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(57) ABSTRACT 
This invention pertains to methods, kits and compositions 
suitable for the detection, identi?cation and/or quantitation 
of nucleic acids Which are electrostatically immobilized to 
matrices using non-nucleotide probes Which sequence spe 
ci?cally hybridize to one or more target sequences of the 
nucleic acid but do not otherWise substantially interact With 
the matrix. Once the nucleic acid is immobilized, the detect 
able non-nucleotide probe/target sequence complex, formed 
before or after the immobilization of the nucleic acid, can be 
detected, identi?ed or quantitated under a Wide range of 
assay conditions as a means to detect, identify or quantitate 
the target sequence in the sample. Because it is reversibly 
bound, the non-nucleotide probe/target sequence can option 
ally be removed from the matrix for detecting, identifying or 
quantitating the target sequence in the sample. Because the 
non-nucleotide probe/target sequence is protected against 
degradation, it is another advantage of this invention that the 
sample can be treated With enzymes Which degrade sample 
components, either before or after the nucleic acid is bound 
to the matrix, in order to “clean up” the sample (eg a 
complex biological sample such as a cell lysate) and thereby 
improve the detection, identi?cation or quantitation of the 
target sequence in the sample. The methods, kits and com 
positions of this invention are therefore particularly Well 
suited for the analysis, and particularly single point mutation 
analysis, in a particle assay, in an array assay, in a nuclease 
digestion/protection assay and/or in a line assay format. 
When utilized in combination With non-nucleotide “Bea 
con” probes, the invention is particularly Well suited for use 
in a self-indicating assay format. 
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METHODS, KITS AND COMPOSITIONS FOR THE 
IDENTIFICATION OF NUCLEIC ACIDS 

ELECTROSTATICALLY BOUND TO MATRICES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/456,73 ?led on Dec. 8, 1999. This 
application claims the bene?t of US. Provisional Patent 
Application Serial No. 60/111,439 ?led on Dec. 8, 1998. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention is related to the ?eld of probe-based 
detection, analysis and quantitation of nucleic acids Which 
are electrostatically immobilized to matrices. The methods, 
kits and compositions of this invention are particularly Well 
suited for the analysis, and particularly single point mutation 
analysis, in a particle assay, in an array assay, in a nuclease 
digestion/protection assay, in a line assay and/or in a self 
indicating assay format. 

[0004] 2. Description of the Related Art 

[0005] Nucleic acid hybridization is a fundamental pro 
cess in molecular biology. Probe-based assays are useful in 
the detection, quantitation and analysis of nucleic acids. 
Nucleic acid probes have long been used to analyZe samples 
for the presence of nucleic acid from bacteria, eucarya, 
fungi, virus or other organisms and are also useful in 
examining genetically-based disease states or clinical con 
ditions of interest in single cells as Well as in tissues. 

[0006] Sample prep methods Which describe the repetitive 
capture and release of target sequences to and from supports 
(e.g. magnetic beads) as a means to remove non-target 
polynucleotides, debris and impurities Which tend to intro 
duce background in a hybridiZation assay are knoWn in the 
art (See: Collins et al., US. Pat. No. 5,750,338). Generally, 
the sample prep methods of Collins et al. can be used in most 
embodiments of traditional hybridiZation assays provided 
hoWever that the target nucleic acid is ?rst immobiliZed to 
a support and thereafter released from the support such that, 
When released, it is substantially free of sample impurities, 
debris, and extraneous polynucleotides. The Collins et al. 
invention, hoWever, requires that the probe or probes must 
be associated With or capable of associating With the support 
under binding conditions to thereby immobiliZe the nucleic 
acid of interest to the support (See: Collins et al. at col. 4, 
line 55 to col. 5, line 13). 

[0007] A probe based sample prep method for removing 
contaminates prior to PCR reaction has been described by 
Goldin et al. (See: US. Pat. No. 5,200,314). This process 
requires an analyte-capture probe having both an analyte 
binding region and a ?rst speci?c binding partner. Like the 
Collins et al. invention, the Goldin et al. invention requires 
that the analyte-capture probe interact With the support as 
the speci?c means through Which the target sequence 
becomes immobiliZed. 

[0008] Polycationic solid supports have been used for the 
analysis and puri?cation of nucleic acids, including the 
puri?cation of polynucleotides from solutions containing 
contaminates (See: Arnold et al.; US. Pat. No. 5,599,667). 
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Arnold et al. describe assays Which use solid supports as a 
means to separate polynucleotides, and hybrids thereof 
formed With a nucleotide probe, from unhybridiZed probe 
(See: Abstract to US. Pat. No. 5,599,667). The invention is 
premised upon “. . . the discovery that polycationic solid 
supports can be used to selectively adsorb nucleotide mul 
timers according to their siZe (emphasis added), larger 
multimers being more tightly bound to the support than 
smaller ones.” (See: Col. 4, lines 39-44). The methods can 
also be used to separate the nucleotide multimers from 
non-nucleotidic material (See: Col. 5, lines 25-28). 

[0009] A substantial limitation of the Arnold et al. inven 
tion is the interplay Which exists betWeen the composition of 
the cationic solid support and the formulation of contacting 
solutions as Well as the interplay betWeen tWo or more of the 
contacting solutions (See: Col. 7, line 24 to Col. 8, line 32) 
Which are required to discriminate betWeen nucleotide mul 
timers (See: Col. 8, lines 39-41). An example of a laborious 
protocol for arriving at a proper cation density for a solid 
support can be found at col. 9, lines 36-52 and the method 
for determining the buffer concentration suitable for sepa 
rating polynucleotides and nucleotide probes can be found at 
col. 9, lines 53-63. Similarly, the separation solution must be 
carefully designed (See: Col. 10. lines 9-12), presumably 
using the laborious method of trial and error as described for 
determining the cation density of the solid support. This 
requirement for substantial optimiZation of assay conditions 
Within a very narroW operating range results because elec 
trostatic immobiliZation of nucleic acid is a relatively non 
speci?c process and therefore it is dif?cult to electrostati 
cally immobiliZe a negatively charged target nucleic acid to 
a cationic surface Without the positively charged matrix also 
exhibiting a strong af?nity for the negatively charged nucleic 
acid probe. Since the separation of nucleotide multimers 
(nucleotide probe/target hybrids from excess nucleotide 
probe) occurs Within a narroW range of conditions, Which 
may not necessarily be optimal for the discrimination of 
hybridiZation, the hybrids still immobiliZed according to the 
Arnold et al. invention may not be truly indicative of the 
presence of a target sequence. Consequently, the applicabil 
ity of the assays of Arnold et al. are of limited practical 
utility. 

[0010] An invention related to achieving nucleic acid has 
recently been described (See: Gerdes et al.; WO98/46797). 
Gerdes et al. use highly electropositive solid phase materials 
to capture nucleic acids (See. p. 5, line 24 to p. 6, line 14) 
for repetitive analyses. HoWever, a substantial limitation of 
the Gerdes et al. invention is that the nucleic acid must be 
irreversibly bound to the highly electropositive solid phase 
material. 

[0011] Methods for the high throughput screening for 
sequences or genetic alterations in nucleic acid have been 
described (See: Shuber, A. R; US. Pat. No. 5,834,181). 
Shuber describes the analysis of arrays of immobiliZed 
nucleic acids, and suggests immobiliZation of the nucleic 
acid to nitocellulose or a charged nylon membrane (See: col. 
6, lines 41-64). Suggested purine and pyrimidine containing 
polymers Which may be used for analyZing immobiliZed 
nucleic acid include peptide nucleic acid (See: col. 5, lines 
15-20), but the polymers must necessarily be tagged or 
labeled since the detection methods rely on a tag or label 
being incorporated into the polymer (See: col. 8, line 58 to 
col. 9, line 3). The assays of Shuber require a perfect 
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complement between probe and target sequence (See: col. 8, 
lines 52-57). In order to achieve proper discrimination, a 
laborious empirical process of trial and error is described for 
assay optimization (See: col. 7, line 16 to col. 8). Conditions 
Which require optimization of speci?c and non-speci?c 
hybridization include the concentration of polymer, the 
temperature of hybridization, the salt concentration, and the 
presence or absence of unrelated nucleic acid (See: col. 8, 
lines 15-18). 

[0012] Shuber does not expressly suggest performing a 
probe-based hybridization assay on an electrostatically 
immobilized nucleic acid and speci?cally does not describe 
or teach the analysis of electrostatically immobilized nucleic 
acid using a non-nucleotide probe such as a peptide nucleic 
acid. Furthermore, Shuber does not suggest, disclose or 
teach any advantages, such the ability to Work Within a broad 
range of assay conditions, of performing a peptide nucleic 
acid-based analysis of nucleic acid electrostatically immo 
bilized to a matrix. 

[0013] Pluskal et al. describe a comparison of DNA and 
peptide nucleic acid (PNA) probe-based analysis of nucleic 
acid Which has been irreversibly crosslinked to charged 
nylon membrane (See: Pluskal et al., American Society for 
Biochemistry, 85th Annual Meeting, Washington, DC, May 
1994). Pluskal et al. teach that While PNA probes can be 
used to detect the irreversibly immobilized nucleic acid 
under standard hybridization conditions, PNA Works very 
Well under highly stringent hybridization and Washing con 
ditions (See: The Section Entitled “Discussion”). Pluskal et 
al. also teach the use of 1% BSA as a blocking agent to 
reduce non-speci?c binding of the probe to the membrane 
(See: Section Entitled “Discussion”). Because the nucleic 
acid of Pluskal et al. has been irreversibly crosslinked to the 
nylon membrane, highly stringent hybridization and Wash 
ing conditions can be applied to the membrane Without 
reducing the amount of target nucleic acid present on the 
support and available for analysis. Pluskal et al. therefore 
demonstrate a rational for irreversibly linking the nucleic 
acid to be analyzed to the support and using a blocking agent 
When performing a PNA probe-based analysis using a 
charged nylon membrane. 

[0014] Methods for the protection of nucleic acid 
sequences from nuclease degradation/digestion by hybrid 
izing a nucleic acid analog thereto have been described (See: 
Stanley et al.; US. Pat. No. 5,861,250). The methods and 
compositions described in Stanley et al. are particularly Well 
suited for ‘“‘cleaning up” a nucleic acid sample by degrading 
all nucleic acid present except the target sequence, . . . ” 

(See: Stanley et al. at col. 7, lines 14-18). Stanley et al. 
describe several means for separating hybridized nucleic 
acid analog from non-hybridized nucleic acid analog, 
including ion exchange chromatography (See: Col. 6, lines 
62-64), but they do not describe the simple electrostatic 
immobilization of the target sequence or nucleic acid ana 
log/target sequence complex to a matrix as means to separate 
the hybridized nucleic acid analog from non-hybridized 
nucleic acid analog or otherWise separate the nucleic acid 
analog/target sequence complex from the other components 
of a sample. 

