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CATICN MEDIATED TRIPLEX EYBRIDIZATICN ASSAY

SPECIFICATION

BACKGROND OF THE TNVENTION
1. Field of Invention
The invention relates to nucleic acid triplexes, and
more particularly to methods of accurately assaying triplex
nucleic acid complexes employing fluoresscent intensity
measurenents,
2. Descripgion of Related Art

Fluorescent dyes have been used to detest and
gquantitate nucleic acids for decades. In their most basic
form, flucrescent intensity-based assays have typically
comprised contacting a target with a flucrophore-containing
probe, removing amy unbound probe from bound probe, and
detecting fluorescence in the wached sample, Homogeneoug
assays improve upon such basic assays, in that the former
do not require a washing step or the provision of a
non-ligquid phase support.

For exawmple, U.S8. Patents Nos. 5,538,848 to Livak et
al. and 4,220,450 to Maggio diesclose homogenecus
fluorescence-bagsed assays of nuclecktide seguences using
oligeonuclectide probes in sclution. However, these patents
reguire tha uge of a gquenching agent in combination with a
reporting agent, so as to distinguish between the signals
generated by hybridized probes and unhybridized probes.
Livak et al. aleso reguires the use of ensymes in ite
discloged method, Quenching agents and enzymes add
complexity and expense to the methods.

U.S. Patent HNe. 5,332,559 to Kidwell disclases a
methed for detecting nuclectide seguences in solution using
propes comprising at least two fluorophorse moieties. The
fluoropheres must be selected to elactromically interact

with each other when close enough tc vary the wavelength

JP 2004-511218 A 2004.4.15
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dependence of their aspectra. Unhybridized probes are much
more flexible than probee hybridized to the target
gequence, and consequently the two fluocraphore moleties an
each probe are more likely to be close to each other when
the oprobe is unhybridized than when the probe is
hybridized. Thusg, & change im emission wavelength
correlated with free probe can be monitocred as an
indication of the amcunt of free probe in the sample.

U.8. Patent No. 5,848,722 to Wua et al. zlso discloses
homegeneous fluorescence-baced assays for detecting nucleic
acid.

In addition to the aforementioned developments which
detect fluoregcent intengity, some have tooted the
advantages of fluorescent polarization assays. However,
there are significant drawbacks to polarization-based
agsays. The degree of change in polarization asz a function
of binding can bs unpredictable, and interpretation of data
to conform inconslstent data to theoretical expectations
can reguire more effort than is desirable in an analytical
method, partioularly when the method is to he automated.
There are as well constraints arising from the molecular
weight of the molacules whose motion is keing evaluated in
a flucrescent polarization assay.

Conventional assays for nucleic acide have generally
been based on a duplex hybridization model, wherein a
single-stranded probe specifically binds to & complementary
single-stranded target sequence. Triplex hybridization of
mugleic acids has been previcusly identified in the art;
however, hybridization among three strands was largely
believed to be confined to very limited species of nucleic
acids le.g., pelypurine or polypyrimidine sequences). Ses,
e.qg.., Floris et al., "Effect of cationg on
purine-purine-pyrimidine triple helilx formation in
mixed-valence salkt selutions,” 260 Eur. J. Biochem. B01-80%9

{1959) . Moreover, such triplex formation or hybridization

JP 2004-511218 A 2004.4.15
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wag based on Hoogsteen binding between limited varieties of
adjacent nuclecbases, rather than Watson-Crick Dhase
pairing. See, e.g., Floris et al. and U.5. Pratent No.
5,874,555 to Dervan et al.

Despite the feoregoing developments, a need has
continued to exist in the art for additional simple, highly
sensitive, effective and rapid methods for amalyzing
interaction between nucleic aclde and/or nucleic acid
analogs.

All references cited herein are incorporated herein by
reference in their entireties.

SUMMARY OF THE TNVENTION
The invention provides triplex couplexes conprising a

gingle-strandad probe bound to a double-stranded nucleic
acid target, wherein the prcbe comprises a heteropolymeric
nucleic acid or a heteropolymeric nucleic acid analog, and
all base triplets of the complex are members seslected from
the group congisting of A-T-A, T-A-T, U-A-T, T-2-U, A-U-A,
U-A-U, G-0-¢ and C-G-C.
Rlac provided is a method for assaying binding, said
method comprising:
providing a double-stranded nucleic acid comprising a
target seguence, wherein said target seguence
contains at least one purine base and at least
one pyrimidine base;
providing a probe comprising a nucleic acid sequence
or a nucleic acid analog sequence;
providing a catlon;
adding said prcbe, said target sequence and said
cation to a medium to provide a test sample
containing a triplex complex comprising said
probe bound te sald  target seguence, wherain
all base triplats of said complex are membars

selected from the group consisting of A-T-A,

JP 2004-511218 A 2004.4.15
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T-a-T, U-A-T, T-A-U, A-U-A, U-A-U, G-C-38 and
C-G-C;

irradiating said test sample with exciting radiztion
Lo ceuse tregt gample Lo emit  fluoreacent
radiation;

detecting an intensity of said fluorescent radiation,
wherein said intensity is correlated with a
binding affinity betwsen said probe and said
target gequence; and

determining from said intensity an extent of matching
batween szid probe and said target seguesnce.

BRIEF GESCRIETION OF THE DRAWINGS

The invention will be described im conjunctiomn with

the following drawings in which like reference numerals
designate like elements and wherein:

Figs. 1A, 1B, 2A, 2B, 2C, 3A, 3B, 3C, 4A, 4B, 4C, 5A,
5B, &¢, 5D and S5E are composite graphs of fluorescent
intensity plcotted ag a function of wavelength for each
sample analyzed,

DETAILFED DESCRIPTICON O REFEREED EWMEBODIMENT

The inventicn provides triplex complexes comprising a
single-stranded probe bound to a double-stranded pucleie
acid target, wherein the prcbe comprises a heteropolymeric
nucleic acid or a hetercpolymeric nuceleic acid analeg, and
all base triplets of the complex are members selected from
the group consisting of 2-T-a, T-A-T, U-A-T, T-A-U, A-U-A,
U-a-U, G-C-G and C-G-C.

Unlike certain Hoogsteen triplexes disclesed by the
prior ark, the triplex=s of the inventicn are stable at pH
values graater than 7.6. Moreover, the inventive triplexes
do not reguire the presence of homopyrimidine sequences or
homepurine seguences, as in certaln prior art triplexes.
For example, the target sequence can contain 25% to 75%

purine bases and 75% to 25% pyrimidine hases in any order.

JP 2004-511218 A 2004.4.15
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Preferanly the single-gtranded nucleic acid or nucleic
acid analog of the triplex 13 5 to 30 basea long and the
dovble-stranded nucleic acid target is 8 to 3.3 X 10° base
pairs long.

Triplex formaticn accozding to the inwvention is
suitable for a variety of uges. For example, probes
covalently bound to a double-gtranded nucleic acid cleaving
agent can be used to specifically cleave target sequences
of double-stranded nucleic acids. Probes covalently bound
to a chemotherapeutic agent can be used to specifically
treat target sequences of double-stranded nucleic acids.

In preferred embodiments, the invention prowides a
rapid, sensitive, environmentally friendly, and safe method
for assaying binding between a double-stranded targeb and
a zingle-stranded probe, wherein the target comprises a
nucleic acid seguence or a nucleic acid analog seguence and
the probe comprises a nucleic acid sequence or a nucleic
acid anzlog segquenca. ‘

Unlike certain prior art assays, the invention nct
cnly detects the presence of specific probe-target binding,
but alsc provides qualitative and quantitative information
regarding the nature of interaction bhetween a probe and
target. Thus, the invention enables the practitioner to
distinguish ameng a perfect match, a one baze pair
mismateh, a two base pair wismabch, a three base pair
mismat:ch, =2 one base pair deletion, a two hasze pair
deletion and a three base pair deletion avising between a
basge sequence in the prcobe and in a strand of the double-
stranded targeb,

BEnbodiments of the inventicn comprise calibrating the
measursd signal (e.g.., fluorescent intensity) for a first
prokbe-target mixture agaianst the same type of aignal
exhibited by other prcbes combined with the same target,
wherein each cof the other probes differe from the first
proba by atr leagt one base.

