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ABSTRACT OF THE DISCLOSURE

CHEMILUMINESCENT DIOXETANES

This invention provides for labeling reagents and processes for preparing

labeling reagents, specifically chemiluminescent dioxetanes having the structure

0~0

or

These labeling reagents are useful for labeling probes or targets, including nucleic acids
and proteins. These reagents can be usefully applied to protein and nucleic acid probe

based assays.



CA 02754185 2015-07-07

CHEMILUMINESCENT DIOXETANES

FIELD OF THE INVENTION

This invention relates to the field of labeling chemistry including labeling
reagents, processes for target labeling, labeled targets, processes for preparing labeling
reagents, and the like. This invention also relates to the use of such compositions and

processes in other processes for nucleic acid and enzymatic activity determinations and

analyses.

BACKGROUND QF THE INVENTION

For purposes of organization, this background has been divided into seven pants
as follows:

(1

) Reaclive Groups of Labeling Reagents
(2)  Linker Arms for Connecting Labels to Targets
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(3)  Porphyrin Fluorescent Dyes as Labels

(4)  Alterations in Fluorescent Properties

(6)  Fluorescent Intercalators -

{6) Chemiluminescence

(6)  Real Time Detection through Fluorescence

(7)  Primer Binding Sequences in Analytes

(1 )- Reactive Groups of Labeling Reagenfs
| _ The use of non-radioactive labels in biochemistry and molecular biology has
‘ grown exponen’nally in recent years. Among the various compounds used as non-
,radloactlve labels, aromatic dyes that produce fluorescent or lummescent S|gnal are
especially useful. Notable examples of such compounds mclude fluorescein, '
rhodamine', coumarin and cyanine dyes such as Cy3 and Cy5. Combosife dyes have -
also been synthesized by fusing two different dyes together (Lee et al., (1992) Nucl
Acids Res. 20; 2471-2488; Lee et al., U.S. Patent No. 5,945,526 and Waggoner et al.,
~inUS. Patent No. 6,008,373.

Non-radioactive labeling methods were lnmally developed to attach signal-
generatmg groups onto proteins. This was achseved by modifying labels with chemrcal
groups such that they would be capable of reacting with the amine, thiol, and hydroxyl
groups that are nétura[ly present on proteins. Examples of reactive groups that were
used for this purpose included activat_ed esters such as N-hydroxysuccinirﬁide esters,
isothiocyanates and other compounds. Consequently, when it became desirable to -
label nucleotides a.nd nucleic acids by non-radioactive means, methods were developed
to convert nucleotides and polynuclectides into a form that made them functionally -
 similar to proteins. For instance, U.S. Patent No. 4,711,955
disclosed the addition of amines to the 8-position of a purine, the 5-position of a
pyrimidine and the 7- position of a deazapurine. - The same methods that could add a
label to the amine group of a protein could now be applied towards these modified

nucleotides.
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Among the compounds used as fluorescent labels, the cyaniné~based dyes have
become widely used since they have high extinction coefficients and narrow emission
bands. Furthermore, modifications can be made in their structure that can alter the
particular wavelengths where these compounds will absorb and fluoresce light. The
cyanine dyes have the general structure comprising two indolenine based rings

“connected by a series of conjugated double bonds. The dyes are classified by the

- number (n) of central double bonds connecting the two ring structures;
monocarbocyanine or trimethinecarbocyanine when n=1; dicarbocyanine or
pentamethmecarbocyanme when n=2; and tricarbocyanine or '
heptamethmecarbocyanme when n=3. The spectral characterlstlcs of the cyanine dyes
have been observed to follow specifi ic empirical rules. For example, each additional
conjugated double bond between the rings will raise the absorption and emission
maximum about 100 nm. Thus, when a compound wifh n=1 has a maximum absorption
of approximately 550 nm, equivalent compounds with n=2 and n=3 will havé maximum

- absorptions of 650 nm and 750 nm respectively. Addition of aromatic groups to the |
- sides of the molecules can shift the absorption by 15 nm to a longer wavelength. The
groups comprising the indolenine ring can also contribute to the absorption and
emission characteristics. Usfng the values obtained with gem-dimethyl group as a
reference point, oxygen substituted in the ring for the gem-dimethyl group decreases
the absorption and emission méxima by approximately 50 h_m. In contrast, substitution
of sulfur increases the absorption and emission maxima by about 25.nm. R groups on
the aromatic rings such as alkyl, alkyl-sulfonate and éIkyI-carboxylate have little effect
on the absorpfion and emission maxima of the cyanine dyes (U.S. Patent No.
6,110,630). o

Cyanine dyes synthesized with arms contaihing functional groups have been
prepared with iodoacetamide, isothiocyanate and succinimidy! esters that react with
sulfhydryl groups on proteins (Ernst, et af.,(1989), Cytometry 10, 3-10; Mujumdar, et al.,
(1989), Cytometry 10, 11-19; Southwick, et al., (1890) Cytometry 11, 4187-430). A
new series of modified dyes were prepared which contained a sulfonate group on the
phenyl portion of the indolenine ring. (Mujumdar et al., (1993) Bioconjugate Chemistry
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4, 105-111) ‘that increased the water solubility of the
dyes. These dyes were activated by treatment with disuccinimidy! carbonate to form
succinimidyl esters that were then used to label proteins by substitution at the amine
grOLrps. Other activating groups have since been placed on the cyanine dyes. In U.S.
Patent No. 5,627,027 and U.S. Patent No. 5,268,486 ) )
cyanine dyes were prepared which comprise isothiocyanate‘ isocyanate,
monochlorotrlazme dichlorotrlazme mono or di-halogen substituted pyridine, mono or
di- halogen substituted diazine, aziridine, sulfonyl halide, acid hallde hydroxy—
| succinimide ester, hydroxy sulfosuccnmmrde ester, imido esters glyoxal groups and
aldehydes and other groups, all of which can form a covalent band with an amine, thiol
or hydroxyl group on a target molecule. R R |
In U.S. Patent No. 6,110,630, ' _ cyanine dyes were
prepared w1th a series of reactive groups derived from N- hydroxynaphthallmlde These
groups included hydroxysucmmmsde para-nitrophenol, N- hydroxyphtahmxde and N-
hydroxynaphtalimide all of which can react with nucleotides modified with primary -
- amines. The same chemical reactions that have been described above have also been
used in U.S. Patent No. 6,114,350 /r\ but with the constituents
" reversed. In this disclosure, the cyanine dyes were modified with amine, sulfhydryl or
| hydroxyl groups and the target molecules were modified to comprise the appropriate
reactive groups. |
Cyanine dyes containing arms that comprise reactive functional groups have
be.en prepared by the general scheme in which the entire heterocyclic compound
‘cor'npri'sing the two indolenine structures and the intervening unsaturated chain was
synthesized first; the terminal reactive groups or any other funetionality necessary tolink
the dyes to proteins or hucleic acids were theh' added after the completion of the whole
dimeric dye unit.

(2)  Linker Arms for Connecting Labels to Targets

Labeled nucleotides have been used for the synthesis of DNA and RNA probes

in many enzymatic methods including terminal transferase labeling, nick translation,
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random pﬁming, reverse transcription, RNA transcription and primef extension. Labeled
- phosphoramidite versions of these nucleotides have also been used with automated
synthesizers to prepare labeled oligonucieotides. The resulting labeled probes are
widely used in such standard procedures as northern blotting, Southern blotting, in situ
hybridization, RNAse protection assays, DNA sequencing reactions, DNA and RNA
microarray analysis and chromosome painting.

There is an extensive literature on chemical modifi catlon of nucleic acids by
" means of which a signal motety is directly or indirectly attached to a nucleic acid. _
Primary concemns of this art have been with regard to Which site in a nucleic acid is used
for attachment i.e. sugar, base or phosphate analogués and whether these sites are.
disruptive or non-disruptive (see for instance the disclosures of U.S. Patent No.
- 4,711,955 and U.S. Patent No. 5,241,060¢ ) N 3, the
_ chemlstry at the site of attachment that allows lmkage to a reactive group or srgnahng ‘

SN gL - .

moiety a spacer group usually consisting of a single aromatic group (U.S. Patent Nos.
4,952,685 and 5,013,831%) or a carbon/carbon
aliphatic chain to provide distance between the nucleic acid and a reactive éroup or
signaling moiety and a reacfive group at the end of the spacer such as an OH, NH SH
or some other group that can allow couphng to a signaling mozety and the nature of the
signaling moiety.
Although the foregoing have all been descriptions of the various aspects that a_fé |
.concerned with the synthesis of modified nucleotides and polynucleotides, they have \
also been shdwn to be significant factors with regard to the properties of the resultant
nucleoﬁdes and polynucleotides. Indeed, there have been numerous demonstrations
that the modified nucleotides described in the present art have shortcomings compared
to unmodified nucleotides. A
For instance, these factors can have rhajor impact on the ability of these modified
nucleotides to be incorporated by polymerases. A consequence of this is that when
using a modified base as the sole source of that particular nuclectide, there may be a -
loss in the amount of nucleic acid synthesis compared to a reaction with unmodified |

nucleotides. As a result of this, modified nucleotides are usually employed as part of a
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_ mixture of modified and unmodified versions of a given nucleotide. Although this
restores synthesis to levels comparable to reactions without any modified nucleotides, a
bias is often seen against the use of the modified version of the nucleotide. As such,
the final proportion of modified/unmodified nucieotide may be much lower than the ratio
of the reagents. Users then have a choice of either using nucleic acids that are
minimally labeléd or of decreased yields. When comparable modified nucleotides are
used that only comprise a linker arm attached to a base (such as allyiamine dUTP)

_difficulties with inCorpbréﬁon are seldom seen. As such, the foregoing problem is likely -

to be due to the interactions of the label with either the polymerase or the active site

where synthesis is taking place. ' . '

| - Difficulties in the use of polymerasés can be bypassed by the use of _

.oligonuc|eotide synthesizers where an ordered chemicél joining of phosphoramidite
derivatives of nucleotides can be used to produce labeled nucleic ac’ids.of interest.
However, the presence of signal agents on modified chieotidés can even be
problematic in this'system. For instance, a phosphoramidite of a modified nucleotide

may display a loss of coupling efficiency as the chain is extended. Although this may be

problematic in itsélf, multiple and especia'liy successive use of maodified nucleotides in a
sequence for a synthetic oligonucleotide can result in a drastic cumulative '_!oss of _
produc’c.~ Additionally, chemical synthesis is in itself not always an appropriate solution, |
There may be circﬁmstances where labeled nucleic acids need to be of larger Ieﬁgths
than is practical for a synthesizer. Also, an intrinsic part of synthetic' approaches is a
necessity for a discrete sequence for the nucléic acid. For many pufposes, a poolor -
library of nucleic acids would require an impractically large number of different species
for synthetic approaches. ' ' ' |

An example of a method to increase the yield of labeled oligonucleotides or
polynucleotide is to use a non-interfering group such as an allylamine modified
analogue during synthesis by either a polymerase or an oligonucleotide synthesizer.
Labeling is then carried out post-synthetically by attachment of the desired group
through the chemically reactive allylamine moieties. However, in this case, although -

incorporation or coupling efficiency may be restored, there may still be problems of the
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coupling efﬁci'enciesr of attachment of the desired group to the allylamine. For instance,
coupling of labels to allylamine moieties in a nucleic acid is dramatically less efffcient for
double:stranded DNA compafed to single-stranded targets. In addition to potential yield
problems, the functionality of the modification may be affected by how it is attached fo a
. base. For instance if a hapten is attached to a base, the nature of the arm separating

. the hapten from the base may affect its accessibility to a potential binding partner.-
When a signal generating moiety is attached through a base, the nature of the arm may
" also affect interactions between the signal generating moiety and the nucleotide and '
polynucleotide. ' . |

- Attempts to limit these deleterious interactions have been carried out in several |

ways. For instance, attachment of the arm to the base has been carried out with either
a double bond alkene group (U.S. Patent No. 4,711 ,955) or a triple bond alkyne group' '
(U.S. Patent No. 5,047-,51 9) thereby inducing a directionality of the linker away from the
nucleotide or polynucleotide. ‘However, this approach is of limited utility since this
rigidity is limited to ohly the vicinity of the attachment of the linker to the base. In
addition, attempts at limiting interactions have been carried out by having the arm
displace the active or signal group away from thé nucleotide or polynu.c!eotid_e by
lengthening the spacer grbup. For instance, a commercially available modified
nucleotide included a seven carbon 'aiiphétic chain (Cat. No. 42724, ENZO Biochem,
~ Inc. New York, -NY) between the base and a biotin moiety used for signal generation.
This product was further improvéd by the substitution of !inkérs with 11 oreven 16
carboh lengths (Cat. Nos. 42722 and 42723, also available from ENZO Biochem, Inc.
‘ Néw York, NY). A comparison was also carried out using different length linker arms
and a cyanine dye 1abeled nucleotide (Zhu et al., 1994 Nucl. Acid Res. 22; 3418-3422).
A direct improvement in efficiency was noted as the length was increased from 10 to 17
and from 17 to 24. However, even with the longest linker, it could be seen that there
was incomplete cdmpensation for the presence of the fluorescent marker in terms of
efficiency. This may be a result of the fact that due to the flexibility of the aliphatic
carbon chain used for this spacer segment, the reporter groups will seldom be found in

a conformation where they are completely extended away from the nucleotide itself.
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Thus, although this.approach chénged the length of the linker, it was not a change in
the flexible nature of the spacer.

In an attempt to circumvent this problem, in U.S. Patent No. 5,948,648, Khan et
al. have disclosed the use of multiple alkyne or aromatic groups connecting a marker to
a nucleotide. However, this method employs highly non-polar groups in the linker that
may induce interaction beMeen the linker and the marker, thereby Iinﬁting its
effectiveness by decreasmg coupling effi c:enc:es or by increasing non- specific binding
by labeled compounds that include these groups. In addition, these groups may o
decrease the water solublhty of either the labeled compound or various mterr__nedlates
- used to make the labeled compound. N

The continued difficulties in using actlvated or labeIed nucleo’ndes which have
incorporated the foregomg_ features demonstrates that there are still deleterious
intéractions occurring between the base, oligonucieotide or polynucleotide;and the
moiety at the end of the arm in methods of the previous art. Although the foregoing has
been described with respect to attachment to nucleic acids, these problems are 'share_d
~ Wwith other. groups for which it may be useful to attach a marker or label.

(3) Porphyrin Fluorescent Dyes as Labels .

Assays that employ ﬂuorescently labeled probes depend upon ilumination at one

o partlcular wavelength and detection of the emission at another wavelength (the Stokes |
shift). There exists an extensive literature on the variety of compounds that have
various excitation/emission spectral characteristics suitable for such assays. -When
fluorescent cofnpbunds are used for comparative expression analysis, the ability to
carry out signél detection simuitaneously for each label depends upon how marked is
the difference between the Iabelé. Thus, ﬂuoro'pl'iores such as Cy 3 and Cy5 aré
commonly used in expression analysis since they have emission peaks at 570 and 667
respectively. One class of compounds that has not been effectiVer exploited for this

analysis are the porphyrins.

The ability of porphyrins-to absorb light energy and efficiently release it has been . -

used in a number of other systems. For example, light induced cleavage of nucleic
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acids can be carried out by a number of metallo-porphyrins that are either free in
solution or attached to a sequence specific oligonucleotide (Doan et al., (1986)
Biochemistry 26; 6736-6739). One application of this system has been the targeting
and killing of cancer cells through light induced DNA damage after absorption of

" metallo-phorphyrins (Moan et al., (1986) Photochemistry and Photobiology 43; 681-
690). Another example of the high energetic ability of metallo-phorphyrins can be seen
~ with their use aé catal'ytic agents (Forgione et al., U.S. Patent No. 4,375,972) for hon—
“enzymatic chemiiumiheécence. Futhermore; there are cases where phorphyrins have
been used as labeling reagents, for example Roelant et al in U.S. Patent No. 6,001,573
and Hendrix in U.S. Patent No. 5,464,741 I where Pd
octaethylporphyrins were converted to the isothiocyanate and used as labeling reagénts o
particularly for use in immunoassays. However, in these cases metallic phorphyrins .
‘were exclusively used. | _ 7 | ‘ ‘ '

The drawback of the use of met_allo-phorphyrins is that the destructive abilities of -
these compounds are counter-productive when used in array analysis or other assay
systems which requiré the maintenance of the integrity of the nu_clej_c acid strands of

- analytes or probes. Therefore, it would be highly advantageous to be able to utilize
porthrins_ for their fluorescent and chemiluminescent properties whilé eliminating their

nucleic acid destructive properties.