[0015] Methods and apparatus for the electroactive trans 
port and ?xation of nucleic acids for analysis have been 
described (See: Heller et al., US. Pat. No. 5,849,486). 
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HoWever, this invention requires highly sophisticated instru 
mentation and devices to transport, ?x and/or analyze a 
sample. 
[0016] Though van den Engh does not discuss the detec 
tion of complex macromolecules such as nucleic acids, 
?uorescent reporter beads and methods for detecting the 
presence or determining the concentration of ?uid bulk 
analytes such as pH, oxygen saturation and ion content are 
knoWn in the art (See: van den Engh et al., US. Pat. No. 
5,747,349). According to van den Engh, “Reporter beads are 
added to a ?uid sample and the analyte concentration is 
determined by measuring ?uorescence of individual beads, 
for example in a How cytometer” (See: Abstract of US. Pat. 
No. 5,747,349). The beads of van den Engh et al. comprise 
a substrate bead having a plurality of ?uorescent reporter 
molecules immobilized thereon Wherein the ?uorescent 
reporter molecules comprise a ?uorescent molecule Whose 
?uorescent properties are a function of the concentration of 
the particular analyte Whose presence or concentration is to 
be determined (See: US. Pat. No. 5,747,349 at col. 3, lns. 
29-46). Thus, the beads of van den Engh are inherently 
?uorescent and not the analytes or derivatives thereof. 

[0017] Recently, compositions containing at least one 
bead conjugated to a solid support and further conjugated to 
at least one macromolecule have been described in the art 

(See: Lough et al., PCT/US97/20194). Claimed advantages 
of Lough et al. include increased surface area for the 
immobilization of biological particles or macromolecules as 
compared to ?at surfaces as Well as the ability to use one 
chemistry for the immobilization of the macromolecule to 
the bead and a different chemistry to attach the bead to the 
support. Lough et al. de?ne macromolecules to include 
nucleic acids (See: p. 7, lns. 10-17) and further de?ne 
peptide nucleic acids (PNA) as being analogs of nucleic 
acids (See: p. 8, lns. 4-9). The invention of Lough et al. is 
primarily directed to analysis of immobilized macromol 
ecules. Curiously hoWever, a probe-based assay is not 
described as a detection method but rather Lough et al. focus 
on direct analysis of the immobilized macromolecule be 
means such as MALDI-TOF mass spectrometry. Apart from 
apparently being considered by Lough et al. to be an analog 
of a nucleic acid, PNA is not otherWise mentioned in the 
disclosure and no examples are provided Which demonstrate 
that PNA is suitable for the practice of the invention. 

[0018] Despite its name, Peptide Nucleic Acid (PNA) is 
neither a peptide, a nucleic acid nor is it an acid. Peptide 
Nucleic Acid (PNA) is a non-naturally occurring polyamide 
Which can hybridize to nucleic acid (DNA and RNA) With 
sequence speci?city (See: US. Pat. Nos. 5,539,082, 5,527, 
675, 5,623,049, 5,714,331, 5,736,336, 5,773,571 or 5,786, 
461 as Well as Eghohm et al., Nature 365: 566-568 (1993)). 
Being a non-naturally occurring molecule, unmodi?ed PNA 
is not knoWn to be a substrate for the enzymes Which are 
knoWn to degrade peptides or nucleic acids. Therefore, PNA 
should be stable in biological samples, as Well as have a long 
shelf-life. Unlike nucleic acid hybridization Which is very 
dependent on ionic strength, the hybridization of a PNA With 
a nucleic acid is fairly independent of ionic strength and is 
favored at loW ionic strength, conditions Which strongly 
disfavor the hybridization of nucleic acid to nucleic acid 
(Egholm et al., Nature, at p. 567). The effect of ionic strength 
on the stability and conformation of PNA complexes has 
been extensively investigated (Tomac et al., J. Am. Chem. 
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Soc. 118:55 44-5552 (1996)). Sequence discrimination is 
more efficient for PNA recognizing DNA than for DNA 
recognizing DNA (Egholm et al., Nature, at p. 566). HoW 
ever, the advantages in point mutation discrimination With 
PNA probes, as compared With DNA probes, in a hybrid 
iZation assay, appears to be someWhat sequence dependent 
(Nielsen et al., Anti-Cancer Drug Design 8:53-65, (1993) 
and Weiler et al., Nucl. Acids Res. 25: 2792-2799 (1997)). 

[0019] Because the nucleic acids of a complex sample, 
such as a cell lysate or PCR reaction mixture, can be 
concentrated and also partially puri?ed by immobiliZation to 
supports, probe-based hybridiZation assays could be simpli 
?ed if the presence of a target nucleic acid could be 
speci?cally detected While the target nucleic acid remained 
support bound; particularly if the conditions for the treat 
ment, analysis and/or detection of the target sequence Were 
operable Within a broad range so that assay conditions did 
not require substantial and laborious optimiZation. The abil 
ity to perform such analyses using a How cytometer, an 
array, a nuclease digestion/protection assay, a line assay, a 
self-indicating assay or in some combination of these assay 
formats Would be particularly bene?cial. 

SUMMARY OF THE INVENTION 

[0020] This invention pertains to methods, kits and com 
positions suitable for the detection, identi?cation and/or 
quantitation of nucleic acids Which are electrostatically 
immobiliZed to matrices using non-nucleotide probes Which 
sequence speci?cally hybridiZe to one or more target 
sequences of the nucleic acid but do not otherWise substan 
tially interact With the matrix. Once the nucleic acid is 
immobiliZed, the detectable non-nucleotide probe/target 
sequence complex, formed before or after the immobiliZa 
tion of the nucleic acid, can be detected, identi?ed or 
quantitated under a Wide range of assay conditions as a 
means to detect, identify or quantitate the target sequence in 
the sample. Because it is reversibly bound, the non-nucle 
otide probe/target sequence can optionally be removed from 
the matrix for detecting, identifying or quantitating the target 
sequence in the sample. Because the non-nucleotide probe/ 
target sequence is protected against degradation, it is another 
advantage of this invention that the sample can be treated 
With enZymes Which degrade sample components, either 
before or after the nucleic acid is bound to the matrix, in 
order to “clean up” the sample (eg a complex biological 
sample such as a cell lysate) and thereby improve the 
detection, identi?cation or quantitation of the target 
sequence in the sample. Consequently, the methods, kits and 
compositions of this invention have substantial advantages 
over all previously knoWn or described methods, kits or 
compositions because they facilitate the simple processing 
and/or analysis of samples, and particularly complex bio 
logical samples, under a Wide range of assay conditions. 

[0021] In one embodiment, this invention is related to a 
composition comprising a nucleic acid, having at least one 
target sequence, Which is electrostatically bound to a matrix 
under suitable electrostatic binding conditions. The compo 
sition further comprises a detectable, but not necessarily 
labeled, non-nucleotide probe having a probing nucleobase 
sequence Which is sequence speci?cally hybridiZed to at 
least a portion of the target sequence. 

[0022] In another embodiment, this invention pertains to 
methods for the detection, identi?cation or quantitation of a 
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target sequence in a sample containing nucleic acid. One 
exemplary method comprises contacting a sample With a 
matrix and at least one non-nucleotide probe Wherein the 
nucleic acid in the sample Will electrostatically bind to the 
matrix under suitable electrostatic binding conditions. Addi 
tionally, the non-nucleotide probe Will hybridiZe, under 
suitable hybridiZation conditions, to at least a portion of the 
target sequence, if present in the sample. The method further 
comprises detecting, identifying or quantitating the non 
nucleotide probe/target sequence hybrid as a means to 
detect, identify or quantitate the target sequence in the 
sample. 
[0023] In still another embodiment, this invention pertains 
to multiplex methods for the detection, identi?cation or 
quantitation of tWo or more target sequences of one or more 
nucleic acid molecules Which may be present in the same 
sample. One exemplary method comprises contacting a 
sample With a matrix and tWo or more independently detect 
able non-nucleotide probes Wherein the nucleic acid present 
in the sample Will electrostatically bind to the matrix under 
suitable electrostatic binding conditions. Additionally, the 
tWo or more independently detectable non-nucleotide probes 
Will hybridiZe, under suitable hybridiZation conditions, to at 
least a portion of the target sequences With Which each probe 
is designed to hybridiZe if present in the nucleic acid of the 
sample. Consequently, if a particular target sequence is 
electrostatically immobiliZed to the matrix, the indepen 
dently detectable non-nucleotide probe designed to hybrid 
iZed to that particular target sequence Will become concen 
trated on the matrix and be available for detection. 
Therefore, the method further comprises detecting, identi 
fying or quantitating each unique independently detectable 
non-nucleotide probe/target sequence hybrid Which is elec 
trostatically bound to said matrix as a means to detect, 
identify or quantitate each unique target sequence sought to 
be detected in the sample and in the same assay. Optionally, 
the unique independently detectable non-nucleotide probe/ 
target sequence hybrid is released from the matrix by 
adjustment of conditions outside the range required for 
electrostatic binding and thereby facilitates detection of the 
unbound non-nucleotide probe/target sequence hybrid, or 
just the detectable probe, as the means to detect, identify or 
quantitate the target sequence in the sample. 

[0024] In still a further embodiment, this invention takes 
advantage of the stability of nucleic acid analog/nucleic acid 
complexes (See: Stanley et al.; U.S. Pat. No. 5,861,250) to 
thereby further improve assay performance and/or otherWise 
decrease the labor or complexity of sample preparation. One 
exemplary method comprises contacting the sample With at 
least one non-nucleotide probe Wherein the non-nucleotide 
probe Will hybridiZe, under suitable hybridiZation condi 
tions, to at least a portion of the target sequence if present in 
the sample. The sample is also contacted With a matrix 
Wherein the nucleic acid molecule Will electrostatically bind 
to a matrix under suitable electrostatic binding conditions. 
Either before or after immobiliZation to the matrix, the 
sample containing the non-nucleotide probe/target sequence 
complex is contacted With one or more enZymes capable 
degrading sample contaminates, possibly including the 
nucleic acid molecule but not the non-nucleotide probe/ 
target sequence complex. The method further comprises 
detecting, identifying or quantitating the non-nucleotide 
probe/target sequence hybrid as a means to detect, identify 
or quantitate the target sequence in the sample. Optionally, 
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the detectable non-nucleotide probe/target sequence hybrid 
is released from the matrix by adjustment of conditions 
outside the range required for electrostatic binding and 
thereby facilitates detection of the unbound non-nucleotide 
probe/target sequence hybrid, or just the detectable probe, as 
the means to detect, identify or quantitate the target 
sequence in the sample. 

