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REDUCTI ON OF NONSPECI FI C HYBRI DI ZATI ON BY
USI NG. NOVEL BASE- PAI Rl NG SCHEMES -ITechnical Field

This invention relates generally to nucleic acid chem stry and
hybri di zati on assays. b5 More particularly, the invention relates to

nmet hods for generating a nore target-dependent signal in nucleic
acid hybridization assays by m nim zi ng background noise deriving primarily
from nonspecific hybridization. The invention also has applications in

anti sense and apt aner "~ therapeutics and drug discovery. 10

Backgr ound : -~ Nucleic acid hybrldlzatlon assays are conmmonly
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pol ynucl eoti de co s. I hat e .used in a,given assa teraction
whi ch gi vesrom nonsp ‘i’@é‘&’thf'ﬂ"é“%ﬂ aﬁzﬁmm'en alﬁ%@% W@B%W% éﬁ%‘ﬁ?j‘s? 6“‘{] amer
presence O'Ehéilbtfeﬂhbﬁhdctfrungﬂﬁéd% The i nvention is useful in
conjunction Wwth any nunber .of assay.formats wherein rmultiple

hybri di zati on steps are carried out to produce a detectable signal which

orrellgot presence or quantity of a polynucl eotide
anal yt zﬁc_gm One such assay is described in detail in commonly

assigned U.S. PahRRpic 244 h )ﬁorﬁfﬁtléipgssays are corhtﬁo“_{l'_QSéﬂ iR igemdtic: reieﬁx%h,thﬁE&lEMr e

of which is incorporated herein by reference hat - assay
research and-clinical diagnostics. In a basic nucleic acld hybridization assay, smgle-stranded

analyte nucleic acid is hybridized to a labeled smgle-stranded nucleic acid probe and resulting
labeled duplexes are detected. Variations of this basie scheme have been developed to enhance
15  accuracy, facilitate the separatlon of the duplexes to be detected from extraneous materials,
and/or amplify the signal that is detected. _
~ The present invention is directed to a methed of reducing backgroimd noise
encountered in any nucleic acid hybridization assay. G_eneral_ly, the bac'kground noise which is
addressed by way of the presently disclosed techniques resﬁlts from undesirable interaction of
20  various p_ol_ynucle_otide conibonents that are used in a given aseay, i.e., interaction which gives
rise to a signal which dees not correspond to the presence or quantity of analyte. The .
| inve_ﬁtion is useful in conjunction with any. mimber of assay formats wherein multiple
hyb-ridization stees are carried out to produce a deteeteble signal.Which correlates with the
presence or quantity of a polynucleotide analyte _ |
25 . One such assay is described in detail in commonly a351gned U.S. Patent No. 4,868,105
to Urdea et al., the disclosure of whlch is mcorporated herein by reference. That assay

involves the use of a two-part capturing system designed to bind the polynucleotide analyte to
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a solid support, and a two-part |abeling 3ystem designed to bind a
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det ect abl e signal. urther reduce "background nol se, assay Is
“condu@Ped Theldegreeofiamplificstiomisshedretically propoftiomattoi tbe narhbenof iteratiopoofthe
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hybri di zati on a&9g@ppieagitasoleing the problem of interfering background signals in nucleic acid
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hybridization assays is provided in commonly assigned PCT Publication No. W095/16055 in
25  which at least two capture extenders and/or two or more label extenders must bind to the
analyte in order to trigger a detectable signal. To further reduce background noise, the assay is
conducted under conditions which favor the formation of multicomponent complexes.
Another approach which has been proposed to increase the target dependence of the
signal in a hybridization assay is described in European Patent Publication No. 70,685,

30 inventors Heller et al. That reference describes a homogeneous hybridization assay in which a



WO 96/ 06950 -
PCT/ US95/ 1Wwblds/06950 PCT/US95/3115

ponradi ative transfer of energy occurs between proximal probes; two
di stinct events nust occur for a target-generated signal to be
produced, enhancing the accuracy of detection. The present

I nvention is also designed to increase the accuracy of detection and

quantitation of polynucleotide analytes in hybridization assays. The
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(A), thyni dihereply ussdassay fronfigyrations.  guanosine (G or uridine (U). One
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H [ €fdnhatural” hydrogen bonding patterns. As used herein, a "nonnatural" base pair is one
formed between nucleotidic units other than adenosine (A), thymidine (T), cytidine (C),
guaﬁosine (G) or uridine (U). One such nonnatural nucleoside base pair is formed between
isocytosine (isoC) and isoguanine (isoG). IsoC and isoG can form a base pair with a standard
15  geometry (i.e., a "Watson-Crick base pair") but involving hydrogen bonding other than that

~ involved in the bonding of cytosine (C) to guanine (G), as shown below:
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[err] 9“;I?each et al. (1992) J. An Chem Soc. 114:3675-3683 applied
nol ecul ar nmechani cs, nol ecul ar - dysmam cs and free energy perturbation *
calculations to study the structure and stability -of the 15 i soC*i s0G

base -pair. Tor et al. (1993)J. Am Chem Soc. 115:4461-4467 describe a

met hod whereby a nodified isoCin a DNA tenplate will direct the

i ncorporation of an isoG anal og into the transcribed RNA product.
Switzer et al. (1993) Biochenistry 32: 10489-10496 studi ed the

ed bt ween i soC and i soG might be

condi ti ons under which the base pagiQ«+brN

i ncorporated into DNA and RNA %—%JA and R ‘ynerases. 2 0O _

I ntroduction of a new base pai _%{U porkr s of fers the potential of
al | owi ng nore precise co g over Rat i on. Summary of
the Invention TheR pré At MQenti on provi des net hods and kits
for detecting nucleic acid analyt@s in a 25 sanple. In general, the

met hods represent inprovements in nucleic acid hybridization assays,
such_as in situ hybridi zatlonmj@ays Sout hes®s, Northens, dot blots and
pol yllrﬁr ase chain reaction assays. In particular, the et hods
represent inprovenents on solution phase sandw ch hybri di zati on
assays whi ch involve binding the analyte to a solid support, |abelling

Leach et al. (1992) J. Am. Chem. Soc. 114:3675-3683 applied molecular mechanics, molecular
dynamics and free energy perturbation calculations to study the structure and stability of the ‘
15  isoC*isoG base pair. Tor et al. (1993).J. Am. Chem. Soc. 115:4461-4467 describe a method
whereby a modified isoC in a DNA template will direct the incorporation of an isoG analog
into the transcribed RNA product. Switzer et al. (1993) Biochemistry 32:10489-10496
studied the conditions under which the base pair'formed between isoC and isoG might be
incorporated into DNA and RNA by DNA and RNA polymerases.
20 Introduction of a new base pair into DNA oligomers offers the potential of allowing

more precise control over hybridization.

Summary of the Invention
The present invention provides methods and kits for detecting nucleic acid analytes in a

' 25  sample. In general, the methods represent improvements in nucleic acid hybridization assays,
such as in situ hybridization assays, Southerns, Northerns, dot blots and polymerase chain
reaction assays. In particular, the methods represent improvements on sohition phase
sandwich hybridization assays which involve binding the analyte to a solid support, laﬁelling
the analyte, and detecting the presence of label on the support. Preferred methods involve the

30  useof amplification multimers which enable the binding of significantly more label in the
analyte-probe complex, enhancing assay sensitivity and specificity.
In a first aspéct of the invention, an assay is provided in which one or more nucleotidic
units which are capable of forming base pﬁirs and which are other tha_n adenosine (A),

thymidine (T), cytidine (C), guanosine (G) or uridine (U), are incorporated into nontarget



fhe anal yte, and detecting the presence of |abel on the support. Preferred
nmet hods | Ryelogedsine 3 O use of anplification multinmers weciusssablle t he
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of the invention, an assay is provided in which one or nore nucleotidic
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adenosine (A, . . .thymdine (T), cytidine SC), guanosi ne (G or uridine
(U), are inobridizingaligonynleptide segments; i.e., "universal'\segmentagpgcleic acid hybridization
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wherein R represents a backbone which will allow the bases to form z't base pair with a
complementary nucleotidic unit when incorporated into a polynucleotide, and R' s, for
example, hydrogen, methyl, a- or B-propynyl, bromine, fluorine, iodine, or the like. By
incorporating such nucleotidic units into such so-calléd “universal" sequences, i.e., sequences
not involved in hybridization to the target analyte, the potential for nonspecific hybridization is
greatly reduced. In one preferred embodiment, the first and second nucleotidic units
interchangeably consist of isocytidine and isoguanosine, as shown in Formula (J).

In a related aspect of the invention, an assay is provided in which the melt temperature
T of the complex formed between the analyte .and the support-bound capture probes,
mediated by one or more distinct capture extender molecules, and/or the label extender and
amplifier or preamplifiers, is significantly lower than the melt temperature T of the complex

formed between the labeled probes and the amplifier. In this aspect, the assay is carried out
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"uni versal" sequences, i.e., sequences not involved in hybridization
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conpl exes. The cgndi ti t(a)nsb ) are tﬂ%ﬁﬁg%sgéeﬁcé‘ﬁwgﬁgak resmc{tgtéjér'%neg of the
assay so- asiseguadesinendwi 2'ideexy-iveguljnesing. hybri d conpl exes. . The
I nventign additign ll¥ encongasses a me}(hod fqQr. carryi ng out a

hybr i d'r'lgat i on as@é@ y, the invention encompasses kits containing the reagents necessary to carry out

the assays described and claimed herein.

Brief Description of the Figures
Figure 1. Figure 1 diagrams a solution phase sandwich hybridization assay of the prior
15  art with heavy lines indicating the universal sequences.
Figure 2. Figure 2 portrays a method for binding probes to double-stranded DNA with
heavy lines indicating the universal sequences.
Figure 3. Figure 3 depicts the use of nonnatural nucleotide-containing probes and
competimers to block nonspecific hybridization.
20
_ Detailed Description of the Invention
‘Definitions and nomenclature:
- Before the present invention is disclosed and described in detail, it is to be understood
that this invention is not limited to specific assay formats, materials or reagents, as such may,
25  of course, vary. It is also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only and is not intended to be limiting.
In this specification and in the claims which follow, reference will be made to a number
. of terms which shall be defined to have the following meanings:
As used herein, the terms "polynucleotide” and "oligonucleotide” shall be generic to
30  polydeoxyribonucleotides (containing 2-deoxy-D-ribose), to polyribonucleotides (containiﬂg

D-ribose), to any other type of polynucleotide which is an N- or C-glycoside of a purine or



in which each of the aforenentioned techniques are conbined, i.e., in which *
nucl eot i igosiekdshs S5 other than A, T, G C or U are i namysysai@as i nto
uni versal segnments of assay conponents and in which the nelt
tenperature of T[err] hybrid conplexes & significantly |ower than the nelt
tenperature of T[err] hybrid conpl exes. . In a further aspect,
the invention enconpasses a novel nethod for synthesizing

.1 soguanosi ne or 2'-deoxy-isoguanosine. 10 .. _Finally, the invention
enconpasspyiniging basgnand tej ather tpolymessepntaining nonnuslaetidic backhones, fonexample,  t he
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uni ver sal sequences. o ' Igure 2. Figure portrays a metho or
bi ndi ng pseghensetspeaifiamicleicacidpelpnemigroviding that the polymess/ ontaimaucléabasesin 2 ng
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Definitions and nonencl at ure: . . Before the present invention is
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i nvention_is not Limted to, specific.ass f orymt t erni al I _reagents,
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t er m nol cpNAY 8§ et @ 8bubld-and SinglelstrandedRISA, DNA:RNATybASS: Ghd Rybids Bafwees ul ar
enbodi nents only and i's not intended to be limti In this
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nunber e f t i |4 by ef i .0 N t f W

meani ngs: which afé knoWn'if ﬂygﬂﬂf H?M‘g Me i%ﬁ',sjs’ t #@ ?t?[g{’??&(’ﬁ%‘%ﬂ;ﬁﬁoﬁ gt{}\%\&%&gﬂWd
"ol igonu %&erir%ﬁihcl‘ébﬁdés With @einalogCintePnutlddtide RRUIfiIdATNY ShdhRUfor eRdmpsle Those
(cont ai ni ng 2-deoxy-D-ribose), to polyribonucl eotides (containin

D- ri bose)With ynchaggeddinksges (a:g. mrthybphpsphanatss. Rhosplietriesters; phosphoragridates,
) {Sos, . B, e leatively ctarged Wfasel @R, Wlosmbprotions. phomhoroditier
nonnusl eodtes]iett. o andwith positively claxgedilinkages (e.g., aminoalklyphosphoramidates, amino-
alkylphosphotriesters), those containing pendant moieties, such as, for example, proteins
(including nucleases, toxins, antibodies, signal peptides, pdly-L~lysine, etc.), those with
intercalators (e.g., acridine, psoralen, etc.), those containing chelators (e.g., metals, radioactive
metals, boron, oxidative metals, etc.), those containing alkylators, those with modified linkages
20 (e.g., alpha anomeric nucleic acids, etc.), as well as unmodified forms of the polynucleotide or
oligonucleotide. |
It will be appreciated that, as used herein, the terms "nucleoside" and “nucleotide" will
include.those moieties which contai;l not only the known purine and pyrimidine bases, but also
other heterocyclic bases which have been modified. Such modifications include methylated
25  purines or pyrimidines, acylated purines or pyrimidines, or other heterocycles. Modified
nucleosides or nucleotides will also include modifications on the sugar moiety, e.g., wherein
one or more of the hydroxyl groups are replaced with halogen, aliphgtic groups, or are
functionalized as ethers, amines, or the like. The term "nucleotidic unit" is intended to
encompass nucleosides and nucleotides.
30 -. Furthermore, modifications to nucleotidic units include rearranging, appending,

substituting for or otherwise altering functional groups on the purine or pyrimidine base which



pol yam de (e.g., peptide nucleic acids (PNAs)) and pol ynorpholino
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" pairs have been described in Leach et al. (1992) J. Am. Chem. Soc. 114:3675-3683 and

Switzer et al., supra, or will be apparent' to those of ordinary skill in the art.
The term " 'polynucleOtide analyte" refers to a single- or double-stranded nucleic acid
25  molecule which contains a target nucleotide sequence. The analyte nucleic acids may be from
a variety of sources, e.g., biological fluids or solids, food stuffs, environmental materials, etc.,
and may be prepared for the hybridization analysis by a variéty' of means, e. g., proteinase
K/SDS, chaotropic salts, or the like. The term “poljmucle'otide analyte" is used

interchangeably herein with the tennsil"analyte," "analyte nucleic acid" and “target. "
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approximately 15 to 50, preferably 15 to 30, nucleotides, and will have a GC content in the
range of about 20% to about 80%. The total number of oligonucleotide segments in the .

25  multimer will usually be in the range of about 3 to 1000, more typically in the range of about
10 to 100, and most typically about 50. The oligonucleotide segments of the multimer may be
covalently linked directly to each other through phosphodiester bonds or thrdugh interpose_d.

~ linking agents such as nucleic acid, amino acid, carbohydrate or polyol bridges, or through
other cross-linking agents that are dapable of cross-linking nucleic acid or modiﬂéd nucleic

30  acid strands. Alternatively, the multimer may be comprised of oligonucleotide segments which

are not covalently attached, but are bonded in some other manner, €. g., through hybridization.

- .



As used herein, the term"target region" or "target nucleotide sequence"
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nmanner, e.g., tHPOTRoblivation NozW092/02526 describes th¥\CombARRIranched multimers which
PCT! USQ.S/ 1 1&% gartlcularly preferred in conjunction with the present method, and which are composed of a
linear backbone and pendant sidechains; the backbone includes a segment that provides a
specific hybridization site for analyte nucleic acid or nucleic acid bound to the analyte, whereas
25  the pendant sidechains include iterations of a segment that provide specific hybridizatio'n sites
for.a labeled probe.
~ Asnoted above, a "preﬁmpliﬁer" molecule may also be used, which serves as a bridging
moiety between the label extender molecules and the amplification multimers. In this way,
more amplifier and thus more label is bound in any given target-probe complex. Preamplifier
30  molecules may be either linear or branched, and tyjjically contain in the range of about 30 to

about 3000 nucleotides. In the preferred embodiment herein, the preamplifier molecule binds
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preferred enbodi nent herein, the preanplifier nolecule bin
96/ 06950 absence of target analyte. The use of the term "hybridizes" is not meant to exclude non-
PCT/ US%lVHt}&r?-Cnck base pairing. _ L . -12-

As used herein, the term "nonspecific binding" is used to refer to those occurrences in
which a polynucleotide binds to the solid support, or other assay component, through an
25  interaction--which may be either direct or indirect--that does not involve hydrogen bonding to
support-bound polymicleotides. _
Referring now to the preferred embodiment represented in Figure 1, the following
terms apply to the hybridization assay depicted therein. Note that, in Figure 1, the universal
'sequences are indicated by heavy lines for clarity.
30 - "Label extender molecules (LEs)," also referred to herein as "label extenders," contain

regions of complementarity vis-a-vis the analyte polynucleotide and to the amplification

-
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conpl enent asamplementary 19 g sequencepfthe aralyte| apd aseeand; mencamplementaperegion having a
g@% IUngg?a ilo fure probe recog%og ?é&%gg’eoc-z. ‘The sequences C-1 and L-1 are nonidentical, 13-
noncomplementary sequences that are each complementary to physically distinct sequences of
the analyte. ' '
" "Capture probes (CPs)" bind to the capture extenders and to a solid support. Thus, as
illustrated in Figure 1, capture probes have a nucleic acid sequence C-3 complementary to C-2
25  and.are covalently bound to (or capable of being covalently bound to) a solid support.
Generally, solution phase hybridization assays carried out using the system illustrated in
Figure 1 proceed as follows. Single-stranded analyte nucleic acid is incubated under
hybridization conditions with the capture extenders and label extenders. The resulting product
is a nucleic acid complex of the analyte polynucleotide bound to the capture extenders and to
30 the label extenders. This complex may be subsequently added under hybridizing conditions to

a solid phase having the capture probes bound to the surface thereof, however, in a preferred
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solid support. CGeneral l'y, solution phase hybridization

assays céeagmepts than showini(as explainedabeye)i ¢ach of whichds designed to bind-a lpbeled probeoceed
as follows. Sipgle-stranded..anal yte nucleic l.d .1 s . ncubated, u [ -
ybr i di 2at | onTRORATED RGN A T RECmRaN & o Sttaiind the ipurds Bf vdebiivng, o
The r esuhdise) By RiifiehiZihg the interactich 6 dapuréprobesdnd capiiFd éterider inbRcwlesvith the

pol ynucl eoti de bound %o the capture extenders and to 30 t he | abel

ext ender labelghprobes: labebextendgr moleculpssang amplifiorsareducing thedikelihpiod ithat incorrect
conditions.t.o ... solid _phase having {he capture probes bound to the
surggce mRitiss il hind i bF Suprort ngﬂ%gﬁ&’“ VO 96/ 06950

'PCT/ US95/ 1111Rybridization between complementary oligonucleotide sequences is premised on the

ability of the purine and pyrimidine nucleotides contained therein to form stable basé pairs.
Tﬁe five naturally occurring nucleotides adenosine (A), guanosine (G), thymidine (T), cytidine
(C) and uridine (U) form the purine-pyrimidine base pairs G-C and A-T(U). The binding

25  energy of the G-C base pair is greater than that of the A-T base pair due to the presence of
three hydrogen-bonding moieties in the former compared with two in the latter, as shown

below:

"

&



£14- enbodi nent, the initial incubation is carried out in the
presence G0 bé)esoss pport - bound capture probes. The r exvwssgipsoduct
conprises the conplex bound to the solid phase via the capture

&xtender nol ecul es and capture probes. Thas-solid phase with bound conpl ex

is then separated from unbound materials. An anplification nultinmer,
preferably a conb-type multiner as 5 descri bed above, is then optionally
added to the solid phase-anal yte-probe conpl ex under hybri di zati on
conditions to permt the nultiner to hybridize to the LEs; if preanplifier
pr obes are used, the solid phase-ana[}ie-probe conpl ex is incubated
with the preanplifier probes H3C @ivttH+Nal ongywi th the anplification

mul timer or, preferably, prior tdifcubati on\w h§1he anplification
mul tinmeg. The resulting solid phidse Nopplex s\ separated from any

unbound 10 preanplifier and/or timer by hi nY) ﬁ The | abel ed probes
are then added under conditiong” O Which permt hybridization to LEs,
or, if an anplification nmultiner was used, to the repeating
ollgonucleotlde segnents of the multinmer. The resulting solid phase | abel ed
nucleic acid -conplex is t heh washed to refAove unbound | abel ed
oIigonhQIeotide,-and read. It should be noted that the conponents
represented in Figure 1 are not necessarily drawn to scale, and that 15
the anplification nmultimers, if used, contain a far greater nunber of
repeati ng andgonucl eoti de segnents than shown (as expl ai ned above),
each of which is designed to bind a | abel ed probe. The
primary focus of the present nethod is on elimnating the sources of
backgr ound noi se, by mnimgjng the interaction of capture probes
and capture extender nol ecul es w th\the | abel ed probes, | abel

ext ender nol ecul es and anplifiers, r§&tE-mgQ@he INkelihood that incorrect 2
0 noieties will bind to the sup t-bound C r &) pr obes.

