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(57) ABSTRACT 

This invention is related to novel PNA probes, probe sets, 
methods and kits pertaining to the universal detection of 
bacteria and/or eucarya. Preferred universal probes for the 
detection of bacteria comprise a probing nucleobase 
sequence selected from the group consisting of CTG-CCT 
CCC-GTA-GGA; TAC-CAG-GGT-ATC-TAA-T; CAC 
GAG-CTG-ACG-ACA and CCG-ACA-AGG-AAT-TTC. 
Preferred universal probes for the detection of eucarya 
comprise a probing nucleobase sequence selected from the 
group consisting of ACC-AGA-CTT-GCC-CTC-C; GGG 
CAT-CAC-AGA-CCT-G; TAG-AAA-GGG-CAG-GGA and 
TAC-AAA-GGG-CAG-GGA. The PNA probes, probe sets, 
methods and kits of this invention are particularly Well 
suited for use in multiplex PNA-FISH assays Wherein the 
bacteria and/or eucarya in a sample can be individually 
detected, identi?ed or quantitated. Using exemplary assays 
described herein, the total number of colony forming units 
(CFU) of bacteria and/or eucarya can be rapidly determined. 
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PNA PROBES, PROBE SETS, METHODS AND KITS 
PERTAINING TO THE UNIVERSAL DETECTION 

OF BACTERIA AND EUCARYA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Serial No. 60/095,628 ?led on 
Aug. 7, 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 bacteria and eucarya. 
More speci?cally, this invention relates to novel PNA 
probes, probe sets, methods and kits Which can be used to 
detect, identify or quantitate one or more bacteria and/or 
eucarya Which may be present in a sample. 

[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, fungi, virus or 
other organisms and are also useful in examining geneti 
cally-based disease states or clinical conditions of interest. 
Nonetheless, probe-based assays have been sloW to achieve 
commercial success. This lack of commercial success is, at 
least partially, the result of dif?culties associated With speci 
?city, sensitivity and reliability. 

[0006] HybridiZation assays hold promise as a means to 
screen large numbers of samples for conditions of interest. 
In practice, hoWever, it is often dif?cult to multiplex a 
hybridiZation assay given the requirement that each of the 
many very different probes in the assay must exhibit a very 
high degree of speci?city for a speci?c target nucleic acid 
under the same or similar conditions of stringency. Given the 
dif?culties in speci?city, sensitivity and reliability of nucleic 
acid probes in assays designed to detect a single target 
nucleic acid, sensitive and reliable methods for the multiplex 
analysis of samples have been particularly elusive. 

[0007] The in-situ targeting of rRNA as a means to detect, 
identify or quantitate organisms is Well established (See: 
Amann et al., MicrobiologicalReviews, 59: 143-169 (1995). 
Nucleic acid probes for the universal detection of bacteria 
and eucarya having the same or similar nucleobase compo 
sition to the PNA probes claimed herein can be found in 
Table 3 of Amann et al. The table lists probes and nucleic 
acid sequences derived from relevant scienti?c literature. 

[0008] 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. No. 5,539,082 and 
Egholm 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 
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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. Soc. 118:55 
44-5552 (1996)). Sequence discrimination is more ef?cient 
for PNA recogniZing DNA than for DNA recogniZing DNA 
(Egholm et al., Nature, at p. 566). HoWever, the advantages 
in point mutation discrimination With PNA probes, as com 
pared With DNA probes, in a hybridiZation assay, appears to 
be someWhat sequence dependent (Nielsen et al., Anti 
CancerDrug Design 8:53-65, (1993) and Weiler et al.,Nucl. 
Acids Res. 25: 2792-2799 (1997)). 

[0009] Though they hybridiZe to nucleic acid With 
sequence speci?city (See: Egholm et al., Nature, at p. 567), 
PNAs have been sloW to achieve commercial success at least 
partially due to cost, sequence speci?c properties/problems 
associated With solubility and self-aggregation (See: Berg 
man, F., BannWarth, W. and Tam, S., Tett. Lett. 36:6823 
6826 (1995), Haaima, G., Lohse, A., Buchardt, 0. and 
Nielsen, P. E., Angew. Chem. Int. Ed. Engl. 35:1939-1942 
(1996) and Lesnik, E., Hassman, F., Barbeau, J., Teng, K. 
and Weiler, K., Nucleosides & Nucleotides 16:1775-1779 
(1997) at p 433, col. 1, ln. 28 through col. 2, In. 3) as Well 
as the uncertainty pertaining to non-speci?c interactions 
Which might occur in complex systems such as a cell (See: 
Good, L. et al.,Antisense & NucleicAcid Drug Development 
7:431-437 (1997)). Consequently, their unique properties 
clearly demonstrate that PNA is not the equivalent of a 
nucleic acid in either structure or function. Thus, PNA 
probes need to be evaluated for performance and optimiZa 
tion to thereby con?rm Whether they can be used to spe 
ci?cally and reliably detect a particular nucleic acid target 
sequence, particularly When the target sequence exists in a 
complex sample such as a cell, tissue or organism. 

[0010] PNA probes have been demonstrated as being 
useful for the detection of rRNA in ISH and FISH assays 
(See: WO95/32305 and WO97/18325). PNA probes have 
also been used in the analysis of mRNA (e.g. Kappa Light 
Chain), viral nucleic acid (eg human papillomavirus) and 
the analysis of centromeric sequences in human chromo 
somes and human telomeres (See: Lansdorp et al., Human 
Mol. Genetics, 5: 685-691 (1996) as Well as W097/14026). 
Similarly, the analysis of trinucleotide repeats in chromo 
somal DNA using appropriate PNA probes has been sug 
gested (See: WO97/ 14026). APNAprobe has also been used 
to detect human X chromosome speci?c sequences in a 
PNA-FISH format (See: W097/18325). 

[0011] Any method, kits or compositions Which could 
improve the speci?city, sensitivity and reliability of probe 
based assays for the detection of microorganisms in samples 
of interest Would be a useful advance in the state of the art 
particularly Where the methods Were uniformly applicable to 
probes of all or substantially all sequence variations. More 
over, the methods, kits or compositions Would be particu 
larly useful if they could provide for the rapid, reliable and 
sensitive multiplex analysis of samples for the presence or 
absence of microorganisms and particularly bacteria and/or 
eucarya. The probes and assays Would be particularly useful 
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if they Were Well suited for the detecting, identifying or 
quantitating only colony forming units (viable organisms) in 
a sample. 

SUMMARY OF THE INVENTION 

[0012] This invention is directed to PNA probes, probe 
sets, methods and kits useful for the universal detection, 
identi?cation and/or enumeration of bacteria and/or eucarya 
in a sample. The preferred probing nucleobase sequence of 
the universal probes of this invention are listed in Table 1, 
beloW. In preferred embodiments, PNAprobes are organiZed 
into a set Which is designed to detect, identify or quantitate 
the bacteria and/or eucarya Which may be present in the 
sample. In a most preferred embodiment, the probe set is 
suitable for the speci?c detection, identi?cation and/or quan 
titation of the total bacteria and/or total eucarya present in a 
sample. 
[0013] Unique PNA probe constructs of this invention also 
include probes comprising tWo or more different types of 
labels such as the use of a hapten/?uorophore (e.g. ?uores 
cein) in combination With an enZyme (e.g. soy bean peroxi 
dase). Such orthogonally labeled probes can be experimental 
controls used in complex analysis systems or otherWise 
merely be used to provide alternative detection methodolo 
g1es. 

[0014] This invention is further directed to a method 
suitable for detecting, identifying or quantitating one or 
more bacteria and/or one or more eucarya in a sample. The 
method comprises contacting the sample With one or more 
PNA probes, Wherein suitable probes are described herein. 
According to the method, bacteria and/or eucarya are then 
detected, identi?ed or quantitated. Detection, identi?cation 
and or quantitation is made possible by correlating the 
hybridiZation, under suitable hybridiZation conditions, of the 
probing nucleobase sequence of a PNA probe to the target 
sequence of bacteria or eucarya in the sample to thereby 
determine the presence, absence or number of bacteria 
and/or eucarya in the sample. This correlation is made 
possible by direct or indirect detection of the probe/target 
sequence hybrid. 

