleic acid antibody which detects
the presence of the capture probe/target sequence complex which is formed by hybridization of the PNA capture
probe to the target sequence.

The method of any of claims 13 to 15, wherein the presence or amount of target sequence immobilized to the
surface is detected using a detector probe which hybridizes to a second target sequence of the nucleic acid target
molecule.

The method of claim 19, wherein the detector probe is a nucleic acid probe and the presence or quantity of hy-
bridized detector probe is detected using a labeled anti-nucleic acid/nucleic acid antibody.

The method of claim 19, wherein the detector probe is a PNA probe and the presence or quantity of hybridized
detector probe is detected using a labeled anti-PNA/nucleic acid antibody.

The method of any of claims 14 to 18 or 20 or 21, wherein the detectable moiety is selected from the group
consisting of a chromophore, a fluorochrome, a spin label, a radioisotope, an enzyme, a hapten and a chemilumi-
nescent compound.

The method of claims 6 or 22, wherein the enzyme is selected from the group consisting of alkaline phosphatase,
soybean peroxidase and horseradish peroxidase.

The method of claims 6 or 22, wherein the hapten is selected from the group consisting of fluorescein, biotin,
2,4-dinitrophenyl and digoxigenin.

The method of any of claims 1 to 24, wherein target and non-target sequences are closely related sequences.
The method of claim 25, wherein target sequence and the non-target sequence are related as a point mutation.

The method of any of claims 1 to 26, wherein the assay is used to detect, identify, or quantitate the presence or
amount of a taxonomic group of organisms, or of one or more species of an organism or of an organism or virus
in the sample.

The method of any of claims 1 to 26, wherein the assay is used to determine the effect of antimicrobial agents on
the growth of one or more microorganisms in the sample.

The method of any of claims 1 to 26, wherein the assay is used to detect a disease state or condition of clinical
interest.

The method of claim 13-22, wherein the surface comprises an array of capture probes, wherein each distinct
capture probe in the array is designed to capture a specific nucleic acid target molecule, the presence or quantity
of which is indicative of the presence or quantity of a specific organism, virus, fungi, disease state or condition of
clinical interest in the sample.

A kit suitable for suppressing the binding of a detectable probe to a non-target sequence in an assay of a sample
for a target sequence, said kit comprising, a set of two or more probes wherein, at least one of the probes is a
detectable probe labeled with a detectable moiety and having a sequence complementary or substantially com-
plementary to a target sequence, and at least one of the other probes is an unlabeled or independently detectable
probe having a sequence complementary or substantially complementary to a non-target sequence which may be
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present in the sample; provided that at least one of the detectable probe and the unlabeled or independently
detectable probe is a PNA probe.

A composition for suppressing the binding of a detectable probe to a non-target sequence in an assay of a sample
for a target sequence, said composition consisting of a set of two probes, wherein, one of the probes is a detectable
probe labeled with a detectable moiety and having a sequence complementary to the target sequence, and the
other probe is an unlabeled probe having a sequence complementary to a non-target sequence which may be
present in the sample, provided that either of the detectable probe or the unlabeled or independently detectable
probe is a PNA probe.

A composition for suppressing the binding of a detectable probe to a non-target sequence in an assay of a sample
for a target sequence, said composition consisting of a set of four probes wherein, one of the probes is a detectable
probe labeled with a detectable moiety and having a sequence complementary to the target sequence, and the
other three probes are unlabeled probes each having a defined sequence which is complementary to a non-target
sequence which may be presentin the sample, provided that at least one of the detectable probe and the unlabeled
or independently detectable probe is a PNA probe.

A kit suitable for suppressing the binding of a non-target sequence to a capture probe immobilized on a surface
in a capture assay of a sample for a target sequence of a nucleic acid target molecule, said kit comprising a capture
probe having a sequence complementary or substantially complementary to the target sequence, wherein said
capture probe is, or is modified to be, immobilized on a surface, and one or more blocking probes wherein each
blocking probe has a sequence complementary or substantially complementary to a non-target sequences which
may be present in the sample; provided that at least one of the capture probe or the one or more blocking probes
is a PNA probe.

The kit of claim 34, comprising a capture probe which is suitably modified for attachment to a surface.

The kit of claim 35, further comprising a module having a suitably derivatized surface to which the suitably modified
capture probe can be immobilized.

Patentanspriiche

1.

