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(57) ABSTRACT 

This application provides methods of detecting and quanti 
tatively determining a target nucleic acid sequence in a 
sample, Which comprise contacting the sample With a primer 
and a Zymogene Which encodes, but Which itself is the 
anti-sense sequence of, a catalytic nucleic acid sequence, so 
that When the target is present, a single ampli?ed nucleic 
acid molecule is produced Which comprises the sequences of 
both the target and catalytic molecules. This invention 
further provides a method of simultaneously detecting the 
presence of a plurality of target nucleic acid sequences in a 
sample. Finally, this invention provides molecules and kits 
for practicing the instant methods. 
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ZYMOGENIC NUCLEIC ACID DETECTION 
METHODS, AND RELATED MOLECULES AND 

KITS 

[0001] Throughout this application, various publications 
are cited. The disclosure of these publications is hereby 
incorporated by reference into this application to describe 
more fully the state of the art to Which this invention 
pertains. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods of detecting and 
quantitating target nucleic acid molecules in a sample via 
nucleic acid ampli?cation. In the instant methods, a single 
amplicon is produced containing both catalytic nucleic acid 
and target sequences. The catalytic nucleic acid is synthe 
siZed from its anti-sense, Zymogenic precursor only if the 
target is present. 

BACKGROUND OF THE INVENTION 

[0003] Methods of in vitro nucleic acid ampli?cation have 
Wide-spread applications in genetics, disease diagnosis and 
forensics. In the last decade many techniques for ampli? 
cation of knoWn nucleic acid sequences (“targets”) have 
been described. These include the polymerase chain reaction 
(“PCR”) (1-7, 41), the strand displacement ampli?cation 
assay (“SDA”) (8) and transcription-mediated ampli?cation 
(“TMA”) (9, 10) (also knoWn as self-sustained sequence 
replication (“SSR”)). The ampli?cation products (“ampli 
cons”) produced by PCR and SDA are DNA, Whereas RNA 
amplicons are produced by TMA. The DNA or RNA ampli 
cons generated by these methods can be used as markers of 
nucleic acid sequences associated With speci?c disorders. 

[0004] Several methods alloW simultaneous ampli?cation 
and detection of nucleic acids in a closed system, i.e., in a 
single homogeneous reaction system. These methods 
include Sunrise TM primers (11), Molecular Beacons (12) and 
the TaqmanTM system (13). Using homogeneous sealed tube 
formats has several advantages over separately analyZing 
amplicons folloWing ampli?cation reactions. Closed system 
methods are faster and simpler because they require feWer 
manipulations. A closed system eliminates the potential for 
false positives associated With contamination by amplicons 
from other reactions. Homogeneous reactions can be moni 
tored in real time, With the signal at time Zero alloWing the 
measurement of the background signal in the system. Addi 
tional control reactions for estimating the background signal 
are therefore not required. A change in the signal intensity 
indicates ampli?cation of a speci?c nucleic acid sequence 
present in the sample. 

[0005] Instead of amplifying the target nucleic acid, alter 
nate strategies involve amplifying the reporter signal. The 
Branched DNA assay (14) ampli?es the signal by employing 
a secondary reporter molecule (e.g. alkaline phosphatase), 
Whereas ?uorescence correlation spectroscopy (FCS) 
employs electronic ampli?cation of the signal (15). 

[0006] As With other ampli?cation technologies, catalytic 
nucleic acids have been studied intensively in recent years. 
The potential for suppression of gene function using cata 
lytic nucleic acids as therapeutic agents is Widely discussed 
in the literature (16-22). Catalytic RNA molecules 
(“riboZymes”) have been shoWn to catalyZe the formation 
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and cleavage of phosphodiester bonds (16, 23). In vitro 
evolution techniques have been used to discover additional 
nucleic acids Which are capable of catalyZing a far broader 
range of reactions including cleavage (21, 22, 24) and 
ligation of nucleic acids (25), porphyrin metallation (26), 
and formation of carbon-carbon (27), ester (28) and amide 
bonds (29). 

[0007] RiboZymes have been shoWn to be capable of 
cleaving both RNA (16) and DNA (21) molecules. Similarly, 
catalytic DNA molecules (“DNAZymes”) have also been 
shoWn to be capable of cleaving both RNA (17, 24) and 
DNA (22, 30) molecules. Catalytic nucleic acid can cleave 
a target nucleic acid substrate provided the substrate meets 
stringent sequence requirements. The target substrate must 
be complementary to the hybridiZing regions of the catalytic 
nucleic acid and contain a speci?c sequence at the site of 
cleavage. EXamples of sequence requirements at the cleav 
age site include the requirement for a purinezpyrimidine 
sequence for a class of DNAZymes (“10-23 model” or 
“10-23 DNAZyme”) (24), and the requirement for the 
sequence U:X Where X can equal A, C or U but not G, for 
hammerhead riboZymes (16). 

[0008] In addition to having therapeutic potential, cata 
lytic nucleic acid molecules can also be used as molecular 
tools in genetic diagnostic assays. For eXample, riboZymes 
have been used to facilitate signal ampli?cation in a tWo 
stage method (31-33). In the ?rst stage, a test sample is 
contacted With inactive oligonucleotides. This contacting 
results in the production of “triggering” RNA oligonucle 
otides When the sample contains the target sequence. In the 
second stage the triggering RNA oligonucleotides induce an 
ampli?cation cascade. This cascade results in the production 
of large quantities of catalytically active reporter riboZymes 
Which, When detected, indicate the presence of the target 
sequence in the test sample. The target sequence itself is not 
ampli?ed during the process. Rather, only the reporter signal 
is ampli?ed. 

[0009] In short, target nucleic acid ampli?cation and reac 
tion conditions permitting same are knoWn. Catalytic 
nucleic acid molecules, and reaction conditions permitting 
their activity are also knoWn. 

[0010] HoWever, no method has ever existed Which per 
mits the simultaneous processes of nucleic acid ampli?ca 
tion and catalytic nucleic activity in a single reaction milieu. 
Moreover, no target ampli?cation method has ever been 
performed Wherein the ampli?cation product is a single 
nucleic acid molecule containing sequences for the target 
and the catalytic nucleic acid molecule. Finally, no target 
ampli?cation method has ever employed an anti-sense, 
Zymogenic sequence of a catalytic nucleic acid molecule 
Which, only in the presence of target sequence, is ampli?ed 
in its “sense”, catalytic form. 

