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Figure 5E 
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METHODS FOR SUPPRESSING THE 
BINDING OF DETECTABLE PROBESTO 

NON-TARGET SEQUENCES IN 
HYBRIDIZATIONASSAYS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation-in-part of application(s) Ser. No. 
08/937,709 filed on Sep. 25, 1997 now abandoned. This 
application claims the benefit of U.S. Provisional Applica 
tion No. 60/032,349, filed on Dec. 4, 1996. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention 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 detect 
able 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. Description of the Related Art 
Probe based assays are useful in the detection, quantita 

tion and analysis of nucleic acids. Nucleic acid probes have 
long been used to analyze Samples for the presence of 
nucleic acid from a bacteria, fungi, Virus or other organism 
(See for example; U.S. Pat. Nos. 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 clinical con 
ditions 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 diffi 
culties associated with Specificity, Sensitivity and reliability. 

Nucleic acid 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. 
Nonetheless, nucleic acid probes of greater than 10 bp in 
length are generally required to obtain the Sequence diver 
sity necessary to correctly identify a unique organism or 
clinical condition of interest. However, the ability to dis 
criminate between closely related Sequences is inversely 
proportional to the length of the hybridization probe because 
the difference in thermal stability decreases between wild 
type and mutant complexes as the probe length increases. 
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. 
A extensive review of the “Principles and Practices of 

Nucleic Acid Hybridization” is available (See: David E 
Kennell, Principles and Practices of Nucleic Acid 
Hybridization, pp. 259-301). In the manuscript, the author 
discusses the “Use of Competitor RNA to Estimate Speci 
ficity'. 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 population of RNA is unlabeled. The 
competition assay is used to estimate the degree of relation 
between the two RNA species. A process called “presatura 
tion competition”, wherein the unlabeled competitor RNA is 
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2 
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 ben 
efits associated with the application of this methodology. 

Gray et al. describe in-situ methods for chromosome 
Specific Staining wherein the hybridization of labeled nucleic 
acid fragments to repetitive Sequences of chromosomal 
DNA is disabled (See: Gray et al. U.S. Pat. No. 5,447.841). 
In one embodiment of the invention, disabling of the hybrid 
ization capacity of the repetitive DNA sequences within 
nucleic acid fragments involves blocking the repetitive 
Sequences by pre-reasSociation of fragments with fragments 
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, lns. 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 acid (greater than 1000 bp) hybridized to chromo 
Somal 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, lns. 3-13). 

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 trans 
membrane conductance regulator (CFTR) mutations using 
pools of allele specific oligonucleotides “ASOs” (See: Shu 
ber 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 nucleic 
acid probes for their complementary target nucleic acid 
Sequences. Interestingly, the authors describe the use of 
labeled and unlabeled nucleic acid probes in the hybridiza 
tion 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 technology. 
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 
hybridization to the target nucleic acid (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 
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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 method 
ology. 

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

Peptide Nucleic Acids (PNAS) are non-naturally occur 
ring polyamides which can hybridize to nucleic acids (DNA 
and RNA) with sequence specificity. (See U.S. Pat. No. 
5,539,082 and Egholm et al., Nature (1993) 365, 566-568). 
PNA's are candidates for investigation as alternatives/ 
Substitutes to nucleic acid probes in probe-based hybridiza 
tion assays because they exhibit Several desirable properties. 
PNA's are achiral polymers which hybridize to nucleic acids 
to form hybrids which are more thermodynamically stable 
than a corresponding nucleic acid/nucleic acid complex 
(See: Egholm et al., Nature (1993) 365, 566-568). 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 complexes has 
been extensively investigated (See: Tomac et al. J. Am. 
Chem. Soc. (1996) 118, 5544–5552). Sequence discrimina 
tion is more efficient 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 acid in both a parallel and antiparallel 
orientation, though the antiparallel orientation is preferred 
(See: Egholm et al., Nature, p. 566). 
PNAS are synthesized by adaptation of standard peptide 

Synthesis procedures in a format which is now commercially 
available. (For a general review of the preparation of PNA 
monomers and oligomers please See: Dueholm et al., 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 prod 
uctS. 

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 acid complex is dissociated by the 
reannealing/reformation of the dsDNA. “Pre-gel hybridiza 
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4 
tion' is reported to provide very good discrimination of 
point mutations in a DNA sample (See: FIG. 4 of the 
O'Keefe manuscript and the associated description). 

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

In still another related application, a process coined “PCR 
clamping can be used to obtain point mutation discrimina 
tion when directing unlabeled PNAS of defined sequence to 
interfere with the PCR process (See: Ørum et al. Nucl. Acids 
Res. (1993), 21, 5332–5336). In one embodiment of PCR 
clamping, an unlabeled PNA, which is identical in nucleo 
base 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 
polymerase. 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 pre 
venting (blocking) primer annealing. To obtain point muta 
tion 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 clamping 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). 

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 specificity of DNA hybrid 
ization to immobilized PNA oligomers depended on hybrid 
ization conditions more than was expected. Moreover, there 
was a tendency toward non-specific binding at lower ionic 
Strength. Furthermore, certain very Strong binding mis 
matches were identified which could not be eliminated by 
more Stringent washing conditions. These results demon 
Strate 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 discov 
ered molecules (i.e. PNA) 

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 
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differences may lead to unpredictable results when attempt 
ing 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. 

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 expres 
Sion. Their in vivo properties are fairly well understood. 
PNA, on the other hand is recently developed totally arti 
ficial molecule, conceived in the minds of chemists and 
made using Synthetic organic chemistry. It has no known 
biological function. 

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 struc 
turally diverse. The backbones of RNA and DNA are com 
posed of repeating phosphodiester ribose and 2-deoxyribose 
units. In contrast, the backbones of PNA are composed on 
N-(2-aminoethyl)glycine units. Additionally, in PNA the 
nucleobases are connected to the backbone by an additional 
methylene carbonyl unit. 

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 mol 
ecules. The hydrophobic character of PNA allows for the 
possibility of non-specific (hydrophobic/hydrophobic 
interactions) interactions not observed with nucleic acids. 
Further, PNA is achiral, providing it with the capability of 
adopting Structural conformations the equivalent of which 
do not exist in the RNA/DNA realm. 
The physico/chemical differences between PNA and DNA 

or RNA are also substantial. PNA binds to its complemen 
tary nucleic acid more rapidly than nucleic acid probes bind 
to the same target Sequence. This behavior is 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: Iyer 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 equiva 
lent Strand displacement processes or Structures are known 
in the DNA/RNA world. 

In Summary, because PNAS hybridize to nucleic acids 
with Sequence Specificity, 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 interaction with 
a labeled nucleic acid or labeled PNA probe (See: Nielsen et 
al. Anti-Cancer Drug Design at p. 56-57 and Weiler et al. at 
p. 2798, Second full paragraph). Any hybridization to a 
closely related non-target Sequence will result in the gen 
eration 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. 
Consequently, any method, kits or compositions which 
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could improve the Specificity, Sensitivity and reliability of 
probe-based assays would be useful in the detection, analy 
sis and quantitation of nucleic acid containing Samples and 
particularly useful for nucleic acid point mutation analysis. 

OBJECTS OF THE INVENTION 

It is an object of the invention to provide methods, kits 
and compositions Suitable for the Suppression of the binding 
of probes to non-target Sequences in hybridization assayS. 

It is an object of this invention to provide methods, kits 
and compositions Suitable for improving the Specificity 
Sensitivity and reliability of nucleic acid point mutation 
detection, analysis and quantitation. 

SUMMARY OF THE INVENTION 

This invention relates to methods, kits and compositions 
Suitable for the improved detection, quantitation and analy 
sis 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 hybrid 
ization 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. 

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 Sup 
pressed 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 Sequences 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 mis 
match 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 FIG. 1). 
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 improve 
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ment in point mutation discrimination and Similar dramatic 
improvements in the dynamic range of the hybridization 
asSay. 