Verfahren zur Unterdriickung der Bindung einer nachweisbaren Sonde an eine Nicht-Zielsequenz bei einem Assay
einer Probe auf eine Zielsequenz, welches Verfahren die folgenden Schritte umfasst:

a. Zusammenbringen der Probe mit einem Satz, enthaltend zwei oder mehr Sonden, unter Bedingungen, die
zur Hybridisierung der Sonden an Nukleinsdure geeignet sind, wobei zumindest eine der Sonden eine nach-
weisbare Sonde ist, die mit einer nachweisbaren Komponente markiert ist, und eine komplementare oder
praktisch komplementéare Sequenz zur Zielsequenz aufweist, und mindestens eine der anderen Sonden eine
unmarkierte oder unabhangig nachweisbare Sonde mit einer komplementaren oder praktisch komplementéaren
Sequenz zu einer Nicht-Zielsequenz ist, die in der Probe vorhanden sein kann; vorausgesetzt, dass zumindest
eines von der nachweisbaren Sonde und der unmarkierten oder unabhangig nachweisbaren Sonde eine PNA-
Sonde ist; und

b. Nachweisen des Vorhandenseins oder der Menge an in der Probe vorhandener Zielsequenz durch direktes
oder indirektes Nachweisen oder Quantifizieren der nachweisbaren Komponente dieser nachweisbaren Son-
de, die an die Zielsequenz hybridisiert hat.

Verfahren nach Anspruch 1, wobei alle Sonden des Satzes PNA-Sonden sind.

Verfahren nach Anspruch 1 oder 2, wobei die Zielsequenz DNA oder RNA ist.

Verfahren nach einem der Anspriiche 1 bis 3, wobei die Zielsequenz an einer Oberflache immobilisiert ist.

Verfahren nach einem der Anspriiche 1 bis 4, wobei jede der verschiedenen nachweisbaren PNA-Sonden des
Satzes unabhéngig nachweisbare Komponenten umfasst.
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Verfahren nach einem der Anspriiche 1 bis 5, wobei die nachweisbare Komponente gewahlt ist aus der Gruppe,
bestehend aus einem Chromophor, einem Fluorochrom, einem Spin-Marker, einem Radioisotop, einem Enzym,
einem Hapten und einer chemilumineszierenden Verbindung.

Verfahren nach einem der Anspriiche 1 bis 6, wobei das Verhaltnis von unmarkierter oder unabhangig nachweis-
barer Sonde zu nachweisbarer Sonde mindestens zwei zu eins betragt.

Verfahren nach einem der Anspriche 1 bis 7, wobei Schritt (a.) umfasst:

i.) Inkubieren der Probe mit mindestens einer unmarkierten oder unabhéngig nachweisbaren Sonde mit einer
komplementaren oder praktisch komplementaren Sequenz zu einer Nicht-Zielsequenz, die in der Probe lber
einen ersten Zeitraum hinweg unter Bedingungen vorhanden sein kann, die zur Hybridisierung von Sonden
an Nukleinsaure geeignet sind; und

ii.) Inkubieren der Probe mit mindestens einer nachweisbaren Sonde, die mit einer nachweisbaren Kompo-
nente markiert ist und eine komplementare oder praktisch komplementére Sequenz zu einer Zielsequenz
aufweist, Uber einen zweiten Zeitraum hinweg unter Bedingungen, die zum Hybridisieren von Sonden an Nu-
kleinsdure geeignet sind.

Verfahren nach Anspruch 8, wobei:
i.) jeder von erstem Zeitraum und zweitem Zeitraum zwanzig Minuten oder weniger betragt;
ii.) mindestens eine nachweisbare Sonde eine PNA-Sonde ist; und
iii.) mindestens eine unmarkierte oder unabhangig nachweisbare Sonde eine PNA-Sonde ist.

Verfahren nach Anspruch 4, aulerdem umfassend die folgenden Schritte:
c. Entnehmen einer Teilmenge, durch Elution von der Oberflache, enthaltend beliebige der ein oder mehreren
nachweisbaren Sonden, die bei Durchfiihrung von Schritt (a.) an die Zielsequenz hybridisiert haben.

Verfahren nach Anspruch 10, wobei jede der nachweisbaren Sonden, mit einer jeweils eigenen Sequenz, unab-
hangig nachweisbare Komponenten umfasst, die zur Identifizierung oder Quantifizierung des Vorhandenseins oder
der Menge jeder unterschiedlichen, in der entnommenen Teilmenge vorhandenen Sonden-Sequenz verwendet
wird.

