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(57) ABSTRACT 

The present invention relates to means for the detection and 
characterization of nucleic acid Sequences, as well as varia 
tions in nucleic acid Sequences. The present invention also 
relates to methods for forming a nucleic acid cleavage 
Structure on a target Sequence and cleaving the nucleic acid 
cleavage Structure in a Site-specific manner. The 5' nuclease 
activity of a variety of enzymes is used to cleave the 
target-dependent cleavage Structure, thereby indicating the 
presence of Specific nucleic acid Sequences or Specific 
variations thereof. The present invention further relates to 
methods and devices for the Separation of nucleic acid 
molecules based by charge. 
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NUCLEC ACID DETECTION EMPLOYING 
CHARGED ADDUCTS 

0001. This is a Continuation-In-Part of co-pending appli 
cation Ser. No. 08/599,491, filed on Jan. 24, 1996. 

FIELD OF THE INVENTION 

0002 The present invention relates to means for the 
detection and characterization of nucleic acid Sequences and 
variations in nucleic acid Sequences. The present invention 
relates to methods for forming a nucleic acid cleavage 
Structure on a target Sequence and cleaving the nucleic acid 
cleavage Structure in a Site-specific manner. The 5' nuclease 
activity of a variety of enzymes is used to cleave the 
target-dependent cleavage Structure, thereby indicating the 
presence of Specific nucleic acid Sequences or Specific 
variations thereof. The present invention further provides 
novel methods and devices for the Separation of nucleic acid 
molecules based by charge. 

BACKGROUND OF THE INVENTION 

0003. The detection and characterization of specific 
nucleic acid Sequences and Sequence variations has been 
utilized to detect the presence of viral or bacterial nucleic 
acid Sequences indicative of an infection, the presence of 
variants or alleles of mammalian genes associated with 
disease and cancers and the identification of the Source of 
nucleic acids found in forensic Samples, as well as in 
paternity determinations. 
0004 Various methods are known to the art which may 
be used to detect and characterize Specific nucleic acid 
Sequences and Sequence variants. Nonetheless, as nucleic 
acid Sequence data of the human genome, as well as the 
genomes of pathogenic organisms accumulates, the demand 
for fast, reliable, cost-effective and user-friendly tests for the 
detection of Specific nucleic acid Sequences continues to 
grow. Importantly, these tests must be able to create a 
detectable Signal from Samples which contain very few 
copies of the Sequence of interest. The following discussion 
examines two levels of nucleic acid detection assays cur 
rently in use: I. Signal Amplification Technology for detec 
tion of rare Sequences, and II. Direct Detection Technology 
for detection of higher copy number Sequences. 
0005 I. Signal Amplification Technology Methods for 
Amplification 

0006 The “Polymerase Chain Reaction” (PCR) com 
prises the first generation of methods for nucleic acid 
amplification. However, several other methods have been 
developed that employ the same basis of Specificity, but 
create Signal by different amplification mechanisms. These 
methods include the “Ligase Chain Reaction” (LCR), “Self 
Sustained Synthetic Reaction” (3SR/NASBA), and “Q?3 
Replicase” (QR). 
0007 Polymerase Chain Reaction (PCR) 
0008 The polymerase chain reaction (PCR), as described 
in U.S. Pat. Nos. 4,683,195 and 4,683.202 to Mullis and 
Mullis et al. (the disclosures of which are hereby incorpo 
rated by reference), describe a method for increasing the 
concentration of a Segment of target Sequence in a mixture 
of genomic DNA without cloning or purification. This 
technology provides one approach to the problems of low 
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target Sequence concentration. PCR can be used to directly 
increase the concentration of the target to an easily detect 
able level. This proceSS for amplifying the target Sequence 
involves introducing a molar excess of two oligonucleotide 
primers which are complementary to their respective Strands 
of the double-stranded target sequence to the DNA mixture 
containing the desired target Sequence. The mixture is 
denatured and then allowed to hybridize. Following hybrid 
ization, the primers are extended with polymerase So as to 
form complementary Strands. The Steps of denaturation, 
hybridization, and polymerase extension can be repeated as 
often as needed, in order to obtain relatively high concen 
trations of a Segment of the desired target Sequence. 
0009. The length of the segment of the desired target 
Sequence is determined by the relative positions of the 
primers with respect to each other, and, therefore, this length 
is a controllable parameter. Because the desired Segments of 
the target Sequence become the dominant sequences (in 
terms of concentration) in the mixture, they are said to be 
“PCR-amplified.” 

0010 Ligase Chain Reaction (LCR or LAR) 
0011 The ligase chain reaction (LCR; sometimes 
referred to as “Ligase Amplification Reaction” (LAR) 
described by Barany, Proc. Natl. Acad. Sci., 88:189 (1991); 
Barany, PCR Methods and Applic., 1:5 (1991); and Wu and 
Wallace, Genomics 4:560 (1989) has developed into a 
well-recognized alternative method for amplifying nucleic 
acids. In LCR, four oligonucleotides, two adjacent oligo 
nucleotides which uniquely hybridize to one Strand of target 
DNA, and a complementary Set of adjacent oligonucle 
otides, which hybridize to the opposite Strand are mixed and 
DNA ligase is added to the mixture. Provided that there is 
complete complementarity at the junction, ligase will 
covalently link each set of hybridized molecules. Impor 
tantly, in LCR, two probes are ligated together only when 
they base-pair with Sequences in the target Sample, without 
gaps or mismatches. Repeated cycles of denaturation, 
hybridization and ligation amplify a short Segment of DNA. 
LCR has also been used in combination with PCR to achieve 
enhanced detection of Single-base changes. Segev, PCT 
Public. No. WO9001069 ul (1990). However, because the 
four oligonucleotides used in this assay can pair to form two 
Short ligatable fragments, there is the potential for the 
generation of target-independent background Signal. The use 
of LCR for mutant Screening is limited to the examination of 
Specific nucleic acid positions. 

0012 Self-Sustained Synthetic Reaction (3SR/NASBA) 
0013 The self-sustained sequence replication reaction 
(3SR) (Guatelli et al., Proc. Natl. Acad. Sci., 87: 1874-1878 
1990), with an erratum at Proc. Natl. Acad. Sci., 87:7797 
1990) is a transcription-based in vitro amplification system 
(Kwok et al., Proc. Natl. Acad. Sci., 86:1173-1177 (1989) 
that can exponentially amplify RNA sequences at a uniform 
temperature. The amplified RNA can then be utilized for 
mutation detection (Fahy et al., PCR Meth. Appl., 1:25-33 
1991). In this method, an oligonucleotide primer is used to 
add a phage RNA polymerase promoter to the 5' end of the 
Sequence of interest. In a cocktail of enzymes and Substrates 
that includes a Second primer, reverse transcriptase, RNase 
H, RNA polymerase and ribo-and deoxyribonucleoside 
triphosphates, the target Sequence undergoes repeated 
rounds of transcription, cDNA synthesis and Second-Strand 
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synthesis to amplify the area of interest. The use of 3SR to 
detect mutations is kinetically limited to Screening Small 
segments of DNA (e.g., 200-300 base pairs). 
0014) Q-Beta (QR) Replicase 
0.015. In this method, a probe which recognizes the 
Sequence of interest is attached to the replicatable RNA 
template for QB replicase. A previously identified major 
problem with false positives resulting from the replication of 
unhybridized probes has been addressed through use of a 
Sequence-specific ligation Step. However, available thermo 
stable DNA ligases are not effective on this RNA substrate, 
so the ligation must be performed by T4DNA ligase at low 
temperatures (37° C). This prevents the use of high tem 
perature as a means of achieving Specificity as in the LCR, 
the ligation event can be used to detect a mutation at the 
junction site, but not elsewhere. 

0016 Table 1 below, lists some of the features desirable 
for Systems useful in Sensitive nucleic acid diagnostics, and 
Summarizes the abilities of each of the major amplification 
methods (See also, Landgren, Trends in Genetics 9:199 
1993). 
0.017. A successful diagnostic method must be very spe 
cific. A Straight-forward method of controlling the Specific 
ity of nucleic acid hybridization is by controlling the tem 
perature of the reaction. While the 3SR/NASBA, and QR 
Systems are all able to generate a large quantity of Signal, 
one or more of the enzymes involved in each cannot be used 
at high temperature (i.e., >55° C). Therefore the reaction 
temperatures cannot be raised to prevent non-specific 
hybridization of the probes. If probes are shortened in order 
to make them melt more easily at low temperatures, the 
likelihood of having more than one perfect match in a 
complex genome increases. For these reasons, PCR and 
LCR currently dominate the research field in detection 
technologies. 

TABLE 1. 

METHOD: 

PCR & 3SR 
FEATURE PCR LCR LCR NASBA QB 

Amplifies Target -- -- -- -- 
Recognition of Independent -- -- -- -- -- 
Sequences Required 
Performed at High Temp. -- -- 
Operates at Fixed Temp. -- -- 
Exponential Amplification -- -- -- -- -- 

-- Generic Signal Generation 
Easily Automatable 

0.018. The basis of the amplification procedure in the 
PCR and LCR is the fact that the products of one cycle 
become usable templates in all Subsequent cycles, conse 
quently doubling the population with each cycle. The final 
yield of any Such doubling System can be expressed as: 
(1+X)=y, where “X” is the mean efficiency (percent copied 
in each cycle), “n” is the number of cycles, and “y” is the 
overall efficiency, or yield of the reaction (Mullis, PCR 
Methods Applic., 1:11991). If every copy of a target DNA 
is utilized as a template in every cycle of a polymerase chain 
reaction, then the mean efficiency is 100%. If 20 cycles of 
PCR are performed, then the yield will be 2', or 1,048,576 
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copies of the Starting material. If the reaction conditions 
reduce the mean efficiency to 85%, then the yield in those 20 
cycles will be only 1.85", or 220,513 copies of the starting 
material. In other words, a PCR running at 85% efficiency 
will yield only 21% as much final product, compared to a 
reaction running at 100% efficiency. A reaction that is 
reduced to 50% mean efficiency will yield less than 1% of 
the possible product. 

0019. In practice, routine polymerase chain reactions 
rarely achieve the theoretical maximum yield, and PCRs are 
usually run for more than 20 cycles to compensate for the 
lower yield. At 50% mean efficiency, it would take 34 cycles 
to achieve the million-fold amplification theoretically pos 
sible in 20, and at lower efficiencies, the number of cycles 
required becomes prohibitive. In addition, any background 
products that amplify with a better mean efficiency than the 
intended target will become the dominant products. 

0020. Also, many variables can influence the mean effi 
ciency of PCR, including target DNA length and Secondary 
Structure, primer length and design, primer and dNTP con 
centrations, and buffer composition, to name but a few. 
Contamination of the reaction with exogenous DNA (e.g., 
DNA spilled onto lab Surfaces) or cross-contamination is 
also a major consideration. Reaction conditions must be 
carefully optimized for each different primer pair and target 
Sequence, and the proceSS can take days, even for an 
experienced investigator. The laboriousness of this process, 
including numerous technical considerations and other fac 
tors, presents a Significant drawback to using PCR in the 
clinical Setting. Indeed, PCR has yet to penetrate the clinical 
market in a significant way. The same concerns arise with 
LCR, as LCR must also be optimized to use different 
oligonucleotide Sequences for each target Sequence. In addi 
tion, both methods require expensive equipment, capable of 
precise temperature cycling. 

0021 Many applications of nucleic acid detection tech 
nologies, Such as in Studies of allelic variation, involve not 
only detection of a specific Sequence in a complex back 
ground, but also the discrimination between Sequences with 
few, or Single, nucleotide differences. One method for the 
detection of allele-specific variants by PCR is based upon 
the fact that it is difficult for Taq polymerase to synthesize 
a DNA strand when there is a mismatch between the 
template strand and the 3' end of the primer. An allele 
Specific variant may be detected by the use of a primer that 
is perfectly matched with only one of the possible alleles; the 
mismatch to the other allele acts to prevent the extension of 
the primer, thereby preventing the amplification of that 
Sequence. This method has a Substantial limitation in that the 
base composition of the mismatch influences the ability to 
prevent extension acroSS the mismatch, and certain mis 
matches do not prevent extension or have only a minimal 
effect (Kwok et al., Nucl. Acids Res., 18:999 1990).) 
0022. A similar 3'-mismatch strategy is used with greater 
effect to prevent ligation in the LCR (Barany, PCR Meth. 
Applic., 1:5 (1991). Any mismatch effectively blocks the 
action of the thermostable ligase, but LCR still has the 
drawback of target-independent background ligation prod 
ucts initiating the amplification. Moreover, the combination 
of PCR with Subsequent LCR to identify the nucleotides at 
individual positions is also a clearly cumberSome proposi 
tion for the clinical laboratory. 
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0023 II. Direct Detection Technology 

0024. When a sufficient amount of a nucleic acid to be 
detected is available, there are advantages to detecting that 
Sequence directly, instead of making more copies of that 
target, (e.g., as in PCR and LCR). Most notably, a method 
that does not amplify the Signal exponentially is more 
amenable to quantitative analysis. Even if the Signal is 
enhanced by attaching multiple dyes to a Single oligonucle 
otide, the correlation between the final Signal intensity and 
amount of target is direct. Such a System has an additional 
advantage that the products of the reaction will not them 
Selves promote further reaction, So contamination of lab 
Surfaces by the products is not as much of a concern. 
Traditional methods of direct detection including Northern 
and Southern blotting and RNase protection assays usually 
require the use of radioactivity and are not amenable to 
automation. Recently devised techniques have Sought to 
eliminate the use of radioactivity and/or improve the Sensi 
tivity in automatable formats. Two examples are the 
“Cycling Probe Reaction” (CPR), and “Branched DNA” 
(bDNA) 
0025 The cycling probe reaction (CPR) (Duck et al., 
BioTech., 9:142 (1990), uses a long chimeric oligonucle 
otide in which a central portion is made of RNA while the 
two termini are made of DNA. Hybridization of the probe to 
a target DNA and exposure to a thermostable RNase H 
causes the RNA portion to be digested. This destabilizes the 
remaining DNA portions of the duplex, releasing the 
remainder of the probe from the target DNA and allowing 
another probe molecule to repeat the process. The Signal, in 
the form of cleaved probe molecules, accumulates at a linear 
rate. While the repeating process increases the Signal, the 
RNA portion of the oligonucleotide is vulnerable to RNases 
that may carried through Sample preparation. 