[0015] In yet another embodiment, this invention is also 
directed to kits suitable for performing an assay Which 
detects, identi?es or quantitates the bacteria and/or eucarya 
in a sample. The kits of this invention comprise one or more 
PNA probes (as described herein) and other reagents or 
compositions Which are selected to perform an assay or 
otherWise simplify the performance of an assay. 

[0016] The PNA probes, probe sets, methods and kits of 
this invention have been demonstrated to be speci?c and yet 
universal for either bacteria or eucarya by the Examples 
contained herein. By “speci?c and yet universal” We mean 
that the PNA probes of this invention, either alone or in 
combination, detect target sequences Within virtually all 
bacteria or eucarya, as the case may be, Without any sub 
stantial cross reaction With non-target organisms. By “vir 
tually all bacteria or eucarya” We mean that less than 2-4 
percent of the target organisms Will not be detectable With 
these universal probes (based on analysis of sequence infor 
mation available in Genebank 104). By “Without substantial 
cross reaction” We mean that less than 2-4 percent of 
non-target organisms Will be detected When using these 
probes (based on analysis of sequence information available 
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in Genebank 104). Moreover, the assays described herein are 
rapid (the entire assay can typically be performed in 3 hours 
or less With the probe hybridiZation requiring only 15-60 
minutes), sensitive, reliable and generally applicable to 
probes of signi?cantly different probing nucleobase 
sequence length and sequence variation. They can be used in 
an assay to accurately detect, identify and/or quantitate the 
total bacteria and/or total eucarya in a sample. 

[0017] This invention is also directed to a multiplex PNA 
in-situ hybridiZation (PNA-ISH) assay and particularly a 
PNA-FISH assay. As a demonstration of the versatility of the 
PNA probes, probe sets, methods and kits of this invention, 
a ?uorescent in-situ hybridiZation assay Was multiplexed 
Without any change to the protocol. The assay clearly 
provided for the detection, classi?cation and/or enumeration 
of bacteria and eucarya in the sample (See: Example 12, 
herein). Thus, Applicants have demonstrated (believed to be 
the ?rst successful example) the feasibility of a multiplex 
PNA-FISH assay Which is suitable for, in a single assay, 
positively detecting, characteriZing and quantitating the total 
bacteria and/or total eucarya present in a sample. 

[0018] Since probe-based analysis detects nucleic acid 
Without regard to the metabolic state of the organism in 
Which the genetic material exists, the analysis of cells in 
culture is preferably used to distinguish betWeen viable 
organisms and dead (non-viable) organisms, the presence of 
Which are generally not considered to cause spoilage or 
contamination. Consequently, this invention is further 
directed to a rapid culture-based detection, identi?cation 
and/or enumeration of total viable bacteria and/or total 
viable eucarya in a sample of interest. 

[0019] The PNA probes, probe sets, methods and kits of 
this invention are particularly useful for the detection, iden 
ti?cation and/or enumeration of bacteria and eucarya (e.g. 
pathogens) in food, beverages, Water, pharmaceutical prod 
ucts, personal care products, dairy products or environmen 
tal samples. The analysis of preferred non-limiting bever 
ages include soda, bottled Water, fruit juice, beer, Wine or 
liquor products. Suitable PNA probes, probe sets, methods 
and kits Will be particularly useful for the analysis of raW 
materials, equipment, products or processes used to manu 
facture or store food, beverages, Water, pharmaceutical 
products, personal care products dairy products or environ 
mental samples. 

[0020] Additionally, the PNA probes, probe sets, 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 PNA probes, 
probe sets, 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 

[0021] FIGS. 1-I through 1-V are electronic images of dot 
blot assays used to examine the individual (Panels II-V) and 
combined (Panel I) universal detectability of 4 different 
?uorescein labeled (?uorescein used as a hapten in the 
experiment) PNA oligomers directed to target sequences in 
the rRNA of bacteria. 

[0022] FIGS. 2-1 through 2-IV are electronic images of dot 
blot assays used to examine the universal detectability of 4 
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different soy bean peroxidase labeled PNA oligomers 
directed to target sequences in the rRNA of bacteria. 

[0023] FIGS. 3-I through 3-IV are electronic images of dot 
blot assays used to examine the universal detectability of 4 
different ?uorescein labeled (?uorescein used as a hapten in 
the experiment) PNA oligomers directed to target sequences 
in the rRNA of eucarya. 

[0024] FIGS. 4-I and 4-II are electronic images of dot blot 
assays used to compare the detection limits of a universal 
bacterial PNA probe labeled With both an enZyme (soy bean 
peroxidase) and a hapten (?uorescein). 

[0025] FIGS. 5-I and 5-II are electronic images of dot blot 
assays used to compare the speci?city of PNA probes for 
either eucarya (Panel I) or bacteria (Panel II). 

[0026] FIGS. 6-I through 6-IV are individual or composite 
digital images of the same section of a sample slide con 
taining bacteria and eucarya Which Were treated With tWo 
universal PNA probes Wherein the PNA probes are indepen 
dently detectable for either bacteria (green ?uorescence) and 
eucarya (red ?uorescence). The images Were obtained using 
a ?uorescence microscope and commercially available light 
?lters ?tted to the microscope and the camera respectively. 
Panel 6-I is the image obtained using a red microscope ?lter 
and red camera ?lter; Panel 6-II is the image obtained using 
a green microscope ?lter and green camera ?lter; Panel 6-II 
is the image obtained using a triple (green, red and blue) 
microscope ?lter (Wherein the camera image records on the 
image obtained With the green camera ?lter); and Panel 6-IV 
is a digitally created composite of the images presented in 
Panels 6-I and 6-II. 

[0027] FIGS. 7-I and 7-II are electronic images of dot blot 
assays used to compare the speci?city of PNA probe mix 
tures for either eucarya (Panel I) or bacteria (Panel II). 

[0028] FIGS. 8I-III are electronic images of X-ray ?lm 
analysis of colonies of yeast and bacteria groWn from 
organisms isolated from a liquid sample using a round 
membrane ?lter Wherein the colonies are detected using 
in-situ hybridiZation With the SBP-labeled PNA probes, 
speci?c yet universal for either bacteria or eucarya, directly 
on the membrane ?lter from Which the organisms Were 
isolated and colonies groWn. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] 1. De?nitions: 

[0030] a. As used herein, the term “nucleobase” shall 
include those naturally occurring and those non-natu 
rally 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 bind to 
nucleic acids. 

[0031] b. As used herein, the term “nucleobase 
sequence” is any segment of a polymer Which com 
prises nucleobase containing subunits. Non-limiting 
examples of suitable polymers or polymers segments 
include oligonucleotides, oligoribonucleotides, peptide 
nucleic acids, nucleic acid analogs, nucleic acid mimics 
or chimeras. 
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[0032] c. As used herein, the term “target sequence” is 
the nucleic acid nucleobase sequence of bacteria and/or 
eucarya Which is to be detected in an assay and to 
Which at least a portion of the probing nucleobase 
sequence is designed to hybridiZe. 

[0033] d. As used herein, the term “peptide nucleic 
acid” or “PNA” shall be de?ned as any oligomer, linked 
polymer or chimeric oligomer, comprising tWo or more 
PNA subunits (residues), including any of the com 
pounds 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 comprising tWo or more subunits of those 
nucleic acid mimics described in the folloWing publi 
cations: 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., J. Chem. Soc. Perkin 
Trans. 1, (1997) 1: 539-546; LoWe et al.,]. Chem. Soc. 
Perkin Trans. 11: 547-554 (1997); LoWe et al., J. 
Chem. Soc. Perkin Trans. 1 1:5 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., Chem. Eur. J., 3: 
912-919 (1997) and WIPO patent application WO96/ 
04000 by Shah et al. and entitled “Peptide-based 
nucleic acid mimics (PENAMs)”. 