Hybri di zati on bet ween conpl enent NuingoppcNeot sequences is prem sed
on the ability of the puri e<?nd pyri R eotides cont ai ned
therein to form stabl e base paig4. "mmbl f|ve naturally occurring
nucl eoti des adenosi ne (A), guafdsine (G, iy di ne (T), cytidine

(© and uridine (U formthe purine- pyrlnldln base pairs GC and A-T(U).
The binding 25 energy of the G CChase pair is gBeater than that of the

AT ba $ pair due to the presence of , t hree hydr ogen-bondi ng noi eti es
in the Tormer conpared V\nthtvvolnthelatter as shown - bel ow
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Thns, ina conventional solution phase nucleic acid sandwich assay, oligonucieotide molecules
20 are designed to contain nucleic acid sek;uenées which are complementary to and, therefore,
hynridize with nucleic acid sequences in other aSSay components or in the target analyte, as
explained 1 in detall above. The method of the invention reduces nonspecific hybridization by
mcorporatmg nonnatural nucleotldxc units into universal ohgonucleotlde segments of assay
components which are capable of fo_rmmg unique base pairs. Furthermore, the method of the
25 invéntion reduces the confribution of nonspeciﬂc binding of assay components by separating
.det-ectably' labelled essay compenénts Which are associated with the presence and/or quantity of
a target analyte from thc_)se which are nonspecifically bound and contribute to assay
background noise. B |
In a first embodimeﬁf of the invention, a hybridization assay is_ provided in which

30 nucleotidic units other than A, T, C, G and U which are capable'of forming unique base pairs



[err] 10 and 15 . Thus, in a conventional

sol uti og,gfsRessenucl ei ¢ acid sandw ch assay, oligonucl eotpegussshensl es 2 0
_are de5| gne to contain nucleic acid sequences which are conplenentary to
and, - therefore, hybridi ze with nyegleic acid sequences in other assay
conponents or in the target analyte, as expl ained in detail above.
The nmet hod of the invention reduces nonspecific hybridization by

i ncorporating nonnatural nucleotidic units into universal oligonucleotide
segment sarefincasagted into hytrisiiging eligopucibitide segraentapldssay avinpooents whicharenot “base

ALY S N AR L R T S
g ﬁé /egﬁ ablgg 6 ths Ie%z,?u(.)&g oR ith exirHEBA Rdttarg¥huelaicAlcRl R88&1cka i Piths\Ms'hotvhé Presence
Flgure 1, for example, such nucleotidic units may be incorporated in complementary nucleic
5 acid sequences C-2/C-3, L-2/M-1 and L-3/M-2. The hybridizing oligonucleotide segments of
assay components which are complementary to nucleic acid segments of the target analyte are
constructed from naturally occﬁfring nucleotides (i.e., A, T, C, G or U). Oligonucleotide
segments which contain nuclé_otidic units may be constructed by replaci.ng from about 15% to
about 100% of the naturally ocCui'ring nucleotides with the nucleotidic unit counterpart.

10  Preferably, every third or fourth base in an oligonucleotide will be replaced with a nucleotidic ‘
unit capable of forming a unique base pair. It will be apparent to those skilled in the art that as
the percent of replacement nucleotidic units is increased, nonspecific hybridization is decréased
'concomitantly. However, compléte replacement will require at least two new base pairs in
order to maintain sufficient sequence diversity to preclude 'nonspeciﬁc hybridization among the

15  universal sequences.

 In another embodiment of the invention, the phenomenon of target-independent signal
generation is addressed by providing a hybridization assay which is configured such that the
melt temperature Ty, of the C-2/C-3 hybrid or the L-2/M-1 hybrid is §igi1iﬁcantly lower than
the melt temperature Tn; of the L-3/M-2 hybrid This method is premised on the design and

20  construction of hybrid complexes such that the melt temperature Toi is at least about 5°C
lower than preferably at least about 10°C lower than, more preferably at least about 20°C
lower than the melt temperature Ty. _

This stability difference is expioited by conducti_ng the assay under stringency
‘conditions which initially favor the formation of Tmi and Ty2 hybrid complexes. "The stringency

25  isaltered at a subsequent step of the assay which thereby affords the physicé,l separation of the
target analyte from the capture probes or the physical separation of the amplifier-bound labeled
probes from the target. Stringency can be controlled by altenng a parameter which is a
thermodynamic variable. Such variables are well known in the art, and include formamide
concentration, salt concentration, chaotropic salt concentration, pH (hydrogen ion

30 concentratlon) orgamc solvent content, and temperature. Preferred strmgency controls are pH

and salt concentration: one assay step is conducted at a pH or salt concentration which



4 target analyte fromthose which are nonspecifically bound and contribute
to assay wo9e/n69spackground noi se. , In a first ecwaspsants of the
invention, a hybridization assay is provided in which 30 nucl eoti dic

units other than A, T, C, G and U which al® capable of form ng uni que base

pairs WD 96/ 06950

- PCT/ US95/ 11115 -16-
are incorporated into hyhridizi ol i gonucl eoti de segnents of assay ...
conponent s c\ﬁm‘aﬁzearﬂée %’FH °°"'PF3"r}g@?"&ebﬁt‘&‘??a|°9?%’%RT8§?’F4P&W5ﬁatet‘%s“ﬂﬁtiibﬂb@s

| ess 11 Kel snd Aokt Godiiel Sfotlet b Sor SRRRPIGH, A preferali it

sequences ofr th extraneous nontarget ntcleic uences. us,
shown i n . which stinggnceis exercised sxbeqdditionsafshbstratd. bhusgina prefetred embodiment, the

P Sk SRRl o CroBion S A RS A L,
conponent s chihpfeResfoPmEP bR WSl 463y dompdnents hid fietedf &S Witk 'iﬁé?daﬁtidngg'slﬁb(%lf g Zt

anal yte are constructed fromnaturally occurring nucleoti _
A, T, C, Gsobsttdje, th@ strmgency isalterdé to destabilize hybrih¢amplénes suchamsithe capturel eot i di ¢

units nay be .constructed, by r aci ng from about %to ] ahoyt 100%
of the. nat GroleIGFPUIEE GHETIFE UL SR PEYap i CREmeIZIeth s he sy with the
count er par tyroviéd thaf the i4peRb! lYobe%éﬁét}féfeﬁEeH From] thEﬁb&nl? %n%’éﬁox‘ ﬂnuﬂﬁer.
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nonspecd f i embpgimes SEHe Gryenton, e e &t is B Corfghyit e Hitbrdzaip peipy soch
conpl et e r qRitIREBPletbrthryrReldbtide RhuénResSWhitNRorRerY, W96iTd Bcthplexesare shorter
order to maintain sufficiént sequence diversity to pfeclude nonspecific
hybri di- zat ithen thosersghitin fortoT 2 hybid cemplexess dtowillibeappreciated by those of skill in theatther

enbodi nent pof the jinvention, the phenagenon of target-independent si.gnal
gener at | on et S SHRTEE FomplementartiroRde sequentes 4fe Bpportubity K seqenpe diversity
conf-i gur ed théteifl debrehses.'This diversity HelylbelridiREingd, HoSveVérSby incoipotdifg intg e 3
hybrid or the L-2/ M1 hybrid is significantly |ower than the nelt

t enperlkd ur eofiplementagy sequendes 8 nvhraturalrasel paiff lei g, angseOdsolGebase pair.sed on t he
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di f f er ence backgrawidoaised Thuscanedkitled inthe ko will seopguirmel that temperagene clifferentials of
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The method of the disclosed invention, whereby nonnatural nucleotidic units are
incorporatéd into hybridizing oligonucleotide sequences to increase the specificity of the
hybridization with a target analyte, finds utility in a variety of applications. _

In the basic or amplified solution phase nucleic acid sandwich assay, a plurality of

25  capture probes are affixed to a solid surface. Most often, the surface area available for
nonspecific binding is controlled by incubating the surface with DNA from, e.g., salmon sperm
or calf thymus. However, the presence of this DNA increases the potential for nonspecific
hybridization of assay components to the solid support and, therefore, increased background
noise. Replacemeht of these natural DNAs with synthetic DNAs containing nonnatural bases

30  will minimize the nonspecific hybridization and the nonspecific binding.




25 Is altered at a subsequent step of the assay which thereby affords the

physi calwg®paéers i on of the target anal yte from t hecrampsnalprobes or
t he physical separation of the anplifier-bound | abel ed probes from

the target. Stringency can be controlleds-by altering a paraneter which is a *

t her rodynam c vari able. Such variables are well known in the art, and

I ncl ude formam de concentration, salt concentration, chaotropic salt
concentration, pHmi)hydrogen ion 30 concentration), organic solvent
content, and tRsefseaoly, these polymucieotides will be prrpated bydt tailingshent eligenucleotides and
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substr at Qe Jeggesst ringency is altered to destabilize hybrid conpl exes such
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probe is not _released fromthe | abel extender or anplifier.
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T[err] hybrid co%exes. It will be _apprecjated %those of skill in the
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, however, "by g t he conp
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sequesic eso anddissbi¢ or prdevém siee groduction of the mRINAgesponsible fiwogenerating a particular
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"dimerization domains" between the probes are used, as described by Distefano et al. (1992) J.
~ Am. Chem. Soc. 114:1006-1007. The dimerization domains may be designed to have tails with
complementary sequences containing nonnatural nucleotidic units and thereby provide highly
efficient and specific binding to the target analyte without increasing nonspecific hybridization
25  to non-target analytes. -. The idea is illustrated in Figure 2 with a double-stranded DNA target.
| As illustrated in Figure 2, strand displacement may be used to pry apart double-
| strahded DNA. AT-rich promoter sequences under superhelical stress, which are S1 nuclease-
sensitive and are thus already partially single-stranded, are a particularly preferred site for this
type of antigene application. Short oligonucleotides would be used to maximize speciﬁcify;
30  their binding energy to the target would be enhanced by joining them together to form a

network of oligonucleotides.

v



hybridi zation with a target analyte, finds utility in a variety of

appl i cati ow® 96/06950 - In the basic or anplified sol uPCDHSIHALS

nucl eic acid sandwi ch assay, a plurality of 2 5 capture probes are
affixed to a solid surface. Mbst often, t#® surface area avail able for
nonspeci fic binding is controlled by incubating the surface with DNA from
e.g., salnon sperm or calf thymus. However, the presence of this DNA

i ncreases the patential for nonspecjfic rid] zat on of assay .
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in Ching etmelecul¢.1960%.gRRET PuldicationNos VED92/14843, WO‘H/ES% att Woseas5288,10,

Br oder et . (1990 .Jnt. Med. 113:604-61 Lor u et -
(1560) Fenans Abpsints o Wich e ingoroespd By treacs srein o arggigolachlese as distnct
V091/ 09865, from "target WAL e de YSRMers 306 as MORIASL fded/GRIdRERAGes o' ©
ol i gonucl eot?nc'lesar § | ndl 15 © to gnd di zslsabl e orwsgcgﬁt ?she roduc?elson of
t he nRAA rembenmadwmolfecxﬂeSthbmli moleculgsasuch esidrags, metabohtqsrmxms ror the like, to
Conventi onal,.an nse Iecul are generally capable of reacting with a
variety of h'gha"alg?'f‘ d”@‘éﬁ%!ﬁf’ QBMgreci'es. However, due to their length

(general l'y ol i gapyré seLExq,rééau@&eah@nuaeonde is H&.s&ac:%&wwfehrﬁau.me? units),

~such antisense nol ecul es present bT ens associated w
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bet weepipt hangy ediftsct& With'a et eﬁﬁol@&ﬂ&ﬁﬂ&?goﬂwndﬂs%ﬂh%%r%nﬂg ot(tillggz) J

Am Chem Soc. 114:1006-100 The di nerization donmai ns may be designed to
have t ai-l s aligohucleotides to the target molecule. Those oligonucleotides which bmd the target

molecule are: (a) separated from those oligonucleotides which do not bind the target molecule
using conventional methods such as filtration, centrifugation, chromatography, or the like; (b)
dissociated from the target molecule; and (c) ampliﬁed usihg conventional PCR technology to
25  form a ligand-enriched pool of oligonucleotides. Further rounds of binding, separation,
dissociation and amplification are performed until an aptamer with the desired binding affinity,
specificity or both is achieved. The final aptamer sequence identified can then be prepared
chemically or by in vitro transcription.  When preparing such aptamers, selected base pairs are
replaced with nonnatural base pairs to reduce the likelihood of the aptamers hybridizing to

30 human nucleic aclds



conpl ement ary sequences contai ni ng nonnatural .nucleotidic units and thereby
provi de wo@bkbsoso efficient and specific binding to toaniseé@als anal yte
wi t hout i ncreasing nonspecific hybridization 25 to non-target anal ytes.
The idea is illustrated in Figure 2 w t-&-a doubl e-stranded DNA target.

As illustrated in Figure 2, strand displacenent may be used to pry apart
doubl e- stranded DNA. AT-rich pronoter sequences under superheli cal
stress, which are S1 nucl ease- sensitive and are thus already
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intramolecular hybrid complexes is highly preferred for maintaining the secondary structure

and, therefore, the target molecule recognition and binding characteristics of the aptamer, i.e.,
there will base pairs which are preferably G-C or A-T. There will be other.base pairs in these
intramolecular hybrid complexes, for example, in the base-pairing portion of the stem loop,

25  which may be replaced by any pair of complementary nucleotides, referred to herein as N-N'
base pairs, without altering the secondary structure of the-aptamer.

A simple replacement of selected N-N' base pairs and G-C and C-G base pairs in the
final aptamer construct with isoG-isoC or isoC-isoG will reduce nonspecific hybridization to
nontarget oligonucleotide sequences. Since the isoC-isoG base pair is isoenergétic with the C-

30 G base pair, the basic shape of the molecule and the strength of the hairpins will be very

similar. A base pair isoenergetic with A-U would be desirable for replacing base pairs where



hol ecul e are: (a) separated fromthose oligonucl eotides which do not bind

t he targewdmmegwl e usi ng conventional nethods suchPa®USIVRILER | ON,
centrifugation, chromatography, or the |ike; (b) di ssoci ated from
the tar get nol ecul e; and (c) anplified usging conventional PCR technology to
25 forma ligand-enriched pool of oligonucleotides. Further rounds of

bi ndi ng, separation, di ssoci ati on and arrpl i fication are perforned
until an aptaner, with the desired bindi ng affinit specificity or

both is actieaiBming sequendes sovap staeng Praferrmen & A-lkor UfA everdal- tHhese be
pr epar ed substltutl el ffel ofl?1¥alél t“ E,Bt%m%&%ﬂér% Pgéﬂ* c dl%r tli%gl%opﬂ'ug p? base

such aptaners, |Fgect eg'l bas nna ur a

pairs to rﬁ:dimg tﬁelitepdtexkﬁi fo Oﬁdalﬁ'éd h&lﬁxd@ﬁhaﬂ&f éellbthNK #ndDNAOsequéhces. human

nucl ei ¢ aci ds. WO 96/ 06950
PCT/ US95/ 11115 In the basic process, selected base pairs are replaced with isoC-isoG or isoG-isoC basg(-

First. S sopae in HeThRlGonkaT b el il Bl FRRE AR REIINE &0 = T

randoner DidxgrispnaciestidesolA chieric aptamer (compbsed oﬁbommhbéla)tfdeﬂﬁimer i c
structures _that, may recognl ze proteins or other inporta

bi onol ecul 4eoxyabonycleatidesiimglecule Gambe made,chegticallyg éhsfnamly dhe ribg-iseGIPand oy e
nucl eoti deg l?o -iso®TP (WEQE@%@%&Q&:&?@XM ﬁs%@?t} ptteggfettﬂ#’@tmyﬂﬁ Vg C and

C. This is turn inproves ng a-sequence
whi ch bi ndsan/scnﬂmcmrcﬁ‘a)léA taﬁiﬁlaﬂeswntalnd;gdso&aﬁbwd}m ty to the target
nol ecul e. ELEX, the conserved ol i gonucl eoti de sequences

sel ectfd for ch?éﬂﬂ’l’l‘jﬁ'\!%‘iﬂ%}}'hmh the P"“'FP}'E) mventionmahfindutiity inglude s¥tuences.

"Thi s nons b 'Eﬂ#ﬁ ases

in the sel ctlc')z% %?go@ergg %}gggﬂkﬁes t g?’ﬁ‘?\% 'Pé%%sé‘ slgl'ﬂf(} %B&hﬁrmn RNA

and DNA pothairereaction (PCR)aksags) are recogni zed by certain phage or bact eri al
useful_in this applicatio

pol ynmerases are &Fﬁt i cul ar‘l*éc
A second use fof? -‘t’WehYPﬂ 1on lacks sufficient seqsitivity topdetegt pls@s'egeolﬁ@lq of tanget

. .
Py i S 2 i PR 40 DBLGR o SPNRSE iy U A 1B RSl ©
buh ndi ag af hasrhebuyde\&hmedli to megmpts rsemsitivity need; @GWeV@l mtx&tnb&m la$ predise with
characteri I.C el ecte roma poo sequences usin
SELEX pr oc§)§ Ci ethod. M@mﬁvaypuwﬂasgmﬂ@h l@b@lg?stemrrpremﬁaémé rth%tar&%g are
det erm ned r@&t& hfhéﬁﬁﬂ@ﬁ?h%er?&foﬂﬁfﬁiﬁfeﬂ{erp eamghﬂt%r?‘ar ?\Hélﬂﬂ?l gonu his

mai nt ai ned art ormation o ecu eoti de
hybri d con])deemphﬂerywonlddiridgé thbeli extendérstahd amplifiersl aThe aplifietsweuld birklisbeled
nt. to the, art .t hat

CPLATEL b il pod By B et in Gk orib iy
conpl 8¥es high Bhélghy. RE BEF, Bt drfiversifbdildhddl 12NA ARMMIEwSIE Uohsitt 6
short oligonucleotides containing optimally between 15-30% isoC and isoG to reduce
unwanted hybridization to human sequences. A fourth base-pair could be used to further
reduce the representation of the natural basés in these sequences.
As noted earlier, nonspecific binding as well as nonspecific hybridization can be
25  reduced by using nonnatural base pairs. Random polymers or nearly random block copolymers
consisting of 6-8 different nucleotides could be used to reduce nonspecific binding of the.
amplifier and labeled probes to the cellular constituents that have high affinity for
polynucleotides. Thus nonspecific binding will be reduced without risking an increase in
nonspecific hybridization by introducing: natural sequences from calf or salmon, as is commonly

30 done.



and, therefore, the target nolecul e recognition and binding characteristics
of the apoQeedIsei .e. , there will base pairs whi chparasps/efies ably G C
or A-T. There will be other base pairs in these i nt ranol ecul ar
hybrid conpl exes, for exanple, in the b@e-pairing portion of the stem

| oop, 2 5 mhlch may be replaced by any pair of conplenentary nucleotides,
referred to herein as N-N. base pairs, vmthout altering the
secondary struyctu f the a | e repl acenent of
sel ected N-N lt&fssg?lﬁgm eéﬁ &J@%H'&e thatthe sage ﬁﬁi‘th FW?%apphed to blp§ nal

apt amer I heRis 1 fi

hybri di zgﬁag%] s?g{aﬂ&hldtﬁgﬁ?grgeté?@*%g%&s?%gI e se%gkgnceggg@% "aflﬁe

i soC-i so®0ba@etﬂpbmdmgs>f tmbesgetth&:suhdtshppdm C 30 Ghbase pair, the
basi ¢ shape of.the nopl.ecul. e st ren%th of the hairpins will be very

d .
simlar. A basge®REgsii 'EYF@HE'F 8‘3‘? f*ﬁ SeYfralaises indiRankothersapapantiak or repl aci ng

base pai fmplifisien technologies. 16 XampleSmthested PC
PCT/ US95/ 11115 gi B es R, after the target analyte is initially - 91.
t he wi nniamglifiedandrthensdibited sexerst thousandfalfl cit isrcomniomrto Aiséa SYoverhing v loné- G
These UbSt'tUt'Oan%P Ee t'he effect ,of FI ng the aptaners nore

specific PFimer 91 &aptyre and CAng qf} the other primerfor abgling. A spaser that Gaanotrbe;
unwant ed réxdtbyithé ﬁélyin%sé e} lﬁsﬁhkdl}.@ihaﬂﬂéo@&ﬂaﬂyéflﬁﬁﬂ gﬁ%ﬁ-ﬁmnded see, €. In
rep -

the basic process, selected base pairs are ace '$0G’or
i 50G i solepdemet & ( 1998 Nl AcdstRes. Zj hEds-bléa3t Thmgenenssﬁuemﬁdxhese $airs can

| d I b | A chi
(comShscg ettt bishiref ke contin masiies base5ats o Fshuct v fsaueny SEB5miFg coul, &
can be mofleontariEtsc dhdéed, the ipRéseridel of fodC drhﬁdG' iR Qhé ﬁge@ﬁ% 8fthe 5 overhang can

ri bo-isoCTP (with sui tabl e 2' protection) can 0 prepare
apt aner bgused iy place of the currentlyused spagersthe pblymnme camnbtreed isodGoniisadGg | SOC

mmy {1 ndPSeR it yill e g SAdSAR BIS0dCTH o it ool dhessudeshe Belymerner oay "
nonspeci f)utCT hite mmlymbrhv Rldwdli fréé\idn@i‘wﬁ&ﬁﬁ}léte&? Fod G iR W}ﬁwﬁﬁé‘?ﬁ gf;nmer, itigChai n

reaction (PCR) assays. In situ hybridization lacks su l1§| ci ent
sendi®t i vPreferable trousedsoGassthe frss basslin the 2 ovsrhangr get analyte. In situ
PCR (see, e.g., Bagasra et al. (1993)J. Imunol ogi cal Methods 158: 131- 145)
15 has been developed to neet this sensitivity need; however,

quant i t aExpetimentabot as precise wth the PCR nethod. An aI ternative

woul d use multjple | abel extender probes to bind the target - anal yt e.
The | abel ext &PIBRASGHAS| hpmtmvmmmpﬂemm pnlessotherwisapididated; s. | f used,

o o i f SR hithled 8F bR oFeh AP PipdhRusey, it Bal. adp,

| un2nes cehedike, (wmuomwmmelskmtdmm Ssﬁdh\téd]ﬁhlalés polt explal'ﬂéfﬂﬂxll? APigh) . As
before, the universal sequences, L-2/M1 and 2/ L-3 woul d consi st of

literature. See, e.g., Sambrook, Fritsch & Maniatis, Molecular Cloning: A Laboratory
Manual, Second Edition (1989); Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Mig
Acid Hybridization (B.D. Hames & S.J. Higgins, eds., 1984); and the series, Methods in
Enzymology (Academic Press, Inc.).

