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(57) ABSTRACT 
Processes are disclosed using the depolymeriZation of a 
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3 ' 

5 ' ...CCCGGAGAGACCTCCTTAAGGGGCCATATTATTTCGTCGATTCCAGTGTTGGCCAAACGé 
3 'AGCTAAGGTCACAACCGGTTTGCCGCTTTATTATACCGGGG 5 ' 

SEQ ID NO:112 

B. I SEQ ID NO:111 

...3 ' 

CGZ 5 ' ...CCCGGAGAGACCTCCTTAAGGGGCCATATTATTTCGTCGATTCCAGTGTTGGCCAAA 
3 ' GGGCCTCTCTGGAGGAATTCCCCGGTATAATAAAGCAGCTAAGGTCACAACCGGTTTGCCGCTTTATTATACCGGGG 5 ' 

SEQ ID NO:113 
C. SEQ ID NO:114 
5' CCCGGAGAGACCTCCT 3' I 
3' GGGCCTCTCTGGAGGAATTCCCCGGTATAATAAAGCAGCTAAGGTCACAACCGGTTTGCCGCTTTATTATACCGGGG 5' 

SEQ ID NO:113 

D. I SEQ ID NOI'I 15 
5 ' CCCGGAGAGACCTCCTTAAGGGGCCATATTATTTCGTCGATTCCAGTG'I‘TGGCCAAACGGCGAAATAATATGGCCCC 3 I 
3 ‘ GGGCCTCTCTGGAGGAATTCCCCGGTATAATAAAGCAGCTAAGGTCACAACCGGTTTGCCGCTTTATTATACCGGGG 5 

SEQ ID NO:113 
E. I 
3 ‘ CCCCGGTATAATAAAGC #21 5' CCCGGAGAGACCTCCT‘I‘AAGGGGCCATATTATTTCGTCGATTCCAGTGTTGGC 

SEQ ID NO:115 



US 2003/0077621 A1 Patent Application Publication Apr. 24, 2003 

mSHOZ 90mm A, 
QYOZ n: Oww 

#262 n: 0mm 

:YOZ n: 0mm a 

_m... 

NZLOZ n: Uww 
:TOZ n: Oww a 

.m 5m 

H .95 



US 2003/0077621 A1 

DETECTION OF NUCLEIC ACID HYBRIDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
Ser. No. 09/358,972, ?led on Jul. 21, 1999, Which is a 
continuation-in-part of US. Ser. No. 09/252,436, ?led on 
Feb. 18, 1999, Which is a continuation-in-part of US. Ser. 
No. 09/042,287, ?led Mar. 13, 1998, all of Which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to nucleic acid detection. 
More speci?cally, the invention relates to the detection of 
targeted, predetermined endogenous nucleic acid sequences 
in nucleic acid target hybrids, and the various applications of 
their detection. 

BACKGROUND OF THE INVENTION 

[0003] Methods to detect nucleic acids and to detect 
speci?c nucleic acids of interest provide a foundation upon 
Which the large and rapidly groWing ?eld of molecular 
biology is built. There is constant need for alternative 
methods and products. The reasons for selecting one method 
over another are varied, and include a desire to avoid 
radioactive materials, the lack of a license to use a technique, 
the cost or availability of reagents or equipment, the desire 
to minimize the time spent or the number of steps, the 
accuracy or sensitivity for a certain application, the ease of 
analysis, or the ability to automate the process. 

[0004] The detection of nucleic acids or speci?c nucleic 
acids is often a portion of a process rather than an end in 
itself. There are many applications of the detection of 
nucleic acids in the art, and neW applications are alWays 
being developed. The ability to detect and quantify nucleic 
acids is useful in detecting microorganisms, viruses and 
biological molecules, and thus affects many ?elds, including 
human and veterinary medicine, food processing and envi 
ronmental testing. Additionally, the detection and/or quan 
ti?cation of speci?c biomolecules from biological samples 
(e.g. tissue, sputum, urine, blood, semen, saliva) has appli 
cations in forensic science, such as the identi?cation and 
exclusion of criminal suspects and paternity testing as Well 
as medical diagnostics. 

[0005] Some general methods to detect nucleic acids are 
not dependent upon a priori knoWledge of the nucleic acid 
sequence. A nucleic acid detection method that is not 
sequence speci?c, but is RNA speci?c is described in US. 
Pat. No. 4,735,897, Where RNA is depolymeriZed using a 
polynucleotide phosphorylase (PNP) in the presence of 
phosphate or using a ribonuclease. PNP stops depolymeriZ 
ing When a double-stranded RNA segment is encountered, 
sometimes as the form of secondary structure of single 
stranded RNA, as is common in ribosomal RNA, transfer 
RNA, viral RNA, and the message portion of mRNA. PNP 
depolymeriZation of the polyadenylated tail of MRNA in the 
presence of inorganic phosphate forms ADP. Alternatively, 
depolymeriZation using a ribonuclease forms AMP. The 
formed AMP is converted to ADP With myokinase, and ADP 
is converted into ATP by pyruvate kinase or creatine phos 
phokinase. Either the ATP or the byproduct from the orga 
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nophosphate co-reactant (pyruvate or creatine) is detected as 
an indirect method of detecting mRNA. 

[0006] In US. Pat. No. 4,735,897, ATP is detected by a 
luciferase detection system. In the presence of ATP and 
oxygen, luciferase catalyZes the oxidation of luciferin, pro 
ducing light that can then be quanti?ed using a luminometer. 
Additional products of the reaction are AMP, pyrophosphate 
and oxyluciferin. 

[0007] Duplex DNA can be detected using intercalating 
dyes such as ethidium bromide. Such dyes are also used to 
detect hybrid formation. 

[0008] Hybridization methods to detect nucleic acids are 
dependent upon knoWledge of the nucleic acid sequence. 
Many knoWn nucleic acid detection techniques depend upon 
speci?c nucleic acid hybridiZation in Which an oligonucle 
otide probe is hybridiZed or annealed to nucleic acid in the 
sample or on a blot, and the hybridiZed probes are detected. 

[0009] A traditional type of process for the detection of 
hybridiZed nucleic acid uses labeled nucleic acid probes to 
hybridiZe to a nucleic acid sample. For example, in a 
Southern blot technique, a nucleic acid sample is separated 
in an agarose gel based on siZe and affixed to a membrane, 
denatured, and exposed to the labeled nucleic acid probe 
under hybridiZing conditions. If the labeled nucleic acid 
probe forms a hybrid With the nucleic acid on the blot, the 
label is bound to the membrane. Probes used in Southern 
blots have been labeled With radioactivity, ?uorescent dyes, 
digoxygenin, horseradish peroxidase, alkaline phosphatase 
and acridinium esters. 

[0010] Another type of process for the detection of hybrid 
iZed nucleic acid takes advantage of the polymerase chain 
reaction (PCR). The PCR process is Well knoWn in the art 
(US. Pat. Nos. 4,683,195, 4,683,202, and 4,800,159). To 
brie?y summariZe PCR, nucleic acid primers, complemen 
tary to opposite strands of a nucleic acid ampli?cation target 
sequence, are permitted to anneal to the denatured sample. 
A DNA polymerase (typically heat stable) extends the DNA 
duplex from the hybridiZed primer. The process is repeated 
to amplify the nucleic acid target. If the nucleic acid primers 
do not hybridiZe to the sample, then there is no correspond 
ing ampli?ed PCR product. In this case, the PCR primer acts 
as a hybridiZation probe. PCR-based methods are of limited 
use for the detection of nucleic acid of unknoWn sequence. 

[0011] In a PCR method, the ampli?ed nucleic acid prod 
uct may be detected in a number of ways, eg incorporation 
of a labeled nucleotide into the ampli?ed strand by using 
labeled primers. Primers used in PCR have been labeled 
With radioactivity, ?uorescent dyes, digoxygenin, horserad 
ish peroxidase, alkaline phosphatase, acridinium esters, 
biotin and jack bean urease. PCR products made With 
unlabeled primers may be detected in other Ways, such as 
electrophoretic gel separation folloWed by dye-based visu 
aliZation. 

[0012] Fluorescence techniques are also knoWn for the 
detection of nucleic acid hybrids. US. Pat. No. 5,691,146 
describes the use of ?uorescent hybridiZation probes that are 
?uorescence-quenched unless they are hybridiZed to the 
target nucleic acid sequence. US. Pat. No. 5,723,591 
describes ?uorescent hybridiZation probes that are ?uores 
cence-quenched until hybridiZed to the target nucleic acid 
sequence, or until the probe is digested. Such techniques 
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provide information about hybridization, and are of varying 
degrees of usefulness for the determination of single base 
variances in sequences. Some ?uorescence techniques 
involve digestion of a nucleic acid hybrid in a 5‘Q3‘ 
direction to release a ?uorescent signal from proximity to a 
?uorescence quencher, for example, TaqMan® (Perkin 
Elmer; US. Pat. Nos. 5,691,146 and 5,876,930). 

[0013] Enzymes having template-speci?c polymerase 
activity for Which some 3‘—>5‘ depolymeriZation activity has 
been reported include E. coli DNA Polymerase (Deutscher 
and Kornberg, J. Biol. Chem., 244(11):3019-28 (1969)), T7 
DNA Polymerase (Wong et al., Biochemistry 30:526-37 
(1991); Tabor and Richardson, J. Biol. Chem. 265:8322-28 
(1990)), E. coli RNA polymerase (RoZovskaya et al., Bio 
chem. J. 224:645-50 (1994)), AMV and RLV reverse tran 
scriptases (Srivastava and Modak, J. Biol. Chem. 
255:2000-4 (1980)), and HIV reverse transcriptase (Zinnen 
et al., J. Biol. Chem. 269:24195-202 (1994)). A template 
dependent polymerase for Which 3‘ to 5 ‘ exonuclease activity 
has been reported on a mismatched end of a DNA hybrid is 
phage 29 DNA polymerase (de Vega, M. et al. EMBO J., 
15:1182-1192, 1996). 
[0014] A variety of methodologies currently exist for 
detection of single nucleotide polymorphisms (SNPs) that 
are present in genomic DNA. SNPs are DNA point muta 
tions or insertions/deletions that are present at measurable 
frequencies in the population. SNPs are the most common 
variations in the genome. SNPs occur at de?ned positions 
Within genomes and can be used for gene mapping, de?ning 
population structure, and performing functional studies. 
SNPs are useful as markers because many knoWn genetic 
diseases are caused by point mutations and insertions/ 
deletions. 

[0015] In rare cases Where an SNP alters a fortuitous 
restriction enZyme recognition sequence, differential sensi 
tivity of the ampli?ed DNA to cleavage can be used for SNP 
detection. This technique requires that an appropriate 
restriction enZyme site be present or introduced in the 
appropriate sequence context for differential recognition by 
the restriction endonuclease. After ampli?cation, the prod 
ucts are cleaved by the appropriate restriction endonuclease 
and products are analyZed by gel electrophoresis and sub 
sequent staining. The throughput of analysis by this tech 
nique is limited because samples require processing, gel 
analysis, and signi?cant interpretation of data before SNPs 
can be accurately determined. 

[0016] Single strand conformational polymorphism 
(SSCP) is a second technique that can detect SNPs present 
in an ampli?ed DNA segment (Hayashi, K. Genetic Analy 
sis: Techniques and Applications 9:73-79, 1992). In this 
method, the double stranded ampli?ed product is denatured 
and then both strands are alloWed to reanneal during elec 
trophoresis in non-denaturing polyacrylamide gels. The 
separated strands assume a speci?c folded conformation 
based on intramolecular base pairing. The electrophoretic 
properties of each strand are dependent on the folded 
conformation. The presence of single nucleotide changes in 
the sequence can cause a detectable change in the confor 
mation and electrophoretic migration of an ampli?ed sample 
relative to Wild type samples, alloWing SNPs to be identi 
?ed. In addition to the limited throughput possible by 
gel-based techniques, the design and interpretation of SSCP 
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based experiments can be dif?cult. Multiplex analysis of 
several samples in the same SSCP reaction is extremely 
challenging. The sensitivity required in mutation detection 
and analysis has led most investigators to use radioactively 
labeled PCR products for this technique. 

[0017] In the ampli?cation refractory mutation system 
(ARMS, also knoWn as allele speci?c PCR or ASPCR), tWo 
ampli?cation reactions are used to determine if a SNP is 
present in a DNA sample (NeWton et al. Nucl Acids Res 
17:2503, 1989; Wu et al. PNAS 86:2757, 1989). Both 
ampli?cation reactions contain a common primer for the 
target of interest. The ?rst reaction contains a second primer 
speci?c for the Wild type product Which Will give rise to a 
PCR product if the Wild type gene is present in the sample. 
The second PCR reaction contains a primer that has a single 
nucleotide change at or near the 3‘ end that represents the 
base change that is present in the mutated form of the DNA. 
The second primer, in conjunction With the common primer, 
Will only function in PCR if genomic DNA that contains the 
mutated form of genomic DNA is present. This technique 
requires duplicate ampli?cation reactions to be performed 
and analyZed by gel electrophoresis to ascertain if a mutated 
form of a gene is present. In addition, the data must be 
manually interpreted. 
[0018] Single base extension is a technique that alloWs the 
detection of SNPs by hybridiZing a single strand DNAprobe 
to a captured DNA target (Nikiforov, T. et al. Nucl Acids Res 
22:4167-4175). Once hybridiZed, the single strand probe is 
extended by a single base With labeled dideoxynucleotides. 
The labeled, extended products are then detected using 
calorimetric or ?uorescent methodologies. 

[0019] A variety of technologies related to real-time (or 
kinetic) PCR have been adapted to perform SNP detection. 
Many of these systems are platform based, and require 
specialiZed equipment, complicated primer design, and 
expensive supporting materials for SNP detection. In con 
trast, the process of this invention has been designed as a 
modular technology that can use a variety of instruments 
that are suited to the throughput needs of the end-user. In 
addition, the coupling of luciferase detection sensitivity With 
standard oligonucleotide chemistry and Well-established 
enZymology provides a ?exible and open system architec 
ture. Alternative analytical detection methods, such as mass 
spectroscopy, HPLC, and ?uorescence detection methods 
can also be used in the process of this invention, providing 
additional assay ?exibility. 