The applicants are not aware of any similar method 
Suitable for obtaining Such a dramatic Suppression of bind 
ing to non-target Sequences and the correlating improvement 
in Signal to noise ratio. The data presented in Example 6, 
demonstrates the clear Superiority of PNA probes as com 
pared with DNA probes with regard to suppression of 
binding to non-target Sequences, improvement in Signal to 
noise ratios and point mutation discrimination. 

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 pre 
ferred 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 point mutations. 

The hybridization assay of this invention can be per 
formed 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 or 
independently 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. 

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 comple 
mentary to a non-target Sequence. The Second Step com 
prises 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 complemen 
tary 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. 

In another 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 
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complementary or Substantially complementary to the target 
Sequence. At least one of the other probes is an unlabeled or 
independently detectable probe having a Sequence comple 
mentary 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 
Sequence and the unlabeled or independently detectable 
probe is perfectly complementary to a non-target Sequence 
which may be present in the Sample. 

In another embodiment, the invention relates to a com 
position 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 comple 
mentary 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. 

In another embodiment, the invention relates to a com 
position 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 indepen 
dently detectable probes are PNA probes. Most preferably, 
all probes of the composition are PNA probes. 

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 com 
prises 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 Substantially comple 
mentary 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 complementary 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 for one or more target 
Sequences of interest. In preferred embodiments, the block 
ing probe is perfectly complementary to a non-target 
Sequence and the capture probe is perfectly complementary 
to a target Sequence. 

In preferred embodiments of this invention, a multiplex 
hybridization assay is performed. In a multiplex assay, 
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numerous conditions of interest are simultaneously exam 
ined. 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 
independently detectable moieties. Because multiplex 
hybridization assays involve numerous probes and target 
Sequences, there is a great potential for non-specific hybrid 
ization 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. 

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 Sensitiv 
ity and reliability of probe-based assays in general and are 
particularly useful when employing multiplex methodolo 
gies and/or point mutation analysis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an autoradiogram generated by exposure of a 
film to enzymatically catalyzed chemiluminescence emanat 
ing from a nylon membrane. 

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

FIG. 3 is a Molecular Diagram of hybridization assay 
components. 

FIG. 4A is a Schematic of a plate assay. 
FIG. 4B is a graphical illustration of hybridization assay 

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

data. 

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

FIG. 5A is a Schematic of a plate assay. 
FIG. 5B is a tabular illustration of hybridization assay 

data. 
FIG. 5C is a graphical illustration of hybridization assay 

data. 

FIG. 5D is a tabular illustration of hybridization assay 
data. 

FIG. 5E is a graphical illustration of hybridization assay 
data. 

FIG. 6A is a Schematic of a plate assay. 
FIG. 6B is a tabular illustration of hybridization assay 

data. 

FIG. 6C is a tabular illustration of hybridization assay 
data. 

FIG. 7 is a Sequence Schematic of the target and probe 
binding sites in Neisseria gonorrhoeae and Neisseria men 
ingitidis. 

FIG. 8A is a Schematic of a plate assay. 
FIG. 8B is a tabular illustration of hybridization assay 

data. 
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FIG. 8C is a tabular illustration of hybridization assay 

data. 

FIG. 8D is a tabular illustration of hybridization assay 
data. 

FIG. 8E is a graphical illustration of hybridization assay 
data. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

1. Definitions: 
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 Acids in U.S. Pat. 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; 
Fujii 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. Perkin 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 
U.S. Pat. No. 5,623,049. 
b. AS used herein, the term “complementary Sequence' or 

“complementary probe' is defined as the Subunit Sequence 
of a DNA, RNA or PNA oligomer designed to hybridize 
with exact complementarity to a nucleic acid Sequence 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 acid 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 
defined nucleic acid Sequence which is not a target Sequence. 
The non-target Sequences which generate the most back 
ground will be sequences which are closely related to the 
target Sequence (e.g. point mutations). 

f. AS used herein, the term “single base pair mismatch' or 
“point mutation” is defined as the modification of a defined 
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 Sensi 
tivity” 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). 

MPI EXHIBIT 1064 PAGE 29MPI EXHIBIT 1064 PAGE 29



6,110,676 
11 

i. AS used herein, the terms "signal to noise' and 
“dynamic range' shall be interchangeable. 
2. Detailed Description 

General 

This invention relates to methods, kits and compositions 
Suitable for the improved detection, quantitation and analy 
sis 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 hybrid 
ization 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. 

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 Sup 
pressed 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 Sequences 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 mis 
match 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 FIG. 1). 
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 improve 
ment in point mutation discrimination and Similar dramatic 
improvements in the dynamic range of the hybridization 
asSay. 
The applicants are not aware of any similar method 

Suitable for obtaining Such a dramatic Suppression of bind 
ing to non-target Sequences and the correlating improvement 
in Signal to noise ratio. The data presented in Example 6, 
demonstrates the clear Superiority of PNA probes as com 
pared with DNA probes with regard to suppression of 
binding to non-target Sequences, improvement in Signal to 
noise ratios and point mutation discrimination. 
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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 pre 
ferred 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 
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 pur 
chased from numerous commercial vendors of custom 
manufactured oligonucleotides. 

PNA Synthesis 
Methods for the chemical assembly of PNAS are well 

known (See: U.S. Pat. No. 5,539,082, entitled “Peptide 
Nucleic Acids” herein incorporated by reference). Chemi 
cals and instrumentation for the Support bound automated 
chemical assembly of Peptide Nucleic Acids are now com 
mercially available. Chemical assembly of a PNA is analo 
gous to Solid phase peptide Synthesis, wherein at each cycle 
of assembly the oligomer possesses a reactive alkyl amino 
terminus which is condensed 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 equiva 
lent of the 5'-hydroxyl terminus of an equivalent DNA or 
RNA probe. Consequently, to design a PNA probe Suitable 
for parallel binding to a nucleic 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 
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 acid group or acti 
Vated carboxylic acid 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). 

Similarly, the PNA can be extended with a linker moiety 
before the label (detectable moiety) is attached (e.g. Expe 
dite TM PNA Linker; a.k.a. Fmoc-8-amino-3,6-dioxaoctanoic 
acid). Generally, linkers are used to minimize the adverse 
effects that bulky labeling reagents might have on hybrid 
ization properties of the PNA oligomers. Specialized 
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reagents can be attached to the PNA terminus or the linker 
modified terminus for Specific or optimized labeling reac 
tions. 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 methodologies. 

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 TM 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. 

For example, the labeled moiety could be a lysine deriva 
tive 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). Condensa 
tion of the lysine derivative with the support would be 
accomplished using Standard condensation (peptide) chem 
istry. The C-amino group of the lysine derivative would then 
be deprotected and the PNA assembly initiated by conden 
sation of the first PNA synthon with the C-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. 

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 incom 
patible 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. 

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 
composition 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 include ace to nitrile and N,N'- 
dimethylformamide. For labeling reactions involving 
enzymes, generally the organic concentration will be leSS 
than 50% and preferably less than 20%. 

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 acqueous Solutions, the carboxylic acid group 
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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- 
ethylcarbodiimide hydrochloride (EDC), is a commercially 
available reagent Sold Specifically for aqueous amide form 
ing condensation reactions. 

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 Suit 
able bases include N-methylmorpholine, triethylamine and 
N,N-diisopropylethylamine. 

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, alka 
line phosphatase and horseradish peroxidase. Other Suitable 
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 

One or more probes will preferably be immobilized to a 
Surface. In one embodiment, the probe can be immobilized 
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 immobi 
lized to a Suitable Surface. Because native PNA possesses an 
amino terminus, PNA generally will not require modifica 
tion 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 reac 
tion 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 

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 
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probes which, when hybridized to target Sequences, will 
have thermal stabilities (Tm values) which are comparable 
with the PNA probes (See: Egholm et al. Nature (1993)365, 
566–568). 

In one 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 compared 
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 thermo 
dynamically favored as compared with the hybridization of 
the non-complementary detectable probe and the non-target 
Sequence. 

