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(57) ABSTRACT 

Binary probe and clamp compositions conduct methods for 
target hybridization detection. Where the probe is a substrate 
for exonuclease cleavage, the composition provides quanti 
tation and detection of PCR products, by real-time and end 
point measurements. Where the probe is an amplification 
primer, the composition provides an improved method for 
labelling and detection of PCR products. Probes and clamps 
may be labelled with fluorescent dyes, quenchers, hybridiza 
tion-stabilizing moieties, chemiluminescent dyes, and affin 
ity ligands. Clamps may be nucleic acid analogs, such as 
2-aminoethylglycine PNA. 
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Figure 5. 
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BINARY PROBE AND CLAMP 
COMPOSITION AND METHODS FOR 
TARGETHYBRDIZATION DETECTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of application Ser. 
No. 1 1/422,211, filed Jun. 5, 2006 which is a continuation of 
application Ser. No. 10/112,677, filed Mar. 28, 2002, now 
U.S. Pat. No. 7.057,025, which is a continuation of applica 
tion Ser. No. 09/232,000, filed Jan. 15, 1999, now U.S. Pat. 
No. 6,432,642, all of which are incorporated herein by refer 
CCC. 

FIELD OF THE INVENTION 

0002 The invention relates generally to the field of nucleic 
acid hybridization, and more particularly, to compositions 
and methods of nucleic acid amplification. 
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BACKGROUND 

0.058 Nucleic acid hybridization assays comprise an 
important class oftechniques in modern biology, with diverse 
applications in diagnosis of inherited disease, human identi 
fication, identification of microorganisms, paternity testing, 
Virology, and DNA sequencing. Primer extension reactions 
are key components of many nucleic acid hybridization 
assays and amplification methods. The polymerase chain 
reaction (PCR) amplification method has enabled advances in 
cloning, analysis of genetic expression, DNA sequencing, 
genetic mapping, drug discovery, and the like (Gilliland, 
1990; Bevan, 1992: Green, 1991: McPherson, 1995). 
0059. The specificity and affinity of two or more strands of 
nucleic acid and nucleic acid analog molecules hybridizing 
by Watson/Crick and non-Watson/Crick base pairing are key 
parameters of efficient nucleic acid hybridization assays. 
Covalently attached labels, or moieties, which improve or 
stabilize hybridization are desirable. 
0060 Another important aspect of nucleic acid hybridiza 
tion assays is the method used to facilitate detection of the 
hybridization event. Fluorescent methods have many advan 
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tages over radioisotopes where either the target polynucle 
otide or the probe or primer can be easily and safely labelled 
with fluorescent dyes. Methods to lower the costs of labelled 
probes and primers, or their functional equivalents, are highly 
desirable. There remains a need for further improvements in 
the specificity, affinity, and detection of nucleic acid hybrid 
ization assays. 

SUMMARY 

0061 The present invention is directed towards novel 
binary probe and clamp compositions which are useful in 
nucleic acid hybridization assays, and methods of using Such 
compositions. 
0062. In a first aspect, the invention comprises a binary 
probe and clamp composition in which the probe comprises a 
target-specific portion and a clamp-specific portion. The tar 
get-specific portion is capable of sequence-specific binding to 
a target polynucleotide sequence. A clamp comprises a probe 
specific portion and a label. The clamp-specific portion of the 
probe and the probe-specific portion of the clamp form a 
duplex structure in the binary probe and clamp composition. 
Alternatively, the clamp-specific portion of the probe and two 
probe-specific portions of the clamp form a triplex structure 
(FIG. 2, top). 
0063. During a nucleic acid hybridization assay, the target 
polynucleotide sequence may be detected and quantitated in 
the sample by detection of the label on the binary composi 
tion. The clamp-specific portion of the probe is bound to the 
probe-specific portion of the clamp during the detection 
phase of the assay. 
0064. The clamp may be an oligonucleotide or a nucleic 
acid analog. The nucleic acid analog may be comprised of 
modifications to the internucleotide linkage, the Sugar, or 
nucleobase moieties. A preferred clamp is 2-aminoethylgly 
cine, PNA, (Nielsen, 1991) with the structure 

l, C. 

l, C. 

where B is a nucleobase or nucleobase analog. 
0065. The probe may be an oligonucleotide or a nucleic 
acid analog containing nucleobase analogs, Sugar analogs, 
and/or internucleotide analogs. 
0066. In a second aspect, the probe or clamp in the binary 
composition has one or more labels. The probe label can be 
attached at sites including but not limited to a 5' terminus, a 3' 
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terminus, a nucleobase, an internucleotide linkage, or a Sugar. 
The clamp label can be attached at sites including a terminus, 
a nucleobase, an internucleotide linkage, a Sugar, an amino 
group, a Sulfide group, and a carboxyl group. The labels may 
include hybridization-stabilizing moieties, fluorescent dyes, 
fluorescence quenchers, chemiluminescent dyes, amino 
acids, and affinity ligands. 
0067. In a third aspect, a method is provided for detecting 
a target polynucleotide sequence with the binary probe and 
clamp composition. In the method, a target-specific portion of 
the probe hybridizes to a target polynucleotide sequence, and 
a labelled clamp hybridizes to the probe. The steps of (i) 
hybridizing the target-specific portion of the probe with the 
target polynucleotide sequence; (ii) hybridizing the probe 
specific portion of the clamp with the clamp-specific portion 
of the probe; and (iii) detecting the binary probe are con 
ducted to detect a target polynucleotide. 
0068. In a fourth aspect, a method is provided for detecting 
polymerase chain reaction products with a binary probe and 
clamp composition. In the method, the probe includes a fluo 
rescent dye or quencher, and the clamp includes a fluorescent 
dye or quencher, Such that the binary composition comprises 
one fluorescent dye and one quencher. The binary composi 
tion is largely self-quenching when the probe is hybridized to 
the clamp. The method is conducted via the steps of (i) 
hybridizing a target-specific portion of a probe with a target 
polynucleotide sequence; (ii) hybridizing a probe-specific 
portion of the clamp with a clamp-specific portion of the 
probe; (iii) amplifying the target with a DNA polymerase 
(Lawyer, 1989) with 5' to 3' exonuclease activity, PCR prim 
ers, and nucleoside 5' triphosphates, (iv) cleaving the probe 
by the exonuclease activity of the polymerase, and (V) detect 
ing the fluorescent dye. It is an object of the present invention 
to detect the labels by monitoring the emitted fluorescence in 
real-time or at the end-point of target amplification. 
0069. In a fifth aspect, a method is provided for labelling 
polymerase chain reaction products with a binary primer and 
labelled clamp composition. In the method, a primer has a 
target-specific portion, capable of sequence-specific binding 
to a target polynucleotide sequence, and a clamp-specific 
portion. The clamp includes a label and a primer-specific 
portion capable of sequence-specific binding to the clamp 
specific portion of the primer. The label may be a detectable 
fluorescent dye. The clamp-specific portion of the primer and 
the primer-specific portion of the clamp form a duplex struc 
ture in the binary primer and clamp composition. Alterna 
tively, the clamp-specific portion of the primer and two 
primer-specific base-pairing portions of the clamp form a 
triplex structure in the binary primer and clamp composition. 
A target polynucleotide is amplified with a DNA polymerase, 
one or more binary primer and clamp compositions, one or 
more opposing strand primers, and nucleoside 5' triphos 
phates, wherein one or more labelled polymerase chain reac 
tion products result. 
0070. In a sixth aspect, a method is provided for detecting 
polymerase chain reaction products where a target polynucle 
otide is amplified with a primer comprising a target-specific 
portion at a 3' end and a homopyrimidine sequence portion at 
a 5' end. A clamp comprising the same homopyrimidine 
sequence as the 5' end of the target and one or more labels is 
present in the PCR mixture. The homopyrimidine sequence 
of the primer is amplified and forms a terminal part of the 
PCR product. The clamp forms a duplex or triplex structure 
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by hybridization with the PCR product and the label is 
detected. The label can be a fluorescent dye. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0071 FIG.1 Fluorescent dye (F)-probe and quencher (Q)- 
clamp binary compositions; hybridized and non-hybridized 
0072 FIG. 2 Hybridization of binary probe and clamp 
triplex (top) and duplex (bottom) compositions to target poly 
nucleotide 
0073 FIG. 3 Hybridization of fluorescent dye-labelled 
probe and quencher clamp composition to target polynucle 
otide 
0074 FIG. 4 Hybridization of probe and fluorescent dye 
labelled clamp to target polynucleotide 
0075 FIG. 5 Hybridization of fluorescent dye-labelled 
probe to quencher/minor groove binder (MGB)-labelled 
clamp and hybridization of probe to target polynucleotide. 
Stabilization by MGB of probe binding to target. 
0076 FIG. 6 Hybridization of unlabelled-primer and fluo 
rescent dye-labelled clamp to PCR target 
0077 FIG. 7 Amplification of target polynucleotide with 
5'-homopyrimidine sequence and triplex-forming, fluores 
cent-labelled clamp binding to 3' homopurine sequence of 
PCR product 
0078 FIG. 8 Exonuclease assay whereby triple helix 
forming, self-quenching binary probe and clamp composition 
1, including a fluorescent dye and a quencher, and target 
primers 2a and 2b are hybridized to target polynucleotide 3. 
During the polymerization phase of amplification, the prim 
ers 2a and 2b are extended using a polymerase enzyme 
thereby forming extended primers 4a and 4b. During the 
primer extension reaction, a 5'-->3' nuclease activity of the 
polymerase serves to cut the probe 1 so as to form probe 
fragments, including fluorescent dye-probe fragment 5 and 
quencher-labelled clamp with clamp-specific probe fragment 
6. 