25 _ All patents, patent applications, and publications mentioned herein, both supra and
infra, are hereby incorporated by reference.
~ Itisto be understood that while the invention has been described in conjunction with
the preferred specific embodiments thereof, that the description above as well as the examples
which follow are intended to illustrate and not limit the scope of the invention. Other aspects,
30  advantages and modifications within the scope of the invention will be apparent to those skilled

_ in the art to which the invention pertains.



Short ol igonucl eotides containing optimally between 15-30%isoC and isoGto
reduce wo 96/0685ENt ed hybridi zati on to human sequences. APCIOISS1NESe- pai r
coul d be used to further reduce the representation of the natural
bases in these sequences. - AB-noted earlier, nonspecific

bi ndi ng as well as nonspecific hybridization can be 2 5 reduced by using
nonnat ural base pairs. Random pol yners or nearly random bl ock copol yners
consi sting of 6:8, dif erent n Ieo i des uld be used to reduce nonspecific
bi ndi ng of ¢ he. 1 the fOlGHHEE pratiiess BEort T BEerpesl Shine HEsoEisy UIfFspeRt 1
constit Ue”hﬁmﬁ&@hsé@%% Qhﬂﬁm%f feh@b?a‘(ur@oétc ) but someQQBé’r‘fH&hﬂ@ﬂoﬁﬁﬁd deMiition
nonspeci fic binding w be reduced wthout risking an I ncrease in

nonspeci f i shdwdbé @hcgmted)forb)l' ememdem ahgaysagivenah degreesc amd; uhlessotherwiseor

sal non, as.is c% ¥ do WD 96/ 06950

PCT/ US95/ ﬁmfﬁt pressu eis at or near atmosphenc o : -29.
One skigled in the art will recognize that the sane strategy could be
applied to bl ot assays such as dot bl ots, Southerns, and

Nor t her ns, Synthesis gue A anosinen and nonspeC|f|c

bi ndi ng of the Frobes to t esent

Unvent Ton al s FPWaEoelss ?ve};sg fﬁm%réﬁaww of spgyamRHnS pr 2 5oy

anpl i fi cat jsp, érﬂﬁhé'ot&géx%ﬁl IeFQ'Ede%*?Jﬁbgﬁ‘ e RESHRA sifthesizaf! ntar get
analyte is |%l|1t ially P anpl i g‘r?csi fhgﬂségl sut edmggvgngmez

t housand- f deaxyadlqnosme wr%depwadmsna(s -omde)rbyadng:cbphomi;sus under bas:qmndmons or

t for . | ahel t
cannot O (Switztr oL HELSS0 sittal: ) o Brenbiep P feupqenf e Y et PRUSHSE PG
renai n si Npasic Eondritie (Sdefcet al. €1992) Helv. c‘mm M&\qum-zm& ankoH By aMl'nGﬁucalA\C' ds

Res. 21:1155-1162). The generic sequences in hese over hangs can be.
prepared t owefrom Gwammflf-(%dem'sb,etw-erytlmpanmfmeoaybelﬂmqmy cetbopxmlm ng

on nontarg ndeed ence of adG in. t firgst se of
The s ool 228 RImuclebSaf. ShER asTeas ot Binand Yttt Roned By uidient. -
the pol ynexthantidhivto dfRacanneslatiorsf thé petimidine ring (Kﬁiiﬁﬁb?&uktet Wi (199pHeINO

i sodGTP or |sodCTP_to_put_in place of it. Because the pol ymerase nay

put T1idnt oChine 4ner J4d742xl748)l ow frequency when it detects isodG in what was

(1 LT 1 by RGP ol 55k 85 g 51D 2.

i nventi on Wedry-S65glLahosing doesot Mnldatself fdily & fcﬂfeﬂfﬂm, a convenien€; @hetfioal ireita to 2'-

t echni ques of "synthetic organic chenmistr y bi ocheni stry, molecul ar bi ol ogy,

and deoxy-isoguanosine from readlly available 2'-deoxynbonucleOS|de starting materials was
developed. _

20 Several procedures for the conversion of 2'-deoxyguanosine into 2,6-diaminopurine
nucleoside and Ne-alkyl-2,6-diaminopurine nucleosnde via special "convertible" 2'-
deoxyguanosine derivatives, such as O°-phenyl-2'-deoxyguanosine, have been described
(MacMillan et al. (1991) Tetrahedron 47:2603-2616; .Gao et al. (1992) J. Org. Chem.
57:6954-6959; and Xu et al. (1992) Tetrahedron 48:1729-1740). Further, Fathi et al. (1990)

25  Tetrahedron Letters 31:319-322 described a cbnvenient synthesis of O°-phenyl-2'-
deoxyguanosine using a procedure involving treatment of 2'-deoxyguanosine with
trifluoroacetic anhydride/pyridine followed by in situ displacement with phenol. Altemaﬁvely,
the introduction of O%-phenyl moieties into 2'-deoxyguanosine has been described by Reese et
al. (1984) J. Chem. Soc., Perkin Trans. I, 1263-1271, where the intermediate 0°-(4-

30  toluenesulfonyl)-2'-deoxyguanosine was treated with trimethylamine followed by phenol to

affect displacement of O°-(4-toluenesulfonyl) to give O°-phenyl-2'-deoxyguanosine. An



20 the like, which are within the skill of the art. Such techni ques are

expl ai nb Jelgdss i n t he literature. See, e.g., Sankcpu$9s/I1FrIStsch &

Mani ati s, Mol ecular Coning: A Laboratory Manual , Second Edition
(1989); d.igonucleotide Synthesis (MJ-24Gait, ed., 1984); Nucleic _ "
Acid Hybridization (B.D. Hames & S.J. Higgins, eds., 1984); and the series,
Met hods in Enzynmol ogy (Academ c Press, Inc.). 25 Al
patents, patent, alppl i cations, and publications mentioned herein, both supra
and isogyanpsine-like compaupd ywas gensraed FemR-{iethdmercaptoy-6-amino- It is

to be un . S0l . i i ' ' :oNnj uncti on
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descr i pt pyrazolypyrienidiae vibdruclessité) folovestiyadisplacement with NaOHabIgiwe the e i nt ended
toillustrate gnd not ligit the scoge f the inventiaon, O her aspects, 30
advant agifegunasiifinalazus (¢ oram & Al 1RSI acleiodeids Reseqech IVBHEBE: wi 1| be
apparent to t | —amingl ARE ' Is

pert 5ehe ?%ﬁoﬁk&t{%qgé?eo% amino é}oﬁ;hﬁ giiahosir® a2 &&x%udnﬁﬁﬁ@ﬁ&lﬁ@ﬂkyl

PCT/ US95nifritésl have been described. These include conversion to 2-halo (Nair et al.(1982) Synthesiz 3-

In the foll owi.ng e s, efforts, have been nade .to ensyr curacy.wth
aspoct | eB-SHh tha L i BhfigerepteReshoTo-niriBe HbemcleaRe eI S8 s sone
experi megptal lafhil : b CHRH3 : :

Tenper at 5&‘2 |l§ a ’32“3%%39%&3%&%"% I'&:éggg &Sh?aelgg' ot he"ré\(/j\ﬁ l;slg&iml

i ndi cat erbactiomes Oxidatios 0fO°-(p-nitepherietind )3 St-Oedi-r-thityl-dimethyl Silartek2is i s of

238 Sadpoios RS el 560 e BB
1

i soguanogd e e ' OFyi Syt h.zed:
From 2 - et B e o o e K L Bg P
di rect p32)d04-4686)s under basic conditions 10 (Switzer et al. (1993), -
supra); 2) from 2-ghl oro-2' - deox osi.ne by direct,photol ysi,s ynder :
bast ¢ condi | SiEOcedis e SRS F e sombnosie has PR AsSortied IS & ang

3) by a ﬂh?@b&)ai]elv. Chim. Acfi1E632.80 In a first step, 2'-deoxyguanosine was converted to 2-
6- am no- 1- (2' -'deoxy- bet a- D-er yt hr opent of uranosyl ) -1H i m dazol e-4-carbonitri

le 15  aminpd2=deckyadinosipe ulnl asecontbitep, AdninoRiadeaxysdenesinewwasddasinatsd by

I socyanat.e fol | o by treatnment . . i th amopi a to.af fect. anneal ati on
of tho. PRI &S BRPE it sedium e (GIUS 7 Raioy ORSRoNgf, - pct o
74: 1742- 1748) The method disclosed and¥di&d her@iﬁ?@l“b@ﬁthbgﬁngh%ﬂbwdd%a%g\fﬁ’é sion of

2' -deoxyadenosine-(N err]-oxide) to 2'- eoXxy-i so- guanosi ne does not
1 end it sgiuctuyrelfdimylat 0 scal e-up, a convenient, chemcal route to 2'-

deoxy-isoguanosine fromreadily avail able 2'-deoxyribonucl eoside starting
mat eri al s was :
20 NH,

N~ NH
4
o Shvbo
25 :
Rt
30

wherein R! is selected from the group consisting of hydrogen, hydroxyl, sulfhydryl, halogeno,
amino, alkyl, allyl and -OR?, where R? is alkyl, allyl, silyluor' phosphate, comprises:

35 a) reacting a compound having the structural formula



tdevel oped. 2 O Several procedures for ‘the conversion of

2' - deoxygusw®ed/oseso Nt o 2, 6- di am nopuri ne nucl eosi de P@UUSIS/11115

N[ err] -al kyl -2, 6-di am nopuri ne nucl eosi de via special "convertible" 2'-
deoxyguanosi ne derivatives, such as  err}sphenyl -2' - deoxyguanosi ne, have
been descri bed (MacM I lan et al. (1991) Tetrahedron 47:2603-2616;
Gao et al. (1992) J. Og. Chem 57:6954-6959; and Xu et al. (1992)
Tetrahedron 48:1729-1740). Further, Fathi et al. (1990) 25 Tet r ahedr on
Letters 31:319-322 descri bed a convenient synthesis of- (JJerr]-phenyl-2'-
deoxyguanosi ne using a procedure involving tQeat ment of 2'-deoxyguanosine
wth trifluoroacetic anhydride/Ryridile followed by in situ

di spl acenment wi th phenol. Alternatively) - “NHhe introduction of

Jerr]-phenyl noieties into 2'-deoxyg{ano§i ne It’as been descri bed by Reese
et ~al. (1984) J. Chem Soc., Pemn 1263-1271, where the
internmediate Qerr]-(4- 30 t bl onyl*- 2' - yguanosi ne was treated

with trimethylam ne foll owed by ph o] af f ect di spl acement of
Jerr]-(4-toluenesul fonyl) to give\06-phenyl-2'-deoxyguanosi ne. An

WO 96/ 88950 _
PCT/ US88/ 11115 - "H 1 - 24-

i soguanosi ne-1i ke conmpound was generated from 2-(nethyl mercapt o) - 6- an no-
pyrazol opyri m di ne ribonucl eosi de by S-oxidation, producing

2- (et hyl sul fonyl ) - 6-am no- - pyrazol opyri m di ne ribonucl eosi de,

foll owed by displacenent wwth NaOH to give the i soguanosi ne anal ogue

(Cott apbet with a (dadBdsultbislé &) Srofiet BSthMRSPARE S Hydiox§i drofif) - 5 |

Transformation of the 2-am no group in guanosine and 2' -deoxyguanosi ne :
usi ng al kyl b) ni trepcting theiproduesaf sttp<a) withea reagens seitabhe toumbaverd theddSoxn t o

2- hal Nai .al - (1982 thesis . 0- 67 d,

2 (et hyl muPetyiBto & ARefchabMRLD SHich is mspensPleidbort displacemey thersty
Nucl ei c prodm:igiaﬂmeﬁérﬁéliieﬂo"rﬁmgend et al. (eds.) Wley Inter-Science,
Part 4, 269-273), in radical reactions. Oxidation of

d err] - (p- ni tr opHeny| @xidiging the: 2-amino-groun ofishe productrafistepl (b)i | ane-2' - 10

GO PERD oy AL Hogll e Rl Shsopie syt e e s
been reportﬁdct[o‘ihmealu‘aﬁdﬂelrx; gid al . (1993) Angew. Chem Int. Ed Engl.
32: 404-406) . procedure for the synthesis of

2' - deoxy- i soguar®si nerepetingibeproductofistepdd) witlse e¢agensisuitable to deprgte@ang Hel v.

Chim Acta : 230 5 4 fisrst step, 2'-deoxyguanosi ne was converted to
2- 15 amgﬁ'ét-eg&-a 36%‘@%&%8&1,%9“3% a second step,

2- am no- 2' - deox yFieadunsersion W gusiReiit BAL'SdeoRYguanosine tdifpahndsieiop 2'-@doxiy1e

2-am no_group with sodiumnitrite to give - deoxy-i soguanosi ne.

The me?hod /armienesine; respectivelyi mayibeeffested byqrotepting the hydroxyl groupspodhelsigari ng

the moiety using a suitable reagent, e.g., TBDMS, benzoyl chloride, acetic anhydride, or the like.
As previously noted, one or more of the hydrdxyl groups on the sugar moiety may be replaced
by halogen, aliphatic groups, or may be functionalized as ethers, amines, or the like. The
product is isolated and the O is modified such that it can be displaced by a suitable

30  nucleophile. Examples of such displaceable groups include, for example, CH;-S-CsH,-O°-,

CH;5-S0,-0°-, C¢Hs-0%-, 4-nitro-CsH,-0°-, 2,4,6-trinitro-CeH3-O°-, or the like. The 2-amino
group is then transformed to the oxy function using an alkyl nitrite, or other suitable agent as
known in the art (see, Nair et al. (1982), supra; Trevidi (1991), supra; or Steinbrecher et al.
(1993), supra). The product is reacted with a suitable nucleophile, e.g., NH4OH, or other

'35  aminoalkyl, aminoaryl, aminoheteroalkyl, aminoheteroaryl containing a terminal -NH,, -SH, -



structural fornula [err] 30 - wherein R is selected from
the gro lati ng of hydrogen, hydroxyl, sulfhydryl, w@gﬁms

am no, al?;cﬁawglﬁlyl and -OR{err], where Rlerr] is alkyl, allyl, silyl or
phosphate, conprises: 3 5 a) .g.eacting a compound having the
structural formula - WD 96/ 06950 '

PCT/ US95/ 11115 ; - 25-

[err]
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15
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10 '
COOH, or the like, thereby displacing the modified O° leaving group. Deprotection of the

protected hydroxyl groups may be effected by treatment with, for example, base or fluoride.
In the following discussion, O°-(4-methylthiophenyl) will serve as an exemplary
displaceable gréup. However, its use is for the purpose of describing pafticular embodiments
only and is not intended to be limiting. .
NC.alkylated isoguanosine derivatives can be readily synthesized by using an alkyl
amine as the nucleophile. For example, hexanediamine may be used to displace the O‘-(4-
methylthiophenyl) to form N‘-(6-amin_ohexyl)-isoguanosine. Protection of the aminohexyl

group (e.g., as the trifluoroacetamido derivative) and subsequent conversion into a

phosphoramidite reagent provides a functionalizable isoguanosine analog which may be ‘

incorporated in any desired position in an oligonucleotide for further post-synthesis
derivatization. Thus, it would be possible to label specifically the isoguanosine moiety of

‘ sel.ected isoguanosine/isocytidine base pairs. It would also be possible to synthesize a series of
N‘-derivatives of isoguanosine which carry any desired functionality simply by displacing the
0°-(4-methylthiophenyl) group with.a suitably terminated nucleophile, e.g., -COOH, -SH, -
NHs,, or the like, derivatives can be readily prepared.

Furthermore, 02-_(4-methylthiophenyl)-2'-_deoxyxantosine, in its fully protected
phosphoramidite form (02-(4-methylthiophenyl)-S'-O-’DMT-3'0-(BQE;-
diisopropylphosphoramidite)_é'-deoxyxantosine) may be used as a convertible derivative
following incorporation into an oligonucleotide. Post-synthesfs displacement of the O*~(4-
methylthiophenyl) from the 02-(4-m¢thylthiophenyl)-Z'-deoxyxantosine with an alkyldiamine,
or other ﬁJhctionalized alkyl amine, produces N‘-(aminoalkyl)-__z'-deoxy-isoguandsine—
containing oligonucleotides. The derivatized isoguanosine can serve as a site for introduction

of a label or other reporter molecule specifically at the functionalized isoguanosine residue.

Outline of synthetic agp.roach. As depicted in Scheme 1, the synthesis of 2'-deoxy-

isoguanosine was accomplished in five steps from 2'-deoxyguanosine as follows: -
1) conversion of 2'-deoxyguanosine to 3',5"-O-(t-butyldimethylsilyl),-2'-deoxyguanosine

(Ogilvie et ai. (1973) Can. J. Chem. 5_1:3 799-3807), with purification by recrystallization;

2) conversion to O‘-(4—toluenesulfpnyl)-3', '-O-TBDMS;-2'-deoxyguanosine;



15 with a reagent suitable to protect both the 3" and 5 hydroxyl groups;

b) reaovongodobe product of step (a) wth a reagent suit ggrasesyipasvert
the Jerr]-oxy noiety into a functional group which is susceptible
t o nucl eophilic displacenent, thereby 27- producing a functionalized
Jerr] noiety; c) oxi di zing the 2-am no group of the
product of step (b); 2 0 d) reacting the product of step (c)
with a nucl eophilic reagent to displace.the functionalized (err]

moi ety; and 3) displacement of 4-toluenegulfanylgronp apPbwith @ suitable phenokik.guidh a
reagent sui In@ﬁx'y : r . and 5 Rydroxyl

gr oups. ( ﬁhlbjbhg@r?ﬁ’@%%ég;b EP%hne n%]f usd'ﬁ%ﬁ%‘%?%ﬁ%?%‘f%%ﬁ?ﬁéﬁégbsi ne to

I soguanosi rimethylthio)phemyl) 3", 20-TBDMS}-2Mdeskypaandsiie PR edst ¢LAlY (198BY, sippagf f ect ed
by protecting th(; hydr oxy| . groups on the sugar ) .hoiety using a

sui tabl e r eagent}) oxidgtion gfghe 2-aming.greyp te thesxy fenctige sithdersbhtydinitrite under t he

l'i ke. i - NAEH, Qf ot oxyl_ groups.on the
sugar rr%i et?ﬁr%& E’ﬁé{'%g*’?ée? & ("?%&Logﬁ%gﬂs %T‘P‘?W@'é F%el?gg’fa"ﬂsmr"my be
functi onal i(Sethbeeshaitdval. 198 sapas), and t he |i ke. The product is

i sol ated and th% ae'ralr#wi S n&g{l.ifi ed such that it can be djsplaced by a
suitable 3 0  miEiselagsment of Bcidrmetyithiorhenyh saoupowitk ammoaiug kydsexideds! ude,
for exanpl . A8 vive 3' 5'-0- 9 i i

Cerr]Her ?iey%é%ﬁﬁggrg]gﬁe&’gr(r)]ﬁ%ly[r _Zdeeorxy]l.gqugrmspreb_ Cerr]Herr]-ger
r]-, 2,4, 6-trini tThesg@ithesis| dffisiguindsine from guanbsihd'may bk effectétPustgidiimilar reaction
group s then transfornmed to the oxy function using an al kyl nitrite, or

ot her i t 8¥M€agent - as known in the art (see, Nair et al. (1982),
supra; Trevidi (1991), supra; or Steinbrecher et al. (1993), supra).

The product is reacted with a suitable nucleophile, e.g., NHerr]OH or
ot her 35 am noal kyl , am noaryl, am noheteroal kyl, am noheteroaryl

‘containing a termnal -NH2, -SH, - _ - WD 96/ 06950

PCT/ US95/ 11115 _ -26-
COOH, or the like, thereby displacing the nodified Qerr] |eaving group.
Deprotection of the "~ protected hydroxyl groups may be effected by
treatment with, for exanple, base or fluoride. In the -

foll owi ng discussion, (Qerr]-(4-methylthiophenyl) will serve as.an

exenpl ary di spl aceabl e group. However, its use is for the purpose of

descri bing particul ar enbodi nents 5 only and is not intended to be
limting. '



N err]-al kyl ated i soguanosi ne derivatives can.be readily synthesized by .
usi Nng anwe dédkese - am ne as the nucl eophile. For exang@Eyudesxaisdi am ne
may be used to displace the Jerr]-(4-- met hyl t hi ophenyl) to form

N[ err] - (6-ani nohexyl)-isoguanosi ne. Pr¥8ection of.the am nohexyl :
group (e.g., as the trifluoroacetam do derivative) and subsequent
conversion into a 10 phosphoram dite reagent provides a functionalizable
i soguanosi ne anal og whi ch may be S a??ﬁggcorporated in any desired
position in an oligonucl eotide for F post-synthesi s -

derivatization. Thus, it would be possible to | abel specifically the

i soguanosi ne noi ety pf sel ected i soguanosi ne/isocyti di ne base pairs.
It would also be possible to synthesize a series of

N[ err]-derivatives of isoguanosine wigch carry any desired functionality

si npl ¥ by displacing the 15 Aerr]-l4- nethylthlophenyl) group with a
suitably term nated nucl eophil e, -, "NCOOH, - SH, NH err], or the
| i ke, derivatives can be readil plepar d. ' FurthernDre
gerr]-(4- nethylthlophenyl -2' - gyne, inits fully protected
phosphoram dite forn1(CI t hyl't hi opRenyl )-5'- O DMI- 3' O ( BCE-

di i sopropyl phosphoram dite) - oxyxant osi ne) may be used as a convertible
derivative 2 0 following in oration into an ol igonucl eoti de.