In certain other embodiments, a detectable probe is 
Selected to be Substantially complementary to the target 
Sequence Such that the probe Sequence need not comprise a 
nucleobase Sequence which is exactly complementary to the 
target Sequence to be detected in the probe-based hybrid 
ization assay. However, 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 com 
prise a greater number of non-complementary nucleobases 
(point mutations) to the non-target sequence as compared 
with the unlabeled or independently detectable probe. 

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 complementary to 
a target Sequence to be detected. Similarly and by design, the 
detectable probe would then comprise at least two nucleo 
base mismatches as compared with a probe which is exactly 
complementary to a non-target Sequence 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 detect 
able probes are present in the probe-based hybridization 
assay, hybridization of the more perfectly complementary 
detectable probe and target Sequence will be thermodynami 
cally favored as compared with the hybridization of the less 
complementary unlabeled or independently detectable probe 
and the target Sequence. Similarly and by design, hybrid 
ization of the more perfectly complementary unlabeled and 
independently detectable probe and non-target Sequence will 
be thermodynamically favored as compared with the hybrid 
ization 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 preferred. 

Thus, when a detectable probe is designed to hybridize to 
a Substantially complementary target Sequence, it is a gen 
eral requirement that a detectable probe comprise N nucleo 
base mismatches as compared with a probe which is exactly 
complementary to a target Sequence. The one or more 
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unlabeled or independently detectable probes comprise 
N+m nucleobase mismatches as compared with a probe 
which is exactly complementary to a target Sequence. 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 com 
prise 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 inte 
ger P is 0, 1 or 2 and the integer q is 1, 2 or 3, provided that 
N is greater than or equal to P. 

Hybridization Assay 

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 comple 
mentary to a non-target Sequence. The Second Step com 
prises 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 unlabeled 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. 
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. 

According to the method, upon contacting the sample 
with the set of probes, a detectable probe will bind 
(hybridize) to the complementary or Substantially comple 
mentary 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. 

Generally, the unbound or non-specifically bound detect 
able 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. Thus, 
in certain embodiments, the probe/target Sequence is sepa 
rated 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 
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by Size using a chromatographic process. In other 
embodiments, the detectable moiety of the probe is detect 
able 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: Tyangiet 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: U.S. Pat. No. 5,410,068 
entitled “Succinimidyl Trityl Compounds and a Process for 
Preparing Same' which is herein incorporated by reference). 

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 embodiments, 
the complex formed between the detectable probe and target 
Sequence may be dissociated to thereby retrieve the detect 
able probe for analysis. For example, this may be preferred 
where the target Sequence has been immobilized to a Sur 
face. 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 probe, which hybridized to 
the one or more immobilized target Sequences present in the 
Sample to be analyzed. 

Generally, a detectable probe will bind most Strongly to a 
closely related Sequence to thereby generate undesirable 
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 detect 
able 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 improving the Sensitivity and 
reliability of probe-based point mutation analysis. 

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 or clinical 
condition of interest. Preferably, two or more detectable 
probes will comprise independently detectable moieties to 
thereby simplify the analysis of the data. 

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. 
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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 com 
pared to the hybridization which occurs in the absence of the 
unlabeled (independently detectable) probe. 

Because the method of this invention may be used in a 
hybridization assay, this invention will find utility in improv 
ing 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 acids associated with the organ 
ism or virus. (See: U.S. Pat. No. 5,641,631, entitled “Method 
for detecting, identifying and quantitating organisms and 
viruses” herein incorporated by reference). 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 U.S. Pat. No. 
5,288,611, entitled “Method for detecting, identifying and 
quantitating organisms and viruses' herein incorporated by 
reference). 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: 
U.S. Pat. No. 5,612,183, entitled “Method for determining 
the effect of antimicrobial agents on growth using ribosomal 
nucleic acid Subunit Subsequence Specific probes' herein 
incorporated by reference). 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: U.S. 
Pat. 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' herein incor 
porated by reference. 

Immobilization Of The Target Sequence To A 
Surface 

In one embodiment of this invention, the target Sequence 
or nucleic acid target molecule of interest is immobilized 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 immo 
bilized to a surface using UV crosslinking. When immobi 
lized to a surface, the probes of the set will hybridize to the 
one or more target Sequences of interest, if present. Immo 
bilization 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. 

The detectable moieties, present as a result of the forma 
tion of detectable probe/target nucleic acid complexes, may 
be detected on the Support. Alternatively, the detectable 
probe/target nucleic acid complexes may be dissociated 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 dif 
fering target Sequences of interest. Consequently, the pres 
ence 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, 
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virus, fungi or clinical (disease) State of 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 iden 
tify the probes present in the aliquot (See: Takao et al., Rapid 
Comm. Mass. Spec. (1994), 925–928). 

Detectable and Independently Detectable Moieties 
In preferred embodiments of this invention, a multiplex 

hybridization assay is performed. In a multiplex assay, 
numerous conditions of interest are simultaneously exam 
ined. 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 
differentiate between and/or quantitate each of the indepen 
dently 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 hybrid 
ization 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 inven 
tion to multiplex Sample analysis. 

In a simple embodiment of the invention, there is a target 
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 nanometers, 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)-carboxyfluorescein, 
cyanine 3 dye and cyanine 5 dye. Non-limiting examples of 
preferred chemiluminescent compounds include luminol 
1,2-dioxetanes. 

Provided however, that the detectable moieties are inde 
pendently 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 indepen 
dently detectable provided that the probe Suppresses the 
binding of the other probe to their respective, non-target 
Sequences. 

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 
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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 indepen 
dently 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 inde 
pendently 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. 

Consequently, in Still another embodiment of the 
invention, a mixture of four labeled, but independently 
detectable 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 
complementary 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 Suppressed. 
Moreover, when compared with a Standard curve, the rela 
tive 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 

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 detect 
able 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 inde 
pendently 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 

The applicants have Surprisingly determined that the 
presence of between 2-500 equivalents of unlabeled or 
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independently detectable probe (as compared with the num 
ber of equivalents of detectable probe) does not dramatically 
reduce the limit of detection of signal in the hybridization 
assay. However, as the ratio of unlabeled or independently 
detectable PNA probe to detectable probe increases the 
binding of the detectable probe to non-target Sequence is 
dramatically reduced. Consequently, the Signal to noise ratio 
dramatically improves as the ratio of unlabeled or indepen 
dently detectable PNA probe to detectable probe is 
increased. The applicants have not observed any conditions 
whereby increasing the ratio of unlabeled probe to detect 
able probe is detrimental to the overall sensitivity and 
reliability of the hybridization assay. Consequently, the ratio 
of unlabeled or independently detectable probe to detectable 
probe is preferably greater than or equal to two. 

Kits 

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 unla 
beled or independently detectable probe is perfectly comple 
mentary to a non-target Sequence which may be present in 
the Sample. 
The kits of this invention may optionally contain 

instructions, buffers, DNA, RNA, instruments or any other 
item desirable for performing the assay. 

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 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 moi 
eties. 

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 

15 

25 

35 

40 

45 

50 

55 

60 

65 

22 
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. 

In one embodiment, the kit comprises a set of two PNA 
probes, wherein the first PNA probe has a Sequence comple 
mentary to the target Sequence and is labeled with a detect 
able moiety. The second PNA probe is unlabeled and has a 
Sequence 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. 

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 hav 
ing 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 muta 
tions. 

Alternatively, the detectable probe of the Set is a nucleic 
acid probe and the other probes of the kit are unlabeled PNA 
probes each having a defined Sequence which is comple 
mentary 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 
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, methanol, 
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. 

In one embodiment, this invention relates to a composi 
tion 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 comple 
mentary 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. 

In another embodiment, the invention relates to a com 
position 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 
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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 Sequences which are 
related as the four possible Sequence variations for a single 
point mutation. In a preferred embodiment, the detectable 
probe is a nucleic acid probe and the other three probes are 
unlabeled PNA probes. 

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 antimi 
crobial 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. 

Capture ASSayS 
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, cap 
ture assays are easily adapted for multiplex Sample analysis. 

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 complex is 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. 

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 
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24 
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. 

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 clinical (disease) State 
of interest in the Sample. 

