WO 01/ 79563 PCT/ US01/ 12701 DEGRADABLE NUCLEI C ACI D PROBES AND NUCLEI C ACI D
DETECTI ON METHODS 5 BACKGROUND OF THE I NVENTION a) Field of the Invention
The presamooi/msenti on relates to nucleic acid probes thatpraressuueapti bl e
to chemcal or enzymatic degradation and to assays and net hods using such
probes in the 10 detection of target nucleic acid sequences in a sanple.
b) Description of Related Art The nucl eic acids, deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA), are the nolecular repositories for
geneti c i nfor nat IRDEGRADABREENYCIEIE xCIPDARROBESSANPeNUELEIC AGHADt he

i nformation contained in the A gene is a segnent of
DNA 15 that contains the inf oﬁﬁiﬁﬁ(ﬁmﬁ@%ﬁégl onal bi ol ogi cal product
such as a protein or RNA The function of DNA is the storage of biol ogical
i nformation, and since cells have typically many thousands of genes, DNA
mol echl es tend to be very BAGEGROENIHOX THEINNBNFION | DNA in-a single
human cell is about two neters, consisting of billions of .nucleotides. 20
I n eukaryotic organisnms, DNA is largely found in the nucleus of the cell.
But protein gynt hepsaaomﬁ;qmermanrl bosones in the cytoplasm hence a

mol ecul e other_than . DNA nust carry the genetic nmessage for_protein
synt hesi s f r orhhepeesaidnEension gelatga to rypleie peid probathat arersysaeatibls ot h t he
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i bosomne ver al sses 0 exi st, eac favi ng Inct function.
Rl bo$0maldetedifen aﬁﬁta‘gé) nanidc a¢1d|sequ¢neds marmmplents of ribosonmes that. carry.

out the synth pr.ot el enger RNAs (nRNA) are nucl eic acids that
carry the inf gsmat &fﬁ"‘?ﬁt&%oﬁr}ﬁgl to the ribosone, where the
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nmol ecul es .that translate the information In to a specifi ¢ sequence
of am no tlecndisculihepesitories &irgenetiornfhematon. eUylmﬁftelsp@@rsaproBﬁn fathetrdésoli RNAs
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Doubl 8- heddt G@Ataﬁh\lﬁqeclﬁfbﬂnatl@n 10y atthhm%Fﬁhpp@@ma stdH éhrujﬁrotdirv\bﬁt ed around
each other. Each nucl eotide unit of the nucl eoti de strand consists of a

nitr ogen&}{;AV\Blg fuymetem gf PN 19t starage of blologlcal information, and since cells have
typically many thousands of genes, DNA molecules tend to be very large. The total

length of all DNA in a single human cell is about two meters, consisting of billions of
nucleotides. '

20 In eukaryotic organisms, DNA is largely found in the nucleus of the cell. But
protein synthesis occurs on ribosomes in the cytoplasm, hence a molecule other than
DNA must carry the genetic message for protein synthesis from the nucleus to the
cytoplasm. RNA is found in both the nucleus and cytoplasm, and it carries genetic
information from DNA to the ribosome. Several classes of RNAs exist, each having

25  distinct function. Ribosomal RNAs (rRNA) are structural components of ribosomes that
carry out the synthesis of prbteins. Messenger RNAs (mRNA) are nucleic acids that
carry the information from the genes to the ribosome, where the corresponding proteins
are made. Transfer RNAs (tRNA) are adapter molecules that translate the information in
mRNA into a specific sequence of amino acids. There are also a wide variety of special-

30  function RNAs that carry out additional functions in the cell (Lehninger et al., Principles
of Biochemistry, Second Edition, 1993, Worth Publishers, Inc.).

Double-helical DNA consists of twovpolynucleic acid strands, twisted around

each other. Each nucleotide unit of the polynucleotide strand consists of a nitrogenous



2 base (A, T, C, or G, a sugar deoxyribose, and a phosphate group. The
orientation of the two polynucleotide strands is antiparallel in that
their 5 wooB79563 recti ons are opposite. The strands are pet/dstiogeither by
hydr ogen bonds and hydrophobic interactions. The base pairs in DNA consi st
of purines such as adenine (A) and guanine (G, and pyrimdines 5 such as
thymne (T) and cytosine (C. Ais paired, wwth T by form ng two hydrogen
bonds while Gis paired with C by form ng three hydrogen bonds. This base
pair conplementarity is an essential feature of the DNA nol ecule and is
due to ttess(d, C, shbpe sugaddehpribesl andonposphatogrosp. The obasteion ¢>£gtha resul t

of the geonet ftedobJe el nust S_pair a
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Tho. d0¢ eftC-ana it &iRagSnbE it AS TRep Bt Rr el HERPGE ety BB oy coence
of noncorRirgsBMLA) MatilifydTdife dokibee KaMxecul ar  hybri di zati on-can take place
bet ween conpl enentary strands of either DNA or RNA or between an RNA
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the basis of a technique referred to as nucleic acid hybridization. In a mixture of nucleic

20  acids, only complementary strands will reassociate; the extent of their reassociation is
virtually unaffected by the presence of noncomplementary strands. The molecular
hybridization can take place between complementary strands of either DNA or RNA or

~ between an RNA strand and a DNA strand.
The use of various hybridization techniques employirig oligonucleotide probes to

25  detect genes (and RNA) of interest is well known in the art of molecular biology.
Generally, probes are designed so that they hybridize to fragments containing a
complementary nucleic acid sequence. The existence and amounts of hybrid formed are
detected by measuring radiation (for radioactive probes), enzyme-produced products (for
enzyme-labeled probes), fluorescence (for fluorescent-labeled probes), and the like,

30  depending on the nature of the signal being used. Various experimental conditions must
be calculated to estimate nucleic acid duplex stability of probe-target complexes and to

reduce nonspecific (background) binding of probes to non-target DNA or RNA. Due to



reduce nonspecific (background) binding of probes to non-target DNA or RNA
Due to WD 01/ 79563 PCT/ US01/ 12701 3 the many variables that need to be
consi der adowheaseper f or mi ng hybri di zati on assays, i ncl udi POT/BOTI2NGY
tenperature or other denaturation conditions, annealing tenperature, salt
concentration, pH and others, the likelihood of nonspecific binding of
nucl eic acid probes to nontarget nucleic, acid sequences is still a mgjor
shortcom ng when performng 5 various hybridization techniques. One use of
nmol ecul ar hybridi zati on that has achi eved prom nence is in situ

hybri di zahé many varirblesdhdiiscdio RAnsidarted iveheo prpfbemipg habrdizatiepassiys) ¢

a1 r arayding ey MeEnaeled R ATE Corfnlloniongon, Al ks, O O

ol i gonuclsgRtbrtenRARREPHAAR] 6taers ORE tkéithodl vEAbnshecitie bifieed b fucleid 888 RNA
such as nRNA, or particular native or integrated gene sequences in the

DNA. Cel IP5obss te negrgeknycdees agd seayentssiiestilla awjss shertqoming athep perdeiming whi ch
fixescthe, . j.ncluding the nucleic acid, in place on a gl ass
sli de,‘5 fS’F?glr?%ﬂyggl%g%aﬁgé%%}IHQ%SM. The fixed cell or tissue is then exposed

to | abel ed corQueasewf aloyechidAhgtridRNAIopIthlidas adtievedypborniticddd is szt abel i ng
agents may. be radiqi sotopes such as 32P, fluorescent dyes, 15 biotinylated
nucl eot i dEbAHEFEYd=20leATINA 95 ROFA Hisy Isomplerseiary A9 §Pssis SAHEWCS abel i ng

t echni qu f : ' ' ' n#p&tm i di RNA
can be ?)e%ytégmm%ﬁgg%rﬁgegy%%ﬁ%@g%ﬁ%%ﬁp éxe‘g{tg?éig'gtog??g %Srggr}%\(/ice{gl t he
pr esence asadbbgonuclzotitle probef Isfhecisfdys o Rivhuoleoiprabehara desighad tdwaheatel | s or

tiss slices.. Alth this ni que. i opul ar, contjnued efforts are
necedlar y° f5eitirisrol i subh s iAo aticufos Bofve linresiled Sreaeiintin
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Mol ecul ar Cel |l Biol ogy, Second Edition, 1990, Scientific American Books,

Inc.). Aflbcordentpyinelnding shd mislaieatidiigpéace loata dlass shdardiliey; onothgr materiab art i s

t he hybridi zation,of..l abel ed probes tqg | bil.ized n i C \ds., There are
many. et HOEE e o8 PLiissBO R BrRaCe ety G mb RS Rt e Phiede t nat
have been,l {Aatiged : I : 1 21 filters
or nyl on@%ﬂeﬂnpggginﬂgg.g&%éeys%g%gﬁé%gagP??@Eélgoﬁébg\;sgpﬁiﬁg ?’e@%ﬁﬁcgl{n u%h as
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probe t o réheyveduitiRCBe Bbridifeds¥mflexeBBid defoct&BGEvHal tkipddtede dnldtor! abel ed
probe ancliocia%ign cs> seI)%iciffiicCRIgXtoir \]/)II\}X ’w1tlf1?ne in(c)igvic(izl?arlrge(z)llljsnocisti’ssue slices. Although this
technique is popular, continued efforts are necessary to improve the sensitivity of the
20  assay and to decrease non-specific binding (background) of labeled probes (Darnell et
al., Molecular Cell Biology, Second Edition, 1990, Scientific American Books, Inc.).
Another hybridization technique that is commonly used in the art is the
hybridization of labeled probes to immobilized nucleic acids. There are many methods
available to hybridize labeled probes to nucleic acids that have been immobilized on
25  solid supports such as nitrocellulose filters or nylon membranes. These methods differ in
various respects, such as solvent and temperature used; volume of solvent and length of
hybridization; degree and method of agitation; use of agents such as Denhardt’s reagent
or BLOTTO to block the nonspecific attachment of the probe to the surface of the solid
matrix; concentration of the labeled probe and its specific activity; use of compounds,
30  such as dextran sulfate or polyethylene glycol, that increases the rate of reassociation of

nucleic acids; and stringency of washing following the hybridization.



30 such as dextran sulfate or polyethylene glycol, that increases the rate
of reassociation of nucleic acids; and stringency of washing follow ng the
hybri di zav®on7956D 01/ 79563 PCT/ US01/ 12701 4 In traditionpCT/@sezne7oret hods,
several different types of agents can be used to block the nonspecific
attachnment of the probe to the surface of the solid support. Such agents

i ncl ude Denhardt's reagent, heparin, nonfat dried mlk, and the |ike.
Frequently, these agents are used in conbination with denatured, _
fragnented sal non sperm or yeast 5 DNA and detergents such as SDS. Bl ocking
agent s are usuUaltiagitishslassaychettieds, sevelmd diffarers types ofippentsi¢andte usad &nd

hybri di zat | solutio en nitrocelluylose filters. are used. n_. nylon
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nucleic acid sequence of the desired cDNA. They can be used in a variety of ways, such
20  as, using a partial clone of an existing cDNA to isolate a full-length clone from a cDNA
library. Hybridization with homologous probes is carried out under stringent conditions.
Partially homologous probes are used to ldetect‘cDNA clones that are related but not
identical to the probe sequence. For example, if the same gene has already been cloned
from another species, or a related gene has been cloned from the same species, it can be
25  experimentally deterrnined/ whether the nucleic acid sequence has been sufficiently
conserved to allow the screening of a cDNA library by hybﬁdization. It is necessary to
establish conditions that will allow the préviously cloned gene to be used as a probe for
the cDNA of interest, without undue interference from background hybridization
resulting in non-specific signal generation. For more detailed information on
30 hybridization assays and conditions, please see Sambrook et al. (supra).

There are several different agents that can be used to block non-specific binding

of nucleic acid probes to surfaces in hybridization assays (supra). However, it is



resulting in non-specific signal generation. For nore detailed information
on 30 hybridization assays and conditions, please see Sanbrook et al.
(supra). Wiher/®se3 e several different agents that can be uBeTUsa/f2ra@ck
non-specific binding of nucleic acid probes to surfaces in hybridization
assays (supra). However, it is WD 01/79563 PCT/US01/12701 5 desirable to
provi de inproved nmethods for the use of rgﬁcl eic acid probes in

hybri di zati on techni ques that increase the signal-to-noise ratio and
decrease non-specific signal generation. The present invention addresses
t hese neeldsirabfe SEARY irQproVedEmetivENTir O Teof pndsieracid probestindybridizatians t o
degr adabl e nucl ej.c, aci d% obes and to assa%/‘ net hods. usi ng t hese

d
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pur pose QkndrhGort EPHAs B hvRARGTLARIrdsSes!tRese @detze non- speci fi ¢ si gnal
generation. 10 An assay for detecting a target nucleic acid sequence,

enpl ogi ng degradable probes is contenplated by the present invention.
Preferably, the assay is a s { On- i itu nucleic acid
hybri di zati on a'ssay_ usi ng nugbﬁw&Yﬁ&g‘ﬁb?EQ{ﬁ susceptible to
chem cal or engynRikft ideaHtRAIELRE to ddRadBRAMCRARIH pRDe dd RBYAREdydiarkd NY
| abel ed, degradabl e nucleic acid probe(s) to a target sequence, creating a

t ar get - sprathddsoisng these guehes in tardeteetion obiergs) nuqlely agid geautinaes e ssaiplx at i ng

and () e RiHRE oL e Tk R scst Aok BASFfCRERDBhatdd P O 1 R

preseot i nventAmdssPpy foyidersting AREFD duéleic adidtsegqidnog enplayiggdegradablei ¢ aci d
sequence in a_sanple whereby at |east one ppair of nucleic acid probes 20
c)

anneal s PR ontcgenlatad by dhecprasantiinvemtiony fopfetbly. dheararatsteP¥on- by two
nucl ei ¢ gald Jr%g'ir‘?grﬁf ﬁ@l&i@ abi rhg}bt?cci)itz?tﬁldg? %g;%y ot 'cPJiQQ&ngfd%tQ PhreStem af ter