0026 Branched DNA (bDNA), described by Urdea et al., 
Gene 61:253-264 (1987), involves oligonucleotides with 
branched Structures that allow each individual oligonucle 
otide to carry 35 to 40 labels (e.g., alkaline phosphatase 
enzymes). While this enhances the signal from a hybridiza 
tion event, Signal from non-Specific binding is similarly 
increased. 

0027. While both of these methods have the advantages 
of direct detection discussed above, neither the CPR or 
bDNA methods can make use of the specificity allowed by 
the requirement of independent recognition by two or more 
probe (oligonucleotide) sequences, as is common in the 
Signal amplification methods described in Section I. above. 
The requirement that two oligonucleotides must hybridize to 
a target nucleic acid in order for a detectable Signal to be 
generated confers an extra measure of Stringency on any 
detection assay. Requiring two oligonucleotides to bind to a 
target nucleic acid reduces the chance that false “positive' 
results will be produced due to the non-specific binding of 
a probe to the target. The further requirement that the two 
oligonucleotides must bind in a specific orientation relative 
to the target, as is required in PCR, where oligonucleotides 
must be oppositely but appropriately oriented Such that the 
DNA polymerase can bridge the gap between the two 
oligonucleotides in both directions, further enhances Speci 
ficity of the detection reaction. However, it is well known to 
those in the art that even though PCR utilizes two oligo 
nucleotide probes (termed primers) “non-specific' amplifi 
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cation (i.e., amplification of Sequences not directed by the 
two primers used) is a common artifact. This is in part 
because the DNA polymerase used in PCR can accommo 
date very large distances, measured in nucleotides, between 
the oligonucleotides and thus there is a large window in 
which non-Specific binding of an oligonucleotide can lead to 
exponential amplification of inappropriate product. The 
LCR, in contrast, cannot proceed unless the oligonucleotides 
used are bound to the target adjacent to each other and So the 
full benefit of the dual oligonucleotide hybridization is 
realized. 

0028. An ideal direct detection method would combine 
the advantages of the direct detection assays (e.g., easy 
quantification and minimal risk of carry-over contamina 
tion) with the Specificity provided by a dual oligonucleotide 
hybridization assay. 

SUMMARY OF THE INVENTION 

0029. The present invention relates to means for cleaving 
a nucleic acid cleavage Structure in a site-specific manner. In 
one embodiment, the means for cleaving is a cleaving 
enzyme comprising 5' nucleases derived from thermostable 
DNA polymerases. These polymerases form the basis of a 
novel method of detection of Specific nucleic acid 
Sequences. The present invention contemplates use of novel 
detection methods for various uses, including, but not lim 
ited to clinical diagnostic purposes. 
0030. In one embodiment, the present invention contem 
plates a DNA sequence encoding a DNA polymerase altered 
in Sequence (i.e., a "mutant DNA polymerase) relative to 
the native sequence, such that it exhibits altered DNA 
synthetic activity from that of the native (i.e., “wild type’) 
DNA polymerase. It is preferred that the encoded DNA 
polymerase is altered Such that it exhibits reduced Synthetic 
activity compared to that of the native DNA polymerase. In 
this manner, the enzymes of the invention are predominantly 
5' nucleases and are capable of cleaving nucleic acids in a 
Structure-Specific manner in the absence of interfering Syn 
thetic activity. 
0031) Importantly, the 5' nucleases of the present inven 
tion are capable of cleaving linear duplex Structures to create 
Single discrete cleavage products. These linear Structures are 
either 1) not cleaved by the wild type enzymes (to any 
Significant degree), or 2) are cleaved by the wild type 
enzymes So as to create multiple products. This character 
istic of the 5' nucleases has been found to be a consistent 
property of enzymes derived in this manner from thermo 
Stable polymerases acroSS eubacterial thermophilic Species. 

0032. It is not intended that the invention be limited by 
the nature of the alteration necessary to render the poly 
merase synthesis-deficient. Nor is it intended that the inven 
tion be limited by the extent of the deficiency. The present 
invention contemplates various Structures, including altered 
Structures (primary, Secondary, etc.), as well as native struc 
tures, that may be inhibited by synthesis inhibitors. 

0033. Where the polymerase structure is altered, it is not 
intended that the invention be limited by the means by which 
the Structure is altered. In one embodiment, the alteration of 
the native DNA sequence comprises a change in a Single 
nucleotide. In another embodiment, the alteration of the 
native DNA sequence comprises a deletion of one or more 
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nucleotides. In yet another embodiment, the alteration of the 
native DNA sequence comprises an insertion of one or more 
nucleotides. It is contemplated that the change in DNA 
Sequence may manifest itself as change in amino acid 
Sequence. 

0034. The present invention contemplates 5' nucleases 
from a variety of Sources, including mesophilic, psychro 
philic, thermophilic, and hyperthermophilic organisms. The 
preferred 5' nucleases are thermostable. Thermostable 5' 
nucleases are contemplated as particularly useful in that they 
operate at temperatures where nucleic acid hybridization is 
extremely Specific, allowing for allele-Specific detection 
(including Single-base mismatches). In one embodiment, the 
thermostable 5' nucleases are Selected from the group con 
Sisting of altered polymerases derived from the native poly 
merases of Thermus Species, including, but not limited to 
Thermus aquaticus, Thermus flavus, and Thermus thermo 
philus. However, the invention is not limited to the use of 
thermostable 5' nucleases. 

0035. As noted above, the present invention contemplates 
the use of altered polymerases in a detection method. In one 
embodiment, the present invention provides a method of 
detecting the presence of a target RNA by detecting non 
target cleavage products comprising: a) providing: i) a 
cleavage means, ii) a Source of target RNA, where the target 
RNA has a first region, a Second region and a third region, 
wherein the first region is located adjacent to and down 
Stream from the Second region, and the Second region is 
located adjacent to and downstream from the third region, 
iii) a first oligonucleotide having a 5' and a 3' portion, 
wherein the 5' portion of the first oligonucleotide contains a 
Sequence complementary to the Second region of the target 
RNA and wherein the 3' portion of the first oligonucleotide 
contains a Sequence complementary to the third region of the 
target RNA, iv) a second oligonucleotide having a 5' and a 
3' portion wherein the 5' portion of the second oligonucle 
otide contains a Sequence complementary to the first region 
of the target RNA, and the 3' portion of the second oligo 
nucleotide contains a Sequence complementary to the Second 
region of the target RNA; b) mixing the cleavage means, the 
target RNA, and the first and Second oligonucleotides, to 
create a reaction mixture under reaction conditions Such that 
at least the 3' portion of the first oligonucleotide is annealed 
to the target RNA, and wherein at least the 5" portion of the 
Second oligonucleotide is annealed to the target RNA So as 
to create a cleavage Structure, and wherein cleavage of the 
cleavage Structure occurs to generate non-target cleavage 
products; and c) detecting the non-target cleavage products. 
0036. It is contemplated that the first, second and third 
regions of the target be located adjacent to each other. 
However, the invention is not limited to the use of a target 
in which the three regions are contiguous with each other. 
Thus, the present invention contemplates the use of target 
RNAS wherein these three regions are contiguous with each 
other, as well as target RNAS wherein these three regions are 
not contiguous. It is further contemplated that gaps of 
approximately 2-10 nucleotides, representing regions of 
non-complementarity to the oligonucleotides (e.g., the first 
and/or Second oligonucleotides), may be present between 
the three regions of the target RNA. 

0037. In at least one embodiment, it is intended that 
mixing of step b) is conducted under conditions Such that at 
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least the 3' portion of the first oligonucleotide is annealed to 
the target RNA, and wherein at least the 5' portion of the 
Second oligonucleotide is annealed to the target RNA. In this 
manner a cleavage Structure is created and cleavage of this 
cleavage Structure can occur. These conditions allow for the 
use of various formats. In a preferred format, the conditions 
of mixing comprises mixing together the target RNA with 
the first and Second oligonucleotides and the cleavage means 
in an aqueous Solution in which a Source of divalent cations 
is lacking. In this format, the cleavage reaction is initiated by 
the addition of a solution containing Mn" or Mg" ions. In 
another preferred format, the conditions of mixing com 
prises mixing together the target RNA, and the first and 
Second oligonucleotides in an aqueous Solution containing 
Mn" or Mg" ions, and then adding the cleavage means to 
the reaction mixture. 

0038. The invention is not limited by the means 
employed for the detection of the non-target cleavage prod 
ucts. For example, the products generated by the cleavage 
reaction (i.e., the non-target cleavage products) may be 
detected by their Separation of the reaction products on 
agarose or polyacrylamide gels and Staining with ethidium 
bromide. Other non-gel-based detection methods are pro 
vided herein. 

0039. It is contemplated that the oligonucleotides may be 
labelled. Thus, if the cleavage reaction employs a first 
oligonucleotide containing a label, detection of the non 
target cleavage products may comprise detection of the 
label. The invention is not limited by the nature of the label 
chosen, including, but not limited to, labels which comprise 
a dye or a radionucleotide (e.g. P), fluorescein moiety, a 
biotin moiety, luminogenic, fluorogenic, phosphorescent, or 
fluors in combination with moieties that can SuppreSS emis 
sion by fluorescence energy transfer (FET). Numerous 
methods are available for the detection of nucleic acids 
containing any of the above-listed labels. For example, 
biotin-labeled oligonucleotide(s) may be detected using 
non-isotopic detection methods which employ Streptavidin 
alkaline phosphatase conjugates. Fluorescein-labelled oligo 
nucleotide(s) may be detected using a fluorescein-imager. 
0040. It is also contemplated that labelled oligonucle 
otides (cleaved or uncleaved) may be separated by means 
other than electrophoresis. For example, biotin-labelled oli 
gonucleotides may be separated from nucleic acid present in 
the reaction mixture using para-magnetic or magnetic beads, 
or particles which are coated with avidin (or Streptavidin). In 
this manner, the biotinylated oligonucleotide/avidin-mag 
netic bead complex can be physically Separated from the 
other components in the mixture by exposing the complexes 
to a magnetic field. Additionally, the Signal from the cleaved 
oligonucleotides may be resolved from that of the uncleaved 
oligonucleotides without physical Separation. For example, 
a change in size, and therefore rate of rotation in Solution of 
fluorescent molecules can be detected by fluorescence polar 
ization analysis. 

0041. In a preferred embodiment, the reaction conditions 
comprise a cleavage reaction temperature which is less than 
the melting temperature of the first oligonucleotide and 
greater than the melting temperature of the 3' portion of the 
first oligonucleotide. In a particularly preferred embodi 
ment, the reaction temperature is between approximately 
40-65 C. It is contemplated that the reaction temperature at 
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which the cleavage reaction occurs be Selected with regard 
to the guidelines provided in the Description of the Inven 
tion. 

0042. The invention is not limited by the nature of the 
oligonucleotides employed. Using a target RNA, the oligo 
nucleotides may comprise DNA, RNA or an oligonucleotide 
comprising a mixture of RNA and DNA. 
0043. The invention also contemplates the use of a sec 
ond oligonucleotide (i.e., the upstream oligonucleotide) 
which comprises a functional group (e.g., a 5" peptide 
region) which prevents the dissociation of the 5' portion of 
the Second oligonucleotide from the first region of the target 
RNA. When such a functional group is present on the second 
oligonucleotide, the interaction between the 3' portion of the 
Second oligonucleotide and the first region of the target RNA 
may be destabilized (i.e., designed to have a lower local 
melting temperature) through the use of A-T (or A-U) rich 
Sequences, base analogs that form fewer hydrogen bonds 
(e.g., dG-dU pairs) or through the use of phosphorothioate 
backbones, in order to allow the 5' region of the first 
oligonucleotide to compete Successfully for hybridization. 