0079 FIG.9 Fluorescein fluorescent dye structures: FAM, 
TET, HEX, JOE, VIC, NED, where L is a linker 
0080 FIG. 10 Quencher structures: TAMRA, ROX, DAB 
CYL, DABSYL, NTB 
I0081 FIG. 11 Minor groove binder structures: MGB1, 
Fmoc-CDPI, CDPI 
0082 FIG. 12 PNA clamp including monomer units: T. C. 
pseudo-isocytosine J, and ethyleneoxy spacer 0. 
0083 FIG. 13 Binary probe and clamp compositions. Tri 
plex forming clamps, sequences ID NOS. 19, 22 shown with 
out labels. 
I0084 FIG. 14 Rate of hybridization of binary probe and 
clamp compositions, fluorescence intensity F. Versus time. 
100 nM clamp (SEQ. ID NOS. 19, 20, 21), 100 nM probe 
(SEQ. ID NO. 1), 60° C.; ABI Model 7700. 
I0085 FIG. 15 Rate of hybridization of binary probe and 
clamp compositions, fluorescence intensity F. Versus time. 
400 nM clamp (SEQ. ID NOS. 19, 20, 21), 100 nM probe 
(SEQ. ID NO. 1), 60° C.; ABI Model 7700. 
I0086 FIG. 16 Real-time PCR detection of BAK target, 
ARn versus cycles, measuring C. Subtracting background 
fluorescence. Binary probe and clamp compositions: 400 nM 
clamp (SEQ. ID NO.19, 20, 21), 100 nM probe (SEQ.IDNO. 
1). 
I0087 FIG. 17 Real-time PCR detection of BAKtarget, Rn 
Versus cycles, measuring C, without Subtracting background 
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fluorescence. binary probe and clamp compositions: 400 nM 
clamp (SEQ. ID NOS. 19, 20, 21), 100 nM probe (SEQ. ID 
NO. 1). 
I0088 FIG. 18 Real-time PCR detection of GTT1 target, 
ARn versus cycles, measuring C. Subtracting background 
fluorescence. Binary probe and clamp compositions: 400 nM 
clamp (SEQ. ID NOS. 20, 21), 100 nM probe (SEQ. ID NO. 
2). Taqman probe: 5' FAM-CCTGCAGGCCCGTGCCCGT 
TAMRA 3. 

I0089 FIG. 19 Real-time PCR detection of GTT1 target, 
Rn versus cycles, measuring C, without subtracting back 
ground fluorescence. Binary probe and clamp compositions: 
400 nM clamp (SEQ.IDNO. 20, 21), 100 nM probe (SEQ. ID 
NO. 2). Taqman probe: 5' FAM-CCTGCAGGCCCGTGC 
CCGT-TAMRA 3 (SEQ. ID NO. 43). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(0090 Reference will now be made in detail to the pre 
ferred embodiments of the invention, examples of which are 
illustrated in the accompanying drawings. While the inven 
tion will be described in conjunction with the preferred 
embodiments, it will be understood that they are not intended 
to limit the invention to those embodiments. On the contrary, 
the invention is intended to cover alternatives, modifications, 
and equivalents, which may be included within the invention 
as defined by the appended claims. 

I. DEFINITIONS 

0091. Unless stated otherwise, the following terms and 
phrases as used herein are intended to have the following 
meanings: 
0092. The terms “nucleic acid”, “polynucleotide' or “oli 
gonucleotide' mean polymers of nucleotide monomers or 
analogs thereof, including double and single stranded deox 
yribonucleotides, ribonucleotides, C.-anomeric forms 
thereof, and the like. Usually the monomers are linked by 
phosphodiester linkages, where the term "phosphodiester 
linkage” refers to phosphodiester bonds or bonds including 
phosphate analogs thereof, including associated counterions, 
e.g., H, NH, Na". Polynucleotides typically range in size 
from a few monomeric units, e.g. 5-40, to several thousands 
of monomeric units. Whenever a polynucleotide is repre 
sented by a sequence of letters, such as “ATGCCTG’ it will 
be understood that the nucleotides are in 5' to 3' order from left 
to right and that 'A' denotes deoxyadenosine, “C” denotes 
deoxycytidine, “G” denotes deoxyguanosine, and “T” 
denotes deoxythymidine, unless otherwise noted. 
0093 "Nucleoside' refers to a compound consisting of a 
purine, deazapurine, or pyrimidine nucleobase, e.g., adenine, 
guanine, cytosine, uracil, thymine, deaZaadenine, deazagua 
nosine, and the like, linked to a pentose at the 1'-position. 
When the nucleoside base is purine or 7-deazapurine, the 
pentose is attached to the nucleobase at the 9-position of the 
purine or deazapurine, and when the nucleobase is pyrimi 
dine, the pentose is attached to the nucleobase at the 1-posi 
tion of the pyrimidine. 
0094) "Nucleotide' refers to a phosphate ester of a nucleo 
side, e.g., a triphosphate ester, wherein the most common site 
of esterification is the hydroxyl group attached to the C-5 
position of the pentose. A nucleotide is composed of three 
moieties: a Sugar, a phosphate, and a nucleobase (Blackburn, 
1996). When part of a duplex, nucleotides are also referred to 
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as “bases” or “base pairs’. The most common naturally 
occurring nucleobases, adenine (A), guanine (G), uracil (U), 
cytosine (C), and thymine (T) bear the hydrogen-bonding 
functionality that effect Watson/Crick base-pairing. 
0095. The term “Watson/Crick base-pairing” refers to a 
pattern of specific pairs of nucleotides, and analogs thereof, 
that bind together through sequence-specific hydrogen 
bonds, e.g. A pairs with Tand U, and G pairs with C. 
0096. The term “nucleic acid analogs’ refers to analogs of 
nucleic acids made from monomeric nucleotide analog units, 
and possessing some of the qualities and properties associ 
ated with nucleic acids. Nucleic acid analogs may have modi 
fied (i) nucleobase moieties, e.g. C-S-propyne pyrimidine, 
pseudo-isocytidine and isoguanosine, (ii) Sugar moieties, e.g. 
2'-3-alkyl ribonucleotides, and/or (iii) internucleotide moi 
eties, e.g. 3'-N-phosphoramidate (Englisch, 1991). A class of 
analogs where the Sugar and internucleotide moieties have 
been replaced with an 2-aminoethylglycine amide backbone 
polymer is peptide nucleic acids PNA (Nielsen, 1991). 
0097. “Target” refers to a polynucleotide comprising a 
sequence for hybridization by a primer or probe. 
0098 “Attachment site' refers to a site on a probe or clamp 
to which is attached a linker. 

0099 “Linker refers to one or more atoms comprising a 
chain connecting a probe or clamp to a label. 
0100 "Chimera' as used herein refers to an oligonucle 
otide including one or more nucleotide and one or more 
nucleotide analog units. 
0101 “Lower alkyl”, “lower alkylene' and “lower substi 
tuted alkylene' refers to straight-chain, branched, or cyclic 
groups consisting of 1-12 carbon atoms. 
0102 “Label” refers to a moiety covalently attached to an 
oligonucleotide or nucleic acid analog. One preferred class of 
labels provides a signal for detection of a molecule by such 
means as fluorescence, chemiluminescence, and electro 
chemical luminescence (Kricka, 1992). Another preferred 
class of labels, hybridization-stabilizing moieties, serve to 
enhance, stabilize, or influence hybridization of duplexes, 
e.g. intercalators, minor-groove binders, and cross-linking 
functional groups. Yet another preferred class of labels serve 
to effect the separation or immobilization of a molecule by 
specific or non-specific capture means (Andrus, 1995). 
0103 "Detection” refers to detecting, observing, or mea 
Suring a molecule on the basis of the properties of a 
covalently-attached detection label. Detection labels include, 
but are not limited to, fluorescent dyes, such as fluorescein 
and rhodamine derivatives, cyanine dyes (Kubista, 1997), and 
energy-transfer dyes (Clegg, 1992; Cardullo, 1988). 
0104 “Probe' refers to an oligonucleotide or nucleic acid 
analog which may have a target-specific portion and a clamp 
specific portion. 
0105. “Clamp' refers to an oligonucleotide or nucleic acid 
analog which has a probe-specific portion. A clamp can bear 
a label, e.g. a fluorescent dye or quencher, and undergo fluo 
rescence energy transfer when hybridized to a probe bearing 
a fluorescent dye or quencher moiety. The clamp may also 
bear other labels, such as minor groove binder or intercalator 
to stabilize binding of the binary probe composition with a 
target polynucleotide. 
0106 “Primer' refers to a probe capable of selectively 
annealing to a specified target nucleic acid and thereafter 
serving as a point of initiation of a primer extension reaction 
in which the primer is extended in a 5'-->3' direction. 
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0107 The term “primer extension reaction” refers to a 
reaction between a target/primer duplex and a nucleotide 
which results in the addition of the nucleotide to a 3'-end of 
the primer Such that the added nucleotide is complementary 
to the corresponding nucleotide of the target. 
0108. The term “5'-->3' nuclease activity” refers to an 
enzyme activity that cleaves nucleic acid at phosphodiester 
bonds. This activity can be either endo (cleaves at internal 
phosphodiester bonds) or exo (cleaves at the phosphodiester 
bond closest to the 5' terminus of the nucleic acid strand. 