Post 49ynt hesi s di spl acenent o he Jerr]-(4- met hyl t hi ophenyl ) from
the Qerr]-(4-methylthi opheny 2' -j[deoxyxant osine with an al kyl di am ne,

or other functionalized al kyl am ng, produces

N err] - (ami noal kyl ) -2' - deoxy-i sogugnosi Step 1. cont ai ni ng ‘
ol i gonucl eoti des. The derivatized ijsoguanosi ne can serve as a site for

i ntroduction of a | abel or her reporter nolecule specifically at
the functionalized isoguanosine residge. 25 Qutline of synthetic
apprasch. As depicted in Schene thk synthesis of 2'-deoxy-

i soguanosi ne was accorpl i shed in ps from 2'-deoxyguanosi ne as
folloms ) convé?sd - deoxyguanosi ne to
3',5 -0 (t-butyl di net hy 5|ggl 2- N~

osi ne (Qgilvie et al.
(1973) Can. J. Chem 7 , wth purdification by recrystallization;
30 2) convefsion t '
Jgerr]-(4- toluenesulfonyl) 3
WO 9@006950
PCT/ US95/ 11115 5"'0 Step 2. _27-
3) displacenent of 4-tol%§gqﬁulfonyl group apZOerr] with a suitable
phenol, e.g., 4- t Ryl t hi o) henQ) nt achl or ophenyl, using
Reese's procedure to glve gerr]-(4-

d

O TBDMVS[ err] - 2' - deoxyguanosi ne;

(met hyl t hi o) phenyl )-3',5' - O TBDMVB2- 2' - d 8uanosine (Reese et al. (1984),
supra); 4) oxi dati on am no group to the oxy function
W th2Sert-butyl nitrite ynder 5 ANconditions to give
06-(4-(nethy|thio)phenyr§*6§ 5' [eLLl-Z'-deoxyxantosine
. “
N NHz
0o
N\
30 . Si-0
Step 3.

35



(St ei nbrecher et al. (1993), supra); and - 5) displacenent of

d err] - (4- wridsywessoi ophenyl ) group with anmoni um hydrOX| de aPCT/US95/11115
el evated tenperature to give 3',5 -O TBDVS[ err]-2' - deoxy-i soguanosi ne.
The synthesis of isoguanosine from guanos? e may be effected using a

simlar reaction 1 0 schene. WO 96/ 06950
PCT/ US95/ 11115 ' -28- SCHEME 1
[err] SCHEME 1 (continued)

5

0)
N =N
. v &0
Si—0— o | N’*NHz
_/l 0
\
N,
Step 4

20
| N Sy
N
25 . y ¢ |
| Y S
30 : . ' %

Step S.
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SCHEME 1 (continued)

NH,
¢ N
i(— N ’ko
7 0 H
\
Nsi-0

The material obtained was identical in every respect (TLC, HPLC, UV, and NMR) to
an authentic sample prepared by a published, photolytic route (Switzer et al. (1993), supra).

Derivatives of isocytidine or 2'-deoxy-isocytidine may be brepared in which the
glycosidic bond is stabilized against exposure to dilute acid during oligonﬁcleotide synthesis.
Nz;amidine derivatives have been described for 2'-deoxyadenosine by, for example, McBride et
al. (1986) J. Am. Chem. Soc. 1_08_:2040-2048; Froehler et al. (1983) Nucleic Acids Res.
_1_]_:8(_)31-8036 and Pudlo et al. (1994) Biorg. Med. Chem. Lett. 4:1025-1028. Nz-(N,N-
di(X)formamidino)-2'-deoxy-isocytidine was synthesized by the following procedure. As
exemplified herefn, X is n-butyl. However, X may bé C2-Co alkyl, aryl, hetéroalkyl,
heteroalkyl, or the like, .

N-di-n-butylformamide dimethylacetal was synthesized by transamination of N,N-
methylformamide dimethylacetal with di-n-butylamine as described in McBride et al. (1986),
supra, Froehler et al. (1983), supra, and Pudlo et al. (1994), supra. Ten mmole of 2'-deoxy-5-
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31-

- methyl-isocytidine was suspended in 100 ml methanol and 10 mmole of N,N-di-n- -
‘butylformamide dimethylacetal was added. After 2 hours at room temperature with stirring, a
clear solution resulted. Thin layer chromatography analysis on silica 60H developed using
10% methanol in methylene chioride indicated that the starting material was completely
consumed. Water (10 ml) was added to destroy excess reagent, and the solvents were
removed in vacuo to give 3.8 grams of crude Nz-(N,N-dibutylformamidino)-Z'-deoxy—
isocytidine. This derivative can be directly converted to 5'-O-DMT-N’(N,N-
dibutylformamidino)-2'-deoxy-isocytidirie for incorpdratibn into oligonucleotides.

Other isocytidine derivatives may be prepared which provide functionalizable
substituents by which detectable labels may be incorporated into a specific position of an
oligonucleotide. For example, 5-alkylated 2'-deoxyuridine derivatives have been described,
e.g., 5-[N-(6-trifluoroacetylaminohexyl)-3-(E)acrylamido}-2'-deoxyuridine, by Ruth (1991)
Oligodeoxynucleotides with Reporter Groups Attached to the Base, in Eckstein (ed.) |
Oligonucleotides and Analogues, IRL press, p. 255-282. Such 5-position derivatives have
been found not to obstruct base pair hybridization patterns. The chemistry described by Ruth
can be used to synthesize 5-[N-(6-trifluoroacetylaminohexyl)-3-(E)acrylamido]-2'-deoxy-
isocytidine, thereby providing a functionalized isocytidine which may be detectably labelled at

~ selected isoguanosine*isocytidine base pairs.

These and other 5-position derivatives of isocytidine and 2'-deoxy-isocytidine provide

- additional stabilization for base pair formation. Such derivatives include: 5-B-propynyl (see,

Froehler et al. (1993) Tetrahedron Lett. 34:1003-1006), 5-B-propenyl or other 5-alkyl

isocytidine or 2'-deoxy-isocytidine derivatives.

Kits for carrying out nucleic acid hybridization assays according to the invention will
comprise in packaged combination at least one hybridizing oligonucleotide probe, a segment of
which is capable of forming a hybrid complex with the analyte, and a means for detecting the
hybrid complex, wherein the at least one hybridizing oligonucleotide probe comprises a ﬁrst
nucleotidic unit which, under conditions in which A-T and G-C base pairs are formed, will not
effectively b_asé pair with adenosine (A), thymidine (T), cytidine (C), guanosine (G) or uridine
(U). The reagents will typically be in separate containers in the kit. The kit may also include a
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denaturation reagent for denaturing the analyte, hybridization buffers, wash solutions, enzyme
substrates, negative and positive controls and written instructions for carrying out the assay.

The polynucleotides of the invention may be assembled using a combination of solid
phase direct oligonucleotide synthesis, ehzymatic ligation methods, and solution phase
chemical synthesis as described in detail in commonly assigned U.S. Patent Application Seﬁal
No. 07/813,588. _

All chemical syntheses of oligonucleotides can be performed on an automatic DNA
synthesizer (Perkin Elmer/Applied Biosystems Division model 380 B). Phosphoramidite
chemistry of the B-cyanoethyl type was used including 5'-phosphorylation which employed
PHOSTEL™ reagent (DMT -;O-CHzCHz-(SOz)-CH2CHz-O-P(N (iPr)-z)(-O-CHzCHz'CN)
wherein DMT is dimethoxytrityl and iPr is isopropyl). Standard manufacturer's protocols were

used unless otherwise indicated.

E Example |- _
Assay Background Noise Caused by Nonspecific

Hybridization of Targe't_-Sg' ecific Extender Sequences
with Generic Assay Components

In order to determine how assay background noise can be caused by cross-
hybridization of target-specific extender sequences with generic assay components, an
amplified DNA hybridization assay was performed to quantitate M13 phage using the pools of

capture extenders and label extenders.as shown in Tables 1, 2 and 3.

(



The material obtained was identical in every respect'(TLC, HPLC, UV, and

NVR) to wo9sms9saut hentic sanple prepared by a published,

(Switzer et

2- deoxy-isocytidine may be prepared in which the

stabilized
synt hesi s.
- deoxyad
Soc. 108:2
11: 8031-80
N err]-(N
by the foll
However, X
het er oal kyl}
was synt he
di et hyl ac
supra, Fro
mol e of 2'
PCT/ US95/ 1

PODUSHLILLS 1 out e

al. (1993), supra). 20 Preparation of Isocytldlne or
2' - Deoxy-isocytidine Derivatives -33- Derivatives of isocytidine or

agai nst exposure to dilute acid during oligonucleotide
NI o r] SldedliRador i vt AVZ-Y ha“e heen degceri bed for

gl ycosidic bond is

OSIE(E
0-#948] Froehler et al ACIdS Res. 2 5
%ﬁg, Pldl o et al. (19953$é3§%te”ﬁ§f<’aiem Lett. 4:1025-
diO0faropai ding) -2 - deoxy-jsocviidipe '
W 9 Pl AGGHEGAATRATA
ey b PrecTerice ety A

ze@ by GmaiiiﬁTEAADGAGCTWGATKCCGAﬁhﬁﬂﬂtbrnanide

by, for exanple, MBridgg al. (1986) J. Am Chem

1, X is n-butyl.
HCOTRgARRARES, X 15 DUty

1028.

al w t hfTICHCTIGGAARAGAAAGTGWECri bed in McBride et al. (1986),
e LATTGTATCeCT TR A GRS N TCGAGaT (oo STpra—er

nethyl-lsoc
NN- di -

3@

roonltenper

U d o] eRBCrPPRIceqeNTCOfcAECTTERR PIOARIAAMIETEAT

at use W GC'IKIAGGCWGC&\GGGAG'ITWG mnmcstGMGﬂtm

10072

| ayer chr orfat O%h Y dndlﬁl SO ST 1T ca o0 devetoped—ustng

nmet hanol i1

o GAG

AGTTTRGATRAAACEEGT FECECETGGAAABAMGIGAT: S

1U70

conpl etely.

reagent, a

Mﬂwrﬂ“&%ﬂﬁm brCGAMGAAAGTGAT o o

crude N2- (NN-di butyl f or mam di no) - 2' - deoxy- i socytidine. This

derivati ve

can be directly converted to 5 -ODMI-N err]-( NN\

di butyl f or mam di no) - 2' - deoxy-i socytidine for incorporation into
ol.i gonucl eot i des. : Q her isocytidine derivatives may be
prepared which provide functionalizable 10 substituents by which
det ect abl e | abel s may be incorporated into a specific position of an

ol i gonucl eoti de. For exanple, 5-alkylated 2'-deoxyuridine derivatives have

been descri
5-[N-(6-tri
Rut h (1991)
the Base, i

bed, e.g.

quoroacetyIanlnohexyI) 3- (E)acrylanldo] 2' -deoxyuri di ne,

by

A i godeoxynucl eotides with Reporter G oups Attached to

n Eckstein (ed.) d i gonucl eoti des and Analogues

press, p. 255-282. Such 5-position derivatives have

| RL



15 been found not to obstruct base pair hybridization patterns. The
chem st rywodgmedspbed by Ruth can be used to synthespc&gusesiiiis
5-[N-(6-trifluoroacetyl am nohexyl)-3-(E)acryl am do] -2' - deoxy-

i socytidine, thereby providing a function#&lized isocytidine which may be
detectably | abelled at sel ect ed isoguanosi ne*i socytidi ne base pairs.
These and other 5-position derivatives of isocytidine and .

- deoxy- |socyt|d|ne prOV|de 20 addltlonal stabilization for ‘base pair
for mat i on.__ see Fr oehl er
et al. (19 rahedron Lett 34 100 5-Terr]-propenyl or other
5-al kyl ocytidine or 2 eox ; Yi(k’dl nﬁ derivatives. :
Kits for arlngl nd out nucleic. aC| gol ssays according to the
|nvent|onW| conprise in ackaed conbi nati on at Ieast one

hybridi zifpg o |gc I s capabl e of
formng afhybri %?%ggﬁg ﬁ@CQTHEéns for detecting the
hybri d cofp bhybridizing oligonucl eotide probe

conpri ses CGCCGAGMMCAAUAMUATWC@TCW condi tions in which
A-T and G e b | y base pair

Wi th adengsi ) thyngidine (T) rv'r | d| pe (Q . guanosine (G or uridine
30 (V). B eagents will typlcally@b separate containers in the kit.
The kit nh i nclude a | _ 0

PCT/ US95/ | . Label ten cr p()oq : -32-

denaturat te, hybridi zatlon buffers,

soen, 2000 8, $ R goan IR HAMEp RPN, 207 | v con el @
pol ynucl epti ggs chxc:ccmgmmmmmmm PPAGEY & conbination of

solid —phase—di-rect—otgonteteot-de—syrthess——enzyrat i c | gation
met hods, and 120l IGGEAGEEGATTATACCAAGEGES TEAGGIOATAGGSdescri bed in detai |

i n conmon '—l‘LF- i No. 07/813, 588.
Al'l chem gal qum %gz i Jg&gﬁt@%ﬁwperformd on an autonmatic
DNA QynT h 2' lied Bi osystens Division nodel 380
B). Phosppor aai d mTGAAAGﬁm@AMTaKmmi@wkm@me*hyl type was used

I ncl udi ng l-mmpuuu FatTomwhrch—enptoyed—36 PHESHEEFerr] reagent

( DMT- O- CH er A3 cHl &G ¢W¢A@F&m}%ﬂmﬂﬂkﬂ)[err])( O CH err] C
L er ] O] el oo HEGAGBGINEC A CERRTACR TTAGECAIRGATE S | Sopropyl).

*&ss ot herw se
i ndi cat edj 17 GCGACCTGCTCCATG'ITAC'I‘I‘AGCC TTAGGCAT AT

18 | CTCAGCAGCGAAAGACAGCATCGGA TTAGGCAl~—
19 | ATCATAAGGGAACCGAACTGACCAA TTAGGCAT..=—
20 | CCACGCATAACCGATATATTCGGTC TTAGGCATAi—
21 | TACAGACCAGGCGCATAGGCTGGC TTAGGCATAL—
22 | AAACAAAGTACAACGGAGATTTGTATCA TTAGG L=
23 | CACCAACCTAAAACGAAAGAGGCGA TTAGGCAl -~
24 | AAAATACGTAATGCCACTACGAAGG TTAGGCAl~.—

4

For the purpose of illustration, a space separates the 3' nontarge: ——
5 target-binding region of each probe.

The assay was run essentially as described in PCT Publicz.

Briefly, after overnight hybridization at 63°C in microtiter welis =——

complementary to the nontarget binding region of the capture exwe—



Exanple 1 15 Assay Background Noi se Caused by

Nonspeci f iwWo 96/06950 Hybridi zati on of Tar getrnss@qiifikC

Ext ender Sequences with Generic Assay
Conponent s In-order to deterssne how assay background noise
can be caused by cross- * hybridization of target-specific extender
sequences with generic assay conponents, an 2 0 arrpl I fied DNA

hybri di zati on assay was performed to quantitate ML3 phage using the pools
of c fpolpdeat Eam teppesatreifor 40anine washeddwiceawitls A buffer contaibing. Ix S$Cand
3. 115

s, g@g%ﬁ%ﬁ@acr 1.5 mM sodium citratg; pH 7,0), 0.% sodium dodecyl sulfa atse A 15 %3

Ext ender Poqf15Aarms"N&ch th311kalﬁq U
T oA s Nach with alkelihe URGTAIEA0 AL DI Sd] BRACRATSNA amplifier

TTCTCTTGGAAA@M@rmplemen@ry toxhg 3T nagerhindingeegionor thedabeb@ktender was added

TTCTCTTGAMEANTIR e B B T AT L AR GAT

AT@W@TWAFW%@%%JW@E%Bm of an alkaline phosphatase probe (200
TCCCCTGATAAATTGIGTCGAAATCC TTCTCTTGGAAAGAAA!

fm) to the wells and a further incubation for 15 mm at 33°C, the plates were again cooled

and washed as above. Three additional washes were done with a 0.1x SSC buffer. The
signals were detected in a Chiron luminometer after 20 min in the dioxetane phosphate

10  substrate solution Lumiphos 530 (Lumigen). The results are shown in Table 4.

Table 4
Nonspecific Binding Assay Background Noise
0
- Signal Noise
Capture Extender Pool (+ M13 phage) (- M13 phage)
Pool A alone : 293, 306, 337, 359 1.1, 0.9, 1.1, 2.0
Pool A + Pool B 390, 393, 379, 376 103, 130, 436, 172

The addition of the pool B capture extenders does not increase the net signal, but
does increase the noise about one hundred-fold. Computer analysis of the sequences _
15  involved showed that éapture extender #8 of pool B has extensive homology with the T20--
LLA2 sequence of the branched DNA amplifier (including a 9mer oligo(dA)--oligo(dT)),
while capture extender #9 of podl B has extensive homology with the BLA3c sequence of
the branched DNA amplifier.
| ~ The present invention addresses the problem of hybridization-dependent assay
20 ba,ckgrouﬁd noise. Nucleotide sequences are constructed which are interrupted by
nucleotides that do not form stable base pairs with "natural” nucleobases, thereby inhibiting
the hybridization of such sequences with natural sequences. Ideally, every third or fourth
base in the universal sequence would be a modified nucleotide that does not pair with A,C,
G, or T(U). By using base pairs isoenergetic with the C*G base pair, one can also reduce
25  the length of the universal seq(xences. Statistical arguments show that this should also
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- 34- WO 96/06956EQ Table 2 IdeTrus9sniis
Capt ure Extender Pool B NO. 8

TCCAAAAAAAAAGGCCT CCAAAAGGAGCCTTTA 36-  TTCTCTTGGAAAGAAAGTGAT
CGCCGACAATGACAACAACCATCGEC TTCTCTTGA SEQ

Table 3 | D Label Extender Pool NO
10 ATGAGGAAGTTTCCATTAAACGGGT TTAGGCAT 11

GAGGCTTTGaatuee thenfrapneney of andesisabBeeross-hybridiZition @ROASOGINETSAI SGUERE e
TTAGGCATA AAGAATACACT AAAACACTCATCTT
TTACII:ATA%@&@?&F&?J sequences and NOMarEpi LA m@mmmw
ROCACOT AT iehles M el WALl selfubiftes in the extiider probes, By relvine on .\

TTAGGCATA multidentatg amdmmmhmmﬁﬂmmmimmweml sequended can be
CCGATATATTCGGTC
TTAGEIATATU e A (3 SRS M M senvRe o b deenbui

AAACAAAGT 1f
TTA@ATAWT&I@?T@C&% Eﬁ%; e um&(ﬁ ‘ A
_pur pose otails| hmplifiers; labeled psghes,candepreamplifiers (whed' apphcubba)ge

- _ : Example 2
10 Specificity and Strength of isoC-isoG Base Pairs

In order to determine the specificity and strength of the tsaC-tsoG base pair, thermal
melt analysis was done on the following oligonucleotides: '
1) 5' (L) CA CCA CTT TCT CC (T) 3' [SEQ ID NO: 25];
2) 5'(L) CACFACTTTCT CC (T) 3' [SEQ ID NO: 26]
15 3) 3'(T) GT GGT GAA AGAGG 5' [SEQ ID NO: 27];
| 4) 3' (T) GT GJT GAA AGA GG 5' .[SEQID NO: 28]; and
5) 5* CACTA CTT TCT CC (T) 3' [SEQ ID NO: 29].
The core hybrid of these oligonucieotides consists of thirteen nucleotides.
‘Nucleotides not involved in the base-pairing are indicated in parentheses. L = a primary
20  amine, F = isoC, ] = is0G. Thermal melt analysis was done on a Cary 3E
| Spectrophotometer in 3x SSC (0.45 M 'NaCl, 0.045 M sodium citi'ate), pH7.9. Each of
the two oligonucleotides incubated together was present at approximately 1.5 uM. The T,
was calculated as the ma_lximum in a plot of dA,5/dT vs temperature. The results shown in

Table 4 indicate that the isoC*isoG base pair is isoenergetic with the natural C*G base pair.