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 determi 
nation 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. 

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 acid 
complex (See: U.S. Pat. No. 5,200,313 entitled “Nucleic 
Acid Hybridization Assay Employing Detectable Anti 
Hybrid Antibodies” herein incorporated by reference). 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 acid complex. Consequently, a labeled anti-PNA/ 
nucleic acid antibody will be used to detect the presence, 
absence or amount of the PNA/nucleic acid complex (See: 
U.S. Pat. No. 5,612,458 entitled “Antibody to PNA/nucleic 
acid Complexes’ herein incorporated by reference). 
Generally, either of the antibodies can be labeled with a 
detectable moiety. Non-limiting examples of Such detectable 
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 peroxi 
dase. Non-limiting examples of Suitable haptens include 
fluorescein, biotin, 2,4-dinitrophenyl and digoxigenin. 

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 
Synthesize and purify. Moreover, a Single reagent is used to 
detect and quantitate the presence or amount of the capture 
probe/target Sequence complex. 

In another embodiment, the presence or amount of target 
Sequence immobilized to the Surface is detected using a 
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detector probe which hybridizes to a Second target Sequence 
of the nucleic acid target molecule. The detector probe may 
be a PNA probe or a nucleic acid probe. The detector probe 
may be labeled with a detectable moiety. Detectable moi 
eties suitable for labeling the PNA or nucleic acid probes of 
this invention have been previously described. 

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 complemen 
tary 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 present in the Sample. 

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 (nucleic acid) 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 acid) 
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 anti-PNA/nucleic acid antibody can 
be used to detect the presence, absence or amount of the 
detector (PNA) probe/second target Sequence. 
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 appro 
priate labeled antibody. In this example the labeled anti 
PNA/nucleic acid antibody will be used to detect or quan 
titate 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/nucleic acid antibody Since no 
crossreaction with the detector PNA probe/second target 
Sequence complex Should occur. 

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 embodi 
ments but rather should be limited only by the spirit and 
Scope of the following claims. 

EXAMPLES 

Example 1 

Synthesis of 4-(N-(tert-butyloxycarbonyl)- 
aminobenzoic acid 

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 (NaSO), 
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26 
filtered and evaporated to a solid. The solid was then 
suspended in 150 mL of 1N NaOH and 50 mL acetone. The 
Saponification of the ester was allowed to run overnight until 
complete hydrolysis was observed by thin layer chromatog 
raphy (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 20.3 g, 85%. The product was a single peak 
when analyzed by HPLC using 0.1% trifluoroacetic acid 
(TFA) and a linear acetonitrile gradient. 

H-NMR (d-DMSO) 8–9.7 (s, 1H), 7.8 (d. 2H), 7.6 (d. 
2H), 1.5 (s, 9H). 

Example 2 
Synthesis of Peptide Nucleic Acids 

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 GENO63032) 
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 Perfor 
mance Liquid Chromatography (HPLC) using 0.1% trifluo 
roacetic 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: 

Purified arylamine terminated PNA probe, typically fif 
teen residues in length, was dissolved at a concentration of 
approximately 0.33 umol per milliliter in 50% aqueous 
dimethylformamide (DMF). 
2. Enzyme Stock: 
Soybean peroxidase, conjugate grade, obtained from 

Enzymol International, Columbus Ohio, was dissolved at a 
concentration of 2.65 mg per milliliter in an aqueous buffer 
comprised of 3M NaCl, 10 mM MgCl, 0.1 mM ZnCl2 and 
30 mM N-methylnorpholine adjusted to pH 7.6 with 12 N 
hydrochloric acid. 
3.30% Aqueous DMF: 
An acqueous DMF Solution was prepared by combining 

three volumes of DMF with 7 volumes of water. 
4. MES Buffer: 
An 0.2 M solution of 4-morpholineethanesulfonic acid 

(MES) in water was prepared (not pH adjusted). 
5. Glycine Solution: 
A solution comprised of 0.5 M glycine and 0.25 M Sodium 

hydroxide in water was prepared. 
6. Wash Buffer: 
An aqueous buffer comprised of 1.5 M NaCl, 5 mM 

MgCl, 0.1 mM ZnCl2 and 15 mM N-methylmorpholine 
adjusted to pH 7.6 with hydrochloric acid was prepared. 
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7. Storage Buffer: 
An aqueous buffer comprised of 3 M NaCl, 10 mM 

MgCl, 0.1 mM ZnCl2 and 30 mM N-methylmorpholine 
adjusted to pH 7.6 with 12 N hydrochloric acid was pre 
pared. 

Conjugation Procedure 

In a small reaction tube was combined 10 till of Enzyme 
Stock, 12.5 uL of 30% Aqueous DMF, and 7 ul 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 till 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 Mass.). The concentrator was spun at 5,000xg until 
~90% of the liquid had been removed from the cup. An 
additional 50 lull 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 absor 
bance 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 
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 Experi 
ments 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) 
Target DNA oligonucleotides were obtained from a com 

mercial 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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28 
Target DNA Oligomer Sequences: 
Wild Type: 5’ Biotin-GTG GTA GTT GGA GCT GGT 
GGC GTA-OH 3' SEO ID NO: 1 

Mutant: 5' Biotin-GTG GTA GTT GGA GCTTGT GGC 
GTA-OH 3' SEO ID NO: 2 

Labeled (Detectable) PNA Probes: 
PNA-Wild Type: HNC(O)-ACC TCG ACCACC GCA 

(linker)-P-SBP 
PNA-Mutant: HNC(O)-ACC TCG AAC ACC GCA 

(linker)-P-SBP 
Unlabeled PNA Probes: 

PNA-Wild Type: HNC(O)-ACC TCG ACCACC GCA 
(linker)-P-NH 

PNA-Mutant: HNC(O)-ACC TCG AAC ACC GCA 
(linker)-P-NH 

(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” desig 
nates the 4-amino benzoic acid moiety attached thereto. SBP 
designates the Soybean Peroxidase enzyme). 

Reagents (Exp. A & B) 
Pre-Hybridization and Hybridization Buffer 

50%. Formamide 
20 mM Tris hydroxymethylaminomethane (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) 

2OX SSC 

3 M. NaCl 

300 mM CH-NaO7.2H2O (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 
100 mM TRIS pH 9.4 
100 mM. NaCl 

10 mM MgCl 
Nylon Membrane: Biodyne ATM (Pall, Inc.) was obtained 
from Gibco, BRL, Gaithersburg, Md. 
The detection System was a commercially available lumi 

nol based chemiluminescent substrate (SuperSignal NATM 
from Pierce Chemical). Signal was enzymatically catalyzed 
by the enzyme Soybean Peroxidase which was conjugated to 
the PNA probe (detectable moiety). The enzyme catalyti 
cally produced chemiluminescent signal which was detected 
using an autoradiographic film. 
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Experiment A 

ASSay Description 
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 
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 com 
ponents 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 pmolefulL (diluted in 50% 

formamide) 
Mutant Unlabeled Probe: 5 pmolefulL (diluted in 50% 

formamide) 

TABLE 1. 

Mutant Wild Type 
Probe Wild Type Mutant unlabeled unlabeled Hyb. 