the base pairing o probe ace regl ons e target
nucl ei ¢ aascdptitsie trecieenical loe ensygnaicsiegfadativen. Titealsaywdongirisas @ ) haiadikmgof
form ng the stgm 0 r obe-, roge tg)r ch as described herein are also
r ef er r ed 1325leds dogty: _ er’_étﬁ?ed aeid gro e&?&bj@?ﬁ%%ﬁ@"le_%q’ Gfging *Flﬁaég?}FSBB@gc have at
| eas 525 afcChofthi plEbBa). A REMRh PASbh ARG Db iRt Ay BgbAN Of at
| east one of the probes of the probe pair. The sf'emregi on of the second
probe of fiometheraiséedragion of teeaqrrpbe(a) end @) detgctingnthe whiscicei of thajsheleé of
formng a covalent bond with the crosslinking
: region.
One aspect of the present invention provides a method for detecting a target
nucleic acid sequence in a sample whereby at least one pair of nucleic acid probes
20  anneals to the target nucleic acid. The probes are characterized by two nucleic acid
regions which form a terminal probe-probe branch or stem after the base pairing of the
probes to the adjacent regions of the target nucleic acid sequence. The regions of the
probe which are capable of forming the stem or probe-probe branch as described herein
are also referred to as “stem regions” or “probe-probe regions”. The probes have at least
25  one crosslinking compound positioned within the stem region of at least one of the
probes of the probe pair. The stem region of the second probe of the probe péir
incorporates a reactant which is capable of forming a covalent bond with the crosslinking
compound of the stem region of the first probe. Alternatively, both stem regions may
incorporate a crosslinking compound, capable of forming a covalent bond by reaction of
30 two crosslinking compounds, such as by dimerization. The covalent bond occurs after
base pairing of the probes to the target nucleic acid sequence, and thereby permanently

crosslinks the stem regions of the probe pair to each other. In addition, at least one of the

stem regions of the probes contains a detectable moiety or signal-generating moiety



conpound of the stemregion of the first probe. Alternatively, both stem
regions may incorporate a crosslinking conpound, capable of formng a
coval ent voond743¢3 reacti on of 30 two crosslinking conpoundBCT/@sCi2aE by

di meri zation. The coval ent bond occurs after base pairing of the probes to
the target nucleic acid sequence, and thereby permanently crosslinks the
stemregions of the probe pair to each other. In addition, at |east one of
the stemregions of the probes contains det ect abl e noi ety or

si gnal -generating noiety WD 01/ 79563 PCT/ USO1/ 12701 6 bonded to the end of
t he st emboedgdao théTtrel ofi thastemi rsgigendhasigualan dertedted amtidedéated aftanghe

crosslinking.qf. the stemwhich in turn occurs after se pairing. of the
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aspect of the present invention PFOVi des nucleic acid probes that 10
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nucl ei c %thpeJ'ﬁcggigﬁal sédpgg to forma probe-probe branch or stemafter
base pairing of1 at “l'east two probes to the adjacent regions of a target
nucl ei ¢ aci d SenptienaspecTbithe prpsar snwehtivm proyideb auclelvatcidaprebesapatbl e of

formpg a stemare also referred tp as "ste gi ons" or "prpbe-probe
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region. In a preferred enbodi nent of the present invention, the stem
regi on ofprebeptaothe adfacentpegibes qfa targebmymidie eid seqticht e dllar regionsrofitheipeebepur i ne

nucl eosi des or der,i vatives, such as, nmodi fied or, unnodi fi.ed .adeni ne
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pair are ,
probe of the probe pair comprises modified or unmodified pyrimidine nucleosides or
20  derivatives that function as reactant for the crosslinking compound. One preferred
* reactant consists of modified or unmodified thymidine residues. The probes hybridize to
adj acent regions of the target sequence and form a probe-probe branch or stem which
comprises a three-arm junction. Consequently, after base pairing of the probes to '
adjacent regions of the target nucleic acid, the stem regions of the probe pair are
25  crosslinked and the terminal stem or probe-probe branch is formed. The covalent
crosslink can be induced by photoirradiation or other means. The crosslinked stem is
then separated from the target complementary region and subsequently detected. The
crosslinking compounds referred to herein are non-nucleosidic, stable, photoactive
compounds that comprise coumarinyl derivatives. Examples of crosslinking compounds
30 that react with crosslinking compound reactants such as modified or unmodified

pyrimidine nucleosides or derivatives are coumarin derivatives including (1) 3-(7-

coumarinyl) glycerol; (2) psoralen and its derivatives, such as 8-methoxypsoralen or 5-



25 crosslinked and the term nal stem or probe-probe branch is fornmed. The
coval ent crosslink can be i nduced by photoirradi ati on or other neans. The
crosslinkedost®ms is then separated fromthe target conpl paRUS@ry76iegi on
and subsequently detected. The crosslinking conpounds referred to herein
are non-nucl eosidic, stable, photoactive conpounds that conprise '
coumari nyl derivatives. Exanples of crosa%inking conpounds 30 that react
wi th crosslinking conpound reactants such as nodified or unnodified
pyri m di ne nucl eosi des or derivatives are coumarin derivatives including
(1) 3-( 7-matloxypsdralgh) (3yciseennidipyrae pulotsadesivatives; (4) sradebenzatlipyemie; such as
8-nethoxy8§ alen or.5 MD.01/£3§$3 PCT/ US01/12701 7 netggréﬁ oral en; (3)
ci s-benzéd E@%H&’O&%ﬁ qontainyRg FYsE{ Foparin-GMNpING NG SYSeR; €€ and (5)
conpounds, A&Mi& dhidth frd $8EksSRY PRI IRTEANRBL MR ated R tHeM SR BEentdlidn &d dthese
nmol ecul es contain the necessary crosslinking group |ocated in the right

or i ent at itlorrightdistance therosslightwith sneahensideo e pdsigon, all ofithase molgrales8td de. I n
addition, all .of, these np,e S ou i [ |V | hat al
cont ap o epln g et RS s TRIGF ) ShuBh kSR R A b iwnibR afde)

mol ecul e réfaiha&ed thd Morvgiehebasedtbodi ment of the present invention, the stem
regi on of a probe Bair conprises nodifjed or unnodified purine and/ or
pyri m di ne nudn epatheresnbndirgantiof the Rresent yentions thestens Fega 94ARREE B¥Fpound,

whi | e th%o&bﬁ%@%rﬁ?#iﬁ@d 8f m{xﬁ@diﬁw@;mwa% x%mﬁnm Eosi gopa&ﬁva@%@ri ses

nodi fied Or u Ied purine and/ or pyri I ne nucl eosi des or derivatives
and a seandd firstesssshinking gorapoymduwlile tfetseam begsen @ithe dthgr prfobe hEtherpodles t o

adj agcent regions of t ar get cleic aci.d, the.stemregions of the probe
o £ 18 pa Pogerisemmontinn bR oo St i o @y mide PR OBy of 't ho
crossl i NigeAGhtRRIRALE SoHP B s TniRAhA WBRr bRABPalriR FiRPBbestpObE- pr obe
branch is forned. The crosslinking 15 conpounds referred to herein are

non- nucl ediretit cegiensadflthe tapged hucleiciagid, thestepuragsonsiedthe obppaisarearyl ol ef i n

derivatives.,. The doubl e bond of the aryl.olefin is hot gact | ve [ oup

that coviranima hteh fedSRfiof Lo & bRl B LS o ClRE RGN R up L

ol efin gesloupddiaRnPR the eRECor probdifroBP PRSILh & Bhhed dTIeS crbfdinkingbe- pr obe

br anch. ccordlnglé, the double bond of the aryl olefin is located in the
&

ri ghtS or icempaundsaeigrad thkereingre neli-secensidie, stable, phefeagtiveicomipeunds that
non nuc! S5 L LT FPRSBIO 6, B BPRBTASAL Bugldes P,
parti cul gtdup thateboedlentlly erokdicksrend sudfablehreadtant.esuth anandtie aryrodefin speci fi c
derivative positioned in the opposite strand of the probe-probe branch. Accordingly, the
double bond of the aryl olefin is located in the right orientation and the right distange to

20  crosslink with a non-nucleosidic reactant in the opposite probe-probe region after base
pairing of the probes to adjacent regions of the target nucleic acid.

In a particularly preferred embodiment of the invention, the target-specific
hybridization region or target-complementary region of the probes is separated via a
degradation process from the detectable, labeled region of the probes prior to detection.

25  One objective of this invention is to maintain a covalent connection via the crosslink
between the two probe ends that form the labeled probe-probe branch or stem, while
removiﬁg any portion of the probes up to the site of the crosslink, especially the target-
complementary region of the probes. In particular, the target-complementary region of
the probes is to be degraded or separated (e.g. cut away) from the stém of the probes.

30  The methods for degradation or cutting include chemical and enzymatic means, wherein
the method of choice depends upon the c_)omposition of the probes. The target- |

complementary region of the probes may comprise ribonucleotides,



hybri di zati on region or target-conplenentary region of the probes is
separated via a degradation process fromthe detectable, |abeled region of
t he probawopr/iwoe3to detection. 25 One objective of this i pP@EPUSIIONTIIS tO

mai ntain a coval ent connection via the crosslink between the two probe
ends that formthe | abel ed probe-probe branch or stem while renoving any
portion of the probes up to the site of the crosslink, especially the
target- conplenmentary region of the probes. In particular, the

target-conpl ementary region of the probes is to be degraded or separated
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quanti fi foodt o] romthe

det ect ablesgecrl%-glﬁlgﬁ ?lﬁléeﬂglr)%baelg dr}%e%}?{ggﬂ&\‘d%?ﬂg%gﬁﬁq??O%Slerﬁt?dngﬂ%% t he probes
and t her ebsplt] hamkgmsd smlﬁq grm:ln—sp@cxﬁmsgak genetiodss signifiesulytredizgdk gr ound

spec |c or ener an i s.signifi antl reduc%I In
anot h8r pr ef erﬂleadlggﬁf) E “g? d?‘ﬂ 2gledﬂ‘fta‘?tr\9‘é P8, ef‘tﬁgy@tg‘é’ﬂ‘? Pg ons of
t he pr ObRSHes eBhtain (Pet&%lﬁ&ﬁ@mt?aﬁ@é eipymambl@yca@ﬁémre bORA&E i thbérdofar e
bonded to the end of the stemregions. The detectable noiety may be any

si gnal r dpostemregjou plheadetectabée mewhi mﬂebmmevgnaiﬁgpd@@r arpppeaiptthee group. In
parti cul t he capture. gro nd._si g e otin and
fl uor escgla t,ure mglﬁép g‘? y#]%tlﬁ‘egr erqlﬁl1 rl“\?‘glgggﬁ Lrégnrm}%gag glr bot h

stem reglrmeﬁércilb%@rbmﬁ&nﬁﬂm ﬂudrestemefdspéaueelryolmrane&eﬁm«mdw are bonded to
t he end of the stemregions. The detectabl e noieties nmay consist of |abels

suchlas fmbedipmbrans or paidhsin sespeo! thanrpbrsrontag derstghie soigtis téshor e, the
| abel s We b&lﬁe&if‘ogfhg @ﬁ&i oﬂﬁ%@tetnpgﬁtgldnts 'I‘ﬁe P&%gg&%%cﬁ&ﬁés%%bﬁ}n\éﬁ %1 s L WO
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| abel s that generates a detectabl”e signa I'n yet an
enbodi menticlods fldveophovesntadonsotodpes, tighess onerzysek.eEtmeltermore, the labels may

be designed such that it is the interaction between the two labels that generates a
detectable signal.

20 - In yet another preferred embodiment of the invention, the probes are selected
from-the group consisting of SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID
NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, and SEQ ID NO. 8.

The detection of target sequences, including but not limited to, full lengfh genes,

diagnostic marker genes, expressed sequence tags (ESTs), single nucleotide

25  polymorphisms (SNPs), genomic DNA, cDNA, cccDNA, recombinant genes, and
mRNA and rRNA are also encompassed by the present invention.

DETAILED DESCRIPTION OF THE INVENTION
a) Definitions and General Parameters
30 The following definitions are set forth to illustrate and define the meaning and

scope of specific terms used to describe the invention herein.



fromthe group consisting of SEQID NO 1, SEQID NO 2, SEQID NO 3, SEQ
ID NO 4, SEQIDNO 5, SEQID NO 6, SEQID NO 7, and SEQ ID NO. 8. The
det ect i owob1/1Esyet sequences, including but not |imted por/USwl/127d1engt h
genes, diagnostic marker genes, expressed sequence tags (ESTs), single
nucl eoti de 25 pol ynor phi snms (SNPs), genomic DNA, cDNA, cccDNA, reconbi nant
genes, and nRNA and rRNA are al so encon‘pbassed by the present invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON a)” Definitions and Gener al
Parameters 30 The following definitions are set forth to illustrate and
define the neani‘pgymrttotide’yfeliginusisetidd”| tnuckrinracidis od “nuclele seidisbeuenped’

i nvention herein. .WO 9563 U 7 9 A" nucl
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suggested by the use of either of these terns herein. The term
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of form ng hydrogen bo in particular
a speci f icompngmstaryg ecgi@ncts pmhdémemstarmdlezcaamd)probersckmenomwhlcbljs:bapablei n

buff ed ueous alln .sol.ytions (for i.nstance, mMto
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On the | Q&%&ﬁe@ﬁem@@%nﬁ@xl Nyl R0bh g@rﬂltlérﬁvﬁjcﬁ%ﬁ'm bRire@gH. LheY)i ncl ude the

presence o | east one cation such as +, 15 Mg2+, or Ca2+, a near

neutral pPhEccamdatingrpdntzansi(fy ihstanset hoo §5CM NIaCi)@u tigont tﬁénpes%ql?ences whi ch

ool ynuct @olionEn R A B hRe BT P EeodRO B e A RBE M HRARRRNR L o

wi th hi ghnwadd, typiaa e fidyaht 1088 the pRésh & oflap (bt dn@Waﬁ@{mﬁh&% INae, Kenm tions,
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hybril8i z&MeXequbadtsn nar ewtﬁi}/aﬂb #hd mpzﬁtttrﬁﬁelﬁatbam D aAltbougélr%b@ i se at
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to the polynucleotide, if the sequences are of sufficient length, in solutions with high salt
concentrations, and/or under low temperature conditions, polynucleotides with
complementarity of 70%, or even just 50%, may hybridize. Sequences which hybridize

20  thereto typically comprise at least 10 nucleotides, and preferably at least about 15-30
nucleotides, and not more than about 1000 nucleotides, which are complementary to the
target polynucleotide.