0044) In a preferred embodiment, the cleavage means 
comprises a thermostable 5' nuclease. The thermostable 5' 
nuclease may have a portion of the amino acid Sequence that 
is homologous to a portion of the amino acid Sequence of a 
thermostable DNA polymerase derived from a thermophilic 
organism. It is contemplated that thermophilic organisms 
will be Selected from Such species as those within the genus 
Thermus, including, but not limited to Thermus aquaticus, 
Thermus flavus and Thermus thermophilus. Preferred 
nucleases are encoded by DNA sequences Selected from the 
group consisting of SEQ ID NOS:1-3, 9, 10, 12, 21, 30 and 
31. 

0.045. In one embodiment, the present invention contem 
plates a DNA sequence encoding a DNA polymerase altered 
in Sequence (i.e., a "mutant DNA polymerase) relative to 
the native sequence, such that it exhibits altered DNA 
synthetic activity from that of the native (i.e., “wild type’) 
DNA polymerase. With regard to the polymerase, a com 
plete absence of Synthesis is not required. However, it is 
desired that cleavage reactions occur in the absence of 
polymerase activity at a level that interferes with the 
method. It is preferred that the encoded DNA polymerase is 
altered such that it exhibits reduced synthetic activity from 
that of the native DNA polymerase. In this manner, the 
enzymes of the invention are nucleases and are capable of 
cleaving nucleic acids in a structure-Specific manner. Impor 
tantly, the nucleases of the present invention are capable of 
cleaving cleavage Structures to create discrete cleavage 
products. 

0046) The present invention utilizes such enzymes in 
methods for detection and characterization of nucleic acid 
Sequences and Sequence changes. The present invention also 
relates to means for cleaving a nucleic acid cleavage Struc 
ture in a Site-specific manner. Nuclease activity is used to 
Screen for known and unknown mutations, including Single 
base changes, in nucleic acids. 
0047 The invention is not limited to use of oligonucle 
otides which are completely complementary to their cognate 
target Sequences. In one embodiment, both the first and 
Second oligonucleotides are completely complementary to 
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the target RNA. In another embodiment, the first oligonucle 
otide is partially complementary to the target RNA. In yet 
another embodiment, the Second oligonucleotide is partially 
complementary to the target RNA. In yet another embodi 
ment, both the first and the Second oligonucleotide are 
partially complementary to the target RNA. 

0048. In a preferred embodiment, the methods of the 
invention employ a Source of target RNA which comprises 
a Sample Selected from the group including, but not limited 
to blood, Saliva, cerebral Spinal fluid, pleural fluid, milk, 
lymph, Sputum and Semen. 
0049. In a preferred embodiment, the method employs 
reaction conditions which comprise providing a Source of 
divalent cations. In a particularly preferred embodiment, the 
divalent cation is selected from the group comprising Mn" 
and Mg" ions. 
0050. The novel detection methods of the invention may 
be employed for the detection of target RNAS including, but 
not limited to, target RNAS comprising wild type and mutant 
alleles of genes, including genes from humans or other 
animals that are or may be associated with disease or cancer. 
In addition, the methods of the invention may be used for the 
detection of and/or identification of Strains of microorgan 
isms, including bacteria, fungi, protozoa, ciliates and viruses 
(and in particular for the detection and identification of RNA 
viruses, such as HCV). 
0051. The present invention further provides a method of 
Separating nucleic acid molecules, comprising: a) providing: 
i) a charge-balanced oligonucleotide and ii) a reactant; b) 
mixing the charge-balanced oligonucleotide with the reac 
tant to create a reaction mixture under conditions Such that 
a charge-unbalanced oligonucleotide is produced; and c) 
Separating the charge-unbalanced oligonucleotide from the 
reaction mixture. 

0052 The method of the present invention is not limited 
by the nature of the reactant employed. In a preferred 
embodiment the reactant comprises a cleavage means. In a 
particularly preferred embodiment, the cleavage means is an 
endonuclease. In another embodiment, the cleavage means 
is an exonuclease. In a Still further embodiment, the reactant 
comprises a polymerization means. In another embodiment, 
the reactant comprises a ligation means. 
0053. In a preferred embodiment, the charge-balanced 
oligonucleotide comprises a label. The invention is not 
limited by the nature of the label chosen, including, but not 
limited to, labels which comprise a dye or a radionucleotide 
(e.g., P), fluorescein moiety, a biotin moiety, luminogenic, 
fluorogenic, phosphorescent, or fluors in combination with 
moieties that can Suppress emission by fluorescence energy 
transfer (FET). The label may be a charged moeity or 
alternatively may be a charge neutral moeity. 

0054. In another preferred embodiment, the charge-bal 
anced oligonucleotide comprises one or more phosphonate 
groups. In a preferred embodiment, the phosphonate group 
is a methylphosphonate group. 

0055. In one embodiment, the charge-balanced oligo 
nucleotide has a net neutral charge and the charge-unbal 
anced oligonucleotide has a net positive charge. Alterna 
tively, the charge-balanced oligonucleotide has a net neutral 
charge and the charge-unbalanced oligonucleotide has a net 
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negative charge. In yet another alternative embodiment, the 
charge-balanced oligonucleotide has a net negative charge 
and the charge-unbalanced oligonucleotide has a net positive 
charge. In another embodiment, the charge-balanced oligo 
nucleotide has a net negative charge and the charge-unbal 
anced oligonucleotide has a net neutral charge. In another 
preferred embodiment, the charge-balanced oligonucleotide 
has a net positive charge and the charge-unbalanced oligo 
nucleotide has a net neutral charge. Still further, the charge 
balanced oligonucleotide has a net positive charge and the 
charge-unbalanced oligonucleotide has a net negative 
charge. 
0056. In a preferred embodiment, the charge-balanced 
oligonucleotide comprises DNA containing one or more 
positively charged adducts. In a preferred embodiment, the 
charge-balanced oligonucleotide comprises DNA containing 
one or more positively charged adducts and the cleavage 
means removes one or more nucleotides from the charge 
balanced oligonucleotide to produce the charge-unbalanced 
oligonucleotide, wherein the charge-unbalanced oligonucle 
otide has a net positive charge. In another preferred embodi 
ment, the charge-balanced oligonucleotide comprises DNA 
containing one or more positively charged adducts and the 
cleavage means removes one or more nucleotides from the 
charge-balanced oligonucleotide to produce the charge-un 
balanced oligonucleotide, wherein the charge-unbalanced 
oligonucleotide has a net neutral charge. Still further, the 
charge-balanced oligonucleotide comprises DNA containing 
one or more positively charged adducts and the cleavage 
means removes one or more nucleotides from the charge 
balanced oligonucleotide to produce the charge-unbalanced 
oligonucleotide, wherein the charge-unbalanced oligonucle 
otide has a net negative charge. 
0057. In a preferred embodiment, the charge-balanced 
oligonucleotide comprises DNA containing one or more 
negatively charged adducts (e.g., negatively charged amino 
acids). Examples of negative charged adducts include nega 
tively charged amino acids (e.g., aspartate and glutamate). In 
a preferred embodiment, the charge-balanced oligonucle 
otide comprises DNA containing one or more negatively 
charged adducts and the cleavage means removes one or 
more nucleotides from the charge-balanced oligonucleotide 
to produce the charge-unbalanced oligonucleotide, wherein 
the charge-unbalanced oligonucleotide has a net negative 
charge. In a preferred embodiment, the charge-balanced 
oligonucteotide comprises DNA containing one or more 
negatively charged adducts and the cleavage means removes 
one or more nucleotides from the charge-balanced oligo 
nucleotide to produce the charge-unbalanced oligonucle 
otide, wherein the charge-unbalanced oligonucleotide has a 
net neutral charge. In a preferred embodiment, the charge 
balanced oligonucleotide comprises DNA containing one or 
more negatively charged adducts and the cleavage means 
removes one or more nucleotides from the charge-balanced 
oligonucleotide to produce the charge-unbalanced oligo 
nucleotide, wherein the charge-unbalanced oligonucleotide 
has a net negative charge. 

0.058. The present invention is not limited by the nature 
of the positively charged adduct(s) employed. In a preferred 
embodiment, the positively charged adducts are Selected 
from the group consisting of indodicarbocyanine dye amid 
ites (e.g., Cy3 and Cy5), amino-Substituted nucleotides, 
ethidium bromide, ethidium homodimer, (1,3-propanedi 
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amino)propidium, (diethylenetriamino)propidium, thiazole 
orange, (N-N'-tetramethyl-1,3-propanediamino)propylthia 
Zole orange, (N-N'-tetramethyl-1,2-ethanediamino)propyl 
thiazole orange, thiazole orange-thiazole orange homodimer 
(TOTO), thiazole orande-thiazole blue heterodimer 
(TOTAB), thiazole orange-ethidium heterodimer 1 
(TOED1), thiazole orange-ethidium heterodimer 2 
(TOED2), florescien-ethidium heterodimer (FED) and posi 
tively charged amino acids. 
0059. In another preferred embodiment, the separating 
Step comprises Subjecting the reaction mixture to an elec 
trical field comprising a positive pole and a negative pole 
under conditions Such that the charge-unbalanced oligo 
nucleotide migrates toward the positive pole (i.e., electrode). 
In another embodiment, the Separating Step comprises Sub 
jecting the reaction mixture to an electrical field comprising 
a positive pole and a negative pole under conditions Such 
that the charge-unbalanced oligonucleotide migrates toward 
the negative pole. 
0060. In still further embodiment, the method of the 
present invention further comprises detecting the presence 
of the Separated charge-unbalanced oligonucleotide. The 
present invetion is not limited by the detection method 
employed; the method of detection chosen will vary depend 
ing on the nature of the label employed (if one is employed). 
0061 The present invention further comprises a method 
of detecting cleaved nucleic molecules, comprising: a) pro 
viding: i) a homogeneous plurality of charge-balanced oli 
gonucleotides; ii) a sample Suspected of containing a target 
nucleic acid having a sequence comprising a first region 
complementary to said charge-balanced oligonucleotide; iii) 
a cleavage means; and iv) a reaction vessel; b) adding to Said 
vessel, in any order, the Sample, the charge-balanced oligo 
nucleotides and the cleavage means to create a reaction 
mixture under conditions Such that a portion of the charge 
balanced oligonucleotides binds to the complementary tar 
get nucleic acid to create a bound (i.e., annealed) population, 
and Such that the cleavage means cleaves at least a portion 
of Said bound population of charge-balanced oligonucle 
otides to produce a population of unbound, charge-unbal 
anced oligonucleotides; and c) separating the unbound, 
charge-unbalanced oligonucleotides from the reaction mix 
ture. 

0062. In a preferred embodiment, the method further 
comprises providing a homogeneous plurality of oligonucle 
otides complementary to a Second region of the target 
nucleic acid, wherein the oligonucleotides are capable of 
binding to the target nucleic acid upstream of the charge 
balanced oligonucleotides. In another preferred embodi 
ment, the first and the Second region of the target nucleic 
acid share a region of overlap. 
0063. The invention is not limited by the nature of the 
clevage means employed. In one embodiment, the cleavage 
means comprises a thermostable 5' nuclease. In a preferred 
embodiment, a portion of the amino acid Sequence of the 5' 
nuclease is homologous to a portion of the amino acid 
sequence of a thermostable DNA polymerase derived from 
a thermophilic organism. In a preferred embodiment, the 
organism is Selected from the group consisting of ThermuS 
aquaticus, Thermus flavus and Thermus thermophilus. In 
another preferred embodiment, the nuclease is encoded by a 
DNA sequence Selected from the group consisting of SEQ 
ID NOS:1-3, 9, 10, 12, 21, 30 and 31. 
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0064. The invention is not limited by the nature of the 
target nucleic acid. The target nucleic acid may comprise 
single-stranded DNA, double-stranded DNA or RNA. In a 
preferred embodiment, the target nucleic acid comprises 
double-stranded DNA and prior to the addition of the 
cleavage means the reaction mixture is treated Such that the 
double-stranded DNA is rendered substantially single 
Stranded preferably by increasing the temperature. 
0065. The invention further provides a method of sepa 
rating nucleic acid molecules, comprising: a) modifying an 
oligonucleotide So as to produce a charge-balanced oligo 
nucleotide; b) providing: i) a said charge-balanced oligo 
nucleotide and ii) a reactant; c) mixing said charge-balanced 
oligonucleotide with Said reactant to create a reaction mix 
ture under conditions Such that a charge-unbalanced oligo 
nucleotide is produced; and d) separating said charge-un 
balanced oligonucleotide from Said reaction mixture. 
0.066 The invention is not limited by the nature of the 
modification. In a preferred embodiment, the modifying Step 
comprises the covalent attachment of a positively charged 
adduct to one or bases of the oligonucleotide. In another 
preferred embodiment, the modifying Step comprises the 
covalent attachment of a negatively charged adduct to one or 
bases of the oligonucleotide. In a still further embodiment, 
the modifying comprises the incorporation of one or more 
amino-Substituted bases during Synthesis of the oligonucle 
otide. In another embodiment, the modifying comprises the 
incorporation of one or more phosphonate groups during 
Synthesis of Said oligonucleotide. In a preferred embodi 
ment, the phosphonate group is a methylphosphonate group. 
0067. The invention further provides a method of treating 
a nucleic acid molecule, comprising: a) providing: i) a 
charge-balanced oligonucleotide and ii) a reactant; b) mix 
ing Said charge-balanced oligonucleotide with Said reactant 
to create a reaction mixture under conditions Such that a 
charge-unbalanced oligonucleotide is produced. 