SUMMARY OF THE INVENTION 

[0011] This invention provides a method of detecting the 
presence of a target nucleic acid sequence in a sample Which 
comprises 

[0012] (a) contacting the sample, under conditions 
permitting primer-initiated nucleic acid ampli?ca 
tion and catalytic nucleic acid activity, With 

[0013] a DNA primer suitable for initiating 
ampli?cation of the target, and 
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[0014] (ii) a DNA Zymogene Which encodes, but 
Which itself is the anti-sense sequence of, a cata 
lytic nucleic acid molecule, Wherein the primer 
and Zymogene are situated With respect to each 
other so that, When the target is present, a single 
ampli?ed nucleic acid molecule is produced 
Which comprises the sequences of both the target 
and catalytic nucleic acid molecule; and 

[0015] (b) determining the presence of catalytic 
nucleic acid activity, thereby determining the pres 
ence of the target nucleic acid sequence in the 
sample. 

[0016] This invention also provides a method of simulta 
neously detecting the presence of a plurality of target nucleic 
acid sequences in a sample Which comprises 

[0017] (a) contacting the sample, under conditions 
permitting primer-initiated nucleic acid ampli?ca 
tion and catalytic nucleic acid activity, With 

[0018] a plurality of primers Wherein for each 
target being detected, there exists at least one 
primer suitable for initiating ampli?cation of that 
target, and 

[0019] (ii) a plurality of Zymogenes Wherein for 
each target being detected, there exists at least one 
Zymogene Which encodes, but Which itself is the 
anti-sense sequence of, a catalytic nucleic acid 
molecule having distinctly measurable activity, 
the primer and Zymogene being situated With 
respect to each other so that, When the correspond 
ing target is present, a single ampli?ed nucleic 
acid molecule is produced Which comprises the 
sequences of both the target and corresponding 
catalytic nucleic acid molecule; and 

[0020] (b) simultaneously determining the presence 
of each of the catalytic nucleic acid activities, 
thereby determining the presence of each of the 
corresponding target nucleic acid sequences in the 
sample. 

[0021] This invention further provides a DNA molecule 
comprising a primer and a Zymogene, Wherein the primer is 
situated 3‘ of the Zymogene. 

[0022] This invention still further provides a kit for use in 
determining the presence of a target nucleic acid sequence in 
a sample, Which comprises 

[0023] (a) a primer suitable for initiating ampli?ca 
tion of the target; 

[0024] (b) a Zymogene Which encodes, but Which 
itself is the anti-sense sequence of, a catalytic nucleic 
acid sequence, Wherein the primer and Zymogene are 
situated With respect to each other so that, When the 
target is present, a single ampli?ed nucleic acid 
molecule is produced Which comprises the 
sequences of both the target and catalytic nucleic 
acid molecule; and 

[0025] (c) reagents permitting primer-initiated 
nucleic acid ampli?cation and catalytic nucleic acid 
activity. 
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[0026] Finally, this invention provides a kit for use in 
determining the presence of a plurality of target nucleic acid 
sequences in a sample, Which comprises 

[0027] (a) a plurality of primers, Wherein for each 
target being detected, there exists at least one primer 
suitable for initiating ampli?cation of that target; 

[0028] (b) a plurality of Zymogenes Wherein for each 
target being detected, there exists at least one Zymo 
gene Which encodes, but Which itself is the anti 
sense sequence of, a catalytic nucleic acid sequence 
having distinctly measurable activity, Wherein the 
primer and Zymogene are situated With respect to 
each other so that, When the corresponding target is 
present, a single ampli?ed nucleic acid molecule is 
produced Which comprises the sequences of both the 
target and corresponding catalytic nucleic acid mol 
ecule; and 

[0029] (c) reagents permitting primer-initiated 
nucleic acid ampli?cation and catalytic nucleic acid 
activity. 

BRIEF DESCRIPTION OF THE FIGURES 

[0030] FIG. 1 shoWs a schematic of the instant method. 
Here, a nucleic acid molecule comprising a primer and 
Zymogene is contacted With a segment of genomic DNA 
comprising a target sequence. This gives rise to a second 
nucleic acid molecule comprising a catalytic nucleic acid 
and a target. The catalytic nucleic acid in turn cleaves a 
detectable substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] De?nitions 

[0032] In this invention, certain terms are used frequently 
Which shall have the meanings set forth as folloWs. “Cata 
lytic nucleic acid molecule”, “catalytic nucleic acid”, and 
“catalytic nucleic acid sequence” are equivalent, and each 
shall mean a DNA molecule or DNA-containing molecule 
(also knoWn in the art as a “DNAZyme”) or an RNA or 
RNA-containing molecule (also knoWn in the art as a 
“riboZyme”) Which speci?cally recogniZes a distinct sub 
strate and catalyZes the chemical modi?cation of this sub 
strate. The nucleic acid bases in the DNAZymes and 
riboZymes can be the bases A, C, G, T and U, as Well as 
derivatives thereof. Derivatives of these bases are Well 
knoWn in the art, and are exempli?ed in reference 40. 

[0033] “Ampli?cation” of a target nucleic acid sequence 
shall mean the exponential ampli?cation thereof (as opposed 
to linear ampli?cation), Whereby each ampli?cation cycle 
doubles the number of target amplicons present immediately 
preceding the cycle. Methods of exponential ampli?cation 
include, but are not limited to, PCR, SDA and TMA. 
Exponential ampli?cation differs from linear ampli?cation, 
Whereby in linear ampli?cation, each ampli?cation cycle 
increases by a ?xed number the number of target amplicons 
present immediately preceding the cycle. 

[0034] “Reporter substrate”, “chemical substrate” and 
“substrate” are equivalent, and each shall mean any mol 
ecule Which is speci?cally recogniZed and modi?ed by a 
catalytic nucleic acid molecule. “Target” and “target nucleic 



US 2001/0001063 A1 

acid sequence” are equivalent, and each shall mean the 
nucleic acid sequence of interest to be detected or measured 
by the instant invention, Which comprises a sequence that 
hybridiZes With the primer When contacted thereWith in this 
method, and that can be either an entire molecule or a 
portion thereof. “Primer” shall mean a short segment of 

DNA or DNA-containing nucleic acid molecule, Which anneals under ampli?cation conditions to a suitable portion 

of a DNA or RNA sequence to be ampli?ed, and (ii) initiates, 
and is itself physically extended, via polymerase-mediated 
synthesis. Finally, “Zymogene” shall mean a nucleic acid 
sequence Which comprises the anti-sense (i.e. complemen 
tary) sequence of a catalytic nucleic acid molecule having 
detectable activity, and Whose transcription product is the 
catalytic nucleic acid molecule. 