[0020] SNP detection using real-time ampli?cation relies 
on the ability to detect ampli?ed segments of nucleic acid as 
they are during the ampli?cation reaction. Three basic 
real-time SNP detection methodologies exist: increased 
?uorescence of double strand DNA speci?c dye binding, (ii) 
decreased quenching of ?uorescence during ampli?cation, 
and (iii) increased ?uorescence energy transfer during 
ampli?cation (WittWer, C. et al. Biotechniques 22:130-138, 
1997). All of these techniques are non-gel based and each 
strategy Will be brie?y discussed. 

[0021] A variety of dyes are knoWn to exhibit increased 
?uorescence in response to binding double stranded DNA. 
This property is utiliZed in conjunction With the ampli?ca 
tion refractory mutation system described above to detect 
the presence of SNP. Production of Wild type or mutation 
containing PCR products are continuously monitored by the 
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increased ?uorescence of dyes such as ethidium bromide or 
SYBER Green as they bind to the accumulating PCR 
product. Note that dye binding is not selective for the 
sequence of the PCR product, and high non-speci?c back 
ground can give rise to false signals With this technique. 

[0022] A second SNP detection technology for real time 
PCR, knoWn generally as exonuclease primers (TaqMan® 
probes), utiliZes the 5‘ exonuclease activity of thermostable 
polymerases such as Taq to cleave dual-labeled probes 
present in the ampli?cation reaction (WittWer, C. et al. 
Biotechniques 22:130-138, 1997; Holland, P et al PNAS 
88:7276-7280, 1991). While complementary to the PCR 
product, the probes used in this assay are distinct from the 
PCR primer and are dually-labeled With both a molecule 
capable of ?uorescence and a molecule capable of quench 
ing ?uorescence. When the probes are intact, intramolecular 
quenching of the ?uorescent signal Within the DNA probe 
leads to little signal. When the ?uorescent molecule is 
liberated by the exonuclease activity of Taq during ampli 
?cation, the quenching is greatly reduced leading to 
increased ?uorescent signal. 

[0023] An additional form of real-time PCR also capital 
iZes on the intramolecular quenching of a ?uorescent mol 
ecule by use of a tethered quenching moiety. The molecular 
beacon technology utiliZes hairpin-shaped molecules With 
an internally-quenched ?uorophore Whose ?uorescence is 
restored by binding to a DNA target of interest (Kramer, R. 
et al. Nat. Biotechnol. 14:303-308, 1996). Increased binding 
of the molecular beacon probe to the accumulating PCR 
product can be used to speci?cally detect SNPs present in 
genomic DNA. 

[0024] A ?nal general ?uorescent detection strategy used 
for detection of SNPs in real time utiliZes synthetic DNA 
segments knoWn as hybridiZation probes in conjunction With 
a process known as ?uorescence resonance energy transfer 

(FRET) (WittWer, C. et al. Biotechniques 22:130-138, 1997; 
Bernard, P. et al. Am. J. Pathol. 153:1055-1061, 1998). This 
technique relies on the independent binding of labeled DNA 
probes on the target sequence. The close approximation of 
the tWo probes on the target sequence increases resonance 
energy transfer from one probe to the other, leading to a 
unique ?uorescence signal. Mismatches caused by SNPs 
that disrupt the binding of either of the probes can be used 
to detect mutant sequences present in a DNA sample. 

[0025] A number of gene-level defects have been impli 
cated in the etiology of human disease. Researchers have 
used several techniques to detect these genetic mutations for 
prevention or diagnosis of these disease states. Van Essen et 
al. [J. Med. Genet. 34:805-12 (1997)] report that 65-70% of 
Duchenne and Becker muscular dystrophy patients exhibit 
rearrangements in the dystrophin gene, as detected by 
Southern blotting or multiplex PCR. Microlesions in these 
tWo forms of muscular dystrophy are typically detected 
using single strand conformational analysis, heteroduplex 
analysis, and the protein truncation test. 

[0026] Calvano et al. [Clin. Genet. 52:17-22 (1997)] 
report the use of PCR fragments used as ?uorescent probes 
for the detection of female carriers of Duchenne and Becker 
muscular dystrophy. Jongpiputvanich et al. [J. Med. Assoc. 
Thai. 79(Supp. 1):S15-21 (1996)] report the use of multiplex 
PCR and microsatellite or STR analysis for diagnosis and 
carrier detection in a Duchenne muscular dystrophy family. 
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Pastore et al. [Mol. Cell. Probes 10:129-37 (1996)] devel 
oped a quantitative PCR analysis method using radiolabeled 
PCR products for the detection of macrodeletion carriers of 
Duchenne and Becker muscular dystrophy. Katayama et al. 
[FetalDiagn Ther. 9:379-84 (1994)] studied the ef?cacy of 
PCR for prenatal diagnosis of Duchenne muscular dystro 
phy. These Workers used PCR-restriction fragment length 
polymorphism analysis, multiplex PCR, and dinucleotide 
repeat polymorphism analysis to diagnose affected male 
fetuses and detect carrier female fetuses in the ?rst trimester. 

[0027] Apolymorphism in the human gap junctional pro 
tein connexin 37 Was studied as a prognostic marker for 
atherosclerosis. Boerma et al. Intern. Med. 246:211-218 
(1999). A restriction fragment length polymorphism in the 
proline variant of the connexin 37 gene Was used to shoW 
that this allele Was over-represented in patients With athero 
sclerotic plaques. Shohet et al. [Arteriosclen T hromb. Vasc. 
Biol. 19:1975-78 (1999)] report the frequency of the —514T 
allele of hepatic lipase in White men With coronary artery 
disease. In this population, postheparin plasma hepatic 
lipase activity Was 15 to 20% loWer in heteroZygotes and 
30% loWer in homoZygotes compared to controls. A novel 
missense mutation in the presenilin-1 gene Was detected in 

a family With presenile familial AlZheimer’s disease Sugiyama et al. Mutat. 14:90 (1999). These Workers report 

that over 50 such missense mutations in the presenilin-1 
gene have been reported in families With FAD. Sensitive, 
reliable assays for these and other gene-level defects have 
several potential diagnostic and preventative applications in 
human and animal health care. 

[0028] In summary, there is a need for alternative methods 
for the detection of nucleic acid hybrids. There is a great 
demand for such methods to determine the presence or 
absence of nucleic acid sequences that differ slightly from 
sequences that might otherWise be present. There is a great 
demand for methods to determine the presence or absence of 
sequences unique to a particular species in a sample. There 
is also a great demand for methods that are more highly 
sensitive than the knoWn methods, highly reproducible and 
automatable. 

[0029] It Would be bene?cial if another method Were 
available for detecting the presence of a sought-after, pre 
determined target nucleotide sequence or allelic variant. It 
Would also be bene?cial if such a method Were operable 
using a sample siZe of the microgram to picogram scale. It 
Would further be bene?cial if such a detection method Were 
capable of providing multiple analyses in a single assay 
(multiplex assays). The disclosure that folloWs provides 
such methods. 

BRIEF SUMMARY OF THE INVENTION 

[0030] A method of this invention is used to determine the 
presence or absence of a predetermined (knoWn) endog 
enous nucleic acid target sequence in a nucleic acid sample. 
Such a method utiliZes an enZyme that can depolymeriZe the 
3‘-terminus of an oligonucleotide probe hybridiZed to a 
nucleic acid target sequence to release one or more identi?er 
nucleotides Whose presence can then be determined. 

[0031] One embodiment of the invention contemplates a 
method for determining the presence or absence of a pre 
determined endogenous nucleic acid target sequence in a 
nucleic acid sample. Thus, the presence or absence of at least 
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one predetermined endogenous nucleic acid target sequence 
is sought to be determined. More than one such predeter 
mined endogenous target sequence can also be present in the 
sample being assayed, and the presence or absence of more 
than one predetermined endogenous nucleic acid target 
sequence can be determined. The embodiment comprises the 
folloWing steps. 

[0032] A treated sample is provided that may contain a 
predetermined endogenous nucleic acid target sequence 
hybridiZed With a nucleic acid probe that includes an iden 
ti?er nucleotide in the 3‘-terminal region. The treated sample 
is admixed With a depolymeriZing amount of an enZyme 
Whose activity is to release one or more nucleotides from the 
3‘-terminus of a hybridiZed nucleic acid probe to form a 
treated reaction mixture. The treated reaction mixture is 
maintained under depolymeriZing conditions for a time 
period suf?cient to permit the enZyme to depolymeriZe 
hybridiZed nucleic acid and release identi?er nucleotides 
therefrom. 

[0033] An analytical output is obtained by analyZing for 
the presence or absence of released identi?er nucleotides. 
The analytical output indicates the presence or absence of 
the nucleotide at the predetermined region, and, thereby, the 
presence or absence of a ?rst nucleic acid target. The 
analytical output is obtained by various techniques as dis 
cussed herein. 

[0034] It is contemplated that an analytical output of the 
methods of the invention can be obtained in a variety of 
Ways. The analytical output can be ascertained by lumines 
cence spectroscopy. In some preferred embodiments, analy 
sis for released 3‘-terminal region indicator nucleotides 
comprises the detection of ATP, either by a luciferase 
detection system (luminescence spectroscopy) or an NADH 
detection system (absorbance spectroscopy). In particularly 
preferred embodiments Where greater sensitivity is desired, 
ATP molecules are formed by a phosphate transferring step, 
for example using an enZyme such as NDPK in the presence 
of ADP, from the nucleoside triphosphates produced by the 
depolymeriZing step. In some embodiments the ATP is 
ampli?ed to form a plurality of ATP molecules. In the ATP 
detection embodiments, typically the enZyme (NDPK) for 
converting nucleotides and added ADP into ATP is present 
in the depolymeriZation reaction With the depolymeriZing 
enZyme, and When they are present together, they are 
denoted as a “one pot” method. 

[0035] In an alternative embodiment, the analytical output 
is obtained by ?uorescence spectroscopy. Use of a Wide 
variety of ?uorescence detection methods is contemplated. 
In one exemplary contemplated method, an identi?er nucle 
otide includes a ?uorescent label. An identi?er nucleotide 
can be ?uorescently labeled prior to, or after, release of the 
identi?er nucleotide. It is also contemplated that other than 
a released identi?er nucleotide contains a ?uorescent tag. In 
such an embodiment, the release of nucleotides in a process 
of the invention is ascertained by a determination of a 
difference in the length of the polynucleotide probe, for 
example by capillary electrophoresis imaged by a ?uores 
cent tag at the 5‘ terminus of the probe or in a region other 
than the 3‘ terminal region. 

[0036] In an alternative embodiment the analytical output 
is obtained by mass spectrometry. It is preferred here that an 
identi?er nucleotide be a nucleotide analog or a labeled 
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nucleotide and have a molecular mass that is different from 
the mass of a usual form of that nucleotide, although a 
difference in mass is not required. It is also noted that With 
a ?uorescently labeled identi?er nucleotide, the analytical 
output can also be obtained by mass spectrometry. It is also 
contemplated that the analysis of released nucleotide be 
conducted by ascertaining the difference in mass of the 
probe after a depolymeriZation step of a process of the 
invention. 

[0037] In another alternative embodiment, the analytical 
output is obtained by absorbance spectroscopy. Such analy 
sis monitors the absorbance of light in the ultraviolet and 
visible regions of the spectrum to determine the presence of 
absorbing species. In one aspect of such a process, released 
nucleotides are separated from hybridiZed nucleic acid and 
other polynucleotides by chromatography (e.g. HPLC or 
GC) or electrophoresis (e. g. PAGE or capillary electrophore 
sis). Either the released identi?er nucleotide or the remain 
der of the probe can be analyZed for to ascertain the release 
of the identi?er nucleotide in a process of the invention. In 
another aspect of such a process a label may be incorporated 
in the analyZed nucleic acid. 

[0038] In a contemplated embodiment, a sample to be 
assayed is admixed With one or more nucleic acid probes 
under hybridiZing conditions to form a hybridiZation com 
position. The 3‘-terminal region of the nucleic acid probe 
hybridiZes With partial or total complementarity to the 
nucleic acid target sequence When that sequence is present 
in the sample. The 3‘-terminal region of the nucleic acid 
probe includes an identi?er nucleotide. The hybridization 
composition is maintained under hybridiZing conditions for 
a time period suf?cient to form a treated sample that may 
contain said predetermined nucleic acid target sequence 
hybridiZed With a nucleic acid probe. The treated sample is 
admixed With a depolymeriZing amount of an enZyme Whose 
activity is to release one or more nucleotides from the 
3‘-terminus of a hybridiZed nucleic acid probe to form a 
treated reaction mixture. The treated reaction mixture is 
maintained under depolymeriZing conditions for a time 
period sufficient to permit the enZyme to depolymeriZe 
hybridiZed nucleic acid and release identi?er nucleotides 
therefrom. The presence of released identi?er nucleotides is 
analyZed to obtain an analytical output, the analytical output 
indicating the presence or absence of the nucleic acid target 
sequence. The analytical output may be obtained by various 
techniques as discussed above. 

[0039] One method of the invention contemplates inter 
rogating the presence or absence of a speci?c base in a 
nucleic acid target sequence in a sample to be assayed, and 
comprises the folloWing steps. 
[0040] A hybridiZation composition is formed by admix 
ing a sample to be assayed With one or more nucleic acid 
probes under hybridiZing conditions. The sample to be 
assayed may contain a nucleic acid target sequence to be 
interrogated. The nucleic acid target comprises at least one 
base Whose presence or absence is to be identi?ed. The 
hybridiZation composition includes at least one nucleic acid 
probe that is substantially complementary to the nucleic acid 
target sequence and comprises at least one predetermined 
nucleotide at an interrogation position, and an identi?er 
nucleotide in the 3‘-terminal region. 

[0041] A treated sample is formed by maintaining the 
hybridiZation composition under hybridiZing conditions for 
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a time period suf?cient for base pairing to occur When a 
probe nucleotide at an interrogation position is aligned With 
a base to be identi?ed in the target sequence. A treated 
reaction mixture is formed by admixing the treated sample 
With an enZyme Whose activity is to release one or more 
identi?er nucleotides from the 3‘-terminus of a hybridiZed 
nucleic acid probe to depolymeriZe the hybrid. The treated 
reaction mixture is maintained under depolymeriZing con 
ditions for a time period sufficient to permit the enZyme to 
depolymeriZe the hybridiZed nucleic acid and release an 
identi?er nucleotide. 

[0042] An analytical output is obtained by analyZing for 
the presence or absence of released identi?er nucleotides. 
The analytical output indicates the presence or absence of 
the speci?c base or bases to be identi?ed. The analytical 
output is obtained by various techniques, as discussed 
herein. Preferably, an identi?er nucleotide is at the interro 
gation position. 