(
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cool ed at roomtenperature for 10 mn, washed twce with a buffer
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% sodi um dodecyl sulfate. A 15 x-3 (15 "arms" each with 3 al kaline

|
conpl ementarly to the 3' nontarget bindf#defegi on of the |abel extende
added 5 tfo the wel | sTaAaalysie of Spedificityoof isoC*iseG Basespairingr 30 min a
53[ err] C af tler IC € plates WeT & Cool ed. ang. wasneo as [apove
After the addition of an al kaline phosphatase probe (|200

vel |'s and a |[fMatch@ismatobp RaireshOligenucteolides at 53[ err] ¢, Tahe
agai n cool e Suplemmycegnls : — " ,
with a 0. 14 €SCGomatchy 1*3The signals were detedted i n &0ChHi rem
0
596 matehi 4¥n) . The results are shodn %h frabie [4.60

phosphat.ase [p £S) Drancned DA anprtirer . T 100 |nl
was

AUV CAUIU

| um nonet er attg;* 20 mMn | n_tne dl OXxetane pnospnate
sol ution Lurji PR

Tabl e 4 : : i Nonspeci fic Birdi Asgay |Bagkggound
Noi S6 isoC * G mismatch, 2*3 : : $¥ o §2a|- aﬁ’k

Noi se 500t 1 Cemisiviathgi @ #4 Pool - (+ M pdage) 52 |52 (-
ML3 phage) -Poot—A—atome _ 493—3B86—3FF—359
1.1, 0.9, 141G 2Tomismatch, 3*pol A + Pool B $Po| 393,| 3O, {376
103, 130, 49 The addrtron of tng pgol| B _Cagrure

o809 feé3feihe net sjgpal . but ddes i A3r das® t e
noi se about one hundred-fold. Conputer analysis of the sequences 15 -

i nvol ved showed that capture extender #8 of pool B has extensive honol ogy
with the T20-- Accordingly, universal sequences containing approximately equimolar C, G, isoC,

ext enders dqe¥

is0G, A, and T, can be shorter than sequences containing only A, T, C, G in approximately
5  equal ratios. This limits the potential for cross-reactivity with natural nontarget sequences
-in the sample and with LE and CE target‘-binding sequences that are more or less
constrained to be composed of A, T(U), C, and G.
The data also show the specificity of the isoC*isoG base-pair. The isoC*G and
_ isoG*C pairs behave as mismatches. Classically, the destabilization in degrees C is
10  approximated by the percent mismatching. Thus, about a 7.5°C change in T,, would be
' predicted to occur for 1 mismatch in. 13 nucleotides (7.5% mismatch). ‘The observed 8°C
change when the C*G or isoC*isoG matches are compared with the mismatches is similar to
the change which would.occur in an average mismatch with A, T, C, and G code.
Is0G exists in at least two tautomeric forms, the keto and the enol. The keto form is
15  favored in aqueous solvents and the enol is favored in organic solvents (Sepiol et al. (1976)
Zéitschrift fuer Naturforschung 31C:361-370). The isoG enol tautomer can, in principle,
form two hydrogen bonds to dT, making it analogous to the A*T base pair. If the enol
tautomer were present at significant levels in the hybridization buffer, the specificity of
isoC*isoG base pair would be limited. However, the observed T, in the isoG*T mismatch

20  was 53°C, essentially the same as the other mismatches.



LLA2 sequence of the branched DNA anplifier (including a 9ner

ol i go( dAYo 9éMee&(dT) ), whi |l e capture extender #9 opcpwusds/iBiizas

ext ensi ve honol ogy with the BLA3c sequence of t he branched DNA
anplifier. - The present inveddtion addresses the problem of

hybri di zati on-dependent assay 20 @ background noi se.  Nucl eoti de sequences
are constructed which are interrupted by nucl eotides that do not form
'stabl e base pairs with "natural” nucl eobases, thereby inhibiting t he
hybri di zati on &hesggleid sIpperé theceonglusian tiat thesgnok taytamerds presensal very lewer y

third or four A | D t-he universal . s ence ul | fied
nucl eot i d oq%ﬁ%%tggég .3%&;@@5* EHvd??ﬁp’A,f e?esg&’ _lt sg@i orgps ‘r%‘?‘ij\g?ﬁ ﬁ?%ﬂ‘&ﬁe

pai rs i sogpengethe Gs00-isbGHybrid: Fheashtrolowith a G MminatéhSkad' £1U o€ aBSut 492 0€

l ength of the universal sequences. Statistical arguments show that this
shoul d al This is somewhat {qweyghasexpegcted for the average G*T mispair, but is close to the isoG-
PCT/ UR95/ 15. © -36-

reduc§ thi]r%%éad{lency of undesirable cross-hybridization anong universal
sequences and Qne skille®§i tNeQFt Will appiecite BRONAME SRR Vasd-pafing cquences in
the sanple and between universal sequences and the target-specific
sequenc escombinationsticantibasenrdpaics), whethes isoengrgetic with C*G or hot, svauldafurther ndi ng

to form stable brids...the. .l engths.of the universal sequences can be 5
fort herrinteRy e Sprfeint o e B Puisint bl MSU BuRtel TR S8 Besi gned
Wi th at . coyld ntf2RS4lirkinaedA T o€ CAMPErdin MEChfiGirsd R8quehdd’! HGweVe? itavirfgaPt ur e

extender tails, l"abel -extender - tails, anplifiers, |abeled probes, and
preadfl i f smalkrepresentatigrpof thess! kases adds to the diversity of the library of possible universal

Example 2_10 . . Specificity and Strength .of is0C.isoG
Base Pai r ¥duences, which enables qqe g design ﬁ‘é‘t"ﬁﬁsﬂi ﬂ/e[nﬁgs @B'B‘EFF'? BPRPLEICHng 83 engt h
of the i spdssibROsimbiShemsdives. t her mal nmelt anal ysis was done on the

fol |l ow ng ol i gonucleotides: 1) 5° (L) CACCACIT TCT CC (T) 3" [SEQ
| D NO. 25];  Forexampie, with a ¢hagreodEDie TAT d&ipn dnly Iwo paEQof ihitpsal A8 metH

3) 3 (7 GAGG  5'. DNO. 27] & . 4) .3 (T).CT GIT AGA GG
5 [SEQ %%%%"e eYena s‘“gk%E‘f%’ %"“%YE&"C’FK?@T’T%%F‘@"H‘)" §.‘]a. @D NO
29] .15  of 15mer sequenBes; icte Mt belatQbast SRRE3 AuLIBOHILIroRiHyBRds.CWiR 25 Of
thirteen nucl eoti des. Nucl eoti des not involved 1 n°the base-pairing
are i ndi ceasegods; opacam desigre8 pairs of E5meri sequepces without even one 3mer Watson-Crick

type of cross-hybrid. With an eight base code, one can design 19 such pairs of 15mers.

Exampl
20 . . . fect of [s0C*i
In order to examine the behavior of the isoC*isoG base pair as a function of pH, T,
analysis was conducted on. the oligonucleotides provided in Example 2. The effect of pH
on the T,, of the oligonucleotides containing the complementary isoC*isoG base pair
(sequences 2 and 4, respectively) and C*G base pair (sequences 1 and 3, respectively) was
25  determined (n = 2 or 3) at 0.5 M salt and approximately 1.5 uM oligonucleotide', and the

results are shown in Table 5.



20 amne, F =isoC, J I soG Thermal nelt analysis was done on a Cary
3E Shardeiogesgot oneter in 3x SSC (0.45 M Nad, 0.045 M sefusssmiiisr ate),
pH 7.9. Each of the two oligonucl eotides incubated together was
present at approxinmately 1.5 [err]M The T{3esr] was cal cul ated as the
maxi mumin a plot of dAlerr]/dT vs tenperature. The results shown in

Table 4 indicate that the isoC'isoG base pair is isoenergetic with the

nat ural C*Ghase..pai.l WD 96/ nﬁqm
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53 53 SBOG*zsoC 2*4 Accordl ngI;/ unilversdl Sseqliergies|cdat aj nispg
appr oxi mat el[y g:gl noT ar I S0C, S0¢, A [and_ T, car peshorter
t han sequende®*€wdidi ni nq onlv A T. C Gin epBri)xi % elly 5% | equa] 52
ratios. This lim Ilmts t he potentlal Tor cross-reactivity wth natural

nont ar get sequences

he sanple and with LE and CE target- blndlng

sequences t hat arGenegally, @F'SP@W“"C hyb‘@@rﬁ'@ stablecay pHoS ped EHrﬁ%s O?fpl'ﬁ5
T C t of t
| g g)O* S oGaBas 5 A b becomergrotonat 119%‘:8\'@1% %3 @@ 'nggs g ?%‘ie gmno protons.

m smat ches. Thussbelow pH 5 dndabdespH 0|, ndcliticbid Wybsids SRR réducéd dthbility. The data

appr oxi rrat ed b
uI Pf

Tlerr]
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20

t he
ble2s

isoG*isoC hybrid and the G*C hybrid show an unusual 9°C change in T,, over a 1.6 unit

ercent m smat ching. Thus, about a 7.5[err] C change in
w that the isoC*isoG base pair has normal acid stability. However, both the

pH increase. This is probably due to their very short length.

Theoretically, one could select hybrids with still greater pH-sensitivity using the
SELEX protocol, described in U.S. Patent No. 5,270,163 to Gold et al., Tuerk et al.
(1990) Science 249:505-510, Szostak et al. (1990) Narure 346:818-822 and Joyce (1989)
Gene 82:83-87, in which a population of DNA or RNA randomers would be selected for
binding at neutral pH and for dissociation from the target sequence at mildly alkaline or
mildly acid pH. Following amplification, the selection process would be iteratively |
repeated. After the final iteration, those oligomers which show the desired pH sensitivity

* would be cloned and sequenced. Those sequences would be synthesxzed and the best

performers selected in a direct competition assay.

Lability in mild base can be exploited in the current amplified DNA assay format to
reduce assay background noise. In the final step, the substrate buffer used is typically pH
9.5 t0 10.5. Witha capthre probe with the proper base lability, the target will come off the
surface and could be detected in another well. The background will be left behind.
Minimization of capture extender binding to the support by the methods disclosed in

- W095/16055 will reduce background noise caused by release of molecules nonspecifically

bound to capture probes through capture extenders.



predicted to occur for 1 mismatch in 13 nucleotides (7.5% i smatch). The

obser vedw] w6950 change when the C*G or i1soCri soG netmbsss/1a118
conpared with the msmatches is simlar to t he change which woul d
occur in an average msmatch with A T, @- and G code. | soG

exists in at least two tautoneric fornms, the keto and the enol. The keto
formis 15 favored in aqueous solvents and the enol is favored in organic

solvents (Sepiol, et al. (1976) Zeitschrift fuer Natuforschung
31C: 361-370). THECS %GV@HG ot ¥artgadrleasg alkaline phosphatasecprobes hybridizedria wo

hydr ogen 35}@{ t od e enol

t aut oner \l}/eﬁyrﬂ gl%&rfgbgggtb Oﬁd(ésrﬁg‘ %rs an e%&jﬁe &Pﬁ’pefew%b%c%&ﬁ% ' za |ornMob r#d?

t he speci fwmld})e@élected to hdve@Ohsiderably ancre base labitity . doehlbhéﬁ'l‘.‘?dtagi@wpﬂ) "the

observed TLerr] in_the |dsoG*T m smatch 20 _was 53C, essentl al Ia/ t he sane
S.

as the ot Hogn tesmpliieeand labeled probeand des arppléfaer and label extender hybri

PCT/ US95/ 1, g !

TheseS%at aA%éu-;ﬁ)a@;f)VF %y ’ I'h%/l\gozn bﬁlg i oofrr 1g|}glrgt1 ?%led téeh(%‘F btageu{agﬁ%Pybnd In %’thr?f at very
| ow 1nsmroeeﬂfeth2/DFB hybrﬁ%n&éi(ﬁeahe ﬂidst7st£blézrotherﬁv1§er eibeled ,prd:tie Ifybiridized Or s
a hybrid with 7-8[err]C | owe T[err] than the isoCisoG hybrid. The
control witPROBSPES Cﬂ%m"é@m@e&wﬂ"@"ﬂ refsedbout 49[err]C. This is

The T6o 5 ATRAREHRRR! G ilia hS oONCEHN bt Mided Wil f % 1

appr eci at aavéllsafbr i‘mﬁngg Héwever b MoR) bedpreferdtile td fedd the releasestiosdhitiontin e well €.
8 bases, 4 pairs), whether isoenergetic with C-G or not, would further

i mpr ob@ t H@%?)ﬁdﬁ’%ﬁ&ef‘?f?teéf W%WHHU@-VQ additipnahpipetting isteps and elimigatences. | n ‘
t hi , G f
oo s SR B SO b

bases addswhich weR tRnyfefsShiy bOavdidel, |ak deskfibedbelowssi bl e uni versal
sequences, Wwhich enables one to de5|gn uni versal sequences that are as

noni nt er act i ng Tesfurther enhapesstbe ispecifigityraf theiassay| the specific release of the targesr

Tamors | Uobid b chulA SuiChEIANE e PckiBl o Boplelis, PR i, e, W iR 0
with 15e adethel Quppoft vouldbe dnmefsaﬂﬁ Fm(ﬁxaﬂn'éI&? &h&ﬁﬂﬁ@é‘ﬁﬁﬁw solié E\?}ﬂhsdoume at

| east sone 3 nucleotide cross h a six base co one can

desi gn 8 bgicoated withsiphibiterspf éh%gibelmmanervam@s luminespence inhilgitars,k _
type of CrggiolNOb! dhenlfdl! Bhe Shitile 23R GRHGy IR GsS Ao gS SUSh PRI TS

of 15mers. le 3 .
Phenylalanine is a known inhibitor of alkaline phosphatase, a particularly preferred enzyme

~ label. One could include in the polymeric peptide coating other inhibitors of alkaline
20  phosphatase such as tryptophan and cys;eine. Examples of luminescent inhibitors include
compounds with low quantum yields, i.e., any compound that preferentially gives off heat
 rather than light after being excited by collision with a dephosphorylated dioxetane.
There are at least two other convenient ways to make detection of the feleased
solution more selective to avoid transfer of the released target to another well. The target-
25  associated signals can be read in solution by making the solid phase inaccessible to
visualization reagents or by masking signal generating reactions which occur on the solid
support. Isolating the solid phase from subsequeht visualization steps could be done by
adding a heavier-than-water immiscible oil to the reaction vessel. This oil would cover the

bottom of the vessel while allowing the solution of interest to float to the top. For simple



20 The Effect of pH on isoCtisoG Base Pairing
I n order twoesmasste t he behavior of the isoCti soG base pai recxsusesiunst i on

of pH, T[err] anal ysi s was conducted on the oligonucleotides provided
in Exanple 2. The effect of pH on thH-T[err] of the oligonucleotides
contai ning the conplenentary isoC*i soG base pair (sequences 2 and 4,

respectively) and C*G base pair (sequences 1 and 3, respectively) was 2 5
O o SobAgamiodhth ) L EEh) bR s s caas
I%g{r? Sggg/ 11??1 gdded tg the oil to serve as a neutral background for visualization. _30.
Table 5 For chemiluminescent defeiction theAvibéoutd be €illed Witheansdptically spdgie
g o°C allsinr T whiteiselid syohas tipiym dioxide were used, gight emied:frqm the

'7I'[ Sr' "] 63 Thsji%‘% ﬂ“%‘%ﬁzlakr Jt;éq& bé reflected uggvék(f §géﬁ8$ﬁor§§jﬁer for detection. A dark

5.1 60 solidxsr dye mélBcule disSdlved in the oilicoGlti #1stbe @sed to mask the stationary phase.
9.5 53 5 .22 . 52 : GC 1*3 . e e
9 5 52 Evergi} the oil solution dags not completely isolate thesalid ahasg fram visualirationt i de

o ot onat od, "aR e Ry Eied Soor rsqiFE B Apbt plock the prpiledin B e

Thus, bel owfrphi the 3mfacgbove pH 10, nucl eic. acid hybrids show reduced

stability. The data 5 of Table 2 show that the isoC*i soG base pair has
nor mal 18ci d stablatP?Pl;?P%‘M%M astatignary phase could be)cplpred vithya dyeithahwoulde G- C

hybrid sho I ' in Tlerr].over a 1.6 unit . pH
i ncr ease. %@s?k P@"%*r@t?ﬂa%F%]é‘cﬁ%aﬁ’g?@@S?‘{f "5#_0\‘? s"frgaﬁﬁ't #.h’s would be_ .
Theor et i cal particulady comletlienewithta dojdred Bsad/s’ ﬁscﬁid'giﬁasé)é&ﬁiﬁéd mdaﬁ%%ﬁagﬂé ty
usi ng the SELEX protocol, described in U S Patent No. 5,270,163 to

Gol d et “al .Welyerk et al. 10 (1990) Science 249: 505-5 10, Szostak et al.’
(1990) Nature 346:818-822 and Joyce (1989) Gene 82:83-87, in which a
popul ati on of DNA or RNA randoners woul d be sel ected for

15 _ xample 4

The Effect of Salt on isoC*isoG Base Pair
At Neutral and Alkaline pH
In order to examine the behavior of tﬂe isoC*isoG base pair as a function of salt
concentration, T,, analysis was conducted of the oligonucleotides prévided in Example 2.
20 The effect of salt concentration on the T,, of the oligonucleotides containing the
- complementary isoC*isoG base pair (sequenéés 2 and 4, respecﬁveiy) and C*G 'b'ase pair
(sequences 1 and 3, respectively) was determined (» = 3) at pH 7.9 or 9.5 and
approximately 1.5 uM oligonucleotide, and the results are shown in Table 6.
Classically, polynucleotides show a change of éﬁproximately 16-17°C in T,, for each
25  log change in salt concentration. Oligonucleotides often show somewhat reduced salt
dependence. The 10-11°C charige in T, per log change in salt at PH 7.9 calculated for the
| isoC*isbG hybrid approximates what would be expected for a 13mer. However, the change
at pH 9.5 of only about 3°C for the isoC*is0G hybrid and 5 degrées for the C*G hybrid per

log change in salt was surprisingly low.



bi nding at neutral pH and for dissociation fromthe target sequence at
mldy alviedsioguzeor mldly acid pH Foll ow ng anpli fpcapaddesmiiig he

sel ection process would be iteratively repeated. After the final
iteration, those oligoners which show t h@2desired pH sensitivity 15 would
be cl oned and sequenced. Those sequences woul d be synthesized and the best
performers selected in a direct conpetition assay. Lability in
m | d base can be expl oited in the current anplified DNA assay format to
reduce assay badlgeanbrialsoexploitedrintaspesifin atlease of fargéte Gerlesallyalaw kalf i‘selsedjsed

pase | b 11 SPeetreearsftatgth Cotopely. ER3 SeninBif Papton.ghhe Brdkardo

det ect ed |1g131@a@é1%edwell The background will. be |eft behi nd

M ni ni zat {.an.0f capture extender binding o the support Dy th hods
di scl osedfin W95/ 16055 wi | | redu Q kground noi se caused by
ol ease of molgcules n%ﬁ&%&@%hém e R
PCT/ US95/ 11115 AV - 40-
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t he nost _>tlam:ﬁm@tirrirvm se, Iabel_ed pr obe hnbgl dilzeg 52 t0 _ !
nonspeci f fFratrty—bourmd—ampter—woutd—be—teteases . As—roted
above, ong ispG| 2 concei vably transfer| OHF r gl 8dsed t 80getl Bo fresh
wells forfr | However, 1t would be priere able TO read tng reteased

sol ution 1l 10 where it was gereP 33 s |wedil d_hvoi d

addi ti ona @&@,eii' ng steps and elimnate ifmgrseci §i8 assgci ated w tfh
additionaﬂmma'mf hads by whidh
wel | transfers nay be avoided, as described bel ow. To further

enhance t BReARE6f fHeCshftlln&Ee 515 ¥ élh&' the %bt"p‘édfak@?%g gpﬁfl&f}ea%iﬁﬂlget

coul d be coupled wth nmas ground on e sur I'S Case,

t he transpH; theye issno adﬂmdabadmmgergmnwﬁmh lowvering elesaltads\welFay inereasing the t he
surface of th? solid s be coated with inhibitors of the

| abel ed pPHbe l&‘ﬁd?"&rcal}é'ﬁéj g‘é SF’IBIW"REQ&%#%PW fos alkaline phosphatasehfasdhe; or
que”CherSmIQ?,@aﬁ&'Hlﬁ‘l z@@@trhﬁgsecdﬁtﬁgpﬁék%wuﬂ duse I's poly(phe-1lys).
no or o |

Phenyl alanine is a wn 1n t ne phosphatase, a particularly

preferred enzyds explained ih Exainple(3)ahe SELEXI protedife ¢ould beused|ty findi DNAaast i de

coati ng okher i nhi bitors of al kaline
NA sequences that show enhanced salt-independence in their melting at any selected pH.

15 | . | The previous ekamples showed thai an oligbmer with isoG base pairs specifically
with its complement cohtaining isoC The isbG-coniaining oligomer is destabilized by
about 7-8°C when hybridized to another oligomer containing a single isoG*T or isoG*C
mxsmatch Typlcally, there is about a tenfold decrease in binding for each 10°C degree

change in Ty,.