[0035] Embodiments of the Invention 

[0036] This invention provides a rapid and procedurally 
?exible method of detecting and quantitatively measuring 
target nucleic acid sequences of interest in a sample. This 
method is unique in that it simultaneously employs target 
ampli?cation and detection via catalytic nucleic activity in a 
single reaction vessel. Moreover, it is unique in that the 
ampli?cation product is a single nucleic acid molecule 
containing sequences for the target and the catalytic nucleic 
acid molecule. Finally, this method is the ?rst to employ an 
anti-sense, Zymogene sequence of a catalytic nucleic acid 
molecule Which—only in the presence of the target 
sequence—is ampli?ed in its “sense”, catalytic form. 

[0037] More speci?cally, this invention provides a method 
of detecting the presence of a target nucleic acid sequence in 
a sample Which comprises 

[0038] (a) contacting the sample, under conditions 
permitting primer-initiated nucleic acid ampli?ca 
tion and catalytic nucleic acid activity, With 

[0039] a DNA primer suitable for initiating 
ampli?cation of the target, and 

[0040] (ii) a DNA Zymogene Which encodes, but 
Which itself is the anti-sense sequence of, a cata 
lytic nucleic acid molecule, Wherein the primer 
and Zymogene are situated With respect to each 
other so that, When the target is present, a single 
ampli?ed nucleic acid molecule is produced 
Which comprises the sequences of both the target 
and catalytic nucleic acid molecule; and 

[0041] (b) determining the presence of catalytic 
nucleic acid activity, thereby determining the pres 
ence of the target nucleic acid sequence in the 
sample. 

[0042] In one embodiment, the instant method further 
comprises the step of quantitatively determining the amount 
of catalytic nucleic acid activity in the sample resulting from 
step (a), and comparing the amount of activity so determined 
to a knoWn standard, thereby quantitatively determining the 
amount of the target nucleic acid sequence. The knoWn 
standard can be any standard or control used for quantitative 

determination. Examples of these standards include knoWn reaction kinetic information, as Well as (ii) signal 

measurements obtained using samples containing no cata 
lytic activity, or a pre-determined amount of catalytic activ 
ity. 
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[0043] In one embodiment, the primer and Zymogene are 
on separate DNA molecules, and the primer-initiated nucleic 
acid ampli?cation is rolling circle ampli?cation (a knoWn 
ampli?cation method). In a another embodiment, at least 
tWo of the DNA molecules comprise both the primer and 
Zymogene. 

[0044] In a further embodiment, the sample is contacted 
With tWo DNA molecules, each molecule comprising a 
primer, and at least one molecule comprising the Zymogene 
Wherein the primer is situated 3‘ of the Zymogene. 

[0045] In one form of this embodiment, the DNAZyme 
encoded by the Zymogene recogniZes and cleaves a 
sequence actually residing on the ampli?ed nucleic acid 
molecule itself (i.e., cis cleavage, as opposed to trans 
cleavage Whereby the DNAZyme cleaves a substrate located 
on a different molecule). More speci?cally, the single ampli 
?ed nucleic acid molecule further comprises a nucleotide 
sequence recogniZed and cleaved in cis by the Zymogene 
encoded catalytic nucleic acid DNAZyme co-residing on the 
ampli?ed molecule. 

[0046] In the preferred embodiment of this method 
employing cis DNAZyme-catalyZed cleavage, the Zymo 
gene-encoded DNAZyme is a 10-23 DNAZyme, and the 
DNA primer used in step (a) of the instant method (i.e., 
a “chimeric” primer) contains at least one purine ribonucle 
otide residue Which serves as the 5‘ side of the site recog 
niZed and cleaved in cis by the 10-23 DNAZyme. This purine 
ribonucleotide residue in the chimeric primer is required for 
cleavage by the 10-23 DNAZyme. Thus, using this chimeric 
primer permits the 10-23 DNAZyme cleavage site to be 
generated in a PCR reaction. The chimeric primer can also 
include, for example, a ribonucleotide residue that serves as 
the 3‘ side of the site recogniZed and cleaved in cis by the 
10-23 DNAZyme. 

[0047] In this invention, the nucleic acid molecules com 
prising the primers and/or Zymogenes can also comprise 
additional sequences, such as sequences complementary to 
the target. 

[0048] The target sequence detected or quantitated in the 
instant methods can be any nucleic acid sequence. In one 
embodiment, the target nucleic acid sequence is a DNA 
molecule. In another embodiment, the target nucleic acid 
sequence is an RNAmolecule, and step (a) further comprises 
the required step of ?rst reverse transcribing the target RNA 
sequence to DNA prior to contacting the sample With the 
primer and Zymogene. 

[0049] The catalytic nucleic acid molecule encoded by the 
Zymogene can be a riboZyme or a DNAZyme. In one 
embodiment, the catalytic nucleic acid molecule is a 
riboZyme. In another embodiment, the catalytic nucleic acid 
molecule is a DNAZyme. 

[0050] The catalytic nucleic acid activity measured in the 
instant methods can be any activity Which can occur (and, 
optionally, be measured) simultaneously and in the same 
milieu With a nucleic acid ampli?cation reaction. The cata 
lytic nucleic acid activity can comprise, for example, the 
modi?cation of a detectable chemical substrate, Which 
modi?cation is selected from the group consisting of phos 
phodiester bond formation and cleavage, nucleic acid liga 
tion and cleavage, porphyrin metallation, and formation of 
carbon-carbon, ester and amide bonds. In one embodiment, 
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the detectable chemical substrate modi?cation is cleavage of 
a ?uorescently labeled nucleic acid molecule, preferably a 
DNA/RNA chimera. 

[0051] In the preferred embodiment, the reporter substrate 
is cleaved, and measuring this cleavage is a means of 
measuring the catalytic activity. For example, the presence 
of the cleaved substrate can be monitored by phosphorim 
aging folloWing gel electrophoresis provided the reporter 
substrate is radiolabelled. The presence of cleaved substrate 
can also be monitored by changes in ?uorescence resulting 
from the separation of ?uoro/quencher dye molecules incor 
porated into opposite sides of the cleavage site Within the 
substrate. Such systems provide the opportunity for a homo 
geneous assay Which can be monitored in real time. Methods 
for monitoring changes in ?uorescence are Well knoWn in 
the art. Such methods include, by Way of example, visual 
observation and monitoring With a spectro?uorometer. 