0109 The term “self-quenching refers to an intermolecu 
lar, energy transfer effect, e.g. a fluorescent dye and quencher 
are joined on a probe in a configuration that permits energy 
transfer from the fluorophore to the quencher, resulting in a 
reduction of the fluorescence by the fluorescent dye. 
0110. The term "end-point analysis” refers to a method 
where data collection occurs only when a reaction is com 
plete. End-point analysis of the exonuclease assay entails 
fluorescent dye signal measurement when PCR is complete. 
Results are reported in terms of the change in fluorescence of 
the fluorescent dye signal from start to finish of the PCR 
thermal cycling, preferably minus any internal control sig 
nals. 

0111. The term “real-time analysis” refers to periodic 
monitoring during PCR. Real-time analysis of the exonu 
clease assay measures fluorescent dye signal changes from 
cycle-to-cycle, preferably minus any internal control signals. 

II. DESIGN AND SYNTHESIS OF BINARY 
COMPOSITIONS 

0112 A. Probes and primers 
0113 A probe or primer may be any structure capable of 
sequence-specific hybridization to a target. Preferably probes 
and primers are oligonucleotides and nucleic acid analogs. 
Generally, the design and synthesis of binary compositions of 
the invention follows conventional teachings. Oligonucle 
otides and nucleic acid analogs are preferably synthesized on 
an automated, Solid-phase DNA synthesizer using phos 
phoramidite chemistry (Beaucage, Caruthers, 1983). The 
phosphoramidite method of oligonucleotide synthesis is a 
preferred method because of its efficient and rapid coupling 
and the stability of the starting nucleoside monomers. Syn 
thesis is typically performed with a growing polynucleotide 
chain attached to a Solid Support so that excess reagents in the 
liquid phase can be easily removed by filtration, thereby 
eliminating the need for purification steps between cycles. 
0114 DNA phosphoramidite nucleoside monomers may 
be obtained from Perkin-Elmer Co. (Foster City, Calif.) and 
2'-OMe RNA monomers may be obtained from Glen 
Research (Sterling, Va.). The nucleobase protecting groups 
may be benzoyl (A. and C’) and dimethylformamidine 
(G") for both the DNA and 2'-OMe RNA nucleosides. The 
non-nucleosidic PEO linker may be incorporated as a phos 
phoramidite synthon with the structure below. 
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0115 For each coupling cycle of the synthesis at a 0.2 
umole scale, 40 ul of 0.1 M phosphoramidite nucleoside (ca. 
3.5 mg) in acetonitrile is delivered concurrently with 120 ul of 
0.5 M 5-H tetrazole in acetonitrile. Coupling times are 25 
seconds for DNA phosphoramidites and 4 minutes for 
2'-OMe RNA phosphoramidites and the PEO phosphoramid 
ite. 
0116. After completion of the synthesis, oligonucleotides 
may be cleaved from the support by treatment with a mixture 
of MeOH:t-BuNHHO (1:1:2) (Woo, 1993) or with concen 
trated ammonium hydroxide for 1 hr at room temperature as 
described in the Users Manual for the Applied Biosystems 
Model 394 DNA/RNA synthesizer. Base protecting groups 
may be removed by heating the mixture at 85 EC for 1 hr or at 
65 EC for 3 h. The oligonucleotides can be analyzed and 
purified by reverse phase HPLC, anion-exchange HPLC, cap 
illary gel electrophoresis, polyacrylamide gel electrophore 
sis, and other conventional techniques (Andrus, 1995). 
0117. In designing binary probe and clamp compositions, 
preferably the following general guidelines are followed: (i) 
the probe is 6-100 nucleotides in length, (ii) if the target 
nucleic acid sequence is located within a PCR amplicon, the 
probe sequence should be such that the probe hybridizes at a 
location on the sequence between the PCR primers; and (iii) 
the affinity (T. melting temperature) of the probe/clamp 
should be the same or higher than the probe/target (Clegg, 
1992; Cardullo, 1988: Livak, 1995). 
0118 Where the probe includes a label comprising a fluo 
rescent dye and/or quencher, preferably the dye and/or 
quencher are close enough in the binary probe and clamp 
composition so that the fluorescence from the fluorescent dye 
is substantially quenched by the quencher (FIG. 1). The fluo 
rescent dye and/or quencher may be attached at: (i) internal 
sites on the probe and clamp, (ii) an internal site and the other 
attached to a terminus of the probe or clamp, or (iii) termini 
of the probe and clamp. 

B. Clamps 

0119) A clamp may be any structure that: (i) conducts 
sequence-specific hybridization to the clamp-specific portion 
of a probe of a binary composition and (ii) can bear one or 
more labels. Preferably, clamps have: (i) high affinity, (ii) 
high specificity, (iii) high solubility, (iv) non-extendability, 
(V) chemical stability, and (vi) non-interference with ampli 
fication. Preferably, clamps include an oligonucleotides or 
nucleic acid analog, e.g. PNA. The probe and clamp may form 

1n-N-11N-N-1N1-S-' 
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either a duplex or triplex structure (FIG. 2), binding by Wat 
Son/Crick and other base-pairing interactions (Froehler, 
1997: Rumney, 1995). The clamp has one or more covalently 
attached labels. The affinity between the clamp and the probe 
of the binary composition is strong enough to endure nucleic 
acid hybridization assay conditions. 
I0120 In a preferred embodiment, clamps are non-extend 
able by a polymerase. Examples of non-extendable Sugar 
modifications in the clamp include 3' phosphate, 3' acetyl, 
2'-3' dideoxy, and 3' amino. 2'-3' dehydro. The clamp may 
contain a non base-pairing, non-nucleosidic linker Such as 
ethyleneoxy or polyethyleneoxy. The clamps in the binary 
composition preferably consist of 6-50 nucleotides and/or 
nucleotide analogs. 
I0121. An especially preferred clamp comprises a peptide 
nucleic acid oligomer (PNA), a nucleic acid analog in which 
the natural phosphodiester-deoxyribose backbone has been 
replaced by N-(2-aminoethyl)-glycine, a peptide-like unit 
(Nielsen, 1991). PNA clamps of the present invention are 
capable of base-pairing with complementary sequences in the 
clamp-specific portion of the probe by Watson/Crick base 
pairing. Binding of PNA to a probe can occur in either a 
parallel or anti-parallel orientation of PNA, although the anti 
parallel duplex is much more stable (Egholm, 1993). In the 
binary composition, where the PNA clamp has been designed 
to form a triplex structure with two probe- or primer-specific 
sequences, a hinge region can either be at the 3' terminus of 
the probe or toward the 5' end of the probe (FIG. 13). 
0.122 Repeating sequences in the probe-specific portion 
of the clamp and their complement in the clamp-specific 
portion of the probe are preferred by virtue of their: (i) high 
affinity, (ii) high specificity, and (iii) high solubility. A par 
ticularly preferred repeating sequence in the probe-specific 
portion of a duplex-forming clamp is (CAG), where the 3 
base sequence is repeated from 1 to 10 times (Boffa, 1995; 
Wittung, 1997). Preferred repeating sequences in the probe 
specific portion of a triplex-forming clamp are (TCC), and 
analogs which bind the probe sequence (GGA). 
I0123 PNA clamps can be synthesized using conventional 
methods on commercially available, automated synthesizers, 
with commercially available reagents (Dueholm, 1994: 
Vinayak, 1997: Vander Laan, 1997). 
C. Nucleic Acid Analogs in the Binary Probe and Clamp 
Composition 
0.124 Probes and clamps may contain various nucleic acid 
analogs bearing modifications to the nucleobase, Sugar, and/ 
or internucleotide moieties. 
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0.125 Preferred nucleobase analog modifications include 
but are not limited to C-5-alkyl pyrimidines, 2-thiopyrimi 
dine, 2,6-diaminopurine, C-5-propyne pyrimidine, 7-dea 
Zapurine, isocytidine, pseudo-isocytidine, isoguanosine, 
4(3H)-pyrimidone, hypoxanthine, 8-oxopurines and univer 
sal base (Meyer, 1994). 
0126 Preferred sugar analog modifications in one or more 
of the nucleosides includebutare not limited to 2'- or 3'-modi 
fications where the 2- or 3'-position may be hydrogen, 
hydroxy, methoxy, ethoxy, allyloxy, isopropoxy, butoxy, 
isobutoxy, methoxyethyl, alkoxy, phenoxy, azido, amino, 
alkylamino, fluoro, chloro and bromo. 
0127. Other preferred sugar analog modifications include 
4'-O-anomeric nucleotides, 1'-O-anomeric nucleotides, 
2'-branching group-ribonucleotides, and 2'-O-branching 
group-ribonucleotides. The structure below illustrates several 
preferred 2'-Sugar modifications. 

olo 
X = NH2, F, C1, CH2CHF CH2, and OR where R is 

CH, CHF CHCH2, CH2CH2OCH3, and lower alkyl 

0128 Preferred internucleotide analogs between one or 
more nucleotides include but are not limited to: (i) substitu 
tion of oxygen in the internucleotide linkage by Sulfur, car 
bon, or nitrogen, and (ii) Sulfate, carboxylate, and amide 
internucleotide phosphodiester linkages. Other preferred 
internucleotide analogs include: 2-aminoethylglycine 
(PNA), 2'-5'-linkage, inverted 3'-3' linkage, inverted 5'-5' 
linkage, phosphorothioate, phosphorodithioate, methylphos 
phonate, non-bridging N-Substituted phosphoramidate, alky 
lated phosphotriester branched structure, and 3'-N-phospho 
ramidate. 