JP 2004-511218 A 2004.4.15
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A calibration curve can be geoerated, wherein the
magnitvde of the measured signal f{e.g., I[lucrescent
intensity) is a function of the hinding affinity between
the target and probe. As the binding affinity between the
target and a plurality of different probes variesz with the
nunber of mismatched bases, the nature of the mismatch{es)
(3-G v=. A-C va. T-G vs. T-C, etc.}, the location of the
mismateh{es) within the triplex, etec., the assay of the
invention can be used to sequence the target.

In embodiments, the gignal measured ©an be the
fluorescent intensity of a fluorophore included in the test
sample. In such embodiments, the binding affinity between
the proke and target can be directly or invergely
corralated with the iutemsity, depending on whether the
fluocrophore signals hybridization through signal qguenching
cr signal amplification. Under selected conditicns, the
fluorescent intenaity generated by intercalating agents can
be directly correlated with probe-target binding affinity,
wher=ae the intensity of preferred embodiments employing a
non-intercalating flusrophere covalently bound to the probe
can be inversely c<orrelated with probe-target binding
affinity. The flucrescent intensity decreases for non-
intercalating f£luorophores as the extent of matching
betwsen the probe and target increases, preferably over a
range inclusive of 0-2 mismatches and/or deleticns, more
preferably over a range inclusgive of 0-3 miematches and/or
deletione.

The invention enables quantifying the binding affinity
betwesen probe and target. Such informaticn can be valuahle
for a variety cf uses, including designing antisense drugs
with optimized binding characteristics.

Unlike prior art methods, the assay of the invention
is preferably homogensous. The assay can be conducted
without separating the probe-target complex from the free
probe and target prior to detecting the magnitude of the

JP 2004-511218 A 2004.4.15
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measvred aignal. The assay does not require a gel
geparation step, thereby allowing a great increase in
reating throughput. OQuantitarive analyses are simple and
socurate. Consequently the binding aseay saves a lot of
rime and expense, and can be easily autcmated.
Furthermore, it enables binding variables guch ag buffer,
pH, i1omic concentration, temperature, incubation time,
relative concentrations of probe and target seguences,
intercalator concentraticn, length of target seguences,
length of prcbe seguences, and possible cofactor
requirements to be rapidly determined.

The assay can be conducted in, e.g., a sclution within
a well, on an impermeable surface or on a biocchip.

Moreover, the inventlve assay ie preferably conducted
without providing a signal gquenching agent on the target or
on tha probe,

Although the inventors have previously disclosed the
advantages of fluocrascent intensity A8EAYS for
hybridization (ees, e.g., U.S. Patent Application No.
03/224,505, filed December 31, 1058), assays according tec
the present invention specifically detect txiplexes of the
probe and the doubla-stranded target, thus obviating the
need to denature the targest. While nucleic acid (and
nucleic acid analeg) probes have been known bto form
triplexes with certain limited class=ss of targets (see,
2.g., Floris et al,, supra, Dervan et al., supra, Egholm et
al., 265 MNature 566 {1993}, and Tomac et al., 118
J.am.Chem.Soc. 5544 [19%6)}), it is surprising that the
inventore have been able to sgpecifically zesay triplexes
formed bhetween single-gtranded nucleic acid {&.g., =sDNHA
and BNA) probes and double-stranded nncleie acid (e.g.,
dsDNA) targets, wherein the interactiom between the probes
and targets is based on Watgon-Crick baee pairing {(at least
in the sense that A binds ta T (or U, in the case of RHA)
and G binds tc C), rather than the very limited Hoocgsteen

JP 2004-511218 A 2004.4.15
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model of triplex hyvbridization of, e.g., Dervan et al. The
term “Watson-Crick triplex,” which is employed herein, is
intended to crystallize these differences by limiting the
nature of base pairing between the single-stranded probe
and the double-stranded target to A-T-A, T-A-T, U-A-T,
T-A-U, A-U-A, U-A-U, G-C-@ andfor C-G-C {including C*'-3-C,
and/or any other ionized sapecies of bage). These
three-member groups are hersinafter denoted Watzon-Crick
base triplets and the resulting structures dencted Watgon-
Crick triplexes.

Suitable probes for use in the inventive assay
include, e.g., ss8DNA, RNA, PNA and other nucleic acid
analogs having uncharged or partially-charged backbones.
Probe gegquences having any lengkh from & Lo 20 bases are
preferred since thie is the range within which the gmallegt
unigue DNA sequences of prokaryctes and eukaryotes are
found. Prokea of 12 to 18 bases are particularly preferred
since this is the length of the smallest unigue sequences
in the human genome. In embodiments, prohes of 5 to 30
bages are wost preferred. However, a plurality of shorter
probes can be used to detect & nuelectide gequence having
& pluraliby of aon-unigue target seguences therein, which
combine to uniquely identify the nuclectide seguenca. The
length of the probe can be selected to match the length of
the target.

In parent U.5. Application Serial No. 09/458,673, the
inventors disclesed the surprising develcpment that they
wera able to specifically assay a wide-variety of triplexas
formed in a Watson-Crick base-pair dependent manner between
gingle-stranded nucleic acld (e.g., asDNA, BENA, ssPNA and
other analogs of DHA or RNA)} probes and double-stranded
nueleic acid {e.g., deDNA] targets, The inventcrs
digclosed that triplex formation and/or stabilization is
ephanced by the presence of an intercalating agent in the

sample being tested.

JP 2004-511218 A 2004.4.15
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The instant disclosure expands upon the esarlier cne by
discloaing that Wategom-Crick triplex formation and/or
stabhilization is enhanced by the pregence of cations in the
sample being tested. Suitable catleons include, e.g.,
monovalent cations, such as Na®  {preferably at =z
concentration of 50mM to 125mM), K*, and other alkali metal
ions; divalent cationg, such ag alkaline earth metal lonsg
{e.g., Mg*® and Ca*’) and divalent transition metal ionsg
te.g., Mn*?, Ni*?, Cd*?, Co*? and Zn*?); and cations having a
pogitive charge of at least three, such as Co{NH,) ./,
trivalent spermidine and tetravalent spermine. Mn*? is
preferably provided at a concentraticn of 10mM to 30mM.
Mg™ is preferably provided at a concentraticn of 15mM to
20mM. Ni'? is preferably provided at a concentration aof
about 20mM. In embodiments, Mg** and Mn*? are provided in
combination at a concentration of LlomM each, 15mM each or
20mM each fi.e., 10-20 wM each).

The amount of cation added to the medium in which the
triplex forms depends cn a number of factors, including the
nature of the cation, the concentraticn of probe, the
concentration of target, the presence of additional cations
and the base content of the probe and target. The
preferred cation ¢oncentrations and mixtures can rourinely
ke diacovered experimentally.

The instant inventicn does not reguire the use of
radicactive probes, which are hazardous, tedious and
time-consuming to wuse, and need to be constantly
regenerated. Probes of the invention are preferably safe
te use and stable for years. Accordingly. probes can be
made or ordered in large quantities and stored.

In embodiments, the probe 1s labeled with a
multi-molecule gignaling complex or a redox pair, or with
a label that elicits chemiluminescent or

electrochemiluminescent properties.

JP 2004-511218 A 2004.4.15
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Tt ig preferred that the probe or target (preferably
the prcbe] have a fluorescent label covalently bound
therato. The label is preferably a non-intercalating
flucrophere. In such ewbodiments, the fluorcphore is
preferably bound to the probe at either end. Preferred
fluorescent markers include bictin, rhodamine and
fluorescein, and other markere that fluoresce when
irradiated with exciting energy.

The excitation wavelength i1s gslected (by routine
experimentation and/or conventional knowladge) to
correspond to this excitation maximum for the flucraphore
being used, and is preferably 200 to 1000 nm, Fluorophores
are preferably selected to have an emission wavelength of
200 to 1000 nm. In preferred embodiments, an argon icn
lager is used to irradiate the fluorophore with light
having a wavelength in a rangs <f 400 te 540 nm, and
fluorescent emission is detected in a range of 500 to 750
.