Verfahren nach Anspruch 11, wobei die nachweisbare Komponente der nachweisbaren Sonde ein Massen-Marker
ist und die Identitat jeder unterschiedlichen Sonde in der Teilmenge durch Massenanalyse unter Anwendung der
Positiv-lonen-Fast-Atom-Bombardment-Tandem-Massenspektrometrie bestimmt wird.

Verfahren zur Unterdriickung der Bindung einer Nicht-Zielsequenz an eine Einfang-Sonde, die an einer Oberflache
in einem Einfang-Assay einer Probe auf eine Zielsequenz eines Nukleinsaure-Zielmolekils immobilisiert wurde,
welches Verfahren die folgenden Schritte umfasst:

a. Zusammenbringen der Probe mit einer Lésung, enthaltend ein oder mehrere Blockiersonden, unter Bedin-
gungen, die zur Hybridisierung der Blockiersonden an Nukleinsaure geeignet sind, wobei die Blockiersonden
komplementar oder praktisch komplementar zu ein oder mehreren Nicht-Zielsequenzen sind, die in der Probe
vorhanden sein konnen;

b. Zusammenbringen der Probe mit der an einer Oberflache immobilisierten Einfang-Sonde, unter Bedingun-
gen, die zum Hybridisieren der Zielsequenz, sofern vorhanden, an die Einfang-Sonde geeignet sind, wobei
die Einfang-Sonde komplementéar oder praktisch komplementar zur Zielsequenz ist, und dabei einen Einfang-
Sonden/Zielsequenz-Komplex bildet; vorausgesetzt, dass zumindest eines von der Blockiersonde oder der
Einfang-Sonde eine PNA-Sonde ist; und

c. Nachweisen des Vorhandenseins oder der Menge an Nukleinsdure-Zielmolekil, das an der Oberflache
immobilisiert ist.
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Verfahren nach Anspruch 13, wobei alle Sonden PNA-Sonden sind.
Verfahren nach Anspruch 13 oder 14, wobei das Ziel-Nukleinsdure-Molekiil DNA oder RNA ist.

Verfahren nach einem der Anspriiche 13 bis 15, wobei das Vorhandensein oder die Menge des an der Oberflache
immobilisierten Ziel-Nukleinsaure-Molekils unter Verwendung eines markierten Antikérpers nachgewiesen wird,
der spezifisch mit dem an der Oberflache gebildeten Einfang-Sonden/Zielsequenz-Komplex wechselwirkt.

Verfahren nach Anspruch 16, wobei der markierte Antikérper ein markierter Anti-Nukleinsdure/Nukleinsdure-An-
tikorper ist, der das Vorhandensein des Einfang-Sonden/Zielsequenz-Komplexes nachweist, welcher durch Hy-
bridisierung der Einfang-Sonde an die Zielsequenz gebildet wird.

Verfahren nach Anspruch 16, wobei der markierte Antikérper ein markierter Anti-PNA/Nukleinsaure-Antikdrper ist,
der das Vorhandensein des Einfang-Sonden/Zielsequenz-Komplexes nachweist, welcher durch Hybridisierung
der PNA-Einfang-Sonde an die Zielsequenz gebildet wird.

Verfahren nach einem der Anspriiche 13 bis 15, wobei das Vorhandensein oder die Menge der an der Oberflache
immobilisierten Zielsequenz unter Verwendung einer Detektor-Sonde nachgewiesen wird, die an eine zweite Ziel-
sequenz des Nukleinsdure-Zielmolekils hybridisiert.

Verfahren nach Anspruch 19, wobei die Detektor-Sonde eine Nukleinsaure-Sonde ist und das Vorhandensein oder
die Menge der hybridisierten Detektor-Sonde unter Verwendung eines markierten Anti-Nukleinsdure/Nukleinsau-
re-Antikérpers nachgewiesen wird.

Verfahren nach Anspruch 19, wobei die Detektor-Sonde eine PNA-Sonde ist und das Vorhandensein oder die
Menge an hybridisierter Detektor-Sonde unter Verwendung eines markierten Anti-PNA/Nukleinsaure-Antikdrpers
nachgewiesen wird.