[0034] In preferred embodiments, a PNA is a polymer 
comprising tWo or more subunits of the formula: 

A/ 
K N 

New? New“ 

[0035] Wherein, each J is the same or different and is 
selected from the group consisting of H, R1, ORl, 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 



US 2001/0010910 A1 

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. 

[0036] e. As used herein, the terms “label” and “detect 
able moiety” shall be interchangeable and shall refer to 
moieties Which can be attached to a PNA probe, anti 
body or antibody fragment to thereby render the probe, 
antibody or antibody fragment detectable by an instru 
ment or method. 

[0037] f. As used herein, the term “chimera” or “chi 
meric oligomer” shall mean an oligomer comprising 
tWo or more linked subunits Which are selected from 

different classes of subunits. For example, a PNA/DNA 
chimera Would comprise at least tWo PNA subunits 
linked to at least one 2‘-deoxyribonucleic acid subunit 
(For exemplary methods and compositions related to 
PNA/DNA chimera preparation See: WO96/40709). 
Exemplary component subunits of the chimera are 
selected from the group consisting of PNA subunits, 
naturally occurring amino acid subunits, DNA sub 
units, RNA subunits and subunits of analogues or 
mimics of nucleic acids. 

[0038] g. As used herein, the term “linked polymer” 
shall mean a polymer comprising tWo or more polymer 
segments Which are linked by a linker. The polymer 
segments Which are linked to form the linked polymer 
are selected from the group consisting of an oligode 
oxynucleotide, an oligoribonucleotide, a peptide, a 
polyamide, a peptide nucleic acid (PNA) and a chi 
mera. 

[0039] 2. Description 

[0040] I. General: 

[0041] PNA Synthesis: 

[0042] 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. 
Both labeled and unlabeled PNA oligomers are likeWise 
available from commercial vendors of custom PNA oligo 
mers. 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 
incorporated into a PNA oligomer. Because a PNA is a 
polyamide, it has a C-terminus (carboxyl terminus) and an 
N-terminus (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-termi 
nus of the probing nucleobase sequence of the PNA probe is 
the equivalent of the 5‘-hydroxyl terminus of an equivalent 
DNA or RNA oligonucleotide. 

[0043] PNA Labeling: 

[0044] Preferred non-limiting methods for labeling non 
nucleic acid probes and PNAs are described in WO98/ 
24933, WO99/22018, WO99/21881, WO99/37670; copend 
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ing and co-oWned applications U.S. Ser. Nos. 09/179,298, 
09/179,162, 09/225,048 and 09/275,848 (herein incorpo 
rated by reference), the priority documents listed as related 
applications, the examples section of this speci?cation or are 
otherWise Well knoWn in the art of PNA synthesis (See: 
Nielsen, P. E., Egholm, M., Peptide Nucleic Acids, HoriZon 
Scienti?c Press (1999) pp. 81-86). 

[0045] Labels: 

[0046] Non-limiting examples of detectable moieties 
(labels) suitable for labeling PNA probes or antibodies used 
in the practice of this invention Would include a dextran 
conjugate, a branched nucleic acid detection system, a 
chromophore, a ?uorophore, a spin label, a radioisotope, an 
enZyme, a hapten, an acridinium ester and a chemilumines 
cent compound. Other suitable labeling reagents and pre 
ferred methods of attachment Would be recogniZed by those 
of ordinary skill in the art of PNA, peptide or nucleic acid 
synthesis. 
[0047] Preferred haptens include 5(6)-carboxy?uorescein, 
2,4-dinitrophenyl, digoxigenin, and biotin. 

[0048] Preferred ?uorochromes (?uorophores) include 
5(6)-carboxy?uorescein (Flu), 6-((7-amino-4-methylcou 
marin-3-acetyl)amino)hexanoic acid (Cou), 5(and 6)-car 
boxy-X-rhodamine (Rox), Cyanine 2 (Cy2) Dye, 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 2, 3, 3.5, 5 and 5 .5 are available 
as NHS esters from Amersham, Arlington Heights, Ill.) or 
the Alexa dye series (Molecular Probes, Eugene, Ore.). 
[0049] Preferred enZymes include polymerases (e.g. Taq 
polymerase, KlenoW DNA polymerase, T7 DNA poly 
merase, Sequenase, DNA polymerase 1 and phi29 poly 
merase), alkaline phosphatase (AP), horseradish peroxidase 
(HRP) and most preferably, soy bean peroxidase (SBP). 

[0050] Detectable and Independently Detectable Moieties/ 
Multiplex Analysis: 

[0051] In preferred embodiments of this invention, a mul 
tiplex hybridiZation assay is performed. In a multiplex assay, 
numerous conditions of interest are simultaneously exam 
ined. Multiplex analysis relies on the ability to sort sample 
components or the data associated thereWith, during or after 
the assay is completed. In preferred embodiments of the 
invention, one or more distinct independently detectable 
moieties are used to label tWo or more different probes used 
in an assay. 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 probe to a 
particular target sequence can be correlated With the pres 
ence, absence or quantity of each organism sought to be 
detected in the sample. Consequently, the multiplex assays 
of this invention may be used to simultaneously detect the 
presence, absence or quantity of tWo or more organisms in 
the same sample and in the same assay. 

[0052] Spacer/Linker moieties: 

[0053] 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 
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tWo or more nucleobase sequences of a probe or component 
polymer. Preferred spacer/linker moieties for the nucleobase 
polymers of this invention consist of one or more ami 
noalkyl 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), aminooxyalky 
lacids (e.g. 8-amino-3,6-dioxaoctanoic acid), alkyl diacids 
(e. g. succinic acid), alkyloxy diacids (e.g. diglycolic acid) or 
alkyldiamines (e.g. 1,8-diamino-3,6-dioxaoctane). Spacer/ 
linker moieties may also incidentally or intentionally be 
constructed to improve the Water solubility of the probe (For 
example see: Gildea et al., Tett. Lett. 39: 7255-7258 (1998)). 
Preferably, a spacer/linker moiety comprises one or more 
linked compounds having the formula: -Y-(Om-(CW2)n)O 
Z-. The group Y is selected from the group consisting of: a 

single bond, -(CW2)p-, —C(O)(CW2)p-, —C(S)(CW2)% 
and —S(O2)(CW2)p. The group Z has the formula NH, NR , 
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 integers from 0 to 10. 

[0054] Hybridization Conditions/Stringency: 

[0055] 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 
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 a 
PNA to a nucleic acid, except that the hybridiZation of a 
PNA is fairly independent of ionic strength. Optimal strin 
gency for an assay may be experimentally determined by 
examination of each stringency factor until the desired 
degree of discrimination is achieved. 

[0056] Suitable HybridiZation Conditions: 

[0057] 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 and the disclosure provided herein, those of skill 
in the art Will easily be able to determine suitable hybrid 
iZation conditions for performing assays utiliZing the meth 
ods and compositions described herein. Suitable in-situ 
hybridiZation conditions are those conditions suitable for 
performing an in-situ hybridiZation procedure. Thus, suit 
able in-situ hybridiZation conditions Will become apparent 
using the disclosure and references herein; With or Without 
additional routine experimentation. 
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[0058] Blocking Probes: 

[0059] Blocking probes are nucleic acid or non-nucleic 
acid probes Which can be used to suppress the binding of the 
probing nucleobase sequence of the probing polymer to a 
non-target sequence. Preferred blocking probes are PNA 
probes (See: Coull et al., WIPO publication No. WO98/ 
24933). Typically blocking probes are closely related to the 
probing nucleobase sequence and preferably they comprise 
a point mutation of the probing segment. It is believed that 
blocking probes operate by hybridiZation to the non-target 
sequence to thereby form a more thermodynamically stable 
complex than is formed by hybridiZation betWeen the prob 
ing nucleobase sequence and the non-target sequence. For 
mation of the more stable and preferred complex blocks 
formation of the less stable non-preferred complex betWeen 
the probing nucleobase sequence and the non-target 
sequence. Thus, blocking probes can be used With the 
methods, kits and compositions of this invention to suppress 
the binding of the nucleic acid or non-nucleic acid probe to 
a non-target sequence Which might be present and interfere 
With the performance of the assay. Blocking probes are 
particularly advantageous in single point mutation discrimi 
nation. 