[0025] In yet another embodiment, this invention relates to 
a method for the detection, identi?cation or quantitation of 
a target sequence of a nucleic acid molecule electrostatically 
immobiliZed at a location on an array Wherein the array 
comprises nucleic acid molecules electrostatically bound at 
unique locations. One exemplary method comprises con 
tacting the array With at least one non-nucleotide probe, 
Wherein the non-nucleotide probe Will hybridiZe, under 
suitable hybridiZation conditions, to at least a portion of the 
target sequence if present on the array. The non-nucleotide 
probe/target sequence complex electrostatically bound at a 
location on said array is then detected, identi?ed or quan 
titated as the means to determine the presence, absence or 
amount of target sequence present at said array location. It 
is an advantage of the invention that one or more enZymes 
capable degrading sample contaminates, including the 
nucleic acid target molecule but not the non-nucleotide 
probe/target sequence complex, can also be added before 
analysis of the array to thereby improve the performance of 
the array assay by degrading sample contaminates Which 
might otherWise lead to false positive results. Optionally, the 
detectable non-nucleotide probe/target sequence hybrids can 
be released from the matrix by adjustment of conditions 
outside the range required for electrostatic binding and 
thereby facilitates detection of the unbound non-nucleotide 
probe/target sequence hybrid, or just the detectable probe, as 
the means to detect, identify or quantitate target sequence in 
the sample. If the non-nucleotide probes are independently 
detectable, the analysis of the matrix can proceed in a 
multiplex format. 
[0026] In yet a further embodiment, this invention is 
directed to a method for the detection, identi?cation or 
quantitation of a target sequence of a nucleic acid molecule 
Which may be present in any of tWo or more samples of 
interest. The method comprises mixing each of the tWo or 
more samples of interest With at least one non-nucleotide 
probe, under suitable hybridiZation conditions. Next a 
matrix is contacted, under suitable electrostatic binding 
conditions, With at least a portion of each of the tWo or more 
samples to thereby electrostatically immobiliZe the nucleic 
acid components of each sample to the matrix, each at a 
unique location, and thereby create a matrix array of 
samples. The non-nucleotide probe/target sequence complex 
electrostatically bound at a location on said array is then 
detected, identi?ed or quantitated as the means to determine 
the presence, absence or amount of target sequence present 
at said array location. It is an advantage of the invention that 
one or more enZymes capable degrading sample contami 
nates, possibly including the nucleic acid target molecule but 
not the non-nucleotide probe/target sequence complex, can 
also be added before analysis of the array to thereby improve 
the performance of the array assay by degrading sample 
contaminates Which might otherWise lead to false positive 
results. Optionally, the detectable non-nucleotide probe/ 
target sequence hybrids can be released from the matrix by 
adjustment of conditions outside the range required for 
electrostatic binding and thereby facilitates detection of the 
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unbound non-nucleotide probe/target sequence hybrid, or 
just the detectable probe, as the means to detect, identify or 
quantitate target sequence in the sample. If the non-nucle 
otide probes are independently detectable, the analysis of the 
matrix can proceed in a multiplex format. 

[0027] In yet another embodiment, this invention is 
directed to kits suitable for performing an assay Which 
detects the presence, absence or number of target sequences 
present in a sample. The kits of this invention comprise a 
matrix and one or more non-nucleotide probes and option 
ally one or more other reagents or compositions Which are 
selected to perform an assay of this invention or otherWise 
simplify the performance of an assay used to detect, identify 
or quantitate a target sequence in a sample. 

[0028] The compositions, methods and kits of this inven 
tion are particularly useful for the detection, identi?cation 
and/or enumeration of bacteria and eucarya (e.g. pathogens) 
in food, beverages, Water, pharmaceutical products, personal 
care products, dairy products or environmental samples. The 
analysis of preferred non-limiting beverages include soda, 
bottled Water, fruit juice, beer, Wine or liquor products. 
Suitable compositions, methods and kits Will be particularly 
useful for the analysis of raW materials, equipment, products 
or processes used to manufacture or store food, beverages, 
Water, pharmaceutical products, personal care products dairy 
products or environmental samples. 

[0029] Additionally, the compositions, methods and kits 
of this invention are particularly useful for the detection of 
bacteria and eucarya (e. g. pathogens) in clinical samples and 
clinical environments. Suitable compositions, methods and 
kits Will be particularly useful for the analysis of clinical 
specimens, equipment, ?xtures or products used to treat 
humans or animals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1A and 1B are computer generated negatives 
of the image of a photograph of tubes from an experiment 
using PCR to amplify a nucleic acid comprising a target 
sequence to Which a Linear Beacon hybridiZes to generate 
detectable signal. 

[0031] FIGS. 2A and 2B are computer generated nega 
tives or the image of a photograph of the same polyacryla 
mide gel used to analyZe the content of the tubes shoWn in 
FIGS. 1A and 1B, before (FIG. 2A) and after (FIG. 2B) 
ethidium bromide staining. 

[0032] FIG. 3 is a computer generated negative of an 
image of a photograph of tubes from an experiment using 
PCR to generate different amplicons having a point mutation 
of a target sequence to Which a Linear Beacon hybridiZes to 
generate detectable signal. 

[0033] FIGS. 4A and 4B are computer generated nega 
tives of an image of a photograph of the same polyacryla 
mide gel used to analyZe the content of tubes shoWn in FIG. 
3, before (FIG. 4A) and after (FIG. 4B) ethidium bromide 
staining. 

[0034] FIG. 5 is a computer generated negative of an 
image of a photograph of tubes from an experiment used to 
determine the range of ionic strength suitable for electro 
static immobiliZation of probes, target nucleic acids and 
probe/target nucleic acid complexes. 
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[0035] FIGS. 6A and 6B are images of the same GAPS 
coated microscope slide containing spotted samples, before 
(6A) and after (6B) Washing to remove material not other 
Wise electrostatically immobiliZed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] 1. De?nitions: 

[0037] a. As used herein, the term “nucleobase” shall 
include those naturally occurring and those non-naturally 
occurring heterocyclic moieties commonly knoWn to those 
Who utiliZe nucleic acid technology or utiliZe peptide nucleic 
acid technology to thereby generate polymers Which can 
sequence speci?cally hybridize to nucleic acids. 

[0038] b. As used herein, the term “nucleobase sequence” 
is any segment of a polymer Which comprises nucleobase 
containing subunits. Non-limiting examples of suitable 
polymers or polymers segments include oligonucleotides, 
oligoribonucleotides, peptide nucleic acids and analogs or 
chimeras thereof. 

[0039] c. As used herein, the term “target sequence” is the 
nucleobase sequence of a nucleic acid molecule of interest 
Which is sought to be detected in an assay and to Which at 
least a portion of the probing nucleobase sequence of the 
non-nucleotide probe is intended to hybridiZe. The target 
sequence may comprise a subset of the nucleic acid mol 
ecule or may be the entire nucleic acid molecule of interest. 

[0040] d. As used herein, the terms “label” and “detectable 
moiety” shall be interchangeable and shall refer to moieties 
Which can be attached to a non-nucleotide probe, antibody 
or antibody fragment to thereby render the non-nucleotide 
probe, antibody or antibody fragment detectable by an 
instrument or method. 

[0041] e. As used herein, the term “non-nucleotide probe” 
shall mean a polymer Which is not a polynucleotide but 
Which comprises a probing nucleobase sequence Which is 
designed to hybridiZe to at least a portion of the target 
sequence. Apreferred non-limiting example of a non-nucle 
otide probe is a peptide nucleic acid (PNA) probe. 

[0042] f. As used herein, the term “peptide nucleic acid” or 
“PNA” shall be de?ned as a non-nucleotide polymer com 
prising tWo or more PNA subunits (residues), including any 
of the compounds referred to or claimed as peptide nucleic 
acids in US. Pat. Nos. 5,539,082, 5,527,675, 5,623,049, 
5,714,331, 5,736,336, 5,773,571 or 5,786,461 (all of Which 
are herein incorporated by reference). The term “peptide 
nucleic acid” or “PNA” shall also apply to polymers com 
prising tWo or more subunits of those nucleic acid mimics 
described in the folloWing publications: Diderichsen et al., 
Tett. Lett. 37: 475-478 (1996); Fujii et al., Bioorg. Med. 
Chem. Lett. 7: 637-627 (1997); Jordan et al., Bioorg. Med. 
Chem. Lett. 7: 687-690 (1997); KrotZ et al., Tett. Lett. 36: 
6941-6944 (1995); Lagriffoul et al., Bioorg. Med. Chem. 
Lett. 4: 1081-1082 (1994); LoWe et al.,]. Chem. Soc. Perkin 
Trans. 1, (1997) 1: 539-546; Lowe et al., J. Chem. Soc. 
Perkin Trans. 11: 547-554 (1997); LoWe et al.,]. Chem. Soc. 
Perkin Trans. 11:5 55-560 (1997); Petersen et al., Bioorg. 
Med. Chem. Lett. 6: 793-796 (1996); Diederichsen, U., 
Bioorganic & Med. Chem. Lett., 8: 165-168 (1998); Cantin 
et al., Tett. Lett., 38: 4211-4214 (1997); Ciapetti et al., 
Tetrahedron, 53: 1167-1176 (1997); Lagriffoule et al., 
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Chem. Eur J., 3: 912-919 (1997) and WIPO patent appli 
cation WO96/04000 by Shah et al. and entitled “Peptide 
based nucleic acid mimics (PENAMs)”. 

[0043] In preferred embodiments, a PNA is a polymer 
comprising tWo or more subunits of the formula: 

L 
A/ 

/ N 

New! \cm. 

[0044] Wherein, each J is the same or different and is 
selected from the group consisting of H, R1, 0R1, SR1, 
NHRl, NR12, F, Cl, Br and I. Each K is the same or different 
and is selected from the group consisting of O, S, NH and 
NR1. Each R1 is the same or different and is an alkyl group 
having one to ?ve carbon atoms Which may optionally 
contain a heteroatom or a substituted or unsubstituted aryl 
group. Each A is selected from the group consisting of a 
single bond, a group of the formula; —(CJ2)S— and a group 
of the formula; —(CJ2)SC(O)—, Wherein, J is de?ned above 
and each s is an Whole number from one to ?ve. The Whole 
number t is 1 or 2 and the Whole number u is 1 or 2. Each 
L is the same or different and is independently selected from 
the group consisting of J. adenine, cytosine, guanine, thym 
ine, uridine, 5-methylcytosine, 2-aminopurine, 2-amino-6 
chloropurine, 2,6-diaminopurine, hypoxanthine, pseudoiso 
cytosine, 2-thiouracil, 2-thiothymidine, other naturally 
occurring nucleobase analogs, other non-naturally occurring 
nucleobases, substituted and unsubstituted aromatic moi 
eties, biotin, ?uorescein and dabcyl. In the most preferred 
embodiment, a PNA subunit consists of a naturally occur 
ring or non-naturally occurring nucleobase attached to the 
aZa nitrogen of the N-[2-(aminoethyl)]glycine backbone 
through a methylene carbonyl linkage. 