(4)  Alterations in Ffuoreécen,t Properties

In previous art, it has been shown that the addition of phenylacetylene groups to
‘anthracene increases the emiésion maxima 72 nm. (Mauldfng and Roberts, 1968 JOrg
Chem ). Furthermore, the Stokes shift, the difference between the absorption and
emission maxima, was also incre.ased by the addition of the phenyl acetylene group to
the anthracene dye. Specifically the difference of 6 nm was increased to 31 nm
following the addition of two phenyl acetylene groups. When the phenyl acetylene
group was added to napht_hacene the difference between the absofptionr and emission

maxima increased from 7nm to 32nm. Furthermore, the quantum yields of anthracene
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and naphtacene was significantly increased by the addition of the phenyl acetylene |
groups to them. ‘ | | C

' The application of this effect was limited to these compounds because the
chemxstnes and react:ons used for the addition of these substituents required ketone or
aldehyde groups. Also, addition of unsaturated groups to dyes has the undesired effect
of potentially decreasing their solubility in aqueous solutions. In addition, the modified
anthracene dyes described by Maulding and Roberts lacked any reactive groups that
_ could be used for attachment. ' '

» (5) Fluofescent Intercalators . 7

. Intercalating dyes have been used for the detectioﬁ and visualization of DNA in
Lmany technlques mcludmg the detection of DNA in electrophoresis gels, in s;tu '
hybridization, flow cytometry and real time detection of amphﬂcatlon An mtercalatmg
dye with a long history of popular usage is ethidium bromide. Ethidium bromide has the . -
~ useful properties of high affinity for nucleic acids and an increased fluorescence after
binding. This enhancement of fluorescence takes place with both singlé—strénded and
‘doub!e—stranded nucleic acids with the double-stranded DNA showing a much more |
marked effect, génerally afound thirty-fold. Other dyes which exhibit increased
- fluorescence signal upon binding to nucleic acid haVe been developed in recent years |
including such compounds as acridine orange, SYBR Green and Picogreen. There is
continually a need, however, for increased éignal generation after the binding or
intercatation with nucleic acids especially for the use in techniques, éuch as real time
-amplification. ' '

(6) Chemiluminescence

The use of chemiluminescent reagents for signal detection has gained wider use
in recent years. There are several different classes of compounds that can produce
luminescent signals including 1,2-dioxetanes and luminols. 1,2-Dioxetanes are four-
membered rings which contain two adjacent oxygens. Some forms of these compounds

are very unstable and emit light as they decompose. On the other hand, the presence
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of an adamantyl group can lead 1o a highly stable form with a half-life of several years
(Wieringa et al. (1972) Tetrahedron Letters 169-172}) . Use
can be made of this property by using a stablé form of a 1,2-dioxetane as a substrate in
an enzyme linked assay where the presence of the enzyme will transform the substrate .
into an unstable form thereby using chemiluminescence for signal'generation.
Enzymatic induction of a chemiluminescent signal has been described where an
adamantyl dioxetane derivative was synthesized with an additiona! group that was a
substrate for ehzymatic cleavage (U.S. Patent No. 5,707,559, Schaap et al. (1987)
Te_t_rahedron' Letters, 28; 935-938; Schaap et al. (1987) Tetrahedron.Let_ters, g@ 1159-
1163). | In the presence of the appropriate
enzyme, cleavage would take bface and an unstable compbund would be formed that
emitted light as it decompoées. | : :

A common design of dioxetane derivatives for this method is attachment of an -
aryl group that has hydroxyl substituents which contain protecting groups. The removal
of the protecﬁn_g group by the appropriaté enzyme results in a negatively charged
oxygen. This intermediate is unstable and leads to the decomposition' of thé compbund
and the emission-of light. Various 1,2-dioxetane derivativeé_have been developed that
can be activated by different enzymes depending upon the nature of the protecting
group. Enzymes that have been described as poténtially useful for this purpose have .
included alkaline phosphatase, galactosidase, glucosidase, esterase, irypsin, lipase: '

and phdspholipase among others (for instance, see U.S. Patent No. 4,978.6141; ).

Variations of this basic method have also been 'disclosed. For example, Urdea -
has disclosed (U.S. Patent No. 5,132,204 } | ‘stable 1,2-
dioxetanes derivatives which require the activity of two enzymes in order to produce a
signal. Haces has disclosed a method where the decofnposition of the 1,2-dioxetane is
triggered by an enzymatic or chemical reaction which releases a terminal nucleophile
" (U.S. Patent No. 5,248,618). ' This can now undergo an
intramolecular substitution reaction, thereby liberating a phenoxy group which triggers

the decomposition of the 1,2-dioxetane. The chain where the intramolecular reaction
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takes place is made-up of single bonds thus allewing comp[ete rotational freedom
around all the bonds and relying on a randorn interaction between th'e‘groupe
participating in the intramolecular reaction.

Despite improvements within the field of chemiluminescent signaling there still
exists the need for new substrates and reagents. Many of the substrates thatare
currently available produce a high level of backgreund due to enzyme independent
triggering of the decomposition of the substrate and release of chemiluminescent s;gnal
Therefore, a new type of 1 2-d10xetane which is more stable in the absence of an

enzyme would be a desirable reagent..

(7)  Real Time Detection through Fl,u'orescence
Ampilification of nucleic acids from clinical samples nas ‘become a wid'ety used
technique. The first methodoiogy fonthi‘s pkoeess, the Polymerase Chain Reacti.on-
(PCR), was described by Mullis et al. in U.S. Patent No. 4» 683, 202. B
Smce that time, other methodologles such as Ligation Chain Reaction
(LCR) (US. Patent No. 5, 494 ,810), GAP-LCR (U.S. Patent No. 6,004,286), Nucleic Acid
Sequence Based Amplifi catlon (NASBA) (U.S. Patent No. 5,130,238), Strand
Disptacement Ampilification (SDA) (U.S. Patent No. 5,270,184 and U.S. Patent No.. - - o
5,455,166) and Loop Mediated Amplification (U.S. Patent No. 6,743,605; |
European tistent" Application Publication No. EP 0971039 A) hav; been_described.
Detection of an amplified product derived from
the appropriate target has been carried out i number of ways In the mttlal method -
described by Mullis et al. , gel analysis was used to detect the presence, of a discrete ,
nucleic acid species. ldentification of this species as being mdlcattve of the presence of
~ the intended target was determined by size assessment and the use of negative
controls lacking the target sequence. The placement of the primers used for
amplification dictated a specific size for the product from appropriate target sequenee.
Spurious amplification products made from non-target sequences were unlikely to have
the same size product as the target derived sequence. Altematively, more elaborate

methods have been used to examine the particular nature of the sequences that are
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present in the amplification product. For instance, restriction enzyme di'gestion has -
been used to determine the presence, absence or spatial location of specific
sequences. Thé presence of the appropriate sequences has also been established by
hybridization experiments. In this method, the amplification product can be used as

“either the target or as a probe.

The foregoing detection methods have hlstoncally been used after the
amplification reaction was completed. More recently, methods have been described for”
measuring the extent of synthesis during the_coUrse of ampliﬁéation, ie. “real~timé”
detection. For instance in the simplest system, an intercalating agent is present during
the amplification reaction (Hzguchl in U. S Patent No. 5,994,056 and Wittwer et al., U.S.

Patent No. 6,174,670), * = This

method fakes advantage of an enhancement of fluorescence exhibited by the bmdmg of ‘

an intercalator to double—stranded nucleic acids. Measurement of the amount of

~ fluorescence can take place post—synthetlcally in a fluorometer after the reaction is over,

or real time measurements can be carried out during the course of the reaction by usmg |

* a special PCR cycler machine that is equipped with a fluorescence detection system
and uses capillary tubes for the reactions (U.S. Patent No. 5,455,175 and U.S. Patent
No.6,174,670). | : As the amount of double-stranded -
material rises during the course of ambliﬁcation, the amount of signal aiso increases.
The sensitivity of this system dépends upon a sufficient amount of double-stranded
nucleic acid being produced that generates a signal that is distinguishable from the
fluorescence of a) unbound intercalator and b) intercalator molecules bound to single-
stranded primers in thé reaction mix. Speciﬁcity is derived from the nature of tne
amplification reaction itsélf‘or by looking at a Tm profile of the reaction pfoducts.

- Although the initial work was done with Ethidium Bromide, SYBR Green™ is more
commonly used at the present time. A variation of this system has been described by
Singer and Haugland in U.S. Patent No. 6,323,337 B1,
where the pri.mers used in PCR reactions were modified with quenchers thereby »
reducing signal generation of a fluorecent intercalator that was bound to a primer dimer

molecule. Signal generation from target derived amplicons could still take place since
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amplicons derived from target sequences comprised intercalators bound to segments
that were sufficiently distant from the quenchers.

Another method of analysis that depends upon incorporation has been described -
by Nazarenko (U.S. Patent No. 5,866 336) ' In this system,
signal generatlon is dependent upon the mcorporatlon of primers mto double-stranded
ampilification products. The primers are designed such that they have extra sequences
added bnto their 5' ends. In the absence of amplification, stem-loop structures are
formed through intramolecular hybridization that consequently bring a quencher into
proximity with'ah enérgy donor thereby préventing ﬂuoresbence. However, whena ~
primer becomes incorporated into double-stranded amplicons, the quencher and donor
- become physically separated and the donar is now able to produce a fiuorescent signal.
The specificity of this system depends upon the specificity of the amplification reaction
R ifself. Sincé the stem-loop sequences are derived from extra ééquenc_és, the Tm profile

of signal generation is the same whether the amplicons were derived from the . ,
appropriate‘ target molecules or from non-target sequences.

In addition to incorporation based assays, probe based systems have also been'
used for real-time analysis. For instance, a dual probe system can beusedina
homo_geneous assay to detect the presence of appropriate target sequ_ences'. In this

~method, one probe comprises an eﬁergy donor and the other probe comprises an
energy acceptor (Europeah Patent Application Publication No. 0 070 685 by Michael |
- Heller, published Jan 26,- 1983). Thus, when the target sequence is present, the two
probes can bind to adjacenf sequences and allow energy transfer to take place. Inthe
absence of target sequenc‘:es., the probes remain unbound and no energy transfer takes
place. Even if by chance, fhere are non-target sequences in a sample that are
sufficiently homologous that binding of one or both probes takes place, no signal is
genefated since energy transfer would require that both probes bind and that they be in
a particular proximity to each other. Advantage of this system has been taken by
Wittwer et al., in U.S. Patent No. 6,174,670 ~. . for real time
detection of PCR amplification using the capillary tube eqhipped PCR machine

described previously. The primer annealing step during each individual cycle can also
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allow the simultaneous binding of each probe to target sequences providing an
assessment of the presence and amount of the target sequences. In a further
refinement of this method, one of the primers comprises an energy transfer element and
a single energy transfer probe is used. Labeled probes have also been used in
conjunction with fluorescent intercalators to allow the specificity of the probe
methadology to be combined with the enhancement of fluorescence derived from
binding to nucleic acids. This was first described in U.S. Patent No. 4,868,103 and later
applied to amplification reactions in PCT Int. Appl. WO 99/28500.

Probes have also been used that comprise an energy donor and an energy
acceptor in the same nucleic acid. in these assays, the energy acceptor “quenches”
fluorescent energy emission ih the absence of appropriate complementary targets. In
one system described by Lizardi et al. in U.S, Patent No. 5,118,801, "molecular
beacons” are used where the energy donor and the quencher are kept in proximity hy
secondary structures with internal base pairing. When the target sequences are
present complementary sequences in the Molecular Beacons allow hybridization
events that destroy this secondary structure thereby allowing energy emission. In
another system that has been termed Tagman, use is made of the double-stranded
selectiyity of the exonuclease activity of Tag polymerase (Gelfand et al., U.S. Patent Ne,
5,210,015).' When target molecules are present, hybridization of the probe to
complementary sequences converts the single-stranded probe into a substrate for the
exonuclease. Degradation of the probe separates the donor from the quencher thereby
releasing light.

( 8) Primer Binding Sequences in Analytes

One of the characteristics of eucaryotic mRNA is the presence of poly A tails at
their 3' ends. This particular feature has provided a major advantage in workrng with
mRNA since the poly A segment can be used as a universal primer binding site for
synthesis of cDNA copies of any eucaryotic mRNA. However, this has also led to a
_ certain bias in RNA studies, since the 3' ends of mRNA are easily obtained and

Enz-61



 CA 02754185 2011-09-30

. . AT ’ C . . A
" Jannis G. Stavrianopo: s etal.
Filing Date: Herewith _ -
Page 16 (New Patent Application)

e

N\

thoroughly studied but the 5’ ends lack such consensus sequences. Thus, a large
number of systéms have been described whose major purpose has been to generate-
clones that have complete representation of the original 5" end sequences. This has
also been carried over in array analysis for comparative transcription studies. Since
substantially all systems uséd for this purpose are initiated by oligo T priming at the 3’
~ end of mRNA, sequences downstream are dependent upon the continuation of
synthesis away from the 3’ starting point. However, it is well known_ that there is an
attenuétion effect of polymerization as polymeraéesrfrequently fall off of templates after
synthesis of a particular number of bases. .Ano'ther effect is generated by the presence
of RNase H that is a component of most reverse transcriptases.” Paused DNA strands
may ailow digestion of the RNA near the 3’ end of the DNA thereby séparating the-
uncopied portion of the RNA template from the growing DNA strand. This effect may
also ocour randomiy during the course of cDNA synfhesis." As such, representatibn bf
sequenées is‘rinvérsely propoﬂional to their diétance from the 3' poly A primer site. '
Although pfior art has capitalized extensi\/ely on poly A segments of RNA, it
~ should be recognized that ﬁoly A mRNA repfesenfs only a portion oflnucleic acids in
: biological systems. Another constraint in prior art is that the use of poly A fails is only |
~available in eucaryotic 'mRN_A. Two areas of especial interest are unable to enjoy this
benefit. One areais bacterial mRNA since they intrinsically lack poly A additions. The__
second are is heterologous RNA in-eucaryotic systems. For any particular e-ucaryoti_c '
gene, there is a considerable amount of genetic information that is prése’nt in o
heterologous RNA that is lost by the use ofpolyadénylated mature fbrms of transcripts
- that comprise only exon information. ‘ |
The lack of primer consensus sedueﬁce in these systems has _necessitated the
use of alternatives to oligo T priming. In prior art, bacterial expression studies have
been carriéd out by random priming with octamers (Seflinger et al., 2000 Nature
Biotechnology 18; 1262-1268), a selected set of 37 7-mers and 8-mers (Talaat et al.,
2000 Nature Biotechnology 18; 679-682) and a set of 4,280 gene specific primers (Tao
et al., 1999 J. Bact. 181; 6425-6490). The use of large sets of primers as represented

by random primers and set of gene specific primers requires high amounts of primers to
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drive the reaction ‘a.nd should exhibit poor kinetics due to the sequence complexity of -
the primeré and targets. l.e. for any given sequence in an analyte, there is only a very
minute portion of the primers that are complementary to that sequence. Large sets of |
random primers also have the capacity to use each other as primers and templates
thereby generating nonsense nucleic acids and decreasing the effective amounts of
primers available. Attempts to improve the kinetics of priming by increasing the
amounts of random oligonucleotides is very limited. First off, there are physical -
constreihts in the amount of oligonucleotides that are soluble in a reaction mixture.
Secondiy, increases in the amount of primers is éelf-limiting since increased primer '
~ conicentrations results in increased self-.priming, thereby generating more nonsénse
sequences and absorption of reagents that would otherwise be -used for analyte
dependent synthesis. Lower concentrations can theoretically be used by decreasing
the complexity (i.e. sequence length) of the primers, but restraints are then imposed
upon- the stability of hybrid formation. ,On the other-hand, the discrete sub-set of 7-mers
~and 8-mers described above requires knowledge of the complete genome of the.
intended target organism. As such, these will only be used with completely sequenced :
‘ orgamsms and a unique set has to be individually developed for. each target orgamsm .
thus limiting its application. Consensus sequences can be enzymatlcaliy added by RNA o
- ligation or poly A polymerase but both of these are slow inefficient processes. Thus
there exists a need for methods and compositions that can efficiently provide stable
priming of a large humber of non-polyadenylated templates of variable or even unknown
sequence while maintaining a low ie\)el of complexity.