[0043] In one aspect of a method of the invention, the 
nucleic acid target sequence is selected from the group 
consisting of deoxyribonucleic acid and ribonucleic acid. 

[0044] A method that identi?es the particular base present 
at an interrogation position, optionally comprises a ?rst 
probe, a second probe, a third probe, and a fourth probe. An 
interrogation position of the ?rst probe comprises a nucleic 
acid residue that is a deoxyadenosine or adenosine residue. 
An interrogation position of the second probe comprises a 
nucleic acid residue that is a deoxythymidine or uridine 
residue. An interrogation position of the third probe com 
prises a nucleic acid residue that is a deoxyguanosine or 
guanosine residue. An interrogation position of the fourth 
nucleic acid probe comprises a nucleic acid residue that is a 
deoxycytosine or cytosine residue. 

[0045] In another aspect of the invention, the sample 
containing a plurality of target nucleic acid sequences is 
admixed With a plurality of the nucleic acid probes. Several 
analytical outputs can be obtained from such multiplexed 
assays. In a ?rst embodiment, the analytical output obtained 
When at least one nucleic acid probes hybridiZes With partial 
complementarity to one target nucleic acid sequence is 
greater than the analytical output When all of the nucleic acid 
probes hybridiZe With total complementarity to their respec 
tive nucleic acid target sequences. In a second embodiment, 
the analytical output obtained When at least one nucleic acid 
probe hybridiZes With partial complementarity to one target 
nucleic acid sequence is less than the analytical output When 
all of the nucleic acid probes hybridiZe With total comple 
mentarity to their respective nucleic acid target sequences. 
In a third embodiment, the analytical output obtained When 
at least one nucleic acid probe hybridiZes With total comple 
mentarity to one nucleic acid target sequence is greater than 
the analytical output When all of the nucleic acid probes 
hybridiZe With partial complementarity to their respective 
nucleic acid target sequences. In a fourth embodiment, the 
analytical output obtained When at least one nucleic acid 
probe hybridiZes With total complementarity to one target 
nucleic acid sequence is less than the analytical output When 
all of the nucleic acid probes hybridiZe With partial comple 
mentarity to their respective nucleic acid target sequences. 
The depolymeriZing enZymes are as described herein. 

[0046] Yet another embodiment of the invention contem 
plates a method for determining the presence or absence of 
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a ?rst endogenous nucleic acid target in a nucleic acid 
sample that may contain that target or may contain a 
substantially identical second target. For example, the sec 
ond target may have a base substitution, deletion or addition 
relative to the ?rst nucleic acid target. This embodiment 
comprises the folloWing steps. 

[0047] A sample to be assayed is admixed With one or 
more nucleic acid probes under hybridiZing conditions to 
form a hybridiZation composition. The ?rst and second 
nucleic acid targets each comprise a region of sequence 
identity except for at least a single nucleotide at a predeter 
mined position that differs betWeen the targets. The nucleic 
acid probe is substantially complementary to the nucleic 
acid target region of sequence identity and comprises at least 
one nucleotide at an interrogation position. An interrogation 
position of the probe is aligned With the predetermined 
position of a target When a target and probe are hybridiZed. 
The probe also includes an identi?er nucleotide in the 
3‘-terminal region. 

[0048] The hybridiZation composition is maintained under 
hybridiZing conditions for a time period suf?cient to form a 
treated sample Wherein the nucleotide at the interrogation 
position of the probe is aligned With the nucleotide at the 
predetermined position in the region of identity of the target. 

[0049] A treated reaction mixture is formed by admixing 
the treated sample With a depolymeriZing amount of an 
enZyme Whose activity is to release one or more nucleotides 
from the 3‘-terminus of a hybridiZed nucleic acid probe. The 
reaction mixture is maintained under depolymeriZation con 
ditions for a time period suf?cient to permit the enZyme to 
depolymeriZe the hybridiZed nucleic acid and release the 
identi?er nucleotide. 

[0050] An analytical output is obtained by analyZing for 
the presence or absence of released identi?er nucleotides. 
The analytical output indicates the presence or absence of 
the nucleotide at the predetermined region, and; thereby, the 
presence or absence of a ?rst nucleic acid target. 

[0051] One aspect of the above method is comprised of a 
?rst probe and a second probe. The ?rst probe comprises a 
nucleotide at an interrogation position that is complementary 
to a ?rst nucleic acid target at a predetermined position. The 
second probe comprises a nucleotide at an interrogation 
position that is complementary to a second nucleic acid 
target at a predetermined position. 

[0052] In one aspect of a process of the invention, the 
depolymeriZing enZyme, Whose activity is to release nucle 
otides, is a template-dependent polymerase, Whose activity 
is to depolymeriZe hybridiZed nucleic acid Whose 3‘-termi 
nal nucleotide is matched, in the 3‘Q5‘ direction in the 
presence of pyrophosphate ions to release one or more 
nucleotides. Thus, the enZyme’s activity is to depolymeriZe 
hybridiZed nucleic acid to release nucleotides under depo 
lymeriZing conditions. Preferably, this enZyme depolymer 
iZes hybridiZed nucleic acids Whose bases in the 3‘-terminal 
region of the probe are matched With total complementarity 
to the corresponding bases of the nucleic acid target. The 
enZyme Will continue to release properly paired bases from 
the 3‘-terminus and Will stop When the enZyme arrives at a 
base that is mismatched. 

[0053] In an alternative aspect of the process (method), the 
depolymeriZing enZyme, Whose activity is to release nucle 
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otides, exhibits a 3‘—>5‘ eXonuclease activity in Which 
hybridized nucleic acids having one or more mismatched 
bases at the 3‘-terminus of the hybridized probe are depo 
lymeriZed. Thus, the enZyme’s activity is to depolymeriZe 
hybridiZed nucleic acid to release nucleotides under depo 
lymeriZing conditions. In this embodiment, the hybrid may 
be separated from the free probe prior to enZyme treatment. 
In some embodiments, an eXcess of target may be used so 
that the concentration of free probe in the enZyme reaction 
is extremely loW. 

[0054] In still another alternative aspect of a process of the 
invention, the depolymeriZing enZyme eXhibits a 3‘ to 5‘ 
eXonuclease activity on a double-stranded DNA substrate 
having one or more matched bases at the 3‘ terminus of the 
hybrid. The enZyme’s activity is to depolymeriZe hybridiZed 
nucleic acid to release nucleotides containing a 5‘ phosphate 
under depolymeriZing conditions. 

[0055] A further embodiment of the invention, such as is 
used for Single Tandem Repeat (STR) detection, contem 
plates a method for determining the number of knoWn 
sequence repeats that are present in an endogenous nucleic 
acid target sequence in a nucleic acid sample. A method for 
determining the number of knoWn sequence repeats com 
prises the folloWing steps. A plurality of separate treated 
samples is provided. Each treated sample contains a nucleic 
acid target sequence hybridiZed With a nucleic acid probe. 
The nucleic acid target sequence contains a plurality of 
knoWn sequence repeats and a doWnstream non-repeated 
region. Each nucleic acid probe contains a different number 
of complementary repeats of the knoWn sequence, an iden 
ti?er nucleotide in the 3‘-terminal region and a 5‘-terminal 
locker sequence. The 5‘-terminal locker sequence is comple 
mentary to the doWnstream non-repeated region of the target 
and comprises 1 to about 20 nucleotides, preferably 5 to 20 
nucleotides, most preferably 10 to 20 nucleotides. The 
various probes represent complements to possible alleles of 
the target nucleic acid. A treated depolymeriZation reaction 
miXture is formed by admiXing each treated sample With a 
depolymeriZing amount of an enZyme Whose activity is to 
release one or more nucleotides from the 3‘-terminus of a 
hybridiZed nucleic acid probe. The treated depolymeriZation 
reaction mixture is maintained under depolymeriZing con 
ditions for a time period sufficient to permit the enZyme to 
depolymeriZe the hybridiZed nucleic acid probe and release 
an identi?er nucleotide. The samples are analyZed for the 
presence or absence of released identi?er nucleotide to 
obtain an analytical output. The analytical output from the 
sample Whose probe contained the same number of sequence 
repeats as present in the target nucleic acid is indicative of 
and determines the number of sequence repeats present in 
the nucleic acid target. 

[0056] In one aspect of the method, the nucleic acid 
sample contains tWo nucleic acid targets representing alleles 
at a locus, and is homoZygous With respect to the number of 
knoWn sequence repeats of the tWo alleles. In an alternative 
method of the invention, the nucleic acid sample is het 
eroZygous With respect to the tWo alleles at the locus. In 
another method of the invention, an identi?er nucleotide is 
a nucleotide that is part of the region containing a repeated 
sequence. In an alternative method of the invention, an 
identi?er nucleotide of the probe sequence is part of the 
region containing a non-repeating sequence that is comple 
mentary to that located in the target nucleic acid 5‘ to the 
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repeated knoWn sequence. In this latter aspect of the method, 
the identi?er nucleotide is present in a sequence containing 
1 to about 20 nucleic acids that is complementary to a 
non-repeating sequence of the target nucleic acid located in 
the probe 3‘ to the knoWn sequence repeats. The repeated 
knoWn sequence present in a nucleic acid target sequence 
typically has a length of 2 to about 24 bases per repeat. 

[0057] A further embodiment of the invention contem 
plates a method using thermostable DNA polymerase as a 
depolymeriZing enZyme for determining the presence or 
absence of at least one predetermined endogenous nucleic 
acid target sequence in a nucleic acid sample, and comprises 
the folloWing steps. 

[0058] A treated sample is provided that may contain a 
predetermined endogenous nucleic acid target sequence 
hybridiZed to a nucleic acid probe Whose 3‘-terminal region 
is complementary to the predetermined nucleic acid target 
sequence and includes an identi?er nucleotide in the 3‘-ter 
minal region. A treated depolymeriZation reaction miXture is 
formed by admiXing a treated sample With a depolymeriZing 
amount of a enZyme Whose activity is to release an identi?er 
nucleotide from the 3‘-terminus of a hybridiZed nucleic acid 
probe. In a preferred one-pot embodiment, the depolymer 
iZing enZyme is thermostable and more preferably, the 
treated reaction miXture also contains adenosine 5‘ 
diphosphate, (ii) pyrophosphate, and (iii) a thermostable 
nucleoside diphosphate kinase (NDPK). 

[0059] The treated sample is maintained under depolymer 
iZing conditions at a temperature of about 4° C. to about 90° 
C., more preferably at a temperature of about 20° C. to about 
90° C., and most preferably at a temperature of about 25° C. 
to about 80° C., for a time period suf?cient to permit the 
depolymeriZing enZyme to depolymeriZe the hybridiZed 
nucleic acid probe and release an identi?er nucleotide as a 
nucleoside triphosphate. In preferred one-pot reactions, the 
time period is also suf?cient to permit NDPK enZyme to 
transfer a phosphate from the released nucleoside triphos 
phate to added ADP, thereby forming ATP. The presence or 
absence of a nucleic acid target sequence is determined from 
the analytical output obtained using ATP. In a preferred 
method of the invention, analytical output is obtained by 
luminescence spectrometry. 

[0060] In another aspect of the thermostable enZyme one 
pot method for determining the presence or absence of a 
predetermined endogenous nucleic acid target sequence in a 
nucleic acid sample, the treated sample is formed by the 
folloWing further steps. A hybridiZation composition is 
formed by admiXing the sample to be assayed With one or 
more nucleic acid probes under hybridiZing conditions. The 
3‘-terminal region of the nucleic acid probe hybridiZes 
With partial or total complementarity to a nucleic acid target 
sequence When that sequence is present in the sample, and 
(ii) includes an identi?er nucleotide. A treated sample is 
formed by maintaining the hybridiZation composition under 
hybridiZing conditions for a time period suf?cient for the 
predetermined endogenous nucleic acid target sequence to 
hybridiZe With the nucleic acid probe. 

[0061] Preferably, the depolymeriZing enZyme is from a 
group of thermophilic DNA polymerases comprising Tne 
triple mutant DNA polymerase, Tne DNA polymerase, Taq 
DNA polymerase, Ath DNA polymerase, Tvu DNA poly 
merase, Bst DNA polymerase, and Tth DNA polymerase. 
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The Tne triple mutant DNA polymerase is a preferred 
thermophilic enzyme and is discussed in greater detail 
hereinafter. In another aspect of the method, the NDPK is 
that encoded for by the thermophilic bacteria Pyrococcus 
furiosis (Pfu). 
[0062] A still further method of the invention contem 
plates determining Whether the presence or absence of a 
nucleic acid target sequence in a nucleic acid sample results 
from a locus that is homozygous or heteroZygous for the tWo 
alleles at the locus. This method is comprised of the fol 
loWing steps. A plurality of separate treated samples is 
provided. Each sample may contain a nucleic acid target 
sequence hybridiZed With a nucleic acid probe. The nucleic 
acid target sequence consists of either a ?rst allele, a second 
allele, or a mixture of ?rst and second alleles of the nucleic 
acid target. The alleles differ in sequence at an interrogation 
position. The nucleic acid probe contains an identi?er nucle 
otide in the 3‘-terminal region that is aligned at an interro 
gation nucleotide position of the target sequence When the 
probe and target are hybridiZed. 

[0063] A treated reaction mixture is formed by admixing 
each treated sample With a depolymeriZing amount of an 
enZyme Whose activity is to release one or more nucleotides 
from the 3‘-terminus of a hybridiZed nucleic acid probe. The 
treated reaction mixture is maintained under depolymeriZing 
conditions for a time period suf?cient to permit the enZyme 
to depolymeriZe the hybridiZed nucleic acid probe and 
release an identi?er nucleotide. The samples are analyZed 
for the presence or absence of released identi?er nucleotides 
to obtain an analytical output. The analytical output is 
quanti?able and thus determines Whether the sample is 
homoZygous or heteroZygous When compared to the ana 
lytical output of appropriate controls. 
[0064] A multiplexed version of this embodiment is also 
contemplated, Wherein probes for tWo or more alleles are 
provided in one reaction—each probe is distinguishable, but 
preferably each probe has the same length. Then, after 
hybridiZation, depolymeriZation, and analysis according to 
the invention, the relative analytical output for the various 
distinguishable identi?er nucleotides or remaining probes 
Will shoW Whether the sample is homoZygous or heteroZy 
gous and for Which alleles. Another multiplexed version of 
this embodiment is contemplated, Wherein probes for alleles 
at a plurality of loci are provided. Preferably, the different 
loci have substantially different target sequences. Probes for 
the various alleles at each locus are preferably of the same 
length. Each of the probes should be distinguishable either 
by analysis of the released identi?er nucleotide or by analy 
sis of the remaining probe after depolymeriZation. 
[0065] Another embodiment of the invention contem 
plates a method for determining the loss of heteroZygosity 
(LOH) of a locus of an allele that comprises the folloWing 
steps. 
[0066] Aplurality of separate treated samples is provided, 
each sample containing a nucleic acid target sequence 
hybridiZed With a nucleic acid probe. The nucleic acid target 
sequence is that of a ?rst allele or a mixture of the ?rst allele 
and a second allele of the nucleic acid target, Wherein the 
alleles differ in sequence. The nucleic acid probe contains a 
3‘-terminal region that hybridiZes to a target sequence When 
the probe and target are hybridiZed. 