D. Labelling Probes and Clamps 

0129. Labels on the probes and clamps of the binary com 
positions may serve a variety of functions, including facilita 
tion of detection, enhancement of affinity, and stabilization of 
hybridization. Methods for attachment of labels to oligo 
nucleotides and nucleic acid analogs are well known (Her 
manson, 1996). Labels may be attached at various attachment 
sites including, in the case of oligonucleotides and nucleic 
acid analogs; (i) the terminii, e.g. 5' and 3' termini of probes, 
(ii) internucleotide linkages, (iii) Sugars, and (iv) nucleobase 
groups. 

0130 Labels, e.g. fluorescent dyes, may be joined to the 
oligonucleotide or nucleic acid analog by appropriate func 
tionalization of the labels and/or the monomers, e.g. phos 
phoramidite nucleosides. Detailed description of how to join 
labels to nucleic acids and analogs can be found liberally in 
the literature (Theisen, 1992; Andrus, 1995; Hermanson, 
1996; Ju, 1995). One method to covalently attach a fluores 
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cent dye and/or a quencher to the 5’ hydroxyl of an oligo 
nucleotide is by coupling fluorescent dye and quencher phos 
phoramidite monomers (Theisen, 1992). These monomers 
are installed in an acetonitrile Solution on the automated 
synthesizer and coupled as the last monomer to the Support 
bound oligonucleotide. Alternatively, nucleobase moieties of 
oligonucleotides can be internally labelled after cleavage 
from the support and deprotection. A third method is where a 
nucleophilic reactive group. Such as amino or thiol, on the 
nucleobase can couple with an active ester or other reactive 
group on a label. As an example, an amino linker attached to 
the 5-position of cytidine or thymine can couple with an 
NHS-ester of carboxy-FAM dye to form an amide bond in 
labelling an oligonucleotide at any pre-determined nucleotide 
within an oligonucleotide (Ruth, 1990; Meyer, 1994). The 5' 
terminus of oligonucleotides can also be labelled in this man 
ner (Andrus, 1995). Phosphates and phosphate analogs can 
also be labelled by similar methods (Agrawal, 1990). Solid 
phase synthesis Supports may bear labels, e.g. fluorescent 
dyes, to give 3' labelled oligonucleotides (Woo, 1996; Mul 
lah, 1997: Mullah, 1998). The 3' terminal nucleotide of the 
probe may be further blocked and rendered incapable of 
extension by a nucleic acid polymerase. Such 3' blocking is 
conveniently carried out by chemical attachment of a phos 
phate group (Horn, 1986; commercially available as Phos 
phaI ink, PE Biosystems). 
I0131 PNA clamps can be labelled at the carboxyl and 
amino terminii and at the nucleobases by the same activated 
ester methods (NHS ) described above for oligonucle 
otides, and by other conventional methods. 
I0132) Hybridization-stabilizing moieties include but are 
not limited to minor groove binders, intercalators, polyca 
tions, such as poly-lysine and spermine, and cross-linking 
functional groups. Hybridization-stabilizing moieties may 
increase the stability of base-pairing or the rate of hybridiza 
tion, i.e. affinity. Hybridization-stabilizing moieties serve to 
increase the specificity of base-pairing, exemplified by large 
differences in thermal melting temperatures, T. between 
perfectly complementary probe and target sequence and 
where the probe contains one or more mismatches of Watson/ 
Crick base-pairing. Preferred minor groove binders include 
Hoechst 33258, CDPIs., MGB1, netropsin, and distamycin 
(Blackburn, 1996). An example of a minor groove binder is 
CDPI (Kutyavin, 1996; Lukhtanov, 1995) having the struc 
ture 

NH2 

where L is a linker or attachment site for labeling of probes 
and clamps. 
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0133. The carboxyl group of minor groove binders, such 
as CDPI and MGB1 (FIG. 11) may be activated as NHS 
esters for coupling to amine groups or as phosphoramidites 
for direct labelling by automated synthesis. Minor groove 
binders when labelled to probes or clamps in binary probe and 
clamp compositions may increase the affinity and specificity 
of hybridization to Some or Substantially most target 
sequences (Blackburn, 1996, p. 337-46) (FIG. 6). 
0134) Fluorescent dye useful for labelling probes and 
clamps include; FAM, TET, HEX, JOE, TAMRA, ROX, VIC, 
NED, dichloro-fluorescein, dichloro-rhodamine, and cya 
nines (Bergot, 1994, Menchen, 1993). Quenchers include: 
TAMRA, ROX, DABCYL, DABSYL, malachite green, and 
cyanines. Cyanines may have the structure 

21 X 

Sa X-CH=CH-CH 
Sás NG) 

R 

0135 where R or R is H. lower alkyl, lower alkylene, 
lower substituted alkylene, phenyl, or aryl; X is S. O. NH, or 
N—R; R is nitro, halo, Sulfonate, hydroxy, amino, lower 
alkyl, or trihalomethyl, and n=0-2 (Kubista, 1997). The 
attachment site for labelling of probes or clamps may be at R, 
R, or Rs. 
0.136 Another preferred class of labels comprise chemi 
luminescent compounds. Particularly preferred are chemilu 
minescent dyes having the structure 

R R 

where R is hydrogen or halogen; R is phosphate, galacto 
side, glucoside, glucuronide, trialkylsilyloxy, acyloxy, or 
hydrogen; R is methyl, ethyl, and lower alkyl, and L is a 
linker to the binary composition (Bronstein, 1994; Bronstein, 
1990). Affinity ligands include biotin, dinitrophenyl, digoxi 
genin, cholesterol, polyethyleneoxy, and peptides. 
0.137 Fluorescein dyes include 6-carboxyfluorescein 
(6-FAM), 2',4',14-tetrachlorofluorescein (TET), 2',4',5'7", 1, 
4-hexachlorofluorescein (HEX), 2,7-dimethoxy-4,5'- 
dichloro-6-carboxyrhodamine (JOE), 2'-chloro-5'-fluoro-7, 
8-fused phenyl-1,4-dichloro-6-carboxyfluorescein (NED) 
and 2'-chloro-7'-phenyl-1,4-dichloro-6-carboxyfluorescein 
(VIC) (FIG.9). The 5-carboxy isomers are also useful. Other 
embodiments of fluorescent dye moieties are cyanine dyes, 
dansyl derivatives, and the like. 
0138 Another preferred class of labels include quencher 
moieties. Particularly preferred quenchers included but are 
not limited to (i) rhodamine dyes selected from the group 
consisting of tetramethyl-6-carboxyrhodamine (TAMRA), 
tetrapropano-6-carboxyrhodamine (ROX), and (ii) DAB 
SYL, DABCYL, cyanine dyes including nitrothiazole blue 
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(NTB), anthraquinone, malachite green, nitrothiazole, and 
nitroimidazole compounds and the like (FIG. 10). 
0.139 Fluorescein (left) and rhodamine (right) derivatives 
of the present invention may bear the general structure and 
numbering system below, where L is a linker, and may be 
substituted at one or more of the numbered positions. 