Verfahren nach einem der Anspriiche 14 bis 18 oder 20 oder 21, wobei die nachweisbare Komponente gewahlt
ist aus der Gruppe, bestehend aus einem Chromophor, einem Fluorochrom, einem Spin-Marker, einem Radioiso-
top, einem Enzym, einem Hapten und einer chemilumineszierenden Verbindung.

Verfahren nach Anspruch 6 oder 22, wobei das Enzym gewahlt ist aus der Gruppe, bestehend aus alkalischer
Phosphatase, Sojabohnen-Peroxidase und Meerrettich-Peroxidase.

Verfahren nach Anspruch 6 oder 22, wobei das Hapten gewabhlt ist aus der Gruppe, bestehend aus Fluoreszein,
Biotin, 2,4-Dinitrophenyl und Digoxigenin.

Verfahren nach einem der Anspriiche 1 bis 24, wobei die Ziel- und Nicht-Zielsequenzen eng verwandte Sequenzen
sind.

Verfahren nach Anspruch 25, wobei die Zielsequenz und die Nicht-Zielsequenz als eine Punktmutation verwandt
sind.

Verfahren nach einem der Anspriiche 1 bis 26, wobei der Assay zum Nachweisen, Identifizieren oder Quantifizieren
des Vorhandenseins oder der Menge einer taxonomen Gruppe von Organismen oder von ein oder mehreren Spe-
zies eines Organismus oder eines Organismus oder Virus in der Probe angewandt wird.

Verfahren nach einem der Anspriiche 1 bis 26, wobei der Assay zum Bestimmen der Wirkung antimikrobieller
Mittel auf das Wachstum einer oder mehrerer Mikroorganismen in der Probe angewandt wird.

Verfahren nach einem der Anspriiche 1 bis 26, wobei der Assay zum Nachweisen eines Erkrankungsstadiums
oder eines Zustands von klinischem Interesse angewandt wird.

Verfahren nach Anspruch 13 bis 22, wobei die Oberflache eine Anordnung von Einfang-Sonden umfasst, wobei
jede unterschiedliche Einfang-Sonde in der Anordnung auf das Einfangen eines spezifischen Nukleinsdure-Ziel-
molekuls hin entworfen ist, dessen Vorhandensein oder Menge das Vorhandensein oder die Menge eines spezi-
fischen Organismus, Virus, Pilzes, Erkrankungsstadiums oder Zustands von klinischem Interesse in der Probe
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anzeigt.

Kit, der sich zur Unterdriickung der Bindung einer nachweisbaren Sonde an eine Nicht-Zielsequenz bei einem
Assay einer Probe auf eine Zielsequenz eignet, welcher Kit einen Satz von zwei oder mehr Sonden umfasst, wobei
zumindest eine der Sonden eine nachweisbare Sonde ist, die mit einer nachweisbaren Komponente markiert ist
und eine komplementare oder praktisch komplementare Sequenz zu einer Zielsequenz aufweist, und mindestens
eine der anderen Sonden eine unmarkierte oder unabhangig nachweisbare Sonde mit einer komplementéaren oder
praktisch komplementaren Sequenz zu einer Nicht-Zielsequenz ist, die in der Probe vorhanden sein kann; vor-
ausgesetzt, dass zumindest eines von der nachweisbaren Sonde und der unmarkierten oder unabhangig nach-
weisbaren Sonde eine PNA-Sonde ist.

Zusammensetzung zur Unterdriickung der Bindung einer nachweisbaren Sonde an eine Nicht-Zielsequenz bei
einem Assay einer Probe auf eine Zielsequenz, welche Zusammensetzung aus einem Satz von zwei Sonden
besteht, wobei eine der Sonden eine nachweisbare Sonde ist, die mit einer nachweisbaren Komponente markiert
ist, und eine komplementare Sequenz zur Zielsequenz aufweist, und die andere Sonden eine unmarkierte Sonde
mit einer komplementaren Sequenz zu einer Nicht-Zielsequenz ist, die in der Probe vorhanden sein kann, voraus-
gesetzt, dass eines von nachweisbarer Sonde oder unmarkierter oder unabhangig nachweisbarer Sonde eine
PNA-Sonde ist.