-
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aqueous | aygr vgaul d rmid)szc-t(eﬂa\(tmajmcgmcmfgﬁmg contai ner for @etection.
A dark St g or—dve Totecutre—dissotvred—n—t+he—et—eewte—al-40 be used
to mask the|stafy onayy RRREPAA TACCﬁd\:‘fﬁ%d fGthe oi | solution doeg not
conpletely i .t_h.gé.g.l_;_ﬁpggr \/|Q|A||7af|nn rpannts, t he
suspended s@l i @& or] §i ssol ved dyes woul d bl ock the transm ssion ‘\ this

li ght f rom tEGFGATRCATGETGGAGTGTCIETCTIGEARABARANG G T hall 2

statl onary nase. CqQ o obecotoredwrtiadye—trat—wottc @ck

eni ssion of {1 i@% fldm reactions ﬁﬁﬁb‘%ﬂ"ﬁ’l@&'ﬂ:ﬁw surface Th| 4 woul d be
particul arly convenrent a colorea " Trai ned

w thin an opague isoC, J = %bl ALK ]lEHOS =

Exanpl e 4
Base Pair.

containing an amine for attachment to the soluia Suppo

'Pﬁ%'lm“'% %“HX R %@&S?%ugee

Neut r al

and Al kal i ne pH

In order to exanilmbeldteprobla2] the alitaline phosphitaiessligonacieotivei donjliga®®, Wd9 fiadeas
described (Urdea et al. (1988) Nucl. Acids Res. 16:4937-4955). Labelled probe 32 was
'hybridized with control probe 30 to create the alk. phos.-probe 30’."32. Labelled probe 32
was hybridized with modified probe 31 to create the isoC,isoG-alk. phos.-probe 31*32.
Probe 35, the capture probe, was bound to microtiter wells as described (PCT
Publication No. W093/13224, the disclosure of which is incorporated by reference herein)
to create a solid support for hybridization. Probe 34, a capture extender, was hybridiied to
probe 35. This capture extender is complementary to the alk. phos.-pi'obe 30*32 and
partially complementary to the alk. phos.-probe 31*32. Probe 33 is a "competimer” that
can bind to the capture extender and block the binding of either alkaline phosphatase probe.

of salt

10

15

NaCl:

35;

The following incubations were done for 30 min at 53°C in approximately 1.0 M

(1) 250 fmoles probe 34 in wells containing 1 pmole of immobilized probe



concentration, T[err] analysis was conducted of the oligonucleotides

provi degyg ss/ds9sdnple 2. 2 0 The effect of salt concentrpttrosesamishe T[err]
of the oligonucleotides containing the conpl ementary i soC*i soG base
pair (sequences 2 and 4, respectively) add C*G base pair (sequences
1 and 3, respectively) was determned (n = 3) at pH 7.9 or 9.5 and
approximately 1.5 [err] Mol igonucleotide, and the results are shown in

Tabl e 6. Cl assically, pol nucI eotides show a change of
approxi mately 16-17[ &35 ﬂnoles[narpgq 3‘? dr 5 eamelessobe 3bin wellsepstaining 41 pmole

concentra Ny tides often show sonewhat reduced salt
dependenc%éﬁ%()b(ﬂprg‘lfg?c change in T[err] per log change in salt at pH
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expected for a 13nmer. However, the change pH 9.5 of only about
3[err]C f&% afe isoC*isoG hybrid and 5 degrees for the C*G hybrid per

| og change in salt ingly | ow WO 96/ 06950
PCT/ U395/ 11115 "% vulfeP bhiy. - 42-

This can be al Afie€X Washdsadtt 0,18 SSC; O, { % SDS BeAn&d in Bxaaile 1 CoitfloFithey/, | OW
salt is used - - for specific release of target. Unfortunately, often a

si gni f i cathove fisgtingbadens was expesedrto @second, 15 minsingubation anderstbel same

-Cr)gﬁlcgn?r a‘EO"SHIO"S with each of the fo]lowmgl soC*1soG Stability as a Function of Salt
AVG (1) 25 fmoles probe 30 + 500 attomoles probe 32; Sal t
T[err!) dT[err] brid, Paired Qigonucleotide (M
10 ([err] Q) (2)c25(fg‘[qlgs49robe 31 + 500 atan@sles prabe 324 q
: 7.9 1 IS G J
7 1'% 56 500 aoRies B8 37 g . o 24
5 9.5 g@bufferonly I soC*i soG 2*4
17 9.5 ' cG 1*3
5 9.5 Thegplates were wa:bed;twmc:;s above and three times with the same buffer 0.1
5 48. 5

eeo000y

pplementsed with 10 mM MgCl,, 1 mM ZnClz, 0.1% an-35 After a 25 min. incubation
15 with Lumiphos Plus (Lumigen), the plates were read on a Chiron luminometer.

The hybrids that can form are depicted in Figure 3, wherein Z, exeminliﬁed herein
by isoC and isoG, represents a nonnatural nucleotide. Probe 33, the competimer, can form
21 base pairs with the capture extender and in theory can block both alkaline phosphatase

_probes from binding. The modified probe*labelled probe (31*32) can hybridize to the
20  capture extender, forming 11 base pairs and two mismatches (e.g., G*isoC,isoG*T). The
control probe*labelled probe (30*32) can form 13 base pairs with the capture extender.

As shown in Table 8, the capture extender (34) forms a strong hybrid with the
con'trql probe*labelled probe (30*32) (Sample 1 = 399 Relative Light Units (RLU)).
Preincubation of the capture extender with a 20-fold molar excess of competimer, sample 2,

25  reduced this background noise about tenfold (30 RLU). The modified probe*labelled probe
(31*32) shows 40-fold less hybridization (sample 3 = 9 RLU) to the capture extender than
control probe*labelled probe (30*32). The two mismatches accounted for a 40-fold change
in hybridization. This is as expected for 2 mismatches, each of which destabilizes the T,
by 7-8°C (cf. 7x8 = 56-fold). The use of the competimer and the mismatched alk. phos.

30  probe (sample 4 = 0.4 RLU), reduced the background noise about 1000-fold. Sample 5 is



5 Because of the salt independence of the nelt of the isoCtisoG base pair
at m | dl ywe dgkdsoe pH, there is no additional advantpgPpussimed from

| owering the salt as well as increasing the pH. Thus one can use high
'salt (which is also preferred for al kal i ne#5phosphat ase) for the

rel ease and mnimze the rel ease of the background. As

expl ained in Exanple 3, the SELEX procedure could be used to find DNA or 10

RNA sequences that show enhanced salt-independence_in their nelting at any
sel ect ed pHa control and has essentially no background noise (0.1 RLU). This 1s asyexpested since the
The Effect | | . .

on Hybri di z%ﬁ?lﬁs@g&aﬁ hM ’?m‘%%ﬁgP gr\r)loloolgg “él§<ha elcg%tug %‘\F\%‘gelf'hat an ol i goner
with i soG base pairs specificall with its conpl enent containing

i soC. The ifsoG contal ning oligomer 1s,gestabil1zed by ~about /-B[err]C
when hybridi zed to angt her_ol i goner cOmlE®ning a single i soGT or ispGC

m smat ch. i cal | v, TheFffeptof Base Pair Mispriohingnc HybEdiZationhi ndi ng fof each
10[err]Cd change 1n T[er|r]. , V\O%?R@%‘SO ' B
PCT/ US95/ 1] , AVU. s
The effect glg £t bases |o¥<BNMhdi ng of a|13mBEthybr d%\@s
assessed )t h&lybridizations hovinHybridization 7. (n=6 Cv
Table 7 F I'D P \®; bt@%ﬂCEF‘err] - 30
5' CATETGOT TG TS TTTTTTCACACHBrHABCAT 39%1 51 7 |
GATGTGGITC ACTTTTT. %‘_CA CCJ CCAT 32 AlK. PHCS. { -
CTACACCAA 3 343 33 39'+3¥(‘A(‘TAAC‘.TA{T‘bh{"Tr‘AF‘AP 9

3 34+35 31+32 9 6

4 | 33434435 31+32 0.4 4

5 34+35 32 0.1 11

5 ! RLU = Relative Light Units
2 %CV = $.D./Avg. x 100

In hybridization assays, the use of competimers for all the capture extenders is

impractical since there are typically 5-10 capture extenders per assay. In addition, this

10  example shows that preincubation with the competimér was not as efficient as simply using
15% base substitution (with isoC, isoG), e. g., 2 bases out of 13, in the universal sequences.
The use of 30% base substitution (3 out of 10) would be expected to reduce nonspecific
hybridization of an otherwise perfectly base-paired complement by about 1000-fold (30%
mismatch equais approximately.30°C change in T,,; there is about a tenfold decrease in

15  binding for each 10°C change in T,,).

The synthesis of 2'-deoxy-isoguanosine from 2'-dt:=oxyguanosine' was accomplished
20 by the following procedure.' | -
Step 1. 2'-Deoxyguanosine monohydrate (50 mmole) and imidazole (200 mmole)
were dried by coevaporation with 500 mL dimethylformamide (DMF) and the residue



34 5 AGTGATTCATGGTGGAGT GTCTCTCTTGGAAAGAAAGT GAT

35 3'WO 96/06950- GAGAACCTTTCTTTTCACTX F pctass¥/i1dis= i soG,
ALK. PHOS. = al kal i ne phosphatase, and X = a spacer sequence 5
containing an amne for attachnent to tks-solid support.

Label | ed probe 32, the al kali ne phosphat ase ol i gonucl eoti de conjugate was

made as descrl bed (Urdea et al. (1988) Nucl . Acids Res.
16: 4937-4955) . Label |l ed lgrobe 32 was ridized with control probe 30
to creat edissalved in S09BE DMFobEo this sputionawes acéad poutyldimethylsilyl chieride (150

S 5o nkbiey) ol e JeSetidhi BiFord el feff (iRnE 2t Rord ipelsifie 8t £ RBURS: | Per
vwell's as dgsigdnobd 0 tBfWas added dndhfte£ 25 nfifutbdthe YERSAtd IR 2Hrenidved B Sadupsur e of

which is incorporated by reference herein) ~ to create a solid support
for hybri dhe selvents wereremoyed by evaporation, the:residug disspvedtindi @HzClH, washed

probe 35. _Thi ex CcO n r to t | k obe
50° 32 Sana Wit 1L SEENHE R $hE 3oz b S ke e g g Bessth,

Probe 33 fifierad an@@Rajorated to Ht*}ﬁéss%elde@&ﬂd@g uétq30 @earﬁswwélﬁw%ai@&d@r and
bl ock the binding of either al kal'i ne phosphat ase probe.

fol | ow ngdlsmlvmhltnlllnbomaaohoﬁbw eqoligg t¢r28 %foﬂbs\[edrh}'] storage amﬁl('ofqrrmuvnps 1.0
M

cont ai ni nﬁ"“f“ﬁ%’oﬁ"geéfﬁ"mﬁ %egeoa&%@osme ég% robe -34 {/\?) gg} I0?3950

PCT/ US95/ 111158tep 2. 3',5'-TBDMS,-2'-deoxyguanosine (12 mmole) was suspended in 12541l
(2) 250 fnoles pro e 34 + 5 pnol es probe 33 in wells containing 1 pnol e

of i mPobi CHaEH qgnmngmethy]amme ( 150 mmole) and N,N-dingthyjaminopyridipe (109 B8).i n

(%) but t oF giepulrcRiF erforide 4l TRpple) S5 gE SR ecangthe regetion wiiregimed sk o
defined i W@éﬁﬁeﬁt&m fsago hea‘n-st & that time mbai@mstehai hdd"disseReli FEuItHRSIn a

exposed to a second, 15 i ncubati on under the same condltlons
with eac hshghtlwbellbwlsbhmong The r&cnon was quenched with 50 fil)5 % NaHGOewithstitring30 +
500 att OnPl r T hdur’ bﬁw reaction mixture was diluted with 300 mL CH,Cl,, washed with 300 mL
15 5% NaHCO; and 300 mL 80% saturated NaCl, the organic phase dried over Na,SO,,
filtered and evaporated to dryness yielded crude product (8.9 grams).  Silica gel flash
chromatography using a 1% to 4% methanol/CH,Cl, gradient yielded 7.95 grams of pure
O°-(4-toluenesulfonyl)-3',5'-O-TBDMSz-Z'-deoxyguénosine (11 mmole).
Step 3. Twelve grams of O°-(4-toluenesulfonyl)-3',5 '<O-TBDMS,-2'-
20  deoxyguanosine (17 mmole) was suspended in 300 mL CH;CN. Then methylpyrrolidine
(17 mL) was added and the suspension stirred for one hour to produce a clear solution.
TLC analysis showed that all starting material had been com)erted to base line material.
Eleven grams of 4-(methylthio)phenql (85 mmole) was added and the solution stirred for 60
 hours. After evaporation to a small volume 600 mL ethyl acetate was added. This solution -
25  was extracted with 3x 400 mL of 0.3 M NaOH and 400 mL 80% saturated NaCl, the
organic phase dried over Na,SOy, filtered and evaporated to dryness to yield 11.55 grams
crude prbduct. Silica gel flash chromatography using a 4% to 5% methandl/CH2Clz
gradient yielded 8.16 grams of 06-(4-(methylthio)phenyl)-3',5 '-O-TBDMS,-2'-deoxy-

guanosine (11 mmole).



10 (2) 25 fnoles probe 31 + 500 attonol es probe 32;

(3) 500 atwerssloéssopr obe 32; and (4) be€Etresosmins.

The pl ates were washed twi ce as above and three tines with the same buffer
suppl emented with 10 MM Mgd [err], 1 mM Zn@MHerr], 0.1 %Brij-35. After a
25 mn. incubation 1.5 wth Lum phos Plus (Lum gen) the plates were read
on a Chiron |um nometer The hybrids that can formare

o A " S o Wb B A o mROMES S0t °°°
REE 5 e e B S PR .

al kal i ne phosphat ase pr obes rom
probe (31*32utylenitritewas dddesl dropwise. ZIh@ solution was allewéed Riwirm tofdBm @mibkrde@ee

airs and two m snatch e.g.,, Gi , 1 SOG*T).. . The control
Br obe*| abel |8 %?FSB%‘W‘@%”&Q?’%‘QN“F%?&%&%%&‘@ Binutes, whem TLGcanalysisshewed
ext ender - | . 4 forns
a st rong5 hybr |mup l%eggnsu@oﬁ'b?‘éﬁ&i)ﬂ% %g?h%r%ge%éﬁggg%g're %%ﬁ’%gﬂgé? %%ﬁ?ﬂﬂ e
1 = 399 Rel axicess rihiuyitnitcite was tdmidviell by coevapoRition witho2s 160 mef toldéﬁe P cUb e The

extender Wt h 20-fol.d nol ar excess of conpetiner, sanple 2, 2 5 reduced
this backgro‘ﬁﬂa“%f%fé‘dﬁﬂfﬂs‘ﬂ'ﬂtwmnf Ry sl zelﬂwﬂﬁemﬂmpbymmaa&ﬂéwé&

b I LU) t
Phe capt ur e MepaichUH IO aaftht iyibld 257 g%‘éﬁ’% RT3 6 7
two m smat ch'EBDMSQfmmemb'ﬁanmsmew%ohmloleyLange in hybridization. This

IS as (g( ected for 2 msmatcphes, each of whjch destablllz s the T[err]
by 7-8 € 7x8 = 56-fol d). Qmaé LAl of the psified 2023 gramrs of Q-Bhe ni smat ched

al k. phos. 3he JM@%&%@@'? d-vang@%ggggﬁﬁedd 5 mliRHN R BikolN2uSE 50

PCT/ US95/ 111Mb of methanol. Concentrated aqueous ammonium hydrox1de %0 mL) was'Rided and the
a control and, has_essentiall no backﬁround noi se This is as

expect ed si riRityrgdeated in a tig at30Refond h@étsecﬁlﬁm Q@Ohngrthmyvemst h

the capture

The Effect of Bas eGEd br‘y % %%th?nn‘g‘gm% ﬁthﬁg%lr'f'd' poug ogfve 1.8 grams of crude prodeixct

AVG 15 (. GSnmdle) Purification by rédrystallization fronP®6€&Hanol yielded a sample of pure
RLU err] No. bri di zation g |zat|c§)
(n = 6) @V{iTQ-]'I‘BDMsz-Z -deoxy-isoguanosine. This material was 1n every respect (UV, TLC,

NMR and MS) identical to a sample prepared by the pubhshed photolytic route (Switzer et
al. (1993), supra).

20 : Example 7
ntrol of Non ific Hybridi f Amplifier and Alkaline Phospha Probe
| Capture Extenders

A. nstruction fani' i“D_.. nd isoC.isoG a

25 - A 15 site comb—hke amplification multimer (amp) was constructed as described
prekusly in PCT Pubhcatxon No W092/02526 Arms were ligated onto the comb using
a 12 nucleotide linker and T4 DNA ligase as described. The alkaline phosphatase (ap)
probe was constructed ffom an oligOnucleoﬁde containing an amino functionaiity as

described in U.S. Patent No. 5,124,246. The sequences used were:
30



34+35 30+32 . ' 399

1 7

2 WO 96/069584+35 - 30+32 JCT/0S95/11115 9

3 34+35 31+32 : 9 6

4 33+34+35 31+32 -48- 0.4 4
34+35 32 . 0.1 11 5 RLU =
Rel ative Light Units [err] €V = S. D./Avg. x 100 : I n
hybri di zc.t.l-o.n_a.ss.ays,-_:-he-us-e_o.f__c.o.:me.u_nerc for-allthe capture eoxtonders

i S iSeguense(¥at >s3lce there are typi caﬂenyer&‘eib capture- ext enders per
assay. | —eieito tir=s—35 allp:c ~aniep T me a &
conpet i ng A §MO¢GQSFQTﬁJF(§M as sinply Ut i on

(W.th isqgyd soG, e.g., 2 bases out of 13, in the universal sequences

The use ¢f 309/ 'Basé substitution (3 out of 10) woul d be expected to refuce
nonspeci fliATC ACG AN®TCA TOA CGACIhCot he r WWLMUER:'SEQUEN@E}QGM

Con‘pl emerH hy ohnllf 1nnn 'F nl rl / QnO/n

30[err] C|OBAELT G ﬁJﬁP&Jr(PCGtméCTS aﬂout aAP&RQBE ENEE in 15

binding f UIIJ) "
Exanpl e 6 & 180L, J=150 G, L= Tong ain amide. i ¢ o Synt hesi s of
2' - deoxy-i soguanosi ne. The synthesis of 2'-deoxy-isoguanosine

from 2' - deoxyguanosi ne was acconplished 2 0 by the foll owi ng procedure.
Step 1. 2'-Deoxyguanosine rmnohydrate (50 mml e) and i m dazole (200 mol e)
were drieg by 3 A6k ¢ o yd f ormam de (DVF) and the

resi due WD 96 _
PCT/ US95/ 11115 Capture extenders for TNF-alpha, interleukin-2 (IL-2), IL-4, IL-6 and gamma16- "

di ssol ved.in 500 To this sol tlonwa added t:hutyl di petlyl silyl
chlori de ARtggeron &N%@) WETS DIEPRFRd 9y, PHASR %’@"ﬁf&ﬁ?‘g‘?{e %ring at
roomtenp%?h*g&tg,ﬂér dSQubRids ested for wereet hanol (30 nL) was added and after
25 minutes the solvents were rem)veg I n vacuo. The solvents were

renoved by evaporation, the residue dissolved in 1L CHerr]C[err], washed.
5 wth 1L 5% NaHC%\g_:%ha&% 1L180% saturated NaC, the organic phase
dried over Na[err]S a LE poo '

10

TCCAGCTGGAAGACCCCTCCCAGATAGATGGGCZCTCTTGGAAAGAAAGTGAT 7140.tnf.21
CGATTGATCTCAGCGCTGAGTCGGTCACCCTTCZCTCTTGGAAAGAAAGTGAT 7141.tnf.22
TGCCCAGACTCGGCARAGTCGAGATAGTCGGGCZCTCTTGGAAAGAAAGTGAT 7142.tnf.23
CCTCCTCACAGGGCAATGATCCCAAAGTAGACCZCTCTTGGAAAGAAAGTGAT 7143.tnf.24
15 CAGGGGARGGCGTTTGGGAAGGTTGGATGTTCGTZCTCTTGGAAAGAAAGTGAT 7144.tnf.25
rcrcrcAAGGAGGGGGTAATAAAGGGATTGGGGzcrcirscanacanaqrcar 7145.tnf.26
CAATTCTCTTTTTGAGCCAGAAGAGGTTGAGGGZCTCTTGGAARGARAGTGAT 7146.tnf.27
AAGTTCTAAGCTTGGGTTCCGACCCTAAGCCCCZCTCTTGGAAAGAAAGTGAT 7147.tnf.28

20 IL-6 CE pool

CTGGACAGCTCTGGCTTGTTCCTCACTACTCTCZCTCTTGGAAAGAAAGTGAT 7270.116.15

CTGCAGGAACTGGATCAGGACTTTTGTACTCATZCTCTTGGAAAGAAAGTGAT 7271.116.16

 GGTGGTTATTGCATCTAGATTCTTTGCCTTTTTZCTCTTGGAAAGRAAGTGAT 7272.116.17

25  CGTCAGCAGGCTGGCATTTGTGGTTGGGTCAGGZCTCTTGGAAAGAAAGTGAT 7273.116.18
GTCCTGCAGCCACTGGTTCTGTGCCTGCAGCTTZCTCTTGGAAAGAAAGTGAT 7274.116.19

CTTAAAGCTGCGCAGAATGAGATGAGTTGTCATZCTCTTGGAAAGARAGTGAT 7275.£16.20

CCGAAGAGCCCTCAGGCTGGACTGCAGGAACTCZCTCTTGGAAAGAAAGTGAT 7276.116.21

30 " IFNY CE pool

CATCGTTTCCGAGAGAATTAAGCCAAAGAAGTTZCTCTTGGAAAGARAGTGAT 8013.infg.1



filtered and evaporated to dryness yiel ded crude product (30 grans) which
was directwposinssso di ssolved in 2L hot ethanol. Sl ow cool i pgrisesd@ierr] C
foll owed by storage at 4C for 20 hours produced pure

,5' -TBDMS[ err] -2' - deoxyguanosi ne (65% yi-¢9-d) . Step 2. :
3,5 -TBDMS[ err]-2' -deoxyguanosi ne (12 mml e) was suspended in 125 niL 10
CH err]C [err] containing triethylam ne (150 mmol e) and

N, N- di et hyI Ag%ﬁ'(’% A ngé 4- Tol uenesul fon}/ chl ori de (40
mmol e) was a i PRET %%TBHZ%"%TWWFW §pi4.infg.2 | 5o
t enper at ur e SCBFTAAGA GAGRACCEANMMACEATGEAZITCTTGAAAACATRCEFAT BOKd ng s 0l ved
resul ting i RAGETTTTCTCCTSCTRHITACATATOEGTONTEIITGT TGEAAAGKPAGIGRIC BODSL inag. aquenched
with 50 nlL TaeaMTEOAGACCTGOMITARASTATTTCIYZCTCTTGGARRGKAAS TE B0 1 7, haf esact I on

mi Xt ur e snas cdm@dmawewmmmﬁcam&eﬁmmee&wabha3 5%
NaHCO err] and 300 nL 80% saturated NaCl, the organic phase Y over
Na[err]SOerr], I _F +Etbered and evaporated to dryness yiel ded crude
product (8. 9'grams) Ls?) g"&%l flash chromat ography using a 1% to 4%

met hanol /CHerr]Cl [err] gradient yielded 7.95 grans of pure

06- ( 4- t 0l ue FASTRGRGATIACTGTCAGTACTCAT TBRIFER (X CTTREAANGAIRAGDSAT 842d.L1AZm1l €) .