0068 The invention further provides a method of treating 
a nucleic acid molecule, comprising: a) modifying an oli 
gonucleotide So as to produce a charge-balanced oligonucle 
otide; b) providing: i) said charge-balanced oligonucleotide 
and ii) a reactant; c) mixing the charge-balanced oligonucle 
otide with the reactant to create a reaction mixture under 
conditions Such that a charge-unbalanced oligonucleotide is 
produced. 

DESCRIPTION OF THE DRAWINGS 

0069 FIG. 1A provides a schematic of one embodiment 
of the detection method of the present invention. 
0070 FIG. 1B provides a schematic of a second embodi 
ment of the detection method of the present invention. 
0071 FIG. 2 is a comparison of the nucleotide structure 
of the DNAP genes isolated from Thermus aquaticus (SEQ 
ID NO:1), Thermus flavus (SEQ ID NO:2) and Thermus 
thermophilus (SEQ ID NO:3); the consensus sequence (SEQ 
ID NO:7) is shown at the top of each row. 
0.072 FIG. 3 is a comparison of the amino acid sequence 
of the DNAP isolated from Thermus aquaticus (SEQ ID 
NO:4), Thermus flavus (SEQ ID NO:5), and Thermus ther 
mophilus (SEQID NO:6); the consensus sequence (SEQ ID 
NO:8) is shown at the top of each row. 
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0073 FIGS. 4A-G are a set of diagrams of wild-type and 
synthesis-deficient DNAPTaq genes. 

0074 FIG. 5A depicts the wild-type Thermus flavus 
polymerase gene. 

0075 FIG. 5B depicts a synthesis-deficient Thermus 
flavus polymerase gene. 

0076 FIG. 6 depicts a structure which cannot be ampli 
fied using DNAPTaq. 

0.077 FIG. 7 is a ethidium bromide-stained gel demon 
Strating attempts to amplify a bifurcated dupleX using either 
DNAPTaq or DNAPStf (i.e., the Stoffel fragment of 
DNAPTaq). 
0078 FIG. 8 is an autoradiogram of a gel analyzing the 
cleavage of a bifurcated duplex by DNAPTaq and lack of 
cleavage by DNAPStf. 
007.9 FIGS. 9A-B are a set of autoradiograms of gels 
analyzing cleavage or lack of cleavage upon addition of 
different reaction components and change of incubation 
temperature during attempts to cleave a bifurcated duplex 
with DNAPTaq. 
0080 FIGS. 10A-B are an autoradiogram displaying 
timed cleavage reactions, with and without primer. 
0081 FIGS. 11A-B are a set of autoradiograms of gels 
demonstrating attempts to cleave a bifurcated duplex (with 
and without primer) with various DNAPs. 
0082 FIGS. 12A shows the substrates and oligonucle 
otides used to test the Specific cleavage of Substrate DNAS 
targeted by pilot oligonucleotides. 

0083 FIG. 12B shows an autoradiogram of a gel show 
ing the results of cleavage reactions using the Substrates and 
oligonucleotides shown FIG. 12A. 
0084 FIG. 13A shows the substrate and oligonucleotide 
used to test the Specific cleavage of a Substrate RNA targeted 
by a pilot oligonucleotide. 

0085 FIG. 13B shows an autoradiogram of a gel show 
ing the results of a cleavage reaction using the Substrate and 
oligonucleotide shown in FIG. 13A. 
0.086 FIG. 14 is a diagram of vector pTTO18. 
0087 FIG. 15 is a diagram of Vector pET-3c. 
0088 FIGS. 16A-E depicts a set of molecules which are 
Suitable Substrates for cleavage by the 5' nuclease activity of 
DNAPS. 

0089 FIG. 17 is an autoradiogram of a gel showing the 
results of a cleavage reaction run with Synthesis-deficient 
DNAPS. 

0090 FIG. 18 is an autoradiogram of a PEI chromato 
gram resolving the products of an assay for Synthetic activity 
in synthesis-deficient DNAPTaq clones. 

0091 FIG. 19A depicts the substrate molecule used to 
test the ability of synthesis-deficient DNAPs to cleave short 
hairpin Structures. 
0092 FIG. 19B shows an autoradiogram of a gel resolv 
ing the products of a cleavage reaction run using the 
Substrate shown in FIG. 19A. 
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0093 FIG. 20A shows the A- and T-hairpin molecules 
used in the trigger/detection assay. 

0094 FIG. 20B shows the sequence of the alpha primer 
used in the trigger/detection assay. 

0.095 FIG.20C shows the structure of the cleaved A- and 
T-hairpin molecules. 

0096 FIG.20D depicts the complementarity between the 
A- and T-hairpin molecules. 

0097 FIG. 21 provides the complete 206-mer duplex 
Sequence employed as a Substrate for the 5' nucleases of the 
present invention 

0.098 FIGS. 22A and B show the cleavage of linear 
nucleic acid substrates (based on the 206-mer of FIG.21) by 
wild type DNAPs and 5' nucleases isolated from Thermus 
aquaticuS and Thermus flavus. 

0099 FIG. 23 provides a detailed schematic correspond 
ing to the of one embodiment of the detection method of the 
present invention. 

0100 FIG. 24 shows the propagation of cleavage of the 
linear duplex nucleic acid structures of FIG. 23 by the 5' 
nucleases of the present invention. 
0101 FIG. 25A shows the “nibbling” phenomenon 
detected with the DNAPs of the present invention. 

01.02 FIG. 25B shows that the “nibbling” of FIG. 25A 
is 5' nucleolytic cleavage and not phosphatase cleavage. 

0103 FIG. 26 demonstrates that the “nibbling” phenom 
enon is duplex dependent. 

0104 FIG. 27 is a schematic showing how “nibbling” 
can be employed in a detection assay. 

0105 FIG. 28 demonstrates that “nibbling" can be target 
directed. 

0106 FIG. 29 provides a schematic drawing of a target 
nucleic acid with an invader oligonucleotide and a probe 
oligonucleotide annealed to the target. 

0107 FIG. 30 provides a schematic showing the S-60 
hairpin oligonucleotide (SEQ ID NO:40) with the annealed 
P-15 oligonucletide (SEQ ID NO:41). 
0108 FIG. 31 is an autoradiogram of a gel showing the 
results of a cleavage reaction run using the S-60 hairpin in 
the presence or absence of the P-15 oligonucleotide. 

0109 FIG. 32 provides a schematic showing three dif 
ferent arrangements of target-Specific oligonucleotides and 
their hybridization to a target nucleic acid which also has a 
probe oligonucleotide annealed thereto. 

0110 FIG. 33 is the image generated by a fluorescence 
imager showing that the presence of an invader oligonucle 
otide causes a shift in the Site of cleavage in a probe/target 
duplex. 

0111 FIG. 34 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run using the three target-Specific oligonucleotides 
diagrammed in FIG. 32. 
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0112 FIG. 35 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence or absence of non-target nucleic 
acid molecules. 

0113 FIG. 36 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of decreasing amounts of target 
nucleic acid. 

0114 FIG. 37 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence or absence of Saliva extract using 
various thermostable 5' nucleases or DNA polymerases. 
0115 FIG. 38 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run using various 5' nucleases. 
0116 FIG. 39 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run using two target nucleic acids which differ by a 
Single basepair at two different reaction temperatures. 
0117 FIG. 40A provides a schematic showing the effect 
of elevated temperature upon the annealing and cleavage of 
a probe oligonucleotide along a target nucleic acid wherein 
the probe contains a region of noncomplementarity with the 
target. 

0118 FIG. 40B provides a schematic showing the effect 
of adding an upstream oligonucleotide upon the annealing 
and cleavage of a probe oligonucleotide along a target 
nucleic acid wherein the probe contains a region of non 
complementarity with the target. 
0119 FIG. 41 provides a schematic showing an arrange 
ment of a target-Specific invader oligonucleotide (SEQ ID 
NO:50) and a target-specific probe oligonucleotide (SEQ ID 
NO:49) bearing a 5' Cy3 label along a target nucleic acid 
(SEQ ID NO:42). 
0120 FIG. 42 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of increasing concentrations of 
KC1. 

0121 FIG. 43 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of increasing concentrations of 
NaCl. 

0.122 FIG. 44 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of increasing concentrations of 
LiCl, 

0123 FIG. 45 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of increasing concentrations of 
KGlu. 

0.124 FIG. 46 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of increasing concentrations of 
MnCl, or MgCl2. 
0.125 FIG. 47 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of increasing concentrations of 
CTAB. 



US 2003/OO13098 A1 

0.126 FIG. 48 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of increasing concentrations of 
PEG. 

0127 FIG. 49 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of glycerol, Tween-20 and/or 
Nonidet-P40. 

0128 FIG. 50 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of increasing concentrations of 
gelatin in reactions containing or lacking KCl or LiCl. 
0129 FIG. 51 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run in the presence of increasing amounts of genomic 
DNA or tRNA 

0130 FIG. 52 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run use a HCV RNA target. 

0131 FIG. 53 is the image generated by a fluorescence 
imager showing the products of invader-directed cleavage 
assays run using a HCV RNA target and demonstrate the 
Stability of RNA targets under invader-directed cleavage 
assay conditions. 
0132 FIG. 54 is the image generated by a fluorescence 
imager showing the Sensitivity of detection and the Stability 
of RNA in invader-directed cleavage assays run using a 
HCV RNA target. 

0.133 FIG. 55 is the image generated by a fluorescence 
imager showing thermal degradation of oligonucleotides 
containing or lacking a 3' phosphate group. 

0134 FIG. 56 depicts the structure of amino-modified 
oligonucleotides 70 and 74. 

0135 FIG. 57 depicts the structure of amino-modified 
oligonucleotide 75 

0136 FIG. 58 depicts the structure of amino-modified 
oligonucteotide 76. 

0.137 FIG. 59 is the image generated by a fluorescence 
imager Scan of an IEF gel Showing the migration of Sub 
strates 70, 70dp, 74, 74dp, 75, 75dp, 76 and 76dp. 

0138 FIG. 60A provides a schematic showing an 
arrangement of a target-Specific invader oligonucleotide 
(SEQ ID NO:61) and a target-specific probe oligonucleotide 
(SEQ ID NO:62) bearing a 5' Cy3 label along a target 
nucleic acid (SEQ ID NO:63). 
0139 FIG. 60B is the image generated by a fluorescence 
imager showing the detection of Specific cleavage products 
generated in an invasive cleavage assay using charge rever 
Sal (i.e., charge based separation of cleavage products). 
0140 FIG. 61 is the image generated by a fluorescence 
imager which depicts the Sensitivity of detection of Specific 
cleavage products generated in an invasive cleavage assay 
using charge reversal. 

0141 FIG. 62 depicts a first embodiment of a device for 
the charge-based separation of oligonucleotides. 
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0.142 FIG. 63 depicts a second embodiment of a device 
for the charge-based Separation of oligonucleotides. 
0.143 FIG. 64 shows an autoradiogram of a gel showing 
the results of cleavage reactions run in the presence or 
absence of a primer oligonucleotide; a Sequencing ladder is 
shown as a Size marker. 

014.4 FIGS. 65a-d depict four pairs of oligonucleotides; 
in each pair shown, the upper arrangement of a probe 
annealed to a target nucleic acid lacks an upstream oligo 
nucleotide and the lower arrangement contains an upstream 
oligonucleotide. 

014.5 FIG. 66 shows the chemical structure of several 
positively charged heterodimeric DNA-binding dyes. 

DEFINITIONS 

0146 AS used herein, the terms “complementary” or 
“complementarity are used in reference to polynucleotides 
(i.e., a sequence of nucleotides Such as an oligonucleotide or 
a target nucleic acid) related by the base-pairing rules. For 
example, for the Sequence "A-G-T' is complementary to the 
sequence “T-C-A.” Complementarity may be “partial,” in 
which only Some of the nucleic acids bases are matched 
according to the base pairing rules. Or, there may be 
“complete” or “total” complementarity between the nucleic 
acids. The degree of complementarity between nucleic acid 
Strands has significant effects on the efficiency and Strength 
of hybridization between nucleic acid strands. This is of 
particular importance in amplification reactions, as well as 
detection methods which depend upon binding between 
nucleic acids. 