[0052] The target nucleic acid sequence can be from any 
organism, and the sample can be any composition contain 
ing, or suspected to contain, nucleic acid molecules. In one 
embodiment, the target is from a plant, or from an animal 
such as, for example, a mouse, rat, dog, guinea pig, ferret, 
rabbit, and primate. In another embodiment, the target is in 
a sample obtained from a source such as Water or soil. In a 

further embodiment, the target is from a sample containing 
bacteria, viruses or mycoplasma. 

[0053] In the preferred embodiment, the target is from a 
human. The instant methods can be used for a variety of 
purposes including, for example, diagnostic, public health 
and forensic. 

[0054] In one embodiment, the instant method is used for 
diagnostic purposes. Speci?cally, the invention can be used 
to diagnose a disorder in a subject characteriZed by the 
presence of at least one target nucleic acid sequence Which 
is not present When such disorder is absent. Such disorders 
are Well knoWn in the art and include, by Way of example, 
cancer, cystic ?brosis, and various hemoglobinopathies. The 
invention can also be used to diagnose disorders associated 
With the presence of infectious agents. Such disorders 
include, by Way of example, AIDS, Hepatitis C, and tuber 
culosis. In the preferred embodiment, the subject being 
diagnosed is human and the disorder is cancer. 

[0055] In another embodiment, the sample being tested for 
the presence or amount of target nucleic acid molecule is a 
sample taken for public health purposes. Examples of such 
samples include Water, food and soil, possibly containing 
harmful pathogens such as bacteria, viruses and myco 
plasma. 

[0056] In a further embodiment, the sample being tested 
for the presence or amount of target nucleic acid molecules 
is a forensic sample. Examples of such samples include 
bodily ?uids, tissues and cells, Which can be obtained from 
any source such as a crime scene. 

[0057] This invention also provides a method of simulta 
neously detecting the presence of a plurality of target nucleic 
acid sequences in a sample Which comprises 

[0058] (a) contacting the sample, under conditions 
permitting primer-initiated nucleic acid ampli?ca 
tion and catalytic nucleic acid activity, With 
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[0059] a plurality of primers Wherein for each 
target being detected, there exists at least one 
primer suitable for initiating ampli?cation of that 
target, and 

[0060] (ii) a plurality of Zymogenes Wherein for 
each target being detected, there exists at least one 
Zymogene Which encodes, but Which itself is the 
anti-sense sequence of, a catalytic nucleic acid 
molecule having distinctly measurable activity, 
the primer and Zymogene being situated With 
respect to each other so that, When the correspond 
ing target is present, a single ampli?ed nucleic 
acid molecule is produced Which comprises the 
sequences of both the target and corresponding 
catalytic nucleic acid molecule; and 

[0061] (b) simultaneously determining the presence 
of each of the catalytic nucleic acid activities, 
thereby determining the presence of each of the 
corresponding target nucleic acid sequences in the 
sample. 

[0062] In one embodiment, the method of simultaneously 
detecting the presence of a plurality of targets further 
comprising the step of quantitatively determining the 
amount of each catalytic nucleic acid activity in the sample 
resulting from step (a), and comparing the amount of each 
activity so determined to a knoWn standard, thereby quan 
titatively determining the amount of each target nucleic acid 
sequence. Examples of multiple targets Which can be simul 
taneously detected by the instant methods are disclosed in 
reference 39. 

[0063] This invention further provides a DNA molecule 
comprising a primer and a Zymogene, Wherein the primer is 
situated 3‘ of the Zymogene. The instant molecule can be 
used pursuant to the instant methods. 

[0064] This invention still further provides a kit for use in 
determining the presence of a target nucleic acid sequence in 
a sample, Which comprises 

[0065] (a) a primer suitable for initiating ampli?ca 
tion of the target; 

[0066] (b) a Zymogene Which encodes, but Which 
itself is the anti-sense sequence of, a catalytic nucleic 
acid sequence, Wherein the primer and Zymogene are 
situated With respect to each other so that, When the 
target is present, a single ampli?ed nucleic acid 
molecule is produced Which comprises the 
sequences of both the target and catalytic nucleic 
acid molecule; and 

[0067] (c) reagents permitting primer-initiated 
nucleic acid ampli?cation and catalytic nucleic acid 
activity. 

[0068] Finally, this invention provides a kit for use in 
determining the presence of a plurality of target nucleic acid 
sequences in a sample, Which comprises 

[0069] (a) a plurality of primers, Wherein for each 
target being detected, there exists at least one primer 
suitable for initiating ampli?cation of that target; 

[0070] (b) a plurality of Zymogenes Wherein for each 
target being detected, there exists at least one Zymo 
gene Which encodes, but Which itself is the anti 
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sense sequence of, a catalytic nucleic acid sequence 
having distinctly measurable activity, Wherein the 
primer and Zymogene are situated With respect to 
each other so that, When the corresponding target is 
present, a single ampli?ed nucleic acid molecule is 
produced Which comprises the sequences of both the 
target and corresponding catalytic nucleic acid mol 
ecule; and 

[0071] (c) reagents permitting primer-initiated 
nucleic acid ampli?cation and catalytic nucleic acid 
activity. 

[0072] In one embodiment, the instant kit further com 
prises reagents useful for isolating a sample of nucleic acid 
molecules from a subject or sample. The components in the 
instant kit can either be obtained commercially or made 
according to Well knoWn methods in the art, as exempli?ed 
in the Experimental Details section beloW. In addition, the 
components of the instant kit can be in solution or lyo 
philiZed as appropriate. In one embodiment, the components 
are in the same compartment, and in another embodiment, 
the components are in separate compartments. In the pre 
ferred embodiment, the kit further comprises instructions for 
use. 

[0073] In the instant methods and kits, the nucleic acid 
ampli?cation can be performed according to any suitable 
method knoWn in the art, and preferably according to one 
selected from the group consisting of PCR, SDA and TMA. 

[0074] Numerous methods are relevant to this invention 
Which are Within routine skill in the art. These include: 
methods for isolating nucleic acid molecules, including, for 
example, phenol chloroform extraction, quick lysis and 
capture on columns (34-38); methods of detecting and 
quantitating nucleic acid molecules; methods of detecting 
and quantitating catalytic nucleic acid activity; methods of 
amplifying a nucleic acid sequence including, for example, 
PCR, SDA and TMA (also knoWn as (SSR))(1-10, 41); 
methods of designing and making primers for amplifying a 
particular target sequence; and methods of determining 
Whether a catalytic nucleic acid molecule cleaves an ampli 
?ed nucleic acid segment including, by Way of example, 
polyacrylamide gel electrophoresis and ?uorescence reso 
nance energy transfer (FRET) (25, 31). 