A “sample” as referred to in “a method for detecting a target nucleic acid
sequence in a sample” may be a sample of tissue or body fluid, or an isolated sample.

25  The term “tissue” is used herein to refer to any biological matter made up of one cell,
multiple cells, an agglomeration of cells, or an entire organ. The term tissue, as used
herein, encompasses a cell or cells which can be either normal or abnormal (i.e. a tumor).
A “body fluid” may be any liquid substance extracted, excreted, or secreted from an
organism or a tissue of an organism. The body fluid need not necessarily contain cells.

30 Body fluids of relevance to the present invention include, but are not limited to, whole
blood, serum, plasma, urine, cerebral spinal ﬂuid, tears, and amniotic fluid. The term

“isolated sample” means that the material comprising the sample has been removed from



nucl eoti des, and not nore than about 1000 nucl eoti des, which are
conplenentary to the target polynucleotide. A "sanple" as referred to in
"a nmet hoovdor/7det ecti ng a target nucleic acid sequence i ACHUS@mi@” nay be
a sanple of tissue or body fluid, or an isolated sanple. 25 The term
"tissue" is used herein to refer to any biological matter nade up of one
cell, nmultiple cells, an aggl oneration ogocells, or an entire organ. The
termtissue, as used herein, enconpasses~ a cell or cells which can be

ei ther normal or abnormal (i.e. a tunor). A "body fluid" nmay be any |iquid
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term "detectabl e noi ety’ refers to gny I gnal - generating.noiety, signal
report er ogRNAjn 4 sdreplenFThadenttablomdictp elaytbedinkied td onekardnere nacleiscdead ¢ aci d
sequence or, prqb in.order ta assist .in reporti detecting a.target
nucl ch RLqhes fhi ﬁh@‘@?‘é%‘l Zﬂo%%%rﬁnﬁg Uo’b?m%ﬁﬁc}? ﬂt?’gr‘ %&E?C?%%gﬁ@%ct abl e
noi ety NgYa iRk ditedli§deleftaBRRueH asPraBiolétdRl Audepbore 18 adiRREsnMhealbdl unct i on
al one or in combination with each other. The detectable noiefy may be

di r ect | y (dgt e@eymisicenwgatad direcilyrtadheprobe)o peindireetby dnteesabds sush ag agiapiégan enzyme
| abel (e.qg,.enzyne .conjugated directly to the,pro O b ndiLr Ly
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conj ugat en¥ih€ tht€ 8 Q¥R table predd s t ARérAatdfel §, TRiore3 bty BE annbtberdcdataié abl e
product. Alternatively, fluorescein or any other detectable 15 noiety may
be uded. mMHetymeanhe usspt ure noiety” or "capture group” as used herein is a

o ety Lt 9K ERRDhRREY S iy  B RREboban L one
t he ot hewqrkoineconbiratipnhotith pddtectalde moiety, wherein one nucleic acid probe in a

probe pair is labeled with a detectable moiety and the other probe in a probe pair is

labeled with a capture moiety. The capture moiety may be any antigen, receptor

20  substrate, or biotin, which causes the binding of the product onto a solid support
containing, an antibody, a receptor, or avidin or streptévidin. The capture of the product
occurs since the capture group is linked to the product. Depending on the moieties used,
biotin would be bound to avidin or streptavidin, the antigen would be bound to the
antibody, or the receptor substrate would be bound to the receptor.

25 The term “degradable probe” refers to a nucleic acid sequenée or probe in which
the detectable region of the probe may be separated from the target-complementary
region of the probe by chemical or enzymatic means in order to improve the signal-to-
noise ratio by reducing background specific or non-specific signal generation. The
detectable and separable region of a pair of probes is also referred to as the probe-probe

30  branch or stem. The pfobe-probe branch or stem consists of the portions of each probe
which are not target-complementary but rather are designed to interact with one another

(infra). Degradable probes can be used, for example, in an assay for nucleic acid



| abel ed with a capture noiety. The capture noiety nmay be any antigen,
receptor 20 substrate, or biotin, which causes the binding of the product
onto a sawodi/saspport containing, an antibody, a receptorpPCDUS@vI2AIIN Or
streptavidin. The capture of the product occurs since the capture group is
|l i nked to the product. Depending on the noieties used, biotin would be
bound to avidin or streptavidin, the antigen woul d be bound to the

anti body, or the receptor substrate woul dIbe bound to the receptor. 25 The
term "degradabl e probe" refers to a nucleic acid sequence or probe in which
t he det ecletotien sushiasa hybridizatiqr ashay. nEngzyhnatis epansae telémreahtotHeeein, include
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are not IPhasrhedicsisrase By R Nased e frhemigs BXansageref HEPdIBinPIo, 1RdudRitade DNA
and/ or RNA, t%[%l tS%h%icﬁfE@éffﬁtthaﬁ d@%‘%ﬂ%ﬁl\fﬁbﬁioh%@%@qgl_ dr&H&e; or
nucl e uc as DNase | m

deoxyribonuéfeotl es are ases _ , rococcal nucl ease,
Nucl ease cBerhjcabagentsribathlegrade Y A& asdy; ashatralemtibiotien®es biwalycas exonucl ease

L1l anpl es .of enzymatic agents, that degr.ade or ri bonucl eoti des are
ri boﬂuEél S5AEZInpRtgfiny Or ?Nﬁé ICAcagents '(Bﬁoglﬁﬁ‘g{w’é‘?foé’lﬂigg}ﬁé ol osphodi est er ase

L1, or RWBaplddes)Chem cal neans, as referred to herein, include but are not
limted to Chem'cal agents that degrade RNA such as sodi um hydroxide; or
chemi cal agentlhettéra “atesstinkiag Dhapsursk refsrsfatasheinicaheempmddhat(ie. g.

o oot Ry RERSARC RRR P Bl R b PRI ooy
conpound’cof@beidmap ba opthaiallg %bsiﬁ@lﬁﬂmﬂiﬂlﬁintﬂh‘@{ﬁmbé-prdb@&égibﬁ) OEsteid refion ofl
nucl eoti de sequence of a_probe described herein. The crosslinking conpound
may B o9nF BFRbe|of 2perhetnagradrofe el Wherdn SRoPODE MAYENGAERRTEIe tB? st em regi on
o 3 oS BN AR o PP S OASELE MR BSOS
one or munhmorifttdfpueide or pyrimidine nucleoside(s) or derivative(s) which function as
reactant for the crosslinking compound. The crosslinking compound is designed to form
a covalent bond with the reactant after base pairing of the probes to the target nucleic
20 acid sequence. Alternatively, both stem regions incorporate a crosslinking compound,
capable of forming a covalent bond upon reaction (e.g. dirherization), after base pairing
of the probes to the target nucleic acid sequence. The crosslinking compounds
contemplated by the present invention are discussed in detail in WO 00/27860; and US
Patent No. 6,005,093_; US Patent No. 5,082,934; and US Patent No. 4,826,967.
25 The terms “probe-probe branch” and “stem” are used interchangeably herein and
describe a nucleic acid region of a probe pair that is to be photo-crosslinked after base
pairing of the two probes to adjacent regions of a target nucleic acid sequence and
subsequently separated from the target-specfic regions of each probe. The probe regions
that are capable of forming the stem or prébe-probe branch are referred to as “stem
30  regions” or “probe-probe region”. The stem regions first interact non-covalently through

hydrogen bonding, salt bridges, and/or Van der Waal forces. The crosslinking of the

stem then occurs after hybridization of the probe pair to the complementary target



unnodi fied purine or pyrimdine nucleoside(s) or derivative(s) which
function as reactant for the crosslinking conmpound. The crosslinking
conpound wa odessyned to form a coval ent bond with the rebctastyafdier base
pairing of the probes to the target nucleic 20 acid sequence.

Al ternatively, both stemregions incorporate a crosslinking conmpound,
capabl e of form ng a coval ent bond upon Efaction (e.g. dinerization), after
base pairing of the probes to the target“nucleic acid sequence. The
crosslinking conpounds contenplated by the present invention are di scussed
i n det ai lsequentiD TiY @F860k ispussibie bePatsethie flobest)a90 5t 899 ;ontisravslinkimg No.
5,082,934; and US Patent .No. 4,8 967. 25 The terns "prqbe-probe branch”
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cl ai ns. [sg\fer@)m@bésesm&p tergst may remaqn attac eg to the stem WEI?C wﬁl IPOt interfere

with the purpose of the invention. Alternatively, when DNA or RNA probes are used to
20 detect DNA of interest, the resulting probe-probe branch or stem may also not be
separated as such that only the structure of the stem remains. Similarly, the target-
complementary region will have been mostly degraded, but several DNA bases of the
target may remain attached to the stem which will not interfere with the purpose of the
invention. The same is true for conditions in which probes or targets are comprised of
25  modified nucleic acids, nucleic acid derivatives, or nuclei acid analogs. The crosslinked
probe-probe branch or stem may be separated from the target-complementary region and
subsequently detected, regardless of length and size of the probe-probe branch or stem.
* The term “N” is used to illustrate one or more modified or unmodified nucleic
acid(s), nucleic acid derivative(s), or nucleic acid analogue(s). For example, probes
30  comprising unmodified purine and/or pyrimidine nucleosides or derivatives afe '
contemplated by the present invention, wherein N can be used to illustrate any number of

such residues. Examples of unmodified residues are thymine or thymidine, cytosine,



15 or RNA probes are used to detect RNA of interest, the resulting

pr obe- probe branch or stem nay not be separated as such that only the
struct ur avob1/t43e3 st em remai ns behi nd. Al t hough, the targepCraweopi2enent ary
region will have been substantially degraded, several RNA bases of the
target may remain attached to the stemwhich will not interfere wth the
purpose of the invention. Alternatively, 1g,hen DNA or RNA probes are used to
20 detect DNA of interest, the resulting probe-probe branch or stem may

al so not be separated as such that only the structure of the stemrenains.
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hybridization properties of nucleic acid probes to detect the presence of a target

20  sequence, create a target-specific product from the probe(s), degrade or separate the
target-complementary region of the probe(s), and detect the presence of the target
specific product. The purpose of the degradation process is to improve the signal-to-
noise ratio by reducing background specific or non-specific signal generation.

' One aspect of the present invention prbvides a method for detecting a target

25  nucleic acid sequence in a sample whereby at least one pair of nucléic acid probes
anneals to the target nucleic acid. The method is performed by combining the target

“nucleic acid with the probes or probe pairs (vide infra) in an appropriate medium for base

pairing. The nucleic acid may be DNA or RNA, single or double stranded, or other
molecule which comprises pyrimidines and/or purines capable of base pairing.

30 In particular, one aspect of the present invention provides the degradable probes.

The probes are characterized by nucleic acid regions which form a probe-probe branch or

stem after the base pairing of at least two probes to the adjacent regions of the target



probe or target' sequence. Therefore, the terns N, N(a), and N(b) nust not
be unduly limted in size or length. 15 b) Hybridi zati on Assay using

Degr adablveo Pr/oises The i nstant invention discloses sol uti orebasadi2and in
situ nucleic acid hybridization assays using nucleic acid probes that are
susceptible to chem cal or enzymatic degradation. The purpose of the
invention is to use the sequence-specifig hybri-di zati on properties of

nucl eic acid probes to detect the presen é of a target 20 sequence, create
a target-specific product fromthe probe(s), degrade or separate the
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st em af t €fons¢rpiehtds ehpsiemiregjondf aty giwasprobavmaybebed stinguishebladjoat thetrestegi ons

of t t ar.get 01/79563, PCT/ US01/ 12701 14 nucl ei ¢ .aci d sequence
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regi ons footlsdtern m¢gomahcorporateonabsshinking compound, capable of forming a covalent
bond upon photoreaction (e.g. dimerization). After sufficient incubation, the probes
hybridize to the target nucleic acid in the sample and the crosslinking system is activated
20  resulting in covalent binding between the two probes. Hence, the covalent bond occurs
after base pairing of the probes to the target nucleic acid sequence and thereby
permanently crosslinks the stem regions to each other. The crosslinked stem is then
separated from the target-complementary region and subsequently detected.
Each of the probes has a sequence length of at least 10 nucleotides, preferably
25  about 15 to 30 nucleotides and not more than about 1000 nucleotides, where the
sequence is not less than 80 percent homologous to the target sequence, and more
preferably 90-100 percent homologous to the target sequence. The base pairing regions
present on the target nucleic acid will normally not be separated by more than about 10
nucleotides, more usually not more than about 5 nucleotides, and preferably not more
30  than about 1 nucleotide. In a preferred embodiment of the invention, the probes are
about 20 to 30 nucleotides in length and are about 95 percent homologous to the target

wherein the base pairing regions present on the target nucleic acid are separated by about



t hrough hydrogen bonding, salt bridges, and/or Van der Waal forces. Then,
after base pairing of the probes to adjacent regions of the target nucleic
aci d, thavevemssegi ons of the probe pair are crosslinkedrangstine’at em i s
formed. The crosslink is possible since the probes have at |east one
crosslinki ng conpound positioned within one of the stem 15 regi ons of the
probe pair. The other stemregi on of the_ probe pair incorporates a reactant
whi ch forns a coval ent bond with the cro%gl i nki ng conpound of the stem
Alternatively, both stemregions incorporate a crosslinking conpound,
capabl e dfnicotiiagltas aolesta@nt thatyegatdigpoof Vplllioltl pr@a(pairdmu%eé tgdetdétraer i zat i on) .
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regi ons present on thetarget nucleic acid are separated by about WO
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adjacent regions of the target nucleic acid sequence and the resulting crosslink within the
20  stem, the target-complementary region of the probes can be removed via chemical or
enzymatic degradation. Hence, the remaining portion of the probes consists of the stem
and the signal which can be easily detected in the assay after the appropriate washing
step (vide infra) has been completed. The purpose of this separation is to improve the
signal-to-noise ratio by reducing background specific or non-specific signal generation.
.25 Standard hybridization assays are known in the art and a commonly \experienced problem
is the non-specific binding of nucleic acid materials to sﬁrfaceé and the production of
non-specific signal in the assay. By separating the signal generating moieties from the
nucleic acid hybridization region, the non-specific signal can be minimized. The only
remaining signal derives from the crosslinked probe stem and attached moiety or
30  moieties which is directly proportional to the target sequence in any given sample.
One objective of this invention is to maintain a covalent connection via the

crosslink between the two probe ends that form the labeled probe-probe branch or stem,



at | east one of the probes in a probe pair contains a detectable noiety or.
a signal 10 generating noiety which is optionally bonded to the 5 or 3
end of i twoset/@s3 egi on. The signal is detected or generaredusétreroit he
crosslinking of the stemwhich in turn occurs after base pairing of the
probes to the target nucleic acid sequence. In a particularly preferred
enbodi nent of the instant invention, the %egion of the probes which is
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example, exonuclease III displays 3’->5’ exonuclease activity on double stranded DNA,
20 whereas bacteriophage lambda exonuclease displays 5°->3’ exonuclease activity. The
two nucleases may be introduced into the sample directly following fhe crosslinking‘step
to effect the desired probe degradation reactions. Likewise, other exonucleases are
known which require single stranded DNA as a substrate, and may require the sample to
be denatured prior to introduction of the enzyme. Optionally, chemical DNA cleavage
25 reagents may be used in the degradation of déoxyribonucleotides. Examples include the
natural antibiotics bleomycin and neocarzinostatin, as well as synthetic reagents such as
methidiumpropyl-EDTA iron(Il) complexes.
In an alternative embodiment of the invention, ribonucleotides comprise the
target-complementary region of the probe, wherein chemical means such as strongly
-30  basic solutions may be used to degrade or cut the probe. Typically, sodium hydroxide
solutions of concentration 0.1 M to 5M, are contacted with the probes, and the resulting

solution may be incubated at room temperature or at higher temperatures, e.g. 30 — 90°C.