0147 The term “homology” refers to a degree of identity. 
There may be partial homology or complete homology. A 
partially identical Sequence is one that is less than 100% 
identical to another Sequence. 
0.148 AS used herein, the term “hybridization” is used in 
reference to the pairing of complementary nucleic acids. 
Hybridization and the strength of hybridization (i.e., the 
Strength of the association between the nucleic acids) is 
impacted by Such factors as the degree of complementary 
between the nucleic acids, Stringency of the conditions 
involved, the T of the formed hybrid, and the G:C ratio 
within the nucleic acids. 

0149. As used herein, the term “T” is used in reference 
to the "melting temperature.” The melting temperature is the 
temperature at which a population of double-Stranded 
nucleic acid molecules becomes half dissociated into Single 
Strands. The equation for calculating the Tm of nucleic acids 
is well known in the art. AS indicated by Standard references, 
a simple estimate of the Tm value may be calculated by the 
equation: T=81.5+0.41(% G+C), when a nucleic acid is in 
aqueous Solution at 1 M NaCl (see e.g., Anderson and 
Young, Quantitative Filter Hybridization, in Nucleic Acid 
Hybridization (1985). Other references include more sophis 
ticated computations which take Structural as well as 
Sequence characteristics into account for the calculation of 
T 

0150. 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” 
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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. 
0151. The term “gene” refers to a DNA sequence that 
comprises control and coding Sequences necessary for the 
production of a polypeptide or precursor. The polypeptide 
can be encoded by a full length coding Sequence or by any 
portion of the coding Sequence So long as the desired 
enzymatic activity is retained. 
0152 The term “wild-type” refers to a gene or gene 
product which has the characteristics of that gene or gene 
product when isolated from a naturally occurring Source. A 
wild-type gene is that which is most frequently observed in 
a population and is thus arbitrarily designed the “normal” or 
“wild-type” form of the gene. In contrast, the term “modi 
fied’ or “mutant” refers to a gene or gene product which 
displayS modifications in Sequence and or functional prop 
erties (L. e., altered characteristics) when compared to the 
wild-type gene or gene product. It is noted that naturally 
occurring mutants can be isolated; these are identified by the 
fact that they have altered characteristics when compared to 
the wild-type gene or gene product. 

0153. The term “recombinant DNA vector” as used 
herein refers to DNA sequences containing a desired coding 
Sequence and appropriate DNA sequences necessary for the 
expression of the operably linked coding sequence in a 
particular host organism. DNA sequences necessary for 
expression in procaryotes include a promoter, optionally an 
operator Sequence, a ribosome binding site and possibly 
other Sequences. Eukaryotic cells are known to utilize pro 
moters, polyadenlyation signals and enhancers. 
0154) The term “LTR” as used herein refers to the long 
terminal repeat found at each end of a provirus (i.e., the 
integrated form of a retrovirus). The LTR contains numerous 
regulatory signals including transcriptional control ele 
ments, polyadenylation Signals and Sequences needed for 
replication and integration of the Viral genome. The viral 
LTR is divided into three regions called U3, R and U5. 
O155 The U3 region contains the enhancer and promoter 
elements. The U5 region contains the polyadenylation Sig 
nals. The R (repeat) region Separates the U3 and U5 regions 
and transcribed Sequences of the R region appear at both the 
5' and 3' ends of the viral RNA. 

0156 The term “oligonucleotide' as used herein is 
defined as a molecule comprised of two or more deoxyri 
bonucleotides or ribonucleotides, preferably at least 5 nucle 
otides, more preferably at least about 10-15 nucleotides and 
more preferably at least about 15 to 30 nucleotides. The 
exact size will depend on many factors, which in turn 
depends on the ultimate function or use of the oligonucle 
otide. The oligonucleotide may be generated in any manner, 
including chemical Synthesis, DNA replication, reverse tran 
Scription, or a combination thereof. 
O157 Because mononucleotides are reacted to make oli 
gonucleotides in a manner Such that the 5' phosphate of one 
mononucleotide pentose ring is attached to the 3' oxygen of 
its neighbor in one direction via a phosphodiester linkage, an 
end of an oligonucleotide is referred to as the “5' end” if its 
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5' phosphate is not linked to the 3' oxygen of a mononucle 
otide pentose ring and as the '3' end” if its 3' oxygen is not 
linked to a 5" phosphate of a Subsequent mononucleotide 
pentose ring. AS used herein, a nucleic acid Sequence, even 
if internal to a larger oligonucleotide, also may be said to 
have 5' and 3' ends. A first region along a nucleic acid Strand 
is said to be upstream of another region if the 3' end of the 
first region is before the 5' end of the second region when 
moving along a Strand of nucleic acid in a 5' to 3' direction. 
0158 When two different, non-overlapping oligonucle 
otides anneal to different regions of the same linear comple 
mentary nucleic acid Sequence, and the 3' end of one 
oligonucleotide points towards the 5' end of the other, the 
former may be called the "upstream” oligonucleotide and 
the latter the “downstream” oligonucleotide. 
0159. The term “primer' refers to an oligonucleotide 
which is capable of acting as a point of initiation of Synthesis 
when placed under conditions in which primer extension is 
initiated. An oligonucleotide "primer' may occur naturally, 
as in a purified restriction digest or may be produced 
Synthetically. 
0160 A primer is selected to be “substantially” comple 
mentary to a Strand of Specific Sequence of the template. A 
primer must be sufficiently complementary to hybridize with 
a template Strand for primer elongation to occur. A primer 
Sequence need not reflect the exact Sequence of the template. 
For example, a non-complementary nucleotide fragment 
may be attached to the 5' end of the primer, with the 
remainder of the primer Sequence being Substantially 
complementary to the Strand. Non-complementary bases or 
longer Sequences can be interspersed into the primer, pro 
Vided that the primer Sequence has Sufficient complementa 
rity with the Sequence of the template to hybridize and 
thereby form a template primer complex for Synthesis of the 
extension product of the primer. 
0.161 “Hybridization” methods involve the annealing of 
a complementary sequence to the target nucleic acid (the 
Sequence to be detected; the detection of this sequence may 
be by either direct or indirect means). The ability of two 
polymers of nucleic acid containing complementary 
Sequences to find each other and anneal through base pairing 
interaction is a well-recognized phenomenon. The initial 
observations of the “hybridization' process by Marmur and 
Lane, Proc. Natl. Acad. Sci. USA 46:453 (1960) and Doty et 
al., Proc. Natl. Acad. Sci. USA 46:461 (1960) have been 
followed by the refinement of this proceSS into an essential 
tool of modern biology. 
0162. With regard to complementarity, it is important for 
Some diagnostic applications to determine whether the 
hybridization represents complete or partial complementar 
ity. For example, where it is desired to detect Simply the 
presence or absence of pathogen DNA (Such as from a virus, 
bacterium, fungi, mycoplasma, protozoan) it is only impor 
tant that the hybridization method ensures hybridization 
when the relevant Sequence is present; conditions can be 
Selected where both partially complementary probes and 
completely complementary probes will hybridize. Other 
diagnostic applications, however, may require that the 
hybridization method distinguish between partial and com 
plete complementarity. It may be of interest to detect genetic 
polymorphisms. For example, human hemoglobin is com 
posed, in part, of four polypeptide chains. Two of these 



US 2003/OO13098 A1 

chains are identical chains of 141 amino acids (alpha chains) 
and two of these chains are identical chains of 146 amino 
acids (beta chains). The gene encoding the beta chain is 
known to exhibit polymorphism. The normal allele encodes 
a beta chain having glutamic acid at the Sixth position. The 
mutant allele encodes a beta chain having Valine at the Sixth 
position. This difference in amino acids has a profound 
(most profound when the individual is homozygous for the 
mutant allele) physiological impact known clinically as 
Sickle cell anemia. It is well known that the genetic basis of 
the amino acid change involves a Single base difference 
between the normal allele DNA sequence and the mutant 
allele DNA sequence. 
0163 The complement of a nucleic acid sequence as used 
herein refers to an oligonucleotide which, when aligned with 
the nucleic acid Sequence Such that the 5' end of one 
Sequence is paired with the 3' end of the other, is in 
“antiparallel association.” Certain bases not commonly 
found in natural nucleic acids may be included in the nucleic 
acids of the present invention and include, for example, 
inosine and 7-deazaguanine. Complementarity need not be 
perfect, Stable duplexes may contain mismatched base pairs 
or unmatched bases. Those skilled in the art of nucleic acid 
technology can determine duplex Stability empirically con 
sidering a number of variables including, for example, the 
length of the oligonucleotide, base composition and 
Sequence of the oligonucleotide, ionic Strength and inci 
dence of mismatched base pairs. 
0164 Stability of a nucleic acid duplex is measured by 
the melting temperature, or “T. The T of a particular 
nucleic acid duplex under Specified conditions is the tem 
perature at which on average half of the base pairs have 
disasSociated. 

0.165. The term “label” as used herein refers to any atom 
or molecule which can be used to provide a detectable 
(preferably quantifiable) Signal, and which can be attached 
to a nucleic acid or protein. Labels may provide Signals 
detectable by fluorescence, radioactivity, colorimetry, 
gravimetry, X-ray diffraction or absorption, magnetism, 
enzymatic activity, and the like. A label may be a charged 
moeity (positive or negative charge) or alternatively, may be 
charge neutral. 
0166 The term “cleavage structure” as used herein, 
refers to a structure which is formed by the interaction of a 
probe oligonucleotide and a target nucleic acid to form a 
duplex, Said resulting structure being cleavable by a cleav 
age means, including but not limited to an enzyme. The 
cleavage Structure is a Substrate for Specific cleavage by Said 
cleavage means in contrast to a nucleic acid molecule which 
is a Substrate for non-Specific cleavage by agents Such as 
phosphodiesterases which cleave nucleic acid molecules 
without regard to Secondary structure (i.e., no formation of 
a duplexed structure is required). 
0167 The term “cleavage means” as used herein refers to 
any means which is capable of cleaving a cleavage Structure, 
including but not limited to enzymes. The cleavage means 
may include native DNAPs having 5' nuclease activity (e.g., 
Taq DNA polymerase, E. coli DNA polymerase I) and, more 
specifically, modified DNAPs having 5' nuclease but lacking 
synthetic activity. The ability of 5" nucleases to cleave 
naturally occurring Structures in nucleic acid templates 
(structure-specific cleavage) is useful to detect internal 
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Sequence differences in nucleic acids without prior knowl 
edge of the Specific Sequence of the nucleic acid. In this 
manner, they are Structure-specific enzymes. Structure-spe 
cific enzymes are enzymes which recognize Specific Sec 
ondary Structures in a nucleic molecule and cleave these 
Structures. The cleavage means of the invention cleave a 
nucleic acid molecule in response to the formation of 
cleavage Structures, it is not necessary that the cleavage 
means cleave the cleavage Structure at any particular loca 
tion within the cleavage Structure. 
0.168. The cleavage means is not restricted to enzymes 
having Solely 5' nuclease activity. The cleavage means may 
include nuclease activity provided from a variety of Sources 
including the Cleavase(E) enzymes, Taq DNA polymerase 
and E. coli DNA polymerase I. 
0169. The term “thermostable” when used in reference to 
an enzyme, Such as a 5' nuclease, indicates that the enzyme 
is functional or active (i.e., can perform catalysis) at an 
elevated temperature, i.e., at about 55 C. or higher. 
0170 The term “cleavage products” as used herein, refers 
to products generated by the reaction of a cleavage means 
with a cleavage structure (i.e., the treatment of a cleavage 
Structure with a cleavage means). 
0171 The term “target nucleic acid” refers to a nucleic 
acid molecule which contains a Sequence which has at least 
partial complementarity with at least a probe oligonucleotide 
and may also have at least partial complementarity with an 
invader oligonucleotide. The target nucleic acid may com 
prise single- or double-stranded DNA or RNA. 
0172 The term “probe oligonucleotide” refers to an 
oligonucleotide which interacts with a target nucleic acid to 
form a cleavage Structure in the presence or absence of an 
invader oligonucleotide. When annealed to the target nucleic 
acid, the probe oligonucleotide and target form a cleavage 
Structure and cleavage occurs within the probe oligonucle 
otide. In the presence of an invader oligonucleotide 
upstream of the probe oligonucleotide along the target 
nucleic acid will shift the site of cleavage within the probe 
oligonucleotide (relative to the site of cleavage in the 
absence of the invader). 
0173 The term “non-target cleavage product” refers to a 
product of a cleavage reaction which is not derived from the 
target nucleic acid. AS discussed above, in the methods of 
the present invention, cleavage of the cleavage Structure 
occurs within the probe oligonucleotide. The fragments of 
the probe oligonucleotide generated by this target nucleic 
acid-dependent cleavage are “non-target cleavage products.” 
The term “invader oligonucleotide' refers to an oligonucle 
otide which contains Sequences at its 3' end which are 
Substantially the same as Sequences located at the 5' end of 
a probe oligonucleotide; these regions will compete for 
hybridization to the same Segment along a complementary 
target nucleic acid. 
0.174. The term “substantially single-stranded” when 
used in reference to a nucleic acid Substrate means that the 
Substrate molecule exists primarily as a single Strand of 
nucleic acid in contrast to a double-Stranded Substrate which 
exists as two Strands of nucleic acid which are held together 
by inter-Strand base pairing interactions. 
0.175. The term “sequence variation” as used herein refers 
to differences in nucleic acid Sequence between two nucleic 
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acids. For example, a wild-type Structural gene and a mutant 
form of this wild-type structural gene may vary in Sequence 
by the presence of Single base Substitutions and/or deletions 
or insertions of one or more nucleotides. These two forms of 
the Structural gene are Said to vary in Sequence from one 
another. A Second mutant form of the Structural gene may 
exist. This Second mutant form is said to vary in Sequence 
from both the wild-type gene and the first mutant form of the 
gene. 