[0067] Each treated sample is admixed With a depolymer 
iZing amount of an enZyme Whose activity is to release one 
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or more nucleotides from the 3‘-terminus of a hybridiZed 
nucleic acid probe to form a treated reaction mixture. The 
treated reaction mixture is maintained under depolymeriZing 
conditions for a time period suf?cient to depolymeriZe 
hybridiZed nucleic acid probe and release identi?er nucle 
otides. The samples are then analyZed for the quantity of 
released identi?er nucleotides to obtain an analytical output, 
the analytical output indicating Whether the nucleic acid 
target sequence in a nucleic acid sample has lost heteroZy 
gosity at the locus of the allele. 

[0068] In preferred LOH embodiments, the analytical out 
put is obtained by luminescence spectroscopy, absorbance 
spectrometry, mass spectrometry or ?uorescence spectros 
copy. In another preferred embodiment, the released iden 
ti?er nucleotide includes a ?uorescent label. The identi?er 
nucleotide is optionally ?uorescently labeled after release 
from the hybrid. 

[0069] It is contemplated that in the above analytical 
methods, either the released identi?er nucleotide or the 
remainder of the probe can be evaluated to determine 
Whether identi?er nucleotide had been released, as described 
herein. 

[0070] In another preferred LOH embodiment, the enZyme 
Whose activity is to release nucleotides is a template 
dependent polymerase that, in the presence of pyrophos 
phate ions, depolymeriZes hybridiZed nucleic acids Whose 
bases in the 3‘-terminal region are completely complemen 
tary to bases of the nucleic acid target. The depolymeriZation 
proceeds from the 3‘ terminal nucleotide of the probe and 
stops When it reaches a base that is not complementary to the 
corresponding target base. 

[0071] In one aspect of the LOH embodiment, the quantity 
of the released identi?er nucleotides for the ?rst allele is 
substantially less than the quantity of the released identi?er 
nucleotide for the ?rst allele of a knoWn heteroZygous 
control sample, and the quantity of the released identi?er 
nucleotides for the second allele is substantially similar to 
that of the released identi?er nucleotide for the second allele 
of a knoWn heteroZygous control sample, indicating a loss of 
heteroZygosity at the locus of the ?rst allele. 

[0072] In another aspect of the LOH embodiment, the 
quantity of the released identi?er nucleotides for the second 
allele is substantially less than the quantity of the released 
identi?er nucleotides for the second allele of a knoWn 
heteroZygous control sample, and the quantity of the 
released identi?er nucleotides for the ?rst allele is substan 
tially similar to that of the released identi?er nucleotide for 
the ?rst allele of a knoWn heteroZygous control sample, 
indicating a loss of heteroZygosity at the locus of the second 
allele. The knoWn heteroZygous control has analytical out 
put for its treated sample indicating alleles one and tWo are 
present in the sample at about a 1:1 ratio. Asample With loss 
of heteroZygosity has an analytical output for the treated 
samples indicating alleles one and tWo are present in the 
sample at a 1:0 or 0:1 ratio respectively When compared to 
the analytical output of a knoWn heteroZygous control 
sample. 
[0073] A still further preferred embodiment of the inven 
tion contemplates a method for determining the presence of 
trisomy of an allele that comprises the folloWing steps. 

[0074] Aplurality of separate treated samples is provided, 
Wherein each sample contains a nucleic acid target sequence 
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hybridized With a nucleic acid probe. The nucleic acid target 
sequence is that of a ?rst allele, a second allele or a mixture 
of the ?rst and second alleles of the nucleic acid target. The 
alleles differ in sequence at an interrogation position. The 
nucleic acid probe contains a 3‘-terminal region that hybrid 
iZes to a region of the nucleic acid target sequence contain 
ing the interrogation nucleotide position When the probe and 
target are hybridiZed. The nucleic acid probe also contains 
an identi?er nucleotide. 

[0075] Each treated sample is admixed With a depolymer 
iZing amount of an enZyme Whose activity, under depoly 
meriZing conditions, is to release one or more nucleotides 
from the 3‘-terminus of a hybridiZed nucleic acid probe to 
form a treated reaction mixture. The treated reaction mixture 
is maintained for a time period sufficient to depolymeriZe 
hybridiZed nucleic acid probe and release identi?er nucle 
otides. The samples are analyZed for released identi?er 
nucleotides to obtain an analytical output, the magnitude of 
the analytical output relative to an analytical output of an 
appropriate control sample indicating Whether a trisomy is 
present in the nucleic acid target sequence. 

[0076] For trisomy analysis, preferably the analytical out 
put is obtained by luminescence spectroscopy, absorbance 
spectrometry, ?uorescence spectroscopy, or mass spectrom 
etry. In one preferred embodiment, the released identi?er 
nucleotide includes a ?uorescent label. The identi?er nucle 
otide is optionally ?uorescently labeled after release from 
the hybrid. 

[0077] In a preferred embodiment for trisomy analysis, the 
enZyme Whose activity is to release nucleotides is a tem 
plate-dependent polymerase, that, in the presence of pyro 
phosphate ions, depolymeriZes hybridiZed nucleic acids 
Whose bases in the 3‘ terminal region are completely 
complementary to bases of said nucleic acid target. 

[0078] In one embodiment, the quantity of released iden 
ti?er nucleotides for the ?rst allele is substantially greater 
than the quantity of the released identi?er nucleotides of a 
control sample homoZygous for the ?rst allele, indicating 
that the nucleic acid target sequence has a trisomy. Prefer 
ably, the quantity of released identi?er nucleotides is 
expressed as a ratio. For example, a normal heteroZygote has 
about a 1:1 ratio of the analytical output for the tWo alleles. 
If the trisomy is homoZygous for either allele, the ratio is 
about three times the value for that allele in a normal 
heteroZygote that has none of the other allele. If the trisomy 
is heteroZygous, then the ratio is about 2:1 of one allele to 
the other When compared to the analytical output of a control 
heteroZygote. 

[0079] A still further embodiment of the invention con 
templates determining the presence or absence of a nucleic 
acid target sequence in a nucleic acid sample With a probe 
that is hybridiZed to the target and then modi?ed to be able 
to form a hairpin structure. This embodiment comprises the 
folloWing steps. 

[0080] Atreated sample is provided that contains a nucleic 
acid sample that may include a nucleic acid target sequence 
having an interrogation position hybridiZed With a nucleic 
acid probe. The probe is comprised of at least tWo sections. 
The ?rst section contains the probe 3‘-terminal about 10 to 
about 30 nucleotides. These nucleotides are complementary 
to the target strand sequence at positions beginning about 1 
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to about 30 nucleotides doWnstream of the interrogation 
position. The second section of the probe is located at the 
5‘-terminal region of the probe and contains about 10 to 
about 20 nucleotides of the target sequence. This sequence 
spans the region in the target from the nucleotide at or just 
upstream (5‘) of the interrogation position, to the nucleotide 
just upstream to Where the 3‘-terminal nucleotide of the 
probe anneals to the target. An optional third section of the 
probe, from Zero to about 50, and preferably about Zero to 
about 20 nucleotides in length and comprising a sequence 
that does not hybridiZe With either the ?rst or second section, 
is located betWeen the ?rst and second sections of the probe. 

[0081] The probe of the treated sample is extended in a 
template-dependent manner, as by admixture With dNTPs 
and a template-dependent polymerase, at least through the 
interrogation position, thereby forming an extended probe/ 
target hybrid. In a preferred embodiment, the length of the 
probe extension is limited by omission from the extension 
reaction of a DNTP complementary to a nucleotide of the 
target sequence that is present upstream of the interrogation 
position and absent betWeen the nucleotide complementary 
to the 3‘-end of the interrogation position. 

[0082] The extended probe/target hybrid is separated from 
any unreacted dNTPs. The extended probe/target hybrid is 
denatured to separate the strands. The extended probe strand 
is permitted to form a hairpin structure. 

[0083] A treated reaction mixture is formed by admixing 
the hairpin structure-containing composition With a depoly 
meriZing amount of an enZyme Whose activity is to release 
one or more nucleotides from the 3‘-terminus of an extended 

probe hairpin structure. The reaction mixture is maintained 
under depolymeriZing conditions for a time period suf?cient 
for the depolymeriZing enZyme to release 3‘-terminus nucle 
otides, and then analyZed for the presence of released 
identi?er nucleotides. The analytical output indicates the 
presence or absence of the nucleic acid target sequence. 

[0084] A still further embodiment of the invention, termed 
REAPERTM, also utiliZes hairpin structures. This method 
contemplates determining the presence or absence of a 
nucleic acid target sequence, or a speci?c base Within the 
target sequence, in a nucleic acid sample, and comprises the 
folloWing steps. A treated sample is provided that contains 
a nucleic acid sample that may include a nucleic acid target 
sequence hybridiZed With a ?rst nucleic acid probe strand. 

[0085] The hybrid is termed the ?rst hybrid. The ?rst 
probe is comprised of at least tWo sections. The ?rst section 
contains the probe 3‘-terminal about 10 to about 30 nucle 
otides that are complementary to the target nucleic acid 
sequence at a position beginning about 5 to about 30 
nucleotides doWnstream of the target interrogation position. 
The second section of the ?rst probe contains about 5 to 
about 30 nucleotides that are a repeat of the target sequence 
from the interrogation position to about 10 to about 30 
nucleotides doWnstream of the interrogation position, and 
does not hybridiZe to the ?rst section of the probe. An 
optional third section of the probe, located betWeen the ?rst 
and second sections of the probe, is Zero to about 50, 
preferably up to about 20, nucleotides in length and com 
prises a sequence that does not hybridiZe to either the ?rst or 
second section. 

[0086] The ?rst hybrid in the treated sample is extended at 
the 3‘-end of the ?rst probe, thereby extending the ?rst probe 
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past the interrogation position and forming an extended ?rst 
hybrid Whose sequence includes an interrogation position. 
The extended ?rst hybrid is comprised of the original target 
nucleic acid and extended ?rst probe. The extended ?rst 
hybrid is then denatured in an aqueous composition to 
separate the tWo nucleic acid strands of the hybridiZed 
duplex and form an aqueous solution containing a separated 
target nucleic acid and a separated extended ?rst probe. 

[0087] A second probe, that is about 10 to about 2000, 
preferably about 10 to about 200, most preferably about 10 
to about 30 nucleotides in length and is complementary to 
the extended ?rst probe at a position beginning about 5 to 
about 2000, preferably about 5 to about 200, nucleotides 
doWnstream of the interrogation position in extended ?rst 
probe, is annealed to the extended ?rst probe, thereby 
forming the second hybrid. The second hybrid is extended at 
the 3‘-end of the second probe until that extension reaches 
the 5‘-end of the extended ?rst probe, thereby forming a 
second extended hybrid Whose 3‘-region includes an iden 
ti?er nucleotide. In preferred embodiments the extending 
polymerase for both extensions does not add a nucleotide to 
the 3‘ end that does not have a corresponding complemen 
tary nucleotide in the template. 

[0088] An aqueous composition of the extended second 
hybrid is denatured to separate the tWo nucleic acid strands. 
The aqueous composition so formed is cooled to form a 
“hairpin structure” from the separated extended second 
probe When the target sequence is present in the original 
nucleic acid sample. 

[0089] A treated reaction mixture is formed by admixing 
the hairpin structure-containing composition With a depoly 
meriZing amount of an enZyme Whose activity is to release 
one or more nucleotides from the 3‘-terminus of a nucleic 

acid hybrid. The reaction mixture is maintained under depo 
lymeriZing conditions for a time period suf?cient to release 
3‘-terminal region identi?er nucleotides, and then analyZed 
for the presence of released identi?er nucleotides. The 
analytical output indicates the presence or absence of the 
nucleic acid target sequence. 

[0090] The present invention has many bene?ts and 
advantages, several of Which are listed beloW. 

[0091] One bene?t of the invention is that, in some 
embodiments, nucleic acid hybrids can be detected With 
very high levels of sensitivity Without the need for radio 
chemicals or electrophoresis. 

[0092] An advantage of the invention is that the presence 
or absence of one or more target nucleic acid(s) can be 
detected reliably, reproducibly, and With great sensitivity. 

[0093] A further bene?t of the invention is that quantita 
tive information can be obtained about the amount of a target 
nucleic acid sequence in a sample. 

[0094] A further advantage of the invention is that very 
slight differences in nucleic acid sequence are detectable, 
including single nucleotide polymorphisms (SNPs). 
[0095] Yet another bene?t of the invention is that the 
presence or absence of a number of target nucleic acid 
sequences can be determined in the same assay. 

[0096] Yet another advantage of the invention is that the 
presence or absence of a target nucleic acid can be deter 
mined With a small number of reagents and manipulations. 
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[0097] Another bene?t of the invention is that the pro 
cesses lend themselves to automation. 

[0098] Still another bene?t of the invention is its ?exibility 
of use in many different types of applications and assays 
including, but not limited to, detection of mutations, trans 
locations, and SNPs in nucleic acid (including those asso 
ciated With genetic disease), determination of viral load, 
species identi?cation, sample contamination, and analysis of 
forensic samples. 

[0099] Still further bene?ts and advantages of the inven 
tion Will become apparent from the speci?cation and claims 
that folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0100] In the draWings forming a portion of this disclo 
sure, 

[0101] FIG. 1. illustrates the ReaperTM assay as illustrated 
in Example 89. FIG. 1A illustrates the ?rst hybrid formed by 
the annealing of nucleic acid target SEQ ID NO:111 (111) to 
?rst probe SEQ ID NO: 112 (112). An arroW points to an 
interrogation position in 111. 

[0102] FIG. 1B illustrates the ?rst extended hybrid 
formed by the annealing of ill to the extended 112. Extended 
112 is ?rst extended probe SEQ ID NO: 113 (113). 