III. METHODSUSING BINARY PROBE AND 
CLAMP COMPOSITIONS 

0140 Binary probe and clamp compositions of the present 
invention may be used in any hybridization assay in which the 
probe hybridizes to complementary target (FIG. 2). 
0141 Hybridization without amplification can be detected 
and measured by fluorescence from a binary unlabelled probe 
and fluorescent-labelled clamp composition (FIG. 4). The 
method entails: i) hybridizing binary probe and clamp com 
positions to target, ii) washing or removing unbound compo 
sition, and iii) detecting and measuring fluorescence from the 
bound composition/target duplex. 
0142. In certain preferred embodiments, the binary probe 
and clamp composition may be labelled Such that a single 
clamp sequence may be selected for hybridizing to many 
different probe sequences for economy, convenience, and 
facilitated dispensing and handling. A single clamp-specific 
portion may be incorporated into many probes which com 
prise different target-specific portions. A single, complemen 
tary clamp sequence, may then serve in many nucleic acid 
hybridization assays. For example, a labelled clamp prepared 
at the 2 umole scale can provide >100,000 assays where 
approximately 10 pmole is required per assay. Unlabelled 
probes have cost and simplicity advantages when used in 
compositions with labelled clamps. Since labelling probes is 
expensive and laborious, this versatile utility of the binary 
probe and clamp composition is a highly desirable feature. 
Additionally, multiple loci of a target sample in a single 
reaction vessel can be assayed by probing with multiple com 
positions where each sequence is labelled with a different and 
spectrally resolvable fluorescent dye. The respective emis 
sion spectra from the fluorescent dye moieties within a reac 
tion vessel must be sufficiently non-overlapping so that sepa 
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rate emission contributions can be resolved. The separate 
peaks may be quantitated, correlating to the relative amounts 
of target sequences, i.e. amplification products. 
0143. In a particularly preferred embodiment, the probes 
and clamps of the invention may be used in quantitative 
methods and reagents that, e.g. provide real time measure 
ments of amplification products during PCR (Holland, 1991; 
Higuchi, 1992; Higuchi, 1993; Gelfand, 1993: Livak, 1996). 
The exonuclease assay (Taqman R) employing fluorescent 
dye-quencher probes (Livak, 1995) gives direct detection of 
polymerase chain reaction (PCR) products in a closed-tube 
system, with no sample processing beyond that required to 
perform the PCR. In the Taqman assay, the polymerase that 
conducts primer extension and amplifies the polynucleotide 
also displaces and cleaves a probe annealed to target by 5' to 
3' exonuclease activity. In a Taqman-type assay, the probe is 
self-quenching, containing fluorescent dye and quencher 
moieties. Spectral overlap allows for efficient energy transfer 
(FRET) when the probe is intact (Clegg, 1992). When hybrid 
ized to target, the probe is cleaved during PCR to release a 
fluorescent signal that is proportional to the amount of target 
probe hybrid present (Livak, 1996: Livak, 1998). 
0144. In a Taqman-type assay, polymerase with Suitable 
exonuclease-activity can substantially cleave the probe of the 
binary composition during amplification to separate the fluo 
rescent dye from the quencher dye. In a self-quenching binary 
probe and clamp composition of the present invention, when 
the probe is hybridized to the clamp, the proximity of the 
fluorescent dye to the quencher causes the fluorescence of the 
fluorescent dye to be quenched (FIG. 3). When the probe is 
not hybridized to the clamp, the fluorescence of the fluores 
cent dye is not quenched (FIG. 1). The clamp-specific portion 
of the probe remains bound to the probe-specific portion of 
the clamp after cleavage (FIG. 8). 
0145 A fluorescent dye-quencher pair for a particular 
binary probe and clamp composition is selected Such that the 
emission spectrum of the fluorescent dye overlaps with the 
absorption of the quencher. The probe may be labelled with 
either the fluorescent dye or the quencher and the clamp will 
then be labelled with the other. The quencher is released from 
its close proximity to the fluorescent dye upon cleavage so 
that the signal from the fluorescent dye is no longer quenched. 
An increase in fluorescence occurs which correlates directly 
and proportionally with the increase in copies of the PCR 
product (FIG. 8). By using real-time or end-point analysis, 
detection and quantitation of PCR products can be obtained 
by measuring the increase in fluorescence of cleaved, self 
quenching fluorescent probes. Two or more self-quenching 
binary compositions consisting of probes with different dyes 
may be hybridized concurrently or sequentially to different 
sites on a target polynucleotide. 
0146 In this manner, hybridization events can be detected 
and measured by fluorescence. The hybridization event may 
be reversible, affected by conditions that typically melt or 
disrupt base-pairing, e.g. denaturants or heating. The pres 
ence or absence of specific target sequences can be detected in 
a sample. 
0147 Self-quenching binary compositions may be further 
labelled, for example with hybridization-stabilizing moieties 
such as minor-groove binders (FIG. 5). The minor-groove 
binder may increase specificity and affinity of binding 
between the target and the probe. 
0148 Clearly, these methods may be generalized to 
include a plurality of independently detectable labels, e.g. 
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fluorescent dyes having spectrally-resolvable emission spec 
tra, e.g. to monitor the simultaneous detection and amplifica 
tion of several target nucleic acids in a single reaction, so that 
a plurality of detection signals are monitored. Such multi 
label systems are advantageous in applications requiring 
analysis of multiple probe experiments and multiple amplifi 
cations occurring in a single vessel. In Such systems when the 
labels are fluorescent dyes, each dye can be identified by 
spectral resolution, thus enabling multiple target identifica 
tion (Livak, 1996: Menchen, 1993: Bergot, 1994). 
0149 Binary probe and clamp compositions with self 
quenching fluorescent dye-quencher moieties may be used in 
conjunction with a variety of nucleic acid amplification meth 
ods. Exemplary amplification schemes that may be employed 
with the system of the invention include PCR, ligase-based 
amplification schemes, such as ligase chain reaction (Barany, 
1991), Q-beta replicase, and strand displacement amplifica 
tion schemes (Walker, 1992). 
0150 Binary primer and labelled clamp compositions can 
be used to amplify target sequences by PCR to generate 
labelled PCR products (FIGS. 6 and 7). The label of the 
resulting PCR products may be bound by hybridization with 
the clamp-specific portion of the primer. By these methods, 
unlabelled primers may be used, which are significantly less 
costly and labor-intensive to prepare than labelled primers, 
such as 5' fluorescent dye-labelled primers. Each unlabelled 
primer may have a conserved clamp-specific sequence. Such 
as AAAGGAGGA-3' at the 5' terminus for binding to a con 
served sequence clamp, containing the primer-specific 
sequence TCCTCCTTTT, and analogs thereof. Alternatively, 
the unlabelled primer may have a conserved homopyrimidine 
sequence at the 5' end which becomes part of the PCR product 
upon amplification. The labelled clamp has the same 
homopyrimidine sequence, to specifically form a detectable 
duplex or triplex structure with the homopurine complement 
sequence at a 3' terminus of the PCR product (FIG. 7). Thus, 
a single synthesis of a labelled clamp may suffice for many 
labelled-PCR experiments. 

IV. EXAMPLES 

0151. The invention will be further clarified by a consid 
eration of the following examples, which are intended to be 
purely exemplary of the present invention and not to in any 
way limit its scope. 

Example 1 

Synthesis of Labelled Probes 

A. 5' Fluorescent Dye-Probes 

0152 

BAK: 

(SEQ. ID NO. 1) 
FAM- CTGCCCAGCCCCAGCCCAAAGGAGGA 

GTT1: 

(SEQ. ID NO. 2) 
FAM- CCTGCAGGCCCGTGCCCGTAAAGGAGGA 

(SEQ. ID NO. 3) 
NED-TGCTGGCACCAGACTTGCCCT CAAAGGAGGA 

0153. BAK Bak polymorphism in the gene for human 
platelet membrane glycoprotein IIb (Lyman, 1990). 
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0154 GTT1—human gene for glutathione S-transferase, 
theta-class (Pemble, 1994). 

B. 3' Quencher-Probes 

0155 

(SEQ. ID NO. 4) 
AAAGGAGGATGCTGGCACCAGACTTGCCCTC-NTB 

(SEQ. ID NO. 5) 
AAAGGAGGATGCTGGCACCAGACTTGCCCTC-TAMRA 

(SEQ. ID NO. 6) 
AAAGGAGGACCTGCAGGCCCGTGCCCGT-ROX 

C. 5' Quencher-2'-O-methyl RNA/DNA Chimera Probes 

0156 

(SEO. ID NO. 7) 
NTB-TGCTGGCACCAGACTTGCCCTCAAAGGAGGA 

(SEQ. ID NO. 8) 
TAMRA-TGCTGGCACCAGACTTGCCCTCAAAGGAGGA 

(SEQ. ID NO. 9) 
ROX- CCTGCAGGCCCGTGCCCGTAAAGGAGGA 

bold letters are 2'-O-methyl nucleotides 

D. 3" fluorescent dye, 5-propynyl containing probes 

(SEO. ID NO. 10) 
AAAGGAGGATGCTGGCACCAGACTTGCCCTC-FAM 

(SEO. ID NO. 11) 
AAAGGAGGATGCTGGCACCAGACTTGCCCTC-WIC 

(SEO. ID NO. 12) 
AAAGGAGGAccTGCAGGCccGTGccCGT-TET 

c and T. (bold, underlined) are 5-propynyl cytidine and 
5-propynyl thymine nucleotides respectively 

E. 2,6-diaminopurine (DAP) containing probes 

(SEO. ID NO. 13) 
AAAGGAGGATGCTGGCACCAGACTTGCCCTC-NTB 

(SEO. ID NO. 14) 
JOE-TGCTGGCACCAGACTTGCCCTCAAAGGAGGA 

(SEQ. ID NO 15) 
FAM-CCTGCAGGCCCGTGCCCGTAAAGGAGGA 

A (bold, underlined A) are DAP nucleotides (Kutyavin, Rhine 
hart, 1996) 

F. 2-thiopyrimidine containing probes 

(SEO. ID NO. 16) 
NTB-GCGGCACCAGACGCCCCAAAGGAGGA 

(SEO. ID NO. 17) 
JOE-GCGGCACCAGACGCCCCAAAGGAGGA 

(SEO. ID NO. 18) 
AAAGGAGGACCGCAGGCCCGGCCCG-FAM 

T (bold, italicized T) are 2-thiopyrimidine nucleotides 
(Kutyavin, Rhinehart, 1996) 
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0157 Probes were synthesized at the 0.2 mole scale on 
the Model 394 DNA/RNA synthesizer. The 5' fluorescent 
dyes were attached as fluorescent dye phosphoramidites 
(0.1M in acetonitrile) with an extended 120 second coupling 
time. The 5' fluorescent dye-labelled oligonucleotides were 
deprotected in concentrated ammonium hydroxide for 2 
hours at 65°C. The 3' quencher probes were synthesized with 
quencher Supports having the structure below, and other 
structural variants (Mullah, 1997: Mullah, 1998). The label is 
attached to a linker which has attachment sites for the solid 
support S and the DMT-protected hydroxyl site for initiation 
of oligonucleotide synthesis. The Solid Support may be con 
trolled-pore glass or polystyrene. After synthesis is complete, 
the ester bond is cleaved, separating the 3' labelled-oligo 
nucleotide from the solid support with the structure below. 
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NH-Label 
DMTO 
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Example 2 