Methods have also been described for the introduction of sequences into
analytes for the purpose of amplification. For instance, oligonucleotides have also been
described that comprise a segment cdmplementary to a target sequence and a segment
comprising a promoter sequence where the target is either a selected discrete
sequence ora natural poly A sequence (U.S. Patent No. 5,554,516 and U.S. Patent No.
6,338,954). - After hybridization to a target
mRNA, RNAse H is used to cleave a Segment of {he analyte hybndlzed to the
complementary segment and then extend the 3’ end of the analyte using the promoter
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segrﬁent as a template. Since the oiigonucletdtide that is used' for these methods has a
homogeneous nature, this particular metﬁod relies upon the extension reaction being -
~ initiated before the endonuclease reaction completes digestion of the complementary
segment of the analyte. |
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- SUMMARY OF THE INVENTION

The present invention relates to a labeling reagent for labeling a target, the

labeling reagent comprising a marker moiety M and a reactive group R
- M-R

wherein the marker rnoiety M and the reactive group R are 'co\/alently finked together,
the M comprising at least one moiety that comprises a ligand, a dye, or both a ligand
.‘and a dye; and the reactive group R being capable of forming a carbon-carbon linkage :
wrth the target. |

The present lnventron also relates to a process for labeling a target the process
comprising the steps of (a) provrdang (i) the target; (ii) a labeling reagent compnsmg a
marker moiety M and a reactive group R- ‘ )
| . M-R |
wherein the marker moiety M and the reactive group R are covalenﬂy linked together,
the M comprising at least one moiety that comprises a iiga.nd, a dye, or both a ligand
and a dye; and the reactive group R being capable of forrning a carbon-carbon linkage
with the target; and (b) reacting the target (i) and the Iabelmg reagent (i) under
- conditions such that a carbon- carbon linkage forms between the target () and the
la_behng reagent (u) thereby labeirng the target (i) with the marker moiety M.
process comprising the steps of (a) providing: (i) the target; (u) a labehng reagent
cem_prising a marker moiety M and e reactive group R
| | | " M-R
A | wherein the marker moiety M "and the reactive group R are covalently linked together,
the M comprising at least one moiety that comprises a ligand, a dye, or both a ligand
and a dye; and the reactive group R being capable of forming a carbon-carbon linkage
with the target; (b) reacting the target (i) and the labeling reagent (ii) under conditions
such that a carbon-carbon linkage forms between the target (i) and the labeling reagent

(if), thereby labeling the target (i) with the marker moiety M.
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This invention also relates to a process for preparing a cyanine dye labeling

reagent, the process comprising the steps of (a) providing:

(i) a first intermediate compound comprising:

wherein X; comprises carbon, oxygen, nitrogen or sulfur; and

(i)  asecond intermediate compound comprising:

wherein X, comprises carboh, oxygen, nitrogen or sulfur; wherein at least one of Ry
through R1o comprises a reactive group capable of forming a carbon-carbon linkage with
a target, and (ii) linking reagents suitable for linking the first intermediate compound and
the second intermediate compound; (b) forming a reaction mixture comprising the first

intermediate compound (i), the second intermediate compound (i), and the linking
reagents under conditions to link (i) and (ii) to form
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wherein at least one of Ry through R comprises a reactive group capable of forminga
carbon-carbon linkage with a target, and wherein n is an integer of 1, 2 or 3, and

wherein X4 and X; independently comprise carbon, oxygen, nitrogen or sulfur.

Preferably, the metallo-organic compound comprises mercury, zinc, copper
or platinum. Further, preferably, the metallo-organic compound comprises an
alkene group or an alkyne group. Also, the reactive group attached to the
compound formed in step b may further comprise a backbone that preferably
comprises at least two consecutive peptide bonds, which may be separated by a
single atom. The single atom may comprise C, N, S, O or P. The backbone
preferably also comprises one or more carbon atoms, or at least one non-carbon
atom. The non-carbon atom preferably comprises sulfer, oxygen or nitrogen. The
backbone may also comprise at least one additional moiety comprising peptide
bonds, amino acids, aliphatic chains from C, through C,,, alkene groups, alkyne
groups, saturated or unsaturated or partially saturated rings, heterocyclic rings and
sugars. The backbone may also comprise a di-peptide or an oligo-peptide. The di-
peptide or oligo-peptide may comprise (élycene),; or {(glycene),.

Further related to this invention is a labeling reagent comprising an aphenylic
an»a‘log of a rhodamine dye, the anéiog comprising at least one reactive group for -
attaching the labeling reagent to a target, the at least one reabtive group being attached
dire(:tly to the analog or indirectly through a finker arm. | ,

The present invention also relates to a labeled nucleotide comprising an
aphenylié analog of a rhodamine dye, wherein the dye is attached directly to the
nucleotide or indirectly through a linker.
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This invention also relates to a labeled target comprising
' T—-L-M
wherein T is a target, M is'a marker moiety and L. is a chemical group covalently linking -
the M to T, the chemical group L comprising a backbone that comprises at least one
rigid group that comprises one or more of:

(@) erCzc—-C:—_.——c}——
lH H H H

(b) —fC==C c::c}
LlH  H

[
(c) C=C——C== ‘}—‘
L H H
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.(d) multimers of (a), (b) or (¢}, and (e) any combinations of (a), (b), (c) and (d).
The preser_tt invention also relates to a labeling reagent comprising
R--L-M
wherein R is a reactive group, M is a marker moiety and L is a chemical group
- covalently linking the M to R, the chemical group L comprising a backbone that

comprises at least one rigid group that comprises one or more of:

(a) —C—C—C—C+4+——

(b) —C=—= C=—C

(© C==C—C=C+—

L H HI ,

(d) * multimers of (a), (b) or {c), and (e} | . any combinations of (a),'(b), (c}and (d).
Also related is a labeled target comprising ’ ‘

‘ T-L-M _ _
wherein T is a target M is a marker moiety and L is a cherﬁical group 'covaiently linking
the M to T, the chemical group L comprxsmg a backbone that comprxses at least two
consecutive polar ngnd units.

Additionally related is a Iabehng reagent comprising
' ] R-L-M
- wherein R is a'reactive group, M is a marker moiety and L is a chemical group
covalently linking the M to R, the chemical group L comprising a backbone that
compnses at léast two consecutive polar rigid units.” | '
The invention herein also relates to a labeled target comprising

_ T-~L-M
wherein T is a target, M is a marker moiety and L is a chemical group covalently linking
the M to T, the chemical group L comprising a backbone that comprises at least two

consecutive peptide bonds.
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This invention also relates to a labeling reagent comprising
' R—-L=M

wherein R is a reactive group, M is a marker monety andLis a chemlcal group
covalently linking the M to R, the chemical group L comprising a backbone that
comprises at least two consecutxve peptlde bonds.

Also related is a labeling reagent compnsmg non~meta|hc porphyrln
the reagent comprising:
v ‘ Ry R,

'Rg " Rs

wherein Ro is a reactive group and is attached directly or indifectly to the nonmétallic
porphyrin, and R4 through Rg independently comprise hydrogen, ahphatlc unsaturated
allphatlc cycllc heterocychc aromatic, heteroaromatic, charged or polar groups, or any
combinations of the foregoing. ‘
Further described and related is a labeled target compnsmg a non-metalfic
porphyrin, the reagent compnsmg )

Enz-61
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‘wherein T is a target molecule attached directly or ihdirectly to the nonmetallic porphyrin
and R4 thrbughRg indépendently comprise hydrogen, aliphatic, unsaturated aliphatic,
. cyclic, heterocyclic, aromatic, heteroaromatic, charged or polar groups, or éhy
Acombihations of the foregoing. |
' | The present invention also relates to a process for determining the amount of a
nucleic acid in a sample of interest, the prpbess compﬁsing thé steps of: (a) providing:
(i) the sample of interest; (ii) a dye comprising a first pheh_anthridinium moiety linked to a
, secénd phenanthridinium moiety through the phenyl gfoup in each of the first and
" second phenanthridinium monetles (iii) reagents for carrymg out dye binding,
hybridization, strand extenSlon or any cormbination thereof {b) forming a mixture of (i),
(n) and (iii) above, to produce a complex comprising the dye (ii) and any nucleic acid
that rhay be present in the sample of interest (i); (c) iHuminating the mixture formed in "
step (b) ata wavelenéth below 400 nanometers (nm); and (d) measuring ﬂuoreécent
emission from the illuminated mixture in step (c), the emission being proportional to the
quantity of any nucleic acid present in the sample of interest (i).

The present invention also relates to a composition comprising at least one of the
following dye structures: ’

Enz-61
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(@)

(b}
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(c)

NH,

and (d)

Also related to the present invention is the use of just-described

compositions in a process for determining the amount of a nucleic acid in a sample of
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B interest, the process cemprising the steps of: (a) previding: (i) the sample of intefesf; (ii)
the dye (a), (b}, (c) or (d) from the composition just described; (iiil} reagents for carrying
out dye binding, hybridization, strand extension, or any combination thereof; (b) forming
a mixture of (i), (ii) and (iif) above, to produce a complex comprising the dye (i) and any |
nucleic acid that may be present in the sam-ple of interest (i); (c}) luminating the mixture
formed in step (b) at a first wavelength; and (d) measuring at a second wavelength -any
: ﬂuoreseent emission from the illuminated mixture in step (c), the emission being
proportionai to the quantity of any nucleic acid present in the sample of interest (i).

| This invention also refates to a heterodimeric dye composition, the composition
comprlsmg afi rst dye that compnses a phenanthndlmum moiety; and a second dye that
is different from the first dye, the second dye being attached through the phenyl ring of
the phenanthndlum moiety. _ o -

Thls invention also relates to a process for determining the amount of a nucleic
acid in a sample of interest using the last-described composition. The process
comprises the steps of: (a) providing: (i) the sample of interest; (ii) the dye last- -
described; (iii) reagents for carrying out dye binding, hybridiz'ation, strand extension, or
any combination thereof; (b) forming a mixture of (i), {ii) and (iii) above, to produce a
cofnplex comprising the dye (ii) and any nucleic acid that may be present in the sample

u of mterest (@); (c) |I[um1natmg the mlxture formed in step (b) at a first wavelength; and (d)

'+ measuring at a second wavelength any ﬂuorescent emission from the illuminated .

mixture in step (c), the emission being proportional to the quantity of any nucleic acid -
present in the sample of interest {i). | ' |
' A chemiluminescent reagent is provided by this invention, the

chemiluminescent reagent having the structure:
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wherein Q comprises a cycloalkyl or polycycloalkyl group attached covalently to the 4-
membered ring portion of the dioxetane above directly or indirectly through a linkage
group; wherein Z comprises hydrogen, alkyl, aryl, aralkyl, alkary!, heteroalkyl, heteraryl,
cycloalkyl or cycloheteroalkyl; and wherein R; and Rz comprise chemical moieties
attached to different sites of a cyclic ring attached to the dioxetane, and wherein R+ is
enzymatically converted into Ri* which comprises a chemical reactive group Gs, and
wherein Rz is attached to the cyclic ring through an oxygen, nitrogen or sulfur atom and
comprises a chemical reactive group Gz which reacts with the G to convert the
dioxetane to an unstable light-emitting dioxetane form.

Using the last-described composition, the invention further provides a process for
detecting the presence or quantity of enzymatic activity of interest in a sample. The
process comprises the steps of: (a} providing: (i) the sample suspected of containing
enzymatic activity; (i) the chemiluminescent reagent last-described:; (i) reagents and
buffers for carrying our chemiiuminescent reactions; (b) forming a mixture of; (1) (33, (i)
and {iii); or (2) (i) and (iii) and contacting the mixture of (ii) and (iii) with (i); (c)
enzymatically converting the chemiluminescent reagent just described (ji) into an
unstable light-emitting dioxetane form; and (d) measuring the quantity of light generated
by the enzymatic conversion in step (c).

Also provided by this invention is a dioxetane chemiluminescent reagent having

the structure:

wherein Q is a cycloalky! or palycycloalkyl group attached covalently to the 4-membered
ring portion of said dioxetane ; wherein Z is hydrogen, alkyl, aryl, aralkyl, alkaryl,
heteroalkyl, heteroaryl, cycloalkyl or cycloheteroalkyl; and wherein Rt comprises an
enzymatic substrate and Rz is a substituted or unsubstituted aliphatic group or an
unsubstituted aromatic group , and wherein R1 and R: are attached to different sites of a

cyclic ring attached to said dioxetane, and wherein R1 is enzymatically cleaved,
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resulting in R1* which comprises a chemical reactive group Gi1, wherein Rz is attached
to said cyclic ring through an oxygen atom and comprises a chemical reactive group Gz
which reacts with said G+ to convert said dioxetane to an unstable light-emitting
dioxetane form, and wherein after said enzymatic conversion of Ry to R+* and before
said conversion of said dioxetane to the unstable light-emitting dioxetane form, an
intermediate five- or six-membered ring is formed comprising a linkage between said G+
and Ga.

Further provided by the invention is a process for detecting the presence or
quantity of enzymatic activity of interest in a sample, said process comprising the steps
of: (a) providing: (i) said sample suspected of containing enzymatic activity; (i) the
dioxetane chemiluminescent reagent described in the preceding paragraph; (jii)
reagents and buffers for carrying out chemiluminescent reactions; (b) forming a mixture
of: (1) (i), (i) and (iii); or (2) (ii) and (il and contacting said mixture of (i) and (iil) with (i):
{c) enzymatically converting the chemiluminescent reagent described in the preceding
paragraph (ii) into an unstable light-emitting dioxetane form; and (d) measuring the
quantity of light generated by said enzymatic conversion in step (c).

Another chemiluminescent reagent provided by the present invention is one

having the structure:
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wherein Q comprises a cycloalkyl or polycycloalkyl group attached covalently to the 4-
membered ring portion of the dioxetane above directly or indirectly through a linkage
group; wherein Z comprises hydrogen, alkyl, aryl, aralkyl, alkaryl, heteralkyl, heteraryl,
cycloalkyl or cycloheteroalkyl; and wherein R comprises a chemical linker having a
reactive site attached to the aromatic ring in the structure; and wherein R' comprises a
substrate for an non-cleaving enzymatic process, wherein the product of the enzymatic
process leads to further chemical rearrangements that generate an unstable light
emitting dioxetane form.

The invention also provides a process for detecting the presence or quantity of
enzymatic activity of interest in a sample using the last-described chemiluminescent
reagent. The process comprises the steps of: (a) providing: (i) the sample suspected of
containing enzymatic activity; (i) the chemiluminescent reagent last-described; (ii)
reagents and buffers for carrying out chemiluminescent reactions; (b) forming a mixture
of: (1) (i), (i) and (iii); or (2) (i) and (iii) and contacting the mixture of (i) and (i) with (i),
(c) enzymatically converting the chemiluminescent reagent just described above (ii) into
an unstable light-emitting dioxetane form; and (d) measuring the quantity of light
generated by the enzymatic conversion in step (c).

Additionally provided by the invention is a dioxetane chemiluminescent reagent
having the structure:

Q~~ -3
7
Q} /5}“‘\
,::/“ o,
I
Ew;:«. j;
R, 53
\\‘ )

wherein Q is a cycloalkyl or polycycloalkyl group attached covalently to the 4-membered
ring portion of said dioxetane; wherein Z is hydrogen, alkyl, aryl, aralkyl, alkaryi,
heteroalkyl, heteroaryl, cycloalkyl or cycloheteroalkyl; and wherein R is attached to the
aromatic ring in said structure and R is a substituted or unsubstituted aliphatic group or

an unsubstituted aromatic group comprising a reactive site which comprises an oxygen,
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nitrogen or sulfur atom; and wherein R' comprises a substrate for an oxidative or
reductive enzymatic process, wherein the product of said enzymatic process leads {o
further chemical rearrangements that generate an unstable light emitting dioxetane
form.

Still further provided herein is a process for detecting the presence or quantity of
enzymatic activity of interest in a sample, said process comprising the steps of: (a)
providing: (i) said sample suspected of containing enzymatic activity; (i) the
chemiluminescent reagent described in the preceding paragraph; (iii) reagents and
buffers for carrying out chemiluminescent reactions; (b) forming a mixture of: (1) (i), (i)
and (iii); or (2) (ii) and (i) and contacting said mixture of (i) and (iii) with (i); (¢)
enzymatically converting the chemiluminescent reagent described in the preceding
paragraph into an unstable light-emitting dioxetane form; and (d) measuring the quantity
of light generated by said enzymatic conversion in step (c).

A dye composition is also related to this invention, the dye composition having

the formula

R — Fluorescent Dye
wherein R is covalently linked to the Fluorescent Dye comprises two or more members
in combination from a) unsaturated aliphatic groups; b) unsaturated heterocyclic groups;
c) aromatic groups; and wherein R is capable of providing a conjugated system or an

electron delocalized system with the fluorescent dye.

A labeled target is further related, the labeled target having the structure

[
t R-Dye -L— target

wherein the Dye is a fluorescent dye, wherein R is covalently linked to the Dye, and
wherein R comprises two or more members in combination from a) unsaturated

aliphatic groups; b) unsaturated heterocyclic groups; ¢) aromatic groups; and wherein R
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is capabié of providing a conjugated system or an electron delocalized system with the
Dye. '

Other embodiments and aspects of the present invention are further described
below.
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BRIEF DESCRIPTION OF THE FIGURES‘ ,
FIGURE 1 illustrates several examples of linker arms-made with rigid polar units.