[0045] 2. Description 

[0046] 
[0047] Probes: 

[0048] The probes used for the practice of this invention 
are non-nucleotide probes Which at a minimum comprise a 
probing nucleobase sequence designed to hybridiZe to at 
least a portion of a target sequence sought to be detected in 
a probe-based hybridiZation assay. The non-nucleotide 
probes comprise a sufficiently neutral or positively charged 
backbone such that they exhibit little or no af?nity for the 
matrix under a broad range of assay conditions including 
substantial variations in pH, buffer ionic strength, detergent 
concentration and/or chemical denaturant concentration. 
This broad range of conditions under Which little or no 
interaction occurs betWeen the non-nucleotide probe and the 
matrix is a substantial advantage over the previous methods 
such as those of Arnold et al. (US. Pat. No. 5,599,667) 
Which required substantial condition optimiZation to achieve 
discrimination of betWeen the non-speci?c binding of the 
nucleotide probe and the target nucleic acid (or nucleotide 
probe/target nucleic acid complex) to the matrix. 

[0049] It is still another advantage of this invention that 
substantial changes in the ionic strength of the assay have 
little effect on the Tm of the non-nucleotide probe/target 

I. General: 
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sequence hybrid (See: (Egholm et al Nature 365: 566-568 
(1993) and Tomac et al.,]. Am. Chem. Soc. 118:55 44-5552 
(1996)). Consequently, this lack of sensitivity of the hybrid 
to changes in ionic strength also broadens the range of 
possible assay conditions. 

[0050] The non-nucleotide probes may be labeled With a 
detectable moiety or may be unlabeled provided hoWever 
that the non-nucleotide probe/target sequence hybrid is 
detectable When the probe is unlabeled. The preferred non 
nucleotide probes are PNA probes. Preferred labeled non 
nucleotide probes are non-nucleotide “Beacon” probes (See: 
the Section entitled “Non-Nucleotide “Beacon” Probes, 
beloW) because they are self-indicating. By self-indicating 
We mean that the probes change detectable properties upon 
hybridiZation to a target sequence and thereby reduce or 
eliminate the requirement for the removal of excess probe. 
In one embodiment, the self-indicating probes of this inven 
tion Will rely on a change in ?uorescence Which can be 
observed With the eye or otherWise detected and/or quanti 
tated With a ?uorescence instrument. 

[0051] Because it is an important feature of this invention 
that the non-nucleotide probes do not substantially interact 
With the matrix, the non-nucleotide probes of this invention 
may also be designed, by appropriate modi?cation, to have 
a particular net charge. For example, certain choices of 
labels might cause the non-nucleotide probe to have a net 
negative charge (See: Example 9). HoWever, the net charge 
of the probe can be changed by adding one or more 
positively charged moieties, such as by linking one or more 
of compounds 7 or 8 as described by Gildea et al., T ett. Lett. 
39: 7255-7258 (1998). By the alteration of net charge, the 
probes can be designed to have any combination of desired 
labels and still not exhibit an af?nity for the matrix. 

[0052] Unlabeled Non-Nucleotide Probes: 

[0053] The non-nucleotide probes used for the practice of 
this invention need not be labeled With a detectable moiety 
to be operable Within the methods of this invention. When 
using the non-nucleotide probes it is possible to detect the 
non-nucleotide probe/nucleic acid complex formed by 
hybridiZation of the probing nucleobase sequence of the 
probe to the target sequence using an antibody to the 
non-nucleotide probe/nucleic acid hybrid (complex). As a 
non-limiting example, a PNA/nucleic acid complex could be 
detected using an antibody Which speci?cally interacts With 
the complex under suitable antibody binding conditions. 
Suitable antibodies to PNA/nucleic acid complexes and 
methods for their preparation and use are described in WIPO 
Patent Application WO95/17430 as Well as US. Pat. No. 
5,612,458, herein incorporated by reference. 

[0054] The antibody/PNA/nucleic acid complex formed 
by interaction of the (X-PNA/IlllClClC acid antibody With the 
PNA/nucleic acid complex can be detected by several meth 
ods. For example, the (X-PNA/IlllClClC acid antibody could be 
labeled With a detectable moiety. Suitable detectable moi 
eties (labels) are described herein. Thus, the presence, 
absence or quantity of the detectable moiety is correlated 
With the presence, absence or quantity of the antibody/PNA/ 
nucleic acid complex and the target sequence sought to be 
identi?ed. Alternatively, the antibody/PNA/nucleic acid 
complex is detected using a secondary antibody Which is 
labeled With a detectable moiety. Typically the secondary 
antibody speci?cally binds to the (X-PNA/IlllClClC acid anti 
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body under suitable antibody binding conditions. Thus, the 
presence, absence or quantity of the detectable moiety is 
correlated With the presence, absence or quantity of the 
antibody/antibody/PNA/nucleic acid complex and the target 
sequence sought to be identi?ed. As used herein, the term 
antibody shall include antibody fragments Which speci? 
cally bind to other antibodies or other antibody fragments. 

[0055] Probing Nucleobase Sequence: 

[0056] The probing nucleobase sequence of a non-nucle 
otide probe used for the practice of this invention is the 
sequence recognition portion of the construct. Therefore, the 
probing nucleobase sequence is designed to hybridiZe to at 
least a portion of the target sequence since it may be 
preferable to use tWo or more probes designed to hybridiZe 
to the entire target sequence (See for example: European 
Patent Application entitled “Method of identifying a nucleic 
acid using triple helix formation of adjacently annealed 
probes”; EP-A-849-363 as Well as WIPO patent application 
No. WO99/55 916 entitled “Methods, Kits and Compositions 
for Detecting and Quantitating Target Sequences”. Prefer 
ably, the probing nucleobase sequence hybridiZes to the 
entire target sequence. Detection of non-nucleotide probe 
hybridiZation to the target sequence can be correlated With 
the presence, absence or amount of target sequence present 
in a sample. 

[0057] The probing nucleobase sequence of a non-nucle 
otide probe Will preferably be exactly complementary to all 
or a portion of the target sequence. Alternatively, a substan 
tially complementary probing nucleobase sequence might be 
used since it has been demonstrated that greater sequence 
discrimination can be obtained When utiliZing probes 
Wherein there exists one or more point mutations (base 
mismatch) betWeen the probe and the target sequence (See: 
Guo et al., Nature Biotechnology 15:331-335 (1997)). 

[0058] With due consideration to the requirements of a 
non-nucleotide probe for the assay format chosen and the 
target sequence sought to be detected, the probing nucleo 
base sequence Will generally be chosen such that a stable 
complex is formed With all or a portion of the target 
sequence, under suitable hybridiZation conditions. Generally 
hoWever, the non-nucleotide probes suitable for the practice 
of this invention, Will generally have a probing nucleobase 
sequence in the range of 5-50 subunits. More preferably, the 
probing nucleobase sequence Will be in the range of 7-25 
subunits in length and most preferably in the range of 12-20 
subunits in length. 

[0059] PNA Synthesis: 

[0060] Methods for the chemical assembly of PNAs are 
Well knoWn (See: US. Pat. Nos. 5,539,082, 5,527,675, 
5,623,049, 5,714,331, 5,736,336, 5,773,571 or 5,786,571, 
herein incorporated by reference). Chemicals and instru 
mentation for the support bound automated chemical assem 
bly of peptide nucleic acids are noW commercially available. 
Chemical assembly of a PNA is analogous to solid phase 
peptide synthesis, Wherein at each cycle of assembly the 
oligomer possesses a reactive alkyl amino terminus Which is 
condensed With the next synthon to be added to the groWing 
polymer. Because standard peptide chemistry is utiliZed, 
natural and non-natural amino acids are routinely incorpo 
rated into a PNA oligomer. Because a PNA is a polyamide, 
it has a C-terminus (carboxyl terminus) and an N-terminus 
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(amino terminus). For the purposes of the design of a 
hybridization probe suitable for antiparallel binding to the 
target sequence (the preferred orientation), the N-terminus 
of the probing nucleobase sequence of the PNA probe is the 
equivalent of the 5‘-hydroxyl terminus of an equivalent DNA 
or RNA oligonucleotide. 

[0061] PNA Labeling: 

[0062] Labeling of a PNA is analogous to peptide labeling. 
Because the synthetic chemistry of assembly is essentially 
the same, any method commonly used to label a peptide can 
usually be adapted for use in labeling a PNA. Thus, PNAs 
may be labeled With numerous detectable moieties. Gener 
ally, any detectable moiety Which can be linked to a nucleic 
acid or peptide can be linked to a PNA. 

[0063] Typically, the N-terminus of the PNA is labeled by 
reaction With a moiety having a carboxylic acid group or 
activated carboxylic acid group. One or more spacer moi 
eties can be introduced betWeen the labeled moiety and the 
PNA oligomer. Generally, the spacer moiety is incorporated 
prior to performing the labeling reaction. HoWever, the 
spacer may be embedded Within the label and thereby be 
incorporated during the labeling reaction. Specialized 
reagents can be attached to the PNA. For example, a 
terminal arylamine moiety can be generated by condensing 
a suitably protected 4-aminobenZoic acid derivative With the 
amino terminus of the PNA oligomer. 

[0064] In one embodiment, the C-terminal end of the PNA 
is labeled by ?rst condensing a labeled moiety With the 
support upon Which the labeled PNA is to be assembled. 
Next, the ?rst synthon of the PNA is condensed With the 
labeled moiety. Alternatively, one or more spacer moieties 
can be introduced betWeen the labeled moiety and the PNA 
oligomer (e.g. 8-amino-3,6-dioxaoctanoic acid). After the 
PNA is completely assembled and labeled, the PNA is 
cleaved from the support, deprotected and puri?ed using 
standard methodologies. 

[0065] For example, the labeled moiety could be a lysine 
derivative Wherein the e-amino group is labeled With a 
detectable moiety such as 5(6)-carboxy?uorescein. Alterna 
tively, the labeled moiety could be a lysine derivative 
Wherein, the e-amino group is derivatiZed With a 4-ami 
nobenZoic acid moiety (e.g. 4-(N-(tert-butyloxycarbonyl) 
aminobenZamide). Condensation of the lysine derivative 
With the support Would be accomplished using standard 
condensation (peptide) chemistry. The ot-amino group of the 
lysine derivative could then be deprotected and the PNA 
assembly initiated by condensation of the ?rst PNA synthon 
With the ot-amino group of the lysine amino acid. After 
complete assembly, the PNA oligomer Would then be 
cleaved from the support, deprotected and puri?ed using 
Well knoWn methodologies. 