Set # Type probe probe probe probe Buffer 

1 Wild Type 3.4 itL 46.6 it 
1 Mutant 2.6 itL 47A uL 
2 Wild Type 3.4 itL 1 itL 45.6 uL 
2 Mutant 2.6 itL 1 it 46.4 it 
3 Wild Type 3.4 itL 5 uL 41.6 it 
3 Mutant 2.6 itL 5 uL 42.4 it 

Method 

Each Target DNA oligomer was diluted to the following 
final concentrations, 100 fmole/ull, 32 fmolefulL, 10 fmole/ 
till, 3 fmole/ull, 1 fmole/iu, 320 amole/iu, and 100 amole/ 
till. 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/ull was made from 
equal volumes of the 100 fmole/ull dilution of each target 
DNA oligomer. The final concentration of each target DNA 
oligomer in the 100 fmolefulL control was 50 fmole/ull. For 
each hybridization, 0.32 u 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 (a) 0.033 joules/cm 
of light to crosslink the DNA to the membrane. Membranes 
were individually Sealed in plastic bags. 
Membranes were then pre-hybridized with 200 uL 

Hybridization Buffer in a 45° C. water bath for 1 hour. 
During pre-hybridization, membranes were periodically 
shaken. Next, 50 lull 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. 
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. Mem 
branes 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 till of 
PierceTM “Stable Peroxide NA” and 500 uL of Pierce TM 
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“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 

With reference to FIG. 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 FIG. 1, the right half displays membrane 
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 concentra 
tion. DNA target oligomers were spotted approximately in 
the center of 3 mmx3 mm Squares marked on the membrane. 
Dilution Series were arranged vertically with the highest 
concentration of oligomer at the top and the lowest concen 
tration 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 spe 
cific 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. 
With reference to FIG. 1, row 5, when either the wild type 

or mutant targets are probed with the perfectly complemen 
tary 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 A to 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). 
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 FIG. 1, control 
Signal was maintained across the Six membranes. On each 
membrane, the control Signal was approximately 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). 
The intensity of the Signal caused by non-Specific hybrid 

ization of the wild type or mutant labeled probe was, 
however, dramatically reduced in the presence of the unla 
beled probe. For example, with reference to FIG. 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 

MPI EXHIBIT 1064 PAGE 39MPI EXHIBIT 1064 PAGE 39



6,110,676 
31 

(See: columns F and I 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 approxi 
mately 10 fold so that about 32 fmole of mutant DNA is 
required to observe a signal (See: row 1, column F). Addi 
tion 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). 

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 FIG. 
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). Addi 
tion of a 5 fold relative molar excess of unlabeled wild type 

15 

32 
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 

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 Hybrid 
ization Buffer. Unlabeled probes were aliquoted from a 
concentrated stock “(conc.)” of 333 pmolefulL, or a diluted 
stock “(dil)” of 5 pmolefulL. 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 till for 
all Hybridization Sets prepared. The 50 till of probe stock 
was then diluted in 150 lull of Hyb. Buffer so that the total 
volume of solution applied to the membrane was 200 lull. 

TABLE 2 

Lableled Wild Type Mutant Wild Type Mutant 
Set Probe labeled labeled unlabeled unlabeled Hyb. 
# Type probe probe probe probe Buffer 

1A Wild Type 3.4 uL 46.6 uL 
2A Wild Type 3.4 itL 1.0 uL (dil.) 45.6 uL 
3A Wild Type 3.4 itL 0.3 uL (conc.) 46.3 uL 
4A Wild Type 3.4 itL 1.5 uL (conc.) 45.1 uL 
1B Mutant 2.6 it 47.4 uL 
2B Mutant 2.6 it 1.0 uL (dil.) 46.4 it 
3B Mutant 2.6 uL 0.3 uL (conc.) 47.1 uL 
4B Mutant 2.6 uL 1.5 uL (conc.) 45.9 uL 

probe reduced the intensity of the non-specific Signal by 
approximately 10 fold such that about 32 fmole of wild type 
target 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). 

In conclusion, the results illustrated in FIG. 1 demonstrate 
that non-specific binding of labeled (detectable) PNA probes 
to non-complementary nucleic acid Sequences can be Sup 
pressed 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 
Estimated Signal to noise ratio increased from approxi 

mately 10 to 320 for the labeled wild type probe in the 
absence and presence of unlabeled mutant probe, respec 
tively. 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 

45 

50 

55 

60 

65 

Method 

Dilutions of target oligonucleotides were made in Oligo 
Dilution Buffer to final concentrations of 3 pmolefulL, 1 
pmolefulL, 320 fmolefulL, 100 fmolefulL, 32 fmolefulL, 10 
fmole/iu, 3 fmolefulL, 1 fmole/iu, 320 amolefulL, and 100 
amoleful. 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 u 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 
shown in FIG. 2). In the right column of Set A, aliquots of 
0.32 it 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 till 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 till of the six consecutive dilutions of the 
wild type target nucleic acid were Spotted onto the mem 
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brane to generate a dot blot array of nucleic acid present in 
half log Steps in the range of 1 pmole and 3 fmole. Mem 
branes were dried, and crosslinked as described in Experi 
ment A. 

Materials and methods were identical to Experiment A, 
except that the pre-hybridization incubation was extended 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 u, as compared with 
Example A wherein the total volume was 250 lull. 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 FIG. 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 
FIG. 2. 

Results 

FIG. 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 concen 
trations 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, I, 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). 
The left half of the figure displays results for the mem 

branes 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. 

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 FIG. 2, compare the signal intensity of the labeled wild 
type probe hybridized to the mutant target in the absence of 
blocker probe (column B) with that obtained from the 
hybridization in the presence of various amounts of unla 
beled 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 approximately 32 fold, increas 
ing 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). 
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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 FIG. 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 clearly 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 approxi 
mately 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 equiva 
lents of unlabeled wild type probe. 
As the ratio of unlabeled probe to labeled probe was 

increased there was a slight loSS of Specific Signal. For 
example, with reference to FIG. 2, the lowest detectable 
level of wild type target was 320 amole (see row 8, columns 
A and C). In the 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 unla 
beled 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-tart 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 approxi 
mately 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 at least a 33 fold improvement in the Signal to noise ratio 
in the presence of 500 equivalents of unlabeled wild type 
probe. 

Summary 
In conclusion, the results illustrated in FIG. 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 meth 
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ods described herein, one can achieve Several logs of 
improvement in point mutation discrimination and Similar 
improvements in the dynamic range of the hybridization 
asSay. 

Example 5 

Fluorescein labeling of Peptide Nucleic Acids 
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 coupling con 
ditions. Using the Standard PNA protocols and condensation 
conditions, Fmoc-8-amino-3,6-dioxaoctanoic acid was con 
densed with each of the N-C. 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. diisopropy 
ethylamine in DMF at room temperature for 30-60 minutes. 
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 

Experiments A-C were performed to compare combina 
tions 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. 

These experiments were directed to point mutation analy 
sis 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 

Biotinylated DNA targets 

Wild type 5' 

Mutant 
PNA. Labeled Probes 

Wild type 

Mutant 

PNA Blocker probes 

Wild type 

Mutant 
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Biotin-GTGGTAGTTGGAGCTGGTGGCGTAGGCAAGA-OH 

5' Biotin-GTGGTAGTTGGAGCTTGTGGCGTAGGCAAGA-OH 

36 
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 acid 
Sequences were also synthesized. The probes were prepared 
as both labeled with fluorescein (detectable probes) and 
unlabeled (blocker probes). 
A set of labeled and unlabeled PNA 15-mers was prepared 

since PNAS of this length have demonstrated high specific 
binding to nucleic acid Sequences with he appropriate affin 
ity 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 ther 
mal stability (Tm) which was more closely comparable with 
the PNA 15-mers. 

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 

Signal from labeled probes hybridized to complementary 
or non-complementary targets over a range of blocker probe 
concentrations under conditions optimized for the hybrid 
ization of each probe type (PNA or DNA) was measured. 
The relative ability of unlabeled PNA and DNA probes to 
Serve as blocker probes was compared. 

Experiment B 

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 

PNA and DNA blocker probes were used in conjunction 
with labeled DNA probes in normal and accelerated hybrid 
ization assayS. 

Materials and Methods 

The PNA and DNA probes and targets used are shown 
below. 