deoxyri bonucl eoti des, or non-natural substitutes replacing a nucleotide
unit(s) in the probes. Consequently, degradation nethods wll depend on
the typewboprobe that is used in the assay. 10 I n one erODOsSO®NUolof t he
i nvention, deoxyribonucl eotides conprise the target- conpl enentary

regi on. of the probe, wherein many nucl eases can be used singly or in

conbi nation to selectively degrade or cut_the probe. Enzynmes with

endonucl ease activity that hydrolyze dodBl e- st r anded DNA, such as DNase |
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A end in its target-complementary region. Alternatively, RNase H may be used to
selectively degrade the RNA portion of a probe. RNase H displays RNA hydrolysis
20  activity on RNA/DNA duplexes. In this case, probes with the target-complementary
| region comprising ribonucleotides are applied to the detection of DNA targets. After the
probes have been contacted with the sample and allowed to hybridize and crosslink,
RNase H may be introduced to effect the selective hydrolysis of the ribonucleotide units .
of the probes that are hybridized to the DNA target. A
25 The stem is designed so that the structure beyond the crosslink site is not
accessible to or recognizable by the enzyme or chemical agent and therefore not cut or
degraded. This may be accomplished with or without modification of the sugar
phosphate backbone of the probe nucleic acid sequence. The stem region of the probe
may comprise ribonucieotides, deoxyribonucledtides, derivatives of ribonucleotides or
30 deoxyribonucleotides, or non-nucleic acid components. The type of nucleic acid or non-
nucleic acid moiety used in the stem is selected from any of the above groups that are not

susceptible to the reagent to be used to degrade the target-complementary region of the



5 Enzynmes known to cl eave single stranded RNA include for exanple

ri bonucl ease A, S 1, phosphodi esterase |, phosphodi esterase I1. Were the
enzyme saveot/issed y acts upon single stranded RNA, the sobatriusen/reym need to
be brought to denaturing conditions (e.g. heated to a tenperature above
the nelting tenperature of the duplex) whereby the crosslinked
probe-target duplex is separated fronlthﬁ target strand prior to initiation
of 10 the enzymatic process. Enzynmes wit 8endonucl ease activity, such as
RNase A and S 1, nmay be used individually to effect the desired probe
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probéé ¢ oahalsy e RyBMaichylralysis 17actigla ikewyise ropasing egg%wﬁﬁ@ga@mﬁﬁ d so

that the a%étﬁgtjmogpmge;gg%&mn@éﬁeé&ﬁlmﬁc%stiﬁaﬂo%. Ah-naRAFE R NaBLEark Q158"

recogni zabl e t he enz or chem cal agent and therefore not cut or

degr aded noTtecegmzad tyecraymespid prowdewi usbfubmewns foo oenstrodlig thasieonpafion he
sugar . 0s t e, backbone of. the probe nucleic-acid seqgyence. .The stem
Fegi on of IRt eP EoRiprice ST RisB AtTATOM BaE e oo PFHRBR A ESEY des.
deri vati v@sleRfacid QRRHEECBA fleser@ thd Qashbity bF BB pairFeinmlidn inOr non-nucl eic
acid conponents.- The type of nucleic acid or non- nucleic acid noiety used

in the stemplementirsdurlaxdsy bihtheiyhaye amea-nabaglbagkanssiot rrgegrired proeny
suscept i ?l"?}ﬁﬁg the reagent to be used to degrade the target-conplenentary
regi on of tThée WO 01/ 79563 PCT/ US01/ 12701 18 probe. For exanple, when DNA
nucl eases ar e Thgpeeskaintdigiol apoadesmpass@maasity odduerirgd mureleipaditlintoietids t he
probe may conprise ribonucl eotjdes. Conversely, when RNA nuc| eases
that may be used in the stem region of the probes betwéen the crosslinker and any label
at the probe terminus, or between the crosslinking site and any label at the probe
20  terminus, regardless of the type of degradation method used. Where the number of
natural bases between the crosslinker or crosslink site and the labeled probe terminus is
fewer than 10, more preferably fewer than 3, the activity of a nuclease is significantly
retarded because the crosslink and the label moieties alter the recognition site of the
enzyme.
25 For stem formation to occur, each stem region of a probe which comprises one-
half of the stem may include at least 2 or 3 paired nucleotides, and usually not more than
about 20 base pairs. In a preferred embodiment, the nucleotide pairs will be A and T,
where the nucleotides may be the same in one stem region or different, that is all T's in
one stem region and all A’s in the other stem region, or a mixture of A's and T's in the
30  two stem regions of the probe pair. Alternatively, G and C may be used by themselves

or in combination with A and T. Most preferably, the stem consists of 3 nucleotide units

wherein one stem region is comprised of T’s, and the other stem region is comprised of



are used for the degradation process, the stemportion may conprise

deoxyri bonucl eoti des. Sone nucl eases however are known to hydrolyze both
DNA and Sv&hr7sebstrates, such as S 1, and phosphodi est er B6®BUBOIZRZA1 |, in
whi ch case nucl ease- resistant derivatives of the natural nucl eotides or
non- nucl ei ¢ acid conponents are required. Many chem cal nodifications of
the natural nucleotide structure are kno to confer nucl ease resistance
to the noiety. For exanple, exchanging a‘sulfur atomfor an oxygen atomin
t he phosphate noiety to create a thiophosphate noiety typically retards 10
or hal ts tivheA’enad/om ¢rosshipkiinglcpsipsumd; ac wherein dndsten segior (H caoipriged b

phosphate grQup with a.nethyl phosphonate group confer.s matJ c
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provi de nigRfsnkiRAMIdANd C AN§ Lihdke§tbod) thdl eneSpaatiR el dhbRR of aliclebiaiepriobe. For
exanpl e, peptide |inkages are known to serve as a backbone noiety in

nucl ei ¢ alependsarrthe desired affirity, grsed syrthes® infengeton with thercayaleat ¢rass- f or mat i on
in 15.co enent ar | e - -natural backbone not

r ecogrsﬂ zglﬂ?’h(w CSHXPOX%%g&&&e@ﬁ%a%gtﬁ%i@%%o?ﬁ%ngﬁﬁ? @g&al S0 enconpasses naturally
occurring nucliga@refeired embadiinest oftth@instyinbentivdgtheistent Fegi@isaiftlicqgbbes of t he
probes between the crosslinker and any |abel _ at the 4L;robe term nus, or

bet ween tcRBlaEY Hdteqtale Aialy erd a feptarsynoigyeyhigh arehendediodho gnd et the nus,

regardl e j of
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actiyjty of a nuclease is _significantl ret arded because t.he crosslink and
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for mat i ondyPredfdnilof 35 R cBMalE@it QR mBidieORBi e BorkRURG HRehdVFene hal f

of the stemmay include at least 2 or 3 paired nucl eotides, and usually not

nmor e t harstemategions.2 The detectpbile meoictias mayprontist ofd sbadyiysliamblvorophpresnucl eot i de
pairs will be A and T _ where the nucleotides - be 't sane_in one stem
Pegt on or* e @pEnentiienscr canghes 1 g afng e PR REx B SRT reeforR0E ©hThe
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comprises modified or unmodified purine nucleosides or derivatives, such as modified or

unmodified adenosine residues and at least one prosslinking compound, while the stem
region of the other probe of the probe pair comprises modified or unmodified pyrimidine

20  nucleosides or derivatives that function as a reactant for the crosslinking compound.
One preferred reactant consists of modified or unmodified thymidine residues. The
probes hybridize to adjacent regions of the target sequence and form a probe-probe
branch or stem which comprises a three-arm junction. Consequently, after base pairing
of the probes to adjacent regions of the target nucleic acid, the stem regions of the probe

25  pair are crosslinked and the stem or probe-probe branch is formed. The covalent '
crosslink can be induced by photoirradiation or other means. Additionally, the covalent
crosslink may cause the label to be activated and the probes become detectable. The
crosslinked stem is then separated from the target complementary region and
subsequently detected. The crosslinking compounds referred to herein are non-

30 nucleosidic, stable, photoactive compounds that comprise coumarinyl derivatives. The
coumarinyl derivatives are prepared by linking the phenyl ring of a coumarin molecule

or derivative to a hydroxy or polyhydroxy hydrocarbon molecule, such as one of the



two A's and one crosslinking conpound; or wherein one stemregion is
conprised of two T's and one crosslinking conpound, and the other stemis
conpri seawoh1/19863 A's and one crosslinking conpound. It iBCVUdewrrt@od, t hat
the particular choice of nucleotide will depend on the desired affinity,
ease of synthesis, interaction with the covalent cross 5 |inking conpound,
type of degradation nethod, and the like, In a preferred enbodi nent of the
i nstant invention, the stemregions of t A@ probes contain a detectable

noi ety and a capture noiety which are bonded to the end of the stem

regi ons. t&hﬁndayémkalgk@rpnmifetg;ycamynméecatw ﬁieg{pally)h}dpurytlardr@adwp meiny t he
capture may be any.capture art cu ar ture grou
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det ect abl e ndDi eties which are bonded to the end of the stemregions. The
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r adi oL sot 0 anti er ng bot h
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enosli ne resi adaues an

unnodi f i € ast one crosslinking conpound whil e
t he st emunrnegifmﬂ pofintidi@e ntutieassumscmbde@&attvheamroobmapardenm%s irchslingd) f i ed or
unm)tligfl ed _pyrim di ne 20 | eosi des 1ts gerl vative unction as a
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st em whi ehd (Drpmipsesdsecontaieeg Arsad pmnnmmcmnﬂmmt&mtem, Adt ofethedgase pairi ng

f th f.th t he s.
el ons. IO BPOILT 58 RetsF e PR e send FrB it Vo SalR Pb 1o ofehY one

branch i shd @sIREenthion &RV Al tROE ght Wi st itd) Krogsiihkbeith Aeu€lestidey In addition,
phot oi rradi ati on or other nmeans. Additionally, the covalent crosslink may

causé5t helllofBsise myldsuleserd qpsrn@analﬁav&tms oR dhvs g1l [sentaingthe basie eounasin The
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hydrocar 'B%Befﬂa r%%mp?l’sessﬁisg'iﬁgé oPREMOdifikd Purine and/or pyrimidine nucleosides or

20  derivatives and a first crosslinking compound, while the stem region of the other probe
of the probe pair comprises modified or unmodified purine and/or pyrimidine
nucleosides or derivatives and a second crosslinking compound. After base pairing of
the probes to adjacent regions of the target nucleic acid, the stem regions of the probe
pair are crosslinked through the reaction (e.g. dimerization) of the crosslinking

25  compounds upon photoirradiation, and the covalently joined stem or probe-probe branch
is formed. The crosslinking compounds referred to herein are non-nucleosidic, stable,
photoactive compounds that comprise aryl olefin derivatives. The aryl olefin derivatives
are prepared by linking the aryl moiety to a functionlized saturated or unsaturated
hydrocarbon molecule, such as glycerol. The functionalized hydrocarbon moiety of the

30  resulting compound is equivalent to the sugar of a nucleoside, while the aryl olefin
moiety occupies the position of a base. Accordingly, the compounds can be inserted into

polynucleotides. The double bond of the aryl olefin is a photoactive group that



WO 01/ 79563 PCT/ US01/12701 20 term nal hydroxy groups of a glycerol

nol ecul e. The (poly) hydroxy hydrocarbon noiety of the resulting conpound

i s equi vavent/74563 t he sugar of a nucl eosi de, whil e the courarisol/oilEt Y
occupies the position of a base. Accordingly, the conpounds can be inserted
into polynucleotide regions. The doubl e bond between the 3 and 4 positions
of the coumarin 5 ring systemis a photoZ?tive group that forns a coval ent
crosslink to nucleosides in the opposité strand conprising the probe-probe
region after base pairing of the probes of a probe pair to adjacent

regi ons cbvalpetly erospdinksiiec wiiteblgatattanbsaalp heanodier eryd osfinderivgtivee onpounds

that react w th crosslinki 0 und, r eact ant s, such P fi
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derivatives, such as 8-nethoxypsoralen or 5-nethoxypsoralen; (3%
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crosslinking conpounds are discussed in detail in US Patent No. 6,005, 093.
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aryl 0'eﬁbﬁﬁgﬁBfM@&hyﬁﬁumTP?ﬁﬁkyl olefin derivatives are prepared by
linking the aryl noiety to a functionlized saturated or unsaturated
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of target nucleic acid sequences. The overall design of this system is to provide probes in
20  which the stem region of the probe is resistant to the desired method of degradation or
cutting used to separate the target-complementary region of the probe from the labeled
region of the probe. Fbllowing degradation, the separated and detectable region of the
probes consists of the stem and the label which is subsequently measured (vide infra) and
quantified. The separation of the target-complementary region from the detectable
25 region of the probes reduces non-specific binding of the probes and thereby improves the
signal-to-noise ratio. As a result, background specific or non-specific signal generation
is significantly reduced.
'c) Protocol
The following protocol illustrates the invention wherein two DNA probes
30  crosslink within a probe-probe branch or stem and a restriction endonuclease functions

as the degradation agent.