The assay of the invention can be performed over a
wide variety of temperatures, such as, e.g., from 5 to
85°C. Certain prior art assays reguire elevated
temperatures, adding cost and delay to the assay. On the
cther hand, the invention can be conducted at room
temperature or helow (e.g., at a kemperature below 25°C).

The reliability of the invention is independent of
guanine and cytosine content in said target. Since G-C
bage palrs form three hydrogen bonds, while A-T base pairs
form only two hydrogen bonds, target and probe seguences
with 2 higher @ or C content are mare stable, poggessing
higher melting temperatures. Consequently, base pair
mismatches that increase the GC content of the hybridized
probe and target region above that present im perfectly
matched hybrids may offset the binding weakness associated
with & mismatched probe. Triplexes containing every

posgible base pair mismstch between the probe and the

JP 2004-511218 A 2004.4.15
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target proved to be more umstabla than perfectly matched
triplexas, always resulkbing in lower fluorescent
intensities than did perfectly complementary hybrids, when
an intercalating flucrophore was used.

The inventive assay is extremely sensitive, thereby
obviating the need to conduct PCR amplification of the
target. For example, it ig possible to assay a test sample
having a volume of about 20 microliters, which contains
about 10 femtomcles of target and about 10 fentomoles of
probe. Embodiments of the invention are sensitive enough
to assay targets at a concentration of 5 X 107 M,
preferably at a concentration of not wmore than 5 x 107 M.
Embodiments of the invention are sensitive encugh to enploy
probes at a concentratiom of 5 ¥ 107 M, preferably at a
concentration of not wore than 5 x 107 M. It should go
without saying that the foregoing valuss are not intended
to suggest that the methed cannot detect Thigher
concentraticns.

The medium in which triplexes form can be any
conventional medium known to be suitable for preserving
nucleotides. gee, e.g., Sambrook et al., "Molecular
Cloning: A Lab Manual,” Vol. 2 (198%). For example, the
ligquid medium can comprise nuciectides, water, buffers and
standard salt concentrations. When divalent cations are
used exclusively to promote triplex forwaticn, chelators
such as EDTA or EGTA should not be included in the reaction
mixtures,

Specific binding between complementary bases oOCUYsE
under a wide wvariety of conditions having wvariations in
temperature, salt concentraticn, electrostatic strength,
and buffer cowpogiticn, Rzamples of these conditicons and
mathods for applying them are known in the arc.

Unlike many Heogsteen-type triplexes, which are
ungtakble or non-existent at pH levelg akove about 7.6, the

Watgon-Crick triplexeg of the inventicn are stable over a

JP 2004-511218 A 2004.4.15
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wide range of pR levels, praferably from about pH 5 to
about pH 3.

1t is preferred that triplexes be formed at a
temperature of about 5'C to about 25°C for about one hour
or less. Longer reaction times are not reguired, but
incubation feor wp to 24 hours in most cases did not
adversely affect the triplexes. The fast binding times of
Watson-Crick triplexes of the invention contrast with the
much longer binding times for Hoogsteen triplex-based
aseays.

Although not required, it is poseible to facilitate
triplex formation in solution by uaing certain reagents in
addition to cations, Preferred exanples of these reagents
include single stranded binding proteins =such as Rec A
protein, T4 gene 32 pretein, E. coli esingle stranded
binding protein, major or minor nucleic acid groove binding
proteins, vielogen and intercalating substances such as
ethidium bromide, actincmycin D, psoralen, and angelicin.
Such facilitating reagents may prove useful in extreme
operating conditicns, for example, under abnormal pH levals
or extremely high temperatures.

The inventive assay can be used to, e.g., identify
accessible regions in folded nuclectide sequences, to
determine the number of mismatched base pairs in a
hybridization complex, and to map genomes.

The inventors may sometimes herein guggest that
Wetson-Crick triplexes result from hybridization of the
probe to duplex target. While fluorophores tethered to the
probe produced guenched fluorescent emissions uwpon being
expoged  to  duplex targets containing a  strand of
Watson-Crick complementary hbases, which indicates the
cccurrence of some kina of binding event, the inventors are
not sure that what ocours in the Watson-Crick triplex is
best described as hybridization in the sense traditionally
agscciated with Watson-Crick duplex formation. While the

JP 2004-511218 A 2004.4.15
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fermation cf a Watson-Crick triplex may sometimes be
referred to as a hybridization event herein, that is merely
for ceonvenience and is not intended o limit the scope of
the iovention with respect to how the formation of a
Watsgon-Crick triplex can be best characterized.

The inventicn will be illustrated in more detail with
reference to the following Examples, but it should be
understood that the present invention is net deemed to be
limited thereto.

JP 2004-511218 A 2004.4.15
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E PLES
Examole 1
Sense and antisenge 50-mer gsDNA target sequandes,
derived from exon 10 of the human cystic fibrosis gene
(Nature 380, 207 (199§)) were synthesized on a DNA
gynthesizer (Expedite 3909, PerxSeptive EBiocsysteme) and

purified by HPLC, Eqmimelar amounts of complementary
aligonuclectides were denaturad at 95°C for 10 wmin and
allowed to anmeal gradually as the temperatures cooled to
2i°C over 1.5 hours. Double stranded DNA (dsDNA)
oligonucleoctides were dissclved in ddH,0 at a concentration
of 1 pmole/ul.

Seguence for the sense strand of the wild-type target
DNA {SEQ ID NO:1): 3'-TGE CAC CAT TAA AGR ARR TART
CAT CTT Ted TGT TIC CTA TGA TGA ATE TA-3Y,

Seguence for the antisense strand of the wild-type
target DNA (SEQ ID WO:1): G&S'-TAT ATT CAT CAT AGG AARR
cAac CAR AGA TGA TAT TTT CTT ThRA TG TGC CA-3'.

8EQ ID NO:2 was a 50-mer mubtant dsDNA target sequence
identical to wild-type target DNA (SEQ ID HO:1) except for
a2 one base pair mutation (underlined} at amine acid
pogition 507 abt which the wild-type seguence CAT was
changed to CGT.

Saguence for the sense strand of SEQ ID NO:z: E&'-TGG
CAC CAT Taz ACA BAA TAT CGT CTT TGG TGT TTC CTA
TG TGAR ATA TA-3'.

Seguence for the antisense strasnd of SEQ ID NO:2:
5"-TAT ATT CAT CAT AGG 2mAa CAC CAA AGA CGA TAT
TTT CTT ThAR TCBG TEC CA-3'.

SEQ ID NO:3 was & 47-mer mutant dsDNA target sequence
identical to wild-type target DHNa (SRG ID NO:1) except for
a comnsecubive three base pair deletiom (indicated by an
ellipsia) at amino acid positions 507 and 508 at which the
wild-type sequence CTT is deleted.

JP 2004-511218 A 2004.4.15
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Sequence for the gense strand of SEQ ID NO:3: 5'-TGG
CAC CAT TAA AGR ARA TAT CAT . . . TGGE TGT TIC
CTA TGR TGA RTA TR-3'.

Seguence for the antisense strand of SEQ ID NO:3:
S'-TAT ATT CAT CAT AGG 8AA CAC CA . . . A TGA TAT
TTT CTT TaR T1IGEGC TGC CA-3',

Probe No. 1 (SEQ ID WO:4), a 15-mer seDNA probe with
an attached fluorsscein moiety at the 5° position, was
designed to be completely complementary to a 15 nucleotide
gegment of the sense strand of the S¢-mer wild-type tazrget
DNA (SEQ ID NO:1), overlapping amino acid positiong 505 to
510 (Mature 380, 207 (1926)). Probe No. 1 was synthesized
on a DNA syuthegizer, purified by EPLC, and dissclved in

ddH,0 at a concentration of 1 pmole/ul.

Sequence for SEQ ID NO:4: 5'-Flu-CAC CRA AGER TGA
TAT-3'.