FIGURE 2 shows structures of various homodimers of Ethidium Bromide:
A) meta-EthD B) EthD-1 and C) EthD-2. 7
. FIGURE 3 illustrates the use of primers with first and second energy transfer
elements: double stranded nucleic acid made from extension of two primers
double stranded SDA amplicon o
Nested PCR |
~ Ligase Chain React;on
FIGURE 4 deplCtS vanatxons of placement of primers in a double stranded
. nucleic acid. - ‘
- FIGURE & is an illustration of the use of nucleotides with energy transfer -
elements. ' -
FIGURE 6 shows the use of matrix wjth'energy transfer elements. -
FIGURE 7 is the spectrum of aphenylic analog of TAMRA,
FIGURE 8 is the spectrum of aphenylic analog of Texas Red.
FIGURE 9 is an outline of method for synthesizing a homodimer.
FIGURE 10 depicts the results of illuminating meta-EtBr at493 nmin the
presence and absence of DNA. \
FIGURE 11 shows the results of liluminating meta-EtBr at 350 nm in the
presence and absence of DNA. ' _ 7
FIGURE 12 shows the sequence of an HIV antisense amplicon and sequences
of two primers and one probe used in the eXamples below to illustrate the novel use of
energy transfer in the present invention.
FIGURE 13 shows the use of a CNAC to eliminate a portion of a poly A tail
followed by incorporation of an oligo C primer binding sequence.
FIGURE 14 shows various steps for the synthesis of a dioxetane derivative.
FIGURE 15 shows the enzymatic production of an unstable light emitting form of

a dioxstane.
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.DETAILEIj DESCRIPTION OF THE INVENTION

The present invention discloses novel methods and compositioné for the
preparation of compounds labeled with ligands and dyes. " Included within the preseht ‘
disclosure are novel labeling reagents, novel dyes and novel methods that can be used
to synthesize the novel reagents of the preéent invention. The novel methods of the

present invention may also be applied to the synthes;s of compounds that have been
described previously. ‘ C

1. Labeh‘ng Reagents Which Particip’éte in Carbon-Carbon Bond Formation

. One aspéct of the ‘present invention discloses novel labeling reagents that
comprise a reactive group capable of creating a carbon—carbonlbond between a marker
or label and a desirable target molecule. This is in contrast to Iabehng reagents -
described in prior art which employed protein derived chemlstnes involving formation of
- a bond between an amine, sulfhydryl or hydroxyl group and an appropriate reacttve |
group. The novel iabehng reagent of the present mven’uon should prov&de a highly -
efficient means of attaching signal mone’nes to desxrable target molecules Thus, the '
novel labeling reagents of the present invention compnse a hgand or dye portion and a -
reactive group capable of creating a cérbdn—carbon bond. In addition, it may be _
desirable to insert a linker arm thét separétes‘ the ligand or dye portion from the reactive
groub. This may provide more efficient Acoupling hetween the novel la'bel'ing reagent
and an intended target molecule. The presence and nature of the linker arm may also
incréase the biological or chemical activity of the Iabé!ed target molecule. The novel |
reagents of the present invention can be used to label any target molecule that is
capable of parﬁcipaﬁng in bond formation With the reactive group of the labeling
reagent. The target molecule may be in its native state or it may have been modified to
participate in formation of a carbon-c;arbon bond with the novel labeling reagent.

Ligands that may find use with the present invention can include but not be

limited to sugars, lecﬁns, antigens , intercalators, chelators, biotin, digoxygenin and

combinations thereof. The particular choice of a dye used to synthesize a novel
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labeling reagent of the present invention may depend upon bhysical characteristics
such as absorption maxima, emission maxima, quantum yields, chemical stébility and
asoﬁlvent solubility. A large number of fluorescent a_hd chemiluminescent compounds
have been shown to be useful for labeling proteins and nucleic acids. Examples of
compou_nds that may be used as the dye portion can include but not be limited to
xanthene, anthracene, cyanine, porphyrin and coumarin dyes. Examples 6f xanthene
dyes that may find use with the present invention can include but ot be limited to
ﬂuorescéin, é~carboxyﬂuorescein (6-FAM), 5-carboxyfluorescein (5-Fam), 5- or 6-
carboxy-4, 7,2’,> 7'- tetrachlorofluorescein (TET), 5- or 6-carbo>ky—4’5’2’4’5’7’ |
hexachlorofluorescein (HEX), 5or 6’—carboxy—4‘,5’—di'chl‘orb-2,"Z’-dimethoxyﬂuorescein
(JOE), 5-carboxy-2’,4’,5’,7'~tetrach|oroﬂuorescein (ZOE) rhoaol, rhodamine, |
tetramethylrhodamine (TAMRA), 4,?’-dich]oi‘otetramethyl rhodamine (DTAMRA),
rhodamine X (ROX) and Texas Red. Examples of cyanine dyes that may find use with
the present fnvention can include but nbt be limited to Cy 3, Cy 3.5, Cy 5, Cy 5.5, Cy 7
and Cy 7.5. Other dyes that may find use with the present invention can include but not
be limited to energy transfef dyes, compdsite dyes and other aromatic compounds that ‘
give ﬂuoresc‘eﬁt signals. Chemiluminescent compounds that may be used in the -

| present invention can include but not be limited to dioxetane and acridinium esters |t

_ should also be u'nderstood that ligands and dyes are not mutually exclusive grdupsﬁ For

instance, fluorescein is a well known example of a moiety that has been used asa

fluorescent label énd also as an antigen for labeled antibodies.

The readtivé group of the novel labeling reagents of the present invention is
chosen from chemical moieties that are known to be able to participate in carbon-
carbon bond formation thereby allowing the novel Iabeling reaéent to attach a label to a
suitable target molecule. Examples of such reactive groups ban comprise but not be |
limited to alkernes, alkynés, metallo-organic compounds and halogenated compounds.
The metailo—organic and halogenated compounds can comprise aromatic, heterocyclic,
alkene, and alkyne groups as well as various combinations thereof. Although such '
groups have been described previously for synthesis of labeled compounds, these

reactive groups were only used in the context of adding amino groups to nucleic acids in

Enz-61



CA 02754185 2011-09-30

any

Jannis G. Stavriahopo{jm ; et al,
Filing Date: Herewith
Page 34 (New Patent Application)

order to make nuclectides and polynucleotides look like proteins (U.S. Patent No.
4,711,955 and U.S. Patent No. 5,047,519).
In the 'present invention, the réactive group of the novel labeling reagent can be
attached directly to a ligand or dye, at the terminal end of a linking arm or at an internal
site within a linking arm. A review of various methods for use of metallo-organic and
halogenated compounds is given by Larock (1982, Tetrahedron Report 128; 1713-
1754), Robins et al. (J. Org Chem 1983, 48; 1854-1862), Hobbs and C'ocuzz_a (U.S.
Patent No. 5,047,519), Eglinton and McCrae (1963, Advances in Organic Synthesis 4;
225-328)- and Rieke (2000, Aldrichimica Acta 33; 52-60).

A linking arm that comprises a portion of the novel labeling reagents can be of -
any desired length and can be‘compll'ised of any suitable atoms tﬁat can include but not
be limited to carbon, nitrogen, oxygen, sulfur and any combination thereof. Chemical
groups that'can comprise the linker arm can include but not be limited io aliphatic
bonds, dduble bonds, tripie bonds, peptide bonds, aromatic rings, aliphatic rings,
heterocycilic rings, etheré. esters, amides, and thioamides. The linking arm can form a
rigid structure or be ﬂexibie in nature. |

The pr'eserit inventidn may be used to label a large variety of target molecules.
The tafge-ts may intrinsically comprise chemical moieties that can participate in 4
formation of a carbon-carbon bond with the reactive group of the novel labeling reagent
or the targets may be modified such that they comprise such a group. Examples of
chemical moieties on target molecules that can combine with the reactive group of the

novel labeling reagent can comprise but not be limitéd to alkenes, alkynes, metallo-

- organic compounds and halogenated compounds. The metallo-organic and

halogenated compounds can comprise aromatic, heterocyclic, alkene and alkyne
groups as well as various combinations thereof. Target molecules that may find use
with the present invention cah include but not be limited to nucleotides,
oligonucleotides, polynuclectides, peptides, oligopeptides, proteins, ligands, synthetic
compounds, synthetic polymers, saccharides, polysaccharides, lipids and hormones.

Nucleotides that can be labeled by these compounds can include but not be limited fo
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monophosphates, diphosphates or triphospates. They may be ribonucleotides or
deoxynucleotides. Modified nucleotides or Nucleotides analogues of any of the
foregoing may also be used if desired. Examples of modified nucleotides can include
but not be limited to dideoxy nucleotides and nucleotides with 3' amino or 3’ phosphate
groups. Examples of nucleotide analogues can include but not be liniited to peptide
nucleic acids, arabinosideé and acyclo versions. These analogues may be used as .
nucleotides or as components of ofigonucleotides or polynuclectides. SyntheSIS of a
labeled oligonucleotide or polynucleotide can be carried out by the use of nucleotndes
that have been labeled by the novel labeling reagent. Alternatively, modified
- nucleotides tnat have chemical groups that can be used for, carbon;caroon bond
formation with the novel labeling reagents can_be used to synthesize oligonucleotides or
polynu_cleotides. In this method, the presence of reactive groups in the oligonucleotide :
or potynucleotide products allows a subsequent reaction with the novel tabeling
reagents of the present invention. Additionally, unmodified olzgonucleotldes and
polynucleotldes can be chemically treated such that they comprise groups capable of
participating in carbon-carbon bond formation.

~ Attachment of the novel labeling reagents of the present invention to desirable ..
target molecules can be carried out by any of a variety of means known to those skilled _
in the art.- For instance, the acetoxymercuration reaction is a well known an_d ]
‘established procedure for introducing covalently bound mercury atoms onto the 5-
pasition of the pyrimidine ring‘ or the C-7 position of a deazapurine ring (Dale et al.,
(1975) Biochemistry 14, 2447-2457, Dale et. al. (1973) Proc. Natl. Acad. Sci. USA 70;
2238-2242. The nucleotides are treated with the mercuric acetate in sodium acetate
buffer to convert them into mercuric salts. In the presence of KzPdCls, the addition of a
labeled reagent of the present invention that has been prepared with a terminal double
bond will allow a carbon-carbon double bond to be formed between the aromatic ring of
_ the nucleotide and the terminal catbon of the double bond of the labeling reagent
thereby attaohing the {abel to the nucleotide. In the case of novel labeling reagents of

cyanine dyes with double bonds at the teminus of a linker, the mercuric nucleotide
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reacts with the doﬁble bond at the terminus of the linker arm rather that the aromatic
ring or the conjugated double bond between the two rings of fhe cyanine dye moiety.
| In an alternative use of the feacﬁon described above, a novel labeling reagent of
the present invention can be prepared where the reactive group is a mércury salt. This _
cohpound can now react with an unsaturated bond on the target that is desired tobe
labeled. This bbnd may be an intrinsic part of the target molecule or the target molecule
may be modified to include such a grodp. Reactions can also be carried out where both
the fabeling reagént and the target molecules comprise rhércury salts. For insténce, ;
- Larock (1982 op. cit. Egns. 146-151) hés described how tvs_lo’ gro-u'ps that each have the
structure R1 -C=C-¥HgCl can be joihéd together in the presence of abpropriaté cétalysts.
B One advantége of the mercuration and- pailadium catéiyzed addition reactions is
that they can be carried dut in water with a small amount of organic solvent addedto
incréase solubility if necessary. This proceduré can be carried out with the nucleotides
- in any form, for example with ribonucleotides, deoxynuéleotides, dideoxynucleotides =~
‘and any,‘an,alogue, as well asrwith oligonucleotides, cligonucleotide analogues, protein
nucleic acid ébmp!exes and polynucleofides. ‘A!ternativély fhe novel labeling reagent
can be pfepared with a reactive arm containing a terminat triple bond or'any other
- substance which is capable of forming the carbon-carbon double bond with the tai'get v

molecule.

‘2. . Labeling Proteins by Carbon-Carbon Bond Formation

An important use for the novel tabeling reagent may also be for attaching signal
groups to proteins. In this particular case, modifications of the protein can be made to '
make them reéemble the nucleic acid target described above. For instance, a target
protein can be reacted with mercuric acetate thereby forming mercurate compounds at
tyrosine, tryptophan or phenylalanine residues in the protein. The protein is now
available for reacting with a novel labeling reagent that has an double bond reactive
group where displacement of the mercury will take place while attaching the label. If
desired, thiol groups fn the protein can be protected on the profein by treatment with

2,2'-dipyridy! disulfide prior to the mercuration step.
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~ Amino acids that have primary amines are also sites on a protein that may be
used with the novel labeling reagent. For instance, proteins that lack tyrosine groups
can be modified with Bolton-Hunter active ester to introduce tyrosine groups onto
primary amines. These can then be subsequently used as described above.
Alternatively, the protein can be modified with acrylic acid active ester to introduce
terminal double bonds into residues that contain priniary 'amines. This modification
would él!ow proteins to be used with novel labeling reagents of the present invention

that have mercurate compounds as reactive groups.

3 Dye Precursors With Reacﬁve Groups for Carboh5Carbon Bond Formation
Attachment of a grou.p to a marker that is suitable for participating in a carbon-

' carbon bond can be carried out by modification of the marker. On the other hand,
attachment can take place with an intermediate that is used to synthesize a particular

- marker. For example, cyanine dye labeling reagents have the following structure:

- wheren=1,20r3; X1and X2 can be S, O, N, CH; or C(CH3); and R1-R8 comprises a

reactive group that could be used to join the cyanine dye to a desirable target molecule.

Cyanine dyes are prepared by linking together two indolenine precursor units with an

infervening unsaturated chain.r The particular number of units making up the chain

determines the particular absorption and emission spectra of the cyanine dye.
According to the method of the present invention, cyanine dyes can be prepared

by attaching a linker arm containing a reactive group capable of geheraﬁng a carbon-
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carbon bond to the indolenine ring that is a precursor to a cyanine dye. This modified f
- indolenine is a novel compound that can then be used as a reagent in a reaction where
itis coupled to a second indolenine ring through an intervening unsaturated alkyl chain
to synthesize a cyanine dye with the structure described above. The second indolenine
can be the same as the first or it may be an unmodified version that lacks the linker arm
and reactive group. The same novel indolenine compound can be used to make a
variety of different cyanine dyes depending upon the nature of the second indolenine
ring and the particular unsaturated cha.in joining the two indolenine .r'ings. As a result of
this procedure when the cyanine dye product is formed by joining the pfecursor rings, it
already compnses a hnker arm with a reactive group and is ready to be attachedtoa

suitable target molecule.

4 Novel Rhodamine Dyes Without the Phenyl group

. In ancther aspect of the present invention, new dyes and means for their
syntheS|s are disclosed. In previous art, denvatives of rhodamine typlcally have an

* aromatic group between the dye and the reactive group that is used to attach the
rhodamme to a desirable molecule. In the present invention, it is disclosed that stable

| nucleotides can be sYnthesized that comprise fhodamine analogues where the linker

o arrh joining the dye to a base on the nucleotides lacke the aromatic group that 'i's'>

) normally present in rhodamine. It is a surprising consequence that incorporation of

such nucleotides becomes more acceptable to a polymerase such that the modified

nucleotide can be ueed without mixing it with unmodified nucleotides. As such, the

present invention discie_ses the following nove! rhodamine analegues:
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“and

where R is a reactive group.

5.  Rigid Linker Arms ‘

In another aspect of the present invention, methods and compositions are
disclosed that enable modified nucleotides to be used more efficiently in enzymatic and
. chemical means of synthesis and/or allow them to function more efficiently when they
are part ofa polynuclectide. In one embodiment of the present inventio}l, an increased
’and directed separation is achieved between a target molecule and the group‘that has
been added to provide a marker or fabel. In the present invention,:the following novel

compositions are disclosed that have the formulas:
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T»—- L-—M and R-e-l----M

In the diagram above, T is a target for attachment of a marker or label; R is a reactive
group that may be used for attachment to a target and M is @ marker or label.

in one aspect of the present invention, L is a chemical group that covalently
connects the M moiety to the T moiety or R moiety and comprises one or more of the
following groups: |

X0
Ifi :
sl )

e

—t-C=—=C——C==¢C

LH - H

The alkene groups can be in either cis or trans configuration with regard to ea¢h

other and they rmay comprise only hydrogen atoms bondéd tothe carbon atoms or they '
may be substituted. In a preferred modg, directionality is derived from having one of the - ~
groups above immediately linketihto the target separated by no more than= a single -
mtervemng atom or linked to the target through a rigid polar unit.

In another aspect of the present invention, L is a chemical group that covalently
‘connects the M moiety to the T moiety and comprises at least two consecutive rigid
po!ar units. . "

Examples of targets that may find use in the present lnventlon can include but
not be limited to nucleotides, ollgonucleotldes, polynucleotides. peptides, polypeptides,
cytokines, ligénds, haptens, antigens and solid supports. Examples of solid support that
may find use with the present invention can include but not be limited to beads, tubes, |
plastic slides, glass slides, microchip arfays, wells and depressions.
| -Examples of reactive groups that may find use with the present invention can
include but not be limited to isothiocyanate, isocyanate, monachlorotriazine,
dichlorotriazine, mono or di-halogen substituted pyridine, mono or di-halogen

substituted diazine, aziridine, sulfony! halide, acid halide, hydroxy-succinimide estér,-
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hydroxy-sulfosuccinimide ester, imido esters, glyoxal groups, alciehydes amines,
sulfhydryl groups, hydroxyl groups. Also included are groups that can pérticipate in
~ carbon carbon bond formétion as disclosed previously.