[0066] Alternatively, a functional group on the assembled, 
or partially assembled, polymer is labeled With a donor or 
acceptor moiety (eg a PNA Molecular Beacon or a Linear 
Beacon) While it is still support bound. This method requires 
that an appropriate protecting group be incorporated into the 
oligomer to thereby yield a reactive functional to Which the 
donor or acceptor moiety is linked but has the advantage that 
the label (eg a ?uorophore) can be attached to any position 
Within the polymer including Within the probing nucleobase 
sequence. For example, the e-amino group of a lysine could 
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be protected With a 4-methyl-triphenylmethyl (Mtt), a 
4-methoxy-triphenylmethyl (MMT) or a 4,4‘-dimethoxyt 
riphenylmethyl (DMT) protecting group. The Mtt, MMT or 
DMT groups can be removed from PNA (assembled using 
commercially available Fmoc PNA monomers and polysty 
rene support having a PAL linker; PerSeptive Biosystems, 
Inc., Framingham, Mass.) by treatment of the resin under 
mildly acidic conditions. Consequently, the donor or accep 
tor moiety can then be condensed With the e-amino group of 
the lysine amino acid. After complete assembly and labeling, 
the polymer is then cleaved from the support, deprotected 
and puri?ed using Well knoWn methodologies. 

[0067] Alternatively, a label (including one of the donor or 
acceptor moiety Wherein the other of the donor or acceptor 
moiety is linked to the PNA during assembly) is attached to 
the PNA after it is fully assembled, cleaved from the support 
and optionally puri?ed. This method is preferable Where the 
label is incompatible With the cleavage, deprotection or 
puri?cation regimes commonly used to manufacture PNA. 
By this method, the PNA Will generally be labeled in 
solution by the reaction of a functional group on the PNA 
and a functional group on the label. Those of ordinary skill 
in the art Will recogniZe that the composition of the coupling 
solution Will depend on the nature of PNA and the label. The 
solution may comprise organic solvent, Water or any com 
bination thereof. Generally, the organic solvent Will be a 
polar non-nucleophilic solvent. Non-limiting examples of 
suitable organic solvents include acetonitrile, tetrahydrofu 
ran, dioxane and N,N‘-dimethylformamide. 

[0068] Generally the functional group on the PNA Will be 
an amine and the functional group on the label Will be a 
carboxylic acid or activated carboxylic acid. Non-limiting 
examples of activated carboxylic acid functional groups 
include N-hydroxysuccinimidyl esters. If the label is an 
enZyme, preferably the amine on the PNA Will be an 
arylamine. In aqueous solutions, the carboxylic acid group 
of either of the PNA or label (depending on the nature of the 
components chosen) can be activated With a Water soluble 
carbodiimide. The reagent, 1-(3-dimethylaminopropyl)-3 
ethylcarbodiimide hydrochloride (EDC), is a commercially 
available reagent sold speci?cally for aqueous amide form 
ing condensation reactions. 

[0069] Generally, the pH of aqueous solutions Will be 
modulated With a buffer during the condensation reaction. 
Preferably, the pH during the condensation is in the range of 
4-10. When an arylamine is condensed With the carboxylic 
acid, preferably the pH is in the range of 4-7. When an 
alkylamine is condensed With a carboxylic acid, preferably 
the pH is in the range of 7-10. Generally, the basicity of 
non-aqueous reactions Will be modulated by the addition of 
non-nucleophilic organic bases. Non-limiting examples of 
suitable bases include N-methylmorpholine, triethylamine 
and N,N-diisopropylethylamine. Alternatively, the pH is 
modulated using biological buffers such as (N-[2-hydroxy 
ethyl]piperaZine-N‘-[2-ethanesulfonic acid) (HEPES) or 
4-morpholineethane-sulfonic acid (MES) or inorganic buff 
ers such as sodium bicarbonate. 

[0070] Exemplary Labels: 

[0071] Numerous detectable moieties may be used for the 
practice of this invention. Suitable detectable or indepen 
dently detectable moieties Will be chosen to be compatible 
With the assay to be performed. Generally, the labels Will be 
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chosen so that the label pair is neutral or positively charged 
so that When labeled, the non-nucleotide probe does not 
exhibit a substantial a?inity for the matrix. Alternatively, the 
probe can be designed to incorporate charges (generally 
positive charges) so that even if the net charge of the labels 
is negative, the labeled probe is neutral or positively charged 
and therefore exhibits little or no a?inity for the matrix. 

[0072] Non-limiting examples of detectable moieties 
(labels) suitable for use in the practice of this invention 
Would include dextran conjugates, a branched nucleic acid 
detection system, chromophores, ?uorochromes, spin labels, 
radioisotopes, mass labels, enZymes, haptens and chemilu 
minescent compounds. Preferred labeling reagents Will be 
supplied as carboxylic acids or as the N-hydroxysuccinidyl 
esters of carboxylic acids. Numerous amine reactive label 
ing reagents are commercially available (as for example 
from Molecular Probes, Eugene, Oreg.). Preferred ?uoro 
chromes (?uorophores) include 5(6)-carboxy?uorescein 
(Flu), 6-((7-amino-4-methylcoumarin-3-acetyl)amino)hex 
anoic acid (Cou), 5(and 6)-carboxy-X-rhodamine (Rox), 
Cyanine 3 (Cy3) Dye, Cyanine 3.5 (Cy3.5) Dye, Cyanine 5 
(Cy5) Dye, Cyanine 5 .5 (Cy5.5) Dye Cyanine 7 (Cy7) Dye, 
Cyanine 9 (Cy9) Dye (Cyanine dyes 3, 3.5, 5 and 5.5 are 
available as NHS esters from Amersham, Arlington Heights, 
Ill.) or the Alexa dye series (Molecular Probes). Preferred 
haptens include 5(6)-carboxy?uorescein, 2,4-dinitrophenyl, 
digoxigenin, and biotin. Preferred enZymes include soybean 
peroxidase, alkaline phosphatase and horseradish peroxi 
dase. Other suitable labeling reagents and preferred methods 
of attachment Would be recognized by those of ordinary skill 
in the art of PNA synthesis. 

[0073] Non-Nucleotide “Beacon” Probes: 

[0074] The labels attached to the non-nucleotide “Beacon” 
probes comprise a set (hereinafter “Beacon Set(s)”) of 
energy transfer moieties comprising at least one energy 
transfer donor and at least one energy transfer acceptor 
moiety. Typically, the Beacon Set Will include a single donor 
moiety and a single acceptor moiety. Nevertheless, a Beacon 
Set may contain more than one donor moiety and/or more 
than one acceptor moiety. The donor and acceptor moieties 
operate such that one or more acceptor moieties accepts 
energy transferred from the one or more donor moieties or 
otherWise quench signal from the donor moiety or moieties. 
Though the previously listed ?uorophores (With suitable 
spectral properties) might also operate as energy transfer 
acceptors, preferably, the acceptor moiety is a quencher 
moiety. Preferably, the quencher moiety is a non-?uorescent 
aromatic or heteroaromatic moiety. The preferred quencher 
moiety is 4-((-4-(dimethylamino)phenyl)aZo) benZoic acid 
(dabcyl). 

[0075] Transfer of energy betWeen donor and acceptor 
moieties of a non-nucleotide “Beacon” probe may occur 
through collision of the closely associated moieties of a 
Beacon Set or through a nonradiative process such as 
?uorescence resonance energy transfer (FRET). For FRET 
to occur, transfer of energy betWeen donor and acceptor 
moieties of a Beacon Set requires that the moieties be close 
in space and that the emission spectrum of a donor(s) have 
substantial overlap With the absorption spectrum of the 
acceptor(s) (See: Yaron et al. Analytical Biochemistry, 95: 
228-235 (1979) and particularly page 232, col. 1 through 
page 234, col. 1). Alternatively, collision mediated (radia 
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tionless) energy transfer may occur betWeen very closely 
associated donor and acceptor moieties Whether or not the 
emission spectrum of a donor moiety(ies) has a substantial 
overlap With the absorption spectrum of the acceptor moi 
ety(ies) (See: Yaron et al., Analytical Biochemistry, 95: 
228-235 (1979) and particularly page 229, col. 1 through 
page 232, col. 1). This process is referred to as intramo 
lecular collision since it is believed that quenching is caused 
by the direct contact of the donor and acceptor moieties 
(See: Yaron et al.). 

[0076] Linear Beacons: 

[0077] In a preferred embodiment, the non-nucleotide 
“Beacon” probe is a Linear Beacon as more fully described 
in co-pending patent application U.S. Ser. No. 09/179,162 
and WIPO publication WO99/22018, entitled “Methods, 
Kits And Compositions Pertaining To Linear Beacons”, 
herein incorporated by reference. 

[0078] (ii) PNA Molecular Beacons: 

[0079] In a preferred embodiment, the non-nucleotide 
“Beacon” probe is a PNA Molecular Beacon as more fully 
described in co-pending patent application: U.S. Ser. No. 
09/179,298 and WIPO publication WO99/21881, entitled 
“Methods, Kits And Compositions Pertaining To PNA 
Molecular Beacons”, herein incorporated by reference. 

[0080] Detecting Energy Transfer: 

[0081] Hybrid formation of a non-nucleotide “Beacon” 
probe With a target sequence can be monitored by measuring 
at least one physical property of at least one member of the 
Beacon Set Which is detectably different When the hybrid 
iZation complex is formed as compared With When the 
non-nucleotide “Beacon” probe exists in the absence of 
target sequence. We refer to this phenomenon as the self 
indicating property of non-nucleotide “Beacon” probes. This 
change in detectable signal shall result from the change in 
e?iciency of energy transfer betWeen the donor and acceptor 
Which results from hybridiZation of the non-nucleotide 
“Beacon” probes. Preferably, the means of detection Will 
involve measuring ?uorescence of a donor or acceptor 
?uorophore of a Beacon Set. Most preferably, the Beacon 
Set Will comprise at least one donor ?uorophore and at least 
one acceptor quencher such that the ?uorescence of the 
donor ?uorophore is Will be used to detect, identify or 
quantitate hybridiZation of the non-nucleotide probe to the 
target sequence. 

[0082] Other Non-Nucleotide Self-Indicating Probes: 

[0083] In another embodiment, the non-nucleotide probes 
of this invention are self-indicating probes of the type 
described in WIPO patent application WO97/45539. The 
self-indicating non-nucleotide probes described in WO97/ 
45539 differ as compared With non-nucleotide “Beacon” 
probes primarily in that no quencher or acceptor moiety is 
present in the probes of WO97/45539. Preferably the probes 
of WO97/45539, as used in this invention, are appropriately 
labeled peptide nucleic acids. 