noi ety occupies the position of a base. Accordingly, the conpounds can be
inserted into polynucleotides. The double bond of the aryl olefinis a
phot oact weogrsep t hat WO 01/ 79563 PCT/ US01/ 12701 21 coved&emsélyi2eoioss! i nks
to a suitable reactant, such as another aryl olefin derivative positioned
in the opposite strand of the probe-probe branch. The doubl e bond of the
aryl olefinis located in the right ori gtation and the right distance to
crosslink with a non- nucl eosidic reacta in the opposite probe-probe
region after base pairing of the probes to 5 adjacent regions of the target
nucl ei ¢ acid and subsequent photoirradiati on. These crosslinking conpounds
are di scpgsieg+in detail in WO 00/27860. In yet another preferred enbodi nent
of the invention, the probes are selected fromthe group consisting of SEQ
IDNO 1, SEQID NO 2, SEQID NO 3, SEQID NO 4, SEQID NO 5, SEQID

equoced:” i némhif pEResi riat opfor RohPRnBE@RAAT 00 P2 gnosti c

mar ker genes, expressed sequence tags (ESTs), single nucleotide

pol ynmor phi snms (SNPs), genom ¢ DNA, cDNA, cccDNA, reconbi nant genes, and
MRNA and rRNA is al so enconpassed by t e pré%ent i nvention. The target
sequences may be doubl e stranded or single stranded. Furthernore, they may
be naturally 15 occurring or artificial in nature. Target sequences may be
purified or unpurified, exist in ‘solutiénTor within a fluid or tissue. The
i nstapt invention enc ses nucl eic aci robes that e .susceptible to
chen?@a{ and enzyﬁ&FF%gggéradation, and %ggﬁods of u fﬁ%ﬁid§h probes in the
detection of target nucleic acid sequengex The overall design of this
systemis to provide probes in 20 which the stemregion of the probe is
resistant to the d%ﬁfﬁ%ﬁﬂﬂﬁ?AﬁTQﬁﬁﬁﬁﬁhﬂﬁﬂ?ﬁﬁTCéﬁHQQ I Separate
the target-conplenentary region of the probe fromthe | abeled region of

t he probe. Foll ow ng degradation, the separated and detectabl e region of
the pr oS GEARFITOGS GHT TITAAQUSHCAGEAATE A -SBSIGTRA AT DS SR G Ay

nmeas §ed (vide infra) and quantified. The separation of the

target-conpl enentary region fromthe detectable 25 region of the probes
reduces non-specific binding of the pr@kegeand thereby inproves the

signal -to-noise ratio. As a result, background specific or non-specific
signal generation is significantly reduced. c) Protocol

2. Crosslink the two probes together:
20
B F
\ /
. , AT
(probe 1) X=T (probe 2)
25 AT

AGCGCCAAAATTCGCAGTCCCCAAC CTCCAATCACTCACCAACCTCTTGT
GATGCTATTCGCGGTTTTAAGCGTCAGGGGTTG-GAGGTTAGTGAGTGGTTGGAGAACA

30 (target)

35



The follow ng protocol illustrates the invention wherein two DNA probes 30
crosslink within a probe-probe branch or stemand a restriction

endonucl eege1/fasnxti ons as the degradati on agent. WO 01/ 7B8668S01/12701

PCT/ US01/ 12701 22 Probes*: 5 1. Conbine probes in a sanple solution
(containing target): B F AT 10 (probe 1) X T (probe 2) AT
AGCGCCAAAATTCGCAGTCCCCAAC CTCCAATCACTCAI CCTCTTGT

GATGCTATTCGCGGT TTTAAGCGTCAGGEGT TG GAGGTTAGTGAGTGGTTGGAGAACA 15 (target)
2. Crosslink the two probes together: 20 BF A T (probe 1) X=T (probe 2)
25 AT AGCGCCAALATIITRMARECEDAAI ICTLLAT OAGRCAGOMRGEILEST(@Nd other
GATGCTATTCCCEGT T | TAAqu.CAGGGGTTG GAGGTTAGTGAGTGGTTGGAGAACA 30 (target)

35 WO 01/MpsksEsa #912701 23 3. Use endonucl ease restriction enzyme to
degrade the probes (and other nucleic acid material): BF 5\ / AT

B F

5 , \ 7/
AT

X=T

* The hyphen in the target sequences merely serves to preserve the alignment of the
10  bases in the two strands; the two bases flanking the hyphen are joined by a normal

phosphodiester linkage.

B represents biotin

F repreéents Fluorescein

X represents a crosslinking compound

15  The ‘=’ between the X and the T represents a covalent crosslink. -

The stem is designed so that the structure beyond the crosslink site is not
accessible to or recoghizable by the enzyme and therefore not cut by the enzyme. This
may be accomplished without modification, or with modification of the sugar phosphate

20  backbone (for example phosphorothioate, methyl phosphonate, peptide link, and the
like).

The portion of the probes that remains now consists of the two linked labels,

which in this embodiment is a biotin group and a fluorescein group, or respectively, a

25  capture group and a signal reporter group. Alternatively, the two labels may be
fluorophores that may interact to provide a signal by fluorescence resonance energy
transfer. The assay may proceed with the capture of the capture group which is linked to
th.e labeled stem onto a solid support, followed by wash steps to remove unbound
materials and probes (probe digests) from the vicinity, and then steps to detect the

30  presence of the signal reporter group (see Detection Methods, infra). The stem is
retainéd Since the capture group, such as biotin, is linked to the stem. In this

embodiment, biotin is bound to avidin or streptavidin coated beads.



X=T * The hyphen in the target sequences nerely serves to preserve the
alignnent of the 10 bases in the two strands; the two bases flanking the
hyphen ameoporesexl by a nornmal phosphodi ester |inkage. B pepuseenra biotin
F represents Fluorescein X represents a crosslinking conpound 15 The ~ '
between the X and the T represents.a covalent crosslink. The stemis

desi gned so that the structure beyond the crosslink site is not accessible
to or recogni zabl e by the enzyne and t hekdfore not cut by the enzyme. This
may be acconplished wi thout nodification, or with nodification of the sugar
phosphat e 20 backbone (for exanpl e phosphorot hi oate, nethyl phosphonate,
peptide link, and the._like}.-The_portion of the probes that remains now
consi sts of t Heverabvariatikasiof thisaragticulagembrdiment Arestlsardisrlpsedhierain (sgPrdot i n
group anq%9 tyo&)ggein group, or respectively, a 25 capture group and a
si gnal repor erpgrOUp. Alternatively, the two | abels maybe fl uorophores
that dsay interact to provide a signal by fluorescence resonance energy
transfer. The assay may proceed with the cagt re of. the capture group which
is linked to YsstaBd adheemaimsbe deent 4o rradbs ?ﬂ%f‘?nfol | owed by wash steps
to renove unb ' .2l reQf i ohromthe vicinity,
and t hen stepg%%go%%?ég?ﬁtlée%%gggéggﬁgg&gﬁgﬁﬁggi?§§%%&$éborter group (see
Det ection Methods, infra). The stemis retained since the capture group,
such as ﬁ;o&&gﬁ is linked to the stem In this enbodinent, biotin is bound
to avidi A9 PEP¥&vi di n coated beads. WD 01/ 79563 PCT/ US01/ 12701 24
Sevengl vari atyQnsvek rtalkife deinhashgnt B¥pesie®Btadafién.al so di scl osed herein
(supra). For RNA probes: 5 Use RNase A as the enzymatic agent for probe
degradati on. s andilernclepde axibd enaanaiicaigent ferprohg degradasiondi.ebe
degradation. Fo rQbes: 10 Use DNase | as the enzymatic agent for

or abe. degnRipsprah, MueIeRld. ]

The following exemplifies the invention using the probes of Table 1. Sets of
15 DNA probes are tested for their ability to hybridize to nucleic acid sequences of interest

and to be detected via a labeled moiety. Degraded and non-degraded probes are

compared.
Table 1. Probe Sequences.
Probe 1 5’-TCTGCCGATCCATACTGCGGAACAXAB SEQ ID NO.‘ 1
Probe 2 5-FP*TTTTCCTAGCMGCTTGTTTTGCTCGC SEQ ID NO. 2
Probe 3 5’-TATATGGATGATGTGGTATTGGAXAB SEQID NO. 3
Probe 4 5’-FP*TTTGGGCCAAGTCTGTACARCATC SEQ ID NO. 4

Probe 5 5’-CATTTGTTCAGTGGTTCGYAGGGCAXAB SEQID NO. 5
Probe 6 5-FP*TTTTTTCCCCCACTGTTTGGCTTTCAG SEQ ID NO. 6
Probe 7 | 5’-CAGAGTCTAGACTCGTGGTGGACAXAB SEQ ID NO. 7
Probe 8 5-FP*TTTTTCTCTCAATTTTCTAGGG SEQ ID NO. 8

20
* = phosphorothioate diester (instead of the normal phosphodiester)
X = 3-(7-coumarinyl) glycerol
P = tetraethylene glycol
B =biotin TEG (Glen Research)



Use an endonucl ease as the enzymatic agent for probe degradation (i.e

m crococcal nuclease). The follow ng exenplifies the invention using the
probes ofwOabt®ed. Sets of 15 DNA probes are tested for therwsabizroity to
hybridi ze to nucleic acid sequences of interest and to be detected via a

| abel ed noi ety. Degraded and non-degraded probes are conpared. Table 1.
Probe Sequences. Probe 1 5'-TCTGCCGATCCATACTGCGGAACAXAB SEQ ID NO. 1 Probe
2 5 -FP*TTTTCCTAGCMCCTTGITTTGCTCGC SEQ | BNO. 2 Probe 3

5' - TATATGGATGATGTGGTATTGGAXAB SEQ ID NO. 3 Probe 4

5' - FP* TT FGabautzeAETiCINSEAARDAINNE (SEQch&nNO. 4 Probe 5

5' - CATTTGI TCAGTGRTTCGYAGGGCAXAB SEQ ID NO. 5 Probe 6

5 -FP*TTTT CTGITTGGECTTTCAG SEQ'ID NO. 6 Probe 7

5' - CAGAGKRCTAGNATCGTGGTGGACAXAB SEQ ID NO. 7 Probe 8

5 -FP*TTTTTCTCTCAATTTTCTAGGG SEQ ID NO. 8 20 * = phosphorot hi oate diester
(i nstead of the normal phosphodiester) - X = 3-(7-coumarinyl) glycerol P =
tetra th/)SI eng 1grl écoi B = biotin TEG (d en Research) WD 01/ 79563

PCT/ USO1 fl uorescei n phosphoram dite (Cruachem) M=AandC
Y=CandT 5 Sarrpl e Protocol: Sanples were pr epared by conbining a lysis
solution (119.2 |), probe solution (36.4 1) and neutralization solution
(44. 4 1) togetSamplgspvarp prepateddyspmbimpe adysis softiondd 19-éHDp probe sohgorrhe | ysi s

EELSE? ea G eDiaoe eine SO e Qe o heb PR e B0RaPhl co Cont ai ned
" microtiter plate.

10

The lysis solution was 0.1875 M sodium hydroxide. Two types of iysis solution |
were prepared. One contained only the sodium hydroxide, the other also contained 24
fmol of a plasmid vector containing the hepatitis B viral genome. These solutions were
boiled for 30 minutes. The resulting lysates were filtered through an Acrodisk 0.45 plm

15  syringe filter prior to distribution into the plate wells.

In the probe solution the concentration of the crosslinker probe (Table 1: probe 1,
3,5 0r7) was 54.9 nM, and the concentration of the reactant probe (Table 1: probe 2, 4,
6 or 8) was 137.4 nM. The probe solution also contained 0.012% bovine serum albumin,

20  1.815 M sodium chloride, and 0.001% phenol red as a pH indicator.

The neutralization solution was 0.15 M citric acid, 0.31 M sodium dihydrogen

phosphate, 1.5 M sodium chloride, 0.42% Tween 20 and 35% formamide.

25 After combining all the reagents, the plate was incubated for 15 minutes at 40°C,
and then photoirradiated by a bank of five 8 W bulbs (F8T5/350BL, Sylvania) at 300 — -
370 nm through a 1.5 mm Pyrex filter for 30 minutes while maintaining the incubation

temperature of 40°C.