The hybridization reaction mixture (4041} contained
the following: 0.4 pmoles of target JdsDNA, 4 pmoles of
5’ -fluorescein labeled gaDNA Probe No. I, 10 mM Trig-HCI1,
pH 7.5 and 0, 10, 25, 50, 75, 100, 125 or 150 mM NaCl. The
reaction mixtures were incubated at room temperature (21°C)
for 1 hour, without prior denaturation. Samples were
placed intc a guartz cuvette, irradiated with an argon ion
laser beaw having a wavelength of 488 nm and monitored for
flucrescent emission. The maximum fluorescent intensities
cccurred at a wavelength of 525 nm, the emission wavelength
for fluorescein. The intensity of fluorescence was plotted
as a function of wavelength for each sample analyzed.

In the abgence of NaCl or presence of 10 mM or 25 mM
Mall, no hybridization between the 4sbNR targets and the
£eDHA-F probe was detected, resulting in  2gimilar
fluorescent intensities oheerved when wild-type target SEQ
ID No:1 or mutant target SRQ ID NO:2 were mixed with Prohe
No. 1 {SEQ ID NO:4) or when Probe No. 1 was present alcne

{data not shown) .

JP 2004-511218 A 2004.4.15
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After a cne-hour incubation at 21°C in the presence of
S0mM MaCl, JeDRA:ssDNA-T triplexes consisting of perfectly
complamentary sequences (SEQ ID NO:1 + Probe No. 1) formed
readily., zresulting in a 49% decrease in fluorescent
intensity compared to that emitted by Probe Ho. 1 alone
(labeled g¢DMA-F} (Fig. 1a). In contrast, incompletely
complementary dsilA:ssDNA-F triplexes containing a 1 bp G-T
wismatch (SRQ ID ND:2 + Probe No. 1) were lesz stable in
these reaction conditions, yielding only an 11% decrease in
fluorescent intensity compared to that exhibited by Probe
¥Wo. 1 alome.

Incubation for one hour in the presence of 75 mM Nall
was elightly less conducive to triplex formation, xesulting
in & 30% decrease 1in fluorescent intensity for the
perfectly matched dgDNA:5sDNA-F triplex (Fig. 1B}. Minimal
formation of the 1 bp G-T mismatched deDNA:ssDNA-F triplex
was ohserved, resulting in only a 0.4% decreass in
flucrescence.

The pregence of 100 mM and 125 mM NaCl alsc
facilitated maximum triplex DNA fermation between the
perfectly matched SEQ ID NO:1 target and Probe No. 1, and
lase stable triplex DNA formation between the 1 bp G-T
mismatched SEQ ID NG:2 and Probe No. 1 hybrid (data not
shown) . At 158 mM Nall, no triplex DNA formation was
evident.

Therefore, the inclusion of menovalent cations such as
Na* and K' at specific concentrations, weas sufficient to
allow detection of triplex formation between dsDHA targets
and g9sDNA probes labeled with fluorescein in the abzence of
pricr denaturatien. Moreover, the reaction occourrad at
room temperature within just omne hour of ingubabion at a
ratio af probe ta target of 10 to 1, using natural AsDMA
The 4sDNA targets and sSsDNA prebe used in this example
contained a 33% SC content, and did not comtain homopurine

or homopyrimidine atretchas of DNA. Desgpite the presence

JP 2004-511218 A 2004.4.15
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of 6 pyrimidine bases interspersed within the 15 nuclectide
seDNA probe, DMA triplexes formed easily. Significantly,
the hybridization assay of the invention was able to
digerininate between perfectly complementary DHA sequences
and those containing a single 1 bp miematch using natural
IONA,

Example 2

To ensure that the hybridization aseay, which used
5’ -fluorescein labeled ssDNA probes and dsDNA targets in
the absence of prior denaturaticn, would apply to probe and
target DNAs possessing dramatically different percent GC
contents (and potentially different annealing preferences),
new 15-mexr ssDHA-F prcbes and 50-mer dsDNA target sequences
were synthesgized, purified and annealed as above. Both
gaDNA-F probes and dsDNA targets were dissclved in dAdHO at
a concentration of 1 pmole/ul.

SEQ ID MO:5 waa a b50-mer dsDNA targel sequence
medified fxom S5EQ ID MO:1, wherein the percent &C content
was changed from 20% to 52%.

Sequence for the szenge strand of the wild-type target
DWA (SEQ ID MO:3): S'-GAG CaACD CAT GRC AGA CBC TGT
CAT CTC TGGE TGT CIC CTA CGA TGA CTC TG-3'.

Sequence for the antisense strand of the wild-type
target DNA (SEQ ID NG:5): G5'-CAGZ AGT CAT CGT AGG ACA
CAC CAGS RGA TGA CaG@ TOT CTE@ TCA TGEG TEC TC-3',

SEQ ID NO:6 wae a SU0-mer mutant deDNA target seguence
identical te SEQ ID MO:5, except for a cone base pair
mutation (underlimed), at which the sequence CIC was
changed to CTT.

Sequence for the sense atrand of mutant SEQ ID NO:6:
5'-GAG CAC CAT GAC AGA Cac TGT CART CTL TEG TGT
GTC CTA CGR TGR CTC TE-3'.

Segquenge for the antisense strand of mutant SEQ ID
NO:5: 5'-CAG 2GT CAT CGT AGSC ACA CAC CAL AGA TGCGA
CAG TGT CTG TCAR T@GE TEC TC-3'.

JP 2004-511218 A 2004.4.15
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SEQ ID WO:7 was a 50-mer mutant dsDNA target sequencs
identical to SBQ ID NO:5, except for a one base pair
mutation (underlined}, at which the seguence CAT was
changed to CGT.

Sequence for the sense strand of mutant SEQ ID NO:7:
5'-GAG CARC CAT GCAC AGA Cad TGET ogT JT¢ TGE TGT
STC CTA CGAR TGA CTC TG-3'.

Sequence for the antisense strand of mutant SEQ ID
WO:7: B'-CAG AGT CAT CGT AGEZ ACA CAC CAG AGA CGAR
CAG TGT CT3 TCA TGE TGC TC-3',

SEQ ID NO:8 was a S50-mer mutant dsDNAR target seguence
identical to SEQ ID NO:5, except for a one base pair
mutation (uaderlined), at which the sequence CAT was
changed to CIT.

Sequence for the sense strand of mutant SEQ ID NO:8:
5'-GA3 CAC CAT GAC REA CAC TGT CIT (T TEG | TGT
GTC CTA COGA TGA CTC TG-3'.

Seguence for the antigense strand of wutant SEQ ID
NO:8: 5'-CAG AGT CAT CGT AGG ACA CAC CAG ACA AGA
cne TGT CTG TCA TOG TGC TC-2',

SEG ID NO:% was a 50-mer mutant &sDNA target sequence
identical to SEQ ID NO:5, except for a one base pair
mutation (underlined), at which the saquence CTIC was
changed to CCC.

Secuence for the sense strand of mutant SEQ ID NO:S:
S'-GAG CAC CAT GAC AGA CRC TGT CAT CCC TGE  TGT
GTC¢ CTA {GA TGA COTC TG-3°.

Sequence for the antisense strand of wmutant SEQ ID
NO:9: 5'-CAG AGT CAT CGT AGG ACA CAC CAG GGA TGR
CAG TGT CTE TCA TGE TEC TC-3'.

SEQ ID NO:10 was a 50-mer mutant dsDHA target sequence
identical ta SEQ ID WO:5, except for a one base pair
mutation (underlined), at which the sequence CTC was

changed to CGC.

JP 2004-511218 A 2004.4.15
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Sequence Eor the sense strand of mutant SEQ ID NO:10:
5'-GAG  CBRC CAT GAC AGA CAC TGT CAT CGC TGG TET
GTC CTA CGA TGA COTC TG-3'.

Seguence for the antisense strand of mutant SEQ ID
NO:10; 5'-CAG AGT CAT COGT ARGG ACA CAC CAG LGA TGA
LaG TGT CIG TCA TGS TGC TC-3!'.

SBQ ID NO:11 wae a 50-mer mutant dsDNA target seguence
identical to SBR ID NO:5, except for a consecutive two base
palr mutation {underlined), at which Che sequence CAT was
changed to ACT.