Zusammensetzung zur Unterdriickung der Bindung einer nachweisbaren Sonde an eine Nicht-Zielsequenz bei
einem Assay einer Probe auf eine Zielsequenz, welche Zusammensetzung aus einem Satz von vier Sonden be-
steht, wobei eine der Sonden eine nachweisbare Sonde ist, die mit einer nachweisbaren Komponente markiert ist
und eine komplementére Sequenz zur Zielsequenz aufweist, und die anderen drei Sonden unmarkierte Sonden
von jeweils definierter Sequenz sind, die komplementar zu einer Nicht-Zielsequenz ist, welche in der Probe vor-
handen sein kann, vorausgesetzt, dass zumindest eines von der nachweisbaren Sonde und der unmarkierten oder
unabhangig nachweisbaren Sonde eine PNA-Sonde ist.

Kit, der sich zur Unterdriickung der Bindung einer Nicht-Zielsequenz an eine Einfang-Sonde, die an einer Ober-
flache immobilisiert wurde, bei einem Einfang-Assay einer Probe auf eine Zielsequenz eines Nukleinsaure-Ziel-
molekuls eignet, welcher Kit eine Einfang-Sonde mit einer komplementéren oder praktisch komplementaren Se-
quenz zur Zielsequenz umfasst, wobei die Einfang-Sonde an einer Oberflache immobilisiert, oder darauf hin mo-
difiziert ist, und ein oder mehrere Blockiersonden, wobei jede Blockiersonde eine komplementare oder praktisch
komplementéare Sequenz zu einer Nicht-Zielsequenz aufweist, die in der Probe vorhanden sein kann; vorausge-
setzt, dass zumindest eines von der Einfang-Sonde oder den ein oder mehreren Blockiersonden eine PNA-Sonde
ist.

Kit nach Anspruch 34, umfassend eine Einfang-Sonde, die in geeigneter Weise zur Bindung an eine Oberflache
modifiziert ist.

Kit nach Anspruch 35, auRerdem umfassend ein Modul mit einer geeignet derivatisierten Oberflache, an der die
in geeigneter Weise modifizierte Einfang-Sonde immobilisiert werden kann.

Revendications

1.

Procédé pour supprimer la liaison a une séquence non cible d'une sonde pouvant étre détectée dans un dosage
d'une séquence cible d'un échantillon, le procédé comprenant les étapes qui consistent a:

a. mettre en contact I'échantillon avec un ensemble contenant deux sondes ou plus dans des conditions ap-
propriées pour que les sondes s'hybrident en acide nucléique, au moins I'une des sondes étant une sonde
pouvant étre détectée, marquée avec un fragment pouvant étre détecté et ayant une séquence complémen-
taire ou sensiblement complémentaire de la séquence cible, et au moins l'une des autres sondes étant une
sonde non marquée ou pouvant étre détectée de maniére indépendante ayant une séquence complémentaire
ou sensiblement complémentaire d'une séquence non cible qui peut étre présente dans I'échantillon ; a con-
dition qu'au moins l'une de la sonde pouvant étre détectée et de la sonde pouvant étre détectée de maniére
indépendante ou non marquée soit une sonde APN ; et

b. détecter la présence ou la quantité de séquence cible présente dans I'échantillon en détectant ou quantifiant
de maniére directe ou indirecte le fragment pouvant étre détecté de la sonde pouvant étre détectée qui s'est
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hybridé en la séquence cible.
Procédé suivant la revendication 1, dans lequel toutes les sondes de I'ensemble sont des sondes APN.
Procédé suivant la revendication 1 ou 2, dans lequel la séquence cible est I'ADN ou I'ARN.

Procédé suivant I'une quelconque des revendications 1 a 3, dans lequel la séquence cible est immobilisée sur
une surface.

Procédé suivant I'une quelconque des revendications 1 a 4, dans lequel chacune des sondes APN différentes
pouvant étre détectées de I'ensemble comportent des fragments pouvant étre détectés de maniére indépendante.

Procédé suivant I'une quelconque des revendications 1 a 5, dans lequel le fragment pouvant étre détecté est
sélectionné parmi le groupe constitué d'un chromophore, d'un fluorochrome, d'un marqueur a spin ; d'un radio-
isotope, d'une enzyme, d'un hapténe ou d'un composé chimiluminescent.

Procédé suivant I'une quelconque des revendications 1 a 6, dans lequel le rapport des sondes non marqué ou
pouvant étre détecté de maniere indépendante sur la sonde pouvant étre détectée est d'au moins deux pour un.