[0084] Detectable and Independently Detectable Moieties/ 
Multiplex Analysis: 

[0085] In preferred embodiments of this invention, a mul 
tiplex probe-based hybridiZation assay is performed. In a 
multiplex assay, numerous conditions of interest are simul 
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taneously examined. Multiplex analysis relies on the ability 
to sort sample components or the data associated therewith, 
during or after the assay is completed. In preferred embodi 
ments of the invention, distinct independently detectable 
moieties are used to label the different non-nucleotide 
probes of a set. The ability to differentiate betWeen and/or 
quantitate each of the independently detectable moieties 
provides the means to multiplex a hybridiZation assay 
because the data Which correlates With the hybridiZation of 
each of the distinctly (independently) labeled non-nucle 
otide probes to a target sequence can be correlated With the 
presence, absence or quantity of the target sequence sought 
to be detected in a sample. Consequently, the probe-based 
multiplex assays of this invention may be used to simulta 
neously detect the presence, absence or amount of each of 
tWo or more target sequences Which may be present the same 
sample and in the same assay. 

[0086] Spacer/Linker Moieties: 

[0087] Generally, spacers are used to minimiZe the 
adverse effects that bulky labeling reagents might have on 
hybridiZation properties of probes. Linkers typically induce 
?exibility and randomness into the probe or otherWise link 
tWo or more nucleobase sequences of a probe. Preferred 
spacer/linker moieties for non-nucleotide probes used for the 
practice of this invention consist of one or more aminoalkyl 
carboxylic acids (eg aminocaproic acid) the side chain of 
an amino acid (eg the side chain of lysine or ornithine) 
natural amino acids (eg glycine), aminooxyalkylacids (e.g. 
8-amino-3,6-dioxaoctanoic acid), alkyl diacids (e.g. succinic 
acid) or alkyloxy diacids (e.g. diglycolic acid). Spacer/linker 
moieties may also incidentally or intentionally be con 
structed to improve the Water solubility of the probe. The 
spacer/linker moieties may also be designed to enhance the 
solubility of the oligomer. 

[0088] Preferably, a spacer/linker moiety comprises one or 
more linked compounds having the formula: —Y—(Om— 
(CW2)n)O—Z—. The group Y has the formula: a single 
bond, —(CW2)p—, —C(O)(CW2)p—, —C(S)(CW2)p— 
and —S(O2)(CW2)p. The group Z has the formula NH, NR2, 
S or O. Each W is independently H, R2, —OR2, F, Cl, Br or 
I; Wherein, each R2 is independently selected from the group 
consisting of: —CX3, —CX2CX3, —CX2CX2CX3, 
—CX2CX(CX3)2, and —C(CX3)3. Each X is independently 
H, F, Cl, Br or I. Each m is independently 0 or 1. Each n, o 
and p are independently Whole numbers from 0 to 10. 

[0089] Linked Polymer: 

[0090] A linked polymer comprises tWo or more nucleo 
base sequences Which are linked by a linker. The probes of 
this invention include linked polymers Wherein the probing 
nucleobase sequence is linked to one or more additional 
peptide nucleic acid, peptide or enZyme molecules. 

[0091] Hybridization Conditions/Stringency: 
[0092] Those of ordinary skill in the art of nucleic acid 
hybridiZation Will recogniZe that factors commonly used to 
impose or control stringency of hybridiZation include for 
mamide concentration (or other chemical denaturant 
reagent), salt concentration (i.e., ionic strength), hybridiZa 
tion temperature, detergent concentration, pH and the pres 
ence or absence of chaotropes. Optimal stringency for a 
probe/target combination is often found by the Well knoWn 
technique of ?xing several of the aforementioned stringency 
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factors and then determining the effect of varying a single 
stringency factor. The same stringency factors can be modu 
lated to thereby control the stringency of hybridiZation of 
non-nucleotide probes to target sequences, except that the 
hybridiZation of a PNA is fairly independent of ionic 
strength. Ionic strength Will not likely be a substantial factor 
in the stringency of most non-nucleotide probes having a 
sufficiently neutral or positively charged backbone. Optimal 
stringency for an assay may be experimentally determined 
by examination of each stringency factor until the desired 
degree of discrimination is achieved. 

[0093] Suitable HybridiZation Conditions: 

[0094] Generally, the more closely related the background 
causing nucleic acid contaminates are to the target sequence, 
the more carefully stringency must be controlled. Blocking 
probes may also be used as a means to improve discrimi 
nation beyond the limits possible by mere optimiZation of 
stringency factors. Suitable hybridiZation conditions Will 
thus comprise conditions under Which the desired degree of 
discrimination is achieved such that an assay generates an 
accurate (Within the tolerance desired for the assay) and 
reproducible result. Aided by no more than routine experi 
mentation, those of skill in the art Will easily be able to 
determine appropriate hybridiZation conditions for perform 
ing an assay. 

[0095] Blocking Probes: 

[0096] Blocking probes are non-nucleic acid or nucleic 
acid probes Which can be used to suppress the binding of the 
probing nucleobase sequence of a probe to a hybridiZation 
site Which is unrelated or closely related to the target 
sequence (See: Coull et al., PCT/US97/21845, a.k.a. WO98/ 
24933). Generally, the blocking probes suppress the binding 
of the probing nucleobase sequence to closely related non 
target sequences because the blocking probe hybridiZes to 
the non-target sequence to form a more thermodynamically 
stable complex than is formed by hybridiZation betWeen the 
probing nucleobase sequence and the non-target sequence. 
Thus, blocking probes are typically unlabeled probes used in 
an assay to thereby suppress non-speci?c signal. Because 
they are usually designed to hybridiZe to closely related 
non-target sequence sequences, typically a set of tWo or 
more blocking probes Will be used in an assay to thereby 
suppress non-speci?c signal from non-target sequences 
Which could be present and interfere With the performance 
of the assay. 

[0097] Suitable Electrostatic Binding Conditions: 

[0098] It is an important feature of the present invention 
that the electrostatic binding conditions be chosen such that 
the non-nucleotide probe exhibit little or no affinity for the 
matrix as compared With nucleic acid components of the 
sample. The electrostatic immobiliZation of nucleic acids to 
matrices primarily involves the formation of salt pairs 
betWeen the nucleic acid and the matrix. A salt pair com 
prises a charged species of the nucleic acid interacting With 
a counter charged species of the matrix to form an interac 
tion Which tends to stabiliZe the association of the nucleic 
acid to the matrix. Variable factors Which Will most affect 
electrostatic binding Will involve modulation of one or both 
the pH and/or ionic strength. The pH is an important factor 
since it may affect the charge density on the matrix as Well 
as the net charge of the nucleic acid. Similarly, ionic strength 
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Will affect salt pair stability since it is Well known in the 
chromatographic arts that increasing ionic strength Will 
destabilize the interactions formed betWeen nucleic acids 
and anion exchange stationary phases. For the purposes of 
this invention, electrostatic binding conditions shall be con 
ditions Which alloW for the reversible binding of the nucleic 
acid of interest to a matrix through salt pair formation. 

[0099] Harmonization of Suitable Hybridization Condi 
tions and Suitable Electrostatic Binding Conditions: 

[0100] When employing the methods, kits and composi 
tions of this invention, it is important to distinguish betWeen 
suitable hybridization conditions, Wherein sequence speci?c 
hybridization of a non-nucleotide probe to at target sequence 
is optimized, as compared With electrostatic binding condi 
tions Which simply refer to conditions under Which the 
nucleic acid binds to the matrix but the non-nucleotide probe 
or probes do not exhibit a substantial af?nity for the matrix. 
Typically, the electrostatic binding conditions Will be chosen 
such that the non-nucleic probe is suf?ciently neutral or 
positively charged. Because of the differences in the charges 
of the backbones of nucleic acid and non-nucleotide probes 
of this invention, there is a broad range of conditions Within 
Which the nucleic acid of interest binds to the matrix but the 
non-nucleotide probe or probes do not. This principle is 
exempli?ed in Example 13 Wherein it is clear that the 
non-nucleotide probes do not interact With the matrix under 
any conditions examined but the most nearly equivalent 
nucleic acid probes can interact With the matrix under many 
of the conditions tested Whether or not the target sequence 
is present in the sample. 
[0101] Because it is an important feature of this invention 
that the non-nucleotide probe hybridize to a nucleic acid 
Which is electrostatically bound to a matrix, it Will be 
appreciated by one of skill in the art that hybridization 
conditions (stringency factors) and electrostatic binding 
conditions should be harmonized Within the context of the 
assay to be performed. Since pH and ionic strength are 
factors to be considered in both stringency and electrostatic 
binding and since the electrostatic binding conditions are 
broad as compared With optimized stringency, it should 
alWays be possible to easily ?x the electrostatic binding 
conditions and then optimize probe discrimination by modu 
lation of other stringency factors. In this respect, the meth 
ods of this invention is far superior to current methods 
knoWn in the art (e.g. Arnold et al, US. Pat. No. 5,599,667). 
Aided by no more than routine experimentation, those of 
skill in the art Will easily be able to harmonize the electro 
static binding conditions and suitable hybridization condi 
tions for performing an assay. 

[0102] Matrices: 
[0103] Generally, the matrix is merely a scaffold Which is 
potentially separable from the bulk ?uid of the assay and 
Which comprises charged functional groups to Which the 
nucleic acid reversibly binds electrostatically. Typically, 
electrostatic binding occurs by salt pair formation betWeen 
charged groups of the nucleic acid backbone and charged 
groups of the matrix. For binding nucleic acids, the primary 
interactions Will most likely involve formation of a salt pair 
betWeen the negatively charged phosphate groups of the 
nucleic acid phosphodiester backbone and positively 
charged functional groups of the matrix. 

[0104] Non-limiting examples of suitable matrices 
include: polymers Which are insoluble in Water or mixtures 
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of Water and Water soluble organic solvents; tWo and three 
dimensional surfaces such as a Wall of a tube, a glass frit or 
a Wafer; beaded supports such as magnetic beads, chromato 
graphic packing supports, media and resins; porous beaded 
supports such as chromatographic packing supports, media 
and resins (e.g. anion exchange chromatography media), a 
cast polymer such as a membrane (e.g. polyvinylidene 
di?uoride, Te?on, polyethylene, polypropylene or polysul 
fone); co-polymeric materials and gels (e.g. polyacrylamide 
or agarose). In a preferred embodiment, commercially avail 
able ion exchange chromatographic media, and particularly 
the beaded media, Will be used as the matrix. 