Iri the present invention, a rigid unit is defined as a group of atoms where the
spatial relations between the atoms are relatively static. "

ln’ the present inventio'n, when two moieties are described as consecutive, the
. moieties are adjacent or directly next to each other. Additionally, two consecutive
moieties can be‘separated by no more than one atbm, Le.a single atom. | ‘

In fhe present invention, a rigid unit is non-polar when it essentially compr_iseé the
. _same type of atoms. Examples of ‘non~polar rigid units would be alkenes, alkynes, |
unsaturated rings, partially saturated rings and completely saturated rings that cdmprise
‘only carbon and hydrogen. ‘ |

| In the pfesent inventidn, a rigid unit is polar when it comprises at léaét two or
more different atoms thereby distﬁbuting the charge ur_lequéll_y thrbugh the unit.
Examples of an arrangement that could contribute to polarity could include but not be
. limited to a carbon atom that is bonded to N,S,0O,P,ora halogeh. The heteroatoms -

‘that are bonded to the carbon may be used alone or they may be part of.polar or

— charged functional groups. Examples of the latter can include but not be timited to —OH,
—SH, ~803, —P03, -COCH and -NH; groups. The rigid units cén comprise backbones
that are linear, branched or in ring form. The ring forms that also comprise polar or
charged functional groups attached to the rings méy be unsaturated rings, partially
'saturated rings and completely saturated rings. Multimers of two or more such polar
rigid units will provide rigid extended arms that create a defined spatial relationship
between a térget molecule and a marker or signal generating moiety.

In the present invention, unsubstituted heterocyclic aromatic compaunds would
be considered to be non-polar rigid units due to the electron sharing in the ring. On the
other hand, substituted heterocyclic aromatic compounds that comprise bolar or.
charged functional groups attached to the rings would be considered to be polar rigid

units.
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_ Examples of Imear poiar ngld units that wouId be useful in the present mvent;on
can mclude but not be limited to moieties comprising peptide bonds Examples of cychc :
polar units that have inherent rigidity can include but not be limited to sugars. Examples
of groﬁps that would have Uti!ity in the present invention that have rigidity derived from
the interactions between subunits can include but not be limited to chargéd components
“where charge repulsions can maximize distances between subunits. When negétively

‘charged components are used, there can also be repulsion away from the negatively |
| charged polynucleotide itsélf. The linkér_‘may also be desighed with bulky side groups :
that interfere with rotational changes thereby maintaining a discreté spatial structure
Witﬁ regard to the relationship of a base and a signal or reactive group.

- The distance of the reactive group or signal moiety from the target molecule
would be determined by the number and nature of the ngld unlts making up the spacer.-
Thus, a series of three rigid units that comprise an alkene bond followed by two peptide

- bonds would extend the signal group direcﬂy away from the hucle‘btide as shown in _
Figure 1A. This particular example would comprise a non-polar ﬁgid unit és well as two |
polar rigid units. A series of multiple peptidé bo;ids could still provide rigidity while
extending the dye or marker further away from the target molecule as shown in Figure
1B. In this particular illustration a uracil nuclecside is .used as a target and glycine |
subunits are used to provide a series of beptide bonds. Different amino acids may also
have been used if so desired, where the various constitﬁents of the R groups of the
amino acids may be chosen to endow other properties such as solubility or charge upon
the rigid arm. '

A linker that is comprised of rigid units will depend'upon the particular
relationship between the rigid units for whether the overall structure is rigid or not. For
instance, multiplé peptide bonds have been used in prior art. However, the beneficial
qualities of having such bonds were lost by the inclusion of aliphatic carbon groups in
_ between the peptide. In essence, these were rigid units joined by flexible linkers. As .

seeh ih Figure 1, the present invention allows for at most a single atom between the
rigid units, thereby limiting the extent of flexibility between rigid units. Similarly other

groups of a non-carbon nature could be used between groups that would retain an
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overall ng!dlty while contributing a potentlal!y desirable directionality. An |Hustratxve
example of such a group would be'a —~S~ bond between two rigid units.

As descnbed above, sugar groups may aiso be used in carrying out the present
mventaon There are a wide variety of sugars that can be used as individual rigid un:ts
and a large number of ways that these sugars can be linked together either
enzymatically or chemically has been extensively described in the literature.

Although the present invention makes use of two or more polar rigid units to
create a rigid linker arm, it is understood that flexible groups and non-polar rigid units
' “may also be included in the rigid linker arms. For instance,j_ Figure 1 makes use of an
alkene bond between the peptide bonds and the uracil moiety. In addition, additional
flexible units, rigid units or combinations thereof may be included between the last
. ‘pepttde bond and the dye molecule in Figure 1 while retaining the effectiveness of the
inker. _ | A - |

In the present invénﬁdn, the presence of such an extended iinkage away froma
nucleotide should decrease deleterious effects upon incorporation sin_-ce the problematic
group should be spatialiy displaced from thé active site where 'enzymatit:, inborporation
is taking place. In additioh, after a modified nucieotide is incorporated either
. enzymatically or synthetically, functiohality may also be increased by the use of the
present invention. For instance, extension of a hapten or a chemicarlly reactive grokup
‘further from an ohgonucleotlde or polynucleotlde should provide increased accessibility
thereby improving binding or coupling efficiencies. In addition, signal generation groups
could also be displaced away from the oligonucleotide or polynucleotide by the use of
the present invention if interference effects are caused by proximity.

The particular point of attachment of the linkers described in ihe present
. invention may take advantage of previously described art for flexible linkers. As such,
the nucleotides may be normal nucleotides or théy may be modified nucleotides or |
nucleotide analogues with various substituents either added or replacing components in
the base, sugar or phosphate moieties as disclosed in U.S. Patent No. 4,711, 955; U.S.
Patent No. 5,241,060; U.S; Patent No. 4,952,685 and U.S. Patent No. 5,01 3,831)--
In addition, these moadifications méy be
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non-disrupﬁve semi-disruptive or-disruptive The point-of attachment may be the base,
' sugar or phosphate as described in the previously recited dlsclosures but attachment to
the base is partlcu!ariy useful in the present invention.

A further benefit of the present invention is that some of the hnkers that have
* been described may offer beneficial results due to their chemistry as well as structure.
For instaﬁce, the last peptide in a linker composed of peptide subunits offers an amine
group that m;ay be used to attach useful groups such as signal moieties. In prior art,
amine groups were located at the ends of aliphatic chains, with pK values of about 11.

- However, since coupﬁng reactions are usually carried out at areund pH 8 values, vei'y
little of the amine group is in a reactive form at any given time, therebyA limiting the
:efﬁciency‘ ahd kinetics of the reaction. In contrast, the amine group at the end of _
peptide chain has a pK of about 9, a vaIue that is more compatible wnth the intended
coupling reaction. Thereby, the present lnventlon allows more effectsve coupling of a
nucleotide or polynucleotide to an appropnate group.

Also, although this particular aspect of the present invention has been descnbed
in terms of a rigid linker mtervenlng between a nucleotide and a dye, other applications
may aiso enjoy the benefits of the present invention. For insfance, labeling of proteins _
can be improved by using the rigid arm of the present invention between the protein and
a signal moiety. Examples of proteins that might enjoy fhese benefits can include bqt
not be limited to antibodie‘s,_ enzymes, cytokines and libraries of oligopeptides or - '
- polypeptides. As described previously for nucleic acids, the use of the present invention
may improve the properties of the labeled compound as well as the efficiency ef-the
labeling itself. Additionally, there are many procedures that involve fixation of a ligand,
hapten, protein or a nucleic acid to a solid support. Examples of such supports can
include but not be limited to beads, tubes, microtitre plates, glass slides, plastic slides,
~ microchip arrays, wells' and depressions. The present invention can be usedto
generate é directed separation of a ligand, hapten, protein or nucleic acid away from the
surface of the support. Examples of proteins that might enjoy these benefits can
include but not be limited to antibodies, enzymes, cytokines and libraries of

oligopeptides or polypeptides. S
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6. Non-Metallic Porphyrins With Reactive Groups on Non-Pyrfo!e Positions
~In another aspect of the present invention, a novel labeling reagent is disciosed

that comprises a non-metallic porphyrin with a reactive group até non-pyrrole position. .

The spectral quality of non-metallic alkylated porphyr-'ins as fluorescent dyes has been -

described in Hendrix in U.S. Patent No. 4,707,454 © where

Stokes shifts over 150 nm were disclosed. However, when describing reactive groupé

for the porphyrins, the only téachings that were disclosed made use of chemical groups

on the pyrrole positions. Therefore, it is-a subject of the present invention that non- -

' ‘metallic porphyrins can be derived which independently comprise hydrogen, aliphatic,
unsaturated aliphatic, cyclic, heterocyclic, afomatic, heteroaromatic, charged or polar

| groupé on any or all of the eight pyrrole positions and use one of the non-pyrfole f

" positions as a site for aﬁéChing a reactive group. This composition has the following

structure:’ |

where R, comprises a reactive group attached directly or indirectly to a non-pyrrole
position of the porphyrin {i.e., the a, B, v, or & positions) and R4 through Rg are as
defined just above. ' |

Any of the reactive groups that have been described previously may find use in

the present invention as Rg. R; through Rg may comprise the same groups or they may
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' be different. If desired, the alkyl groups may also further comprise polar or charg.e'd '
groups that may aid in increasing the aquaeous solubility of the porphyrin. Also if
desired, there may be a linker' used fo attach a reactive group to the porphyrin. The
particular rigid arm used in this aspect of the present inyention can be any ﬁnker arm |
that has been previously disclosed or described but it is especially preferred that the
rigid linker of the present invention be used. A nitro group can be added to a non-
pyrrole position as described by Fuhrhop and Smith “Laboratory Methods” Chapter 19 in
" Porphyrins and Metalidporphyrins, Kevin M. Smith, editor, Elsevier Scientific Pubiishi.ng
Company, Amsterdam, 1975% Reduction of this
group to an amine is well known to those skilled in the art and further reaction can be
 carried out to add a linker or a reactive group by standard techniques. - ‘

Any of the previously described targets may be labeled by the non-metallic _‘
porphyrins of the present invention, For example, the non-metallic phorphyrins of the
present invention may find use by incorporation of a pofphryin labeled nucleotide or
synthetically by a porphyrin labeled phosphoramidit_e. Alternatively, Qligonﬁcleotide or
polynucleotides‘qan be syhthesized that have derivatived nucleotides that are suitable
for reaction with a chemically compatible derivative of a non-metaliic porphyrin in a post- -
synthetic step. Labeled dligonucleotides and polynucleotides that comprise the non-
metallic porphyrin of the present invention sho_uid enjoy a large Stokes shift with high
efficiency emissibn. This c0mpbsition and method of detection wil enjoy a high level of
sensitivity as well as enabling high level of discrimination from other compounds that -
may be excited at the same wavelength. For instance, if a library of trahscripts is
labeled with fluorescein and a second library is labeled with octaethyiporphine,
ilumination can be carried out by a single wavelength of 490 nm. Yet, discrimination
between the particular fluorophores is easi'!y distinguishable since the emission peak is
530 nm for fluorescein and the emission peak for octaethylporphine is 620 nm. Atthe .-
same fime, the quahtum yield for the octaethylporphine is comparabie to that of
fluorescein. It is also understood that the non-metaltic phorphyrins may bé used in

conjunction with any of the other novel methods that are disclosed herein.
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7. Modification of Dyes by Groups that Part:ctpate in the Conjugation and/or
'Electron Delocalized System 4
In another embodiment of the present mventlon methods are disclosed for the

- synthesis of novel compaositions that comprise two or more unsaturated compounds
added to a fluorescent dye without a requirement for the presence of kenone groups in
an intermediate. In the present invention, these unsaturated compounds can be

~‘unsaturated aliphatic groups, unsaturated cyclic compounds, unsaturated heterocydié

compounds, aromatic groups or any combinations thereof. Attachmént of such groubs_ _
allows them to participate in the conjugation and/or the electron delocalized system

(Mauldmg and Roberts, op. c:t) of the dye and confer

changes upon the spectral charactenstlcs of the dye. These changes can include

changing the width of the excitation and emission peaks, shifting the positions of the
excntatton and emission peaks and i increasing the quantum yield. _

Smce addition of: unsaturated groups to the dyes may decrease solub:hty or
result in non-specific hydrophobic mteractlons, it is an objective of the present invention
that this eﬁéct can be compensated by a further addition of charged ér polar groups.
~ These may be attached fo the dye or to the unsaturéted compounds. Also, since these
novel dyes find use as labeling reagents, they may also comprisé reactive groups
suitable for attaching the label to desirable 'targét mole¢ules. The reactive groups can
be directly or indfrectly linked to 'the dye, to the unsaturated combounds or to the
charged or polar modification groups. | ‘

The novel composition of this aspect of the present invention has the followmg
structure:

R-Dye

where Dye is a fluorescent dye; R is covalently linked to the Dye and R comprises tWo
or more unsaturated compounds which can be unsaturated aliphatic groups,
unsaturated cyclic compounds, unsaturated heterocyclic compounds, aromatic groups
or combinations thereof. Furthermore, one or more members of R participates in the

conjugation and/or electron delocalized system of the Dye. The unsaturated compounds
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e,

can be substituted or unsubstituted. The unéaturated aliph'étic group can comprise an-
alkene or an alkyne. The aromatic group can comprise a pheny! group, an aryl group,
or an aromatic heterocycie. When the groups are substituted, the substituents can
include but not be limited to alkyl groups, aryl groups, alkoxy groups, phenoxy groups,
hydroxyl groups, amines, amino groups, amido groups, carboxyl groups, sulfonateé;

- sulthydryl groups, nitro groups, phosphates or any group that can improve the
properties'of the dyes. Inthe case of an aromatic group, it may é_tlso be substituted by
being part of a fused ring structure. Examples of such fused rings can include but not
be limited to naphthalene, anthracene, and phenanthrene. ' '

Groups that can be used as all or part of R can also be descnbed as follows:

=—C : —  C—C—C=—C—C=—C——

H H H H H H H H
-C=C | ———C==C—C==C—C==C
- H H H H
—Ar— | ——C=—=C—C=—C—Ar
- H H H H
— C=—C—C==C—— —C==C—C=C—C==C—r
H H H H H H CH O H
C==C—C==C- ——C==C—C==C—Ar
| H H
Ar—Ar | — C=—=C—C==C—C=C-
| H H
~——C==C—Ar— ——C==C—Ar—C=—=C—
H H | ' H H  H H
C=—=C—Ar ——C=—=C—Ar—C==C
H H '
—(C=C——C=C ——C=—=C—Ar—Ar
H H H H

in the diagram above, Ar is an unsaturated cyclic compound, an unsaturated
hetero'cyclic'compound or an aromatic group‘". As described previously, the groups

above may be substituted or unsubstituted.
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Fluorescent dyes that méy find use with the present invention can include but not )
be limited to anthracene, xanthene, cyanine, porphyrin, coumarin and composite dyes.
In the case where anthracene is used as the Dye with an alkyne joined to the center
ring and a pheny! group attached to the alkyne, the phenyl group will be substituted.

In another aspect of the present invention, a novel compaosition has the following
structure: | ' '

[ R-Dye }——R1

- where R and Dye are as described previously and where Ry is covalentlyjoihed to R, |
Dye or to both R and Dye. R; further comprises bne or mare charged or polar grdups to
brqvide additional solubility. This may useful when the dyé or the dye'with the R
modification has limitéd équaeous solubility br problems with non-specific hydrophobic
interactions. | | ‘ ' - ’

In ancther aspect of the present invention, a novel composition has the structure

where R, Dye and R, are as described previously and where Rz is covalently attached
to R, Dye, Ry or any combination thereof énd where R further comprises a reactive |
group that can be used to attach the dye tb a suitable target molecule. Ra can comprise
any of the reactive groups previouly described including suh‘hydryl, hydroxy! and amine
groups, groups capable of reacting with sulfhydryl, hydroxyl and amine groups, and
groups capable of forming a carbon —carbon bond. R can further comprise a linker arm
that that separates the reactive group from the dye. The linker arm can t;e of any

desirable length and can comprise a backbone of carbon as well as non-carbon atoms.
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Non-carbon atioms that may find use can include but not be limited to sulfur, oxygen
~ and nitrogen. The linker arm can comprise saturated, unsaturated or aromatic groups

and may also comprise the rigid arms described previously.

In another aspect of the present invention, a novel labeled target comprises the

[ R-Dye ]—— target

“where R and Dye are as described previously. Targets that may find use with the .

structure:

present invention can include but not be limited to a protein, a peptide, a nucleic acid, a
nuclectide or nucleotide analog, a réceptor; a natural or synthetic drug, a synthetic
oligomer, a synthetic polymer, a hormone, a lymphokine, a cytokine, a ';oxin, a ligand,

- an ‘antigen,: a hapten, an aniibOdy, a carbohydrate, a sugar or an oligo- or
polysaccharide. The labeled tafget can also further comprise Ry covalvently joined to R,
Dye or to both R and Dye. Rj further comprises one or more charged or polér grbups to
provide additional solubility. This may useful when the labeled target or an intermediate
used for making the labeled target has limited aquaeous:solubility or problems-with hon‘-
specific hydrophobic interactions. The labeled target can aiso further comprise a linker

arm as descrlbed above separating the dye from the target.