3' SEQ ID NO: 3 

3' SEQ ID NO: 4 

N (Flu-linker) --K-ACGCCACCAGCTCCA-NH2 C 

N (Flu-linker) 2-K-ACGCCACAAGCTCCA-NH2 C 

N H-ACGCCACCAGCTCCA-NH C 

N H-ACGCCACAAGCTCCA-NH2. C 
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- continued 

DNA Labeled Probes 

Wild type-15 5' Flu-spacer-ACGCCACCAGCTCCA-OH 

Mutant -15 5' Flu-spacer-ACGCCACAAGCTCCA-OH 

Wild type-25 5' 

Mutant-25 5' 
DNA Blocker probes 

Wild type-15 5' HO-ACGCCACCAGCTCCA-OH 

Mutant -15 5' HO-ACGCCACAAGCTCCA-OH 

Wild type-25 5' HO-TGCCTACGCCACCAGCTCCAACTAC-OH 

Mutant-25 5' HO-TGCCTACGCCACAAGCTCCAACTAC-OH 

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 comple 
mentary. 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 avail 
able instrumentation and reagents. For the fluorescein 
labeled DNA probes, “spacer” designates a linker incorpo 
rated into the oligonucleotide with the FluoroditeTM labeling 
phosphoramidite obtained from PerSeptive Biosystems, Inc. 
(P/N GENO80110). The biotin labeled DNA targets were 
prepared by a commercial vendor of custom oligonucle 
otides (Genosys) 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 GENO63032) attached to the 
lysine amino acid at the N-terminus of the PNA oligomer. 

General Assay Procedure 
Biotinylated target nucleic acids and probes were incu 

bated 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 
detection 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 C-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. 
The Molecular Diagram (FIG. 3) illustrates the compo 

nents of the hybridization assay as described above. The 

Flu-spacer-TGCCTACGCCACCAGCTCCAACTAC-OH 

Flu-spacer-TGCCTACGCCACAAGCTCCAACTAC-OH 
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3' SEQ ID NO : 5 

3' SEQ ID NO: 6 

3' SEQ ID NO : 7 

3' SEQ ID NO: 8 

3' SEQ ID NO: 9 

3' SEQ ID NQ: 10 

3' SEQ ID NO : 11 

3' SEQ ID NO : 12 

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 C-fluorescein antibody 
which is illustrated as the upside down “Y” in the figure. The 
C-fluorescein antibody is conjugated to the alkaline phos 
phatase enzyme which is illustrated as “AP” in the figure. 
The C-fluorescein antibody-alkaline phosphatase enzyme 
conjugate “Rabbit (Fab) anti-FITC/AP” is commercially 
available from DAKO A/S (Copenhagen, Denmark). Non 
labeled blocker probe is shown as not binding to any assa 
component, it is illustrated by the symbol “ ss 

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 till volume in buffer to the 
polystyrene microtitre plate. For reactions containing unla 
beled (blocker) probes, a Solution containing the appropriate 
amount of unlabeled (blocker) probe, in a 10 till Volume, 
was then added to the target nucleic 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 till aliquot of the appropriate 
dilution buffer was added. A Solution containing the appro 
priate 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 tempera 
ture. Each 100 lull 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 till of Wash 
Buffer A. Next, 100 lull 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 tempera 
ture (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 lull of Wash Buffer B, then three 
times with 150 till of Wash Buffer C. Between washes, the 
plates were incubated at ambient temperature with Shaking 
for 1 minute. Finally, 50 L of Visualization Reagent was 
added to each well and the plate was incubated at ambient 
temperature with Shaking for exactly 4 minutes. The Visu 
alization Reagent was transferred to an opaque (white) 
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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 nucleic acid. 
For experiments A-C, each hybridization reaction was per 
formed 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 averaged. 
The time required for each Step of the assay is shown 

below. 
ASSay Time Line: 

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 Awashes 2.60 hr 
5.30 minute Anti-FITC-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: 
Wash Buffer A 

10 mM. NaCl 
5 mM TRIS pH 7.3 
O.01% TWEEN-2O 

Wash Buffer B 
O.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 
O.4 mM CDP-StarTM 
1X Sapphire II EnhancerTM 
0.1 M Diethanolamine 

The Visualization Reagent comprises CDP-StarTM (Tropix, 
Bedford, Mass.), a 1,2-dioxetane, which when dephospho 
rylated by AP produces a metastable intermediate, which 
emits light at 466 nm upon decay (half life -2 min.). 
Sapphire IITM (Tropix, Bedford, Mass.) is a luminescence 
enhancer which reduces the effects of aqueous quenching, 
producing amplified Signals 

Choice of Hybridization Conditions 
Those of ordinary skill in the art of nucleic acid hybrid 

ization 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 tech 
niques 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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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). Ionic strength was fixed at 
100 mM NaCl for hybridizations with PNA detector probes 
and 250 mM NaCl for hybridizations involving DNA detec 
tor 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 Bufter Table: 

Buf 
fer Probe Type Formamide NaCl (mM) TWEEN-20 NaPO 
A: PNA 70% 1OO O.5% 10 mM 
B: DNA 25 65% 250 O.5% 10 mM 
C: DNA 15 35% 250 O.5% 10 mM 

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

Experiment A 

ASSay Description 

FIG. 4A is a plate assay Schematic of the configuration of 
hybridization reactions performed in the Wells of a micro 
titer 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 Sequen 
tially 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 FIG. 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. 

The experimental conditions, assay timing and reagent 
composition were described in the Materials and Methods 
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 

With reference to FIGS. 4B and 4C, the data displayed are 
average RLU (with average backgrounds Subtracted) on the 
ordinate axis, vs. the relative amount of unlabeled (blocker) 
probe (“Blocker(X)”) along the abscissas. The ordinate axes 
of FIGS. 4B and 4C are on the LOG scale. FIG. 4B 
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displays the data for the labeled (detectable) wild type 
probes in the presence of various amounts of unlabeled 
mutant (blocker) probe. FIG. 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 hybrid 
ization 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-complementary targets (dashed lines). Addition of unla 
beled (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 FIG. 4D. 

FIG. 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 dis 
play the calculated Ma/Miratio for each probe (defined in 
row 2) at each relative concentration of unlabeled (blocker) 
probe. Match refers to signal from hybridization between 
perfectly complementary target nucleic acids and probe 
Sequences, whereas, Mismatch refers to Signal from hybrid 
ization between non-complementary target nucleic acids and 
probe Sequences which are related as point mutations. The 
Ma/Miratio 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 gener 
ated 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/Miratio. 

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. Back 
ground was calculated by averaging all of the “No Target' 
values for each probe tested (wells G1-H6 in FIG. 4A). As 
an example, the value of 9 for the wild type PNA probe 
Ma/Miratio (FIG. 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). 

The data in FIG. 4D reveals a dramatic increase in the 
Ma/Miratio upon addition of increasing amounts of unla 
beled (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 
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mutant PNA have Ma/Miratios of 1009 and 929, respec 
tively. There is also a substantial difference in Ma/Miratios 
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 hybrid 
ization 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 
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-complementary targets 
than either of the unlabeled (blocker) DNA probes tested 
(i.e. 15-mer or 25-mer). 

Experiment B 

ASSay Description 

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. 

FIG. 5A is a plate assay Schematic of the configuration of 
hybridization reactions performed in the Wells of a micro 
titer 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 Sequence probes. The bottom half of the plate was used 
to measure Signal from labeled mutant Sequence probes. 

Dilutions of target nucleic acids, 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 contain 
ing 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. Back 
ground 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 uL, the unlabeled (blocker) probe was present 
at 10 pmole/100 u, and the target nucleic acids were 
present at the concentrations depicted in the figure. The 
assay was performed three times, once with PNA probes, 
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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 

With reference to FIG. 5B, the Ma/Miratios 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/Miratios in the absence 
of blocker probe. Column C displays Ma/Miratios in the 
presence of two equivalents of unlabeled (blocker) probe. 
For example, the Ma/Miratio for the labeled PNA probe in 
the absence of blocker can be found in FIG. 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 FIG. 5A, wells A1-D1, A7-D7, 
and A11-D11, respectively. 
With reference to FIG. 5B, column B, all Ma/Miratios 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 target. 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 FIG. 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). 

FIG. 5C is a graphical illustration of the data from FIG. 
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. 

FIG. 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). 

The calculation of a BE value is illustrated by the fol 
lowing example. For the wild type PNA probe at 5fmole of 
wild type (Match) target nucleic acid the BE value equals 1.0 
(FIG. 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 FIG. 5A). 
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With reference to FIG. 5D, columns B, C, D, there is no 

appreciable loss of Signal (0.5s BEs 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 BEvalues of and 16 and 23, 
respectively. This data demonstrates that the use of unla 
beled (blocker) PNA probe, when used with labeled 
(detectable) PNA probe, results in a much higher level of 
discrimination between complementary 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. 