[0103] FIG. 1C illustrates the second hybrid formed by 
annealing of 113 from the denatured nucleic acid molecule 
shoWn in FIG. 1B to the second probe denoted SEQ ID NO: 
114 (114). An arroW points to the interrogation position in 
113. 

[0104] FIG. 1D illustrates the extended second hybrid 
formed by the annealing of 113 and the extended 114 strand 
denoted SEQ ID NO: 115 (115). 

[0105] FIG. 1E illustrates the 115 strand denatured from 
FIG. 1D and forming a hairpin structure. An arroW points to 
the interrogation position at the 3‘-terminus of the hybrid. 

De?nitions 

[0106] To facilitate understanding of the invention, a num 
ber of terms are de?ned beloW. 

[0107] “Nucleoside”, as used herein, refers to a compound 
consisting of a purine [guanine (G) or adenine or 
pyrimidine [thymine (T), uridine (U) or cytidine base 
covalently linked to a pentose, Whereas “nucleotide” refers 
to a nucleoside phosphorylated at one of its pentose 
hydroxyl groups. “XTP”, “XDP” and “XMP” are generic 
designations for ribonucleotides and deoxyribonucleotides, 
Wherein the “TP” stands for triphosphate, “DP” stands for 
diphosphate, and “MP” stands for monophosphate, in con 
formity With standard usage in the art. Subgeneric designa 
tions for ribonucleotides are “NMP”, “NDP” or “NTP”, and 
subgeneric designations for deoxyribonucleotides are 
“dNMP”, “dNDP” or “dNTP”. Also included as “nucleo 
side”, as used herein, are materials that are commonly used 
as substitutes for the nucleosides above such as modi?ed 
forms of these bases (e.g. methyl guanine) or synthetic 
materials Well knoWn in such uses in the art, such as inosine. 

[0108] A “nucleic acid,” as used herein, is a covalently 
linked sequence of nucleotides in Which the 3‘ position of the 
pentose of one nucleotide is joined by a phosphodiester 
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group to the 5‘ position of the pentose of the next, and in 
Which the nucleotide residues (bases) are linked in speci?c 
sequence; i.e., a linear order of nucleotides. A “polynucle 
otide,” as used herein, is a nucleic acid containing a 
sequence that is greater than about 100 nucleotides in length. 
An “oligonucleotide,” as used herein, is a short polynucle 
otide or a portion of a polynucleotide. An oligonucleotide 
typically contains a sequence of about tWo to about one 
hundred bases. The Word “oligo” is sometimes used in place 
of the Word “oligonucleotide” . 

[0109] A base “position” as used herein refers to the 
location of a given base or nucleotide residue Within a 
nucleic acid. 

[0110] A “nucleic acid of interest,” as used herein, is any 
particular nucleic acid one desires to study in a sample. 

[0111] The term “isolated” When used in relation to a 
nucleic acid or protein, refers to a nucleic acid sequence or 
protein that is identi?ed and separated from at least one 
contaminant (nucleic acid or protein, respectively) With 
Which it is ordinarily associated in its natural source. Iso 
lated nucleic acid or protein is present in a form or setting 
that is different from that in Which it is found in nature. In 
contrast, non-isolated nucleic acids or proteins are found in 
the state they eXist in nature. 

[0112] As used herein, the term “puri?ed” or “to purify” 
means the result of any process Which removes some 
contaminants from the component of interest, such as a 
protein or nucleic acid. The percent of a puri?ed component 
is thereby increased in the sample. 

[0113] The term “Wild-type,” as used herein, refers to a 
gene or gene product that has the characteristics of that gene 
or gene product that is most frequently observed in a 
population and is thus arbitrarily designated the “normal” or 
“Wild-type” form of the gene. In contrast, the term “modi 
?ed” or “mutant” as used herein, refers to a gene or gene 
product that displays modi?cations in sequence and/or func 
tional properties (i.e., altered characteristics) When com 
pared to the Wild-type gene or gene product. 

[0114] Nucleic acids are knoWn to contain different types 
of mutations. As used herein, a “point” mutation refers to an 
alteration in the sequence of a nucleotide at a single base 
position. A “lesion”, as used herein, refers to site Within a 
nucleic acid Where one or more bases are mutated by 
deletion or insertion, so that the nucleic acid sequence differs 
from the Wild-type sequence. 

[0115] A “single nucleotide polymorphism” or SNP, as 
used herein, is a variation from the most frequently occur 
ring base at a particular nucleic acid position. 

[0116] Homologous genes or alleles from different species 
are also knoWn to vary in sequence. Regions of homologous 
genes or alleles from different species can be essentially 
identical in sequence. Such regions are referred to herein as 
“regions of identity.” It is contemplated herein that a “region 
of substantial identity” can contain some “mismatches,” 
Where bases at the same position in the region of identity are 
different. This base position is referred to herein as “mis 
match position.” DNA molecules are said to have a “5‘ 
terminus” (5‘ end) and a “3‘-terminus” (3‘ end) because 
nucleic acid phosphodiester linkages occur to the 5‘ carbon 
and 3‘ carbon of the pentose ring of the substituent mono 
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nucleotides. The end of a polynucleotide at Which a neW 
linkage Would be to a 5‘ carbon is its 5‘ terminal nucleotide. 
The end of a polynucleotide at Which a neW linkage Would 
be to a 3‘ carbon is its 3‘ terminal nucleotide. A terminal 
nucleotide, as used herein, is the nucleotide at the end 
position of the 3‘- or 5‘-terminus. As used herein, a nucleic 
acid sequence, even if internal to a larger oligonucleotide or 
polynucleotide, also can be said to have 5‘- and 3‘-ends. For 
eXample, a gene sequence located Within a larger chromo 
some sequence can still be said to have a 5‘- and 3‘-end. 

[0117] As used herein, the 3‘-terminal region of the nucleic 
acid probe refers to the region of the probe including 
nucleotides Within about 10 residues from the 3‘-terminal 
position. 
[0118] In either a linear or circular DNA molecule, dis 
crete elements are referred to as being “upstream” or “5‘” 
relative to an element if they are bonded or Would be bonded 
to the 5‘-end of that element. Similarly, discrete elements are 
“doWnstream” or “3‘” relative to an element if they are or 
Would be bonded to the 3‘-end of that element. Transcription 
proceeds in a 5‘ to 3‘ manner along the DNA strand. This 
means that RNA is made by the sequential addition of 
ribonucleotide-5‘-triphosphates to the 3‘-terminus of the 
groWing chain (With the elimination of pyrophosphate). 

[0119] As used herein, the term “target nucleic acid” or 
“nucleic acid target” refers to a particular nucleic acid 
sequence of interest. Thus, the “target” can eXist in the 
presence of other nucleic acid molecules or Within a larger 
nucleic acid molecule. 

[0120] As used herein, the term “nucleic acid probe” refers 
to an oligonucleotide or polynucleotide that is capable of 
hybridiZing to another nucleic acid of interest. Anucleic acid 
probe may occur naturally as in a puri?ed restriction digest 
or be produced synthetically, recombinantly or by PCR 
ampli?cation. As used herein, the term “nucleic acid probe” 
refers to the oligonucleotide or polynucleotide used in a 
method of the present invention. That same oligonucleotide 
could also be used, for eXample, in a PCR method as a 
primer for polymeriZation, but as used herein, that oligo 
nucleotide Would then be referred to as a “primer”. Herein, 
oligonucleotides or polynucleotides may contain a phospho 
rothioate bond. 

[0121] As used herein, the terms “complementary” or 
“complementarity” are used in reference to nucleic acids 
(i.e., a sequence of nucleotides) related by the Well-knoWn 
base-pairing rules thatApairs With T and C pairs With G. For 
eXample, the sequence 5‘-A-G-T-3‘, is complementary to the 
sequence 3‘-T-C-A-5‘. Complementarity can be “partial,” in 
Which only some of the nucleic acid bases are matched 
according to the base pairing rules. On the other hand, there 
may be “complete” or “total” complementarity betWeen the 
nucleic acid strands When all of the bases are matched 
according to base pairing rules. The degree of complemen 
tarity betWeen nucleic acid strands has signi?cant effects on 
the ef?ciency and strength of hybridiZation betWeen nucleic 
acid strands as knoWn Well in the art. This is of particular 
importance in detection methods that depend upon binding 
betWeen nucleic acids, such as those of the invention. The 
term “substantially complementary” refers to any probe that 
can hybridiZe to either or both strands of the target nucleic 
acid sequence under conditions of loW stringency as 
described beloW or, preferably, in polymerase reaction buffer 
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(Promega, M195A) heated to 95° C. and then cooled to room 
temperature. As used herein, When the nucleic acid probe is 
referred to as partially or totally complementary to the target 
nucleic acid, that refers to the 3‘-terminal region of the probe 
(i.e. Within about 10 nucleotides of the 3‘-terminal nucle 
otide position). 

[0122] As used herein, the term “hybridization” is used in 
reference to the pairing of complementary nucleic acid 
strands. HybridiZation and the strength of hybridiZation (i.e., 
the strength of the association betWeen nucleic acid strands) 
is impacted by many factors Well knoWn in the art including 
the degree of complementarity betWeen the nucleic acids, 
stringency of the conditions involved affected by such 
conditions as the concentration of salts, the Trn (melting 
temperature) of the formed hybrid, the presence of other 
components (e.g., the presence or absence of polyethylene 
glycol), the molarity of the hybridiZing strands and the G:C 
content of the nucleic acid strands. 

[0123] As used herein, the term “stringency” is used in 
reference to the conditions of temperature, ionic strength, 
and the presence of other compounds, under Which nucleic 
acid hybridiZations are conducted. With “high stringency” 
conditions, nucleic acid base pairing Will occur only 
betWeen nucleic acid fragments that have a high frequency 
of complementary base sequences. Thus, conditions of 
“Weak” or “loW” stringency are often required When it is 
desired that nucleic acids Which are not completely comple 
mentary to one another be hybridiZed or annealed together. 
The art knoWs Well that numerous equivalent conditions can 
be employed to comprise loW stringency conditions. 

[0124] As used herein, the term “Tm” is used in reference 
to the “melting temperature”. The melting temperature is the 
temperature at Which 50% of a population of double 
stranded nucleic acid molecules becomes dissociated into 
single strands. The equation for calculating the Tm of 
nucleic acids is Well-known in the art. The Tm of a hybrid 
nucleic acid is often estimated using a formula adopted from 
hybridiZation assays in 1 M salt, and commonly used for 
calculating Trn for PCR primers: [(number of A+T)><20° 
C.+(number of G+C)><4° C.]. C. R. NeWton et al. PCR, 2nd 
Ed., Springer-Verlag (NeW York: 1997), p. 24. This formula 
Was found to be inaccurate for primers longer that 20 
nucleotides. Id. Other more sophisticated computations eXist 
in the art Which take structural as Well as sequence charac 
teristics into account for the calculation of Tm. A calculated 
T is merely an estimate; the optimum temperature is 
commonly determined empirically. 

[0125] The term “homology,” as used herein, refers to a 
degree of complementarity. There can be partial homology 
or complete homology (i.e., identity). A partially comple 
mentary sequence that at least partially inhibits a completely 
complementary sequence from hybridiZing to a target 
nucleic acid is referred to using the functional term “sub 
stantially homologous.” 

[0126] When used in reference to a double-stranded 
nucleic acid sequence such as a cDNA or genomic clone, the 
term “substantially homologous,” as used herein, refers to a 
probe that can hybridiZe to a strand of the double-stranded 
nucleic acid sequence under conditions of loW stringency. 

[0127] When used in reference to a single-stranded nucleic 
acid sequence, the term “substantially homologous,” as used 

Apr. 24, 2003 

herein, refers to a probe that can hybridiZe to (i.e., is the 
complement of) the single-stranded nucleic acid template 
sequence under conditions of loW stringency. 

[0128] The term “interrogation position,” as used herein, 
refers to the location of a given base of interest Within a 
nucleic acid probe. For eXample, in the analysis of SNPs, the 
“interrogation position” in the probe is in the position that 
Would be complementary to the single nucleotide of the 
target that may be altered from Wild type. The analytical 
output from a method of the invention provides information 
about a nucleic acid residue of the target nucleic acid that is 
complementary to an interrogation position of the probe. An 
interrogation position is Within about ten bases of the actual 
3‘-terminal nucleotide of the nucleic acid probe, although 
not necessarily at the 3‘-terminal nucleotide position. The 
interrogation position of the target nucleic acid sequence is 
opposite the interrogation position of the probe, When the 
target and probe nucleic acids are hybridiZed. 

[0129] The term “identi?er nucleotide,” as used herein, 
refers to a nucleotide Whose presence is to be detected in a 
process of the invention to identify that a depolymeriZation 
reaction has occurred. The particular application of a method 
of the invention affects Which residues are considered an 
identi?er nucleotide. For a method using ATP detection (e.g. 
luciferase/luciferin or NADH) Wherein, during analysis, all 
nucleotides released in the depolymeriZation are “con 
verted” to ATP With an enZyme such as NDPK, all nucle 
otides released are identi?er nucleotides. Similarly, for a 
method using absorbance detection that does not distinguish 
betWeen nucleotides, all released nucleotides are identi?er 
nucleotides. For a mass spectrometric detection Wherein all 
the released nucleotides are analyZed, all released nucle 
otides can be identi?er nucleotides; alternatively a particular 
nucleotide (eg a nucleotide analog having a distinctive 
mass) can be detected. For ?uorescence detection, a ?uo 
rescently-labeled nucleotide is an identi?er nucleotide. The 
nucleotide may be labeled prior to or after release from the 
nucleic acid. For radiographic detection, a radioactively 
labeled nucleotide is an identi?er nucleotide. In some cases, 
the release of identi?er nucleotide is deduced by analyZing 
the remainder of the probe after a depolymeriZation step of 
the invention. Such analysis is generally by a determination 
of the siZe or mass of the remaining probe and can be by any 
of the described analytical methods (e. g. a ?uorescent tag on 
the 5‘-terminus of the probe to monitor its molecular Weight 
folloWing capillary electrophoresis). 
[0130] As used herein, the terms “restriction endonu 
cleases” and “restriction enZymes” refer to a class of 
enZymes, each of Which cut double-stranded DNA. Some 
restriction endonucleases cut double strand DNA at or near 
a speci?c nucleotide sequence, such as the enZyme com 
monly referred to as BamH I that recogniZes the double 
strand sequence S‘GGATCC 3‘. HoWever, other representa 
tives of such enZymes cut DNA in a non-speci?c manner 
such as the DNA endonuclease DNase I. 