Synthesis of PNAClamps 

0158 Automated synthesis of PNA was performed using 
an ABI Model 394 DNA/RNA synthesizer or 433A peptide 
synthesizer (Perkin-Elmer Co.) according to the general pro 
cedures described in the synthesizer manufacturer's Users 
Manual, as well as Egholm, 1993. 
0159 PNA clamps were synthesized at 2-5 umole scale 
essentially as previously reported (Dueholm, 1994). The car 
boxy-terminal lysine of PNA were prepared on a MBHA 
solid support, preloaded with t-Boc-lys(Fmoc). PNA with 
carboxy-terminal amides were synthesized either directly on 
an MBHA support or on a MBHA support pre-loaded with the 
t-Boc TPNA monomer. All resins were loaded to 0.1 to 0.25 
mmole/g. Internal lysine residues (K) were coupled as t-Boc 
lys(clbz) except in the preparation of clamp SEQ. ID NO. 23 
which required internal labeling and was prepared with 
t-Boc-lys(Fmoc). A piperidine wash was typically performed 
following the capping step but was excluded when t-Boc-lys 
(Fmoc) was incorporated into the PNA assembly. A portion of 
a representative PNA structure is shown (FIG. 12) with thym 
ine T. cytidine C, and pseudo-isocytidine J nucleobases. The 
spacer 0, 2-2-(2-aminoethoxyacetic acid, is coupled as the 
Fmoc-amino protected synthon. One or more spacer 0 units 
act as a flexible, non-base pairing, hinge region in triple helix 
forming clamps (FIG. 13). Synthesis of PNA can be con 
ducted on a MBHA (methylbenzhydrylamine) linker, high 
loaded polystyrene Support at 2-50 umole scale by a cycle of 
steps. The cycle is conducted for each Boc-PNA monomer 
addition (Koch, 1997: Dueholm, 1994) and is summarized in 
the Table below. 

TABLE 

PNA synthesis cycle on the Model 433A Synthesizer 

Step Function Reagents delivered Time 

1 BOC removal TFAlm-cresol, 95/5 6 min 
2 Wash DMF/DCM, 1/1 2 min 
3 Wash Pyridine/DMF, 5/95 2 min 
4 Coupling 5 equiv. BOC-PNA monomer (0.05 m), 15 min 

4.5 equiv. HATU, DIEA 
5 Wash DMF/DCM, 1/1 2 min 
6 Capping Acetic anhydride/DMF, 5/95 5 min 
7 Wash DMF/DCM, 1/1 2 min 
8 Wash Piperidine/DMF, 1/1 2 min 
9 Wash DMF/DCM, 1/1 2 min 

DDEA diisopropylethylamine 
TFA trifluoroacetic acid 
HATU 1-hydroxy-7-azabenzotriazole-tetramethyluronium hexafluorophosphate 
DCM dichloromethane 
DMF dimethylformamide 
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0160 The synthesis of PNA was performed with standard 
synthesis techniques and nucleobase (A, C, G'", T) and 
primary amino (MMT, Fmoc or Boc) protecting groups. A 3 
ml reaction vessel is used at the 5 umole scale with a total 
reaction volume of 440 ul. At the end of synthesis, the PNA is 
cleaved with TFMSA (trifluoromethanesulfonic acid) at 
room temperature for 1 hour, followed by ether precipitation 
of the crude PNA. 

Example 3 

Synthesis of PNA/DNA Chimera Clamps 

0.161 Automated synthesis of PNA/DNA chimera was 
performed using an Applied Biosystems Model 394 DNA/ 
RNA synthesizer or 433A peptide synthesizer according to 
the general procedures described in the Users Manual as well 
as Uhlmann, 1996; Vander laan, 1997: Vinayak, 1997. 
0162 The support used for PNA/DNA chimera synthesis 

is a non-Swelling, high-cross linked polystyrene bead with a 
hydroxymethylbenzoic acid linker (Vinayak, 1997). PNA 
monomers for chimera synthesis use the monomethoxytrityl 
(MMT) group for primary amino protection. In the first step, 
the monomer, HATU and DIPEA, each dissolved in DMF/ 
acetonitrile, 1/1, are delivered concurrently to the reaction 
cartridge. After 16 min, capping reagents are delivered. To 
minimize the tendency of the primary amino function of PNA 
to migrate or cyclize, the amino terminus is acetylated after 
removal of the final MMT group. Reagents have been 
described to link DNA and PNA moieties, and other proce 
dures for chimera synthesis, cleavage, deprotection, and puri 
fication (Van der laan, 1997). In this approach, the chimera 
can be made continuously, in a single cartridge and on a single 
synthesizer. 

Example 4 

Labelling of Clamps 

A. Quencher-PNA Clamp 

(0163 

(SEO. ID NO. 19) 
NTB-O-TTTJJTJJT-OOO-TCCTCCTTT - OK 

(SEO. ID NO. 20) 
NTB-O-TTTJJTJJT-OOO-TCCTCCTTT - OKOKOK 

(SEO. ID NO. 21) 
NTB-O-TTTJJTJJT-OOO-TCCTCCTTT - OKNTB 

(SEO. ID NO. 22) 
TAMRA-O-TCCTCCTTT-OOO-TTTJJTJJT 

(SEO. ID NO. 23) 
H-TCCTCCTTT - OK (TAMRA) o-TTTJJTJJT 

(SEO. ID NO. 24) 
NTB-TCCTCC-OOO-TTTJJTJJT 

(SEO. ID NO. 25) 
NTB-O-TCCTCCTT-OOO-TTJJTJJT 

(SEO. ID NO. 26) 
TAMRA-O-TCCTCCT-OOO-TJJTJJT 

(SEO. ID NO. 27) 
TAMRA-O-TCCTCCTT 
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B. Fluorescent Dye-PNAClamp 

(0164 

FAM-O-TCCTCCTTT-OOO-TTTJJTJJ T (SEQ. ID No. 28) 

VIC-O-TCCTCCTTT-OOO-TTTJJTJJ T (SEQ. ID No. 29) 

TET-O-TCCTCCTT (SEQ. ID NO. 3 O) 

C. MGB, Label-PNAClamp 

(0165 

(SEO. ID NO. 31) 
NTB-O-TTTJJTJJT-OOO-TCCTCCTTT-OK-MGB1 

(SEO. ID NO. 32) 
TAMRA-O-TTTJJTJJT-OOO-TCCTCCTTT-OK-MGB1 

(SEO. ID NO. 33) 
H-O-TTTJJTJJT-OOO-TCCTCCTTT-OK-CDPI 

(SEO. ID NO. 34) 

D. Quencher and Minor Groove Binder Labelled 2'-O-methyl 
RNA Clamps 

(0166 

TAMRA-O-TCCTCCTTT-OOO-TTTJJTJJ T (SEQ. ID No. 35) 

H-TCCTCCTTT-OK (TAMRA) O-TTTJJTJJ T (SEQ. ID No. 36) 

NTB-TCCTCC-OOO-TTTJJTJJT (SEO. ID NO. 37) 

NTB-O-TCCTCCTT-OOO-TTJJTJJT (SEQ. ID NO. 38) 

TAMRA-O-TCCTCCT-OOO-TJJTJJT (SEQ. ID NO. 39) 

TAMRA-O-TCCTCCTT (SEQ. ID NO. 4 O) 

E. 5-propynyl Containing PNAClamp 

NTB-O-TccTccTT-OOO-TTJJTJJT (SEO. ID NO. 41) 

TAMRA-O-TccTccT-OOO-TJJTJJT (SEO. ID NO. 42) 