0176) The term “liberating” as used herein refers to the 
release of a nucleic acid fragment from a larger nucleic acid 
fragment, Such as an oligonucleotide, by the action of a 5' 
nuclease Such that the released fragment is no longer 
covalently attached to the remainder of the oligonucleotide. 
0177. The term “K” as used herein refers to the Michae 
lis-Menten constant for an enzyme and is defined as the 
concentration of the Specific Substrate at which a given 
enzyme yields one-half its maximum velocity in an enzyme 
catalyzed reaction. 
0.178 The term “nucleotide analog” as used herein refers 
to modified or non-naturally occurring nucleotides Such as 
7-deaza purines (i.e., 7-deaza-dATP and 7-deaza-dGTP). 
Nucleotide analogs include base analogs and comprise 
modified forms of deoxyribonucleotides as well as ribo 
nucleotides. 

0179 The term “polymorphic locus” is a locus present in 
a population which shows variation between members of the 
population (i.e., the most common allele has a frequency of 
less than 0.95). In contrast, a “monomorphic locus” is a 
genetic locus at little or no variations Seen between members 
of the population (generally taken to be a locus at which the 
most common allele exceeds a frequency of 0.95 in the gene 
pool of the population). 
0180. The term “microorganism” as used herein means 
an organism too Small to be observed with the unaided eye 
and includes, but is not limited to bacteria, Virus, protozoans, 
fungi, and ciliates. 
0181. The term “microbial gene sequences” refers to 
gene Sequences derived from a microorganism. 
0182. The term “bacteria” refers to any bacterial species 
including eubacterial and archaebacterial Species. 
0183 The term “virus' refers to obligate, ultramicro 
Scopic, intracellular parasites incapable of autonomous rep 
lication (i.e., replication requires the use of the host cells 
machinery). 
0184 The term “multi-drug resistant” or multiple-drug 
resistant” refers to a microorganism which is resistant to 
more than one of the antibiotics or antimicrobial agents used 
in the treatment of Said microorganism. 
0185. The term “sample” in the present specification and 
claims is used in its broadest Sense. On the one hand it is 
meant to include a specimen or culture (e.g., microbiological 
cultures). On the other hand, it is meant to include both 
biological and environmental Samples. 
0186 Biological samples may be animal, including 
human, fluid, Solid (e.g., Stool) or tissue, as well as liquid 
and Solid food and feed products and ingredients Such as 
dairy items, vegetables, meat and meat by-products, and 
waste. Biological Samples may be obtained from all of the 
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various families of domestic animals, as well as feral or wild 
animals, including, but not limited to, Such animals as 
ungulates, bear, fish, lagamorphs, rodents, etc. 

0187 Environmental samples include environmental 
material Such as Surface matter, Soil, water and industrial 
Samples, as well as Samples obtained from food and dairy 
processing instruments, apparatus, equipment, utensils, dis 
posable and non-disposable items. These examples are not to 
be construed as limiting the Sample types applicable to the 
present invention. 

0188 The term “source of target nucleic acid” refers to 
any sample which contains nucleic acids (RNA or DNA). 
Particularly preferred Sources of target nucleic acids are 
biological Samples including, but not limited to blood, 
Saliva, cerebral Spinal fluid, pleural fluid, milk, lymph, 
Sputum and Semen. 
0189 An oligonucleotide is said to be present in “excess” 
relative to another oligonucleotide (or target nucleic acid 
Sequence) if that oligonucleotide is present at a higher molar 
concentration that the other oligonucleotide (or target 
nucleic acid Sequence). When an oligonucleotide Such as a 
probe oligonucleotide is present in a cleavage reaction in 
exceSS relative to the concentration of the complementary 
target nucleic acid Sequence, the reaction may be used to 
indicate the amount of the target nucleic acid present. 
Typically, when present in excess, the probe oligonucleotide 
will be present at least a 100-fold molar excess; typically at 
least 1 pmole of each probe oligonucleotide would be used 
when the target nucleic acid Sequence was present at about 
10 fmoles or less. 

0190. A sample “suspected of containing” a first and a 
Second target nucleic acid may contain either, both or neither 
target nucleic acid molecule. 
0191 The term “charge-balanced” oligonucleotide refers 
to an olignucleotide (the input oligonucleotide in a reaction) 
which has been modified such that the modified oligonucle 
otide bears a charge, Such that when the modified oligo 
nucleotide is either cleaved (i.e., Shortened) or elongated, a 
resulting product bears a charge different from the input 
oligonucleotide (the “charge-unbalanced’ oligonucleotide) 
thereby permitting Separation of the input and reacted oli 
gonucleotides on the basis of charge. The term “charge 
balanced” does not imply that the modified or balanced 
oligonucleotide has a net neutral charge (although this can 
be the case). Charge-balancing refers to the design and 
modification of an oligonucleotide Such that a specific 
reaction product generated from this input oligonucleotide 
can be separated on the basis of charge from the input 
oligonuceotide. 

0.192 For example, in an invader-directed cleavage assay 
in which the probe oligonucleotide bears the Sequence: 
5'-TTCTTTTCACCAGCGAGACGGG-3' (i.e., SEQ ID 
NO:61 without the modified bases) and cleavage of the 
probe occurs between the Second and third residues, one 
possible charge-balanced version of this oligonuceotide 
would be: 5'-Cy3-AminoT-Amino-TCTTTTCACCAGC 
GAGAC GGG-3'. This modified oligonucleotide bears a net 
negative charge. After cleavage, the following oligonucle 
otides are generated: 5'-Cy3-AminoT-Amino-T-3' and 
5'-CTTTTCACCAGCGAGACGGG-3 (residues 3-22of 
SEQ ID NO:61). 5-Cy3-AminoT-Amino-T-3' bears a 
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detectable moeity (the positively-charged Cy3 dye) and two 
amino-modified bases. The amino-modified bases and the 
Cy3 dye contribute positive charges in excess of the negative 
charges contributed by the phosphate groupS and thus the 
5'-Cy3-AminoT-Amino-T-3' oligonucleotide has a net posi 
tive charge. The other, longer cleavage fragment, like the 
input probe, bears a net negative charge. Because the 
5'-Cy3-AminoT-Amino-T-3' fragment is separable on the 
basis of charge from the input probe (the charge-balanced 
oligonucleotide), it is referred to as a charge-unbalanced 
oligonucleotide. The longer cleavage product cannot be 
Separated on the basis of charge from the input oligonucle 
otide as both oligonucleotides bear a net negative charge; 
thus, the longer cleavage product is not a charge-unbalanced 
oligonucleotide. 

0193 The term “net neutral charge” when used in refer 
ence to an oligonucletide, including modified oligonucle 
otides, indicates that the Sum of the charges present (i.e., 
R-NH groups on thymidines, the N3 nitrogen of 
cytosine, presence or absence or phosphate groups, etc.) 
under the desired reaction conditions is essentially Zero. An 
oligonucletide having a net neutral charge would not migrate 
in an electrical field. 

0194 The term “net positive charge” when used in ref 
erence to an oligonucletide, including modified oligonucle 
otides, indicates that the Sum of the charges present (i.e., 
R-NH groups on thymidines, the N3 nitrogen of 
cytosine, presence or absence or phosphate groups, etc.) 
under the desired reaction conditions is +1 or greater. An 
oligonucletide having a net positive charge would migrate 
toward the negative electrode in an electrical field. 
0.195 The term “net negative charge” when used in 
reference to an oligonucletide, including modified oligo 
nucleotides, indicates that the Sum of the charges present 
(i.e., R-NH groups on thymidines, the N3 nitrogen of 
cytosine, presence or absence or phosphate groups, etc.) 
under the desired reaction conditions is -1 or lower. An 
oligonucletide having a net negative charge would migrate 
toward the positive electrode in an electrical field. 
0196. The term “polymerization means” refers to any 
agent capable of facilitating the addition of nucleoside 
triphosphates to an oligonucleotide. Preferred polymeriza 
tion means comprise DNA polymerases. 
0197) The term “ligation means” refers to any agent 
capable of facilitatig the ligation (i.e., the formation of a 
phosphodiester bond between a 3'-OH and a 5'-P located at 
the termini of two strands of nucelic acid). Preferred ligation 
means comprise DNA ligases and RNA ligases. 

0198 The term “reactant” is used herein in its broadest 
Sense. The reactant can comprise an enzymatic reactant, a 
chemical reactant or ultraviolet light (ultraviolet light, par 
ticulary short wavelength ultraViolet light is known to break 
oligonucleotide chains). Any agent capable of reacting with 
an oligonucleotide to either shorten (i.e., cleave) or elongate 
the oligonucleotide is encompSased within the term “reac 
tant.” The term “adduct' is used herein in its broadest sense 
to indicate any compound or element which can be added to 
an oligonucleotide. An adduct may be charged (postively or 
negatively) or may be charge neutral. An adduct may be 
added to the oligonucleotide via covalent or non-covalent 
linkages. Examples of adducts, include but are not limited to 

Jan. 16, 2003 

indodicarbocyanine dye amidites, amino-Substituted nucle 
otides, ethidium bromide, ethidium homodimer, (1,3-pro 
panediamino)propidium, (diethylenetriamino)propidium, 
thiazole orange, (N-N'-tetramethyl-1,3-propanediamino 
)propylthiazole orange, (N-N'-tetramethyl-1,2-ethanediami 
no)propyl thiazole orange, thiazole orange-thiazole orange 
homodimer (TOTO), thiazole orande-thiazole blue het 
erodimer (TOTAB), thiazole orange-ethidium heterodimer 1 
(TOED1), thiazole orange-ethidium heterodimer 2 (TOED2) 
and florescien-ethidium heterodimer (FED), psoralens, 
biotin, Streptavidin, avidin, etc. 
0199 Where a first oligonucleotide is complementary to 
a region of a target nucleic acid and a Second oligonucleotide 
has complementary to the same region (or a portion of this 
region) a “region of overlap' exists along the target nucleic 
acid. The degree of overlap will vary depending upon the 
nature of the complementarity (see, e.g., region “X” in FIG. 
29 and the accompanying discussion) 

DESCRIPTION OF THE INVENTION 

0200. The present invention relates to methods and com 
positions for treating nucleic acid, and in particular, methods 
and compositions for detection and characterization of 
nucleic acid Sequences and Sequence changes. 

0201 The present invention relates to means for cleaving 
a nucleic acid cleavage Structure in a site-specific manner. In 
particular, the present invention relates to a cleaving enzyme 
having 5' nuclease activity without interfering nucleic acid 
synthetic ability. 

0202) This invention provides 5 nucleases derived from 
thermostable DNA polymerases which exhibit altered DNA 
synthetic activity from that of native thermostable DNA 
polymerases. The 5' nuclease activity of the polymerase is 
retained while the Synthetic activity is reduced or absent. 
Such 5' nucleases are capable of catalyzing the Structure 
Specific cleavage of nucleic acids in the absence of inter 
fering Synthetic activity. The lack of Synthetic activity 
during a cleavage reaction results in nucleic acid cleavage 
products of uniform size. 
0203 The novel properties of the polymerases of the 
invention form the basis of a method of detecting specific 
nucleic acid Sequences. This method relies upon the ampli 
fication of the detection molecule rather than upon the 
amplification of the target Sequence itself as do existing 
methods of detecting Specific target Sequences. 

0204 DNA polymerases (DNAPs), such as those isolated 
from E. coli or from thermophilic bacteria of the genus 
Thermus, are enzymes that synthesize new DNA strands. 
Several of the known DNAPs contain associated nuclease 
activities in addition to the Synthetic activity of the enzyme. 