[0131] The term “sample,” as used herein, is used in its 
broadest sense. A sample suspected of containing a nucleic 
acid can comprise a cell, chromosomes isolated from a cell 
(e.g., a spread of metaphase chromosomes), genomic DNA, 
RNA, cDNA and the like. 

[0132] The term “detection,” as used herein, refers to 
quantitatively or qualitatively identifying a nucleotide or 
nucleic acid Within a sample. 
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[0133] The term “depolymeriZation,” as used herein, 
refers to the removal of a nucleotide from the 3‘ end of a 
nucleic acid. 

[0134] The term “allele,” as used herein, refers to an 
alternative form of a gene and the term “locus,” as used 
herein, refers to a particular place on a nucleic acid mol 
ecule. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0135] A method of this invention is used to determine the 
presence or absence of at least one predetermined (known) 
endogenous nucleic acid target sequence in a nucleic acid 
sample. A nucleic acid target is “predetermined” in that its 
sequence must be knoWn to design a probe that hybridiZes 
With that target. HoWever, it should be noted that a nucleic 
acid target sequence, as used With respect to a process of this 
invention, may merely act as a reporter to signal the pres 
ence of a different nucleic acid Whose presence is desired to 
be determined. That other nucleic acid of interest does not 
have to have a predetermined sequence. Furthermore, in 
many embodiments, a process of the invention is useful in 
determining the identity of a base Within a target Where only 
enough of the sequence is knoWn to design a probe that 
hybridiZes to that target With partial complementarity at the 
3‘-terminal region of the probe. 

[0136] Such a method utiliZes an enZyme that can depo 
lymeriZe the 3‘-terminus of an oligonucleotide probe hybrid 
iZed to the nucleic acid target sequence to release one or 
more identi?er nucleotides Whose presence or absence can 
then be determined as an analytical output that indicates the 
presence or absence of the target sequence. 

[0137] A nucleic acid target sequence is predetermined (or 
known) in that a nucleic acid probe is provided to be 
partially or totally complementary to that nucleic acid target 
sequence. A nucleic acid target sequence is a portion of 
nucleic acid sample With Which the probe hybridiZes if that 
target sequence is present in the sample. 

[0138] A nucleic acid target is “endogenous” When it is a 
natural part of the sample being assayed. For example, 
analysis of a human body sample to ascertain its genetic 
makeup (e.g. trisomy or Duchennes muscular dystrophy 
analysis) Will have an endogenous nucleic acid target. On 
the other hand, analysis of a human body sample to search 
for the presence of a viral pathogen has an exogenous target. 
HoWever, analysis of a microbiological sample to determine 
its genetic makeup (e.g. speciation) has an endogenous 
target. 

[0139] A ?rst step of the method is admixing a sample to 
be assayed With one or more nucleic acid probes. The 
admixing of the ?rst step is typically carried out under loW 
stringency hybridiZing conditions to form a hybridiZation 
composition. In such a hybridiZation composition, the 3‘-ter 
minal region of the nucleic acid probe(s) hybridiZes With 
partial or total complementarity to a nucleic acid target 
sequence that may be present in the sample; and (ii) includes 
an identi?er nucleotide in the 3‘-terminal region. 

[0140] Preferably, the nucleic acid probe is designed to not 
hybridiZe With itself to form a hairpin structure in such a Way 
as to interfere With hybridiZation of the 3‘-terminal region of 
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the probe to the target nucleic acid. Parameters guiding 
probe design are Well knoWn in the art. 

[0141] The hybridiZation composition is maintained under 
hybridiZing conditions for a time period suf?cient to form a 
treated sample that may contain at least one predetermined 
nucleic acid target sequence hybridiZed With a nucleic acid 
probe. 
[0142] In the event that the sample to be assayed does not 
contain a target sequence to Which the probe hybridiZes, no 
hybridiZation takes place. When a method of the present 
invention is used to determine Whether a particular target 
sequence is present or absent in a sample to be assayed, the 
resulting treated sample may not contain a substrate for the 
enZymes of the present invention. As a result, a 3‘ terminal 
region identi?er nucleotide is not released and the analytical 
output is at or near background levels. 

[0143] The treated sample is admixed With a depolymer 
iZing amount of an enZyme Whose activity is to release one 
or more identi?er nucleotides from the 3‘-terminal region of 
the probe that is hybridiZed to the nucleic acid target to form 
a depolymeriZation reaction mixture. The choice of enZyme 
used in the process determines if a match or mismatch at the 
3‘-terminal nucleotide results in release of that 3‘-terminal 
nucleotide. Further information regarding speci?c enZyme 
reaction conditions is discussed in detail hereinafter. 

[0144] The depolymeriZation reaction mixture is main 
tained under depolymeriZing conditions for a time period 
suf?cient to permit the enZyme to depolymeriZe hybridiZed 
nucleic acid and release identi?er nucleotides therefrom to 
form a treated reaction mixture. 

[0145] The presence or absence of released identi?er 
nucleotides is then determined to obtain an analytical output. 
The analytical output indicates the presence or absence of at 
least the one nucleic acid target sequence. 

[0146] Processes of the invention can also be concerned 
With the degree of hybridiZation of the target to the 3‘-ter 
minal region of the probe. Examples hereinafter shoW that 
the distinction betWeen a matched and mismatched base 
becomes less notable as a single mismatch is at a position 
further upstream from the 3‘-terminal region position. There 
is very little discrimination betWeen a match and mismatch 
When a single mismatch is ten to tWelve residues from the 
3‘-terminal nucleotide position, Whereas great discrimina 
tion is observed When a single mismatch is at the 3‘-termi 
nus. Therefore, When the degree of complementarity (partial 
or total complementarity) of a nucleic acid probe hybridiZed 
to a target nucleic acid sequence is referred to herein in 
regard to an identi?er nucleotide, this is to be understood to 
be referring to Within the 3‘-terminal region, up to about ten 
residues of the 3‘-terminal position. 

[0147] The suf?ciency of the time period for hybridiZation 
can be empirically ascertained for a control sample for 
various hybridiZing conditions and nucleic acid probe/target 
combinations. Exemplary maintenance times and conditions 
are provided in the speci?c examples hereinafter and typi 
cally re?ect loW stringency hybridiZation conditions. In 
practice, once a suitable set of hybridiZation conditions and 
maintenance time periods are knoWn for a given set of 
probes, an assay using those conditions provides the correct 
result if the nucleic acid target sequence is present. Typical 
maintenance times are about 5 to about 60 minutes. 
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[0148] The conditions and considerations With respect to 
hybridization of PCR primers to template nucleic acid in 
PCR are applicable to the hybridization of nucleic acid 
probes to target sequences in a process of the invention. 
Such hybridization conditions are Well knoWn in the art, and 
are a matter of routine experimentation depending on factors 
including the sequence of the nucleic acid probe and the 
target nucleic acid [sequence identity (homology), length 
and G+C content] molar amounts of nucleic acid present, 
buffer, salt content and dupleX Tm among other variables. 

[0149] Processes of the invention are sensitive and hybrid 
ization conditions of loW stringency (e.g. temperature of 
0-4° C.) are suf?cient, but moderate stringency conditions 
(i.e. temperatures of 40-60° C.) also permit hybridization 
and provide acceptable results. This is true for all processes 
of the invention. 

[0150] In one contemplated embodiment of the invention, 
the enzyme Whose activity is to depolymerize hybridized 
nucleic acid to release nucleotides from the probe 3‘-termi 
nal end is a template-dependent polymerase. In such an 
embodiment, the reverse of a polymerase reaction is used to 
depolymerize a nucleic acid probe, and the identi?er nucle 
otide is released When the 3‘-terminal nucleotide of the 
nucleic acid probe hybridizes With total complementarity to 
its nucleic acid target sequence. A signal con?rms the 
presence of a nucleic acid target sequence that has the 
sequence suf?ciently complementary to the nucleic acid 
probe to be detected by the process of the invention. 

[0151] In an embodiment that uses a 3‘—>5‘ exonuclease 
activity of a polymerase, such as KlenoW or T4 DNA 
polymerase (but not limited to those tWo enzymes), to 
depolymerize a nucleic acid probe, an identi?er nucleotide 
is released When the 3‘-terminal residue of the nucleic acid 
probe is mismatched and therefore there is only partial 
complementarity of the 3‘-terminus of the nucleic acid probe 
to its nucleic acid target sequence. In this embodiment, to 
minimize background, the hybrid is typically puri?ed from 
the un-annealed nucleic acid prior to the enzyme reaction, 
Which releases identi?er nucleotides. A signal con?rms the 
presence of a nucleic acid target sequence that is not totally 
complementary to the nucleic acid probe. 

[0152] In an embodiment that uses a 3‘Q5‘ eXonuclease 
activity of EXonuclease III to depolymerize a nucleic acid 
probe, an identi?er nucleotide is released When the 3‘-ter 
minal residue of the nucleic acid probe is matched to the 
target nucleic acid in the hybrid. A signal con?rms the 
presence of a nucleic acid target that is complementary to the 
probe at the released identi?er nucleotide. 

[01533] It is thus seen that hybridization and depolymer 
ization can lead to the release of an indicator nucleotide or 

to little or no release of such a nucleotide, depending upon 
Whether the probe:target hybrid is matched or mismatched at 
the 3‘-terminal region. This is also dependent on the type of 
enzyme used and the type of end, matched or mismatched, 
that the enzyme requires for depolymerization activity. 

[0154] The magnitude of a contemplated analytical output 
under de?ned conditions is dependent upon the amount of 
released nucleotides. Where an identi?er nucleotide is 
released, an analytical output can be provided that has a 
value greater than background. Where an identi?er nucle 
otide is not released either because the target sequence Was 

Apr. 24, 2003 

not present in the original sample or because the probe and 
depolymerizing enzyme chosen do not provide release of a 
3‘-terminal nucleotide When the target is present, or if the 
match/mismatch state of the 3‘-terminal nucleotide did not 
match that required for the enzyme used to release a 3‘-ter 
minal nucleotide, the analytical output is substantially at a 
background level. 

[0155] In an eXample dealing With background levels, the 
net relative light values for analytical output are typically 
calculated as folloWs. First the results from matching 
samples are averaged, then the net light production from the 
matching and mismatching samples is determined and the 
net light production from the matching reaction is divided by 
that seen in the mismatch reaction. The net light production 
Was determined by subtracting the estimated light contribu 
tion from the probes and template present in the reactions 
from the total light produced. The light production from the 
template reaction Was considered to be the total of that 
contributed from the template speci?cally and that contrib 
uted by contaminating ATP from various reaction compo 
nents. The net increase from the probes alone Was calculated 
by subtracting the average “No Target DNA” values from 
the probe values since this subtracts the contributions from 
contaminating ATP from the probe values. Thus, the formula 
used to determine the net light production from the reactions 
Was: 

Net Light=Total light-[(target alone)+(probe alone 
No DNA)] 

[0156] For eXample, in the case of an assay to determine 
Which of tWo alleles are present, the net light values are used 
to determine the signal ratio by dividing the signal from the 
?rst allele probe by the signal from the second allele probe. 

[0157] It has been observed that very different detection 
ratios can be calculated from tWo sets of probes but that the 
signal ratios from the different target genotypes are easily 
distinguishable from each other. In addition, a mismatching 
allele probe gave a relatively loW light signal in the absence 
of nucleic acid target using loW concentrations of KlenoW 
eXo—. If such manipulations Were not used, the light signal 
from the probe alone Would be a large contribution to the 
total signal of the samples containing the probe, making 
sensitive allele discrimination more dif?cult. 

[0158] Depolymerization reactions and enzymes useful in 
such reactions are discussed beloW. 

[0159] Depolymerization 
[0160] Nucleic acid polymerases generally catalyze the 
elongation of nucleic acid chains. The reaction is driven by 
the cleavage of a pyrophosphate released as each nucleotide 
is added. Each nucleoside-S‘--triphosphate has three phos 
phate groups linked to carbon ?ve of the ribose or deoXyri 
bose sugar. The addition of a nucleotide to a groWing nucleic 
acid results in formation of an internucleoside phosphodi 
ester bond. This bond is characterized in having a 3‘ linkage 
to carbon 3 of ribose or deoXyribose and a 5‘ linkage to 
carbon 5 of ribose or deoXyribose. Each nucleotide is added 
through formation of a neW 3‘Q5‘ linkage, so the nucleic 
acid strand groWs in a 5‘ to 3‘ direction. 

[0161] Depolymerization in its strictest sense means the 
reverse of polymerization so that in the present conteXt, an 
internucleotide phosphodiester bond is broken betWeen the 
tWo 3‘-terminal bases in the presence of pyrophosphate and 
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a polymerase enzyme to form a nucleic acid that is one 
nucleotide shorter and a nucleoside triphosphate. A some 
What more encompassing de?nition is contemplated here. In 
accordance With that de?nition, the 3‘-terminal nucleotide is 
removed from a nucleic acid in a reaction catalyZed by an 
enZyme, but the nucleotide formed can be a monophosphate 
and pyrophosphate is not alWays required. 

[0162] The former reactions are referred to herein as 
pyrophosphorolysis reactions Whereas the latter reactions 
are referred to as exonuclease reactions. These tWo types of 
depolymeriZation are discussed beloW. 

[0163] It is to be understood that the depolymeriZation 
reaction of interest in the invention is that depolymeriZation 
occurring in the 3‘-terminal region of the nucleic acid probe. 
This depolymeriZation reaction releases identi?er nucle 
otide, as discussed herein. 