[0075] This invention Will be better understood by refer 
ence to the Experimental Details Which folloW, but those 
skilled in the art Will readily appreciate that the speci?c 
experiments detailed are only illustrative of the invention as 
described more fully in the claims Which folloW thereafter. 

EXPERIMENTAL DETAILS 

EXAMPLE 1 

Detection of K-ras in Tumor Cell DNA 

[0076] A. PCR primers 

[0077] Three PCR primers (5KID, 3K2DZ3 and 3K2) 
Were synthesiZed by Oligos Etc., Inc. (Wilsonville, Ore., 
USA). The 5 PCR primer (SKID) is complementary to the 
human K-ras gene. The 3‘ primer 3K2DZ3 is a Zymogene 
PCR primer Which contains (a) a 5‘ region containing the 
catalytically inactive antisense sequence complementary to 
an active DNAZyme and (b) a 3‘ region Which is comple 
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mentary to the human K-ras gene. During PCR ampli?cation 
using SKID and 3K2DZ3, the amplicons produced by exten 
sion of SKID contain both K-ras sequences and catalytically 
active sense copies of a DNAZyme incorporated in their 3‘ 
regions. The active DNAZyme is designed to cleave an 
RNA/DNA reporter substrate (Sub 1). The primer 3K2 is a 
control primer Which contains the same K-ras-speci?c 
sequences Which are incorporated in 3K2DZ3. HoWever this 
primer contains no Zymogene sequence. The sequences of 
the PCR primers are listed beloW. Sequences underlined are 
complementary to the human K-ras gene and the sequence 
in bold is the inactive (antisense) sequence Which is comple 
mentary to an active DNAZyme. 

[0078] 
[0079] 5KID (5‘ K-ras primer) 

[0080] GGCCTGCTGAAAATGACTGAATA 

[0081] 3K2DZ3 (3‘ K-ras Zymogene primer) 

[0082] GAGAACTGCAATTCGTTGTAGCTAGC 
CTTTCAGGACCCACGTCCA CAAAATGAT 
TCTGA 

0083 3K2 3‘ K-ras rimer for control reaction P 

[0084] CGTCCACAAAATGATTCTGA 

0085 B. Re orter substrate P 

[0086] The reporter substrate (Sub 1) Was synthesiZed by 
Oligos Etc., Inc. (Wilsonville, Ore., USA). Sub 1 is a 
chimeric molecule containing both RNA (bold, underlined) 
and DNA bases. It has a 3‘ phosphate group Which prevents 
its extension by DNA polymerase during PCR. Sub 1 Was 5‘ 
end-labeled With 32F by standard techniques (34). The 
sequence of Sub 1 is illustrated beloW. 

[0087] Sub 1 

[0088] GAGAACTGCAAUGUUTCAGGACCCA 

0089 C. DNAZ me for a control cleava e reaction y g 

[0090] The DNAZyme DZ3a Was synthesiZed by Oligos 
Etc., Inc. (Wilsonville, Ore., USA). This DNAZyme is 
designed to cleave Sub 1 at the same sequence Which is 
cleaved by the active DNAZyme generated during PCR 
ampli?cation using the Zymogene primer 3K2DZ3. The 
sequence of DZ3a is illustrated beloW. 

[0091] DZ3a 

[0092] TCCTGAAAGGCTAGCTACAACGAAT 
TGCAGT 

[0093] D. Preparation of genomic DNA from a tumor cell 
line 

[0094] The human cell line K562 Was obtained from the 
American Type Culture Collection (Rockville, Md.). K562 
is a leukemic cell line Which harbours a Wild type K-ras 
sequence. Genomic DNA Was prepared by cationic polymer 
extraction (38). 

[0095] E. PCR ampli?cation of the K-ras gene 

[0096] Genomic DNA isolated from K562 Was ampli?ed 
by PCR. Reactions (A1 and A2) contained genomic DNA 
(500 ng), 50 pmole of 5KID, 1 pmole of 3K2DZ3, 50 fmole 
of 32P-labeled Sub 1, each dNTP (dATP, dCTP, dTTP, 
dGTP) at 100 uM in 100 mM NaCl, 50 mM Tris (pH 8.3 at 
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25 ° C.) and 8 mM MgCl2. Six units of Taq DNA polymerase 
(5 units/ul; AmpliTaq, Perkin Elmer) Were mixed With 2 ul 
of TaqStartTM antibody (1.1 mg/ml, Clontech) in 1.8 ul of 
antibody dilution buffer (Clontech). The Taq DNA poly 
merase:TaqStartTM antibody mixture Was incubated for 15 
minutes at room temperature prior to addition to the PCR 
mixture. The total reaction volumes Were 50 ul. One nega 
tive control reaction (B) contained all reaction components 
With the exception of genomic DNA. A second negative 
control reaction (C) contained all reaction components With 
the exception of 3K2DZ3 Which Was replaced With 1 pmole 
of 3K2. A positive control cleavage reaction (D) contained 
30 pmole of DZ3a plus all reaction components present in 
control reaction C. The reactions Were placed in a GeneAmp 
PCR system 96° (Perkin Elmer), denatured at 94° C. for 2 
minutes and then subjected to 20 cycles of 92° C. for 20 
seconds and 58° C. for 30 seconds, folloWed by 20 cycles of 
92° C. for 20 seconds, 74° C. for 1 second and 40° C. for 20 
seconds. 

[0097] F. Detection of cleaved reporter substrate Sub 1 

[0098] A 3 ul aliquot of each reaction Was analyZed 
Without subsequent manipulation by electrophoresis on a 
16% denaturing polyacrylamide gel. The gel Was visualiZed 
by phosphorimagery on a PhosphoImager: 445 S1 (Molecu 
lar Dynamics). The radiolabelled 25-base Sub 1 reporter 
substrate Was cleaved to produce a radiolabelled fragment of 
13 bases in the positive control cleavage reaction D. The 
same 13-base fragment Was present in the PCR reactions A1 
and A2 Which contained both genomic DNA and the Zymo 
gene primer 3K2DZ3, indicating successful ampli?cation of 
the K-ras gene by PCR. In the negative control reaction B 
(Which contained no genomic DNA), only the 25-base 
fragment Was evident, indicating cleavage of the substrate 
does not occur in the absence of ampli?cation of target 
DNA. Finally, in the negative control reaction C, Where the 
Zymogene primer Was replaced With a primer containing 
only K-ras sequences, the substrate Was not cleaved since 
active DNAZymes are not produced in this reaction. 