Sequence for the sense strand of mutant SBQ ID NG:I1:
5'-GAG CAC CAT GAC AGA CAC TGT ACT CTC TGe TGT
GTC <TA CGA TGA COTC T5-3',

Sequence for the antisense strand of mutant SEQ ID
NQ:li: S5'-CAG AGT CAT COT AGG ACA C2C CAG AGA GTA
CAG TGET CTGC TCA TGE TGC TC-32'.

BEQ ID NC:12 was a 50-mer dsDNA target seguence
modified from SEQ ID WO:1, wherein the percent GC conrtent
was changed from 30% te 72%,

Sequence for the sense strand of the wild-type target
DNA (SE¢ ID NO:12): 5'-GAG CAC CCT CCC AGGS CAC GGT
TGT £CC TGG TGC GAC CTC CGR CGA GG TG-3'.

Sequence for the antisense strand of the wild-type
target DNA (SEQ ID NO:12): S5'-CAC GCT CGT CBG AGG TCG
CAC CAG GGA CGA CCE TGC CTG GEA GGG TUC¢ TC-3'.

SEQ ID MO:13 wasg a S0-mer mutant AsDHNA target sedquence
identical to SEQ ID N0:1i2, except for a one base pair
motation {underlined), at which the seguence CGT was
changed teo CAT.

Sequence for the gense strand of mutant SEQ ID NO:13:
5'-@AG  CAC CCT COC AGG CAC @eT CAT CCC TGG TeC
GAZ COTC CGA CGA GBCG TG-3'.

Sequence for the antisense strand of mutant SEQ 1IN
NO:13: 5'-CAC GCT CGT CGE AGBG TCG CAC CAG GGA TGR
£cG T CTG GGA GEE TSC TO-3t.

JP 2004-511218 A 2004.4.15
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Probe NMo. 2 (SEQ ID WO:14), a 15-mer ssDNA probe with
apn attached fluorescein molety at the 5 position, was
designed to be completely complemsntary to a 15 nucleotide
segment of the sense strand of the 50-mer wild-type target
DNA (SEQ 1D NO:5),

Seqguence faor EEQ ID NC:14: 5'-Fiu-CAC CAG AGA TGA
CAG-31.

Probe No. 2 (8EQ ID NG:15) wae a 15-mer 5/-fluorescein
labeled saDNA probe deesigned to be completely camplementary
to a 15 nucleotide segment of the sense strand of the
E0-mer wild-type target DNA {SEQ ID NO:12).

Sequence for SEQ ID NO:15: G5'-Flu-cAaC CAG GGR JOA
CCE-37.

The triplex DNA hybridization agsays performed in
Example 1 were facilitated by the addition of monovalent
cations in the reacticn mixtures. The specificity of the
hybridization assay was further examined utilizing divalent
cations (instead of monevalent cations) te promote triplex
DA formatiom with dgDiNA  targets and ssDNA-F probes
possessing variocus percent GC contents.

The hybridization reaction wmixture (4041} contained
the following: 0.4 pmoles of target dsDNA, 4 pmoles of
5'-fluorescein labeled esDWA probe, 10 mM Tris-HCl, pH 7.5
and S mM to 30 mM Mndl, or 5 mM ke 20 m¥ MgCl, or § mM to
30 mM NiCl,. The reaction mixtures were incubated at room
temperature (21°C) for 1 hour, without prior denaturation.
Samples were placed into a guartz cuvette, irradiated with
an argon ion laser beam having a wavelength of 488 nm and
monitored for fluorescent emigeion. The samples were gaved
and sllowed Lo incubate at room temperature overnight for
a total of 22 hours, at which time a second flucrescent
intengity meapurement was taken following irradiation with
the argcn ion laser beam. The intensity of flucrescencs
was plotted as a functiom of wavelength for each sample

analyzed,

JP 2004-511218 A 2004.4.15
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When the ssINA-F Probe No, 2 [with a 53% GC content)
wag incubated with the 50-mer wild-type dsDHA target (SEQ
ID NO:5) and mutant dsDMA targets {8EQ ID HO:5 to SEQ ID
HO:11) in the presence of 10 mM MnCl,, dsDNA:ssDNA-F
triplexes were formed at room tewperature under
non-denaturing conditions. While pexfectly matched DNA
triplexes yielded the maximunm decrease in fluorescent
intensity (a 43% decrease after a one-hour incubation}, the
less stable dsDNA:ssDNA-F triplexes containing a 1 bp T-G
mismatch (SEQ ID NO:6 + Probe No. 2) produced a fluorescent
intensity that was 20% lower thanm that cbserved with Probe
No. 2 alone after a one-hour incubation (Fig. 22a).
deDWA: ssDNA-F Criplexes that resulted im a 1 bp G-T
mismatch (SEQ ID NQ:7 + Probe No. 2}, a 1 bp T-T mismatch
(SEQ ID WO:3 + Probe Na. 2), & 1 bp C-A mismatech (8EQ ID
MNO:% + Prohe No. 2) and & consecutive 2 bp A-G and C-T
mismatoh [SEQ ID NO:11 + Probe No. 2) were all less stable
than the perfectly matched DNA triplex (SBQ ID NG:5 + Probe
Wo, 2) yielding flucrescent imtensities in batween that
chgerved for Probe No. Z alone and that aobserved for the
perfectly matched DNA triplex ldata not shownl. Except for
the 1 bp T-T mismatched DNA triplex, which was the least
stakle (resulting in only a 5% decrease in flucrescent
intensity after 1 hour), all of the other mismatched DNA
triplexes generated very gimilar fluorescemt intengities,
only the deDNA:&#sDNA-F triplex that contained a 1 bp G-A
mismatch (SEQ ID ¥MO:)L0 + Probs No. 2) yielded a flucrescent
intensity lower than that prcduced by the perfectly matched
DNA triplex {data not shown).

DNA triplex formarion was more cfficient after a
2Zz-hour incubaticon in the presence of 10 oM MoCl,.
Nevertheless, a more prominent discrimination between DNA
triplexes containing perfectly matched sequences and DNA
triplexes containing base pair mismatched sequences was
obgerved. Ag illustrated in Fig. 2B, the A8DMA:ssDNA-F

JP 2004-511218 A 2004.4.15
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triplexes containing perfectly complementary sequencas (SEQ
ID NO:5 + Probe No., 2) ar a 1 bp T-G mismateh (SEQ ID NO:6
+ Probe Wo. 2) produced fluorescent intensities that were
92% and 66% lower, respectively, than the intensity
achieved by Proke No. 2 alone, following a 22-hour
incubation in the presence of 10 mM MnCI,. Similarly,
incupaticn in the presence of 30 wM ¥MnCl, for 22 bours,
regulted in a 203 and a 57% reduction in fluorescent
intensity for perfectly matched DNA triplexes and 1 bp T-G
mismatched DMA triplexes, respectively {Fig. 20).

The inglusicn of 20 mM MgCl; or 20 mM nCl, or 20 mM
NiCl, alao facilitated dsDNA:saDNA triplex formation when
the ssDMA-F Probe No. 3 {possessing a 73% OC content} was
reacted with the corresponding S50-mer wild-type dsDNA
target (SEC ID MO:12) and mutant dsDNR target (SEQ ID
NO:12} for one hour {data not shown). As sxpected, the
perfectly matched DNA triplexes generated the wmaximum
decreases in fluorescent intensity, while the less stable
1 bp A-C mismatched DNA triplexes (SEQ ID NO: 13 + Probe
No. 3} produced intermediate levels of fluorescence (data
not shown). The perfectly wmatched DNA triplexes formed
very efficiently in the presence of 10 mM MnCl, after a 22
hour incubation, yielding an E9% decrease in fluorescent
antensity. The 1 bp A-C mismatched DWA triplexes were
formed with equal efficiency in these reaction conditiena,
gensrating a 90% decrease in fluorescence compared to that
cbserved with Probe No. 3 alone  {data not shown).
Tharefore, better discrimination was achieved between the
perfectly matched and 1 bp mismatched 73% GC DNA triplexes
following ghort incubation times of 1 hour in the presence
of 20 oM divalent cations.