[0164] A. Pyrophosphorolysis 

[0165] In some embodiments of the present invention, a 
method comprises depolymeriZing the nucleic acid (NA) at 
a 3‘-terminal nucleotide by enZymatically cleaving the ter 
minal internucleoside phosphodiester bond in the presence 
of pyrophosphate, or an analogue thereof, to form an XTP as 
illustrated by the folloWing reaction on double-stranded 
DNA having a 5‘ overhang: 

5'. . . TpApCpGpGpCpT-S'OH 

3'. . . ApTpGpCpCpGpApCpTp-5' 

] enzyme + PPi 
5' . . . TpApCpGp-3 'OH 

3 ' . . . ApTpGpCpCpGpApCpTp-5 ' 

+ dGTP + dCTP + dTTP 

[0166] Several polymerases are knoWn to catalyZe the 
reverse of the polymeriZation process. This reverse reaction 
is called “pyrophosphorolysis.” The pyrophosphorolysis 
activity of DNApolymerase Was demonstrated by Deutscher 
and Kornberg, J. Biol. Chem, 244:3019-28 (1969). Other 
template-dependent nucleic acid polymerases capable of 
pyrophosphorolysis include, but are not limited to, DNA 
polymerase 0t, DNA polymerase [3, T4 DNA polymerase, 
Taq polymerase, Tne polymerase, Tne triple mutant poly 
merase, Tth polymerase, Tvu polymerase, Ath polymerase, 
Bst polymerase, E. coli DNA polymerase I, KlenoW frag 
ment, KlenoW exo minus (exo—), AMV reverse tran 
scriptase, RNA polymerase and MMLV reverse tran 
scriptase. HoWever, not all polymerases are knoWn to 
possess pyrophosphorolysis activity. For example, poly(A) 
polymerase has been reported to not catalyZe pyrophospho 
rylation. (See Sippel, Eur. J. Biochem. 37:31-40 (1973)). 

[0167] A mechanism of pyrophosphorolysis has been sug 
gested for RNA polymerase. Although understanding of the 
mechanism is not necessary to use the present invention, it 
is believed that the partial transfer of a Mg2+ ion from the 
attacking pyrophosphate to the phosphate of the internucleo 
side phosphodiester bond of the RNA can increase the 
nucleophilic reactivity of the pyrophosphate and the elec 
trophilicity of the diester as described in RoZovskaya et al., 
Biochem. J ., 224:645-50 (1984). The internucleoside phos 
phodiester bond is enZymatically cleaved by the addition of 
pyrophosphate to the nucleoside 5‘ phosphate and a neW 
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phosphodiester bond is formed betWeen the pyrophosphate 
and the nucleoside monophosphate. 

[0168] The pyrophosphorolysis reaction can be summa 
riZed as folloWs: 

Reaction 1: NAn+PP;—NAni1+XTP 

[0169] Wherein NA is a nucleic acid, n is the number of 
nucleotide bases, PPi is pyrophosphate and XTP is either a 
DNTP molecule or NTP molecule. The reaction can then be 

repeated so as to produce at least tWo XTP molecules. It 
should be noted that the reaction can be repeated on the same 

nucleic acid molecule or on a plurality of different nucleic 
acid molecules. 

[0170] In a preferred embodiment in the case of the 
reverse of polymerase activity (pyrophosphorolysis), a pre 
ferred substrate is a DNA probe hybridiZed to a nucleic acid 
target sequence With total complementarity at its 3‘-termi 
nus, including an identi?er residue at the 3‘-terminal region. 
In an example of this preferred embodiment, When the 
nucleic acid probe is hybridiZed to a nucleic acid target 
sequence such that there is one base mismatch at the 
3‘-terminal nucleotide of the nucleic acid probe, the nucleic 
acid probe is inef?ciently depolymeriZed through the reverse 
polymeriZation reaction. Thus, such a substrate is not an 
ideal substrate for depolymeriZation. 

[0171] The non-ideality of the substrate for depolymer 
iZation via a reverse of the polymeriZation reaction is 
recogniZed With a single base mismatch as far in as about 10 
residues from the 3‘-terminus of the nucleic acid probe. With 
a single base mismatch 12 residues from the 3‘-terminus of 
the probe, the depolymeriZation reaction can occur to 
approximately the same extent as When there is no mismatch 

and the nucleic acid probe is totally complementary to the 
nucleic acid target sequence. 

[0172] It is thus contemplated that the reactivity of the 
depolymeriZation reaction is a continuum that is related to 
the ef?ciency of the substrate. A partially complementary 
hybrid is a less efficient depolymeriZation substrate than a 
totally complementary hybrid for the reverse of a polymer 
iZation reaction. It is contemplated that this differential 
reactivity be used to enhance the discrimination betWeen 
matches and mismatches at certain positions (eg an inter 
rogation position). When a substrate hybrid is totally 
complementary, it Will give a fairly high analytical output. A 
mismatch can be intentionally introduced to destabiliZe the 
substrate hybrid. Such a destabiliZation can increase the 
difference in analytical output betWeen bases substituted at 
an interrogation position that is different from the destabi 
liZing base position. 

[0173] Several chemical compounds are knoWn in the art 
to be substitutable for pyrophosphate in pyrophosphorolysis 
reactions. RoZovskaya, et al., Biochem. J., 224:645-650 
(1984). Exemplary compounds and their released nucleotide 
product are shoWn in the table beloW, along With the 
nucleotide product (Where the ribonucleoside or deoxyribo 
nucleoside is denoted “Nuc”) of pyrophosphorolysis. 
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PPi Analog Pyrophosphorylation Product 

|| II 
o 0 

|| 
0 H O O 

[0174] Preferred reaction mixtures for depolymeriZation 
by pyrophosphorolysis, including suitable buffers for each 
nucleic acid polymerase analyzed, are described in greater 
detail in the Examples. Typically, under these conditions, 
sufficient NTP or dNTP is released to accurately detect or 
assay extremely loW amounts of nucleic acids (e.g., about 
5-1000 picograms). ATP can be produced by conversion 
from XTP by an enZyme such as NDPK (in the presence of 
ADP) prior to analysis or the ATP can be further ampli?ed 
prior to analysis. 

[0175] Even though the preferred reaction conditions for 
polymeriZation and depolymeriZation by pyrophosphoroly 
sis are similar, the rates of these reactions can vary greatly. 
For example, AMV and RLV reverse transcriptases catalyZe 
pyrophosphorolysis under optimal conditions at a rate of 
about ?fty- to one hundred-fold less than polymeriZation as 
demonstrated in Srivastavan and Modak, J. Biol. Chem, 
255(5):2000-04 (1980). Thus, the high ef?ciency of the 
pyrophosphorolysis reaction Was unexpected, and appears to 
be associated With extremely loW levels of DNA substrate, 
in contrast to previous DNA pyrophosphorolysis studies 
conducted using much greater amounts of DNA. 

[0176] Although not Wishing to be bound by theory, a 
possible explanation for this effect might also be that the 
molar concentrations of free deoxyribonucleoside triphos 
phates produced at very loW DNA levels Would be predicted 
to be very loW. Indeed, these levels are expected to be far 
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beloW the Michaelis constant of the enZyme. Thus, 
reincorporation of released dNTPs Would be expected to be 
vanishingly small. 

[0177] The pyrophosphorolysis activity of different 
nucleic acid polymerases also varies. For example, T4 
polymerase and Tne DNA polymerase possess very high 
pyrophosphorolysis activity as measured by a luciferase 
assay for ATP produced by pyrophosphorolysis. Pyrophos 
phorolysis using T4 polymerase resulted in about a 10 fold 
increase in light production as compared to MMLV-RT and 
a 4 fold increase in light production as compared to Taq 
polymerase. 

[0178] During the development of the invention disclosed 
in the parent application, it Was discovered that the detection 
of some types of nucleic acids at loW picogram levels is 
generally enhanced by fragmenting or partially digesting the 
nucleic acid. Preferably, fragmentation is accomplished by 
sonication or restriction enZyme digestion of the nucleic acid 
in order to provide a plurality of smaller nucleic acid 
fragments. Although an understanding of the mechanism is 
not necessary in order to practice the present invention, this 
step probably enhances detection because the pyrophospho 
rolysis reaction only proceeds from the nucleic acid ends. By 
providing a greater number of nucleic acid ends, more 
reactions are alloWed to occur at any one time. 

[0179] It should be noted that DNA ends can be present 
Within a molecule as Well as at the end of a linear DNA 
fragment. For example, polymerases can catalyZe pyrophos 
phorolysis from a gap or a nick in a DNA segment. The type 
of enZyme and substrate used for pyrophosphorolysis reac 
tions determine Whether fragmentation is necessary. 

[0180] The type of DNA end resulting from restriction 
enZyme digestion also affects the pyrophosphorolysis activ 
ity of different nucleic acid polymerases. For example, 
KlenoW exo—, MMLV-RT and Tag polymerase catalyZe 
pyrophosphorolysis of DNA fragments With 5‘-overhangs 
and With blunt-ends, but have little or no pyrophosphoroly 
sis activity With 3‘-overhangs. In contrast, T4 DNA poly 
merase catalyZes both 3‘- and 5‘-end overhang and blunt-end 
mediated pyrophosphorolysis. Thus, T4 DNA polymerase is 
a preferred enZyme for pyrophosphorolysis of a hybrid With 
a 3‘-overhang. When other nucleic acid polymerases are 
utiliZed for pyrophosphorolysis of restriction enZyme treated 
DNA, it is contemplated that care is taken to match the end 
speci?city of the polymerase With the type of end created by 
the restriction endonuclease. Such care is Well Within the 
skill of those in the art. 

[0181] Tabor and Richardson, J. Biol. Chem. 265 
(14):8322-28 (1990) reported unWanted pyrophosphorolysis 
mediated by T7 DNA polymerase-catalyzed DNA sequenc 
ing by the chain termination method. Those authors note 
that, even at the most sensitive sites, the rate of unWanted 
pyrophosphorolysis is at least 100,000 times sloWer than the 
rate of polymeriZation. 

[0182] By de?nition, DNA sequencing is directed to ascer 
taining an unknoWn DNA sequence, rather than the detec 
tion of a knoWn DNA sequence. In DNA sequencing by the 
chain termination method, oligonucleotide primers are 
extended by T7 DNA polymerase supplied With exogenous 
dNTPs and dideoxy NTPs. When a dideoxy NTP is incor 
porated into an elongating primer, no further polymeriZation 
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can take place. These dideoxy-terminated fragments are then 
resolved on a DNA sequencing gel. However, in certain 
instances unWanted pyrophosphorolysis removes a 3‘-termi 
nal dideoxynucleotide from the elongated primer, Which 
alloWs T7 DNA polymerase to catalyZe additional polymer 
iZation. This additional polymeriZation leads to the degra 
dation (loss) of speci?c dideoxynucleotide-terminated frag 
ments on DNA sequencing gels. In other Words, the resulting 
DNA sequencing gel Will exhibit “holes” or gaps Where the 
DNA sequence cannot be determined. 

[0183] Tabor and Richardson, above, noted that When 
dNTPs are present in high concentrations, these pyrophos 
phorolysis sites occur once in several thousand nucleotides. 
Those authors have identi?ed a canonical sequence, 5‘ 
dIdAdN1ddN2 3‘, Which is especially sensitive to pyrophos 
phorolysis When dITP is substituted for dGTP. This 
unWanted T7 DNA polymerase-mediated pyrophosphoroly 
sis reaction can be avoided by the addition of pyrophos 
phatase, Which eliminates PPi from the DNA sequencing 
reaction mixture. Pyrophosphatase, it is reported, eliminates 
the gaps in a DNA sequencing gel, permitting the accurate 
determination of a DNA sequence using T7 DNA poly 
merase-mediated dideoxy sequencing. 

[0184] The present invention, in contrast, seeks to exploit 
DNA polymerase-mediated pyrophosphorolysis, by opti 
miZing conditions for this reverse reaction to take place. The 
present invention is directed to the detection of a knoWn 
sequence in a target nucleic acid, rather than ascertaining an 
unknoWn nucleic acid sequence using the polymeriZation 
activity of T7 DNA polymerase. 

[0185] The pyrophosphorolysis reported by Tabor and 
Richardson cannot detect the presence of a speci?c nucleic 
acid sequence. In fact, DNA sequencing by the dideoxy 
method relies upon the incorporation of dideoxy nucleotides 
into an elongating primer. The T7 DNA polymerase-medi 
ated pyrophosphorolysis reported by those authors is equally 
random, although there is reported a preference for the 
above-mentioned canonical sequence. According to Tabor 
and Richardson, in the absence of pyrophosphatase, one 
Would only note gaps in a DNA sequencing gel, and those 
gaps Would not provide any information as to the DNA 
sequence at those gaps. There is accordingly no method 
disclosed for identifying the release of 3‘ dideoxy nucle 
otides by the reported T7 DNA polymerase-mediated pyro 
phosphorolysis. 

[0186] Further, it is contemplated that the type of poly 
merase used in the pyrophosphorolysis reaction is matched 
to the correct nucleic acid substrate in order to produce the 
best results. In general, DNA polymerases and reverse 
transcriptases are preferred for depolymeriZing DNA, 
Whereas RNApolymerases are preferred for depolymeriZing 
RNA. Reverse transcriptases or DNA polymerases With 
reverse transcriptase activity are preferred for depolymeriZ 
ing RNA-DNA hybrids. 

[0187] In the parent application, it Was surprisingly deter 
mined that poly(A) polymerase can catalyZe pyrophospho 
rolysis, even though no such reaction had been previously 
reported. Indeed, poly(A) polymerase has been Widely 
reported to not catalyZe pyrophosphorolysis. (See e.g., Sip 
pel, Eur. J. Biochem, 37:31-40 (1973) and Sano and Feix, 
Eur. J. Biochem, 71:577-83 (1976)). In these preferred 
embodiments of the invention disclosed in the parent appli 
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cation, the manganese chloride present in the previously 
reported buffers is omitted, the concentration of sodium 
chloride is decreased, and the pH value is loWered from 
about 8.0 to about 7.5. Furthermore, the poly(A) polymerase 
pyrophosphorolysis reaction buffer contains about 50 mM 
Tris-Cl pH 7.5, 10 mM MgCl2, 50 mM NaCl, and 2 mM 
NaPPi (sodium pyrophosphate). 
[0188] It is important to note that the depolymeriZation 
reaction is the reverse of the polymeriZation reaction. There 
fore, as increasing amounts of free nucleoside triphosphates 
are produced by depolymeriZation, a state of equilibrium can 
theoretically be attained in Which polymeriZation and depo 
lymeriZation reactions are balanced. Alternatively, Where 
small amounts of nucleic acid are detected, the reaction can 
go essentially to completion Without reaching equilibrium, 
(i.e., the nucleic acid target is depolymeriZed into its con 
stituent subunit nucleotides by greater than 50%). This 
factor is important in quantitative assays because the total 
amount of nucleotides released is proportional to the amount 
of signal generated in the detection assay. 

[0189] When used for qualitative detection of nucleic acid, 
as long as a threshold level of nucleotides is produced, it is 
not necessary that the reaction reach equilibrium or go 
essentially to completion. In preferred embodiments, the 
mixture of nucleoside triphosphate molecules produced by 
depolymeriZation is preferably converted to ATP as 
described beloW. For either quantitative or qualitative detec 
tion, a detectable threshold ATP concentration of approxi 
mately 1><10_12 molar in 100 pl of sample is preferably 
provided for detection of light in a typical luciferase assay. 