EXAMPLE 2 

Cleavage of a Fluorescent Reporter Substrate 

[0099] A. Reporter Substrate 

[0100] The reporter substrate, SubCZ2, Was synthesiZed 
by Oligos Etc., Inc. (Wilsonville, Ore., USA). The sequence 
of SubCZ2 is illustrated beloW. SubCZ2 is a chimeric mol 
ecule containing both RNA (shoWn beloW in loWer case) and 
DNA nucleotides. It has a 3‘ phosphate group that prevents 
its extension by DNA polymerase during PCR. SubCZ2 Was 
synthesiZed With a 6-carboxy?uorescin (“6-FAM”) moiety 
attached to the 5‘ nucleotide (bold, underlined) and an 
N,N,N‘,N‘-tetramethyl-6-carboxyrhodamine (“TAMRA”) 
moiety attached to the ?rst “T” deoxyribonucleotide (bold, 
underlined) 3‘ to the RNA bases. The cleavage of the 
reporter substrate can be monitored at 530 nm (FAM emis 
sion Wavelength) With excitation at 485 nm (FAM excitation 
Wavelength). 

[0101] SubCZ2 

[0102] 5‘ CCACTCguATTAGCTGTATCGT 
CAAGCCACTC 3‘ 
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[0103] B. PCR Primers 

[0104] TWo PCR primers Were synthesised by Bresatec 
Pty. Ltd. (Adelaide, SA, Australia) or Paci?c Oligos Pty. Ltd. 
(Lismore, NSW, Australia). The 5‘ PCR primer (5K49) is 
complementary to the human K-ras gene. The 3‘ primer 
(3K45Zc2) is a Zymogene PCR primer Which contains (a) a 
5‘ region containing the catalytically inactive antisense 
sequence of an active DNAZyme and (b) a 3‘ region Which 
is complementary to the human K-ras gene. During PCR 
ampli?cation using 5K49 and 3K45Zc2, the amplicons 
produced by extension of 5K49 contain both K-ras 
sequences and catalytically active sense copies of a 
DNAZyme incorporated in their 3‘ regions. The active 
DNAZyme is designed to cleave the RNA/DNA reporter 
substrate SubCZ2. The sequences of the PCR primers are 
illustrated beloW. The underlined portion of the sequence is 
complementary to the human K-ras gene, and the sequence 
shoWn in bold is the inactive (antisense) sequence that is 
complementary to the active DNAZyme. 

[0105] 5K49 (5‘ K-ras primer) 

[0106] 5‘ CCTGCTGAAAATGACTGAATATAAA 
31 

[0107] 3K45Zc2 (3‘ K-ras Zymogene primer) 

[0108] 5‘ CCACTCTCGTTGTAGCTAGCCT 

[0109] ATTAGCTGTATCGTCAAGCCACTCT 
TGC 3‘ 

[0110] C. Preparation of genomic DNA from a tumor cell 
line 

[0111] The human cell line K562 Was obtained from the 
American Type Culture Collection (Rockville, Md.). K562 
is a leukemic cell line that harbours a Wild type K-ras 
sequence. Genomic DNA Was prepared by cationic polymer 
extraction (38). 

[0112] D. PCR ampli?cation of the K-ras gene 

[0113] Genomic DNA isolated from K562 Was ampli?ed 
by PCR. Reactions contained 20 pmole 5K49, 3 pmole 
3K45Zc2, 10 pmol SubCZ2, 8 mM MgCl2, 100 uM of each 
of dATP, dCTP, dTTP, and dGTP, and 1 x buffer (75 mM KCl 
With 10 mM Tris pH 8.3 at 25° C.). All solutions used in the 
PCR Were made up in DEPC-treated Water. Three units of 
Tag DNA polymerase (5 units/ul AmpliTaq, Perkin-Elmer) 
Were mixed With TaqstartTM antibody (Clontech) to give a 
?nal molar ratio of Tag DNA polymerasezTaqStartTM anti 
body of 1:10. The Tag DNA polymerasezTaqStartTM anti 
body mixture Was incubated for 15 minutes at room tem 
perature prior to addition to the PCR mixture. The total 
reaction volumes Were made up to 50 ul. Duplicate reactions 
Were set up Which contained 500 ng of K562 genomic DNA. 
Control reactions contained all reaction components With the 
exception of genomic DNA. The reactions Were placed in an 
ABI Prism 7700 Sequence Detection System and incubated 
at 40° C. for 1 minute (to provide a base line reading), 
denatured at 94° C. for 3 minutes, subjected to 20 cycles of 
70° C. for 1 minute With a temperature decrease of 1° C. per 
cycle, and folloWed by incubation at 94° C. for 5 seconds. 
This Was folloWed by a further 50 cycles at 40° C. for 1 
minute, folloWed by incubation at 94° C. for 5 seconds. 

[0114] Fluorescence Was measured by the ABI Prism 7700 
Sequence Detection System during the annealing/extension 
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phase of the PCR. Reactions With genomic DNA showed an 
increase in FAM ?uorescence at 530 nm over the ?uores 
cence observed in control reactions. This ?uorescence 
increase Was used to monitor the accumulation of K-ras 
amplicons during PCR. These results con?rm that Zymogene 
PCR can be used to facilitate homogeneous ampli?cation 
and real time detection in a simple ?uorescent format. 

EXAMPLE 3 

Use of Zymogenes to Distinguish BetWeen Variant 
Alleles: Detection of Mutations at K-ras Codon 12 

[0115] A. Strategy 

[0116] PCR using Zymogene primers can also be used for 
the analysis of point mutations. In this example, the Zymo 
gene primers facilitate synthesis of active DNAZymes dur 
ing PCR. These DNAZymes are designed to cleave the PCR 
amplicons in cis only When their hybridiZing arms are fully 
complementary to position 1 of codon 12 Within K-ras. 
Walder, et al. (41) have previously shoWn that Taq DNA 
polymerase can extend DNA/RNA chimeric primers that 
contain one or tWo 3‘ terminal ribose residues. These chi 
meric primers are used here to produce PCR amplicons that 
serve as substrates for the 10-23 DNAZyme. 

[0117] PCR using a 5‘ DNA/RNA chimeric primer 
(5K42r) and a 3‘ Zymogene primer (3K42DZ2) ampli?ed a 
region of K-ras. 5K42r hybridiZed to the K-ras sequence 
adjacent to codon 12 and contained the purinezpyrimidine 
residues Which form the potential DNAZyme cleavage site. 
The Zymogene primer 3K42DZ2 has a 3‘ region that is 
complementary to K-ras, and a 5‘ region that contains the 
antisense of a DNAZyme. The Zymogene primer had no 
inherent catalytic activity itself but, When used in conjunc 
tion With 5K42r, it facilitated the production of amplicons 
having (a) DNAZyme cleavage sites near their 5‘ termini and 
(b) active (sense) DNAZymes at their 3‘termini. This 
DNAZyme is designed to cleave the 5‘ end of the amplicons 
in cis. The 5‘ arm of the DNAZyme is fully complementary 
to sequences that are Wild type at codon 12. Mutations at 
K-ras codon 12, Which result in mismatches With the 5‘ 
DNAZyme arm, are predicted to signi?cantly decrease the 
ef?ciency of DNAZyme cleavage. 