[0105] Matrix Shielding: 

[0106] In certain preferred embodiments, the matrix may 
be temporarily shielded from the assay components to 
thereby temporarily delay the electrostatic binding of 
nucleic acid components of the assay to the matrix. For 
example, it may be preferable to partially or Wholly shield 
the matrix from assay components until a nucleic acid 
synthesis or ampli?cation reaction is partially or substan 
tially completed so as to not inhibit the synthesis or ampli 
?cation (See for example: Example 12 of this speci?cation). 

[0107] Those of skill in the art Will recognize that parti 
tioning of reaction components may be obtained by prepar 
ing a reaction vessel having suitable compartments. Prefer 
ably hoWever, the matrix Will be shielded by the aid of a ?uid 
Which Will serve as a temporary barrier until the reaction 
components are mixed. Thus, a preferable ?uid Will be a 
Water miscible ?uid Which is viscous and/or dense as 
compared With Water such that it does not readily blend With 
aqueous solutions until it is subjected to heating or physical 
agitation. It Will be appreciated by those of skill in the art 
that a non-limiting example of such a ?uid is glycerol. 

[0108] Exemplary Assay Formats: 

[0109] The methods, kits and compositions of this inven 
tion substantially simplify the preparation and/or analysis of 
nucleic acids of interest. It is also an advantage that they are 
generally applicable to all types of samples and assay 
formats typically used for the analysis of nucleic acids. 
Several non-limiting examples of preferred assay formats 
Which have been tested are described beloW. These examples 
demonstrate the broad applicability of the methods, kits and 
compositions of this invention. Generally, the assay formats 
described beloW are not necessarily mutually exclusive and 
one or more can be combined for the analysis of a particular 
sample. 

[0110] Ampli?cation Assay Formats: 

[0111] This invention is applicable to samples Wherein the 
nucleic acid has been synthesized or ampli?ed. Non-limiting 
examples of preferred nucleic acid synthesis or nucleic acid 
ampli?cation reactions Well knoWn in the art include Poly 
merase Chain Reaction (PCR), Ligase Chain Reaction 
(LCR), Strand Displacement Ampli?cation (SDA), Tran 
scription-Mediated Ampli?cation (TMA), Rolling Circle 
Ampli?cation (RCA) and Q-beta replicase. When combined 
With non-nucleotide “Beacon” probes, these assay formats 
can be performed in a self-indicating format, including 
real-time as Well as end-point determination When using a 
suitable instrument such as a Prism 7700 (PE Biosystems, 
Foster City, Calif.). In a self-indicating assay, once the 
components of the assay have been combined, there is no 
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need to disturb contents of the assay to determine the result. 
Since the assay contents need not be disturbed to determine 
the result, there must be some detectable or measurable 
change Which occurs and Which can be observed or quan 
titated Without physically manipulating the contents of the 
assay. Many self-indicating assays rely on a change in 
?uorescence Which can be observed With the eye or other 
Wise detected and/or quantitated With a ?uorescence instru 
ment. Example 12 of this speci?cation describes self-indi 
cating PCR assays suitable for either real-time or end-point 
analysis. 

[0112] (ii) Protection/Digestion Assays: 
[0113] Other preferred assays of this invention are directed 
to the detection of nucleic acids target sequences in samples; 
particularly Within complex biological samples. Complex 
biological samples such as blood, urine, sputum and cell 
lysates typically require substantial processing in order to 
remove the bulk matter, such as protein, lipids, cellular 
debris, etc. Which otherWise reduce the sensitivity and/or 
reliability of a probe-based hybridiZation assay. It has pre 
viously been demonstrated that nucleic acid analogs, such as 
PNA, can hybridiZe to a target sequence and thereby protect 
the nucleic acid target sequence from digestion/degradation 
by nucleases (See: Stanley et al.; US. Pat. No. 5,861,250). 
In this preferred assay format, one or more detectable 
non-nucleic acid probes Which can protect the nucleic acid 
target from digestion/degradation, are hybridiZed to the one 
or more target sequences under suitable hybridiZation con 
ditions. Preferably, the target sequence exists in a complex 
biological sample. After the non-nucleic acid probe has been 
hybridiZed to the nucleic acid target sequence, the sample is 
treated With one or more enZymes such as proteases and/or 
nucleases Which degrade the sample components, possibly 
including the nucleic acid molecule of interest but not the 
non-nucleotide probe/target sequence complex. Because this 
treatment digests/degrades contaminating polymers and 
debris, this treatment reduces or eliminates the sample 
complexity and/or processing requirements normally asso 
ciated With complex biological samples. Since the one or 
more non-nucleotide probe/target sequence hybrids, if 
present in the sample, are intact after the enZyme treatment, 
they can be concentrated on a matrix and detected as the 
means to detect, identify or quantitate the target sequence in 
the sample of interest. An example of this assay format is 
found in Example 14 of this speci?cation. Optionally, the 
detectable non-nucleotide probe/target sequence hybrid is 
released from the matrix by adjustment of conditions outside 
the range required for electrostatic binding and thereby 
facilitates detection of the unbound non-nucleotide probe/ 
target sequence hybrid, or just the detectable probe, as the 
means to detect, identify or quantitate the target sequence in 
the sample. 

[0114] Advantageously, the presence of the matrix is not 
required for protecting the target sequence from degrada 
tion. Therefore, the matrix can either be present during the 
enZyme treatment or added after the enZyme treatment to 
thereby electrostatically immobiliZe the non-nucleotide 
probe/target sequence. In preferred embodiments, the 
nucleic acid analog is a non-nucleotide “Beacon” probe and 
the presence, absence or amount of self-indicating signal 
detected on the matrix is used to determine the presence, 
absence or amount of target sequence present in the sample 
or complex biological sample. 
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[0115] In a preferred embodiment of this assay, the assay 
temperature is adjusted and/or controlled so that imperfect 
hybrids are preferentially dissociated in order to achieve a 
higher degree of target sequence discrimination, including 
single point mutation discrimination. Generally, this 
involves adjusting the temperature of the assay to a point 
beloW the melting temperature of the non-nucleotide probe/ 
target sequence hybrid so that non-nucleotide probe/non 
target sequences are at least partially dissociated. Since the 
non-nucleotide probe/non-target sequence hybrids are gen 
erally less complementary as compared With the non-nucle 
otide probe/target sequence hybrids, the optimal assay tem 
perature is typically Within a ?fteen degree range Wherein 
this range is de?ned as ?ve degrees above and ten degree 
beloW the melting temperature of the hybrid formed from 
the non-nucleotide probe and the non-target sequence. For 
example, if the non-nucleotide probe/non-target sequence 
sought to be discriminated in the assay has a melting 
temperature of 70° C., under assay conditions, the preferred 
range for adjusting the temperature of the assay Would be 
betWeen 75° C. (+5° C.) and 60° C. (—10° C.). 

[0116] Dissociation of the non-nucleotide probe/non-tar 
get sequences makes the non-target sequences available for 
enZyme degradation since they are no longer protected. 
Though hybridiZation, particularly near the Tm, is an equi 
librium process, destruction of the non-target sequence 
prevents reassociation of the non-nucleotide probe/non 
target sequence hybrid and the generation of the non-speci?c 
signal associated thereWith. 

[0117] As previously stated, the assay formats described 
herein are not mutually exclusive to other assay formats. It 
is an important feature of this invention that the non 
nucleotide probe/target sequence hybrid is reversibly bound 
to the matrix. Therefore the non-nucleotide probe/target 
sequence hybrid can be released from the matrix for subse 
quent analysis. Consequently, this Protection/Digestion 
Assay can also be used merely for sample preparation or as 
a con?rmatory precursor assay to a secondary assay. For 
example, the Protection/Digestion Assays can be combined 
With other assay formats, such as for the analysis of arrays 
or for sample preparation, before performing a line assay or 
cytometric (?oW or static) assay as described beloW. 

[0118] (iii) Line Assays: 

[0119] Another preferred assay format useful for the prac 
tice of this invention is the line assay. A common line assay 
is a lateral ?oW assay. Many methods and devices for lateral 
?oW assays are knoWn (See: US. Pat. Nos. 5,916,521, 
5,798,273, 5,770,460, 5,710,005, 5,415,994, 4,956,302 and 
4,943,522, all of Which are herein incorporated). A classic 
example of a lateral ?oW assay is a commercially available 
pregnancy test. In a classic pregnancy test, a sample of urine 
is applied to a spot on a lateral ?oW assay device. The lateral 
?oW device comprises a ?uid conducting matrix, such as a 
?lter or membrane, Which causes the ?uid (e.g. urine) to 
passively ?oW (generally through capillary action) from the 
spot of application to the other end of the conducting matrix. 
Present Within the lateral ?oW device (or otherWise added to 
the urine sample prior to application to the device) is a 
detectable antibody to the HCG hormone; said HCG hor 
mone being present in the urine sample only if the subject is 
pregnant. As the urine ?oWs laterally Within the device, the 
HCG/antibody complex forms as the components interact. 
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Also Within the device is a line (or other geometric shape) 
of a substance (usually another antibody) to Which the 
HCG/antibody complex Will bind and thereby concentrate to 
produce a detectable signal. 

[0120] Consequently, another embodiment of this inven 
tion contemplates a line or lateral ?oW assay for the detec 
tion of a nucleic acid target sequence. In the line assay of this 
invention, a line, lines or other geometric shape of matrix is 
spatially ?xed on the device so that any non-nucleic acid 
probe/target sequence complexes present in a sample can be 
concentrated on the line (or other geometric shape) of the 
device as the sample (or sample components) ?oW past. 
Preferably the assay is a lateral ?oW assay. In the line assay 
of this invention, the detectable non-nucleic acid probe can 
be added to the sample before or after the target sequence is 
concentrated on the matrix of the line device. Consequently, 
the target sequence in the sample is determined by detecting, 
identifying or quantitating the non-nucleic acid probe/target 
sequence complex as concentrated on the line, lines or other 
geometric shape. Example 16 of this speci?cation is an 
example of a line assay. Optionally, the non-nucleotide 
probe/target sequence hybrid is released from the matrix by 
adjustment of conditions outside the range required for 
electrostatic binding and thereby facilitates detection of the 
unbound non-nucleotide probe/target sequence hybrid, or 
just the detectable probe, as the means to detect, identify or 
quantitate the target sequence in the sample. 