PNA sequences written with amino terminal at left, carboxyl 
terminal at right 
2'-O-methyl RNA sequences are written 5' on left, 3' on right 
(0167 Clamp sequences SEQ. ID NOS. 19-21,22,23.28, 
29.31-37 were designed to clamp the sequence: AAAG 
GAGGA-3' at the 3' end of the probe. Clamps SEQ. ID NOS. 
25.27.38.40 and 24.26.30.39 bind the shorter sequences of 
AAGGAGGA and AGGAGGA respectively. Clamps SEQ. 
ID NOS. 22-26.28.29.35-39 contain a hinge region oriented 
toward the 5' end of the probe and terminii complementary to 
the 3' terminus of the probe, while clamps SEQ. ID NOS. 
19-21, 31-34 have a hinge region oriented at the 3' terminus of 
probe and terminii complementary toward the 5' end of the 
probe (FIG. 13). Clamps SEQ. ID NOS. 19 and 22 are repre 
sentative of the most stable orientations of PNA to DNA. The 
PNA/DNA hybrid is in the antiparallel orientation when the 
amino terminus of PNA is paired with the 3' terminus of 
DNA, and the carboxyl terminus of PNA is paired with the 5' 
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terminus of DNA. The amino end of the Watson-Crick base 
pairing portion of the PNA clamps, (C)-TTTCCTCCT-(N), is 
in the anti-parallel orientation toward the 3' terminus of the 
probe. The carboxyl end of the Hoogsteen base-pairing por 
tion of the PNA clamps, (N)-TTTJJTJJTC-(C) is in the par 
allel orientation toward the 3' terminus of the probe. These 
orientations have been shown to be most stable in (PNA)/ 
DNA triplexes (Egholm, 1995, Egholm, 1993). Clamps SEQ. 
ID NOS. 27.30.40 form duplex structures with a probe, while 
clamps SEQ. ID NOS. 19-26.28.29.31-39.4142 form triplex 
structures with a probe. 
0168 All labeling reactions for clamps as reported are for 
a 2 umole synthesis preparation. Prior to internal and amine 
terminus labeling, the Fmoc protection group was removed 
from the lysine (K) side chain by treatment of the support 
bound protected PNA with 4:1 DMF:piperidine for three 
hours at room temperature. The amine terminus t-Boc group 
was removed by treatment of the support bound PNA with 
19:1 TFA:meta-cresol for 10 minutes. The support was thor 
oughly washed with DMF and DCM following the deprotec 
tion. Carboxy terminal and internal labels were attached to 
the lysine side chain. Carboxy terminal labeling was per 
formed prior to amine terminus deprotection and labeling, 
except for clamp SEQ. ID NO. 21 where labeling of both 
terminii was performed simultaneously. PNA were labeled at 
the carboxy terminus with MGB 1 and CDPI3, and NTB and 
TAMRA at the amine terminus. 

TAMRA and NTB Labeling: 
0169. Labeling was performed with 5 mg of NHS ester of 
TAMRA or NTB dissolved in 100 ul DMF or NMP and 10 ul 
DIEA added to the support bound PNA and allowed to react 
for 2 to 18 hours (typically overnight). The support was 
washed following the labeling with DMF and subsequently 
DCM prior to cleavage. 
MGB 1 Labeling: 
(0170 The carboxylic acid of MGB1 (Gong, 1997) (5 mg, 
0.010 mmole) was dissolved in 100 ul DMF (FIG. 11) and 
activated by the addition of 0.95 equivalents HATU (0.2 m in 
DMF) and 5 ul DIEA. The activated MGB 1 solution was 
added to the support-bound PNA and allowed to couple for 1 
hour at room temperature. The resin was then washed with 
DMF and DCM, followed by cleavage. 
CDPI Labeling: 
(0171 CDPI (FIG. 11) was attached to the PNA by three 
consecutive couplings of Fmoc-CDPI (Lukhtanov, 1995) to 
give CDPI-labelled PNA. The CDPI monomer unit, 1,2- 
dihydro-(3H)-pyrrolo3.2-eindole-7-carboxylate, protected 
with Fmoc (5 mg, 0.012 mmole) was dissolved in 100 ulNMP 
and activated by 0.95 equivalents HATU (0.2M in DMF) and 
2 equivalents DIEA (0.4 m in DMF). After one hour at room 
temperature, the activated Fmoc-CDPI solution was added to 
the support bound PNA and allowed to couple for another 
hour at room temperature. The resin was washed following 
the coupling with 20 ml DMF. The Fmoc was removed by 
treatment of the resin support with 1:4 piperidine:DMF for 10 
minutes at room temperature. This coupling and deprotection 
cycle was repeated two additional times for a total of 3 manual 
couplings. 

Example 5 
Rate of Hybridization of Probe and Clamp 

(0172. The rate of hybridization of three clamps (SEQ. ID 
NOS. 19, 20, 21) to a probe 
(0173 (SEQ. ID NO. 1) was measured as a function of 
quenching. The decrease in fluorescence intensity IF from 
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FAM dye of the probe upon hybridization and quenching by 
the clamp quencher NTB was measured at 60° C. on the ABI 
Model 7700. Equimolar amounts of the clamp (100 nM) and 
the probe (100 nM) were mixed at 95°C. for 1 minute, cooled 
to 60° C. and F was measured for 29 minutes (FIG. 14). A 
significant acceleration of quenching of the probe was 
achieved with a four-fold excess of clamp (400 nM) where 
quenching was virtually complete with each of the three 
clamps within 15 seconds (FIG. 15). 

Example 6 
Exonuclease/Amplification Assay with Binary Probe 

and Clamp Compositions 
0.174. The following reagents were mixed and 25ul dis 
pensed into each sample vessel for PCR: 
(0175 12.5ul Universal PCR Master Mix (PE Biosystems, 
P/N 430-4437) containing Tris-HCl, glycerol, 10 mm 
MgCl, dATP, dCTP, deaza dGTP, dUTP, 0.1 u?ul of 
Amplitaq Gold DNA polymerase, Amperase UNG, and 
passive reference 

(0176 900 nM (final concentration): GTT1 forward target 
primer: 

(SEO. ID NO. 44) 
5 GCAAATATAAGGTCCCTGACTACTGGTA 3 

(0177 900 nM (final concentration): GTT1 reverse target 
primer: 

s' GTGCTGCCATGCCAGGTACT 3. ' (SEO. ID NO. 45) 

(0178 100 nM probe and 400 nM clamp composition 
0179 10 ul (approximately 20 ng) genomic target DNA 
0180 Target samples were amplified by thermal cycling 
conditions that begin with 2 min at 50° C., 10 minhold at 95° 
C. and then 40 cycles of 15 sec denaturation at 95°C. and 1 
min annealing and extension at 60° C. Thermal cycling and 
real-time fluorescence detection may be conducted on an ABI 
PRISMTM 7700 sequence detection system (Perkin-Elmer 
Co.). A preferred end-point detection system is the ABI 
PRISMTM 7200 Sequence Detection System. 
0181. The results of an exonuclease assay can be analyzed 
using two parameters; the Rn value and the C, value. The Rn 
value is the increase in fluorescence during PCR, or more 
exactly, the ratio of the fluorescence of a fluorescent dye and 
the fluorescence of a passive fluorescent reference dye at the 
end of a PCR experiment, i.e. Rin (target)=Emission intensity 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 45 

<21 Os SEQ ID NO 1 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
<223s OTHER INFORMATION: Labelled DNA 

<4 OOs SEQUENCE: 1 
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of target probe--Emission intensity of passive reference. The 
C, value, or threshold cycle number, is the PCR cycle number 
at which the fluorescence ratio is distinguishable from the 
background. For a given fluorescent dye and a fixed concen 
tration of target, both the Rn and C, values reflect the effi 
ciency of the quencher. The term, ARn is the increase in 
fluorescence during PCR with subtraction of background or 
initial fluorescence. 
0182. The products of PCR were measured with real-time 
detection of cleavage of binary probe and clamp composi 
tions. The BAK target was sequentially amplified in the pres 
ence of binary probe and clamp compositions: 400 nM clamp 
(SEQ. ID NOS. 19, 20, 21), 100 nM probe (SEQ. ID NO. 1) 
on the ABI Model 7700 (FIG. 16). The change in fluores 
cence, ARn, was plotted versus amplification cycles. The 
cycle at which the change in fluorescence is distinguishable 
from background, C, indicates the presence of target 
sequence. When background fluorescence is not subtracted, 
Rn, the difference in quenching efficiency of the three clamps 
is pronounced (FIG. 17). Clamp SEQ. ID NO. 21 with two 
NTB labels quenches better than clamp SEQ. ID NO. 19. 
Clamp SEQ. ID NO. 20 with three lysine labels quenches 
better than clamp SEQ. ID NO. 19 with one lysine. 
0183 The GTT1 target was sequentially amplified in the 
presence of: 1) binary probe and clamp compositions: 100 
nM probe (SEQ. ID NO. 2) and 400 nM clamp (SEQ. ID 
NOS. 20, 21), and 2) Taqman probe bearing a fluorescent dye 
and a quencher: 

5' FAM-CCTGCAGGCCCGTGCCCGT-TAMRA 3' SEO. ID NO. 43 

Real-time PCR detection was measured on the ABI Model 
7700 with subtraction of background fluorescence, ARn 
(FIG. 18), and without subtraction of background fluores 
cence Rn (FIG. 19). No significant difference in C was 
measured when comparing the binary probe? clamp composi 
tions and the Taqman probe. 
0.184 All publications and patent applications are herein 
incorporated by reference to the same extent as if each indi 
vidual publication or patent application was specifically and 
individually indicated to be incorporated by reference. 
0185. Although only a few embodiments have been 
described in detail above, those having ordinary skill in the 
molecular biology and chemistry arts will clearly understand 
that many modifications are possible in the preferred embodi 
ment without departing from the teachings thereof. All Such 
modifications are intended to be encompassed within the 
following claims. 
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Ctgcc.ca.gcc C cagoccaaa ggagga 