[0118] B. Primer Sequences 

[0119] 5‘ chimeric primer 5K42r 

[0120] (upper case - deoxyribonucleotide residues; 

[0121] loWer case ribonucleotide residues) 

[0122] 5‘ TATAAACTTGTGGTAGTTGGAgcT 3‘ 

[0123] 3‘ Zymogene primer 3K42DZ2 

[0124] (complement of 10:23 catalytic core in bold) 

[0125] 5‘ ACTTGTGGTAGTTGGATCGTTG 
TAGCTAGCCCTGG 

[0126] TGGCAGCTGTATCGTCAAGGCACTC 3‘ 

[0127] The primers Were synthesised by Paci?c Oligos 
Pty. Ltd. (Lismore, NSW, Australia) or Oligos Etc., Inc. 
(Wilsonville, Ore., USA). The 5‘ primer, 5K42r, Was 5‘ 
end-labelled With g-32P by incubating 25 ul of 20 uM primer 
With 2.5 ul of polynucleotide kinase (10><103 U/ml, 3‘ 
phosphatase-free, Boehringer Mannheim), 2.5 ul rRNasin 
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(40 U/ul recombinant rRNasin®, ribonuclease inhibitor, 
Promega), 5 ul of polynucleotide kinase buffer (Boehringer 
Mannheim), 10 ul of g-32P Adenosine 5‘-triphosphate (2.5 
uM, Stable Label GoldTM, Bresatec) and 5 ul of DEPC Water 
for 30 minutes at 37° C. 

[0128] C. K-ras DNA Templates 

[0129] pUC 18 plasmid vectors containing K-ras exon 1 
sequences, Which Were either Wild type (GGT) or mutated at 
codon 12 (CGT or AGT), Were used as DNA templates for 
PCR. 

[0130] D. Ampli?cation by Zymogene PCR and cleavage 
by DNAZymes synthesised during the reaction 

[0131] PCR mixtures contained 0.2 pg/ul K-ras plasmid 
DNA, 10 pmole of g-32P-labelled 5K42r, 2 pmole 3K42DZ2, 
1 mM DTT, 8 mM MgCl2, each dNTP (dATP, dCTP, dTTP, 
dGTP) at 100 uM, 0.4 U/ul rRNasin®, and 1 X buffer (100 
mM NaCl With 50 mM Tris pH 8.3 at 25° C.). Duplicate 
reactions Were set up for each DNA template. Six units of 
Taq DNA polymerase (5 units/ul AmpliTaq, Perkin-Elmer) 
Were mixed With TaqStartTM antibody (Clontech) to give a 
?nal molar ratio of Taq DNA polymerase: TaqStartTM anti 
body of 1:5. The Taq DNApolymerase: TaqStartTM antibody 
mixture Was incubated for 15 minutes at room temperature 
prior to addition to the PCR mix. The total reaction volumes 
Were 50 ul. The reactions Were placed in a GeneAmp PCR 
9600 (Perkin-Elmer), denatured at 94° C. for 2 minutes, 
subjected to 30 cycles at 60° C. for 1 minute, folloWed by 
treatment at 94° C. for 20 seconds. The reaction Was further 
subjected to 10 cycles at 50° C. for 1 minute, folloWed by 
treatment at 94° C. for 20 seconds. 

[0132] A 2.5 ul aliquot of each reaction Was mixed With 
2.5 ul of loading dye (97.5% formamide, 0.1% xylene 
cyanol, 0.1% bromopheol blue and 0.01 M EDTA), incu 
bated at 75° C. for 2 minutes, and then loaded immediately 
onto a pre-Warmed 16% denaturing (urea) acrylamide gel. 
The gels Were electrophoresed for approximately 1 hour. 
The PCR product and cleavage fragments Were visualised by 
scanning the gel using a Molecular Dynamics Phosphorim 
ager 445 S1. 

[0133] Several bands Were visible on the gel (data not 
shoWn). The fragments, in order of mobility from the 
sloWest to the fastest (i.e., from the origin to the bottom of 
the gel) Were (a) PCR amplicons (running as a doublet), (b) 
unincorporated primer and (c) cleaved PCR amplicons. 
Small amounts of tWo fragments, produced by background 
hydrolysis at the ribonucleotide residues Within the 5 ‘primer, 
Were also visible running betWeen the primer and cleaved 
amplicons and running parallel With the cleaved amplicons. 
In all reactions, PCR product and unincorporated primer 
Were visible. Reactions containing template DNA that Was 
Wild type at codon 12 (i.e., those that Were fully comple 
mentary to the DNAZyme) contained cleaved amplicons. 
Reactions containing template DNA that Was mutated at 
codon 12 (i.e., those that Were mismatched With the 
DNAZyme) did not contain cleaved amplicons. Only loW 
levels of background hydrolysis products Were visible at this 
position on the gel in these reactions. 

[0134] The sequence beloW is an amplicon that is Wild 
type at position 1 of codon 12 (underlined) shoWn in a 
conformation Wherein the DNAZyme (bold) is hybridising in 
cis. 
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5' TATAAACTTGTGGTAGTTGGAgCTGGTGGCGTAGGCAAGAGTGC 
C 

3' TGAACACCATCAACCT GACCACCGTCGACATAGCAGTT 

A G 

G G 

C C 

A T 

A A 

C G 

A T C 

[0135] Based on this invention, and using routine methods 
of primer design, Zymogene primers resulting in the pro 
duction of DNAZymes can be readily designed Which spe 
ci?cally cleave mutant K-ras sequences. 
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What is claimed is: 
1. A method of detecting the presence of a target nucleic 

acid sequence in a sample Which comprises 

(a) contacting the sample, under conditions permitting 
primer-initiated nucleic acid ampli?cation and catalytic 
nucleic acid activity, With 

(i) a DNA primer suitable for initiating ampli?cation of 
the target, and 

(ii) a DNA Zymogene Which encodes, but Which itself 
is the anti-sense sequence of, a catalytic nucleic acid 
molecule, Wherein the primer and Zymogene are 
situated With respect to each other so that, When the 
target is present, a single ampli?ed nucleic acid 
molecule is produced Which comprises the 
sequences of both the target and catalytic nucleic 
acid molecule; and 

(b) determining the presence of catalytic nucleic acid 
activity, thereby determining the presence of the target 
nucleic acid sequence in the sample. 