8. Intercalators ) _

In another aspect of the present invention, a novel method is disclosed that
provides enhanced discrimination between an intercalating dye that is bound to a target
corhpared to dye that remains unbound. As described previously, ethidium bromide has
been a popular reagent for detection and visualization of DNA in a number of formats.

- To investigate the effect of a second-phenanthridinium ring system on affinity to nucleic
acids, a homodimeric form of ethidium brdmide was synthesized and tested (Kuhlmann
~etal, (1978) Nucleic Acids Research, §; 2629-2633). This compound, N,N-Bis[3-(3,8- -
diamino—&methylphenanthridinium-G-yl) benzoyl}1 ,5—dianiinopentane dichloride {meta-
EthD) exhibited a much higher affinity to nucleic acids than the monomeric form.
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However, when fluorescence was measured at the standafd wavelength of 493nm, the
increase in fluorescent emission after binding to nucleic acids was essentially the same
as seen earlier for the ethidium bromide monomer.

It was a surprising and unexpected result that when meta-EthD was used ina
different manner than the standard format, a greatly enhanced discrimination between

bound and unbound was observed. The present invention discloses that when two

 ethidium bromide molécules are joined together through their pheny! groups, excitation
ata Wavelength below 400 nm can result in an increase of over 150 fold in fluorescent
emission upon the binding of DNA to the homodimer as opposed {o the 6 fold i increase
seen when the samples are exc:ted at 493 nm.

‘Two other homodimeric ethidium bromide compounds (EthD-1 and EthD-2) are -

commercially available from Molecular Probes, Inc. (Eugene, OR).' However, in contrast

' to the results with meta;EthD,—the discrimination between bound and unbound dyewas L

' not substantially changed by exciting at wavelengths below 400nm. it should be

_ pointed out that although fneta—EthD, EthD-1 and EthD-2 are all ethidium bromide - |
dimers, they are chemically dissimifar. As shown in (Figure 2), meta-EthD is comprised
of two phenanthridinium rings linked together through the meta position of the phényl
 rings through amide bonds. In contrast, the phena'nthridinilim rings of EthD-1 and EthD-
2 dimers are joined together thrdugh the nftrogen of the center rings rather than through
the phenyl rings. The intervening chain is comprised of an alkyl chain with two amine
attachment groups which are secondary in EthD-1 and methyiatéd to give the .
quaternary salts for EthD-2. Thé inability of the EthD-1 and EthD-2 compounds to
exhibit the same results seen with meta-FthD demonstrates that the method of the
present invention was not a predictable property of ethidium dimers per se.

» The method of the present invention may find use in many methods that had
been previously described for ethidium bromide, ethidium bromide homodimers and o
other intercalators. Of especial use, is the application of the present method towards |
real time analysis of nucleic acid amplification and probes labeled with meta-EthD. The
large increase in flucrescence after illumination at wavelengths under 400nm will allow

a better signal to noise ratio than previous methods. Thereby, the present invention
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should enjoy a highér sensitivity of detection of the synthesis of nucleic acids during.
such amphﬁcatlon procedures | |

- In previous art, ethidum bromide has also been modified through the center ring
by attaching other intercalators (U.S. Patent No. 5,646,264) and fragments of
intercalators (U.S. Patent No. 5,582,984 and U.S. Patent No. 5,589,932) for improved
performance of binding to double-stranded DNA. Modification groups similar to those
- disclosed in U.S. Patent No. 5,582,984 have also been added to the central ring of
ethidium bromide to imprOVe performance with RNA (U.S. Patent No. 5,730,849). In
light of the results with the meta-EthD, it is disclbsed that the modifications inuU.S. -
Patent‘Nos. 5,646,264; 5,582,984; 5,599,932; and 5,730,849;

] fnay also be used to synthésize novel compounds by ' -

~_ replacing the cénter, ring with the phenyl ring as an attachment site. These may also be

used in many of the app!ications previdusly described for ethidum bromide, ethidium
bromide dimers, ethidum bromide heterodimers, modified ethidium- bromlde

composmons and other mtercaiators

9. Novel Chemiluminescent Reagents _

_ In another embodiment of thé present invention, novel 1,2-dioxetanes
combounds>are disclosed that when used as substrates for éelected enzymes result in
an intramolecular reaction between twb groups attached to different sites of an aromatic
ring thereby leading to chemiluminescent signal generation. In another aspect of the
present invention, the novel 1,2—dioxetaneé compounds are disclosed that are
substrates for modification enzymes rather than degradative enzymes whére the

modification event can lead to chemiluminescent signal generation.

a. Enzyme dependent interactions between two groups attached to
different sites on a cyclic ring
In ancther aspect of the present invention, novel 1,2-dioxetane reagents are

disclosed that comprise two groups attached to different sites of a cycﬁc' ring where after

catalysis by an appropriate enzyme, the reagent undergoes an intramolecular reaction
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. thereby leading to chemiluminescent signal generatidn. The reagents of this aspect of

the present invention have the structure:

‘where Q comprises a cYcloélkyl or polycycloalkyl group located on one side of the
dioxetane and R1 and R2 are located on different sites of a cyclic ring that is bonded to
the other side of the 1,2—dioketane. Z can comprise hydrogen, alkyl, aryl, alkaryl,
heteroalkyl, heteroaryl, cycloalkyl, or cycloheteroalky! groups. In a preferred. _
embodiment, Q comprises an adamantyl group. In another preferéed embodiment, the
two sites where R1 and R2 are attached are adjacent to each other on an aromatic rng. -
R1 comprises a chemical group that is a substrate for an erizym'étic activity. in the
presence of the appropriate enzyme, R1 is catalytically converted into R1* which
comprises a chemically reactive group G1. R2 is attached to the ring through an
oxygen atom and comprises a chemical group G2 that is capable of interacting with the
G1 grodp that is produced by the conversion of R1 into R1*. Due to the rigidity impérted
by the ring, G1is in close proximity to G2 thereby endowing the interaction to take place
- with favorable kinetics. T.hi's. interaction leads to formation of an unstable dioxetane -
thereby producing chemiluminescence.

| R2 can comprise an aliphatic group, substituted aliphatic group, an aromatic
group or any combination of the foregoing.' In the cases where R2 comprises a
substituted aliphatic group, the substituents can be halogens, nitrate, sulfur or nitrite. -
The aliphatic group can be substituted at one position or in several positions. The
substituents at each position can be the same or different.

As described above, after the enzymatic conversion of R1 into R1%, a chemically

reactive group G1 is formed. Chemically reactive atoms that may ﬁnd use as part of G1
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may include but not be limited to nitrogen, sulfur or oxygen. Enzymes that may find uee
with present invention can include but not be limited to amidases, esterases, -
acetylcholinesterases, acid and alkaline phosphatases, decarboxylases, lipases,
gl'ucosidase, xylosidase, fucosidase, trypsin and chymotrypsin. Enzymatic substrates
~ that may find use as constituents of R1 can include but not be limited to amides, esters,
- phosphates, carboxylic acid, fatty acids, glucose, xylose, fucose or amino acids. '
Although it is not essen’ua! R1 can also be demgned such that after the
-enzymatic conversmn of R1 intc R1* the interaction between G1and G2 creates a 5 or
6 membered ring which is known to be an especially stable conformation. An example N
of formation of such an intermediate is shown below using oxygen as the connection of

- R2 to an aromatic ring:

. 0—O0

|

As shown above, the intenﬁediate 'structure can undergo an internal substitution .
reaction that transfers the G2 group to the G1 group of the R1* moiety thereby releasing
the oxygen and creating an unstable phenoxy ion leading fo an unstable form of.
dioxetane and production of a chemiluminescent signal. The juxtaposition of the Gi
and G2 groups caused by locating each group on a segment of a rigid structure should
allow efficient interaction and subsequent substitutions and rearrangements to form the

light producing intermediate after production of G1 by enzymatic activity.
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b. Chemiluminescence generation derived from modification enzymes

In another aspect of the present invention novel 1,2-dioxetane derivatives are
disclosed in which the triggering event that leads to the decomposition and production
of chemiluminescent signal is an enzyme modification of a specific group of the
structure. This is in direct contrast to previous examples in which the triggering event is
the cleavage of a substituent. In a preferred mode, the modification of the substitutent
is dependent upon an enzymatic reaction. An example of such a composition is given

below:

In the diagram above, Q and Z are defined as described previously and R can comprise
a chain of atoms consisting of C, N, O, S or any other atoms required. R can also
comprise saturated or unsaturated groups. Furthermore, R’ can include but is not
limited to alcohols or carboxylic groups. The modification reaction that can lead to light
production reaction can include but not be limited to oxidation and reductions,. Enzymes

that can be used in this aspect of the present invention can include but not be limited to

oxidases and reductases.
A representative example of this process is given below where a dioxetane

derivative comprising a terminal alcohol is enzymatically converted to an aldehyde by

the action of alcohol dehydrogenase.
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OH - \ ‘ OH

This resulting product can then undergo B‘eliminaﬁon that then results in the

unstable phenoxide ion that tnggers the decomposmon of the 1,2-dioxetane resultlng in
the chemiluminescent sngnal ‘

10. RealQTime Signal Generation
The present invention discloses a method of signal generation th}at' can be used

for labeling either discrete nucleic acids or a library of multiple sequences. The present
invention provides methods éhd compositions for specifically labeling analytes of
' . intérést in the presence of other nucleic acid sequences. ‘The present invention may

also be used for the detection of the presence and/or amount of nucleic acids of interest
» during the course of using such nucleic acids as templates for further nucleic acid
- synthesis. This can be carried out either by post-synthesis analysis or real-time
analysis during the course of such synthesis. in the present invéntion, nucleic acids are
synthesized that comprise at least one first element of an energy transfer pair and at
least one secohd element of an energy transfer pair. When a first energy transfer

~ element is capable of acting as an energy donoar, the second energy transfer element is
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capable of acting as an energy transfer' acceptor. Conversely, the first element can be
an energy transfer acceptor and the second element can be an energy donor. This
"second element comes into association with the first element by virtue of either being
incorporated into the same nucleic acid strand that comprises a first element or by
binding to a nucleic acid strand. In the absence of nucleic acid synthesie or a binding
-eVent, there Is littie or no energy transfer from the donor to the acceptor. However, by
- the appropriate designs, the present invention allows energy' transfer from a denor to an
acceptor during or after nucleic acid synthesis. v |
Various embodlments of the present invention use Iabeled pnmers probes
nucleotldes nucleic acid binding agents and solid supports as sources of energy
| _ transfer elements. In the present invention, a probe and a primer share the common
 characteristic of binding to cempleméntary sequences with the proviso that'a primer has
the additional property of being able to be extended. ,Nucleic acid constructs may also
be used in the present invention as primers, probes or templates. In the presenf
invention a nucleic acid construct comprises a nucleic acid with sequences that are 7
either identical or complementary to all or a portion of a nucleic acid of inte(est and may
further comprise at least one non-natural or artificial element. | |
: Examples of non-natural or artificial elements that could comprise a nucleic acid .
construct can include but not be limited to promoter sequences, capture sequences,
identity tag sequences consensus sequences protein binding seqUences‘ artificial
_primer binding sequences maodified nucleotldes nucleotlde analogues, abasic sites,
labels, ligands, peptides and proteins. - Furthermore nucleic acid constructs may
compnse analytes. These analytes can be individual specific sequences or a library of
sequences. They may be the original analyte itself or a copy thereof. They can be
derived ffom chromosomes, episomes or fragments thereof. Examples of episomes
can include but not be limited to plasmids, mitochondrial DNA, chloroplast DNA and ‘

viruses.
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a. Energy transfer between labeled primers
In one embodiment of the present invention, the first and second energy transfer
" elements are components of at least two primers or nucleic acid constructs that can be
extended in the presence of appropriate nucleic acids. At least one of these primers or
nucleic acid constructs will comprise sequences that are complementary to sequences
that are present in a portion of a nucleic acid of interest. At least one other primer or
nucleic acid construct will comprise éequences that are identical torseq'uenc'es that are
‘ preseht in another portioﬁ of the nucleic acid of interest. In this way, a nucleic acid of
interest can be used as a tém-plate fér binding and extension of the primer or nucléic
acid constructs. Separation or displacement of the extended primef from the target
allows the target strand to be used for another primer binding/extension event. In |
addition the éxténded primer can itself be used for a primer binding/extension event.
Thus one would create a product that comprises two extended primers hybridized o
each other. In this as;jeét of the present inventio'rf, the primers used for the preceding
‘sequential primer binding/extension "eVents'compﬁSe either a first energy transfer
element or a second energy trénsfer element. If the primérs in each strand are in -
sufficient proximi.ty to each other, they would be capable of allowing an energy tréhsfer.
_event from a donor to an acceptor. This prbcess can be used to créate a double-
: stranded labeled nucleic acid. Of especial utility for diagnostic purposes, the extent of
the signal generated by this process can be used to identify the presence and quantity
| of the particular nucleic acids used és templates. | i
The amount of signal can also be increased by introduction of amplification
~ processes. For instance, the use of a primer for each strand of a desirable nucleic acid
target is the basis of many target amplification procedures where strand extension of
each primer generates templates for further synthetic events. These methods can
depend upon discrete steps such as those employed in PCR (U.S. Patent No. |
4,683,202) or they can be continuous isothermal methods such as SDA (U.S. Patent
Nos. 5,270,184 and 5,455,166) and Loop Mediated Amplification (U.S. Patent No. 6, 743 605)
and European Patent Application No. EP 0 971 039 N
A). ’ - ‘ Thus, although the present invention

H
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" can be used for post-syhthesis assessment of the amount of synthesis of appropﬁate
nucleic acids, it can also _be used during the mulfiple synthetic steps that take place
during the course of amplification, i.e real time analysis. Amplification can be carried
out under the same conditions uséd in the absence of labeled primeré or an additional
step can be included that can increase the efficiency or selectivity of signal generation.
For instance, for real time analysis of an isothermal reaction, monitoring can take place
continuously or at choéen intervals. In the latter method, an extra step can be carried
out w\here either a sample is removed for analysis or a thermal step is introduced that
promotes signal genefation or reading at a particular state but does not_wbstanﬁaﬂy
interfere with the continuat_ioh of the reaction.

In previous art, the design of pr_im'er locations for double stranded synthetic
nucleic acid products for diagnostic pQrposes has been to have the primeré‘. for each

strand located sufﬁciently.apart that additional sequences are incorporatéd in between |

 them that can be used for hybridization with probes or ch_éracterizatidn by restriction

enzymes. Thus, the sequences of double stranded synthetic nucleic acid products

- would be derived from two sources. First, there would be intrinsic sequences derived

from the primers and their compleménfs. These will be present independent of what
" particular targét'segmént was used aé a femplate. Secondly, there would be the.
‘sequences between the primer Isegments. These would be totally dependent upon the
nature of the particular nucleic acid segment used as a template for nucleic acid
synthesis. Depending upon the nature of the design of the primers, the condiﬁons of
the reaction and the particular nucleic acid sequences in the sample used in the
amplification reaction, only a particular desirable sequence may be synthesized or other "
non-desirable sequences may also be synthesized. For diagnostic purposes, the ‘
segmenis between the primers have then been used as a target for a labeled probe to
generate a signal that would be dependent upon the presence and amount of only the
desirable sequences. ‘ |

In this particular embodiment of the present invention, the requirement for
extended sequences between the primer segments is abrogated since probes are not

used for the detection of the amplification product. In fact, the present invention
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discloses that a proximity between the primers at each.end of an amplicon is a desirable |
arrangement that can be used for a novel means of signal generation. By including a
first element into a primer for one target strand and a second element into a primer for |
the complementary target strand, proximity of 'these two primers in a double stranded
amplicon allows energy transfer to take place from the elemént that acts as a donor to
the element that acts as an 'acceptor even though each element is on a different strand.
| * As described previously, various amplification systems that are based upon a
series of primer extension reactions that result in double stranded amplicons with
incorporated»p‘rimers wiIVI be able to enjoy this particular embodiment of the present
invention. For instance, Figure 3 shows pot.ential-émpliﬁcation products for a) PCR and
b) SDA. Details of the processes that can be used for these amplification methods can
be seen in numerous publications including the original patent for each of these
methods (Mullis et al. in U.S. Patent No, 4,683,202 and Walker et al., in U.S. Patent
" Nos. 9,270,184 and 5,455,166 ~+  .Even though these
methods employ different principles, the presence of a labeied primer or nuclelc acid
‘construct in each strand of an a double-stranded nucleic acid allows the use of the
present invention. In addition, other methddé that have been préviousiy disclosed may
~ find use with the present invention including multiprimer amplification (U.S. Patent
Application Serial Nos. 08/182,621; filed January 13, 1994; 09/302 818, filed March 31,
1998; and 09/302, 818 filed February 3, 1998; and 09/302, 817 filed April 16, 1999) and
amplification w:th inverted oligonucleotides {(U.S. Patent No. 5 462 854). '

As described previously, this particular embodiment of the présent inve’ntibn
depends upon a proximity between the primers or nuoléi¢ acid constructs on each
strand. In terms of an extended strand made from a first primer or nucleic acid
construct, this can also be described as the proximity between the ségment derived
from the incorporated first primer or nucleic acid construct and the segment that can be _
used as a binding site for the second primer or nucleic acid construct to syntheﬁsize the
complementary strand. For instance, proximity can be achievéd by having these two

segments being immediately adjacent to each other on an e_xtehded strand. Insucha
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case, the nucleic acid sequences of the extended strands would be entirely .deri\'/edv.

from the sequences of the primers or nucleic acid construct and their complements. To

| depict this more clearly, an arbitrary sequence is shown in Figure 4 with potentiél primer
arrangements that could be used in the present invention. In Figure 4 (A) the
sequences chosen for primers are immediately adjacent to each other on each strand.
Alternatively, there can be a gap between the prii‘ner segment and the primer binding
segment on one strand as long as there is sufﬂment proximity for energy transfer
between the donors and acceptors in the amplifi cation product. An example of a Ionger
spacing using the same target sequence is shown in Figure 4 (B).