Parfectly matched dsOMA:ssDHA-F triplexes (possessing
a 33% GC content) (SEQ ID NO:1 + Probe No. 1} formed
readily within 1 heour in the pressnce of 10 mM MnCl,,

resulting in a 57% decrease in fluorescent intensity
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compared to that emitted by Frobe No. 1 alone {(data not
shown) . These reaction conditions were highly unfavorable
for DNA triplexes that contained a 1 bp G-T mismatch (SEQ
ID NO:2 + Probe No. 1), repulting in an increased
fluorescence campared to that observed by Probe No. 1 alone
(data not shown). Similar results were obtained following
a 22 hour incubation in the presence of 15 mM MgCl,.

Regardless of the percent GU content of the dsDma
targets and ssDNA probes, the addition of divalent cations
guch as Mn*?, Mg or Ni*? prometed DNA triplex formation
under neon-denaturing conditions, to allow acourate
digcrimination between perfectly complementary seguences
and those containing 1 bp wutations.

Example 3

The triplex DNA hybridizaticon assays in Examples 1 and
2 were performed in the prasence of cne type of monovalent
or divalent cation. The next exanmples will demonstrate the
religbility of the assay of the inventicn to differentiate
between parfact matches and 1 bp mismatches in triplex DNA
when combinations of divalent cations are presesnt in the
Teaction mixtures.

The hybridization reaction mixture (40ul) contained
the following: 0.4 pmeles of target dsDNA, 4 pmoles of
5¢-fluarescein labeled ssDNA probe, 10 oM Tris-HCI, pH 7.5
and 5 mM MgCl, and 5 mM MocCl,, or 10 mM MgCl; and 10 mM
MnCl;, or 15 mM MgCl, and 15 wM MnCl,, or 20 wM MgCl, and 20
md MnCl;. The reacticon mixtures were incubated abt room
temperzsture (21°C) for 1 hour, without prior denmaturation.
Samples were placed into a guartz cuvette, irradiated with
an argon ion lager beam having a wavelength of 468 nm and
monitored for fluorescent emissicn. The sespples were saved
and allowed to incubate at room temperature overnight for
a total of 22 hours, at which time a second fluorescent
intensity measuremsnt was taken following irradiation with

the argon icn laser beam. The intensity of fluarescence
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was plotted as a functicm of wavelength for each sample
analyzed.

In &ll mixtures of deDNA target and ssDNA-F prohe, the
addition of 5 mM MgCl, and 5 mM MnCl, wag insufficlent to
allow detection of triplex DNA formation (data not ghown) .,
When the ssDNA-F Prcbe No. 2 (with a 73% @C content) was
incupated for ome hour with the 50-mer wild-type 4&sDNA
target (SEQ ID NO:12} in the pregence of 10 mM MgCl, and 10
mM Mncl,, or 15 mM MgCl, and 15 mwM MnCl,, perieccly
complementary dsDNA:sgDNA-F triplexes were formed with
equal efficiency, generating a 29% decrease in fluorescenca
compared to that emitted by Probe No. 3 alone. Both
reaction conditions were highly unfavorable for DHAL
triplexes that contained a 1 bp A-C mismatch (SEQ ID NO:13
+ Probe No. 3}, resulting in a 14% increase in fluorescence
compared to thab obeerved with Probe No. 3 alone. The
fluoragcent spectra obtainad after a one hour incubation in
the preszence of 15 mM MgCl, and 15 mM MaCl, are ghown in
Fig. 2A.

Incubation for 22 hours yielded more DNA triplex
formation. The dsDNA:ssDNA-F triplexes containing
perfectly matched sequences (SEQ ID NO:12 + Probe No. 3) or
2 1 bp A-C migmatch (SEQ ID ¥O:13 + Prove No., 3) produced
fluorescent intensities that were 62% and 21% lower,
respectively, than that achieved by Probe No. 3 alone,
following a 22 hour incubation in the presence of 10 mM
MgCl, and 10 mM MnCl, {(Fig. 2B). Very similar results were
cbtained with the samples containing 15 mM MgCI, and 15 wmM
MnCl, after 22 hours (data not shown) .

Treatment with 20 mM MgCl, and 20 w MnCl, for just one
hour, resulted in a 44% and a 3% reduction in flucrescence
for perfectly wmatched DNA triplexes and 1 bp A-C mismatched
DHMA triplexes, respectively (Fig. 3C}. 1In this case, no
benefit was achiewved hy further incubating the samples for

22 hours {datz nat shown) .
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When dsDNA targets containing a 73% GC content are
tested in the hybridization assay of the inventiom, a
one-hour treatment with 20 mM MgCl, and 20 mM MnCl, provides
the waximum difference in stability and fluoreascence
betueen perfectly complementary DNA triplexes and DNA
triplexes containing a 1 bp mismatch.

Example 4

when the ssDNA-F Probe No. 1 (with a 33% GC centent)
was incubated with the wild-type d=DNA targeb (SEQ ID NO:1)
or mutant dsDHA targets® (SEQ ID NO:2 and SER ID NO:3), in
the preeence of 10 mM MgCl, and 10 aM MnCl,, minimal DNA
triplex formation was cbserved (data not shown). However,
incubation in the presence of 15 mM MgCl, and i5 wM MnCl,
for one hour facilitated perfectly matched DNA triplex
formation, as evidenced by the 49% decrease in fluorescent
intensity ckbserved, compared to that obtained by Probe No.
1 (Fig. 4A). dsDNA:==DNA-F triplexes that resulted in a 1
Lp G-T mismatch (SEQ ID HNO:2 + Probe Mo, 1} or a2 3 bp
deletion (SEQ ID MD:3 + Probe No, 1} were very unstable in
the presgence of 15 wM MgCl; and 15 mM MnCl,, yielding a 2%
decreage in fluorescence and a 5% increase in Fluorescence,
regpectively, compared to that emitted by Probe No. 1 alone
(Fig. 4Aj.

Treatment with 20 mM MgCl, and 20 mM MnCl, for 1 hour,
resulted in a 68%, a 48% and a 6% reduction in fluorescence
for perfectly matched DNA triplexes, and for dsDNA:SSDNA-TF
triplexes containing a 1 bp G-T miamatch or a 3 bp
deletion, respectiwvely, compared to that observed with
Probe NWo. 1 alone (Fig. 4B). Optimum discrimination
between the 33% GC DA triplexes containing wild-type
sequencea or base pair migmatches was achieved when these
same samples were incubated for 22 hours. The perfectly
complementary DNA triplexes (SEQ ID NO:1- + Probe No. 1}
remained stable over the 22 hours, producing a €2% decrease
in fluorescent intensity, compared te that achieved by

JP 2004-511218 A 2004.4.15
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Probe Wo. 1 zlona (Fig. 4C). By contrast, the
4sUNA: SgDNA-F triplexas containing a 1 bp @-T mismatch (SEQ
ID HC:2 + Probe No. 1) or a 3 bp deletion (SEDQ ID KO3 +
Probe No. 1) proved to be very unstable during the 22 hour
incubation, generating a 1% and a 13% increass in
flucrescence, respectively, compared to that emitted by
Prcbe No. 1 alene (Fig. 4C).

Bxample 5

Perfectly matched dSDHA:geDRA-F triplexes (possegsing
a 53% GC content) (SEQ ID HWG:5 + Probe No. 2) formed
readily within one hour in the pressnce of 10 mM MgCl, and
10 mM MnCl,, resulting in a 58% decrease in fluorescence
compared to that ohgerved by Probe Wo. 2 alone (Fig. 5&).
The DNA triplexes that contained a 1 bp T-G mismatch (SEQ
I WO:6 + Probe No. 2} were less stable, generating a 20%
decrease in fluorescent inteneity compared to that achieved
by Probe No. 2 alone (Fig. SAl,

Incubation of the same samoles for 22 houra produced
an even more dramatic difference in flucrescence achieved
by the perfectly matched or mismatched DNA triplexes. As
illustrated in Fig. G5B, the dsDHA:ssDNA-F triplexes
containing perfectly complementary seguences (SEQ ID NO:S
+ Probe No. Z) cor a L bp T-G mismatch (SEQ ID WNQ:& + Frobe
Wo. 2) generated fluorescent intensities that were 22% and
33% lower, resgpectively, than that emitted by Probe No. 2
alone, in the presence of 10 wM MgCl, and 10 mM MnCl,.