2. The method of claim 1, further comprising the step of 
quantitatively determining the amount of catalytic nucleic 
acid activity in the sample resulting from step (a), and 
comparing the amount of activity so determined to a knoWn 
standard, thereby quantitatively determining the amount of 
the target nucleic acid sequence. 

3. The method of claim 1, Wherein the primer and 
Zymogene are on separate DNA molecules, and the primer 
initiated nucleic acid ampli?cation is rolling circle ampli? 
cation. 

4. The method of claim 1, Wherein the sample is contacted 
With tWo DNA molecules, each molecule comprising a 
primer, and at least one molecule comprising the Zymogene 
Wherein the primer is situated 3‘ of the Zymogene. 

5. The method of claim 4, Wherein the single ampli?ed 
nucleic acid molecule produced in step (a) (ii) further 
comprises a nucleotide sequence recogniZed and cleaved in 
cis by the Zymogene-encoded catalytic nucleic acid co 
residing on the ampli?ed molecule. 
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6. The method of claim 5, Wherein the Zymogene-encoded 
catalytic nucleic acid is a 10-23 DNAZyme, and Wherein the 
DNA primer of step (a) contains at least one purine 
ribonucleotide residue Which serves as the 5‘ side of the site 
recogniZed and cleaved in cis by the 10-23 DNAZyme. 

7. The method of claim 4, Wherein at least tWo of the DNA 
molecules comprise both the primer and Zymogene. 

8. The method of claim 1, Wherein the target nucleic acid 
sequence is a DNA molecule. 

9. The method of claim 1, Wherein the target nucleic acid 
sequence is an RNAmolecule, and step (a) further comprises 
the step of reverse transcribing the target nucleic acid 
sequence, if present, to DNA prior to contacting the sample 
With the primer and Zymogene. 

10. The method of claim 1, Wherein the catalytic nucleic 
acid molecule is a riboZyme. 

11. The method of claim 1, Wherein the catalytic nucleic 
acid molecule is a DNAZyme. 

12. The method of claim 1, Wherein catalytic nucleic acid 
activity comprises the modi?cation of a detectable chemical 
substrate, Which modi?cation is selected from the group 
consisting of phosphodiester bond formation and cleavage, 
nucleic acid ligation and cleavage, porphyrin metallation, 
and formation of carbon-carbon, ester and amide bonds. 

13. The method of claim 12, Wherein the detectable 
chemical substrate modi?cation is cleavage of a ?uores 
cently labeled nucleic acid molecule. 

14. The method of claim 13, Wherein the ?uorescently 
labeled nucleic acid molecule is a DNA/RNA chimera. 

15. The method of claim 1, Wherein the target nucleic acid 
sequence is from an organism selected from the group 
consisting of human, bacterium, mycoplasma and virus. 

16. The method of claim 15, Wherein the target nucleic 
acid sequence is from a human. 

17. The method of claim 16, Wherein the presence of the 
target nucleic acid sequence in the sample is indicative of a 
genetic disorder. 

18. The method of claim 1, Wherein the sample is a 
forensic sample. 

19. Amethod of simultaneously detecting the presence of 
a plurality of target nucleic acid sequences in a sample 
Which comprises 

(a) contacting the sample, under conditions permitting 
primer-initiated nucleic acid ampli?cation and catalytic 
nucleic acid activity, With 

(i) a plurality of primers Wherein for each target being 
detected, there exists at least one primer suitable for 
initiating ampli?cation of that target, and 

(ii) a plurality of Zymogenes Wherein for each target 
being detected, there eXists at least one Zymogene 
Which encodes, but Which itself is the anti-sense 
sequence of, a catalytic nucleic acid molecule having 
distinctly measurable activity, the primer and Zymo 
gene being situated With respect to each other so that, 
When the corresponding target is present, a single 
ampli?ed nucleic acid molecule is produced Which 
comprises the sequences of both the target and 
corresponding catalytic nucleic acid molecule; and 

(b) simultaneously determining the presence of each of 
the catalytic nucleic acid activities, thereby determin 
ing the presence of each of the corresponding target 
nucleic acid sequences in the sample. 
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20. The method of claim 19, further comprising the step 
of quantitatively determining the amount of each catalytic 
nucleic acid activity in the sample resulting from step (a), 
and comparing the amount of each activity so determined to 
a knoWn standard, thereby quantitatively determining the 
amount of each target nucleic acid sequence. 

21. A DNA molecule comprising a primer and a Zymo 
gene, Wherein the primer is situated 3‘ of the Zymogene. 

22. The method of claim 1 or 19, Wherein the nucleic acid 
ampli?cation is performed according to a method selected 
from the group consisting of PCR, SDA and TMA. 

23. A kit for use in determining the presence of a target 
nucleic acid sequence in a sample, Which comprises 

(a) a primer suitable for initiating ampli?cation of the 
target; 

(b) a Zymogene Which encodes, but Which itself is the 
anti-sense sequence of, a catalytic nucleic acid 
sequence, Wherein the primer and Zymogene are situ 
ated With respect to each other so that, When the target 
is present, a single ampli?ed nucleic acid molecule is 
produced Which comprises the sequences of both the 
target and catalytic nucleic acid molecule; and 

(c) reagents permitting primer-initiated nucleic acid 
ampli?cation and catalytic nucleic acid activity. 
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24. Akit for use in determining the presence of a plurality 
of target nucleic acid sequences in a sample, Which com 
prises 

(a) a plurality of primers, Wherein for each target being 
detected, there exists at least one primer suitable for 
initiating ampli?cation of that target; 

(b) a plurality of Zymogenes Wherein for each target being 
detected, there eXists at least one Zymogene Which 
encodes, but Which itself is the anti-sense sequence of, 
a catalytic nucleic acid sequence having distinctly 
measurable activity, Wherein the primer and Zymogene 
are situated With respect to each other so that, When the 
corresponding target is present, a single ampli?ed 
nucleic acid molecule is produced Which comprises the 
sequences of both the target and corresponding cata 
lytic nucleic acid molecule; and 

(c) reagents permitting primer-initiated nucleic acid 
ampli?cation and catalytic nucleic acid activity. 

25. The kit of claim 23 or 24, Wherein the nucleic acid 
ampli?cation is performed according to a method selected 
from the group consisting of PCR, SDA and TMA. 