Procédé suivant 'une quelconque des revendications 1 a 7, dans lequel I'étape (a.) comporte les étapes qui con-
sistent & :

i.) incuber I'échantillon avec au moins une sonde non marquée ou pouvant étre détectée de maniére indépen-
dante ayant une séquence complémentaire ou sensiblement complémentaire d'une séquence non cible qui
peut étre présente dans I'échantillon pendant un premier laps de temps dans des conditions appropriées pour
que des sondes s'hybrident en acide nucléique ; et

ii.) incuber I'échantillon avec au moins une sonde pouvant étre détectée marquée avec un fragment pouvant
étre détecté et ayant une séquence complémentaire ou sensiblement complémentaire d'une séquence cible
pendant un second laps de temps, dans des conditions appropriées pour que des sondes s'hybrident en acide
nucléique.

Procédé suivant la revendication 8, dans lequel :

i.) chacun des premiers laps de temps et du second laps de temps est de 20 minutes ou moins ;
ii.) au moins une sonde pouvant étre détectée est une sonde APN ; et
iii.) au moins une sonde non marquée ou pouvant étre détectée de maniére indépendante est une sonde APN.

Procédé suivant la revendication 4, comportant en outre I'étape qui consiste a :
c.) récupérer une aliquote par élution a partir de la surface, contenant n'importe laquelle desdites une ou plusieurs
sondes pouvant étre détectées qui se sont hybridées a la séquence cible lors de la mise en oeuvre de I'étape (a.).

Procédé suivant la revendication 10, dans lequel chacune des sondes pouvant étre détectées, ayant une séquence
distincte, comporte des fragments pouvant étre détectés de maniére indépendante qui sont utilisés pour identifier
ou quantifier la présence ou la quantité de chaque séquence de sonde distincte présente dans I'aliquote récupérée.

Procédé suivant la revendication 11, dans lequel le fragment pouvant étre détecté de la sonde pouvant étre dé-
tectée est un marqueur de masse et l'identité de chaque sonde distincte dans Il'aliquote est déterminée par une
analyse de masse en utilisant une spectroscopie de masse a tandem bombardement d'atomes rapides a ions
positifs (Positive-ion Fast Atom Bombardment Tandem Mass Spectrometry).

Procédé pour supprimer la liaison d'une séquence non cible a une sonde de capture immobilisée sur une surface
dans un dosage par capture de la séquence cible d'une molécule cible d'acide nucléique d'un échantillon, le pro-
cédé comportant les étapes qui consistent a :

a. mettre en contact I'échantillon avec une solution contenant une ou plusieurs sondes de blocage dans des
conditions appropriées pour que les sondes de blocage s'hybrident en acide nucléique, dans lequel les sondes
de blocage sont complémentaires ou sensiblement complémentaires d'une ou plusieurs séquences non cible
qui peuvent étre présentes dans I'échantillon ;
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b. mettre en contact I'échantillon avec la sonde de capture immobilisée sur une surface dans les conditions
appropriées pour que la séquence cible, si elle est présente, s'hybride a la sonde de capture, la sonde de
capture étant complémentaire ou sensiblement complémentaire de la séquence cible et formant ainsi un com-
plexe de séquence cible/sonde de capture ; a condition qu'au moins I'une d'une sonde de blocage ou d'une
sonde de capture soit une sonde APN ; et

c. détecter la présence ou la quantité de molécule cible d'acide nucléique immobilisée a la surface.

Procédé suivant la revendication 13, dans lequel toutes les sondes sont des sondes APN.
Procédé suivant la revendication 13 ou 14, dans lequel la molécule d'acide nucléique cible est un ADN ou un ARN.

Procédé suivant I'une quelconque des revendications 13 a 15, dans lequel la présence ou la quantité de molécule
cible d'acide nucléique immobilisée a la surface est détectée en utilisant un anticorps marqué qui interagit de
maniére spécifique avec le complexe de séquence cible/sonde de capture qui est formé a la surface.

Procédé suivant la revendication 16, dans lequel I'anticorps marqué est un anticorps acide nucléique/acide anti-
nucléique marqué qui détecte la présence du complexe séquence cible/sonde de capture qui est formé par hybri-
dation de la sonde de capture a la séquence cible.

Procédé suivant la revendication 16, dans lequel I'anticorps marqué est un anticorps acide nucléique/anti APN
marqué qui détecte la présence du complexe séquence cible/sonde de capture qui est formé par hybridation de
la sonde de capture a la séquence cible.