[0190] In some preferred embodiments, oligonucleotide 
probes are typically utiliZed at about 100 ng to about 1 pg per 
20 pL depolymeriZation reaction. That amount provides a 
probe to target Weight ratio of about 200:1 to about 1,00011. 

[0191] In a preferred embodiment of the present invention, 
nucleic acid polymerase and pyrophosphate (PPi) or an 
analogue thereof, are added to a hybridiZed sample contain 
ing from less than about 100 pg of target nucleic acid, to less 
than about 10 pg of nucleic acid. Typical target nucleic acids 
are present at about 1 to about 5 ng in the sample to be 
assayed, With a target nucleic acid length of about 30 to 
about 1000 bp being preferred. 

[0192] Next, the hybridiZed nucleic acid is degraded 
(depolymeriZed) by pyrophosphorolysis, releasing free 
NTPs or dNTPs. EnZymes useful in the pyrophosphorolysis 
reaction include, but are not limited to, those noted previ 
ously such as the folloWing polymerases: AMV reverse 
transcriptase, MMLV reverse transcriptase, DNA poly 
merase alpha and beta, Tag polymerase, Tne polymerase, 
Ath polymerase, Tvu polymerase, Tne triple mutant poly 
merase, T4 DNA polymerase, E. coli DNA polymerase I, 
KlenoW fragment, KlenoW exo minus, Tth polymerase, and 
poly(A) polymerase. 

[0193] Most preferably, KlenoW exo minus (KlenoW 
exo—) or Tne triple mutant polymerase is utiliZed for DNA 
pyrophosphorolysis reactions because of their ef?cient uti 
liZation of 5‘ overhanging DNA ends. 

[0194] When using enZymes that utiliZe 5‘ overhang sub 
strates, it is preferred that the 3‘ end of the target nucleic acid 
extends beyond the 5‘ end of the nucleic acid probe. In this 
Way, the only 5‘ overhang substrate is that Where the 5‘ end 
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of the target nucleic acid overhangs the 3‘ terminal region of 
the nucleic acid probe. An alternative method of limiting 
depolymeriZation to the nucleic acid probe is chemical 
modi?cation of the ends of other nucleic acids in the sample, 
such as, for example, making a phosphorothioate linkage at 
the 3‘-terminus of the target nucleic acid. 

[0195] A depolymeriZing enZyme is preferably present in 
an amount suf?cient to depolymeriZe a hybridiZed target 
:probe. That amount can vary With the enZyme used, the 
depolymeriZation temperature, the buffer, and the like, as are 
Well-knoWn in the art. For a typical reaction carried out in 
a 20 pL volume, about 0.25 to about 1 unit (U) of an enZyme 
such as KlenoW exo- is used. About 1 to about 5 U of the 
thermostable enZymes are used for depolymeriZation at 
elevated temperatures. 

[0196] Luciferase, Which is part of the preferred ATP 
detection system, is inhibited by PPi. In preferred embodi 
ments, care is taken to avoid transferring a highly inhibiting 
amount of PPi to the ATP detection reaction. Preferably, the 
amount of PPi carried over to the ATP detection reaction 
results in a concentration of PPi in the luciferase detection 
reaction of less than about 100 pM, although less than about 
10 pM is desirable. Therefore, the amount of PPi utiliZed in 
the pyrophosphorolysis reaction is determined by the siZe of 
the aliquot that is taken for use in the luciferase detection 
system. It is contemplated that the aliquot siZe can vary 
depending upon the test system used, but the amount of PPi 
transferred or carried over to the luciferase detection reac 

tion corresponds to the PPi concentration parameters 
described above, so that the concentration of PPi is at least 
beloW about 100 pM, and preferably beloW about 10 pM. 

[0197] In one preferred embodiment of the invention, the 
enZyme Whose activity is to depolymeriZe is a template 
dependent polymerase. The depolymeriZation reaction is a 
reverse of the polymeriZation reaction. In a contemplated 
embodiment, the polymeriZation reaction is reversed in the 
presence of pyrophosphate in a reaction referred to as 
pyrophosphorolysis. 

[0198] In some preferred embodiments, the reaction con 
ditions are preferably adjusted to further favor depolymer 
iZation of a nucleic acid probe that is hybridiZed With its 
target nucleic acid sequence by providing a higher concen 
tration of nucleic acid probe than its target nucleic acid 
sequence. 

[0199] One strategy to favor the depolymeriZation of a 
probeztarget hybrid is that the probe be in excess over the 
nucleic acid target in the hybridiZation step after denaturing 
of duplex target nucleic acid. 

[0200] Another strategy to favor the depolymeriZation of 
a probe:target hybrid is to isolate only the strand of nucleic 
acid target to Which the probe is complementary. There are 
several techniques that can be used to achieve this end. 

[0201] In one technique, phosphorothioate linkages are 
utiliZed at the 5‘-terminus of a target nucleic acid amplifying 
primer sequence, e.g., at the 1 to about 10 5‘-most residues. 
Upon PCR ampli?cation of the target, the phosphorothioate 
linkages of the primer become incorporated into the ampli 
?ed target nucleic acid as part of one of a pair of comple 
mentary strands. Treatment of the double-stranded resulting 
molecule With T7 polymerase exonuclease 6 removes the 
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non-phosphorothioate-containing strand. This technique is 
illustrated in detail in the Examples hereinafter. 

[0202] In another technique, strand isolation can be 
accomplished by amplifying the target nucleic acid using 
PCR primers incorporated into the extended nucleic acid 
strand (With Which a nucleic acid probe useful herein is 
designed to hybridiZe) that are not labeled, Whereas primers 
for the complementary strand are labeled, such as With 
biotin. Then, the ampli?ed nucleic acid is denatured and 
added to streptavidin linked to a solid support. A useful 
material is Streptavidin MagneSphere® paramagnetic par 
ticles (Promega, Z548A), Where a magnet can be used to 
separate the desired target nucleic acid strand from its 
biotinylated complementary strand. 

[0203] B. Exonuclease Digestion 

[0204] In other embodiments of the present invention, a 
method comprises depolymeriZing the nucleic acid at a 
3‘-terminal nucleotide by enZymatically cleaving the termi 
nal internucleoside phosphodiester bond to form an XMP as 
illustrated by the folloWing reaction on double-stranded 
DNA having a 5‘-overhang: 

5 ' . . . GpCpTpApApGpT-3 ' OH 

3 ' . . . CpGpApTpTpCpApCpTp-5 ' 

] enzyme 
5 ' . . . GpCpTpA-3 ' OH 

3 ' . . . CpGpApTpTpCpApCpTp-5 ' 

+ dAMP + dGMP + dTMP 

[0205] For example, such a hydrolysis reaction can be 
catalyZed by KlenoW or Exonuclease III in the presence or 
absence of NTPs. 

[0206] In some embodiments (e.g., quantitative assays for 
nucleic acids), the depolymeriZing step is repeated essen 
tially to completion or equilibrium to obtain at least tWo 
nucleotide molecules from a strand of minimally three 
nucleotides in order to increase detection sensitivity. In 
alternative embodiments, (e.g., qualitative detection of 
DNA), the depolymeriZing step need not be repeated if there 
are suf?cient nucleic acid molecules present to generate a 
signal. 
[0207] In another embodiment of the present invention, 
terminally mismatched hybridiZed nucleic acid probes are 
?rst depolymeriZed into NMP or dNMP by exonuclease 
digestion according to the folloWing reaction: 

Reaction 2: NAn+H2O—>NAni1+XMP 

[0208] Wherein NAn is a nucleic acid, XMP is either 
a DNMP or NMP, and n is the number of nucleotides 
in the nucleic acid. 

[0209] This depolymeriZation reaction is shoWn more spe 
ci?cally beloW in the folloWing reaction on double-stranded 
DNA having a 5‘-overhang and mismatched bases at the 
3‘-terminus: 

5 ' . . . CpTpApApGPC-3 ' OH 

3 ' . . . GpApTpTpCpApCpTp-5 ' 

] enzyme 
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-continued 
. CpTpApApG-3 'OH 

. GpApTpTpCpApCpTp-5 ' 

5'. . 

3'. . 

+ dCMP 

[0210] For example, such a depolymeriZation reaction can 
be catalyzed by bacteriophage T4 polymerase in the absence 
of NTPs. In preferred embodiments, the released nucle 
otides, XMPs, are produced by nuclease digestion. 

[0211] Nuclease digestion can be accomplished by a vari 
ety of nucleases that release a nucleotide With a 5‘ phosphate, 
including S1 nuclease, nuclease BAL 31, mung bean 
nuclease, exonuclease III and ribonuclease H. Nuclease 
digestion conditions and buffers are knoWn in the art. 
Nucleases and buffers for their use are available from 
commercial sources. 

[0212] In the biosynthesis of purine and pyrimidine mono 
nucleotides, phosphoribosyl-l-pyrophosphate (PRPP) is the 
obligatory ribose-5‘-phosphate donor. PRPP itself is formed 
in a reaction catalyZed by PRPP synthetase through the 
transfer of pyrophosphate from ATP to ribose-5‘-phosphate. 
This reaction is knoWn to be reversible as described in 
Sabina et al., Science, 223:1193-95 (1984). 

[0213] In some embodiments of the present invention, the 
NMP or dNMP produced by nuclease digestion is preferably 
converted directly to NTP or DNTP by the enZyme PRPP 
synthetase in the folloWing reaction: 

[0214] Wherein XMP is either AMP or DAMP, and 
XTP is either ATP or DATP. Preferably, this reaction 
produces a threshold ATP concentration of approxi 
mately 1x10‘12 M in 100 ML of sample. 

[0215] In this reaction, the pyrophosphate group of PRPP 
is enZymatically transferred to XMP molecules, forming 
XTP molecules. Examples of suitable reaction conditions 
and buffers are set forth elseWhere herein. 

[0216] UtiliZation of the PRPP reaction in the nucleic acid 
detection system of the present invention has advantages 
over previously reported methods. For example, only one 
step is necessary to convert an AMP or DAMP to ATP or 

DATP, thereby simplifying the detection system. In addition, 
contamination of the detection reaction With exogenous ATP, 
ADP, or AMP is less likely using methods of the present 
invention, as compared to previously reported methods. 

[0217] In an embodiment Wherein the depolymeriZing 
enZyme exhibits 3‘—>5‘ exonuclease activity, the substrate is 
a double-stranded or single-stranded nucleic acid having a 
3‘-hydroxyl terminus. EnZymes having 3‘—>5‘ exonuclease 
activity that are useful in a process of the invention include 
E. coli DNA polymerase I, KlenoW fragment and bacte 
riophage T4 DNA polymerase. E. coli DNA polymerase I 
holoenZyme is not preferred in a process of the invention 
because it is preferable to avoid the 5‘Q3‘ exonuclease 
activity that degrades probe:target hybrids regardless of the 
degree of hybridiZation at the 3‘-terminus. Bacteriophage )L 
exonuclease has only 5‘—>3‘ exonuclease activity, so it is not 
a contemplated enZyme. Similarly, Taq DNA polymerase 
has a very loW level of 3‘Q5‘ exonuclease activity. Exonu 
clease III (Exo III) has 3‘ exonuclease activity on blunt 
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ended substrates or those having 5‘-overhangs or nicks With 
3‘-hydroxyl groups, and is thus useful in a process of the 
invention for depolymeriZing hybrids With matched 3‘ ter 
minal nucleotides. HoWever, Exo III is not limited to hybrids 
having only partially complementary 3‘-termini, it requires a 
double stranded end, ie a matched terminal nucleotide. 

[0218] In an embodiment of the invention Where the 
enZyme’s activity is a 3‘—>5‘ exonuclease activity, the 
hybridiZed nucleic acid probe is depolymeriZed from its 
3‘-terminal nucleotide. In a preferred embodiment in the 
case of a 3‘—>5‘ exonuclease activity of a polymerase, the 
preferred substrate is a nucleic acid probe hybridiZed to a 
nucleic acid target sequence With partial complementarity at 
its 3‘-terminal region, most preferably With a mismatch at its 
3‘-terminal residue that is an identi?er nucleotide. 

[0219] A contemplated method is particularly useful in a 
multiplex assay environment in Which a plurality of probes 
is utiliZed to determine Whether one or more of a plurality of 
predetermined endogenous nucleic acid sequences is present 
or absent in a sample. A particularly useful area for such 
multiplex assays is in screening assays Where the usual 
analytical output indicates that the sought-after gene target 
is absent. 

[0220] In one illustrative embodiment, a nucleic acid 
sample is screened for the presence of a plurality of prede 
termined mutant genes. In this embodiment, the mutants 
usually are not present and the analytical output is, for 
example, at about background levels except Where a muta 
tion is present. In another embodiment, a plurality of 
samples is examined for the presence or absence of microbe 
speci?c genes. Here, again, Where a population of healthy 
individuals, animals, or presumably sterile food is sampled, 
the absence of the sought-after genes provides an analytical 
output that is about background levels, and only in the rare 
instance does a greater than the background output appear. 

[0221] In a multiplexed embodiment of the above process, 
the sample is admixed With a plurality of different nucleic 
acid probes, preferably after ampli?cation of the multiple 
nucleic acid targets as needed. In this embodiment of the 
invention, the analytical output for a certain result With one 
of the probes is distinguishable from the analytical output 
from the opposite result With all of the probes. 

[0222] In preferred embodiments, the ATP produced via 
NDPK conversion of released nucleotides in the presence of 
ADP is detected by a luciferase detection system or an 
NADH detection system. In still another embodiment of the 
present invention, the pyrophosphate transferring step and 
the phosphate transferring step are performed in a single pot 
reaction. In other preferred embodiments, if increased sen 
sitivity is required, the ATP molecules can be ampli?ed. 

[0223] In a contemplated multiplex embodiment, informa 
tion about the presence or absence of a plurality of endog 
enous nucleic acid target sequences is determined using a 
process of the invention on a single nucleic acid sample, by 
admixing the sample With a plurality of nucleic acid probes 
for the various endogenous nucleic acid targets. 

[0224] In a ?rst multiplex embodiment of the invention, 
the analytical output obtained When at least one of the 
nucleic acid probes hybridiZes With partial complementarity 
to its target nucleic acid sequence is greater than the ana 
lytical output When all of the nucleic acid probes hybridiZe 
















































































































