[0121] (iv) Array Assay Formats: 

[0122] In one embodiment, arrays are surfaces to Which 
tWo or more samples of interest have been immobiliZed, 
each at a unique location. Arrays comprising nucleic acid 
have been described in the literature. It is an advantage of 
this invention that nucleic acid of a sample is easily elec 
trostatically immobiliZed to a surface under a broad range of 
conditions. Therefore, an array of samples can be easily 
produced generally by just spotting (under electrostatic 
binding conditions) tWo or more samples containing nucleic 
acid at unique locations on a positively charged surface. 
Because the location of each sample is knoWn, arrays of 
electrostatically immobiliZed nucleic acid can generally be 
used to simultaneously detect, identify or quantitate one or 
more target sequences in tWo or more samples of interest. 
Thus, an array of electrostatically immobiliZed nucleic acid 
may be useful in diagnostic applications or in screening 
compounds for leads Which might exhibit therapeutic utility. 
An example of an array assay is Example 15 of this 
speci?cation. Optionally, the non-nucleotide probe/target 
sequence hybrid is released from the matrix by adjustment 
of conditions outside the range required for electrostatic 
binding and thereby facilitates detection of the unbound 
non-nucleotide probe/target sequence hybrid, or just the 
detectable probe, as the means to detect, identify or quan 
titate the target sequence in the sample. 

[0123] It is an advantage of this invention that the non 
nucleotide probe is not necessary for the immobiliZation of 
the nucleic acid to the array matrix. Therefore, the non 
nucleotide probe may be added to the one or more samples 
before or after they are electrostatically immobiliZed to the 
array matrix. 

[0124] Arrays comprised of non-nucleotide probes/target 
sequence hybrids have the additional advantage that they are 
highly stable and should not be degraded by enZymes Which 
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degrade nucleic acid. Therefore, these arrays, or the samples 
Which are to be applied to the array matrix, can be treated as 
described above in the Section entitled “Digestion/Protec 
tion Assays” as a means to improve the assay performance 
by the degradation of sample contaminates. Regardless of 
Whether the sample is treated With enZyme before or after it 
is applied to the array matrix, it is important that the 
non-nucleotide probe/target sequence be formed so that the 
target sequence is protected against degradation. 
[0125] (v) FloW or Static Cytometric Assays: 
[0126] How and static cytometry are very useful for the 
analysis of Whole cells as Well as particles. Because the 
matrices of this invention can be beaded or particulate, this 
invention is particularly Well suited for the static or How 
cytometric analysis of particles containing nucleic acids 
electrostatically immobiliZed thereto. According to this 
invention, the nucleic acid is electrostatically immobiliZed 
to particles or beads. A non-nucleotide probe is used to 
detect a target sequence of interest present on the particles 
or beads and can be added before or after the nucleic acid is 
immobiliZed. Detection, identi?cation or quantitation of the 
non-nucleotide probe/target sequence complex in the static 
or How cytometer is used as the means to detect, identify or 
quantitate the target sequence in the sample of interest. 
Example 13 of this speci?cation utiliZes a static quantitation 
of ?uorescence as the means to quantitate target sequence 
electrostatically immobiliZed to beads. Optionally, the non 
nucleotide probe/target sequence hybrid is released from the 
matrix by adjustment of conditions outside the range 
required for electrostatic binding and thereby facilitates 
detection of the unbound non-nucleotide probe/target 
sequence hybrid, or just the detectable probe, as the means 
to detect, identify or quantitate the target sequence in the 
sample. 
[0127] Exemplary Applications For Using The Invention: 
[0128] Because the methods, kits and compositions of this 
invention may be used in a probe-based hybridiZation assay, 
this invention Will ?nd utility in improving assays used to 
detect, identify of quantitate the presence or amount of an 
organism or virus in a sample through the detection of target 
sequences associated With the organism or virus. (See: US. 
Pat. No. 5,641,631, entitled “Method for detecting, identi 
fying and quantitating organisms and viruses” herein incor 
porated by reference). Similarly, this invention Will also ?nd 
utility in an assay used in the detection, identi?cation or 
quantitation of one or more species of an organism in a 
sample (See US. Pat. No. 5,288,611, entitled “Method for 
detecting, identifying and quantitating organisms and 
viruses” herein incorporated by reference). This invention 
Will also ?nd utility in an assay used to determine the effect 
of antimicrobial agents on the groWth of one or more 
microorganisms in a sample (See: US. Pat. No. 5,612,183, 
entitled “Method for determining the effect of antimicrobial 
agents on groWth using ribosomal nucleic acid subunit 
subsequence speci?c probes” herein incorporated by refer 
ence). This invention Will also ?nd utility in an assay used 
to determine the presence or amount of a taxonomic group 
of organisms in a sample (See: US. Pat. No. 5,601,984, 
entitled “Method for detecting the presence of amount of a 
taxonomic group of organisms using speci?c r-RNA subse 
quences as probes” herein incorporated by reference). 
[0129] The methods, kits and compositions of this inven 
tion are particularly useful for the rapid, sensitive, reliable 
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and versatile detection of target sequences Which are par 
ticular to organisms Which might be found in food, bever 
ages, Water, pharmaceutical products, personal care prod 
ucts, dairy products or environmental samples. The analysis 
of preferred beverages include soda, bottled Water, fruit 
juice, beer, Wine or liquor products. Consequently, the 
methods, kits and compositions of this invention Will be 
particularly useful for the analysis of raW materials, equip 
ment, products or processes used to manufacture or store 
food, beverages, Water, pharmaceutical products, personal 
care products, dairy products or environmental samples. 

[0130] Likewise, the methods, kits and compositions of 
this invention are particularly useful for the rapid, sensitive, 
reliable and versatile detection of target sequences Which are 
particular to organisms Which might be found in clinical 
environments. Consequently, the methods, kits and compo 
sitions of this invention Will be particularly useful for the 
analysis of clinical specimens or equipment, ?xtures or 
products used to treat humans or animals. For example, the 
assay may be used to detect a target sequence Which is 
speci?c for a genetically-based disease or is speci?c for a 
predisposition to a genetically-based disease. Non-limiting 
examples of diseases include, [3-Thalassemia, sickle cell 
anemia, Factor-V Leiden, cystic ?brosis and cancer related 
targets such as p53, p10, BRC-l and BRC-2. 

[0131] II. Preferred Embodiments of the Invention: 

[0132] Compositions: 
[0133] In one embodiment, this invention pertains to com 
positions suitable for detecting the presence of a target 
sequence in a sample. Apreferred composition comprises a 
nucleic acid, having a target sequence, Which is electrostati 
cally bound to a matrix under suitable electrostatic binding 
conditions. The composition further comprises a non-nucle 
otide probe having a probing nucleobase sequence Which is 
sequence speci?cally hybridiZed to at least a portion of the 
target sequence provided hoWever that the non-nucleotide 
probe does not substantially bind to the matrix under suit 
able electrostatic binding conditions unless the target 
sequence is present on the matrix. Therefore, the electro 
static immobiliZation of the non-nucleotide probe/target 
sequence complex to matrix is primarily determined by the 
interaction of the nucleic acid With the matrix and not 
signi?cantly dependent upon any interactions of the non 
nucleotide probe and the matrix. 

[0134] Such compositions are Well suited for the detection 
of the presence of target sequences in samples since the 
nucleic acid components of the sample become concentrated 
on the matrix. Furthermore, the hybridiZed detectable non 
nucleotide probe becomes concentrated on the matrix such 
that the limit of detection of the assay can be improved 
because the presence of the label is localiZed and thereby 
more easily detected as compared With When it is distributed 
in bulk ?uid (See: Example 12). 

[0135] Methods: 

[0136] In another embodiment, this invention pertains to 
methods for the detection, identi?cation or quantitation of a 
target sequence in a sample containing nucleic acid. One 
exemplary method comprises contacting a sample With a 
matrix and at least one non-nucleotide probe Wherein the 
nucleic acid in the sample Will electrostatically bind to the 
matrix under suitable electrostatic binding conditions. Addi 
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tionally, the non-nucleotide probe Will hybridiZe, under 
suitable hybridiZation conditions, to at least a portion of the 
target sequence, if present in the sample. The method further 
comprises detecting, identifying or quantitating the non 
nucleotide probe/target sequence hybrid as a means to 
detect, identify or quantitate the target sequence in the 
sample. 
[0137] In still another embodiment, this invention pertains 
to multiplex methods for the detection, identi?cation or 
quantitation of tWo or more target sequences of one or more 
nucleic acid molecules Which may be present in the same 
sample. One exemplary method comprises contacting a 
sample With a matrix and tWo or more independently detect 
able non-nucleotide probes Wherein the nucleic acid present 
in the sample Will electrostatically bind to the matrix under 
suitable electrostatic binding conditions. Additionally, the 
tWo or more independently detectable non-nucleotide probes 
Will hybridiZe, under suitable hybridiZation conditions, to at 
least a portion of the target sequences With Which each probe 
is designed to hybridiZe if present in the nucleic acid of the 
sample. Consequently, if a particular target sequence is 
electrostatically immobiliZed to the matrix, the indepen 
dently detectable non-nucleotide probe designed to hybrid 
iZed to that particular target sequence Will become concen 
trated on the matrix and be available for detection. 
Therefore, the method further comprises detecting, identi 
fying or quantitating each unique independently detectable 
non-nucleotide probe/target sequence hybrid Which is elec 
trostatically bound to said matrix as a means to detect, 
identify or quantitate each unique target sequence sought to 
be detected in the sample and in the same assay. Optionally, 
the unique independently detectable non-nucleotide probe/ 
target sequence hybrids is released from the matrix by 
adjustment of conditions outside the range required for 
electrostatic binding and thereby facilitates detection of the 
unbound non-nucleotide probe/target sequence hybrid, or 
just the detectable probe, as the means to detect, identify or 
quantitate the target sequence in the sample. 

[0138] In still a further embodiment, this invention takes 
advantage of the stability of nucleic acid analog/nucleic acid 
complexes (See: Stanley et al.; U.S. Pat. No. 5,861,250) to 
thereby further improve assay performance and/or otherWise 
decrease the labor or complexity of sample preparation. One 
exemplary method comprises contacting the sample With at 
least one non-nucleotide probe Wherein the non-nucleotide 
probe Will hybridiZe, under suitable hybridiZation condi 
tions, to at least a portion of the target sequence if present in 
the sample. The sample is also contacted With a matrix 
Wherein the nucleic acid molecule Will electrostatically bind 
to a matrix under suitable electrostatic binding conditions. 
Either before or after immobiliZation to the matrix, the 
sample containing the non-nucleotide probe/target sequence 
complex is contacted With one or more enZymes capable 
degrading sample contaminates, including the nucleic acid 
molecule but not the non-nucleotide probe/target sequence 
complex. The method further comprises detecting, identify 
ing or quantitating the non-nucleotide probe/target sequence 
hybrid as a means to detect, identify or quantitate the target 
sequence in the sample provided that the non-nucleotide 
probe/target sequence is ?rst immobiliZed to the matrix. 
Optionally, the detectable non-nucleotide probe/target 
sequence hybrid is released from the matrix by adjustment 
of conditions outside the range required for electrostatic 
binding and thereby facilitates detection of the unbound 






