[0060] Probing Nucleobase Sequence: 

[0061] The probing nucleobase sequence of a PNA probe 
is the speci?c sequence recognition portion of the construct. 
Therefore, the probing nucleobase sequence is a sequence of 
PNA subunits designed to hybridiZe to a target sequence to 
thereby be used to detect the presence, absence or number of 
organisms of interest in a sample. Consequently, With due 
consideration of the requirements of a PNA probe for the 
assay format chosen and the organism sought to be detected, 
the length of the probing nucleobase sequence of the PNA 
probe Will generally be chosen such that a stable complex is 
formed With the target sequence under suitable hybridiZation 
conditions or suitable in-situ hybridiZation conditions. 

[0062] The probing nucleobase sequence suitable for 
detecting the target organism listed in the table, Will gener 
ally, but not necessarily, have a length of 16 or feWer PNA 
subunits (most preferably 7-16 subunits in length) Wherein 
at least a portion of the probing nucleobase sequence is at 
least ninety percent homologous to the nucleobase 
sequences listed in Table 1, or their complements. Longer 
probing nucleobase sequences may be used but they are not 
preferred. Complements of the probing nucleobase sequence 
are included since it is possible to prepare or amplify copies 
of the target sequence Wherein the copies are complements 
of the target sequence and thus, Will bind to the complement 
of the probing nucleobase sequences listed in Table 1. The 
most preferred probing nucleobase sequences are listed in 
Table 1. These probing nucleobase sequences have been 
shoWn to be speci?c yet universal for the target organism 
identi?ed in the table. 

[0063] The probing nucleobase sequence of a PNA probe 
Will generally be complementary to the target sequence. 
Alternatively, a substantially complementary probing 
nucleobase sequence might be used since it has been dem 
onstrated 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 Biotech 
nology 15:331-335 (1997)). For example, probing nucleo 
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base sequences 7 and 8 of Table 1 differ by a single 
nucleobase (eg a point mutation). It is also noteworthy that 
probing nucleobase sequences 7 and 8 are particularly 
purine rich and the literature teaches that such PNA 
sequences are difficult or impossible to purify and charac 
teriZe (See: Nielsen, P. E., Egholm, M., Peptide Nucleic 
Acids, HoriZon Scienti?c Press (1999) p 253). Table 3 of 
Amann et al. identi?es a nucleic acid probe having a 
nucleobase sequence identical to the probing nucleobase 
sequence listed as Sequence ID No. 7 (See: Amann et al., 
MicrobiologicalReviews, 59: 143-169 (1995). Examination 
of Genbank 104 indicates that Sequence ID No. 8 is per 
fectly homologous to the rRNA of substantially all eucarya 
for Which information exists in the databank. The sequences 
are related as point mutations having a 93.3 percent 
sequence homology. The Examples and Figures of this 
speci?cation indicate that the both probing nucleobase 
sequences 7 and 8 of Table 1 are suitable for the speci?c yet 
universal detection of eucarya. Thus, the data presented 
herein supports the premise that PNA probes having a 
sequence homology of ninety percent or greater are useful 
equivalents of the exact probing nucleobase sequences iden 
ti?ed in Table 1. 

[0064] This invention contemplates that variations in the 
probing nucleobase sequences listed in Table 1 shall provide 
PNA probes Which are suitable for the speci?c detection of 
the organisms listed. Common variations include, deletions, 
insertions and frame shifts. Variation of the probing nucleo 
base sequences Within the parameters described herein are 
considered to be an embodiment of this invention. 

[0065] Probe Complexes: 

[0066] In still another embodiment, tWo probes are 
designed to hybridiZe to the target sequence sought to be 
detected to thereby generate a detectable signal Whereby the 
probing nucleobase sequence of each probe comprises the 
complement to half or approximately half of the complete 
target sequence of the bacteria or eucarya sought to be 
detected in the assay. As a non-limiting example, the probing 
nucleobase sequences of the tWo probes might be designed 
using the assay as described in European Patent Application 
849,363, entitled “Method of identifying a nucleic acid 
using triple helix formation of adj acently annealed probes” 
by H. Orum et al. (See: EPA 849,363). Using this method 
ology, the probes Which hybridiZe to the target sequence 
may or may not be labeled. HoWever, it is the probe complex 
formed by the annealing of the adjacent probes Which is 
detected. Similar compositions comprised solely of PNA 
probes have been described in copending and commonly 
oWned application U.S. Ser. No. 09/302,238, herein incor 
porated by reference. 

[0067] II. Preferred Embodiments of the Invention: 

[0068] a. PNA Probes: 

[0069] In one embodiment, this invention is directed to 
PNA probes. The PNA probes of this invention are, alone or 
in combination, suitable for detecting, identifying or quan 
titating bacteria and/or eucarya in a sample. General char 
acteristics (e.g. length, labels, nucleobase sequences, linkers 
etc.) of PNA probes suitable for the detection, identi?cation 
or quantitation of bacteria and/or eucarya have been previ 
ously described herein. The preferred probing nucleobase 
sequences of PNAprobes of this invention are listed in Table 
1. 
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TABLE 1 

Se- Target 
quence Probe Organ- rRNA 
ID No. Type ism Target Probing Nucleobase Sequence 

1 Universal Bacteria 165 CT G-CCT —CCC-GTA—GGA 
2 Universal Bacteria 16S TAC-CAG-GGT-ATC-TAA-T 
3 Universal Bacteria 16S CAC-GAG-CTG-ACG-ACA 
4 Universal Bacteria 23S CCG-ACA-AGG-AAT-TTC 
5 Universal Eucarya 18S ACC-AGA-C'IT-GCC-CTC-C 
6 Universal Eucarya 18S GGG-CAT-CAC-AGA-CCT-G 
7 Universal Eucarya 18S TAG-AAA-GGG-CAG-GGA 
8 Universal Eucarya 18S TAC-AAA-GGG-CAG-GGA 

Note 
Apart from the functional Examples described herein Which have been 
performed to screen potential probe sequences and thereby con?rm their 
practical speci?city in an assay, the complementary target sequence to 
Which the probing nucleobase sequences in Table 1 hybridize Were exam 
ined using sequence alignment analysis of information currently available 
in Genbank. 

[0070] The PNA probes of this invention may comprise 
only a probing nucleobase sequence (as previously 
described herein) or may comprise additional moieties. 
Non-limiting examples of additional moieties include 
detectable moieties (labels), linkers, spacers, natural or 
non-natural amino acids, or other subunits of PNA, DNA or 
RNA. Additional moieties may be functional or non-func 
tional in an assay. Generally hoWever, additional moieties 
Will be selected to be functional Within the design of the 
assay in Which the PNA probe is to be used. The preferred 
PNA probes of this invention are labeled With one or more 
detectable moieties. In a more preferred embodiment, one or 
more probes are labeled With a set of tWo or more indepen 
dently detectable moieties. Preferred sets of independently 
detectable moieties are comprised of independently detect 
able labels each individually selected from the group con 
sisting of ?uorophores, enZymes and haptens. 

[0071] Unique PNA probe constructs of this invention also 
include probes comprising tWo or more different types of 
labels (orthogonal labels) such as the use of a hapten/ 
?uorophore (e.g. ?uorescein) in combination With an 
enZyme (e.g. soy bean peroxidase). Such orthogonally 
labeled probes can be experimental controls used to analyZe 
complex analysis systems or otherWise merely be used to 
provide alternative detection methodologies. By orthogo 
nally labeled probes We mean that the tWo labels are of such 
different character that a completely different type of detec 
tion system can be used to detect the orthogonal labels. For 
example, tWo independently detectable ?uorophores are not 
necessarily orthogonal labels since ?uorescence detection is 
common to the detection system. HoWever, ?uorescence 
used in combination With an enZyme is orthogonal since 
detection of the tWo labels can require completely different 
detection methodologies. 