Procédé suivant I'une quelconque des revendications 13 a 15, dans lequel la présence ou la quantité de séquence
cible immobilisée a la surface est détectée en utilisant une sonde de détection qui s'hybride a une seconde sé-
quence cible de la molécule cible d'acide nucléique.

Procédé suivant la revendication 19, dans lequel la sonde de détection est une sonde d'acide nucléique et la
présence ou la quantité de sonde de détection hybridée est détectée en utilisant un anticorps acide nucléique/
acide anti-nucléique marqué.

Procédé suivant la revendication 19, dans lequel la sonde de détection est une sonde APN et |la présence ou la
quantité de sonde de détection hybridée est détectée en utilisant un anticorps d'acide nucléique/anti APN marqué.

Procédé suivant I'une quelconque des revendications 14 a 18 ou 20 ou 21, dans lequel le fragment pouvant étre
détecté est sélectionné parmi le groupe constitué d'un chromophore, d'un fluorochrome, d'un marqueur a spin,

d'un radio-isotope, d'une enzyme, d'un haptene et d'un composé chimiluminescent.

Procédé suivant la revendication 6 ou 22, dans lequel I'enzyme est sélectionnée parmi le groupe constitué de la
phosphatase alcaline, de la peroxydase de soja et de la peroxydase de raifort.

Procédé suivant la revendication 6 ou 22, dans lequel I'hapténe est sélectionné parmi le groupe constitué de la
fluoresceine, de la biotine, du 2,4 dinitrophenyle et de la digoxigenine.

Procédé suivant 'une quelconque des revendications 1 a 24, dans lequel les séquences cibles et non cibles sont
des séquences étroitement apparentées.

Procédé suivant la revendication 25, dans lequel la séquence cible et la séquence non cible sont liées en tant que
mutation de points.

Procédé suivant I'une quelconque des revendications 1 a 26, dans lequel le dosage est utilisé pour détecter,
identifier, ou quantifier la présence ou la quantité d'un groupe taxonomique d'organismes ou d'une ou plusieurs

especes d'un organisme ou d'un organisme ou virus dans I'échantillon.

Procédé suivant I'une quelconque des revendications 1 a 26, dans lequel le dosage est utilisé pour déterminer
I'effet d'agent antimicrobien sur la croissance de un ou plusieurs micro-organismes dans I'échantillon.

Procédé suivant I'une quelconque des revendications 1 a 26, dans lequel le dosage est utilisé pour détecter un
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état de maladie ou une condition d'intérét clinique.

Procédé suivant la revendication 13 a 22, dans lequel la surface comporte un réseau de sondes de capture, dans
lequel chaque sonde de capture distincte dans le réseau est congue pour capturer une molécule cible d'acide
nucléique spécifique, la présence ou la quantité de cette molécule étant une indication de la présence ou de la
quantité d'un organisme spécifique, d'un virus, de moisissure, d'un état de maladie ou d'une condition d'intérét
clinique dans I'échantillon.

Trousse appropriée pour supprimer la liaison a une séquence non cible d'une sonde pouvant étre détectée dans
un dosage d'une séquence cible d'un échantillon, la trousse comportant un ensemble de deux sondes ou plus,
dans lequel au moins l'une des sondes est une sonde pouvant étre détectée marquée par un fragment pouvant
étre détecté et ayant une séquence complémentaire ou sensiblement complémentaire a une séquence cible, et
aumoins I'une des autres sondes étant une sonde pouvant étre détectée de maniére indépendante ou non marquée
ayant une séquence complémentaire ou sensiblement complémentaire a une séquence non cible qui peut étre
présente dans I'échantillon, a condition qu'au moins I'une des sondes pouvant étre détectée et la sonde pouvant
étre détectée de maniere indépendante ou non marquée soit une sonde APN.

Composition pour supprimer la liaison a une séquence non cible d'une sonde pouvant étre détectée dans un
dosage d'une séquence cible d'un échantillon, la composition étant constituée d'un ensemble de deux sondes,
dans lequel I'une des sondes est une sonde pouvant étre détectée marquée par un fragment pouvant étre détecte
et ayant une séquence complémentaire a la séquence cible, et I'autre sonde est une sonde non marquée ayant
une séquence complémentaire et une séquence non cible qui peut étre présente dans I'échantillon, a condition
que soit la sonde pouvant étre détectée, soit la sonde pouvant étre détectée de maniére indépendante ou non
marquée soit une sonde APN.