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 quantitative 
data. 
The BE values at 500 and 50 finole which are listed in 

FIG. 5D are graphically illustrated in FIG. 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. 

Summary of Experiment B 

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 pro 
duced a Substantially greater increase in point mutation 
discrimination than the use of unlabeled (blocker) DNA 
probes. 

Experiment C 

ASSay Description 

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 opti 
mized for the hybridization of the DNA 25-mers to their 
targets (Hybridization Buffer B). 

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. 

FIG. 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 per 
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formed in the wells in rows A-C for 60 minutes. Hybrid 
ization 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 FIG. 6A, rows G and H) which is 
optimized for the all PNA system. 

Only the labeled wild type probes, and their correspond 
ing 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 performed 
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 in rows 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 performed 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 averaged to generate the derived data. 

Results and Discussion 

With reference to FIG. 6B, the table displays derived 
Ma/Miratios for 50 fmole of target nucleic acid 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 (FIG. 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-A6, respectively (FIG. 6A). 

With reference to FIG. 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/Miratio 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 unla 
beled (blocker) DNAblocker were somewhat better than the 
results obtained with the unlabeled (blocker) PNA probes 
(compare rows 2 and 3). 
By comparison however, data obtained for the 20 minute 

hybridizations demonstrate that, under these conditions, the 
unlabeled (blocker) PNA had a higher Ma/Miratio 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 unlabeled (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 opti 
mized for PNA hybridizations, resulted in the highest speci 
ficity when used in combination with the labeled 
(detectable) PNA probe (Ma/Miratio=357). This data dem 
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onstrates that the rapid hybridization assay format when 
performed in combination with unlabeled and labeled PNA 
probes results in the most dramatic point mutation discrimi 
nation. 

With reference to FIG. 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 PNAblocker probe, there was a slight cost 
to signal (1.2s BEs 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 (blocker) 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 

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 unlabeled 
(blocker) DNA probes. Rapid hybridization assay formats 
are preferred when using the unlabeled (blocker) PNA 
probes, particularly when the conditions have been opti 
mized 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)aminobenzoyl)-L-Lysine-OH 
To 2.6 mmole of N-C-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-butyloxycarbonyl)- 
aminobenzoic acid prepared as described below. 
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- 
aZabenzotriaol-1-yl)-1,1,3,3-tetramethyl uronium hexafluo 
rophosphate (HATU) and 15 mmole diisopropylethylamine 
(DIEA). This solution was allowed to stir for 20 minutes and 
then the solution of N-C-Fmoc-L-lysine-OH was added 
dropwise. After reacting for 30 min., the Solvent was 
removed by evaporation under reduced pressure. The resi 
due was partitioned in 100 mL of dichloromethane (DCM) 
and 50 mL of 10% aqueous citric acid. 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 
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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 
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 Sup 
port (approx. 1 g) was removed by treatment, in a flow 
through vessel with 20% piperidine in DCM for 25 minutes. 
The deblocking solution was then removed from the reaction 
vessel and the resin was washed with DMF and dried with 
a flushing Stream of argon. 
A solution containing 0.440 g N-O-(Fmoc)-N-e-(4-(N- 

(tert-butyloxycarbonyl)aminobenzoyl)-L-Lysine-OH, 4.8 
mL of DMF, 0.266 g 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. 

The resin was then treated with 5 mL of standard com 
mercially available PNA capping reagent (acetic anhydride 
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 
WCUU. 

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 
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 com 
mercially available instrumentation and reagents. The 
deprotection and purification of the PNA was also performed 
using Standard methodologies. The PNA Synthesis gave the 

Forward: 5' 
primer 

Reverse: 5' 
primer 
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desired OL6 PNA capture probe Suitable for use in Experi 
ment 8, below. 

Example 8 

Capture Assay In The Presence And Absence Of 
Blocking Probes Preparation Of Nucleic Acid 

Targets 

Neisseria gonorrhoeae (N.g.) and Neisseria meningitidis 
(N.m.) 16S rDNAS were obtained from Dako (Copenhagen, 
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 pGEM-4Z 
(Promega Corp., Madison, Wis.) 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 Cir 
cumVent Phototope thermal cycling kit (New England 
Biolabs Inc., Beverly, Mass.). 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. 

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, 
Wis.). A ratio of 3 parts uridine triphosphate (UTP) to 1 part 
biotin-21-UTP (Clontech Laboratories, Inc., Palo Alto, 
Calif.) 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 quan 
titated 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 

HO-CCG-AAT-TCG-TCG-ACA-ACA-GAG-TTT- SEQ ID NO : 13 
GAT-CMTGGC-TCA-G-OH 3 

HO-CCC-GGG-ATC-CAA-GCT-TAA-GGA-GGT- SEQ ID NO: 14 

1 to 1 ratio of A & C R = 

3 

l to 1 ratio of A & G and W = l 
to l ratio of A & T 

Capture Section Of Target Nucleic Acid Sequences 

Neisseria gonorrhoeae (N. g. ) 16S rRNA. Target Sequence 
SEQ ID NO: 15 
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Neisseria meningitidis (N.m.) 16S rRNA. Target Sequence 

Capture Probe/Target Site 

The PNA 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 
labeled 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 (FIG. 7). 

PNA Blocker Probes 

APNA 15-mer homologous to the capture site of the 16S 
rRNA N.m. target was synthesized (FIG. 7) using commer 
cially available instrumentation and reagents. Similarly, a 
PNA 15-mer homologous to the capture site of 16S rRNA 
N.g. was synthesized (FIG. 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 

OL6 N 

N. g. blocker N H- (linker) 2-CAG-TGT-TAT-CCC-AGG-NH2. 

N.m. blocker N H-CAG-TGT-TGT-CCC-AGG-NH 

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 GENO63032). 
The letter “P” illustrates the 4-aminobenzoic acid moiety 
which is attached to the e-amino group of the lysine amino 
acid moiety “K”. 

Preparation Of Microtitre Plates Comprising 
Capture Probe 

The arylamine (4-aminobenzoic acid) at the 3' terminus of 
the PNA capture probe was reacted with the commercially 
available tresyl-activated dextran coated AquaBind micro 
titer plates (M&E Corp., Copenhagen, Denmark). The cova 
lent immobilization of a PNA capture probe to the microtiter 
plate generates a Surface Suitable for the Specific hybridiza 
tion of nucleic acid Sequences. 

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 

SEQ ID NO : 
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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 KCl, 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 
dH2O). Tresyl groups which may not have reacted during the 
coupling reaction were quenched by treating each well with 
100 uL of a solution containing 5%. 2-(2-Aminoethoxy) 
ethanol (AEE) pH 10. This quenching reaction was per 
formed for 15 min. at 25 C., with shaking. The AEE 
Solution was then removed and each of the Wells was washed 
twice with DEPC dHO. The wells were then treated to 
block the Surfaces from non-specific interaction, by the 
addition of 300 till of a solution containing 1% diethyl 
pyrocarbonate treated casein (Boehringer Mannheim, 
Indianapolis, Ind.) 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% diethylpyro 
carbonate treated casein (Boehringer Mannheim, 
Indianapolis, Ind.) 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.O. 

Ac-CAG-TGT-TAT-CCC-AGG-(linker) 2-K (P)-NH C 

C 

C 

Assay Method 
Each of the wells in the microtitre plates were equilibrated 

by incubation with 100 uL 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., immediately 
before use in the capture assay. This buffer was then dis 
carded. 

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. PNAblocker probe. The incubation 
of each of these hybridization reactions was allowed to 
proceed for 30 min. at 50° C. 

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 dis 
carded. Any, residual unhybridized target was then removed 
by washing once with hybridization buffer and four times 
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with THT buffer (50 mM Tris pH 7.4, 100 mM NaCl and 
0.1% Tween 20) both at 50° C. 