St ep 3.10TwelhnerancansrratatdorcricardetaticheraertdcaRiEArASTcAT 8429 BRMD[Lr 1] - 2" -

20t ) fleoxygtragfﬁraﬁcdabhﬁh@im\é@&ﬁ%&%@&d&éﬂ%ﬂaﬁﬁﬂ“ i 1hen Jf

met hyl pyrro ension.sfirred for
ek 'IGIP‘I'CTTTGTAfe zc;i%c)rfﬁ@r%cﬁ%q ?ﬁh‘%ﬂ%’;ﬁﬁ il‘érgn gﬁ% % et & hat all

one hour to _prod
g PFC‘P.%GBMGEBW&F?%T&GFBZq&&%@ﬁ%@%ﬁr T §#32.i1-2.5 F| gyen

starting maf
grans of 4-(methylthio)phenol (85 nmole) was added and the solution stirred
for 6013 hour s.ILARtG® peehporation to a small volume 600 niL et hyl

acetate was added. This solution 25 was extracted with 3x 400 nL of 0.3 M

NaGOH and 40@%&9%&%&%@@%&0@&9 ereTIge &ﬁﬁb‘fc@@?gp dp! g.g sOVer
cr Bﬁrerlrf%ﬁc?‘l”éh SairAl AR et sgﬁ:*éjs Oy

met hanol / CHT8T TACTTAAARARTMMAGGTAZCTCT %Gﬁ??&"rrém -i1-4.17
q err] 4%- (ﬁe@wﬁrmwsmwrumgmﬂmmcmm9723 il-4.18uanosi ne
(11 mol e). Note: 2@ BethyfeRedlycol spacer -

PCT/ US95/ 11115 47-
Step 4. Four grans of 06 (4-(met hyl thi o)phenyl) 3,5 -O0TBDvS[err]-2'-

deoxyguanosine (?r was di ssol ved 5 m. CH err CI [err
6.5 nL of t YOEGIZAHOM (INS L ser CIF 3

allowed to Wﬁi% roomtenperature and gas evol ved fromt hem xt ure
(N2). After m nut es, when TLC anal ysis showed 5 conpl et e consunption

of stam5 ng nat eA mltala:rﬂdOﬁrfan@mmes offtheindividuat | captire Ex@nddriprgbesv?ta, pool

excess t-but nitrite (ed'r})ved b (tgevaporat lon with 2x 100 ni_ tol uene

in vacuo. énsmtmg of ato of 100 femtomoles of each catpure extender were incubated in the
microwells for one hour at 53 degrees. After washing twice with wash A (0.1 x SSC,
0.1% SDS), the wells were incubated for 30 min in amplifier diluent +/- the non-
isoC,isoG amp described in WO95/16055 or the isoC,isoG amp described in Example 7A,

30  supra. After two additional washes with wash A, the wells were incubated for 15 min in

amp diluent (5 x SSC, 50% proteinase K-digested horse serum) containing either the non-
isoC,isoG ap probe desicribed in WQ95/ 16055 or the isoC,isoG ap probe described in
Example 7A, supra. | _ . .
The following definitions were used: AP NSB = background of the ap probe when
35 noCEispresent. Amp NSB = background of the amp and ap probe when no CE is



resi due of crude product was purified by silica gel flash chromatography

usi Nng a4y 00 nmet hanol /CH err] Cl[err] gradi ent ' s2- 75
gr ans ofvﬂg%"t’d(%zé’( nmet hyl t hi o) phenyl)-3',5" -0 TBDVS ?‘gm-gzszié%/xant 0si ne
(4.45 mmole). 10 50. Step 5. Al of the purified 2.75°

grans of Jerr]-(4-

(met hyl t hi o) phenyl )-3",5"-O TBDVS[ err] - 2' - deoxyxant osi ne (4.45 mmol e) was
di ssolved in 50 - nL of nethanol. Concentrated agqueous anmmoni um
hydr oxi depresént,riids thaap NEB:dARNSHhe RLU fron"CE! safmpléwRhaid ainp, desk tghip v
seal ed bonh _at logléerr]C'for 4 hours. After cooling the solvents

vere renoNel AMPRNH G BLUfom; the CE sammlg - AR NSHuAMB NSBeAP NSByr ans of
crude product 15 (3.6 mmole). Purification by recrystallization from hot
et hanol yielded a sanple of pure - _ :

3', 5" - O TBDVSZR&ultgleoxy-i soguanosi ne. This material was in every respect
(wv, TLC, . NWR and MS) identical to a sanple prepared by the

publ i Shed, phofi¥eyadividud E probgs wees tested for backgyound nonspgcifie hyhridization 20

Exanpl e 7ﬁn§slp(??a{% ggoggﬁ.o Lrh?%emgmeﬁlbwnqn W&p’i‘ﬁbqé E&B{v"” of Anplifier and

Al kal i ne robe
Capt ure Extenders A.  Construction of an isoC.isoG bDNA anp and
isoC.is e o =k cation nul timer
(amp) waO rohst cAME NRH ¢ jGAMP NSH ARNSH, 5| yCiAP NSH pup i cation No.
W92/ 02525573 T WeT Fgatred e ComTUST Ty T2 nucl eoti de
| i nker andz?z DNA i gz]i'lsze as. degg‘?ybed. Thelé{%ll kal i néo'%osphat ase (ap)
probe waszgppnstructed.irom an gojijgonucl eotg ge contgygp)ng an am no -
functi onalityv_as described 1n U S Patent No 5 124 246. The ‘
sequences’-ld&d were: 130 0.1AD 96/ 0695Db1 (0.2)
PCT/ US957#3tt4:1 5— _ : ; 48-
Sequence %Lgljsl -> 3 )37'4 , 0.1 Se‘&t.%nce I 5"2) '

' 8,018 02 ©1 0.1 (0.1)

AMP NSB: iC AMPNSB: APNSB: iC APNSB
NO DNA 1.1 0.6 - 0.7 - 0.5

Values in parenthesis are less than zero RLU. AMP = non-isoC,isoG amp, iC AMP =
isoC,isoG amp, AP = non-isoC,isoG ap, iC AP = isoC,isoG ap
10
The nonspecific binding background in the absence of CE probes (AP-NSB and
AMP-NSB) is negligible (< = 1 RLU) for all amp and ap probes. Three of the extenders
show a strong (> 10 RLU) cross reactivity with the current amp probe, which is not seen
with the isoC,isoG amp. One probe shows a 6 RLU cross-reactivity with the current AP
15  probe that is not seen with the isoC,isoG AP probe. In all cases, the NSH with the
isoC,isoG probe is negligible. RLU values less than 1.0 are considered insignificant
relative to the NSB. |
" Five pools of CE probes were tested for nonspecific hybridization background with

the same molecules. The results are shown below.



AGT FAJ CGC FGI AFC AAJ AVP REPEAT SEQUENCE ( ARM

TIC. ..... w0 96/06950TC ACG AAC TCA TCA CGA ACT C AbRThissdraRs
SEQUENCE ( COVB) GFA FTT JT ACJ GCG FTJ ACT ...... L AP PROBE
SEQUENCE F=iso C, J=iso G L= long c$1ai n am ne B.
Preparation of Capture Extender (CE) sequences. 5 Capture

extenders for TNF-al pha, interleukin-2 (1L-2), IL-4, IL-6 and gama
interferon (IFNy) targets were prepared by standard phosphoram dite
nmet hods. The capture ext ender sequences tested for were:

TNF al pha CE=prot
TCCAGCTGGAAG%@&&MGATAG&P@%&%&TG?@@&MAG@N%M 'G#PﬁSH
CGATTGATCT 'nemie CACCCTTCZCTCT TGGAAAGAAAGT GAT 7141. tn;

7142. tnf . 23
CCTCCTCACACHI;A/(FIEATCCCAAAGTAGACCZCTGUT@GAAAGAAAGTIEQT 7143.¢g.0f . 24 .15
CAGGCCGAGCCCCHARGSGAASSH-CEATIGHT CCIRZCTCTITCGAAMGAAGIGAT 7144 tnf 25

TGTCTGAAGGAGB@&#)AATAAAGGGAT@GGZCTG&@GAAAGAAAGT@QT 7145 Q0f . 26

=8 A
| L-6 CE pool TNF (8) G@Ammmmmmem

7270.i16. 15— CTCCAGGAACTGGATCAGGACTTTTGIACTCATZ CTCTTGGAAAGAAAGT GAT
7271.i 16. 16 IFNg (@GTGGTTATTG@MCTAGATKGHTTGCCTTTTTQQTCTTGGMAGAAAGTGAT
7272.i16. 17
7273.i 16. 18

NoDNA 1.7 L1 0.4 0.5

See legend of the previous table for abbreviations
- Again, the NSB of all of the amps and ap probes is negligible compared to the NSH.
Four of the five pools show a significant amp NSH, ranging from 2.3 to 34.9 RLU, while |
5  none of the CE pools has a sigificant NSH (< 1) with the isoC,isoG amp. Two of the
pools have a significant NSH with the ap probe, while none of the pools has a significant
interaction with the isoC,isoG ap probe. In this experiment a total of 30 CE sequences
were screenéd for cross reactivity.
One skilled in the art, armed with the ability to incorporate novel base pairs into
10  hybridization assay formats, will realize that replacement of the amp leader sequence with
an isoC,isoG leader sequence would be expected to result in lower NSH values for the

isoC,isoG amp used here.

E. lete IL-2 and IL-6 Dose-response curves with i i amp and

15 Complete dose-response curves were generated by assaying serial dilutions of human
cells for IL-2 and IL-6 mRNA. The detection limit was calculated as the cell number at
wi1ich delta = zero. Delta is defined as : pos RLU - 2 std dev - (neg RLU + 2 std dev).



GTCCTGCAGCCACT GGTTCTGTGCCT GCAGCT TZCTCTTGGAAAGAAAGT GAT

CTTAAAGH ¢ deb§g AT GAGATGAGT TGT CATZCTCTTGCGAAAGAAAGT GAT 72

CCGAAGAGCCCT CAGCCTGGACTGCAGGAACT CZCTCTTGGAAAGAAAGT GAT
| FN[err] CE pool -52-
CATCGTTTCCGAGAGAATTAAGCCAAAGAAGT TZCTCTTGGAAAGAAAGT GAT
WD 96/ 06950

PCT/ US95/ 11115

GAGCT GAAARIRORAUIGAarA FRoVaT IrGha TRABIET BEIGET TGGAAAGAAAGT GAT
GCAGTAACAGCCAAGAGAACCCAAAACGATGCAZCTCTTGGAAAGAAAGT GAT
AAGGTTTTCTGCTTCTTTTACATATGGGTCCT&ZCTCT TGGAAAGAAAGT GAT

7274.i 16. 19
eT/usssd s

7276.116. 21 30

8013.infg.1

-49-
8014.infg. 2
8015.infg. 3
8016.infg. 4

QoRRrgne |

TACATCT( CC [ . 1

CAAAAT G R AARCRERRIRI il - BOEIG Ddtber

| L- 2 CE jpnob 41,000AGT TGAGGT TACT Gl 6ggsT A T261C1 1 CGRARGARAT
8428.i1-P 110 | AAGACAGGAGITIGCATCCT GIACATIGIGGCACZ LT CT TGGAAAGAAAGT CA

I

8429.i | -pIL26 34MTTGFGACAAGFGWTAGFGCAAT%GTCTTGGAAAGAAAGFCAT
8430 | | - 2 3 CTCTTTT{"I'TT(“TI\(‘ I\f"l'Tf"I\I\ T

8431.il-2.4 GTAAATCCAGVAGT AAATGCTCCAGT TGTAGCTZCTCT TGGAAAGAAAGT GAT

AT TP v ppreved {2, ol with AR T2 ascan e A ARId wish ghe JL4§ agay by

TCAAABACTIGIBAAS TSHOAGATAT TN GORGIIARDIGRT G GoddsalesAWhith Have hatdral 6

TATAAATATATAAATAC'FTAAAAAATAAAG\CTAZCTCTTGGAAAGAAAGTGAT
TAGATTCTAfaURee T ThgTERte alseauencesy therg

improvement.

8722.i1-4.17 20
wates thel assmy1 8

Thus, novel methods for generating a more targethependent signal.in solution phase

sandwich hybridization assays have been disclosed. In addition, a

novel method for

10  synthesizing 2'-deoxy-isoguanosine has been disclosed. Although preferred embodiments

of the subject invention have been described in some detail, it is to be understood that

obvious variations can be made without departing from the spirit and the scope of the

invention as defined by the appended claims.

"15
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Not e: Z= triethyl enegl ycol spacer C. Procedure for neasuring
nonspeci f i woosme9ssi zat i on (NSH) between CE and anp and PCT/OS9samdh15ap.
25 A total of 100 fentonoles of the individual "capture extender

probes or a pool consisting of a totdd of 100 fem _
catpure extender were incubated in the mcrowel | s ﬁmllﬁ%]!g)@mm“h
degrees. After washing twice with wash A (0.1 x SSC, T ¢ s the
well's were incubated for 30 mn in anplifier diluent +/- the non-

i soC, i soG anp described in W95/ 16055 oELAIMS 50C, i s0G anp described in

Example 7A, 30 supra. After two additional washes with wash A the wells

were incubated for 15 mn in anp diluent (5 x SSC, 50% pr ot ei nase

K- di gest ed h&estimer un) contai ning either the non- i soC, isoG ap
probe desicribed in W95/ 16055 or the isoC,isoG ap probe described in

Exanpl e 7A, supra. The follow ng definitions were used: AP NSB

= backgrgund of the b 36 00 CE t =
backor ound of the. amp Hna ap " fisieinAcid iz Bl RR densille Al geid

PCT/ US95/ 11ahalyte in a sample using a plurality of assay components each of which corffrises at least
present, |ess thg, .NSB, AP NSH = RLU from CE sanple w thout anp, |ess
the ap ongdyy! "%%ﬁ%umlqﬁsﬁﬁmﬂk CE sanple - AP NSH - AMP NSB- AP

NSB. the improvement which comprises incorporating into at least one
. hybridizing oligonucleotide segment a first nucleotidic unit which will not effectively base
10  pair with adenosine (A), thymidine (T), cytidine (C), guanosine (G) or uridine (U) under

conditions in which A-T and G-C base pairs are formed.

2. The method of claim 1, wherein the first nucleotidic unit is capable
of forming a base pair with a second, complementary nucleotidic unit.
15 . _
3. . The method of claim 2, wherein the first and second nucleotidic

units are interchangeably selected from the group of complementary base pairs consisting
of: | '



D. Resul ts VI dual CE probes were tested for
backgrowmlgmszpeml ﬂll’ mk Iop H usi ng 100 fm per/usedri111sThe
results are shown i el=ow. Adigo Probe # AWP NSH iC

AVP NSH AP NSH iC AP NSH . 7, 2734 11.2 (0.2)

6.1 _ (0.2) - 7,274 1.2 (0.1) 0.1

(0.2) 7,144 13.1 0.1 0.1 (0.2)

8, 015 37.4 . 0.1 (0.0) (0.2) 8,018

0.2 (0.1) 0.1. - (0.1) AMP NSB:
i C AMP NSB: AP NSB: i C AP NSB NO 1.1 0.6

0.7 0.5 Val ues_in p?éent es¥S are less than zero RLU. AWP = .
non- i 20G s0G anmp, i C AWP = oSG anpN.AP = non-i soGCi soG ap, i C AP

= isoC,isoG ap 10 nonspeci bihdi ng background in the
absence of FE probes (AP-NSB {nd Nrwee $ negligible (< =1 RLY)
for all a¥p and ap probes. Thr eXof the exheMlers R show a strong (> 10
RLU) ross reactivity with e curhpqqmaqp probe, which is not seen

with the i soC, i soG anp. One qq shows a 6 RLU cross-reactivity with the

current AP 15 probe that is not seen with the isoC,isoG AP probe. In al

cases, the NSH wth the i soC,isoG probe is negligible. RLU val ues
| ess than 1.0 are considered insignificant relative to the NSB.
Fi vespool s of CE probes were tested for nonspecific hybridization
18 !
background with , t he sane nol ecul es. The results are shown bel ow.
WD 96/ 06950 ' H :
PCT/ US95/ 11115 ‘N—H--"----O .'N -51- "
20 ~\ ¥
unuu.H— \ N
(IT) 2}_ R
o N—Huuuo \H
/
25
| — R\—ﬁ
(III) . \ _——Hl“ll“ll \ I N . ]
35 | O R
H
40 and-
45
(IV)

50



A igo CE pool AMP NSH iC AWMP NSH AP NSH- i C AP.NSH (nunber
2.

CE) Wor9d/0695H 3 0.2 pcHushsmns 0.0
e (7 60 0.5 s a7 ii i i
§§§ 34.13' ° (0. %o o2 00 0. 1““|“c“| ]Ll “.!”lIL'M '
AMP NSB: iC AMP NSB AP NSB: i C AP NSB: No DNA ' 1.7
1.1 wherein R is a backbane3vhich will alfiaw theefirshandsecomnyoleptidicusnitsab ferni ar

abbreviatio A Again, t NGB of all .of the s and ap, pr.obes
"o el ol bORSSRE NIt ¢ pREF rueRoldc uﬁam%esﬂnwrﬂe&%@aoimﬁ@gp r;

si gni fi cant apadR’ ¥y drogeng infighyl! £16rb- 4 bforiink): fi¥dHdeCor i6dine,NONE Of the
CE pool s hae & sigitieant Nay 2 Brohngti b 'S0C 1 506 amp. Mo of the

pool s have a significant NSH with tﬂe ap prol:c):e_, \M&i |l e nong of Ith'? pool s has
a signifd cant interaction wth t IS 1s0G a robe, In .S .
experi megnt a total of Q30 CElgéd\_.T\éiTcegl&gyb"gW@ %W%@ggﬁﬁ&%‘? _Z?‘;‘d :

- reactivity. analyte in a sample dsitfy &lurdiRR¢l of Bssh{) BoMpénenfy kBl o M at1¥ast ©
i ncorporate no%'/el .b.a_selzi)_ai rs iirﬁl_to 10- hygri df zation assay Porn&’tﬁg% V\nﬁs
realize thaone bybridizing eligomucldotide sggnentyder sequence with an isoC,isoG

| eader sequence woul d be expect e o.result -in lower, NSH val yes for the
i S0C, i 0G anp used hef¥ improvemen E’H“Ch COTRSISEY Wcpipoatng ni!Lygnﬂ)GQEPk-é%%e

curves W t hTi sadbrid @&gle!aesagaéh fhat assay stringency can @Q’U&h?&%@%@r&ﬁ\%‘?f ggﬁbéliﬁeor

curves were generated by assaying serial “diFutions of T
| L-2 ardd | Lt® TapNpybridieomplexesti on |inmit was cal cul ated as the cell number

at - which delta = zero. Delta is defined as: pos RLU - 2 std dev -
(neg RLU + 2 std dev). WO 96/ 06950
PCT/US95/ 11115 . 5, In a solution phase sandwich hybridization assay for Gétecting a -

nucleic acid analyte in a sample using a plurality of assay components each of which
comprises at least one hybridizing oligdnucleotide segment, comprising (a) binding the
15  analyte directly or indirectly to a solid support, (b) labelling the analyte, and (c) detecting
the presence of analyte-#ssociated label, o |
the improﬁelﬁent which comprise§ incorporziting into at least one hybridizing
oligonucleotide segment a first nucleotidic unit a first nucleotidic unit which will not
effectively base pair with adenosine (A), thymidine (T), cytidine (C), guanosine (G) or

20  uridine (U) under conditions in which A-T and G-C base pairs are formed.