30 Streptavidin-coated paramagnetic beads (75 g, Dynal M280) were added to each

well, and incubated at room temperature for 30 minutes.



frmol of a plasm d vector containing the hepatitis B viral genonme. These
solutions were boiled for 30 mnutes. The resulting |ysates were filtered
t hrough amoAorwes sk 0.45 1m 15 syringe filter prior to dpet/Us@ukr@n into
the plate wells. In the probe solution the concentration of the crosslinker
probe (Table 1: probe 1, 3, 5 or 7) was 54.9 nM and the concentration of
the reactant probe (Table 1: probe 2, 4,,., 6 or 8 was 137.4 nM The probe
sol ution al so contained 0.012% bovi ne seffim al buni n, 20 1.815 M sodium
chloride, and 0.001% phenol red as a pH indicator. The neutralization

sol uti on was 0On &&chnfdhe following wash(st&s, e smdiotitar glaty wes Gest plasebephate, 1.5 M
sodi um chl ori de,. 0.42% Tween 20 and..35%f ormam de. ..25. After conbinipng all
the reagdH8EeUs Hate P ﬁ?%ectﬁﬁ? H%’&%%‘F%E‘F*}S‘F g arﬁeﬂﬁtt glgfi’e({]tm&ﬂﬁ@ remoygd %’ fren

phot oi r r aghipdRe, M4 Endasiuin WhyR1d8d W ielviag, (sBdfehdd@Ble papyhy@itia) at 300 -
370 nmthrough a 1.5 mm Pyrex filter for 30 m nutes while maintaining the

i ncubat i dradstipipraeaste of 40C. 30 Streptavidin-coated paramagnetic beads
(75 J5 Dynal M280) were added to each well, and incubated at room
tenperature for 30 mnutes. WO 01/ 79563 PCT/US01/ 12701 26 In each of the
fol | owi ng waslFigt, @Rsandph® were vakhdderitipl @0 gl yaw ah ¥ G0 nilMaspdtinohydroxidegnet i c
plate to collect the paramagnetic beads into a pellet, the |iquid was
removed lyd 0d$prodiumaiodecyhsuléate)e Wexblthe saomplesasergdchshied encerveting(Q pl of

resuspengj.n a el beads in the process. 5 First, the sanples
wer e \A/as&kﬁs%vﬁ?ﬁ(%gg algg%ﬁ}v\gcé"f?e?s 30 mM sodi um hydroxide and 0.1 % sodi um
dodecyl sulfate). Next, the sanples were washed once with 200 1 of Wash ||

(1X SSC and 0. 1% Tween 20). 10 The sanples were then subjected to two
i ncub@t i ons wiThg sainplee merrjthen At pragd torivyo ingubaians with fidferiag combingHansant i body

conj ugat ; . Di ' e F [Qqlable 2. The
sane buf g%gsgrgﬁ llrérﬁ {é%zﬂ%ggndlcj%}g% O{fﬁgéﬂgﬁgﬁtﬁ?ﬁﬁ@s,@n alﬁaﬁfz’g% lrl%lecc:lta?%n enzyne,
nonococcalmpiseizedBeTabd2l The sinid hadehy sclatipugat @sedantall-indthnees, eadai n/ al kal i ne
phosphat ase, were either omtted, included sep(g,r ately, or_ included 15

t oget her TSYIE(H08 MANNHATIRATECoATRRCIeRTE 18K ABANHPODHCORMLAS: 31 Tris (pH 7. 5),
0.1125 MpzgeliskdThaldafhd %spﬂat%, were either omitted, included separately, or included

15  together in the incubations.

The buffer solution was 0.1 M Tris (pH 7.5), 0.1125 M sodium chloride, 0.5X
SSC, 1.0 mM magnesium chloride, 1.0 mM calcium chloride, 0.1% Tween 20 and 0.25%
bovine serum albumin. The amount of micrococcal nuclease used was 1 unit. The anti-

20  fluorescein/alkaline phosphatase was used as a 1/20,000 dilution.

In the first incubation, 50 pl of the appropriate buffer was added to the wells and
incubated for 30 minutes at 37°C. The samples were then washed two times with 220 pl
of Wash II. Then, in the second incubation, again 50 ul of the appropriate buffer was

25  added to the wells and incubated for 30 minutes at 37°C.

The samples were then washed four times with 220 ul of Wash II. Finally the
wash solution was replaced with 100 pl of Attophos™. The substrate was incubated for

1 hour at 37°C, and the fluorescent signal was measured in a plate reading fluorometer

30  (Packard Instruments).



SSC, 1.0 nM magnesi um chloride, 1.0 nM cal cium chloride, 0.1% Tween 20 and
0.25% bovine serum al bum n. The anobunt of m crococcal nucl ease used was 1
uni t. Thevant/795290 f | uor escei n/ al kal i ne phosphat ase was usedr/asozi21¢120, 000
dilution. In the first incubation, 50 | of the appropriate buffer was added
to the wells and incubated for 30 mnutes at 37C. The sanples were then
washed two tinmes with 220 | of Wash IT. ‘El'hen, in the second incubation,
again 50 | of the appropriate buffer was2%5 added to the wells and

i ncubated for 30 mnutes at 37C. The sanples were then washed four tines

W t h 22011 Lobel\bas prdbe.wiki mdétestablagnoiapahd ssd the fdlowins detegtioagedhadst h 100 1
of AttophosTM The substrate was incubated for 1 hour at 37C, and the
fluorescent signal was neasured in a plate reading fluorometer 30 (Packard
I nstrunents) . WRQHdatRa83 &R gﬂlbﬂl‘gg%ﬂ@lgrégcjenc@ﬁolhrlzdn@h%be&ﬂ@cd}fyobe with a
detectabl e noi ety and use the det ecti on net hods 1. Honobgeneous
det ect i on by 2l Masewm’al@ecqml(é/fz‘?xhﬁi,l ﬁé@é@ﬁl@f%’cﬂﬁ?) 2. Mass spectroscopy

MALDL, b
hargs (1o chanEag) apy Phfubuntidss FRBREEILS RmddBaM0N T or bscance

det ect i On m%&c&@@ﬁﬁé@@&’@%ed pfladrysetcd &pative) masppsittdsaspy, et . |1
Label each probe with a nenber. of an interacting pair and use the foll ow ng

10 detection ratehBedreperteriepopiigbiice resonance energy transfer. 2. LOC
method 15 111. Label one probe with a detectable noiety, and the other
probe wth a capturable noiety and use the follow ng detection nethods:
1. The cdptiutel eavheirybaneith benenthey of i ttéractirmrpanaidyese, thefollawirgc ept or
substrate which woyld each separately bring about the binding of the

pr od&ét Ggtegrior ’§6’1th’" 20 support containing, e.g. avidin or streptavidin,
the anti body, or the receptor. The detectable noiety may be directly
detectable, e.g. a fluorophore, radioisotope, or a direct enzyne | abel
(e.g. enzyme dorjlugetcenceticsaanteenegyt thansferobe) or indirectly detectable,

such as an ant, 0 iich is then bound an enzyne-anti body conjugate
whi ch convert? 3§§E@@F%@ e of the enzyne into a detectabl e product.

15  III. Label one probe with a detectable moiety, and the other probe with a capturable

moiety and use the following detection methods:

1. The capture moiety may be, e.g. biotin, an antigen, or a receptor substrate
which would each separately bring about the binding of the product onto a solid
20 support containing, e.g. avidin or streptavidin, the antibody, or the receptor. The
detectable moiety may be directly detectable, e.g. a fluorophore, radioisotope, or
a direct enzyrﬁe label (e.g. enzyme conjugated directly to the probe) or indirectly
detectable, such as an antigen to which is then bound an enzyme-antibody
conjugate which converts a substrate of the enzyme into a detectable product.

25

Probe Pairs:

30 Two probes comprise a probe pair. In Table 1 (supra), the following pairings

comprise four probe pairs: (1,2), (3,4), (5,6), and (7,8).



25 Probe Pairs: 30 Two probes conprise a probe pair. In Table 1 (supra),
the followi ng pairings conprise four probe pairs: (1,2), (3,4), (5,6), and
(7,8). WWwOo1/78663 PCT/ US01/ 12701 28 The probe pairs wereCcO@soigrned such
that the two probes hybridized to adjacent regions of the target, and in
doing so forned a probe-probe branch or stemwhich conprised a three-arm
junction. In the probe-probe branch or s%gnlof the three-arm junction, one
probe had a crosslinking conpound and a bYotin | abel, and the other probe 5
consi sted of thym dine bases (reactant for the crosslinking conpound), a
phosphor ot hi o&the probekaire wWeet desegned lvech thstt the hyorpaibaghgnilizedgo adfacenst hyl ene

gl ycol spacer it, and .a fluorescein noiety. . Each probe pai.r, was tested
Pt hr e Fogrs ofdle iredh Anldn P8 SR aaTel ¢ BRpRs ke ST SENNEh A 10 (1)
No enzymebingrishdiehdeOttm fuddtidnd 2 MR probélbesde bratith b blemAdtithd gelye-Rinndi ng af ter
the digestion. (3) Enzymatic digestion with antibody binding during the

di gest i ogunctivabinsprobedrad a3-rpsslioking cpmpeynst andihbiotin bk pahthe Prlsi ch t he

probes were. .1 sted. Tahl . e sl X Et] - .F) used to test
each pr OBBH%%?CEO%&@II% 1%%%%&53%%11T2%.t% %%%P&#%&m%dbﬁ F Target DNA no
yes no yesodhonBioateNimubad bedhech thefdsethyhidihe endtheyereacenyneelyuol fgrcebuf f er .
I ncubati on Ab Ab Ab Ab enzyne/ Ab enzyne/ Ab Table 3. Results. Signal:

Rel at i ve Upituandesdearescet maietypr obe Set Condition AB CDE F (1,2) 108 910

33 2199 31 204Gy g%b%)paﬁ%vaé 2&tein 1228 \&)%95,16§é5in the presence and absence of the
target DNA:
10 (1) No enzymatic digestion.
(2) Enzymatic digestion with antibody binding after the digestion.
(3) Enzymatic digestion with antibody binding during tﬁe digestion.

Tables 2 and 3 below illustrate the conditions under which the probes were

15  tested.

Table 2. The six conditions (A — F) used to test each probe pair are summarized below.

Condition A B - C D E F
Target DNA no yes no yes no yes
Incubation1 | buffer | buffer enzyme enzyme buffer buffer.
Incubation 2 Ab Ab Ab Ab enzyme/Ab | enzyme/

Ab

Table 3. Results.

Signal: Relative Fluorescent Units
‘| Probe Set ~ Condition
A B -C D ~ E F
1,2) 108 910 33 2199 31 2026
3,4) 69 523 29 1929 30 1535
(5,6) 124 896 38 2114 34 1708
(7,8) 42 1066 25 1546 24 1591



(5,6) 124 896 38 2114 34 1708 (7,8) 42 1066 25 1546 24 1591 WO 01/ 79563
PCT/ US01/ 12701 29 For all of the four probe pairs, simlar results were
observedwdhe7936h- speci fic signal from negative sanpl es mapus@dizead (C and
E conpared to control A), and the target-specific signal was greater in
the sanples treated to degrade the probes (D and F 5 conpared to control
B). Conmparing the signals observed in th& absence of target DNA (conditions
A C, E), sanples treated with the rest Pction endonucl ease (C, E) vyielded
signals that were both |lower and nore uniform (C average: 31.25; %V
17.8.; E: average: 29.75; '%V: 10 14.1). In contrast, the signals in the

untreated sa es re higher and var.jed onsi der abl ver age: . 85. 75;
UCV: 42.4). Efﬁﬁﬁﬁ\tg?@e Pb%%rp[’%ﬁalbsf’ SYHET 8% T‘é@feﬁ%é?%% &ﬁ%ﬂ%’} W6h %peci fi c
(" backgr quhdi frodi f2pak v éaﬁpﬂéé@vd@@g&c'&v\l% SAIE| REpafedthAbAIRE AJendihgnal s
observed in the presence of target (conditions B, D, 15 F), sanples
treated wanght-speeificsignal wes gisatentiothe simaplsetreated Wetegridg g rrobemD anrdet 50 -
300% grec%ter etd ar&otthoei i gnal obtained fromthe untreated sanples. The
greatgr S|8'r]i’§f y e Bé'osited to be due to the significant reduction in
size and charge of the detectable product as a result of the enzymatic
degradati on process, thus provi dinfrég\}a nore favaqrabl e _binding. partner. for

the antibody detmRAjEREdhGSiSRAlRRRsE  therabeenss of FEsFEMALed s Myfsequent
20 enzy ”Bér?h&éﬁtfg%“&éa?éh I BRACEAL S ORAFIERL AO)S) fitled EsRAltnPhamuCt . A |

h

patents a Ications referred to herern e ‘i'ncorporated by reference
into thitetlalpler amt more uidorvMaC: evsragm dil 26 c%0VorlS .8&alet avaragat 27s %€Vt he
present invention will be apparent to .those skilled in the art w thout
GepaD] ng Dol BTk isc ey 1858e HecBredisAEP o DsH igher A Bghgh 1 he

| nventi onoAageaeslafesst 89S, d,0Ve ARG EhSmMcldis B8 bf ite sBmBiedRiddkd
embodi ments, it Shoul d be understood’that” the invention as clainmed should
not be urdwkynontipatified hackgrouhd’y signhlsiie themseativesamples| ndeed, vari ous
nodi fications of the described 30 nodes for carrying out the invention
whi ch are obvious to those skilled in the art are intended to be within

the scope of tdwnpaeing@Mé §18nA¢ atbs@Bued WOHIPrdRhES0 Rarbt OV (cdh8itionsSB, D,
15 F), samples treated with the restriction endonuclease yielded signals that are 50 — 300%
greater than the signal obtained from the untreated samples. The greater signal may be
posited to be due to the significant reduction in size and charge of the detectable product
as a result of the enzymatic degradation process, thus providing a more favorable binding
- partner for the antibody conjugate or a more favorable environment for the subsequent

20  enzymatic reaction to generate the detectable fluorescent product.

All patents and publications referred to herein are incorporated by reference into

this application.

25 Various modifications and variations of the present invention will be apparent to
those skilled in the art without departing from the scope and spirit of the invention.
Although the invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be unduly
limited to such specific embodiments. Indeed, various modifications of the described |

30  modes for carrying out the invention which are obvious to those skilled in the art are

intended to be within the scope of the following claims.