0205 Some DNAPs are known to remove nucleotides 
from the 5' and 3' ends of DNA chains Kornberg, DNA 
Replication, W.H. Freeman and Co., San Francisco, pp. 
127-139 (1980)). These nuclease activities are usually 
referred to as 5' exonuclease and 3' exonuclease activities, 
respectively. For example, the 5' exonuclease activity 
located in the N-terminal domain of several DNAPs partici 
pates in the removal of RNA primers during lagging Strand 
synthesis during DNA replication and the removal of dam 
aged nucleotides during repair. Some DNAPS, Such as the E. 
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coli DNA polymerase (DNAPEc1), also have a 3’ exonu 
clease activity responsible for proof-reading during DNA 
Synthesis (Kornberg, Supra). 
0206. A DNAP isolated from Thermus aquaticus, termed 
Taq DNA polymerase (DNAPTaq), has a 5’ exonuclease 
activity, but lacks a functional 3' exonucleolytic domain 
Tindall and Kunkell, Biochem. 27:6008 (1988). Deriva 
tives of DNAPEc1 and DNAPTaq, respectively called the 
Klenow and Stoffel fragments, lack 5' exonuclease domains 
as a result of enzymatic or genetic manipulations Brutlaget 
al., Biochem. Biophys. Res. Commun. 37:982 (1969); Erlich 
et al., Science 252: 1643 (1991); Setlow and Kornberg, J. 
Biol. Chem. 247:232 (1972)). 
0207. The 5' exonuclease activity of DNAPTaq was 
reported to require concurrent synthesis Gelfand, PCR 
Technology-Principles and Applications for DNA Amplifi 
cation (H. A. Erlich, Ed.), Stockton Press, New York, p. 19 
(1989). Although mononucleotides predominate among the 
digestion products of the 5' exonucleases of DNAPTaq and 
DNAPEc1, short oligonucleotides (s12 nucleotides) can 
also be observed implying that these So-called 5' exonu 
cleases can function endonucleolytically Setlow, Supra; 
Holland et al., Proc. Natl. Acad. Sci. USA 88:7276 (1991)). 
0208. In WO 92/06200, Gelfand et al. show that the 
preferred substrate of the 5' exonuclease activity of the 
thermostable DNA polymerases is displaced Single-Stranded 
DNA. Hydrolysis of the phosphodiester bond occurs 
between the displaced single-stranded DNA and the double 
helical DNA with the preferred exonuclease cleavage site 
being a phosphodiester bond in the double helical region. 
Thus, the 5' exonuclease activity usually associated with 
DNAPS is a structure-dependent Single-Stranded endonu 
clease and is more properly referred to as a 5' nuclease. 
Exonucleases are enzymes which cleave nucleotide mol 
ecules from the ends of the nucleic acid molecule. Endonu 
cleases, on the other hand, are enzymes which cleave the 
nucleic acid molecule at internal rather than terminal Sites. 
The nuclease activity associated with Some thermostable 
DNA polymerases cleaves endonucleolytically but this 
cleavage requires contact with the 5' end of the molecule 
being cleaved. Therefore, these nucleases are referred to as 
5' nucleases. 

0209 When a 5' nuclease activity is associated with a 
eubacterial Type A DNA polymerase, it is found in the 
one-third N-terminal region of the protein as an independent 
functional domain. The C-terminal two-thirds of the mol 
ecule constitute the polymerization domain which is respon 
sible for the synthesis of DNA. Some Type A DNA poly 
merases also have a 3’ exonuclease activity associated with 
the two-third C-terminal region of the molecule. 
0210. The 5' exonuclease activity and the polymerization 
activity of DNAPs have been separated by proteolytic 
cleavage or genetic manipulation of the polymerase mol 
ecule. To date thermostable DNAPs have been modified to 
remove or reduce the amount of 5" nuclease activity while 
leaving the polymerase activity intact. 
0211 The Klenow or large proteolytic cleavage fragment 
of DNAPEc1 contains the polymerase and 3' exonuclease 
activity but lacks the 5' nuclease activity. The Stoffel frag 
ment of DNAPTaq (DNAPStf) lacks the 5' nuclease activity 
due to a genetic manipulation which deleted the N-terminal 
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289 amino acids of the polymerase molecule Erlich et al., 
Science 252:1643 (1991). WO92/06200 describes a ther 
mostable DNAP with an altered level of 5' to 3' exonuclease. 
U.S. Pat. No. 5,108,892 describes a Thermus aquaticus 
DNAP without a 5' to 3' exonuclease. However, the art of 
molecular biology lacks a thermostable DNA polymerase 
with a lessened amount of Synthetic activity. 
0212. The present invention provides 5 nucleases 
derived from thermostable Type A DNA polymerases that 
retain 5' nuclease activity but have reduced or absent Syn 
thetic activity. The ability to uncouple the synthetic activity 
of the enzyme from the 5' nuclease activity proves that the 
5' nuclease activity does not require concurrent DNA Syn 
thesis as was previously reported (Gelfand, PCR Technol 
ogy, Supra). 
0213 The description of the invention is divided into: I. 
Detection of Specific Nucleic Acid Sequences. Using 5' 
Nucleases; II. Generation of 5' Nucleases Derived From 
Thermostable DNA Polymerases; III. Detection of Specific 
Nucleic Acid Sequences Using 5' Nucleases in an Invader 
Directed Cleavage Assay; IV. A Comparison Of Invasive 
Cleavage And Primer-Directed Cleavage; and V. Fraction 
ation Of Specific Nucleic Acids. By Selective Charge Rever 
Sal. 

0214 I. Detection of Specific Nucleic Acid Sequences 
Using 5' Nucleases 
0215. The 5' nucleases of the invention form the basis of 
a novel detection assay for the identification of Specific 
nucleic acid Sequences. This detection System identifies the 
presence of Specific nucleic acid Sequences by requiring the 
annealing of two oligonucleotide probes to two portions of 
the target Sequence. AS used herein, the term “target 
Sequence' or “target nucleic acid Sequence” refers to a 
Specific nucleic acid Sequence within a polynucleotide 
Sequence, Such as genomic DNA or RNA, which is to be 
either detected or cleaved or both. 

0216 FIG. 1A provides a schematic of one embodiment 
of the detection method of the present invention. The target 
Sequence is recognized by two distinct oligonucleotides in 
the triggering or trigger reaction. It is preferred that one of 
these oligonucleotides is provided on a Solid Support. The 
other can be provided free. In FIG. 1A the free oligo is 
indicated as a “primer' and the other oligo is shown attached 
to a bead designated as type 1. The target nucleic acid aligns 
the two oligonucleotides for Specific cleavage of the 5' arm 
(of the oligo on bead 1) by the DNAPs of the present 
invention (not shown in FIG. 1A). 
0217. The site of cleavage (indicated by a large solid 
arrowhead) is controlled by the distance between the 3' end 
of the “primer' and the downstream fork of the oligo on 
bead 1. The latter is designed with an uncleavable region 
(indicated by the Striping). In this manner neither oligo 
nucleotide is Subject to cleavage when misaligned or when 
unattached to target nucleic acid. 
0218. Successful cleavage releases a single copy of what 
is referred to as the alpha Signal oligo. This oligo may 
contain a detectable moiety (e.g., fluorescein). On the other 
hand, it may be unlabelled. 
0219. In one embodiment of the detection method, two 
more oligonucleotides are provided on Solid Supports. The 
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oligonucleotide shown in FIG. 1A on bead 2 has a region 
that is complementary to the alpha signal oligo (indicated as 
alpha prime) allowing for hybridization. This structure can 
be cleaved by the DNAPs of the present invention to release 
the beta Signal oligo. The beta Signal oligo can then hybrid 
ize to type 3 beads having an oligo with a complementary 
region (indicated as beta prime). Again, this structure can be 
cleaved by the DNAPs of the present invention to release a 
new alpha oligo. 

0220 At this point, the amplification has been linear. To 
increase the power of the method, it is desired that the alpha 
signal oligo hybridized to bead type 2 be liberated after 
release of the beta oligo So that it may go on to hybridize 
with other oligos on type 2 beads. Similarly, after release of 
an alpha oligo from type 3 beads, it is desired that the beta 
oligo be liberated. 
0221) The liberation of “captured” signal oligos can be 
achieved in a number of ways. First, it has been found that 
the DNAPs of the present invention have a true 5' exonu 
clease capable of "nibbling” the 5' end of the alpha (and 
beta) prime oligo (discussed below in more detail). Thus, 
under appropriate conditions, the hybridization is destabi 
lized by nibbling of the DNAP Second, the alpha - alpha 
prime (as well as the beta-beta prime) complex can be 
destabilized by heat (e.g., thermal cycling). 
0222. With the liberation of signal oligos by Such tech 
niques, each cleavage results in a doubling of the number of 
Signal oligos. In this manner, detectable signal can quickly 
be achieved. 

0223 FIG. 1B provides a schematic of a second embodi 
ment of the detection method of the present invention. 
Again, the target Sequence is recognized by two distinct 
oligonucleotides in the triggering or trigger reaction and the 
target nucleic acid aligns the two oligonucleotides for Spe 
cific cleavage of the 5' arm by the DNAPs of the present 
invention (not shown in FIG. 1B). The first oligo is com 
pletely complementary to a portion of the target Sequence. 
The Second oligonucleotide is partially complementary to 
the target Sequence; the 3' end of the Second oligonucleotide 
is fully complementary to the target Sequence while the 5' 
end is non-complementary and forms a single-Stranded arm. 
The non-complementary end of the Second oligonucleotide 
may be a generic Sequence which can be used with a set of 
standard hairpinstructures (described below). The detection 
of different target Sequences would require unique portions 
of two oligonucleotides: the entire first oligonucleotide and 
the 3' end of the second oligonucleotide. The 5' arm of the 
Second oligonucleotide can be invariant or generic in 
Sequence. 

0224. The annealing of the first and second oligonucle 
otides near one another along the target Sequence forms a 
forked cleavage structure which is a substrate for the 5' 
nuclease of DNA polymerases. The approximate location of 
the cleavage Site is again indicated by the large Solid 
arrowhead in FIG. 1B. 

0225. The 5' nucleases of the invention are capable of 
cleaving this structure but are not capable of polymerizing 
the extension of the 3' end of the first oligonucleotide. The 
lack of polymerization activity is advantageous as extension 
of the first oligonucleotide results in displacement of the 
annealed region of the Second oligonucleotide and results in 
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moving the site of cleavage along the Second oligonucle 
otide. If polymerization is allowed to occur to any significant 
amount, multiple lengths of cleavage product will be gen 
erated. A Single cleavage product of uniform length is 
desirable as this cleavage product initiates the detection 
reaction. 

0226. The trigger reaction may be run under conditions 
that allow for thermocycling. Thermocycling of the reaction 
allows for a logarithmic increase in the amount of the trigger 
oligonucleotide released in the reaction. 

0227. The second part of the detection method allows the 
annealing of the fragment of the Second oligonucleotide 
liberated by the cleavage of the first cleavage Structure 
formed in the triggering reaction (called the third or trigger 
oligonucleotide) to a first hairpin structure. This first hairpin 
Structure has a Single-Stranded 5' arm and a Single-Stranded 
3' arm. The third oligonucleotide triggers the cleavage of this 
first hairpin Structure by annealing to the 3' arm of the 
hairpin thereby forming a Substrate for cleavage by the 5' 
nuclease of the present invention. The cleavage of this first 
hairpin structure generates two reaction products: 1) the 
cleaved 5' arm of the hairpin called the fourth oligonucle 
otide, and 2) the cleaved hairpin structure which now lacks 
the 5' arm and is Smaller in size than the uncleaved hairpin. 
This cleaved first hairpin may be used as a detection 
molecule to indicate that cleavage directed by the trigger or 
third oligonucleotide occurred. Thus, this indicates that the 
first two oligonucleotides found and annealed to the target 
Sequence thereby indicating the presence of the target 
Sequence in the Sample. 

0228. The detection products are amplified by having the 
fourth oligonucleotide anneal to a Second hairpin Structure. 
This hairpin Structure has a 5' Single-Stranded arm and a 3' 
Single-Stranded arm. The fourth oligonucleotide generated 
by cleavage of the first hairpin Structure anneals to the 3' arm 
of the Second hairpin Structure thereby creating a third 
cleavage Structure recognized by the 5' nuclease. The cleav 
age of this Second hairpin Structure also generates two 
reaction products: 1) the cleaved 5' arm of the hairpin called 
the fifth oligonucleotide which is similar or identical in 
Sequence to the third nucleotide, and 2) the cleaved second 
hairpin Structure which now lacks the 5' arm and is Smaller 
in Size than the uncleaved hairpin. This cleaved Second 
hairpin may be as a detection molecule and amplifies the 
Signal generated by the cleavage of the first hairpin Structure. 
Simultaneously with the annealing of the forth oligonucle 
otide, the third oligonucleotide is dissociated from the 
cleaved first hairpin molecule So that it is free to anneal to 
a new copy of the first hairpin Structure. The disassociation 
of the oligonucleotides from the hairpin Structures may be 
accomplished by heating or other means Suitable to disrupt 
base-pairing interactions. 