6. In a solution phase sandwich hybridization aSsay for detecting a
nucleic acid analyte in a sample using a plurality of assay components each of which
comprises at least one hybridizing oligonucleotide segment, comprising (a) binding the

25  analyte directly or indirectly to a solid support, (b) labelling the analyte, and (c) detecting
the presence of analyte-associated label, _ |

the improvement which comprises incorporating T,,; hybrid complexes and
Too hybrid complexes such that assay stringency can be controlled to selectively destabilize
the T,y h'ybrid complexes. '

30



The results are sh bel ow. . Assay Current Detect
Limt  weegbdsdet mllllm.l!ﬂllmi ml i npr ovenent | pcRusssirhis 000
3,000 34, 000 11, 000
3.0 Sensitivity was inproved- 124ﬁ=fold with the IL-2 assay and
3-fold with the IL-6 assay by 5 using the isoC/ G anp and ap in place of
the current nol ecul es, which have natural sequences. The greater the
noise with the natural sequences, the greater the assay i mprovenent .
- Thus, novel . nmet hods7f or génmethod for synthesizingar comipotiag avieg thesstapoairali n

sol ution Phas sandwi ch hybri di zati on assays have been disclosed. In
addi tion, met hod for 10 - synthesizing 2'-deoxy-isoguanosi ne has
been di scl osed. Although preferred enbodi nments of the subject

i nventi on have been described in sone detail, it is to be understood that
obvi oys variations can be made wi thout depaﬁﬂfbg fromthe spirit and the
scope of the i nvention as deflneﬂlby e appended cl ai ns. 15

WO 96/ 06950 NH

PCT/ US95/ 11115 | < /L - 53-
CLAI M5 W claim HO

10

O

XL

15 - - ‘

20 Wher’ein Rl is selected from the group cohsisting of hydrogen, hydroxyl, su1ﬂ1ydryl
halogeno, amino, alkyl, allyl and -OR?, where R2 is alkyl, allyl silyl or phosphate, =

comprising:
a) reacting a compound having the structural formula
25
O
30 Z -
H '0) NTSN NH,
35 " HO Rt

40  with a reagent suitable to protect both the 3' and 5' hydroxyl groups; |
b) reacting the product of step (a) with a reagent suitable to convert the
06-oxy moiety into a functional group which is susceptible to nucleophilic disblacement,
thereby producing a functionalized o° moiety;

) oxidizing the 2-amino group of the product of step (b);



detccti ng woskmic 2cid | Tlllllﬁ [0/ ﬂﬂﬁéi e Using a mEATSIMSO!

assay conponents each h*cofiprisets at [*east : one hybridi zi ng
ollgonucleotlde segnent -57- t he i nmprovenent which
conprises incorporating into at |east one hybri di zi ng ol i gonucl eoti de
segnent a first nucleotidic unit which will not effectively base 10 - pair

wi t h adenosi ne (A, %m dine (T), cytidine (C, guanosine (G or uridine
(U) under condi 9 ons mamgdhemuetmfﬂBpC(wastbapmcleoleeréaaem

of forming Spues Pl SERSRY: 6l ermnt ary nucl eotidic unit. 15
3. The method of @)ai m ZeadtiAp'thd ﬁrohh& dist t(d?%h%efe%b{ﬁt SEbROb! dibfotect
units are interchangeably sel ect ed fromthe gfoup of co enmentary base

pai rs consi $he¢ prptected 3' apfl:5' hydroxylE@6p9H6950 a
PCT/ US95/ 11115 | . -54- [err] - 15

8. A method for synthesizing 2'-deoxy-isoguanosine comprising:

a) converting 2'-deoxyguanosine to 3',5'-O-(¢-butyldimethylsilyl),-2'-
deoxyguanosine by reacting 2'-deoxyguanosine with -butyldimethylsilyl (TBDMS)
chloride;

10 "~ b) converting 3',5'-O-TBDMS,-2'-deoxyguanosine to O°-(4-
- toluenesulfonyl)-3',5'-O-TBDMS,-2'-deoxyguanosine by reacting 3',5 '-O-TBDMS:-Z'-
- deoxyguanosine with 4-toluenesulfonyl chloride; |

c) displacing the O°-(4-toluenesulfonyl) group by treating O°-(4-

toluenesulfonyl)-3',5'-O-TBDMS,-2'-deoxyguanosine with a phenol to give O°-(4-
15  (methylthio)phenyl)-3',5'-O-TBDMS,-2'-deoxyguanosine;

' d) oxidizing the 2-amino group of 06-(4-(methylthio)phenyl)-3',5'-0-
TBDMS,-2'-deoxyguanosine to the oxy function by treating 06-(4-(me_thylthio)phenyl)—
3',5'-0-TBDMS;—2'-deoxyguanbsine with #-butyl nitrite under neutral conditions to give
O°-(4-(methylthio)phenyl)-3',5'-O-TBDMS,-2'-deoxyxantosine; and

20 e) displacing the o -(4-(methylthio)phenyl) group of 0°-(4-
(methylthio)phenyl)-3',5'-O-TBDMS,-2" -deoxyxantosme with ammonium hydroxide at
elevated temperature to give 3',5'-O-TBDMS,-2'-deoxy-isoguanosine.

9. A kit for detecting a nucleic acid analyte in a sample, comprising at
25  least one hybridizing oligonucleotide probe, a segment of which is capable of formiﬁ_g a
| hybrid complex with the analyte, and a means for detecting the hybrid complex, wherein
the at least one hybridizing oligonucleotide probe comprises a first nucleotidic unit which
will not effectively base pair with adenosine (A), thymidine (T), cytidine (C), guanosine
(G) or uridine (U) under conditions in which A-T and G-C base pairs are formed.
30
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10. The kit of claim 9 comprising:

(a) a set of capture probes, wherein said capture probes comprise a first
nucleotidic unit which will not effectively base pair with A, T, C, G or U under conditions
in which A-T and G-C base pairs are formed; |

5 (b) a set of capture extender molecules comprising first and second
- hybridizing oligonucleotide segments, wherein the first hybridizing oligonucleotide segment
~ is capable of forming hybrid complexes with the capture probes and the second hybridizing
oligonucleotide segment is capable of forming hybrid complexes with predetermined
segments of the nucleic acid anaiyte;

10 : (c) label extender molecules comprising third and fourth hybridizing
oligonucleotide segments, wherein the third hybridizing oligonucleotide segment is capable
of forming hybrid complexes with segments of the nucleic acid analyte other than those to
which the set of capture extender molecules bind;

(d) an optional preamplifier molecule comprising fifth and sixth hybridizing

15 oligonucleotide segments, wherein the hybridizing oligonucleotide segments comprise a first
nucleotidic unit which will not effectively base pair with A, T, C, G or U under conditions
in which A-T and o
G-C base pairs are formed, and wherein the preamplifier molecule is capable of forming
hybrid complexes with the label extender molecules and a plurality of amplification

20  multimers; _

(e) an amplification multimer comprising seventh and eighth
hybridizing oligonucleotide segments, wherein the hybridizing oligonucleotide segments
comprise a first nucleotidic unit which will not effectively base pair with A, T, C, Gor U
under conditions in which A-T and G-C base pairs are formed, and wherein the

25  amplification multimer is capable of forming hybrid complexes w1th the label extender
molecules or to the preamplifier molecules, and a plurality of identical oligonucleotide
subunits; and _ _

(f) 1abel probe.§ comprising a label, which are designed to form hybrid
complexes with the idéntical oligdnucleotide subunits and which provide, directly or

30 indirectly, a detectable signal.



\QgT/g 8/582/9 igvbls'i/ossso | I“l“l I"I" “I" "lll " ||Il PCT/US95/111159°-

wherein R is a backbone which*w ¢ "owst h& first and second nucl eotidic
Units to forma base pair W|th a cospl enentary nucleotidic unit when
I ncorporated into a pol ynucl eoti de, and R is hydrogen, net hyI, a-
or b-propynyl, brom ne, fluorine or iodine. 5

I'n a nucleic acid hybridi zati on assay for detecting a nucleic acid
analyte in a sanple using a plurality of assay conponents each of mhlch

conprises at |east 1 ng Ybl’l di ag ol_i gafnuc_:l eot i de segnent,
the inprovenent which Honpri3Bolig pseft a5 a0, 3pames ), Forpp fbyes and
Tlerr] hybriidirgnasRtaxesligortRebtiRt W%nﬁﬁéﬂ %ﬁﬁ%ﬁ??utgﬁtw&lﬁ&tﬁr? base

sel ectively destabilize 10 t he r] hybrid co

5. In a pamslat legst qm@fevmdnmmwisehymmmatammmaﬂ;d rﬁmteotlémanﬁts theat svill
nucl ei ¢ aci d te,in a _sa lural ity of assay onents_each
of whi chgl ﬂj@%‘% f kase pﬁlfr‘T’th'h MF‘?W‘?F’W@{T&‘F 03 angsiae ((hof |

conpri sing (u'ﬁmﬁa M. Wdlet Béhdltfons lﬁwcmt - ﬁh§@§t¢ Y)a&rpdlﬂ%é ﬁEﬁ:‘n&(wthnﬁecf Qi d

support, (b) |abe ng the anal yte, and etecting e presence
of anal yt e- axkaseindhe donnatural, nucleotldlc unit is contained withirhan oligonocleotidet seginenthin

conpri ses i ncor or at o, at |east one h di zj | i gonucl eo |de
Cogmen: a1 MEER SRR ot pafe N Roonien tot mainidine cecqrien Sinewrs,
effectively rpair with adenosine (A), thymdine (T), cytidine (O,

guanosine (G or 20 uridine (U under conditions in which A-T and GC
base pal®s are forned. 6. In a solution phase
sandwi ch hybri di zati OQI assay, for de} ectin nucl eic acid analyte in
a sanple using a plur 2ty of MR Etag apREKT GPMBHSIAg:

conprises at |east on ybri Giditg i de segnent, conprising (a)
bi nding the 25 anal 3’?2 di rlse}gtﬁdy or %gl rect P{.? toa solid support, (b)

| abel I ing the anal yte,(band (econtagdting diei target moleculehatlpawﬁomrpbol of

anal yt e- assogj at e i npr.oovenent_ whi ch
conpri ses i Eﬁq%q%ﬁﬁ undeg FP]'d‘H%Pr Vhich Savor é’}('@é“gaﬂﬁthe oligonugjestides 19ythe fagget
conpl ex<f=§ S‘iﬁ&e&hé‘t assay stringency can be controlled to sel ect ively
destabilize the T[err] hybrid conpl exes.

(c) separating the oligonucleotides which bind to the target molecule

and form an oligonucleotide-target complex from the oligonucleotides which do not bind to
the target molecule; |
(d) dissociating the oligonucieotide from the oligonucleotide-target
20  complex;
| © amplifying the bligonucleotide using a polymerase chain reaction;
® repeating steps (b) through (e) at least once to form a final aptamer
construct; and _ |
® replacing one or more nucleotidic units in the final aptamer
25  construct with nonnatural nucleotidic units that will not effectively base pair with adenosine
(A), thymidine (T), cytidine (C), guanosine (G) or uridine (U) under conditions in v.vhich
A-T and G-C base pairs are normally formed.

13. An antisense molecule comprising first and second hybridizing

30  segments, wherein the first hybridizing segment is capable of forming a hybrid complex



30 WO 96/ 0

PCT/ US9Wd deldkbso 7 ml JIM I!l" y II!L - SPCTNUS95/11115
7 A net hod for nmpound havi ng the structural

formul a -60- N NH [err] 15
2 0 wherei n R[err] I's selected fromthe group consisting of hydrogen,

hydr oxyl , sul f hydryl, hal ogeno, amno, alkyl, allyl and -OR{err],

wher e R[err i s al ky I allyl, silyl or phosphate, conpri si ng:

a) reat ﬁdafé%%liﬁ%ﬂﬂéoﬁﬂ?ﬁﬂﬁgh‘% preord segment edmprisesrat least DBe nucleotidic unit
which will not effectively base pair with adenosine (A), thymidine (T), cytidine (C),

guanosine (G) or uridine (U) under conditions in which A-T and G-C base pairs are

formed, and is capable of forming a hybrid complex with a second antisense molecule.

+



[err] 35 40 wth a reagent suitable to protect both the 3' and 5
“hydroxyl &¢@98€66950 b) reacting the product pefrrusbgpiff) wth
a reagent suitable to convert the Jerr]-oxy nmoiety into a functional
group which is susceptible to nucl eophj lic displacenent, t her eby
producing a functionalized Jerr] noiety; c) oxi di zi ng
the 2-am no group of the product of step (b); WO 96/ 06950
PCT/ US95/ 11115 -57-
d) reacting the product of step (c) with a nucleophilic reagent to
di spl ace the functionalized (Qerr] noiety; and e)
reacting the product of step (d) with a reagent suitable to deprotect
the protected 3' and 5 hydroxyl groups. 5 8. o
met hod for synthesizing 2'-deoxy-isoguanosi ne conpri sing: §’0
a) converting 2'-deoxyduanosine to by ¢
3,5 -0 (t-butyldinethylsilgyl)[err]-2"- deoxyguanogl ne by resacting

- deoxyguanosi ne wi th t-bd yl di methylsilyl (TBDVS) chlorideg: 10
b) convertlng 3',5 -0 _TBDMS2- 2" - deoxyguanosi ng/to gerr]-(4- :
t ol uenesul fonyl) - 5' O TRPMVS2- 2' - deoxyguanosi ne eacting
3,5 -OTBDIVBZ-Z' debxyguanosine with 4-tol Reresul f onyl chI’Q)rl de;
c) di spl aci ng the 06- (& tol uenesul fonyl) groupgsby treating CIe-nr] (4-
t ol uenesul fonyl )-3', 57~ONBPVS] err] - 2' - deoxyguanosine with a phenQ,@b to give
Jerr]-(4- 15 (et o)phenyl) 3',5-0TB -2 ' -deoxyguanQsi ne;
d) oxi dizi Ay the 3 ap group of 06-(4-(rre yl t hi o) phenyl ) -|3\5"' - &

fj -2
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TBDVB2- 2' - deoxyguanosi ne to the oxy function by-treating

g err] - (4-woekibevss hi o) phenyl ) - 3,5 -O-TBDMS[ err] -2' pamssgvai®osi ne
with t-butyl nitrite under neutral @nditions to give

tIerr] (4- (net hyl t hi o) phenyl )-3',5' -G8TBDVS[ err] - 2' - deoxyxant osi ne; and 20
e) displacing the err]-(4-(nethylthio)phenyl) group of Qerr]-(4-
(met hyl t hi o) phenyl )-3',5"'-O- TBDMS[ err] -2' - deoxyxant osi ne wi th ammoni um
hydr oxi de at el evated tenperature to give

3,5 -OTBDMS[ err]-2'-deoxy-i soguanosi ne. 9. A

kit for detecting a nucleic acid analyte in a sanple, conprising a5
| east one hybridi zi ng oligonucl eotide probe, a segnent of whichis;efpable

of formng a hybrid conplex with the anal yte, and a nmeans for
detecting the hybrid conplex, wherein the at | east one hybri di*%i ng

ol i gonucl eoti de probe conprises a first nucleotidic unit which Wi | |
not effectively base pair with ad f 1 (A), thymdine (T), cytidime (O,
guanosi ne (G or uridine ( fconditions in which AT GC
base pairs are forned. 30 | 06950 "

- 58- 10. | of claim9 conprising:

(a) a set of capture probes, wherg I capture probes rise a first
nucl eotidic unit which will not eff=Ecxixtly base pair wt , T, C, Gor U
under conditions in which AH—R&—> C base pairs ar2§26rned; 5

(b) a set of capture extender nol geties—ftonprising first second
hybri di zi ng ol i gonucl eoti de segnepts—witerein the first hg;ildizing

ol i gonucl eot i de segnent I's Fopable] ofggornm ng hybri onpl exes with
t he capture probes and the second-hybt+e} zi ng ollgoEEhIeotlde segnent
is capable of formng hybrid conmp th predeterm nedQ segnents of
the nucleic acid analyte; 10 (c) label exggender nol ecul es
conprising -third and fourth h I di zi ng ol i gonucl eotgye segnents,
wherein the third hybridi zi ol gonycleQt i segnent is capable of
form ng hybrid conpl exes segnent eNqucl eic acid anal yte ot her
than those to aset of capture~gxtdgnder nol ecul es bind, '
(d) an optional pre |f6§FSnDIecule conprisipg=jifth and sixth

hybri di zi ng .

Juin|

probe 1
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segnents ¢
base pair-

formed, and

within an oligonucl eoti de segnent
required for

pairs is not
aptaner. 10
conpri si ng:

(b) cont act

ol i gonucl eoti de segnents, wherein the hybri-di zi ng ol i gonucl eoti de

qqp?d' §sp2 first nucl eotidic unit which wll st 1 vel y
W t K&, T, C Gor U undeﬁ/ ondi tions in mhrc d

-1 an

wher ei n't he nonnat nucl eotidic unit Ei c

inegal

mai nt ai ni ng secondary structure of t

G C base pairs are forned, and wherein the preanplifier nolecule is capable

of form ng hybrid conpl exes with the | abel extender nol ecules and a
“plurality of anplification 2 0 mul timers; (e) an

anplification nmultiner conprising sevepth and eighth hybri di zi ng

ol i gonucl eoti de segnents, wherein the hybridizing oligonucl €t|li de segnents

conprise a first nucleotidic unit which wll not effectivel y@hase pajr with

A T, C Gor U under conditions in which A-T and G Cggdse paiks are

formed, and wherein the 25 anplification nultinmer is capaldgq of f i ng
_hybrid conmplexes with the | abel extender nmol ecul es orgic t he T

preanplifier nolecules, and a ppurality of identical oligongglieotide

subunits; and e () bel probes conprisiag a | abel

whi ch are designed to ffogyn Nybri=d ‘)conplexes with the gnti cal

ol i gonucl eoti de subuni §s wand wWhtth pr de, directly or 30 ilndirectly, a

det ect abl e si gnal . - MD136/0695

PCT/ US95/ 11115 = 7] - 59-

11. An ol i gonucl eoti de f o8 as areBpt aner, conprising an

i ntranol ecul ar ol i gonucl epte bri npl ex containing a plurality of

conpl enent ary base pai f s agp one of which conprises

conpl enentary nonnatural nuc] eot @c finits that wll 5 not leffectively

base pair with adenosine (A); =T cyt T e, ogoanosi ne (G or

uridine (U) under conditions+ AT =G grae DAl re normal |y

ont ai ned

whi ch specificity of the base

he

12. A nmet hod for preparingj an aptaner
Rt (a) provi ding a target nolcul e;
ing the t Fde nol ecul e with a randoner pool of
LTI LTI o
(73
Q
£
g
g; \\\\\\\.\




'1|
ali
ep

di s
co

pol
t hr

(9)

con
pai
S or

nor

compr [ SI

hyb
PCT
at
nuc
(A,
con
for

gonucl eot i des under GomdPts o%?wm c
g@hucleotl
arati ng t h

ifGTSohﬂé ot

r%gﬁ qubﬂ\ng),of the ¢4
%Wﬁm;a PEEATYet ol oc )8
: -ﬁfu&bgmﬁfpmweaabﬁﬁwﬁwﬁm e

and

3 éﬁél %M@MW! %bt i de frlo
pl exC12Q 1/68, COTH 19/20 (e)
nerase chain reaction;

F&)mkmgnm@hmmdmm get 2GWO 96/0
| i f
) Internationgi Pyblcaton Dages o | ] MEFR 926 (OB(2.96)

6?0’

t he ol i gonucl eoti de usi ng

(e) at least once to forma filna

(2% 'P@W%PE‘F' Agplisstien Bpmbetsy e 0 RETHERSI HiLY)

I
i ot
under conditions in which

U)
{%@;ﬁ/ and 3%‘66%1?%%?89

I s capabl

(&t

V\ntmmcf"ﬁ

r|d|ne

r|d|2|ng segnment
(I504pplichit] GHIRON CORPORATION [U?fo], 4560 Horton
ar get S5¢et Emeridiect 94608 (YHd L he second
| @t tnflhest WokLres, M L Wol | (‘s@ RO a6 |

t hy rwdhiun Eredk,l CA 933596 i(0S)N &1
:ﬂ‘l t i OrfprugerSteds| Rerkeléy, TAGHIIGUS. bs:wa

NG R Ol ARNEE o é’%‘“ﬁ;‘%“%ﬁm.

Martinez, CA 94553 (US). URDEA, Michael, S.; 100 Bunce
Meadow Road, Alamo, CA 94507 (US).

(74) Agents: GOLDMAN, Kenneth, M. et al.; Chiron Corporation,
Intellectual Property - R440, P.O. Box 8097, Emeryville,
CA 94662-8097 (US).

o

construct; and
: AMl. BBBG BRBYCA, CN, CZ,

’@Hl
s TR G
(T), (&ly BESH)BE,(DK) ES, BRAOHERNE, , MC,
NLATTSBNd G C base pairs are

13. An antisense nol ecul e
Blb gnents, wherein the first

R Wath idrnG0R be6h repors, VO 96/ 06950
Before the expiration of the Gfde- limit for andendiny the
segnme m 4"5’ epigblighed {nctheceyenif the receipt of
i vel ‘pair with adenosi ne
ga@nosine (G or uridine (U under
L[s are formed, and is capabl e of
Nt i sense nol ecul e.

apt-aner

(57) Abstract

discovery.

(54) Title: REDUCTION OF NONSPECIFIC HYBRIDIZATION BY USING NOVEL BASE-PAIRING SCHEMES

Methods are provnded for substantially reducmg background signals encountered in nucleic acid hybridization assays. The method is
premlsed on the elimination or significant reduction of the phenomenon of nonspecific hybridization, so as to provide a detectable signal
which is produced only in the presence of the target polynucleoude of interest. In addition, a novel method for the chemical synthesis
of isoguanosine or 2’-deoxy-zsoguanosme is provided. The invention also has applications in antisense and aptamer therapeutics and drug
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