What is claimed is: 1. A method for detecting a target nucleic acid
sequence in a sanple, 5 conprising: (i) conbining a sanple with a pair of
probes umdenvewndli tions of sequence-specific hybridi zati paT/Ustiereiin each
probe has a probe-probe branch- formng region at either term nus not

conpl ementary to said target nucleic acid sequence that is capable of
formng via interaction with the other pégbe a probe 10 probe branch, at

| east one crosslinking compound position wi thin the probe- probe
branch-form ng regi on of one probe which fornms a covalent crosslink with a
crosslinki ng conmpound reactant positioned within the probe-probe branch-
form ng region of the other probe of the probe pair after base pairing of
the probes toVBa#iigicleunegeis: nucl ei ¢ aci d sequence, and at |east one
detectabl e noiety 15 bonded to at | east one of the probes; (ii)

photoi rradi ating said sanple to crosslink the probe-probe branch- form ng
regi on of adjdcent Aaietloddbr detedviag;a téigei nuckepacid sequgnedim acvaopdd,i nked

pr obe- probe branch-form ng region of the probes froma

t ar gef- cGRAPWESBEt ary regi on; and 20 (iv) detecting the presence of at |east

one separated, crogslin : z LN i fhe
presence of said tZ?getKﬁg%Pg? Qgg?@@?ﬁ%ﬁ%ﬁ%ﬁ@%ﬂ%b%ﬂ?ﬁ%ﬁ%ﬁgﬁgﬁé3' A net hod
for detecti ng saquieacgspecificchybiridizationl vaegein ech pmbahseapriobe-prabs beanepr i si ng:
(1) conbiningfa sanple with a ﬁair of probis under cogiit%onsg%add
sequence- speciPTUNE G YR ADFOINMRHE Y GOTW: ﬂﬁ?BB%SH» arget SISIC 39 e
branch- form Requeasé Mat AlcafAYIOSS fob@IHE viM StdiadticnoNith EERSlict pyotiet srabel t ar get
nucleic acid sequence that is capable of formng via interaction with the

ot hedOpr obe a puelstrasd, plowss one eneesinkingrqompound pesitionsadi ithie iegsabit
positioned within the. .probe-pr - 1 i f.. {5t probe
of the probe p%?qe, brgncshgf:ogrr%l ggrre glgglolfﬁé?ﬂége g@#@o@%ﬂg %ggl l?ngﬁ{aoﬁg\%ﬂ{‘m n the
probe- probe braageRtiilhgicompo@g eactaft pokieiolad Withindb&RroBEPtdlBtAkch701 31
second probe of the probe %air, and at |east one de%ectabLe qpkety bonded
to at forming region of the other probe of the probe pair after base pairing of the
probes to said target nucleic acid sequence, and at least one detectable moiety
15 bonded to at least one of the probes;
_ (ii)  photoirradiating said sample to crosslink the probe-probe branch-
forming region of adjacent pairs of probes;
(ili)  separating the crosslinked probe-probe branch-forming region of
the probes from a target-complementary region; and
20 (iv)  detecting the presence of at least one separated, crosslinked probe-

probe branch as indicative of the presence of said target nucleic acid sequence in

said sample.

2. A method for detecting a target nucleic acid sequence in a sample,
25  comprising:

(1) | combining a sample with a pair of probes under conditions of
sequence-specific hybridization, wherein each probe has a probe-probe branch-
forming region at either terminus not complementary to said target nucleic acid
sequence that is capable of forming via interaction with the other probe a probe-

30 probe branch, a first crosslinking cdmpound positioned within the probe-probe
branch-forming region of the first probe of the probe pair, a second crosslinking

compound positioned within the probe-probe branch-forming region of the



| east one of the probes; (ii) photoirradiating said sanple to crosslink the
pr obe- probe branch- form ng region of adjacent pairs of probes; 5 (iii)
separ at i mgovh®s63 ossl i nked probe-probe branch-form ng regPonuséi/i2tdie probes
froma target-conplenentary region; and (iv) detecting the presence of at

| east one separated crosslinked probe- probe branch, as indicative of the
presence of said target nucleic acid squfnce in said sanple. 10 3. A

met hod of claiml1 or 2, wherein the detectable noiety is selected from the
group consisting of fluorescein, fluorophore, radioisotope, antigen, or
enzyne. 4. A setdndgrafe aflthé probe pair,ndwh teastione dhtecighiermaittyhoaded ta &

conpri sed of 115 ri bﬁqﬁcl eilc acid or deoxyribonucleic acid. 5. A nmethod of
claimi1 or 2, 'SKEP™ eh%mbf’sobe-probe branch-fornming region of each probe
of a probe pair conpyi seho@irrdd@aily shisanipleloaiasilitk HePHébd-pabé Branbleut

ei ght, nucleoti d.e;m{\hi ?ﬁ form bgltge pai ??l 20 6. A rret%god %? claim1l or 2,
wher ei n t he preieisg sggionsed asgacent fairs of PrAdegir oup consisting of SEQ I D NO. 1,

1P 10,2, 21 G by T AR B ©

separ ati ng t heheprobed frdrki @adangebignpglembetaryegioahamel t he probes fromthe
target-conpl enentary region. is acconplished through chem cal or enzymatic
degradation. 8. A ﬁﬁ’t)hogle@f:t%g the preepge Of,atfﬂ%@r%ﬁe%?tad%?ﬁﬂg%@ﬁa&q%&c aci d

sequence is | ' gf?\% RELREAE i MKl PRI Rbiceani d,  Or
ri bonucl eic a???ﬁlt{;\%cglﬁlgg% PC(')I'f;]hl;}Jéj f??LZ?(())l 32 g@t A reret hod cc)lf cleai m1l or
2, wherein saisdidtsamgkt nucl ei ¢ aci d sequence has a gap of no nore than

aboui two nucl eotides between the sequences honol ogous to the pair of
pr ob Q@ 5 10. A nmethod for detecting a target nucleic acid sequence in a

sanpl e, conpmi Si NGY method of claim 1 or 2, wherein the detectable moiety is selected from -

the group consisting of fluorescein, fluorophore, radioisotope, antigen, or enzyme.

4. A method of claim 1 or 2, wherein the pair of probes is comprised of

15  ribonucleic acid or deoxyribonucleic acid.

5. A method of claim 1 or 2, wherein the probe-probe branch-forming region
of each probe of a probe pair comprises at least two, preferably about two to about eight,

nucleotides which form base pairs.

20
6. A method of claim 1 or 2, wherein the probes are selected from the group
consisting of SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID
NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, and SEQ ID NO. 8.
25 7. A method of claim 1 or 2, wherein separating the crosslinked probe-probe

branch of the probes from the target-complementary region is accomplished through

chemical .or enzymatic degradation.

8. A method of claim 1 or 2, wherein said target nucleic acid sequence is

30 single stranded, double stranded deoxyribonucleic acid, or ribonucleic acid.



(i) conbining a sanple with a pair of probes under conditions of
sequence-specific hybridization, wherein each probe has a probe-probe
branch- fwoni/mg63 egi on at either term nus not conpl enment apgTASOIERTA t ar get
nucleic acid 10 sequence that is capable of formng via interaction with

t he other probe a probe- probe branch, at |east one crosslinking conpound
positioned within the probe- probe branc$<forning regi on of one probe which
forms a covalent crosslink with a cross %nking conmpound react ant
positioned within the probe-probe branch- form ng region of the other probe
of the probe Pair & metholaselapailrdr2gwbereinhsaidl Brgst obdeictagidsgieence haea
nucl ei ¢ aci d.sequence t | east .one signal reporter ou bonded. to one
brobe, _afiP 8 19 BRE thahabus Ve pcigpElss bR thasavssehemPlogrisia e (7 )
photoirr?gﬁ@rbﬂge§aid sanple to crosslink the probe-probe branch form ng
region of adjacent pairs of probes; (iii) separating the crosslinked

pr obe- probe branch-formng region -of 20 the probes froma

t arget - conpl egqgnt ary_regai.on; i E NG at | east
one s%paratedq§TOS§¥F?n 88&3#%%%9g6¥%.gﬁﬁggﬁéﬂ?d%%ﬁfﬁ%ﬁgggﬁvgﬁ%f t he
presence compfisihg: target nucleic acid sequence in said sanple. 25 11. A

nmet hod of claim1 or 10, wherein the cnossllnﬁjn%@%o ound i s selected
from the group conéDsti SGMEMiBGHYFARRIA Wik R GfpreRssiwpdes Gpaditions o

3-(7-counari n¥%%ue é%g%é{ﬂr] ;Oh)zl;laﬂﬁf}'é\ 1t WheliQ E%égﬁizi‘o%ﬁds\ﬁ%rbygﬁgobe branch-

8- met hoxypsor al én psoral en; cis odi pyrone, cis-benzodi pyrone
derivatives; fforansg remroadicphertaenints srtsomplnzanthiry yo sme tajgetinvaleioasst  and

conmpounds cont ai ni ng.fused u in-cinnoline rin 30..systens. 01/ 79563
PCT/ U301/ 1270 $°qug80e hat lﬂcﬁ@ﬁ’ﬁ%&ﬁ%mﬁ‘ﬁaﬂﬁniﬂ%ﬁ%%d?‘g}&%_r"é*i Brabe %8S i nki ng

conpound reachaiHe trsnchS4!184t 8k EroQMnkiA@ cBmPBiCHIHicHel REtHIh tHeyrdbe-di nes and
pyrimdine derivatives. 13. A method for detecting a target nucleic acid

sequence i n apsebepirach-formiogpegion afione prpbe whishripmes acevalgst erogslink vaitthai r  of
pobes, Uner SN ane SO TOF) UL L ARE D BapRgL e, 1, o
conpl enent ary fémhif@idkidrp6faRé othdEp@bE ofithie Grobe pair after base pairing of the
15 probes to said target nucleic acid sequence, at least one signal reporter group
bonded to one probe, and at least one capture group bonded to the other probe;
(i)  photoirradiating said sample to crosslihk the probe-probe branch-
forming region of adjacent pairs of probes;
(i)  separating the crosslinke/d probe-probe branch-forming region of
20 the probes from a target-complementary region; and
(iv)  detecting the presence of at least one separated cross-linked probe-
probe branch, as indicativé of the presence of said target nucleic acid sequence in

said sample.

25 11. A method of claim 1 or 10, wherein the crosslinking compound is selected
from the group consisting of coumarin, coumarin derivatives, 3-(7-coumarinyl) glycerol;
psoralen, psoralen derivatives, 8-methoxypsoralen, 5-methoxypsoralen; cis-
benzodipyrone, cis-benzodipyfone derivativés; trans-benzodipyrone, trans-
benzodipyrone derivatives; and compounds containing fused coumarin-cinnoline ring

30 systems.



sequence that is capable of formng via interaction with the other probe a
probe 10 probe branch, a first crosslinking conpound positioned within the
pr obe- pr obe ov/sench-f orm ng region of the first probe of parUpsiR2zeoIpai r, a
second crosslinking conpound positioned within the probe-probe
branch-form ng region of the second probe of the probe pair, at |east one
signal reporter group bonded to one pro?s, and at | east one capture group
bonded to the other probe; 15 (ii) photoffradi ating said sanple to
crosslink the probe-probe branch- form ng regi on of adjacent pairs of
probes; (iii) 18eparfametipdtofielaon dss|l0niberejrthb erosslotkéngaamptund aeactantyisr egi on
of the probes_.froma target.-co enentary reqion;.and .(iv) detecting the
pr esence SBFCtef fioaLle SHHp <oBysing YPYEry @9%/ ?‘}iﬁ}g@rﬁ‘fi%ég“&ﬁt“%?ﬁobe branch, as
i ndi cative of the presence of said target nucleic acid sequence in said
sanple. 14. A nethod of claim10 or 13, wherein the signal reporter group
is selected flBom thhmethodfpr datevsing ritargetofuctaiqienié seguience |agempphor e,

radi o sot ope,. .anti gen, or enzyme. 25 15. A nethod of claim 10 or 13,

wher et n CREPEEPEUre group is selected from the group consisting of biotin,

an antigen, or a reGept @pbmbiigd & sdrfple Whth Apdites thedba3fundbiedamdRions offi3, wherein
the crosslinking conmpounds are. 30 selected fromthe group consisting of
aryl ol efi ns &preassspesiishyiridiatiomivheeain eygh meberbasaprpeerprote bransho1™ 34

17. A nucleic i: LSkngs - (i I ion
whi ch base paiﬁslgﬂlﬂ%pg r e%ti%gﬁ%‘? ﬁngQ% %‘é@é@éﬁ%‘%ﬁ&é?%?@%%?g e%cggobe
br anch- f or m ngedquegtothandicapabitoeSfomingwbmtaactmntvath thetotier peubgetprslejuence;

(iii l at | east qne crosslinking. conpound siti.oned within the probe- probe
br and®-f or i n@rqb(-?@r%‘ﬁ fiEgh crogt A grﬁog}gpaggpgﬁp_o%qdp\ggﬁup% R° ﬁ'pg%bel east
one crossl i nkiyRg FITROHP HediG6H BE Firdd Qitel TRIprobe PhiR aase%rﬁﬂ%sl%liﬁﬁﬁgbr anch-
form ng region of a second probe after base pairing of the probes to-the
target 10 segompoend positioned within the probe-probe branch-forming region of the
second probe of the probe pair, at least one signal reporter group bonded to one
probe, and at least one capture group bonded to the other probe;
15 (i)  photoirradiating said sample to crosslink the probé-probe branch-
forming region of adjacent pairs of probes;
(i)  separating the crosslinked probe-probe branch-forming region of
the probes from a target-complementary region; and
(iv)  detecting the presence of at least one separated cross-linked probe-

20 probe branch, as indicative of the presence of said target nucleic acid sequence in

said sample.

14. A method of claim 10 or 13, wherein the signal reporter group is selected
from the group consisting of fluorescein, fluorophore, radioisotope, antigen, or enzyme.
25
15. A method of claim 10 or 13, wherein the capture group is selected from

the group consisting of biotin, an antigen, or a receptor substrate.

16. A method of claim 2 or 13, wherein the crosslinking compounds are

30  selected from the group consisting of aryl olefins and aryl olefin derivatives.