0229. Further amplification of the detection signal is 
achieved by annealing the fifth oligonucleotide (similar or 
identical in Sequence to the third oligonucleotide) to another 
molecule of the first hairpin Structure. Cleavage is then 
performed and the oligonucleotide that is liberated then is 
annealed to another molecule of the Second hairpin Structure. 
Successive rounds of annealing and cleavage of the first and 
Second hairpin Structures, provided in exceSS, are performed 
to generate a Sufficient amount of cleaved hairpin products 
to be detected. The temperature of the detection reaction is 
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cycled just below and just above the annealing temperature 
for the oligonucleotides used to direct cleavage of the 
hairpin structures, generally about 55 C. to 70° C. The 
number of cleavages will double in each cycle until the 
amount of hairpin Structures remaining is below the K for 
the hairpin Structures. This point is reached when the hairpin 
Structures are Substantially used up. When the detection 
reaction is to be used in a quantitative manner, the cycling 
reactions are Stopped before the accumulation of the cleaved 
hairpin detection products reach a plateau. 

0230 Detection of the cleaved hairpin structures may be 
achieved in Several ways. In one embodiment detection is 
achieved by Separation on agarose or polyacrylamide gels 
followed by staining with ethidium bromide. In another 
embodiment, detection is achieved by Separation of the 
cleaved and uncleaved hairpin Structures on a gel followed 
by autoradiography when the hairpin Structures are first 
labelled with a radioactive probe and Separation on chro 
matography columns using HPLC or FPLC followed by 
detection of the differently sized fragments by absorption at 
ODo. Other means of detection include detection of 
changes in fluorescence polarization when the Single 
Stranded 5' arm is released by cleavage, the increase in 
fluorescence of an intercalating fluorescent indicator as the 
amount of primers annealed to 3' arms of the hairpin 
Structures increases. The formation of increasing amounts of 
duplex DNA (between the primer and the 3' arm of the 
hairpin) occurs if Successive rounds of cleavage occur. 
0231. The hairpin structures may be attached to a solid 
Support, Such as an agarose, Styrene or magnetic bead, Via 
the 3' end of the hairpin. A Spacer molecule may be placed 
between the 3' end of the hairpin and the bead, if so desired. 
The advantage of attaching the hairpin Structures to a Solid 
support is that this prevents the hybridization of the two 
hairpin Structures to one another over regions which are 
complementary. If the hairpin Structures anneal to one 
another, this would reduce the amount of hairpins available 
for hybridization to the primerS released during the cleavage 
reactions. If the hairpin Structures are attached to a Solid 
Support, then additional methods of detection of the products 
of the cleavage reaction may be employed. These methods 
include, but are not limited to, the measurement of the 
released single-Stranded 5' arm when the 5' arm contains a 
label at the 5' terminus. This label may be radioactive, 
fluorescent, biotinylated, etc. If the hairpin Structure is not 
cleaved, the S label will remain attached to the Solid 
Support. If cleavage occurs, the 5' label will be released from 
the Solid Support. 

0232 The 3' end of the hairpin molecule may be blocked 
through the use of dideoxynucleotides. A 3' terminus con 
taining a dideoxynucleotide is unavailable to participate in 
reactions with certain DNA modifying enzymes, Such as 
terminal transferase. Cleavage of the hairpin having a 3' 
terminal dideoxynucleotide generates a new, unblocked 3' 
terminus at the Site of cleavage. This new 3' end has a free 
hydroxyl group which can interact with terminal transferase 
thus providing another means of detecting the cleavage 
products. 

0233. The hairpin structures are designed so that their 
Self-complementary regions are very short (generally in the 
range of 3-8 base pairs). Thus, the hairpin structures are not 
Stable at the high temperatures at which this reaction is 
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performed (generally in the range of 50-75° C) unless the 
hairpin is Stabilized by the presence of the annealed oligo 
nucleotide on the 3' arm of the hairpin. This instability 
prevents the polymerase from cleaving the hairpin Structure 
in the absence of an associated primer thereby preventing 
false positive results due to non-oligonucleotide directed 
cleavage. 

0234. As discussed above, the use of the 5' nucleases of 
the invention which have reduced polymerization activity is 
advantageous in this method of detecting Specific nucleic 
acid Sequences. Significant amounts of polymerization dur 
ing the cleavage reaction would cause shifting of the Site of 
cleavage in unpredictable ways resulting in the production 
of a Series of cleaved hairpin Structures of various sizes 
rather than a single easily quantifiable product. Additionally, 
the primers used in one round of cleavage could, if elon 
gated, become unusable for the next cycle, by either forming 
an incorrect Structure or by being too long to melt off under 
moderate temperature cycling conditions. In a pristine Sys 
tem (i.e., lacking the presence of dNTPs), one could use the 
unmodified polymerase, but the presence of nucleotides 
(dNTPs) can decrease the per cycle efficiency enough to give 
a false negative result. When a crude extract (genomic DNA 
preparations, crude cell lysates, etc.) is employed or where 
a sample of DNA from a PCR reaction, or any other sample 
that might be contaminated with dNTPs, the 5' nucleases of 
the present invention that were derived from thermostable 
polymerases are particularly useful. 

0235 II. Generation of 5' Nucleases from Thermostable 
DNA Polymerases 

0236. The genes encoding Type A DNA polymerases 
share about 85% homology to each other on the DNA 
Sequence level. Preferred examples of thermostable poly 
merases include those isolated from Thermus aquaticus, 
Thermus flavus, and Thermus thermophilus. However, other 
thermostable Type A polymerases which have 5' nuclease 
activity are also suitable. FIGS. 2 and 3 compare the 
nucleotide and amino acid Sequences of the three above 
mentioned polymerases. In FIGS. 2 and 3, the consensus or 
majority Sequence derived from a comparison of the nucle 
otide (FIG. 2) or amino acid (FIG. 3) sequence of the three 
thermostable DNA polymerases is shown on the top line. A 
dot appears in the Sequences of each of these three poly 
merases whenever an amino acid residue in a given 
Sequence is identical to that contained in the consensus 
amino acid Sequence. Dashes are used to introduce gaps in 
order to maximize alignment between the displayed 
Sequences. When no consensus nucleotide or amino acid is 
present at a given position, an “X” is placed in the consensus 
sequence. SEQ ID NOS:1-3 display the nucleotide 
sequences and SEQ ID NOS:4-6 display the amino acid 
sequences of the three wild-type polymerases. SEQID NO:1 
corresponds to the nucleic acid Sequence of the wild type 
Thermus aquaticus DNA polymerase gene isolated from the 
YT-1 strain Lawyer et al., J. Biol. Chem. 264:6427 (1989)). 
SEQ ID NO:2 corresponds to the nucleic acid sequence of 
the wild type Thermus flavus DNA polymerase gene Akh 
metzjanov and Vakhitov, Nucl. Acids Res. 20:5839 (1992)). 
SEQ ID NO:3 corresponds to the nucleic acid sequence of 
the wild type Thermus thermophilus DNA polymerase gene 
Gelfand et al., WO 91/09950 (1991)). SEQ ID NOS:7-8 
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depict the consensus nucleotide and amino acid Sequences, 
respectively for the above three DNAPs (also shown on the 
top row in FIGS. 2 and 3). 
0237) The 5' nucleases of the invention derived from 
thermostable polymerases have reduced Synthetic ability, 
but retain Substantially the same 5' exonuclease activity as 
the native DNA polymerase. The term “substantially the 
Same 5' nuclease activity” as used herein means that the 5' 
nuclease activity of the modified enzyme retains the ability 
to function as a structure-dependent Single-Stranded endo 
nuclease but not necessarily at the same rate of cleavage as 
compared to the unmodified enzyme. Type A DNA poly 
merases may also be modified So as to produce an enzyme 
which has increases 5' nuclease activity while having a 
reduced level of synthetic activity. Modified enzymes hav 
ing reduced Synthetic activity and increased 5' nuclease 
activity are also envisioned by the present invention. 
0238. By the term “reduced synthetic activity” as used 
herein it is meant that the modified enzyme has less than the 
level of synthetic activity found in the unmodified or 
“native” enzyme. The modified enzyme may have no syn 
thetic activity remaining or may have that level of Synthetic 
activity that will not interfere with the use of the modified 
enzyme in the detection assay described below. The 5' 
nucleases of the present invention are advantageous in 
Situations where the cleavage activity of the polymerase is 
desired, but the Synthetic ability is not (Such as in the 
detection assay of the invention). 
0239). As noted above, it is not intended that the invention 
be limited by the nature of the alteration necessary to render 
the polymerase Synthesis deficient. The present invention 
contemplates a variety of methods, including but not limited 
to: 1) proteolysis; 2) recombinant constructs (including 
mutants); and 3) physical and/or chemical modification 
and/or inhibition. 

0240) 1. Proteolysis 
0241 Thermostable DNA polymerases having a reduced 
level of Synthetic activity are produced by physically cleav 
ing the unmodified enzyme with proteolytic enzymes to 
produce fragments of the enzyme that are deficient in 
synthetic activity but retain 5' nuclease activity. Following 
proteolytic digestion, the resulting fragments are separated 
by Standard chromatographic techniques and assayed for the 
ability to synthesize DNA and to act as a 5' nuclease. The 
assays to determine Synthetic activity and 5' nuclease activ 
ity are described below. 
0242 2. Recombinant Constructs 
0243 The examples below describe a preferred method 
for creating a construct encoding a 5' nuclease derived from 
a thermostable DNA polymerase. As the Type A DNA 
polymerases are Similar in DNA sequence, the cloning 
Strategies employed for the Thermus aquaticuS and flavus 
polymerases are applicable to other thermoStable Type A 
polymerases. In general, a thermostable DNA polymerase is 
cloned by isolating genomic DNA using molecular biologi 
cal methods from a bacteria containing a thermostable Type 
A DNA polymerase. This genomic DNA is exposed to 
primers which are capable of amplifying the polymerase 
gene by PCR. 
0244. This amplified polymerase sequence is then Sub 
jected to Standard deletion processes to delete the poly 
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merase portion of the gene. Suitable deletion processes are 
described below in the examples. 
0245. The example below discusses the strategy used to 
determine which portions of the DNAPTaq polymerase 
domain could be removed without eliminating the 5' 
nuclease activity. Deletion of amino acids from the protein 
can be done either by deletion of the encoding genetic 
material, or by introduction of a translational Stop codon by 
mutation or frame shift. In addition, proteolytic treatment of 
the protein molecule can be performed to remove Segments 
of the protein. 

0246. In the examples below, specific alterations of the 
Taq gene were: a deletion between nucleotides 1601 and 
2502 (the end of the coding region), a 4 nucleotide insertion 
at position 2043, and deletions between nucleotides 1614 
and 1848 and between nucleotides 875 and 1778 (numbering 
is as in SEQ ID NO:1). These modified sequences are 
described below in the examples and at SEQ ID NOS:9-12. 
0247 Those skilled in the art understand that single base 
pair changes can be innocuous in terms of enzyme Structure 
and function. Similarly, Small additions and deletions can be 
present without Substantially changing the exonuclease or 
polymerase function of these enzymes. 

0248. Other deletions are also suitable to create the 5' 
nucleases of the present invention. It is preferable that the 
deletion decrease the polymerase activity of the 5' nucleases 
to a level at which synthetic activity will not interfere with 
the use of the 5' nuclease in the detection assay of the 
invention. Most preferably, the synthetic ability is absent. 
Modified polymerases are tested for the presence of Syn 
thetic and 5' nuclease activity as in assays described below. 
Thoughtful consideration of these assays allows for the 
Screening of candidate enzymes whose Structure is hereto 
fore as yet unknown. In other words, construct “X” can be 
evaluated according to the protocol described below to 
determine whether it is a member of the genus of 5' 
nucleases of the present invention as defined functionally, 
rather than Structurally. 
0249. In the example below, the PCR product of the 
amplified Thermus aquaticus genomic DNA did not have the 
identical nucleotide structure of the native genomic DNA 
and did not have the Same Synthetic ability of the original 
clone. Base pair changes which result due to the infidelity of 
DNAPTaq during PCR amplification of a polymerase gene 
are also a method by which the synthetic ability of a 
polymerase gene may be inactivated. The examples below 
and FIGS. 4A and 5A indicate regions in the native Ther 
mus aquaticuS and flavus DNA polymerases likely to be 
important for synthetic ability. There are other base pair 
changes and Substitutions that will likely also inactivate the 
polymerase. 

0250. It is not necessary, however, that one start out the 
process of producing a 5' nuclease from a DNA polymerase 
with Such a mutated amplified product. This is the method by 
which the examples below were performed to generate the 
synthesis-deficient DNAPTaq mutants, but it is understood 
by those skilled in the art that a wild-type DNA polymerase 
Sequence may be used as the Starting material for the 
introduction of deletions, insertion and Substitutions to pro 
duce a 5' nuclease. For example, to generate the Synthesis 
deficient DNAPTfl mutant, the primers listed in SEQ ID 












































































































