In & simllar experiment, while the perfectly matched
DNA triplex (SEQ ID NO:5 + Prche No, 2} yielded a 85%
decrease in fluorescence compared to that cohserved with
Probe No. 2 alone follewing a 22 hour incubation in the
presence of 10 mM MgCl, and 1¢ mM MnCl,, the dsDHA:ssDNA-F
triplexes that resulted in a 1 bp G-T mismatch (SEQ ID NO:7
+ Probe Ho, 2}, a 1 bp ©-2 mismatch (SEQ ID NO:% + Prabe
Ho. 2} and a congecutive 2 bp A-G and C-T mismatch (SEQ ID
MO:11 + Proke Ho. 2) produced a 43%, a &69% and a 32%

JP 2004-511218 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

35

(51)

WO 004655 PCTITROLD1SIR

27

reduction in flucrescence {Fig. 5C}. Only the dsDNA: ssDNA-
F triplex that contained a 1 bp G-A mismatch (SEQ ID NO:10
+ Probe MNo. 2) yielded a fluarescent intensity glightly
lower than that preduced by the perfectly matched DHA
triplex {(data nol shown).

Optimum discriminztion betwsen the 53% GC DHA
triplexes containing perfectly complementary seguences or
base pair mismatches was achieved following a one-hour
incubaticn in the presence of 15 mM MgCl, and 15 m¥ MnCl,.
Theege reaction conditions greatly facilitated DNA triplex
formaticn petween the perfectly wmatched DMNA sequences (SEQ
ID HC:5 + Proche Mo, 2), resuwlting in a 74% reduction in
fluorescence compared to that achieved by Probe No. 2 alone
(Fig. E5D). By contrast, dsDNA:ssDNA-F triplexes that
contained a 1 bp T-G mismatch (SEQ ID WO:6 + Probe No. 2)
were much less stable in the presemce of 15 mM WgCl, and 15
mM MoCl,, yielding a 15% decrease in fluorescence compared
to that emitted by Prche No. 2 alone after a ocne-hour
incubation [Fig. &D}.

Similarly, DNA triplexes that resulted in a 1 bp G-T
migmatch {BEQ ID NO:7 + Probe No. 2z), a 1 bp C-A mismatch
(SEQ ID NO:9 + Probe No. 2), a 1 bp G-A mismatch (SER ID
NO:10 + Prcbe No. 2} and a consecutive 2 bp 2-G and C-T
mismatch (SEQ ID MO:11 + Probe No. 2) were all much less
stable than the perfesctly matched DHA triplex (data not
ghown). The 1 bp @-A mismatched DHA triplex that formed
relatively easily in the presence of 10 mM MnCl, or 10 mM
MgCl; and 10 wM MnCl,, was now disrupted in the presence of
15 mM MgCl, and 15 mM Mnl, producing only a 7% veduction
in fluoreacence coupared to that obegerved with Probe No, 2
alone (data not shown). When Probe No. 2 (containing a 53%
GC content) was reacted with the dsDNA target SEQ ID NO:3
(containing a 33% GC conktent), a 3% dinerease in
fluorescence was cbserved compared to that obtained by

Probe No. 2 alone (Fig. 5D}, indicative of no DNA triplex

JP 2004-511218 A 2004.4.15
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formation. This result was expected considering this probe
and target combination would result in a § bp migmatch.

Treatment with 15 oM MgCl, and 15 mM MnCl, for 22
hours, generated a 76% and a 44% decrease in flucrescent
intensity for dsDNA:ssDNA~F triplexes containing perfectly
complementary sequences (SEQ ID MO:5 + Probe No, 2) and a
1 bp T-G mismatch (SEQ ID NO:6 + Probe No., 27,
respectively, comparsd to that obtained with Probe No. 2
alone {Fig. SE}.

Collectively, the above Examples demonstrated that the
addition of at least one type of cation teo a2 hybridization
medium promeotes DNA triplex formation between dsDNA targets
and fluorescently-labeled ssDNA  prohes, posgessing
dramaticelly different percent GC contents, to allow
acourate and reliable discriminaticn hetween perfectly
complementary sequences and those containing various
mutations.

While the invention has been described in detail and
with reference to specific examples thersof, it will be
apparent to one skilled in the art that varicus changes and
modificabions van be made therein without departing from

the spirit and scope thereof.
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CLAIMS
i. A triplex complex compriging a single-stranded

probe bound to & double-stranded nucleic acid target,
wherein said probe comprises a heteropolymeric nucleic acid
or a hetercpolymeric nucleic acid analeg, and all base
tripleta of gaid complex are members selected from the
group consisting of A-T-A, T-&-7, U-A-T, T-A-U, A-U-A,
U-A-U, G-C-G and C-G-C.

2. The complex of c¢laim 1, wherein a pH of a medium
in which said complex is pregent is greater than 7.6.

3. The complex of claim 1. wherein sald
single-atranded nucleic acid or nucleic acid analog is 5 to
30 bases long and said double-stranded nucleic acid target
ig 8 te 3.3 X 10® bacse pairs long.

4. The complex of claim 1, wherein said target
sequence contalns 25% to 75% purine bases and 75% to 25%

pyrimidine bases in any order.

5. The complex of claim i, wherein said probe is
covalently bound to a dovble-stranded nucleic acid cleaving

agent .

6. Thea complex of claim 1, wherein said preobe is
covalently bound to a chemotherapeutic agent.
7. The complex of claim 1, wherein =said probe is

covalently bound toc a label.

8. The complex of claim 7, wherein said lakel is a
multi-melecule  signaling complex, a redox pair, a

chemiluminescent agent or an electrochemiluminescent agent.
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3. The complex of claim 7, wherein said lakel is a

fluorocphore

10. The complex of c¢laim 9, wherein a fluorescent
intensity of sald complex is directly correlatad with a
binding atfinity between gaid probe and said target

gequence.

11. A methed for assaying binding, =said methed
comprising:

providing a double-stranded nucleic acid comprising s
target gequence, wherein gaid target sgequence
containg at least one purine bage and at least
one pyrimnidine bage;

providing a probe comprieing a nucleic acid sequence
or a nucleic acid analog sequence;

providing a caktion; '

adding said probe, said target sequence and said
cation to a medium teo provide a test eample
containing a triplex complex comprising said
prokbe bound to said tarxget seguence, wherein
all base triplets of eazid complex are memnbers
selected from the group consisting of A-T-3,
T-A-T, U-A-T, T-A-U, A-U-A, U-3-1, G-C-G and
C-3-C;

irradiating gaid tegh gample with exciting radiation
to ceuse test sgample teo emit  fluorescent
radiation;

detecting an intensity of said flucrescent radiation,
wherein said intengity id correlated with a
binding affinity bebtween sald probe and said
target sequence; and

determining from said intensity an extent of matching

berween gaid probe and said target seguence.
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12. The method of claim 11, wherein said determining
is accomplished by calibrating said intensity against
intensities exhibited by other probes combined with said
target sequence and said cation, at least ome of said other

probes differing from said probe by at least cne base.

13. The method of claim 12, wherein relative to said
target sequenca, each of gaid probe and said other prohes
ig a different mamber selected fiom the group cousisting of
a perfeat match, a one-base mismateh, a two-hase miswmatch,
a three-bhase mismatch, a one-base delation, a two-base

deletion and a three-baze deletion.

14. The method of <laim 11, further comprising
quantifying said binding affinity.

15. The methed of claim 11, wherein sald method iz a
homogenecus assay conducted without providing a signal

quenching agent on said target seguence or on said probe.

ls. The method of claim 11, wherein said methed is a
homogenecue aesay conducted without prior denaturation of

sald target sequence.

17. The method of ¢laim 11, whersin said method is a
homogenecus assay ceonducted without PCR amplification of

gaid target sequence.

18, The method of <claim 11, wherein peatd target
goguence 1s dsDNA and gald probe hinds specifically with

gatd target sequance to form a triplex.