[0072] It is an important feature of this invention that PNA 
probes of this invention can be used to target both bacteria 
and eucarya in the same assay under the same set of 
conditions. This is surprising since the cell Walls of yeast are 
substantially different as compared With bacteria. Conse 
quently, typical conditions for in-situ analysis of yeast and 
bacteria using nucleic acid probes are often substantially 
different. In a most preferred embodiment of this invention, 
independently detectable moieties are used to label each of 
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at least tWo different PNAprobes whereby at least one probe 
is a universal probe for detecting bacteria and at least one 
other probe is a universal probe for detecting eucarya such 
that the independently detectable moieties can be used to 
independently detect, identify or quantitate the bacteria 
and/or the eucarya in the same sample and in the same assay. 
Examples 12 and 13 of this speci?cation demonstrates the 
feasibility of multiplex PNA-FISH and PNA-ISH, respec 
tively, for the simultaneous analysis of yeasts and bacteria 
present in the same sample. 

[0073] In preferred embodiments, the probes of this inven 
tion are used in in-situ hybridiZation (ISH) and ?uorescence 
in-situ hybridiZation (FISH) assays. Excess probe used in a 
ISH or FISH assay typically must be removed so that the 
detectable moiety of speci?cally bound probes can be 
detected above the background signal Which results from 
still present but unhybridiZed probe. Generally, the excess 
probe is Washed aWay after the sample has been incubated 
With probe for a period of time. HoWever, use of dark probes 
are a preferred embodiment of this invention, since there is 
no requirement that excess dark probe be completely 
removed (Washed aWay) from the sample since it generates 
little or no detectable background. 

[0074] As used herein, a “dark probe” shall be a PNA 
probe Which hybridiZes to a nucleic acid target to thereby 
cause a detectable change in at least one physical property 
of at least one attached label in a manner Which can be used 

to detect, identify or quantitate the presence of an organism 
of interest in a sample of interest. Non-limiting examples of 
dark probes include PNA Molecular Beacons (See: WO99/ 
21881, US. Ser. No. 08/958,532 (abandoned) and copend 
ing and commonly oWned U.S. Ser. No. 09/179,298, both 
incorporated herein by reference) as Well as Linear Beacons 
(See: WO99/22018 and copending and commonly oWned 
U.S. Ser. No. 09/179,162, herein incorporated by reference). 
Thus, changes in signal in the assay utiliZing a “dark probe” 
can be directly correlated With hybridiZation of the probing 
nucleobase sequence to the target sequence of bacteria or 
eucarya of interest. 

[0075] Unlabeled Non-Nucleic Acid Probes: 

[0076] The probes of this invention need not be labeled 
With a detectable moiety to be operable Within this inven 
tion. When using the probes of this invention it is possible 
to detect the probe/target sequence complex formed by 
hybridiZation of the probing nucleobase sequence of the 
probe to the target sequence. For example, a PNA/nucleic 
acid complex formed by the hybridiZation of a PNA probing 
nucleobase sequence to the target sequence could be 
detected using an antibody Which speci?cally interacts With 
the complex under antibody binding conditions. Suitable 
antibodies to PNA/nucleic acid complexes as Well as meth 
ods for their preparation and use are described in WIPO 
Patent Application WO95/17430 and US. Pat. No. 5,612, 
458, herein incorporated by reference. 

[0077] The antibody/PNA/nucleic acid complex formed 
by interaction of the ot-PNA/nucleic acid antibody With the 
PNA/nucleic acid complex can be detected by several meth 
ods. For example, the ot-PNA/nucleic acid antibody could be 
labeled With a detectable moiety. Suitable detectable moi 
eties have been previously described herein. Thus, the 
presence, absence or quantity of the detectable moiety is 
correlated With the presence, absence or quantity of the 
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antibody/PNA/nucleic acid complex and the organism to be 
identi?ed by the probing nucleobase sequence of the PNA 
probe. Alternatively, the antibody/PNA/nucleic acid com 
plex is detected using a secondary antibody Which is labeled 
With a detectable moiety. Typically the secondary antibody 
speci?cally binds to the ot-PNA/nucleic acid antibody under 
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 organism to be identi?ed 
by the probing nucleobase sequence of the probe. As used 
herein, the term antibody shall include antibody fragments 
Which speci?cally bind to other antibodies or other antibody 
fragments. 

[0078] 
[0079] One or more of the PNA probes of this invention 
may optionally be immobiliZed to a surface for the detection 
of the target sequence of bacteria and/or eucarya. Generally, 
surface immobiliZed PNA probes can be used in a capture 
assay. PNA probes can be immobiliZed to the surface using 
the Well knoWn process of UV-crosslinking. More prefer 
ably, the PNA probe is synthesiZed on the surface in a 
manner suitable for deprotection but not cleavage from the 
synthesis support (See: Weiler, J. et al, HybridiZation based 
DNA screening on peptide nucleic acid (PNA) oligomer 
arrays., Nucl. Acids Res., 25:2792-2799 (July, 1997)). In 
still another embodiment, one or more PNA probes are 
covalently linked to a surface by the reaction of a suitable 
functional group on the probe With a functional group of the 
surface (See: Lester, A. et al, “PNA Array Technology”: 
Presented at Biochip Technologies Conference in Annapolis 
(October, 1997)). This method is most preferred since the 
PNA probes on the surface Will typically be highly puri?ed 
and attached using a de?ned chemistry, thereby minimiZing 
or eliminating non-speci?c interactions. 

[0080] Methods for the chemical attachment of probes to 
surfaces generally involve the reaction of a nucleophilic 
group, (eg an amine or thiol) of the probe to be immobi 
liZed, With an electrophilic group on the support to be 
modi?ed. Alternatively, the nucleophile can be present on 
the support and the electrophile (e.g. activated carboxylic 
acid) present on the probe. Because native PNA possesses an 
amino terminus, a PNA Will not necessarily require modi 
?cation to thereby immobiliZe it to a surface (See: Lester et 
al., Poster entitled “PNA Array Technology”). 

[0081] Conditions suitable for the immobiliZation of a 
PNA probe to a surface Will generally be similar to those 
conditions suitable for the labeling of the polymer. The 
immobiliZation reaction is essentially the equivalent of 
labeling Whereby the label is substituted With the surface to 
Which the polymer is to be linked. 

ImmobiliZation of Probes To A Surface: 

[0082] Numerous types of surfaces derivatiZed With amino 
groups, carboxylic acid groups, isocyantes, isothiocyanates 
and malimide groups are commercially available. Non 
limiting examples of suitable surfaces include membranes, 
glass, controlled pore glass, polystyrene particles (beads), 
silica and gold nanoparticles. 

[0083] Arrays of PNA Probes or Probe Sets: 

[0084] Arrays are surfaces to Which tWo or more probes 
have been immobiliZed each at a speci?ed position. Typi 
cally, the probing nucleobase sequence of the immobiliZed 
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probes is judiciously chosen to interrogate (often using a 
capture assay) a sample Which may contain bacteria and/or 
eucarya. Because the location and composition of each 
immobilized probe is knoWn, arrays are generally useful for 
the simultaneously detection, identi?cation or quantitation 
of tWo or more organisms Which may be present in the 
sample. Moreover, arrays of PNA probes may be regener 
ated by stripping the hybridized nucleic acid after each 
assay, thereby providing a means to repetitively analyze 
numerous samples using the same array. Thus, arrays of 
PNA probes or PNA probe sets may be useful for repetitive 
screening of samples for bacteria and/or eucarya. The arrays 
of this invention comprise at least one PNA probe (as 
described herein) suitable for the detection, identi?cation or 
quantitation of bacteria and/or eucarya. Preferred probing 
nucleobase sequences for the immobilized PNA probes are 
listed in Table 1. 