1t should also be noted that in addition to allowmg a novel system of sagnal y

generation, the reduct:on of the amplicon size such that it compnses little more than
primer binding regions should confer advantages over the more fraditional longer
amplicons. These should include shorter extension times, sharper melting points, and

_overall higher effi ciency‘in each round of amplification since the amount of synthesis is

- ofa mmlmal nature. Also, the cho:ce of appropriate energy transfer elements and

| detection systems can allow multlplex ampilification to monltor more than one target

sequence.

_ In the presence of the appropnate target sequences, signal generation should
increase as more labeled primers become incorporated into.double-stranded nucleic
acids. This signal generation should be specific and proportional to the presence of
appropriate target molecules in the sample. Thus, in the absence of nucleic acid
- synthesis, there should be little or no energy transfer between donor and acceptor
molesules since each element is located on a separate primer or nucieic acid construct.
Secbndly, signal generation can be carried out under reaction canditions that allow little
or no nucleic acid synthesis in the absence of appropriate target templates. One way .
that this can be carried out is by appropriate design of the primers themselves such that
primer-dimer formation is minimized, for instance by selecting primer sequences that
have no overlap between their 3’ ends. On the other hand, if non-target n_udeic acids
are present that have sequences present which have some similarity to the primer

binding sequences, nucleic acid synthesis may take place, but the nucleic acid product
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is Unlikely o have the primers incorporated into the appropriate lengths for energy
transfer to take place. Another way that targe’t—speciﬁc signaf'generaﬁon can be'
increased is by the use of what has been termed “nested PCR”. In this method, the
majority of amiplification is carried out by a second set of primers that flank the labeled
primers. This is shown in Figure 3 (C). The labeled primers can be present in reduced
| amounts, require different annealing conditions or be used in separate short |
amplification reactions. This should reduce the involvement of the labeled primers in |
ampfification of either primer-dimers or non-target sequences. In this particular .
instance, it may even be pessible to successfully generate target!dependent signals
wrth labeled primers or nucleic acid constructs that have some degree of overlap |
between their 3’ ends. Lastly, target independent products should have a different
length and/or base compositio_n thereby aIloWing a differentiation between target
specific double—etranded nucleic aeids and inappropriate products by their thermal
profiles. As described previously, this pr‘of le can‘ be obtained as part of the process or
" a separate step may be introduced to obtain such a profile: '
| Although this particular embodiment of the present invention has been described
in terms of incorporation of nucleotides, there are also means for extending primers that
. depend upon the addition of polynucleotxdes rather than individual nucleotides. As
such, two of these methods, LCR (U.S. Patent No. 5,494,810) and GAP-LCR (U.S.
Patent No. 6,004,286), may also enjoy the benefits of the presenf invention. These
methods depend upon the use of two sets of adjacent oligonucleotides where each set
|s complementary to one particular strand of a target nucleic acid. In the present
invention, a first energy transfer element will be in one or more oligonucleotides
complementary to one strand and a second energy transfer will be in one or more
oligonucleotides complementary to the other strand. An illustration of the use of the
present invention with this method is shown in Figure 3(D).

b.  Energy transfer between a labeled primer and nucleotide(s)

In another embodiment of the present invention, one ar more primers or nucleic

acid constructs that comprise a first energy transfer element are used in conjunction
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with at least one nucleotide that comprises a second energy transfer element. After
target templaté directed addition of nucléotides to the primer or nucleic acid construct,
énergy transfer can then take place by interaction between a first energy transfer
element in one primer or nucleic acid construct and a second energy transfer elements
in an incorporated nucleotide. The labeled primer or nucleic acid construct and the
labeled nucleotide or nucleotides can be on the same s_trand if only a single primer or
nucleic acid construct is used during primer extension events. Linear amplification can
also be carried out where the primer or nucleic acid construct is used for successive
rounds of binding/extension events. - -

On the other hand as described previously, the inclusion of one or more primers

or nucleic acid constructs that can use the extended primers or extended nucleic acid
constructs as templates can allow further syntheéis. In this case, the second energy
transfer elements that are in{roduced by nucleotide incorporation can be in both the
extended strand and its complementary copy. Figure 5 shows potential amplification.

: products made by various amplification processes that ilustrate this particular
embodiment of the present invention. In Figures 5 (A), 5 (B) and 5 (C), one or more of
the primers used for amplification contain an energy transfer element. Although this

'_ Figure shows the acceptor eiemént (A) being present in primers and the donor elements
(D) being present in the nucleotides incorporated during amplification, the opposite
arrangement may also be used. Inthis parﬂcuiar éspect of the present invention, the

'spacing between the primers can be of any desired length that is appropriate for
cé:rrying out the amplification. '

As described previously, various methods may be employed to selectively
generate signal from only appropriate targets. These can include primer design,
thermal proﬁling of double-stranded nucleic acids and nested amplification. This
pérticular embodiment of the present invention is also amenable to multiplex formats.
For instance, if various primers are used such that more than one extended primer

“species is synthesized, they can be distinguished from each other by using a common

energy transfer donor in the nucleotides and different energy transfer acceptors in each
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of the primers. Each of the individual nucleic acid products can then be identified by the _
- spectral chéracteristicé of the acceptor on the primer.

Previous art has described the dual use of both a primer that comprises a first
energy transfer element and a dideoxyribonucleotide that comprises a second energy
transfer element (Kwok and Chen, U‘.S. Patent No. 5,945.283). The present invention
differs from this art in using nucleotides that are not strand terminators in the reaction
'mix thereby a) allowing for the possibility of muitiple incorporation events and b) '
allowing sufficient synthesis that the extehded strand could be used as a template for

synthesis of a complementary nucleic acid if desired.

c. | Energy transfer between labeled nucleotides '
In another embodiment of the present invention, it is disclosed that _s’igﬁal
genefation can take place'dUring syntheéis with labeled nucleotides only. In this
| particular embodiment, synthesis is carried out in the presence of at least one v
nucleotide that comprises'a first energy transfer element and at least one nucleotide
that comprises a second energy transfer element. The nucleotides that comprise first
and second énergy transfér elements may be the same nucleotide, for instance by
using a mixture of dUTP, Where‘some ére labeled with an energy transfer donor and
some are labeled with an energy transfer acceptor. On the other hand, they may be
different nucleotides, for instance by using a mixture that has dUTP labeled with an’
energy transfer donor and dCTP labeled with an energy transfer acceptor. |
As described above, iriéorporation of nucleotides that comprise first and second
energy transfer elements can take place during a single round of straﬁd extension,
multiple rounds of extension of one sirand for linear amplification, or by the provision of
at least one second primer or nucleic acid construct for exponential ampiification.
* Figure 5 (D) shows a PCR amplification product where both donors and acéeptors have
been incorporated through labeled nucleatides. In the absence of incorporation, there
will be little or no energy transfer between one nucleotide to another. HoWever, once
" they have been incorporated into nucleic acid strands, they are in position to be able to

allow energy transfer to take place. This can be through intrastrand interactions in the
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same strand or through interstrand interactons between nuclectides on complementary |
strands. A particular nucleotide base may consist entirely of Iabeled nucleotide or there
may be a mixture of labeled and unlabeled nucleotides. ‘

- Although methpds such as PCR and SDA produce double-stranded amplicons as
their major product, there are systems such as NASBA that alternate befween double-
stranded DNA and smgle—stranded RNA forms. In these amplification methods the
present mventxon finds use by provrdmg either energy transfer labeled
deoxyribonucleotides for labeling the DNA or energy transfer labeled ribonucleotides for
labeling RNA products. In the latter case the presence of both donor-labeled and
acceptor-labeled ribonucleotides in the RNA strands would allow intrastrand energy
transfer. As described previously, various methods may be eMployed to selectively
generate signal only from appropriate amplicons. These can include primer design,
thermal profiling of double—stranded‘ amplicons and nested amplification. Additionally,
since signal generation in this particular embodiment of the present invention is derived
from the energy transfer between incorporated nucleotides, the method described by -

. Singer and Haugland (U.S. Pate_nt No. 6,323,337 B1) can also be used where the
primers comprise energy quenchers. Quenchers that rhay be used for this purpose can
include non-fluorescent derivatives of fluorescein, rhodamine, rhodol or triarlylmethane -

dyés as described by Singer and Haugland (op. cit.),

d.  Energy transfer between a ﬂuorescent intercalator and a Iabe!ed
primer or nucleotide(s)
The previous embodiments of the present invention have utilized primers and

nucleotides as energy transfer elements. Another embodiment of the present invention
discloses that nucleic acid binding agents can be used as energy transfer elements
after strand extension. It has previously been described in U.S. Patent No. 4,868,103
that energy transfer can be used ina hybridization assay that involves a_—labeled ‘probe
and an intercalator. In contrast to this art, a labeled primer or nucleic acid construct with
a first energy transfer element is extended fo synthesize nucleic acids that can be

" bound by a nucleic acid binding agent that comprises a second energy transfer element

and is substantially sequence independent. Binding can take place while the extended
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strand is still base-paired with its template or after separation from the template ie.the -
extended strand is in double-stranded or single-stranded f‘orrﬁ. The nucleic acid bindihg
agent can be a protein or a chemical that has a high affinity for nuCleic ac.ids. An
example of proteins that may find use with the present invention may include but not be
limited to T4 gene 32 protein, SSB protein, histones and antibodies. The T4 gene 32
protein and SSB protein have affinities for single-stranded nucleic acids and the

histones have an affinity for double-stranded nucleic acids. Antibodies specific for

- nucleic acids and for RNA/DNA hybrids have been described in the literature (U.S.

Patent No. 6,221,581 and U.S. Patent No. 6,228,578). Methods for attaching.
fluorescent labels to proteins have been wxdely described in the art. An example ofa
- chemical that has a preferential affinity for single strand nucleic acids can include but
not be limited to SYBRTM Green Il. An examp!e of a chemical that has a preferenhal J
affinity for double-stranded nucleic acids can include but not be limited to mterca!ators
Examples of intercalators that may find use with the present invention can include but
" not be limited to Acridine, Ethidium Bromide,'Ett;idium Bromide Homodimers, SYBR™
 Green |, TOTO™, YOYO™, BOBO™ and POPO™. The binding agent can comprise a
energy transfer element directly or indirectiy Proteins labeled with an energy transfer
element would be examples of indirect means. The intercalators listed above would be
examples of direct means. )
_ Also, energy transfer to or from nuclelc acid binding agents can be carried out by,
| 1abeled nucleotides instead of labeled primers if desired. When the nucleic acid is in .
double-stranded form, this embodiment of the present invention can take advantage of
the ability of some intercalators to have enhanced fluorescence upon binding to double-
stranded'nucleic acids. As has been mentionéd eaﬂier, this effect has been used by
itself to monitor real time nucleic acid synthesis during ampliﬁcaﬁon reactions.
However, when used alone, this method suffers from the amount of backgrbund
exhibited by the dye alone or by dye binding to single-stranded primers. This deficiency
may be overcome by the present invention since unbound dye should be unable to

undergo an ehergy transfer interaction with unincorporated labeled nucleotides. As
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such, the present invention should enhance the selectivity of sighal generation
compared to ueing a labeled nucleic acid binding agent alone.

As described previously, various methods may be employed to seleetiVer
generate signal from only appropriate target molecules. These can include primer

design, thermal profiling of double-stranded amplicons and nested amplification.

e. Energy transfer between a labeled probe and nucleotide(s)

There may be mrcumstance where the specificity contributed by nucleic acid
probes may desirable. Therefore, another aspect of the present mvent;on dlscloses
novel means of signal generation where at least one nucleic acid probe that comprises
a first energy transfer element is used in conjunction with either nucleotides that
- comprise secoﬁd energy transfer elements. Previous art has described the use of an
energy transfer labeled primer and an energy transfer labeled sequence speciﬁe probe
; _(Witﬁuer etal. in U.S. Patent No. 6,174,670). In contrast to this art, the present method
is not constrained to the use of a probe that is in proximity to the primer alone but allows
_the use a probe designed to anneal to any location on the nucleic acid strand that is
desirable. In addition, the present invention conveys the ability to use multiple energy

tranefer probes by using various segments of the extended nucleic acide as probe
| targets. Thus, when using nucleotides that comprise energy transfer elements, signal
generation should take place after hybridization of labeled probes to the labeled nucleic
acid strand. | _ | _ ‘

- For instance, after strand-extension, the separation or removal of the template
strand can‘allow the binding of a probe to- a single-stranded extended strand and
thereby allowing energy transfer to take place between first energy transfer elements in
the prabe and second energy transfer elements that have been incorporated into the
extended strand. Energy transfer to or from first elements in the probe can be derived
from the segments that are hybrfdized to the probe, or if 'they are.in sufiicient proximity,

- they may be from adjacent single-stranded regions. Another illustrative example of the
present in_vention makes use of loop-mediated amplification (U.S.-Patent N':o. 6,743,605);.
" .European Patent Application Publication No. EP 0 971 039 A).
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One of the structures generated by this system is a single-stranded loop adjacentto a
double stranded stem. Therefore, as disclosed in the present invention, a probe can be
bound to sequences in.the loop region and uhdergo an energy transfer reaction with
incorporated nucleotides. .

In {his embodiment of the present invention, specificity is generated by two -
~ factors. First, the strand extensi;)n events should be dependent upbn the specificity of
the primer binding/extension reactions themselves. Secondly, the probes are blocked
at their 3’ ends and only participate by bi.nd-ing to appropriate sequences when these
" are synthesized as a result of the primer extension reactions. .
The various embodiments of the present invention that have been disclosed -
- above can be used in homogeneous assay systems. However, there are also -
advantages that are offered by the use of solid supports with the present invention.
Fixation to solid supports can take place prior to initiation of extensmn reactxons durmg o
strand extensions, and after completion of strand extensions. Examples of solid
supports that may find use with the present invention can include put not be limited to
beads, tubes, microtiter plates, glass slides, plastic slides, microchip array's, welis and
depres'sions. ‘Fixation to the support can be carried out eithér diréctly or indirectly. As
an example of indirect ﬁxation, a capture agent may be attached to the solid support.
This capture agent may be a nucleic acid with sequences that are complenﬁentary to
sequences that are present in a primer, a nucleic acid construct, an analyte or a copy of
an analyte ther.z_aby allowing fixation through hybridization . Another example of a
. capture agent could be an antibody that has an affinity for a nucleic acid. (U.S. Patent -
No. 4,994,373; U.S. Patent No. 4,894,325; U.S. Patent No 5288 609; U.S. Patent No.
6,221,581 B1; and U.S. Patent No. 6,228 578) '

As an example of direct fixation, many of the previous embodiments employ a
primer for strand extension. Therefore if desired, these primers could be covalently
attached to a solid support prior to carrying out any extension reactions. In the
presence of the appropriate nucleic acids, 'strand extension can then occur as described

previously thereby resulting in strand extension products that are also directly attached
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to the solid support. First and second energy transfer elements can be in the primers .
fixed to the solid support and/or they can be in nucleotides, probes or nucleic acid
binding agents as described in the various embodifnenté disclosed above. An
illustrative example of this would be the use of amplification on a microarray as , .
~described in Rabbani et al., U.S. Patent Application Pub. No. 20040161741, |
published on August 19, 2004 with at least one set of primers at a loc —
| comprising a first energy transfer element and nucleotides cbmprising second energy
transfer elements. With the appropriate apparatus, each locus on the chip could then
be separately monitored for the extent of synthesis durmg the course of the
amplification. Another example of direct attachment wou!d be the use of pnmers that .
comprise Ilgands and solid supports that comprise the appropriate ligand receptors. An
illustrative example of this arrangement could be the use of poly T primers that have
' beeh labeled with biotin and using beads that are coated with avidin or strepavidin for
fixation. Nucleotides that comprise first energy transfer elements can be incorporated
into a cDNA copy made with the poly T primer and the complex of a cDNA bound to its
RNA template can bind intercalators that comprise second energy transfer elements. In
this example, attachment of the primers to the beads bah take place before, during or
after the strand extensions. | -