Composition pour supprimer la liaison a une séquence non cible d'une sonde pouvant étre détectée dans un
dosage d'une séquence cible d'un échantillon, la composition étant constituée d'un ensemble de quatre sondes,
I'une des sondes étant une sonde pouvant étre détectée marquée par un fragment pouvant étre détecté et ayant
une séquence complémentaire a la séquence cible, et les trois autres sondes étant des sondes non marquées
ayant chacune une séquence définie qui est complémentaire a une séquence non cible qui peut étre présente
dans I'échantillon, a condition qu'au moins I'une de la sonde pouvant étre détecté et des sondes non marquées
ou pouvant étre détectées de maniére indépendante soient une sonde APN.

Trousse appropriée pour la suppression de la liaison d'une séquence non cible a une sonde de capture immobilisée
a la surface dans un dosage par capture d'une séquence cible d'une molécule cible d'acide nucléique d'un échan-
tillon pour la trousse comportant une sonde de capture ayant une séquence complémentaire ou sensiblement
complémentaire a la séquence cible, dans laquelle la sonde de capture et/ou est modifiée de maniére a étre
immobilisée sur une surface, et une ou plusieurs sondes de blocage, chaque sonde de blocage ayant une séquence
complémentaire ou sensiblement complémentaire a des séquences non cibles qui peuvent étre présentes dans
I'échantillon ; a condition qu'au moins I'une de la sonde de capture et de I'une ou plusieurs des sondes de blocage
soient une sonde APN.

Trousse suivant la revendication 34, comportant une sonde de capture qui est modifiée de maniére appropriée
pour une fixation a une surface.

Trousse suivant la revendication 35, comportant en outre un module ayant une surface dérivée de maniére ap-
propriée a laquelle la sonde de capture modifiée de maniére appropriée peut étre immobilisée.
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Molecular Diagram

XXXXX
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Figure 3
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Match to Mismatch Ratio

(50 fmole)
# A B C
1 Labeled Probe :No Blocker:2X Blocker
2 Wild Type PNA 25 78
3 Mutant PNA 4.1 140
4 Wild Type DNA-25 25 30
5 Mutant DNA-25 2.3 42
6 Wild Type DNA-15 1.1 30
7 Mutant DNA-15 1.1 65
Figure 5B
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ad{y, ppm
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Match to Mismatch Ratio

# A B C D
1: LabeledProbe; Blocker Probe; Timing: 50 fmole
2 DNA 125
3 PNA 60 min.| 76
"""" 4| DNA NB 16
5| 25'mer DNA 72
6 PNA 101
Ty NB 20 min.| 10
8 PNA PNA 357
...... 5 <= 3
NB = No Blocker
Figure 6B
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No N.g. N.m.
blocker Blocker Blocker
Ng.{ Nm.| N.g| Nm| Ng/| Nm
170 fmole A
54 fmole B
17 fmole C
5.4 fmole D
1.7 fmole E
0.54 fmole F
0.17 fmole G
0 fmole H
1 2 3 4 5 6 7 8 9 10 11 12
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A B

C D
Target | PNA Blocker to N.m.| PNA Blocker to N.g.

(fmole) N.g. N.m. N.g. N.m.
170 38.3 67.6 87.0 16.2
54 27.6 73.7 85.8 -10.5

17 271 | 667 86.5 0.0
5.4 59 | 714 735 | -143
1.7 250 | 250 438 | -250
0.54 00 ! -50.0 286 | -50.0
0.17 500 ' | 00 500 | -50.0

Figure 8C
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(Y
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N.g/N.m.)
) %)
S &
T .9

oy
o
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1

Discrimination Ratio (

o
o

170.0054.00 17.00 5.40 1.70 0.54 0.17

Target Level (fmole)

Figure 8E
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Target Level A B C
(fmole) No blocker |N.m. blocker| N.g. blocker

170 20.9 39.8 33

54 12.2 33.6 1.6

17 8.0 17.5 1.1

5.4 49 16.0 1.1

1.7 4.0 4.0 1.8

0.54 3.5 23 1.7

0.17 1.0 0.5 1.0

Figure 8D

No blocker added
+ N.m. PNA blocker
B + N.g. PNA blocker
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