[0085] Advantages of using PNA probes 

[0086] It has been demonstrated that nucleic acid probes 
hybridize to target sequences of rRNA (e.g. targets like 16S 
or 23S rRNA) With an ef?ciency Which is highly dependent 
upon Whether the site of hybridization is placed inside or 
outside of a highly structured region (See: Fuchs et al., 
Applied and Environmental Microbiology, 64: 4973-4982 
(1998)). Moving the probe just a feW bases in or out of a 
structured region signi?cantly alters the overall signal inten 
sity. The lack of signal intensity achieved When attempting 
to target structured rRNA is believed to result from the lack 
of probe accessibility to the hybridization site under suitable 
hybridization conditions or suitable in-situ hybridization 
conditions. Furthermore, conditions Which Would destabi 
lize the structured region Would simultaneously destabilize 
the target sequence/probe hybrid. 

[0087] When designing nucleic acid probes directed to a 
target sequence Which are to be used to select a target 
organism, nucleobase sequence selection is further limited 
because rRNA is relatively Well conserved betWeen related 
species. Moreover, the limited number of sequence varia 
tions are often concentrated in the highly structured regions 
of the rRNA. Therefore, some of the most useful regions of 
diverse nucleobase sequence suitable for designing organ 
ism speci?c probes are often unavailable to nucleic acid 
probes. 
[0088] Because of its unique structure, PNAprobes can be 
designed to target regions of rRNA under conditions of loW 
ionic strength Wherein the secondary structure is destabi 
lized. Because PNA probe can ef?ciently, and preferably, 
hybridize to nucleic acid under these conditions of loW salt, 
the PNA probes can be designed to target rRNA Which 
cannot be targeted by traditional nucleic acid probes (See: 
Stefano et al., Diagnostic Applications of PNA Oligomers, 
Diagnostic Gene Detection and Quanti?cation Technologies 
for Infectious Agents and Human Genetic Diseases, # 948, 
IBC Library Series, 19-37 (1997)). Thus, the PNA probes of 
this invention typically generate stronger signals than can be 
achieved With nucleic acid probes of comparable nucleobase 
sequence. Consequently, the PNA probes of this invention 
do not suffer from the limitations characteristic of nucleic 
acid probes. 

[0089] b. PNA Probe Sets: 

[0090] In another embodiment, this invention is directed 
to a PNA probe set suitable for detecting, identifying or 
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quantitating bacteria and/or eucarya in a sample. The general 
and preferred characteristics of PNA probes suitable for the 
detection, identi?cation or quantitation of bacteria and/or 
eucarya have been previously described herein. Preferred 
probing nucleobase sequences are listed in Table 1. The 
grouping of PNA probes Within sets characterized for spe 
ci?c detection, identi?cation and/or quantitation of either 
bacteria or eucarya is contemplated as a preferred embodi 
ment of this invention. The grouping of PNA probes Within 
sets characterized for speci?c identi?cation and enumeration 
of both bacteria and eucarya is contemplated as still another 
preferred embodiment of this invention. 

[0091] Probe sets of this invention shall comprise at least 
one PNAprobe but need not comprise only PNAprobes. For 
example, probe sets of this invention may comprise mixtures 
of PNA probes and nucleic acid probes, provided hoWever 
that a set comprises at least one PNA probe as described 
herein. In preferred embodiments, some of the probes of the 
set are blocking probes composed of PNA or nucleic acid. 

[0092] Table 1 lists four probing nucleobase sequences 
suitable for the universal detection of bacteria and three 
probing nucleobase sequences suitable for the universal 
detection of eucarya. Since alternative probing nucleobase 
sequences exist for the detection of either bacteria or 
eucarya, it is preferable to use a probe set containing tWo or 
more PNA probes for the detection of either bacteria or 
eucarya to thereby increase the detectable signal in the assay 
(For Example: compare Panel I of FIG. 1 With Panels II 
through V). 
[0093] One exemplary probe set might therefore comprise 
probes suitable for the detection of both bacteria and 
eucarya. Consequently, a suitable probe set might contain at 
least one PNA probe suitable for detecting bacteria and 
having a probing nucleobase sequence Wherein at least a 
portion of the probing nucleobase sequence is at least ninety 
percent homologous to the nucleobase sequence, or their 
complements, selected from the group consisting of: CTG 
CCT-CCC-GTA-GGA; TAC-CAG-GGT-ATC-TAA-T; 
CAC-GAG-CTG-ACG-ACA and CCG-ACA-AGG-AAT 
TTC; and at least one other PNAprobe suitable for detecting 
eucarya and having a probing nucleobase sequence Wherein 
at least a portion of the probing nucleobase sequence is at 
least ninety percent homologous to the nucleobase sequence, 
or their complements, selected from the group consisting of: 
ACC-AGA-CTT-GCC-CTC-C; GGG-CAT-CAC-AGA 
CCT-G; TAG-AAA-GGG-CAG-GGA and TAC-AAA 
GGG-CAG-GGA. 

[0094] In a preferred embodiment, probes for detecting 
bacteria Would be independently detectable from probes for 
detecting eucarya thereby enabling the independent or mul 
tiplex detection, identi?cation and/or quantitation of bacteria 
and eucarya in the same sample and in the same assay. In 
other embodiments, the probes are not independently detect 
able yet the bacteria and eucarya are distinguishable based 
upon unique characteristics such as groWth rate or morphol 
ogy (See: Example 13). 

[0095] Asecond exemplary probe set might comprise only 
those probes suitable for the detection of bacteria. Conse 
quently, a suitable probe set might contain PNA probes 
comprising at least tWo, but preferably all, of the probing 
nucleobase sequences Wherein at least a portion of the 
probing nucleobase sequence is at least ninety percent 
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homologous to the nucleobase sequence, or their comple 
ments, selected from the group consisting of: CTG-CCT 
CCC-GTA-GGA; TAC-CAG-GGT-ATC-TAA-T; CAC 
GAG-CTG-ACG-ACA and CCG-ACA-AGG-AAT-TTC. 

[0096] Still a third exemplary probe set might comprise 
only those probes suitable for the detection of eucarya. 
Consequently a suitable probe set might contain PNAprobes 
comprising at least tWo, but preferably both, of the probing 
nucleobase sequences Wherein at least a portion of the 
probing nucleobase sequence is at least ninety percent 
homologous to the nucleobase sequence, or their comple 
ments, selected from the group consisting of: ACC-AGA 
CTT-GCC-CTC-C; GGG-CAT-CAC-AGA-CCT-G; TAG 
AAA-GGG-CAG-GGA and TAC-AAA-GGG-CAG-GGA. 

[0097] Exemplary Multiplex PNA-FISH Assays: 

[0098] Because the individual PNA probes of this inven 
tion can each be labeled With independently detectable 
moieties, it is possible to design PNA probe sets Wherein 
each probe of the set is independently detectable. The 
grouping of PNA probes Within probe sets characteriZed for 
detecting either or both bacteria and eucarya is contemplated 
as a preferred embodiment of this invention. For example, 
?uorophores Which have suf?ciently different excitation and 
emission spectra are often used as independently detectable 
moieties. Exemplary independently detectable ?uorophores 
are derivatives of coumarin, ?uorescein and rhodamine. 
Thus, an assay Wherein a PNA probe set comprising tWo or 
more PNA probes, each labeled With one of an indepen 
dently detectable moiety, could be used to independently 
detect, identify or quantitate, the bacteria and eucarya in the 
same sample and in the same assay. Consequently, the PNA 
probes, PNA probe sets, methods and kits of this invention 
are particularly useful for the rapid, sensitive, reliable and 
versatile multiplex analysis of bacteria and eucarya in a 
single sample and/or assay. By versatile We mean that the 
method is generally applicable despite substantial variability 
in the nucleobase sequences of the probes or probe length 
used in the assay. 

[0099] Example 12 of this speci?cation demonstrates the 
feasibility of multiplex ?uorescent in-situ hybridiZation 
using independently detectable PNA probes Wherein the 
individual bacteria and eucarya in the sample are detectable 
and quanti?able. Example 13 of this speci?cation demon 
strates the feasibility of multiplex in-situ analysis of bacteria 
and eucarya based upon differential groWth rates of the 
organisms Which results in clearly distinguishable colony 
morphology. Importantly, both Examples yield information 
on identity and enumeration of the organisms present in the 
sample using the same assay. 