(iv) at least one detectable noiety bonded to the probe-probe brahch-
formng region of at |east one of the probes; and (v) a degradation site
bet ween twe o0t/z95get - conpl enentary regi on and probe- probe bCEUSHH 2001 Ng
region. 15 18. A nucleic acid probe conprising: (i) a target-conplementary
regi on which base pairs to a region of a target sequence; (ii) a

pr obe- probe branch-form ng regi on which [ﬁes not hybridize to 20 the
target sequence; (iii) a first crosslinkfhg conpound positioned within the
probe- probe branch-form ng regi on which can forma coval ent crosslink upon
reaction withlad sdcandeicnadpribrldongrismgpound positioned within a

pr obe- probe branch-formn regi qn of a secon robe after base pairing of
the probes to the (‘;rgetatggﬁtﬂ‘éﬁ%fgem%ar(ylr\%wﬁ qﬂcg’at%atseBﬂIés 'iﬁ’ealrgéltogﬂﬁé noi ety
bonded to thepraheqRhebe branch- forming region of at |east one of the
probes; and (v) a degr adation site between the tar get - conpl enent ar regl on
and - probe- probe b(:ahchafpmbvrprgw brgngin forging @ gion wineh dpes npt ipbipiad

claiml17 or geln said nucleic acid probe has a seguence Iength of

f r om About 15 oS hucl eot i des. WD 01/ 79563 PCT/ US01/ 12701 35 20. A

nucl eic acid pr obe (B I a€RBRONS lcﬂgsmﬂd]ﬁg @)nilfu‘ug&boﬁﬁﬁﬁﬂdemtmhaheyprrobg-l on in
each probe which base pairs to a ion.of a target seguence; (i

pr obe- pr obe bpm’i)@rbmr@hrfpﬁgmgé@l%wﬂl B HOTH} E%VWéwsﬂﬁé‘sW“EaHS?Sthybrl di ze
to the target, RERSIIAR ngldoln} ouﬁ¢réa@aﬁ Ritfonl A3l RI5dRE- UG- POST LI oned

within the pro ranch ormn regi on Ich”can‘forma coval ent
crosslink wt Iﬂomtmgmﬁn ofarneecardymsbe mﬁmrmgse:pmnmgmﬁtheemheamthpa@gen oned
vvithiél t he probe-probe branch- form ng region of the other probe of said
nucl 8¢ aci d BFBBESShair after base 10 pairing of the probes to the target

sequence, | (iv)  at least one detectable moiety bonded to the probe-probe brarich-
forming region of at least one of the probes; and
(v) a degradation site between the target-complementary region and
probe-probe branch-forming region.
15 |
18. A nucleic acid probe comprising:
1) a target-complementary region which base pairs to a region of a
target sequence;
(i) a probe-probe branch—fonning region which does not hybridize to
20 the target sequence;
(iii)  a first crosslinking compound positioned within the probé—probe
branch-forming region which can form a covalent crosslink upon reaction with a
second crosslinking compound positioned within a probe-probe branch-forming
region of a second probe after base pairing of the probes to the target sequence;
25 (iv)  at least one detectable moiety bonded to the probe-probe branch-
forming region of at least one of the probes; and
(v) a degradation site between the target-complementary region and

probe-probe branch-forming region.

30 19. A nucleic acid probe of claim 17 or 18, wherein said nucleic acid probe

has a sequence length of from about 15 to about 50 nucleotides.



(iv) at least one detectable noiety bonded to the probe-probe branch-
formng region of at |east one of the probes of said nucleic acid probe

pai r; andvo(uv)9se3 degradati on site between the target-conpPenmestianzgolr egi on
and the probe-probe branch-formng region. 15 21. A nucleic acid probe
pair conprising: (i) a target-conplenentary region in each probe which base
pairs to a region of a target sequence; ,(ii) a probe-probe branch-formng
region in each probe which does 20 not %ébridize to the target sequence;
(tii) at l|east one crosslinking compound positioned within the probe- probe
br anch- f or m n@0r egifonuslbic abidgasbef aimoanprsingt ent crosslink with at | east

one crosslinking conpound reactant positioned within the. probe-prqbe
branch- forning redPon d‘fta’igﬁ‘éc%?ﬂéme‘btf‘ﬁ’brég@f“ 19 &3 H{E‘aﬁ ‘éﬁ%ﬁé?éfecpaﬁ’isg%é pai r

after base 25,pahk bpgRfetshificREQbes to the target sequence; (iv) at |east
one signal reporter group bonded to the probe- probe branch-formng region

of one of the probds) of aguple-puobt brapclxddrehing tdgeorpiaieach profe athich dagst one
captuge group b ed.to the probe-probe branch-form ng region of the other
5 R el B i

probe-of said % -and 30 (v) a degradation site

bet ween the target (ﬁ%wplaemat@ewrdsﬂgﬂ@ﬁg &ipound @opitiohet withipghdp@beh- for mi ng
region. WO 01/ 79563 PCT/ US01/12701 36 22. A nucleic acjd probe pair

conpri sing: (ipyobs hrancheiormingpegine mhighcapdgmp A cpyaley crosslighWithiat psthase
pairs to a regi =k 0 - f or m ng
region in eacﬁgﬁgl%g{n\%éﬁ&%g%ga?%%ﬁ%g 8?]s>1/té)drdle§|v?teﬁ?1{i ggf%gﬁét) rgg;b Péglgguence;
(iii) . a firJortingssdiomés the othenpobadf frd ntidleinedidyrdbe pait dteragde- pr obe
branch-form ng regi on of one probe which can forma coval ent crosslink upon

reactPon wi t h PArEEI Ak RIPBESPithkieHg! BXMBRifnd posi tioned within the _
probe-probe branchyf or ik DGstdi@idefic@bleiiSiei iR PiMRE pRibeSbEL BrafdEl ¢ aci d

probe pair after
forming region of at least one of the probes of said nucleic acid probe pair; and

(v) a degradation site between the target-complementary region and

the probe-probe branch-forming region.
15
21. A nucleic acid probe pair comprising:

(1) a target-complementary region in each probe which base pairs to a
region of a target sequence;

(i)  aprobe-probe branch-forming region in each probe which does

.20 not hybridize to the target sequénce;

‘(iii)  at least one crosslinking compound positioned within the probe-
probe branch-forming region which can form a covalent crosslink with at least
one crosslinking compound reactant positioned within the probe-probe branch-
forming region of the other probe of said nucleic acid probe pair after base

25 pairing of the probes to the target sequence; .

(iv)  at least one signal reporter group bonded to the probe-probe
branch-forming region of one of the probes of said nucleic acid probe pair, and at
least one capture group bonded to the probe-probe branch-forming region of the
other probe of said nucleic acid probe pair; and _

30 ' (v) a degradation site between the target-complementary region and

the probe-probe branch-forming region.



10 base pairing of the probes to the target sequence; (iv) at |east one
det ect abl e noi ety bonded to the probe-probe branch- form ng regi on of at

| east onavoh1/t43e3 pr obes of said nucleic acid probe pair; paOUS§vIR7@E
degradation site between the target-conplenentary region and the

pr obe- probe branch-formng region. 15 23. A nucleic acid probe pair
conprising: (i) a target-conplenentary rg ion in each probe which base
pairs to a region of a target sequence; %ii) a probe-probe branch-formng
region in each probe which does 20 not hybridize to the target sequence;
(iii) a first 2@rossA nudiéiogeid pogdepadt qpogirisingned wi t hi n t he pr obe- probe
branch-form ng regi ogn of one prohe which can.forma coval ent crosslink upon
reaction with a sedBnd @rEEEr IR HYRIBRIGESE ‘%Bﬁqrgwe‘ﬁﬁ\ﬁﬁtbﬁfe@?ﬁioa

probe-probe  branehrd Qg Qeug@; on of the other probe of said nucleic acid
probe pair after 25 base pairing of the probes to the target sequence; (iV)
at | east one si gnal(iiy epamrebe-probe prapomdethingragiom ipreagiepiobe pdich does
branch-formn i on of one of the probes of said nucleic acid probe pair,
and a? Ieast%L@goc%iﬁ%?éhegﬁafﬁfkseﬁblﬁ%%d to the probe-probe branch-forning

region of the ot hgii)pr affstrosBhEing d6mpdEndasIstlionedhethpathe prabechrdbe (v) a
degradation site between the target-conp]lenentary region and, _the
probe- probe bbsansh-fowring rEiewef &f.prols which sk Hrmampayalynt erosdink upenog. A

nucl ei c acid RERHEN . %s%g?ng]%o&ﬂﬁkiﬁ 084112%%5’::‘(1 }go%gg)ﬁie%w/fﬁilgf%@ gg@&hpngné)be of

said nucleic acid pro as a Seque out" 15 to
about 50 nuclbegichdesning r&hon éf the othet probe ioflsgid abecipacid mobgpaisafte t he
foll (1)(\5\1I ng pr O%g;ep[ga(i)rti)r?g (?fr t%g I%rho:bes tlb th;e tal;lég)secll\lu(e%)ce; 10 X =¥ N(b) N(b)

(iv)  at least one detectable moiety bonded to the probe-probe branch- |
forming region of at least one of the probes of said nucleic acid probe pair; and

v) a degradation site between the target-complementary region and
the probe-probe branch-forming region. ‘

15
23. A nucleic acid probe pair comprising:

(i) a target-complementary region in each probe which base pairs to a
region of a target sequence;

(i)  aprobe-probe bfanch-forming region in each probe which does

20 not hybridize to the target sequence;

(iii)  a first crosslinking compound positioned within the probe-probe
branch-forming region of one probe which can form a covalent crosslink upon
reaction with a second crosslinking compbund positioned within the probe-probe
branch-forming region of the other probe of said nucleic acid probe pair after

25 base pairing of the probes to the target sequence; '

(iv)  at least one signal reporter group bonded to the probe-probe
branch-forming region of one of the probes of said nucleic acid probe pair, and at
least one capture group bonded to the probe-probe branch-forming region of the
other probe of said nucleic acid probe pair; and

30 (v) a dégradation site between the target-complementary region and

the probe-probe branch-forming region.



(i) wherein at least one of L and L' is present and is a label; (ii)
wherein Nis a nucleic acid; 15 (iii) wherein a and b are independent

i nt eger s what/79sepr esent the nunber of N, (iv) wherein X PeT/@sSélirn3al
crosslinking conmpound; (v) wherein Y is a second crosslinking conmpound or
crosslinking conmpound reactant; and 20 (vi) wherein the first crosslinking
conmpound coval ently bonds with the secog? crosslinking conpound or with

t he crosslinking conpound reactant to pefmanently |ink said probe-probe
branch. 26. A nucleic acid probe pair conprising the follow ng probe-probe
branch: 25 L2# B aycléit gaid probepart GGy oflaims 20-33 wWhizareingacht priobaist  one
of L and L' .iis present d i.s. a | abel; 1/ 79563, P SQ1/ 01 38 (ii)
wher e n 6t BuBERRRR RBbCRAT hE AsSrise neh o P Apnd, 1 B 30

pyrim di peciestidqe¢r i m di ne derivative; (iv) wherein a and b are independent
integers that represent the nunber of Pand P; 5 (v) wherein Xis a
crosslinking conpound; (vi) wherein Y is a crosslinking conpound reactant;

arosshi nki ng. EamporniFaa R PRI GOTRMA KRS L ™S, anch.

10 27. A nucleic acid probe pair of Caim25 or 26, wherein L is a signal
reporter group and L' is a capture grouyp. 28. A nucleic acid probe pair of
Claim 25 or 26, wherein said sign reporter group is selected fromthe
group consisting of fluorescein, f{|uorgphore, radioisotope, 15 antigen, or

enzyne.
N(a) N(a)

10 X =Y
N(b) N(b)

@) wherein at least one of L and L’ is present and is a label;
(1) wherein N is a nucleic acid;
15 (iii)  wherein a and b are independent integers that represent the
number of N; :
(iv)  wherein X is a first crosslinking compound;
(v) wherein Y is a second crosslinking compound or crosslinking
compound reactant; and '
20 (vi)  wherein the first crosslinking compound covalently bonds with the
second crosslinking compound or with the crosslinking compound reactant to

permanently link said probe-probe branch.

26. A nucleic acid probe pair comprising the following probe-probe branch:

25
L L’
\ /
P(a) P’(a)
X =Y
30 P(b) P’(b)

(1) wherein at least one of L and L’ is present and is a label;



29. A nucleic acid probe pair of daim25 or 26, wherein said capture group
Is selected fromthe group consisting of biotin, antigen, or receptor
substrat avo807863 A nucl eic acid probe pair of Caim25 opcP@somizesiei n each
probe of the probe pair has a sequence | ength where a=0-20 and b=0-80. -31.
A nucleic acid probe pair of Caim25 or 26, wherein the crosslinking
conpounds are selected fromthe group coggisting of coumarin, coumarin
derivatives, 3- 25 (7-counmarinyl) glycer psoral en, psoral en derivatives,
8- met hoxypsoral en, 5 net hoxypsoral en; cis-benzodi pyrone, cis-benzodi pyrone
derivati ves; trans{ﬁbenzduiﬁyPdmepuﬁnemsmbﬁnzbdvvymone derivatives
conpounds cont ai ni ci,nnoline r aryl oleflns

f
and aryl olefin depﬁ\)atjlssl?éigg 1sga'26]yr}&n]]q%|0élpé/r131&ﬁ'hn9S?%‘bai V5’a| r of Claim25

or 26, wherein the(ﬁvl)ossJJneméﬁhagndﬁgmugsbna@aqht@gérslr}sats@lr@o@hﬁﬁefromthe
group consisting of gr|n1d|nes pyrim derrvatives, purines, and

purine deri vatmupdsr o
5 (v)  wherein X is a crosslinking compound;

(vi) whereinY isa crosslihking compound reactant; and
(vii)  wherein the crosslinking compound covalently bonds with the

crosslinking compound reactant to permanently link said probe-probe branch.

10 27. A nucleic acid probe pair of Claim 25 or 26, wherein L is a signal reporter

group and L’ is a capture group.

28. A nucleic acid probe pair of Claim 25 or 26, wherein said signal reporter
group is selected from the group consisting of fluorescein, fluorophore, radioisotope,

15 antigen, or enzyme.

29. A nucleic acid probe pair of Claim 25 or 26, wherein said capture group is

selected from the group consisting of biotin, antigen, or receptor substrate.

20 30. A nucleic acid probe pair of Claim 25 or 26, wherein each probe of the
probe pair has a sequence length where a=0-20 and b=0-80.

31. A nucleic acid probé pair of Claim 25 or 26, wherein the crosslinking
compounds are selected from the group consisting of coumarin, coumarin derivatives; 3-
25  (7-coumarinyl) glycerol; psoralen, psoralen derivatives, 8-methoxypsoralen, 5-
methoxypsoralen; cis-benzodipyrone, cis-benzodipyrone derivatives; trans-
benzodipyrone, trans-benzodipyrone derivatives; compounds containing fused coumarin-

cinnoline ring systems; aryl olefins, and aryl olefin derivatives.

30 32. Anucleic acid probe pair of Claim 25 or 26, wherein the crosslinking
compound reactant is selected from the group consisting of pyrimidines, pyrimidine

derivatives, purines, and purine derivatives.