19. The method of claim 18, whereir said probe is
ssDNAE cr ENA.

JP 2004-511218 A 2004.4.15
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20. The method of claim 11, wherein said probe has a

partially chayxged hackbone,

21. The method of claim 11, wherein gaid probe has an

uncharged backborne.

22, The method of g<laim 21, wherein said probe
comprises a PNA sequence.

23. The methcd of claim 11, wherein said probe is

ss5PNA prepared by parallel synthesis.

24. The methoed of claim 23, wherein said probe and

szid targeb gsequence are the sgame lengih.

25, The method of claim 11, wherein said probe is S

to 30 nuclzotides long.

26, The methaod of claim 11, wherein said exciting
radiation igp emitted frem an argon ion laser at a
wavelength from akoub 200 nm to zhout 1000 nm.

27. The methed of claim 11, conducted at temperatures
within a range of 5 to 85°C.

28. The methed of claim 11, conducted at temperatures
below 25°C.

29. The method of claim 11, wherein a rellability of
gaid method ie independent of probe basge sequence, target
sequence base sequente, guanine content of sald probe and
target seguence and cytasine content af zaid probe and

target sequence.

JP 2004-511218 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

is

20

25

(57)

WO 004655 PCTITROLD1SIR

33

30. The method of claim 11, wherein gaid tegt gample
has a volume of abeout 20 microliters containing about 10
temtomoles of target seguence and about 10 femtomoles of

probe,

31. The method of claim 11, whereln a comncentration
of said target sequence in esaid sample is not maore than 5

® 107 M,

32. The method of e¢laim 31, wherein a concentration

of gaid probe in said sample ig not more than 5 x 1073 M.

33. The method of claim 11, conducted on a hiochip.

3a. The wmethod of claim 11, whersin said cation is an
intercalating f£lucrophore and said intensity is directly
correlated with 2aid binding affinity.

35. The method of claim 34, whersin gaid
intercalating flucrophore i1is covalently bound to said

probe.

36, The method of claim 3¢, wherein said
intercalating fluorophore isg added to said medium in a form

free of said probe and free of said target sequence.

37. The method of claim 34, wherein said
intercalating flueorcphore is a member selected from the
group consisting of YOYO-1, TOTO-1, ethidium bromide,

ethidium homodimer-1, ethidium homodimer-2 and acridine.

38. The wmethod of claim 24, wherein a wavelength at
which said intercalating flucrophore fluoresces shifts to
a second wavelength upon intercalation, a difference

between said wavelength and gaid second wavelength
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indicating whether a complex between said probe and said
target is a duplex or a triplex and whether gaid target is
DNA or RMA.

39. The method of claim 11, whearein said probe is
covalently labeled with a non-intercalating fluorophore and
said intemsity is inversely correlated with said binding

affinity.

40. The wmetbed of wlaim 39, wherein  gaid
non-intercalatbing fluorophare is 2 member selected from the

group congisting of biotin, rhodamine and fluorescein.

41. The method of claim 11, wherein one cytosine in

each C-G-C and G-C-G base triplet is positively charged.

42. The method of claim 11, whexein =2aid cation is at
least one wember selacted from the group congisting of
alkali wmetal caticns, alkaline earth metal cations,
transiticn metal catione, Co{MH,).*, trivalent spermidine

and tetravalent spermine.

4%, The method of claim 11, wherein said cation is

Na* provided at a concentration of 5OmM to 125mM.

4¢, The wmethod of claim 11, wherein said cation is
Mn** provided at a concentration of 10mM to 30mM, Mg*
provided at a concentration of 15mM to 20uM, or NiY
provided at a concentration of 20mi.

45, The method of claim 11, wherein said cation
comprises Mg*? and Mn*? provided at a conmcentration of 10mM

ezch, 15mM each or 20mM each.
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SEQUENCE LISTING

=130> Erikson, Glen
Daksis, Jasmine
Picard, Pilerre

<120> CATION MEDIATED TRIFLEX HYBRIDIZATICN ASSAY
<130> E1047/20039

=140>
<141=

<160 15
<170> PatentIn Ver. 2.1

<210 1

<211l> 50

<212 DNA

<213> Artificial Sequsnce

<220
<223> Description of Artificlal Beguence: derived from
exon 10 of the human cystic fibrosis gene

<400 1
tggecaccatt aaagamaata tcatotbbtgyg tgtttectat gatgaatata
50

<210> 2

<All> 50

<212» DNA

<213> Artificial Sequence

«320>
<223> Description of Artificial Seguence: derived from
exon 10 of the buman cyetic fikrosls gene

<400> 2
tggcaceatt asagaaaata togtctbtgg tgtttcctat gatgaatata
50

<210= 3

<21l> 47

=<21Z> DNA

<313> Artificial Sequence

«330=
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«22%> Description of Artificial Seqguence; derived from
exon 10 of the human cystic fibrosis gene

<400=> 3
tggcaccatt anagazaata teatbgghbgt ttoctabgat gaatata
47

=210> 4

<211= 15

<212> DNA

<213= Artificial Sequence

<230
223> Deecription of Artificial Sequence: ssDNB probe

<400= 4
caccaaagat gatat
15

<210> 5

«211> 590

<212= DNA

«2123> Artificial Sequence

<220
<2%3> Descripkion of Artificial Sequence: dexrived from
exon 10 of the buman cyestic fibrogis gene

<400> §
gageaccaty acagacactg teatctobgg tgtgtoctac gatgactetg

<210> 6

<211> 50

«d12> DNA

«213> Artificial Sequence

220>
<223> Description of Artificial Sequence: derived from
exon 10 of the human cystic fibrosis gene

<400> &
gagecaccatg acagacactg Leatctibgg tgtgtcctac gatgactctg

<210 7

<21i» 50

<2312 DNA

<213> Artificial Sequence

A 2004.4.15
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<220>
«223> Description of Artificial Sequence: derived from
excn 10 of the buman cystic fibreosis gene

<400 7
gageaceatg acagacactyg tocgbtctetgg tgtgtecktac gatgactcetg

<210 B

«211> 50

=212> DNA

«213» Artificial Seguence

=220>
<223> Description of Artificiael Sequence: derived from
exon 10 of the human cystic Eibresis gene

<400> 8
gagcaccatg acagacactyg totbetetgg tgtghboctac gatgactetg

<Z10> 9

<211> 50

«212> DNA

213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: derived from
exan 10 of the human cystic fibrosis gene

<400> 3
gagcacoakg acagacactg tcatccetgg tgtgtcotac gatgactetg

<210> 10

<21l1l> 50

<212> DNA

<Z13> Artificial Sequence

<220
«223= Descripticn of Artificial Sequence: derived from
exon 10 of the human cystic fibrosis gene

<400 10
gagcaccatg acagacactyg toabegetgg tghtgtectac gatgactotg

<210 11

«211> 50

«212> DNA

2313> Artificial Seguence

JP 2004-511218 A 2004.4.15
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=220%
<223> Description of Artificisl Sequence: derived from

<400

exon 10 of the human cystic fibrasis gene

11

gagcacecatg acagacactg tactctobgyg tgtgteoctac gatgackobg

<210
<211
<212>
<213>

<220>
223>

400>

12

54

DNA

Arxtificial Sequence

Description of Artificial Sequence: derived from
exon 10 of the human oystic fibrosic gene

12

gagracccte coaggracgyg baghbooctgy tgogacotoe gecgagoghty

50

«210x>
<211l
=212
«213>

<220
<223>

<400

13

50

DNA

Axtificial Sequence

Cescription of Artificial Sequence: devived from
exon 10 of the human cystic fibraosis gene

1z

gagoaccote ccaggoacqg tcatocctgg tgegacctor gacgagoghg

50

<210
<211>
<212>
<213=

<220n
<223

=400

14

15

DHA

Artificial Sequence

Desgcription of Artificial Sequence: ssDNAR probe

14

caccagagat gacag

15

<210
«211-
<212

15
is
DHA

"=

JP 2004-511218

A 2004.4.15
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<213> Artificial Sequence

<220=

«223> Description of Artificial Sequence:

<400> 1%
caccagggac gaccg
15

(79)

PCTITROLD1SIR

5SDNA probe

JP 2004-511218 A 2004.4.15
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