[0100] c. Methods: 

[0101] In another embodiment, this invention is directed 
to a method suitable for detecting, identifying and/or quan 
titating bacteria and/or eucarya in a sample. The general and 
speci?c characteristics of PNA probes suitable for the detec 
tion, identi?cation or quantitation of bacteria and/or eucarya 
have been previously described herein. Preferred probing 
nucleobase sequences are listed in Table 1. 

[0102] The method for detecting, identifying and/or enu 
merating bacteria and/or eucarya in a sample comprises 
contacting the sample With one or more PNAprobes suitable 
for hybridiZation to a target sequence Which is speci?c yet 
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universal to bacteria or eucarya. In preferred embodiments, 
the probe comprises a probing nucleobase sequence Wherein 
at least a portion of the probing nucleobase sequence is at 
least ninety percent homologous to the nucleobase sequence, 
or their complements, selected from the group consisting of: 
CTG-CCT-CCC-GTA-GGA; TAC-CAG-GGT-ATC-TAA 
T; CAC-GAG-CTG-ACG-ACA; CCG-ACA-AGG-AAT 
TTC; ACC-AGA-CTT-GCC-CTC-C; GGG-CAT-CAC 
AGA-CCT-G; TAG-AAA-GGG-CAG-GGA and TAC 
AAA-GGG-CAG-GGA. 

[0103] According to the method, bacteria and/or eucarya 
in the sample are then detected, identi?ed and/or quantitated. 
Detection, identi?cation and/or enumeration of bacteria and/ 
or eucarya is made possible by correlating hybridiZation, 
under suitable hybridiZation conditions or suitable in-situ 
hybridiZation conditions, of the probing nucleobase 
sequence of a PNA probe to the target sequence of the target 
organism sought to be detected With the presence, absence or 
number of the bacteria and/or eucarya in the sample. Typi 
cally, this correlation is made possible by direct or indirect 
detection of the probe/target sequence hybrid. 

[0104] Media Based Analysis Of Bacteria and Eucarya 

[0105] The methods, kits and compositions of this inven 
tion are particularly useful for the rapid probe-based detec 
tion, identi?cation and/or enumeration of viable bacteria 
and/or eucarya. For example, it is possible to use enZyme 
linked PNA probes in combination With in-situ analysis of 
colonies of bacteria or eucarya groWn directly on the 
medium on Which they Were isolated from the sample (i.e. 
a ?ltration membrane) to thereby achieve rapid, sensitive 
and speci?c analysis in a manner Which Was not previously 
possible (See: Example 13). 
[0106] The rapid probe-based analysis of groWing bacteria 
and/or eucarya requires very high sensitivity in addition to 
probe speci?city because the cell count is limited during the 
early stages of cell division. Since this probe-based analysis 
detects nucleic acid (eg rRNA) Without regard to the 
metabolic state of the organism, the analysis of groWing 
bacteria is used to distinguish betWeen viable organisms and 
dead (non-viable) organisms, the presence of Which are not 
typically considered to cause food or beverage spoilage or 
contamination. 

[0107] EnZyme-linked probes are preferred for such 
analysis since the enZymes can rapidly and repetitively turn 
over a substrate to thereby achieve signal ampli?cation 
suitable for high sensitivity detection. Preferred, non-limit 
ing, substrates include chemiluminescent compounds, ?uo 
rophores and chromophores. PNA probes are the preferred 
probe type since they hybridiZe rapidly to nucleic acid and 
are generally more speci?c than nucleic acid probes. Fur 
thermore, PNAprobes operate under conditions of loW ionic 
strength (favored conditions for hybridiZing to structured 
rRNA) and they form very stable hybrids. In-situ analysis is 
preferred since viability of colony forming units (CPU) can 
be absolutely determined and optionally quantitated by 
scoring the colonies observed. Dead (non-viable) organisms 
are not scored because they do not groW into a detectable 
colony. 

[0108] In preferred embodiments, the bacteria are groWn 
directly on an isolation medium. Integration of the isolation 
medium With the groWth of the bacteria and/or eucarya 
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eliminates the need for a pre- and post- growth transfer and 
thereby eliminates the opportunity for error associated there 
With. Preferably, the isolation medium is a ?lter or a mem 
brane ?lter. Preferred ?lters are microporous membrane 
?lters such as those sold by Millipore Corporation for the 
?ltration of liquids. Pore siZes of the ?lter are generally 
chosen so that the organism Will not pass though the pores 
thereby insuring that all the bacteria or eucarya in the sample 
is collected on the ?lter. 

[0109] After the bacteria or eucarya are groWn, typically 
they are ?xed. Cell ?xation is a term Well knoWn in the art 
of in-situ hybridiZation and is generally, but not required as 
part of the in-situ hybridiZation process. 

[0110] Using probe-based in-situ analysis of the isolation 
medium, the number of colony forming units (CFU) of 
bacteria and/or eucarya Which are detected by the organism 
speci?c probe, can be counted or scored (manually or by 
automated methods) after an appropriate incubation 
(groWth) period. If the bacteria and/or eucarya groW rapidly 
and the enZyme-linked PNA probes are suitable for high 
sensitivity analysis, typically, the assay can be performed in 
1-4 hours. If the bacteria and/or eucarya groW sloWly or a 
less sensitive detection method is used, the assay may 
require 1-7 days depending on the rate of organism groWth 
or differential groWth rate of the organisms of interest in the 
assay. Because the bacteria and eucarya are preferably 
groWn directly on the isolation medium, the colonies 
detected are each representative of a colony forming unit 
(CFU) isolated from the sample. Since the volume of sample 
?ltered to isolate the organisms is knoWn and since only 
viable organisms groW, the CFU’s per unit volume of sample 
can be directly determined. 

[0111] Example 13 of this speci?cation demonstrates 
using this method for the identi?cation and enumeration of 
bacteria and eucarya in the same sample and in the same 
assay. With reference to FIG. 8, soy bean peroxidase labeled 
PNA probes Were used to detect groWn bacteria and eucarya 
isolated from a sample by ?ltration. Because of the differ 
ential groWth rate, the micro-colonies of eucarya appear as 
small dots on the ?ltration membrane Whereas the faster 
groWing bacteria produce very large dots (colonies) in the 
same time period. Thus, multiplex analysis of the sample is 
possible, even With probes having identical labeled, if the 
speci?city of the probes is considered in relation to other 
characteristics such as the relative groWth rate or colony 
morphology of organisms sought to be detected, identi?ed or 
quantitated in the assay. 

[0112] Exemplary Assay Formats: 
[0113] The probes, probe sets, methods and kits of this 
invention are suitable for the detection, identi?cation and/or 
enumeration of bacteria and/or eucarya. In preferred 
embodiments, in-situ hybridiZation is used as the assay 
format for detecting identifying or quantitating target organ 
isms. Most preferably, in-situ hybridiZation (FISH or PNA 
FISH) is the assay format. Exemplary methods for perform 
ing PNA-FISH can be found in: Thisted et al. Cell Vision, 
3:358-363 (1996) or WIPO Patent Application WO97/ 
18325, herein incorporated by reference. Methods used to 
experimentally test speci?c PNA probes in PNA-FISH 
assays can be found in Example 12 and 13 of this speci? 
cation. 

[0114] Organisms Which have been treated With the 
probes, probe sets or probes contained in the kits of this 
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invention can be detected by several exemplary methods. 
The cells can be ?xed on slides and then visualiZed With a 

microscope (See: Example 12), ?lm(See: Example 13), 
camera and ?lm, luminometer or laser scanning device. 
Alternatively, the cells can be ?xed and then analyZed in a 
How cytometer (See for example: Lansdorp et al.; WIPO 
Patent Application; WO97/14026). Automated slide scan 
ners and How cytometers are particularly useful for rapidly 
quantitating the number of target organisms present in a 
sample of interest. 