<210s, SEQ ID NO 2 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled DNA 

<4 OOs, SEQUENCE: 2 

Cctgcaggcc cqtgc.ccgta aaggagga 

<210s, SEQ ID NO 3 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled DNA 

<4 OOs, SEQUENCE: 3 

tgctggcacc agaCttgc cc ticaaaggagg a 

<210s, SEQ ID NO 4 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled DNA 

<4 OOs, SEQUENCE: 4 

aaaggaggat gctggcacca gacttgcc ct c 

<210s, SEQ ID NO 5 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled DNA 

<4 OOs, SEQUENCE: 5 

aaaggaggat gctggcacca gacttgcc ct c 

<210s, SEQ ID NO 6 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled DNA 

<4 OOs, SEQUENCE: 6 

aaaggaggac Ctgcaggc cc gtgc.ccgt 

<210s, SEQ ID NO 7 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled 2 

<4 OO > SEQUENCE: 7 

tgctggcacc agaCttgc cc ticaaaggagg a 

<210s, SEQ ID NO 8 

14 

- Continued 

OMe RNA/DNA 

26 

28 

31 

31 

31 

28 

31 
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- Continued 

&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled 2' OMe RNA/DNA 

<4 OOs, SEQUENCE: 8 

tgctggcacc agaCttgc cc ticaaaggagg a 31 

<210s, SEQ ID NO 9 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled 2' OMe RNA/DNA 

<4 OOs, SEQUENCE: 9 

Cctgcaggcc cqtgc.ccgta aaggagga 28 

<210s, SEQ ID NO 10 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled DNA analog 

<4 OOs, SEQUENCE: 10 

aaaggaggat gctggcacca gacttgcc ct c 31 

<210s, SEQ ID NO 11 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled DNA analog 

<4 OOs, SEQUENCE: 11 

aaaggaggat gctggcacca gacttgcc ct c 31 

<210s, SEQ ID NO 12 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled DNA analog 

<4 OOs, SEQUENCE: 12 

aaaggaggac Ctgcaggc cc gtgc.ccgt 28 

<210s, SEQ ID NO 13 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled DNA analog 

<4 OOs, SEQUENCE: 13 

aaaggaggat gctggcacca gacttgcc ct c 31 

<210s, SEQ ID NO 14 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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<223> OTHER INFORMATION: Labelled DNA analog 

<4 OOs, SEQUENCE: 14 

tgctggcacc agaCttgc cc ticaaaggagg a 31 

<210s, SEQ ID NO 15 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled DNA analog 

<4 OOs, SEQUENCE: 15 

Cctgcaggcc cqtgc.ccgta aaggagga 28 

<210s, SEQ ID NO 16 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled DNA analog 

<4 OOs, SEQUENCE: 16 

tgctggcacc agaCttgc cc ticaaaggagg a 31 

<210s, SEQ ID NO 17 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled DNA analog 

<4 OOs, SEQUENCE: 17 

tgctggcacc agaCttgc cc ticaaaggagg a 31 

<210s, SEQ ID NO 18 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Labelled DNA analog 

<4 OOs, SEQUENCE: 18 

aaaggaggac Ctgcaggc cc gtgc.ccgt 28 

<210s, SEQ ID NO 19 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (4) . . (8) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 19 

titttitt cott cottt 18 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 



US 2010/029 1557 A1 Nov. 18, 2010 
17 

- Continued 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (4) . . (8) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 2O 

titttitt cott cottt 18 

<210s, SEQ ID NO 21 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (4) . . (8) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 21 

titttitt cott cottt 18 

<210s, SEQ ID NO 22 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (13) . . (17) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 22 

t cott cottt t t titt 18 

<210s, SEQ ID NO 23 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (13) . . (17) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 23 

t cott cottt t t titt 18 

<210s, SEQ ID NO 24 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (10) ... (14) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 24 

t cott cottt tit 15 

<210s, SEQ ID NO 25 
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&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (11) . . (15) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 25 

t cott cott tt litt 16 

<210s, SEQ ID NO 26 
&211s LENGTH: 14 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (9) . . (13) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 26 

t cott cott tit 14 

<210s, SEQ ID NO 27 
&211s LENGTH: 8 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 

<4 OOs, SEQUENCE: 27 

tcct cott 8 

<210s, SEQ ID NO 28 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (13) . . (17) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 28 

t cott cottt t t titt 18 

<210s, SEQ ID NO 29 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (13) . . (17) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 29 

t cott cottt t t titt 18 

<210s, SEQ ID NO 3 O 
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&211s LENGTH: 8 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 

<4 OOs, SEQUENCE: 30 

tcct cott 8 

<210s, SEQ ID NO 31 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (4) . . (8) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 31 

titttitt cott cottt 18 

<210s, SEQ ID NO 32 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (4) . . (8) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 32 

titttitt cott cottt 18 

<210s, SEQ ID NO 33 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (4) . . (8) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 33 

titttitt cott cottt 18 

<210s, SEQ ID NO 34 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (4) . . (8) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 34 

titttitt cott cottt 18 

<210s, SEQ ID NO 35 
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&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled 2" OMe RNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (13) . . (17) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 35 

t cott cottt t t titt 18 

<210s, SEQ ID NO 36 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled 2" OMe RNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (13) . . (17) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 36 

t cott cottt t t titt 18 

<210s, SEQ ID NO 37 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (10) ... (14) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OO > SEQUENCE: 37 

t cott cottt tit 15 

<210s, SEQ ID NO 38 
&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled 2" OMe RNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (11) . . (15) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 38 

t cott cott tt litt 16 

<210s, SEQ ID NO 39 
&211s LENGTH: 14 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled 2" OMe RNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (9) . . (13) 
<223> OTHER INFORMATION: n = pseudo-isocytosine 

<4 OOs, SEQUENCE: 39 
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t cott cott tit 14 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 8 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled 2" OMe RNA 

<4 OOs, SEQUENCE: 4 O 

tcct cott 8 

<210s, SEQ ID NO 41 
&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (11) . . (15) 
<223> OTHER INFORMATION: n = pseudo-isocytosine, 5-propynyl cytidine 

<4 OOs, SEQUENCE: 41 

t cott cott tt litt 16 

<210s, SEQ ID NO 42 
&211s LENGTH: 14 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled PNA 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (9) . . (13) 
<223> OTHER INFORMATION: n = pseudo-isocytosine, 5-propynyl cytidine 

<4 OOs, SEQUENCE: 42 

t cott cott tit 14 

<210s, SEQ ID NO 43 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Labelled DNA 

<4 OOs, SEQUENCE: 43 

Cctgcaggcc cqtgc.ccgt. 19 

<210s, SEQ ID NO 44 
&211s LENGTH: 28 
&212s. TYPE: DNA 
<213s ORGANISM: Unknown 
22 Os. FEATURE: 
223 OTHER INFORMATION: DNA 

<4 OOs, SEQUENCE: 44 

gcaaatataa ggt ccctgac tactggta 28 

<210s, SEQ ID NO 45 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213s ORGANISM: Unknown 
22 Os. FEATURE: 
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223 OTHER INFORMATION: DNA 

<4 OOs, SEQUENCE: 45 

gtgctgc.cat gcc agg tact 

1. A binary composition for hybridizing to a target poly 
nucleotide sequence comprising: 

(a) a probe comprising a target-specific portion and a 
clamp-specific portion wherein the target-specific por 
tion is capable of sequence-specific binding to a target 
polynucleotide sequence; and 

(b) a clamp comprising a probe-specific portion and one or 
more covalently bound labels providing a detectable 
signal, 

wherein the probe-specific portion hybridizes to the clamp 
specific portion of the probe and the clamp does not 
hybridize to the target polynucleotide sequence, and 

wherein the clamp-specific portion of the probe remains 
bound to the probe-specific portion of the clamp during 
detection of the labels. 

2. A method for detecting a target polynucleotide 
sequence, the method comprising: 

(a) providing a probe and clamp composition, comprising: 
(1) a probe comprising a target-specific portion and a 

clamp-specific portion, wherein the target-specific 
portion hybridizes to a target polynucleotide 
sequence; and 

(2) a clamp comprising a probe-specific portion and one 
or more covalently bound labels providing a detect 
able signal, wherein the probe-specific portion 
hybridizes to the clamp-specific portion of the probe 
and the clamp does not hybridize to the target poly 
nucleotide sequence; 

(b) hybridizing the target-specific portion of the probe to 
the target polynucleotide sequence; 

(c) hybridizing the probe-specific portion of the clamp to 
the clamp-specific portion of the probe to provide a 
binary probe; and 

(d) detecting the binary probe, 
to thereby detect the target polynucleotide sequence. 

3. The composition of claim 1, wherein the probe is a 
nucleic acid analog. 

4. The composition of claim 3, wherein the nucleic acid 
analog is a peptide nucleic acid (PNA). 

5. The composition of claim 1, wherein the clamp is a 
nucleic acid analog. 

6. The composition of claim 5, wherein the nucleic acid 
analog is PNA. 

7. The method of claim 2, wherein the probe is a nucleic 
acid analog. 

8. The method of claim 7, wherein the nucleic acid analog 
is a PNA. 

9. The method of claim 2, wherein the clamp is a nucleic 
acid analog. 

10. The method of claim 9, wherein the nucleic acid analog 
is a PNA. 

11. The binary composition of claim 1, wherein the label is 
selected from the group consisting of a fluorescent dye, a 
fluorescent quencher and a chemiluminescent dye. 

12. The binary composition of claim 11, wherein the label 
is a fluorescent dye. 

13. The method of claim 2, wherein the label is selected 
from the group consisting of a fluorescent dye, a fluorescent 
quencher and a chemiluminescent dye. 

14. The method of claim 13, wherein the label is a fluores 
cent dye. 

15. The binary composition of claim 1, wherein the clamp 
further comprises a hybridization stabilizing moiety. 

16. The method of claim 2, wherein the clamp further 
comprises a hybridization stabilizing moiety. 
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