The biotinylated Ng 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 lull 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 till 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 MHSO. The color which was generated (absorbance 
at 450 nm) was then measured in a microplate reader 
(Molecular Devices Corp., Menlo park, Calif.). 

ASSay Design 

FIG. 8A is a plate schematic of the configuration of 
hybridization reactions performed in the wells of the micro 
titer 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 

With reference to FIG.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 aver 
aged 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 5.4fmole 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 frmole are discussed in this Section. 

With reference to FIG. 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 
FIG. 8C is derived from data in FIG. 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 FIG. 
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8C, column A for the target level of 170 fmole is determined 
by subtracting the value in FIG. 8B, in columns A and C and 
then dividing that difference by the value in FIG.8B, column 
A. 

Columns A and B in FIG. 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 1-1.5 logs. 
With reference to FIG. 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 5.4fmole, 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 
FIG. 8B, column A with C and data in FIG. 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 FIG. 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. 
With reference to FIG. 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 5.4fmole, 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 FIG. 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 FIG. 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: FIG. 8C, column D). 

In summary, the data in FIGS. 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 hybrid 
ization surface composed of PNA capture probe when 
blocking probes are used in the hybridization assay. 

The discrimination ratios which are presented in FIG. 8D 
are derived from the data in FIG. 8B. When considering the 
data for only the three highest target levels examined 
(170-17 fmole), the discrimination ratios in the absence of 
PNA blocker probe are 21, 12 and 8 (See FIG. 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. 

In the presence of 1.7 pmole of N.g. blocker probe, the 
discrimination ratioS for the capture of the N.g. target were 
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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. 

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

Summary 
A 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 of interest. 
We claim: 
1. A method for Suppressing the binding of a detectable 

probe to a non-target Sequence in an assay of a Sample for 
a single Stranded 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 Sub 
Stantially complementary to the Single Stranded target 
Sequence, and at least one of the other probes is an 
unlabeled or independently detectable probe having a 
Sequence complementary or Substantially complemen 
tary to a Single Stranded non-target Sequence which 
may be present in the Sample, provided that at least one 
of the detectable probe and the unlabeled or indepen 
dently detectable probe is a PNA probe; and 

b. detecting the presence or amount of Single Stranded 
target Sequence present in the Sample by directly or 
indirectly detecting or quantitating the detectable moi 
ety of said detectable probe which hybridized to the 
target Sequence. 

2. The method of claim 1, wherein all probes of the set are 
PNA probes. 

3. The method of claim 1, wherein the target Sequence is 
DNA or RNA 

4. The method of claim 1, wherein the target Sequence is 
immobilized to a Surface. 

5. 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.). 

6. The method of claim 5, wherein each of the detectable 
probes, having a distinct Sequence, comprise independently 
detectable moieties which are used to identify or quantitate 
the presence or amount of each distinct probe Sequence 
present in the aliquot collected. 

7. The method of claim 6, 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 Tan 
dem Mass Spectrometry. 

8. The method of claim 1, wherein target and non-target 
Sequences are closely related Sequences. 

9. The method of claim 8, wherein target sequence and the 
non-target Sequence are related as a point mutation. 

10. The method of claim 1, wherein the assay is used to 
detect, identify, or quantitate the presence or amount of an 
organism or virus in the Sample. 
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11. The method of claim 1, wherein the assay is used to 

detect, identify, or quantitate the presence or amount of one 
or more species of an organism in the Sample. 

12. The method of claim 1, wherein the assay is used to 
determine the effect of antimicrobial agents on the growth of 
one or more microorganisms in the Sample. 

13. The method of claim 1, wherein the assay is used to 
determine the presence or amount of a taxonomic group of 
organisms in the Sample. 

14. The method of claim 2, wherein each of the different 
detectable PNA probes of the set comprise independently 
detectable moieties. 

15. The method of claim 1, 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 compound. 

16. The method of claim 15, wherein the enzyme is 
Selected from the group consisting of alkaline phosphatase, 
Soybean peroxidase and horseradish peroxidase. 

17. The method of claim 15, wherein the hapten is 
Selected from the group consisting of fluorescein, biotin, 
2,4-dinitrophenyl and digoxigenin. 

18. The method of claim 1, 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 the at least one detectable 
probe labeled with a detectable moiety and having a 
Sequence complementary or Substantially complemen 
tary to a target Sequence for a second period of time, 
under conditions suitable for probes to hybridize to 
nucleic acid. 

19. The method of claim 18, wherein; 
i.) each of the first period of time and the Second period 

or 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. 
20. The method of claim 1, wherein the ratio of unlabeled 

or independently detectable probe to detectable probe is at 
least two to one. 

21. A method for Suppressing the binding of a Single 
Stranded non-target Sequence to a capture probe immobi 
lized on a Surface in a capture assay of a Sample for a single 
Stranded 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 Substantially 
complementary to one or more Single Stranded non 
target Sequences which may be present in the Sample, 

b. contacting the Sample with the capture probe immobi 
lized on a Surface under conditions Suitable for the 
Single Stranded target Sequence, if present, to hybridize 
to the capture probe, wherein the capture probe is 
complementary or Substantially complementary to the 
Single Stranded target Sequence and thereby forms a 
capture probe/target Sequence complex; 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. 
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22. The method of claim 21, wherein the presence or 
amount of nucleic acid target molecule immobilized to the 
Surface is detected using a labeled antibody which specifi 
cally interacts with the capture probe/target Sequence com 
plex which is formed on the Surface. 

23. The method of claim 22, wherein the labeled antibody 
is a labeled anti-nucleic acid/nucleic acid 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. 

24. The method of claim 23, wherein the labeled antibody 
is labeled with a detectable moiety Selected from the group 
consisting of a chromophore, a fluorophore, a Spin label, a 
radioisotope, an enzyme, a hapten and a chemiluminescent 
compound. 

25. The method of claim 22, 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. 

26. The method of claim 25, wherein the labeled antibody 
is labeled with a detectable moiety Selected from the group 
consisting of a chromophore, a fluorophore, a Spin label, a 
radioisotope, an enzyme, a hapten and a chemiluminescent 
compound. 

27. The method of claim 26, wherein the enzyme is 
Selected from the group consisting of alkaline phosphatase, 
Soybean peroxidase and horseradish peroxidase. 

28. The method of claim 26, wherein the hapten is 
Selected from the group consisting of fluorescein, biotin, 
2,4-dinitrophenyl and digoxigenin. 

29. The method of claim 21, 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. 

30. The method of claim 29, wherein the detector probe 
is a nucleic acid probe and the presence or quantity of 
hybridized detector probe is detected using a labeled anti 
nucleic acid/nucleic acid antibody. 
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31. The method of claim 29, 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. 

32. The method of claim 21, wherein all probes are PNA 
probes. 

33. The method of claim 21, wherein the target and the 
non-target Sequences are related as a point mutation. 

34. The method of claim 21, wherein the Surface com 
prises an array of probes, wherein each distinct probe 
Sequence 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 or disease State of interest in the 
Sample. 

35. The method of claim 21, wherein the target nucleic 
acid molecule is DNA or RNA. 

36. The method of claim 29, wherein the method of claim 
1 is used to Suppress the binding of detector probe to a 
non-Second target Sequence. 

37. The method of claim 29, wherein the detector probe 
is labeled with a detectable moiety Selected from the group 
consisting of a chromophore, a fluorophore, a Spin label, a 
radioisotope, an enzyme, a hapten and a chemiluminescent 
compound. 

38. The method of claim 21, wherein the capture assay is 
used to detect, identify, or quantitate the presence or amount 
of an organism or virus in the Sample. 

39. The method of claim 21, wherein the assay is used to 
detect, identify, or quantitate the presence or amount of one 
or more species of an organism in the Sample. 

40. The method of claim 21, wherein the assay is used to 
determine the effect of antimicrobial agents on the growth of 
one or more microorganisms in the Sample. 

41. The method of claim 21, wherein the assay is used to 
determine the presence or amount of a taxonomic group of 
organisms in the Sample. 

k k k k k 
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