[0115] d. Kits: 

[0116] In yet another embodiment, this invention is 
directed to kits suitable for performing an assay Which 
detects, identi?es or quantitates bacteria and/or eucarya in a 
sample. The general and preferred characteristics of PNA 
probes suitable for the detection, identi?cation or quantita 
tion of bacteria and/or eucarya have been previously 
described herein. Preferred probing nucleobase sequences 
are listed in Table 1. Furthermore, methods suitable for using 
the PNA probes or PNA probes sets of a kit to detect, 
identify or quantitate bacteria and/or eucarya in a sample 
have been previously described herein. 

[0117] The kits of this invention comprise one or more 
PNA probes and other reagents or compositions Which are 
selected to perform an assay or otherWise simplify the 
performance of an assay used to detect, identify or quantitate 
bacteria and/or eucarya in a sample. In kits Which contain 
sets of PNA probes, Wherein each of at least tWo probes of 
the set are used to distinguish betWeen and/or enumerate the 
bacteria or eucarya in a sample in the same assay, the probes 
of the set are preferably labeled With independently detect 
able moieties so that individual bacteria or eucarya can be 
detected, identi?ed and/or enumerated. In a preferred 
embodiment, PNA probes of a kit Which are used to detect 
each of the bacteria or eucarya are each labeled With 
independently detectable ?uorophores to thereby enable 
correlation of the presence of signal from a particular 
?uorophore With the presence of one of either the bacteria or 
eucarya in the sample. 

[0118] 
tion: 

[0119] The PNA probes, probe sets, methods and kits of 
this invention are particularly useful for the detection, iden 
ti?cation and/or quantitation of bacteria and eucarya (e.g. 
pathogens) in food, beverages, Water, pharmaceutical prod 
ucts, personal care products, dairy products or environmen 
tal samples. The analysis of preferred beverages include 
soda, bottled Water, fruit juice, beer, Wine or liquor products. 
Suitable PNA probes, probe sets, methods and kits 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. 

[0120] Additionally, the PNA probes, probe sets, 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 PNA probes, 
probe sets, methods and kits Will be particularly useful for 
the analysis of clinical specimens, equipment, ?xtures or 
products used to treat humans or animals. 

[0121] Having described the preferred embodiments of the 
invention, it Will noW become apparent to one of skill in the 

e. Exemplary Applications For Using The Inven 



US 2001/0010910 A1 

art that other embodiments incorporating the concepts 
described herein may be used. It is felt, therefore, that these 
embodiments should not be limited to disclosed embodi 
ments but rather should be limited only by the spirit and 
scope of the following claims. 

EXAMPLES 

[0122] This invention is noW illustrated by the folloWing 
examples Which are not intended to be limiting in any Way. 

Example 1 

[0123] Synthesis of bis-(2-methoxyethyl)amidyl-digly 
colic acid 

[0124] To 500 mmol of diglycolic anhydride stirring in 
800 mL of dichloromethane (DCM) Was added dropWise, 
1.1 mole of bis(2-methoxyethyl)amine (Aldrich Chemical). 
The reaction Was alloWed to stir for 2 hours and then 280 mL 
of 6N HCl Was added dropWise. The contents Were then 
transferred to a separatory funnel and alloWed to separate. 
The DCM layer Was removed and the aqueous layer 
extracted With 100 mL of DCM. The combined DCM layers 
Were then extracted With 100 mL of 10% aqueous citric acid. 
The DCM layer Was then separated, dried (Na2SO4), ?ltered 
and evaporated to yield 73.8 g (296 mmole; 59 % yield). A 
kugelrorh Was then used to remove traces of solvent (prod 
uct Was heated to 60° C. at approximately 180 pM Hg). 

Example 2 

[0126] To 60 mmol of Fmoc-aeg-OH (PerSeptive Biosys 
tems, Inc.) Was added 360 mL of MilliQ Water, 180 mL of 
acetone, 120 mmol of NaHCO3 and 60 mmol of K2CO3. 
This solution Was alloWed to stir until all the Fmoc-aeg-OH 
had dissolved (approx. 2 hr.) and then the solution prepared, 
as described beloW, Was added. 

[0127] To 70 mmol of bis-(2-methoxyethyl)amidyl-digly 
colic acid Was added 120 mL of anhydrous acetonitrile 
(Fluka Chemical), 240 mmol of N-methylmorpholine 
(NMM; Fluka Chemical) and 75 mmol of trimethylacetyl 
chloride (Aldrich Chemical). The solution Was alloWed to 
stir at room temperature for 30 minutes and then added 
dropWise to the solution of Fmoc-aeg-OH Which Was pre 
pared as described above. 

[0128] After the combined solutions stirred for 1 hr and tlc 
analysis indicated complete reaction, 6N HCl Was added to 
the reaction until the pH Was less than 2 by paper. The 
organic solvent Was then removed by vacuum evaporation. 
The remaining aqueous solution Was then transferred to a 
separatory funnel and extracted 2>< With 250 mL of ethyl 
acetate. The combined ethyl acetate layers Were dried 
(Na2SO4), ?ltered and evaporated to yield 41.5 g of an oil. 

[0129] This crude product Was puri?ed by column chro 
matography using a reversed phase stationary phase (C18) 
and a gradient of aqueous acetonitrile to elute the product 
and remove the pivalic acid. Though not visible by tlc, the 
elution of the pivalic acid can be monitored by smell. The 
pivalic acid can be almost completely eluted from the 
column prior to elution of the product. Elution of the product 
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can be monitored by tlc. Yield 26.8g (47 mmol; 78%). This 
“Fmoc-“E”aeg-OH” monomer Was used directly on the PNA 
synthesis instrument, using standard condensation condi 
tions, or used to prepare prederivatiZed synthesis supports 
Which Were used for the preparation of C-terminally “E” 
modi?ed PNAs. An “E” modi?cation (subunit) of a PNA or 
polyamide has the formula: 

Example 3 

[0130] Synthesis of 4-(N-(tert-butyloxycarbonyl)-ami 
nobenZoic acid: 

[0131] To 100 mM of methyl-4amino benZoic acid stirring 
in 150 mL of dioxane Was added 110 mM of di-tert-butyl 
dicarbonate. The reaction Was Warmed to 70-80° C. and let 
stir for about 48 hours. The solvent Was then evaporated 
under reduced pressure and the residue redissolved in about 
300 mL of ethylacetate. The organic layer Was then Washed 
three times With 10% aqueous citric acid, dried (Na2SO4), 
?ltered and evaporated to a solid. The solid Was then 
suspended in 150 mL of 1N NaOH and 50 mL acetone. 
Saponi?cation of the ester Was alloWed to run overnight 
until complete hydrolysis Was observed by thin layer chro 
matography To the solution Was added citric acid 
until the pH of the solution Was approximately 4. The solid 
Was then collected by vacuum ?ltration and dried in a 
vacuum oven at 50° C. Yield 203g, 85%. The product Was 
a single peak When analyZed by reversed phase High Per 
formance Liquid Chromatography (HPLC) using 0.1% 
aqueous tri?uoroacetic acid (TFA) and a linear acetonitrile 
gradient. 

Example 4 

[0132] Synthesis of N-ot-(Fmoc)-N-e-[4-(N-(tert-buty 
loxycarbonyl)-aminobenZamidyl)]-L-Lysine-OH (“Fmoc 
K(P)-OH”) 
[0133] To 2.6 mmol of N-ot-(Fmoc)-N-e-(NH2)-L-Lysine 
OH Was added 5 mL of N,N‘-dimethylformamide (DMF) 
and 2.7 mmol of tri?uoroacetic acid. This solution Was 
alloWed to stir until the amino acid had completely dis 
solved. 

[0134] To 2.6 mmol of 4-(N-(tert-butyloxycarbonyl)-ami 
nobenZoic acid Was added 50 mL of DMF, 2.7 mmole of 
[O-(7-aZabenZotriaol-1-yl)-1,1,3,3-tetramethyluronium 
hexa?uorophosphate (HATU), and 15 mmol of diisopropy 
lethylamine (DIEA). To this stirring solution Was added, 
dropWise, the N-ot-(Fmoc)-N-e-(NH2)-L-Lysine-OH solu 






