_f.' Solid supports comprising energy transfer elements

In addition, a solid support is hot relegated to only a passive role. In another
embodiment of the present inventioh, a solid support comprises a first energy transfer
element. Fixation of a nucleic acid to the support can then bring a second energy
transfer element into sufficient proximity for a signal to be generated. In this
embodiment of the presént invention, the secohd energy transfer element can be part of
a nucleotide, primer, probe or nuciefc acid binding agent. As an illustrative example, a
matrix is made with a selection of nucleic acid probes on an array. The matrix is then
treated such that first energy transfer elemeﬁts are fixed to the surface as well. Inthe
presence of appropriate templates or analytes, synthesis of a group of nucleic acids

with second energy transfer elements is then carried out as described previously.
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Hybridization of the labeled nucleic acids to the array brings the second energy

elements into proximity with the surface bound first elements. Signal should then be

generated by energy transfer that corresponds to the amount of nuCieic acids that‘are

bound to a -particd!ar locus on the array. An illustration of this principle as well as some

of the other embodiments described previously is depicted in Figurg 6. Solid supports -

with capture elements can also be used in methods where no exteﬁsi-on reactions are

required. For instance,-a solid éupport, a capture oligo or an antibody specific for nucleic

acids can comprise a first element. Signal generation can then occur after bihding of an -
unlabeled analyte in either single stranded or double stranded form fo the support |
where the presence of the second element is dictated by the presence and amount of

the analyte that becomes bound to the support. For instance, the second element can

be part of the complex in the form of a probe or a nucleic acid binding agent.

g. Previous procésses (a through ) used for labeling

Generation of signal frbm_ first and second enefgy transfer elements after target
dependent strand synthesis can be used for the purpose of detecting the presence or
. amount of a nucleic acid of interest in a sample. When signal generation is dependent
upon the specificity of the priming events, the procedures are carried out under
conditions where target independent primer extension is minimized or as described
previously, methods are included that can distinguish between target derived nucleic
acids and spurious strand extension products. Oh the other hand, inclusion of a step
that uses the discretionary power of nucleic acid hybridization can limit or even obviate
the need for primer specificity. For example, an entire library of poly A mRNA
sequences can be converted into a library of cDNA copies by the use of a universal poly
T primer. The library of cDNA strands can then be indiscriminately used as templates
for second strand synthesis. Inclusion of a promoter into either the first strand primer
(U.S. Patent No. 5,891,638) or second strand primer (Rabbani et al., U.S. Patent
Application Pub. No. 20040161741, published on August 19, 2004)

| | .allows synthesis of multiple RNA copies of each individual

original mRNA. When either this product or a cDNA copy is labeled, hybridi_zation with a
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microarray of nucleic acids can be used to determine the amodnts of any particular

species in the original sample. The present invention can be employed with such

methods by ihciuding first and second ehergy transfer elements in primers, nucleotides,

_ probes, nucleic acid binding agents or the matrix itself. ’

On the other hénd, the nucleic acids of interest may be supplied by the user in

known quantity and the embodiments of the various invention disclosed above may be
used to synthesize labeled probes. For instance, a single purified species of a nucl'eic, ,
acid of interest might be provided as a template for labeling reactions with one or two
primers. When a discrete group of varied nucleic acids is desired to be labeled, the
primer sets can be expanded accordingly. Labeled probes can then be created by

“inclusion of first and second enefgy transfer elements by any of the means disciosed
previously. These probés can then be used to identify the presenbe or quantity of
unfabeled nucleic acids in samples i any of a variety of formats that are well knowh to
those skilled in the art. ’ o

h. Analytes as primer extension substrates

It shouid also be noted that the nucleic acids of interest or copies of the nucleic
acids of interest may also be used directly in strand extension reactions either as |
substrates for terminal transferase addition, ligation or by acting as primers. For
example,‘ terminal transferase can be used for the template indepéndent addition of first
energy transfer elements onfo the 3’ endsrof either individual nucleic acids or a library of
nucleic acids. Second energy transfer elements can then be included as part of the '
terminal addition reaction or they can comprise' primers, probes, nucléic acid binding
agents or solid supports. in another illustrative example, restriction digestion of DNA
can be followed by terrhinal addition of a mixture of nucleotides with first and second
energy transfer elements. Various individual species of nucleic acids can then be

hybridized to various capture sequences on discrete loci of an array to measure the

- presence or amount of individual labeled sequences. ' .

It is also a subject of the present invention that analytes of copies of analytes can

be used as primers in template dependent labeling reactions. In this context,
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incorporation in itself may be used as en assay since template directed synthesis
should be dependent upon the presence of discrete sequences in the analytes that
correspond to their complements in e'ppropriate hybridized templates. Thus a desired
nucleic acid sequence can be specifically labeled in the presence of other nucleic acids
that may be present in a mixture. Although at least one segment of the template is
designed to match the desired analyte sequence the segment of the template that is
used direct the sequences added onto the analyte can be elther a natural sequence or
an arbitrary sequence :

As an illustrative example of this method, a library of polyA mRNA can be iabeied
in the presence of total RNA by using a probe that comprises-a first segment that
comprises Poly T and a second segment that can be used as a templ‘ate. When bound
to the poly A sequences of the mRNA through the first segment, the 3’ end of the mRNA
can be extended using the second segment as a template. The nucieotldes that are
‘mcorporated using the second segment as a template can be either labeled or
unlabeled. Examples of artificial sequences that may find use as second segments can
include primer binding sitee, RNA promoter sequences. Another illustrative example is |
a series of probes that corhprise first segments complementary to the 3' ends of
discrete bacterial RNA speciee. For each particular'sp‘ecies-speciﬁc segment, a
discrete template sequence can be used. After specific prirﬁing by the RNA presentin a
sample; evaluatien can be carried out with an array that has capture sequences '
complementary to the extended sequences thereby separating out the individual
extended RNAs. And 1aet|y, cDNA copies can be made from a pool of mRNA using
standard techniques. Each cDNA that represents a full copy of the original mRNA
should have a discrete 3' end that represents the 5’ end of the original mRNA.
Template/Probes could then be used for each cDNA that is desired to be quantified. In
these illustrative examples of using an analyte as a primer in template dependent
extensions, labeling may take place by incorporation of a single labeling species as
described in previous art or the methods that have been disclosed above may be

employed using first and second energy transfer elements.
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11.  Fragmentation and/or Incorporation of Desirable Nucleic Acid Segments

a. _ Template dependent addition of des:rable nucleic acid sequences to
the ends of analytes

It is another aspect of the invention to provide novel compositions and methods’
for the template dependent addition of desiiable.nucleic acid sequences to analyte or
target nucleic acids. In prior art, poly A sequences have been relied upon as the basis
for most methods of manipulation of mRNA. Furthermore, the utility:of mRNA has
derived from its use as a template to carry out any and all such.manipula-tions. For
instance, Poly A has been used as a primer binding site for making cDNA copies and
carrying out linear or exponential amplification of mRNA. HoWever, as described -

“previously, this feature is not uniVerseIly shared among all RNA targets. Furthermore, it

. Is a selective feature for the 3’ end of mRNA. In contrast to this art, the present

invention overcomes the limited scope of analysis of nucleic acids by viewing and using

an analyte or target nucleic acid not as a template but as a substrate for strand

_' extensian, i.e. as a primer. As such, the nucleic acid constructs that are provided for -

‘these processes are not used as primers but rether they serve as templates to enable
analyte or target nucleic acids to incorporate any arbitrary sequence that is deeired by
the user. Such sequences can comprise promoters, prlmer binding sites or signal
generating m0|et|es

In the present invention, methods that may be directed for use with nucleic acid
analytes may also be used with any desirable nucleic acid t_arget as well. Analytes can
comprise single desirable sequences or they mey be a library of various sequences.

" Analyte or target nucleic acids may be comprised of RNA or DNA as well as copies of
RNA or DNA. The analyte or targets nucleic acids may be extracted from biqlogical
samples or they may have been produced in vitro. They may also have undergone
procedures and processes such as digestion, fragmentation, amplification, extractbn
and separation. |

The present invention discloses that the ends of nucleic acnds can be hybndized
to complementary chimeric nucleic acid constructs (CNACs) that comprise two

segments. The first segment comprises nucleotides or nucleotide analogues that are

Enz~61



CA 02754185 2011-09-30
Jannis G. Stavrianopé s et al.

Filing Date: Herewith :

Page 74 (New Patent Apphcatlon)

"9?\5
. ™,
Y

_ capable of binding or hybridizing to-the 3’ ends of the analytes. The second segment
comprises nucleotides or nucieotlde analogues that can be used as a template for
extension of the 3' end of the ana!yte In contrast to prior art, ‘methods are dlsclosed
that do not rely upon the presence of a selected sequence such as a poly A segment at
. the ends of the anlyte, but rather the present invention discloses methods where any
and all sequences that may be preeent atthe 3' ehd of an analyte or library of ana|yte
are sites for binding and template-dependent extension reactions. in the present .
invention, template-dependent strand extension can take place either by mcorporatnon
- of individual nucleotides (po!ymenzatxon) or by addition of pre—synthesxzed
oligonucleotides (llgatlon). It should be pointed out that although the inventions are
commonly described in terms of 3’ extension since this is a characteristic of polymerase
driven proeesses, when ligation is used instead, the 5’ end is also a suitable substrate
fortemplate dependent strand extension. The ability to introduce arbitary nucleic acid
sequences into the 3’ end of a target or analyte nucleic acid prevides a simple ana '
powerful vehicle for transformlng an analyte into a probe or a nucleic acid construct that
could be used for further manuipulations. A library of nucleic acids with vanous |
sequences can also be converted into a library with universal sequences that could be
later used for further manipulation directly in a controlled and measured mamﬁer for
signaling purposes, priming events, capture events or amplification evehts

In one particular embodiment of the present invention, a set of CNACs is used
where the first segment compnses all the potential permutations of nucleotide
sequences. Thus, if the first segments of the set of CNACs comprise 6 variable
nucleotides, the first nucleotide (N1) can be G, AT or C, the second nucleotide (N2) can
be G, AT or C etc. and the set itself will comprise 4° (4,096) different CNACs. In this
sense, it has similarity to the use.of random primers for Synthesis of nucleic acid copies.
However the preseht invention differs from random priming in that the CNACs are not
extended themselves (i.e., act as primers) but provide complementary binding to the
analytes such that the second segment of the CNAC can be used for template
dependent extension of the analyte. For this purpose, it is preferred that the ends of the

CNACs be blocked. Thus although the present invention uses random seguences, th_e
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side reaction of random primers using each other as primers and templates is
completely avoided. The present invention aleo differs in that the binding of random
primers to any particular site of an anlyte allows an extension event. In the present
inventio'n it is only when the CNAC binds to a complementary sequence at the end of N
- an analyte that an extension event takes place. Although there will be random binding
and disassociation of the CNACs at multiple sites on the analyte strands, this is nota
true equilibrium situation since there is actually a dynamic favoring of binding to the
ends. For instance, juxtapesition ofa 3’OH in the analyte and a complementary CNAC )
can bind a polymerase and form a complex that would be more stable than a CNAC
bound to an internal site. In addition to providing a 10nger half-life of binding of the
CNAC to the terminus by complex formation, the complex generates an even more -
stable form by extending the analyte, thereby increasing the number of bases that are
complimentarily base paired. This disequilibrium can be camed‘ out in an isothermal
feaction, or if preferre‘d, the reaction temperatu're can be raised fo promote dissociation
of CNACs from non—producti\)e binding sites followed by a retumn to the eame reaction .
_ttemperature to promote another round of binding of CNACs to analytes. if desired, .
these variable conditione can be recycled multiple times to optimize the amount of
analyte ends that undergo template-dependent addition. ' ,

It is a further objective of the present invention to disclose novel compos:tlons
and methods that utilize CNACs synthesized with universal bases i.e., bases that can
base pair with more than one complementary base. Nucleotides or nucleotide
analogues that comprise universal bases can contribute stability without adding
complexity. Therefore, in this.aspect of the present invention, a novel CNAC is
disclosed that comprises two eegments as described above, but instead of using
permutations of nucleotides, universal bases that lack sequence specificity are used in
the first segment. For instance, an example wes given above with a set of CNACs that
comprised bermutations in 6 positions thus requiring 4,096 different CNACs. By the use
of nniversal bases, only a single CNAC species is required for providing template-
dependent addiﬁon of desirable nucleic acid sequences to any analytes or set of

analytes irrespective of the sequences at their ends. Since universal bases do not
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always display a complete lack of discrimination 'énd the ébility to bind to a particular
nucleotide, it would be possibie and even desiréble to use a set of CNACs that- »
comprise different universal bases or universal base analogs, or different mixtures of
universal bases and universal base analogs. As described previously, this method can
involve a self-selecting process where CNACs undergo a series of binding and
dissociation events of the universal bases to random segmehts of the analytes until the
CNAC binds to a 3" end. In this particular embodiment, base pairing at the end is nota
problem since each CNAC possesses universal base pairing ;:apability and productive
extension should be mostly related to the relationship between the 3’ end of the analyte
and the sécond segment of the CNAC. Efficient strand extension can take place where |
the béginning of the second segment of the CNAC is aligned with the 3’ end of the
analyte such that the first base synthesized will be the complement of the first base of
the second segment. On the other hand, universal bases also have some capacity for |
use as templates and as such, hybrids where the 3' end‘ of the analyte is ndt perfectly ‘
' adjacent to the junction. between the first and sécond segments of the CNAC should -
also be able to carry out strand extension of the analyte. _ | '

It is a further objective of the present invention to disclose novel compositions |
and methods where CNACs comprise universal bases in combinatibn with permutations
of nucleotides. In this particular embodiment, the CNAC can be considered to comprise |
three different segments wherein a first segment comprises universal bases, a second

' segmént represents permuted series of discrete nucleotides at one or more positions
and the third segment comprises a nucleic acid that can be used as a template for |
extension of 3’ ends. Thus the present invention should be able to enjoy the stability .
without complexity of the universal bases in the first segment in conjunction with
selectivity and further stability contributed by specific base pairing by a permutational

‘second segment anchor. Thus, if a universal base used in the first segment of a CNAC
has approximately half of the binding affinity as a base pairing between normal
nuclectides, ‘a set of CNACs that comprised 4 variable nucleotide positions and 4
universal bases would have the same average Tm as random hexamers, but would
require only 4* or only 256 different CNACs. This is compared to the 4,096 different
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CNACs required with a hexamer permutational first segment. Similarly a CNAC with 4
universal bases and 6 variable positions would comprise 4,096 different CNACs but
would have binding properties analagous to CNACs with random octamer first
segments that would require 4° permutations (i.e. 65,536 different CNACs).

Therefore, one would cover all-possible permutationai-co'mbinations that could
exist in the terminal end of any analyte regardless of its derivation, while at the same
time enjoying reasonably high binding efficiency and capabilities because the universal
sequences in the first segment provide the additional binding stability without imposing
any further specificity. Thus for the same number of CNAC molecules in a reaction
mixture, there would effectively be a 16 times highér concentration of CNACs that could
bind to a particular 3' end of an analye in the examples cited above. This should
provide superior kinetics and efficiency compared to CNACs with only permutational
segments.

Universal bases, i.e., bases that can base pair with more than one
complementary base, were first used in oligonucleotides to maintain stable hybridization
with target nucleic acids that had ambiguity in the identity of their nucleotide sequence,
A well-known example-of this is the substitution of inosine in PCR primes (Liu and
Nichols, (1994) Biotechniques 16; 24-26). Inosine has the property of being able to
base pair efficiently with. either G, A, T or C in a complementary strand (Kawase et al.,
1986, Nucl. Acids Res. 19; 7727-7736). The melting temperature is less than a narmal
base pairing but still higher than a mismatch. When used as a template, inosine is
recognized as if it was effectively G and a C is preferentially incdrporated into the
caomplementary copy. Other analogs of nucleotides that can act as universal bases
have also been described. For instance, 5-nitroindolenine and 3-nitopyrrole analogues
have also been described as universal bases (Loakes and Brown, 1994, Nucl. Acids
Res. 22; 4039-4043, Nichols et al., 1994, Nature 369; 492-493 .

The use of these and other universal bases are reviewed
by Loakes (2001) in Nucl. Acids Res. 29; 2437-2447-
ability of universal bases to add stability without adding to the complexity of primers has
been described by Ball et al., (1998, Nucl. Acids Res. 26; 5225-5227,
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;where the addition of 5-nitroindolenine residues at the 5' end, improved the
specificity and signal intensity of octamer prfmers used for cycle sequencing. Thus,
these and other universal bases may all find use in the present invention. |
o As described above, the pfesent invention allows any nucleic acid or nucleic acid
fragment to be used for template-dependent extension and obviates dependency Lipon
paly A tails. The desirable nucleic acid (or nucleic acid of interest) that is incorporated
into an analyte strand can transform any nucleic acid or nucleic acid fragment into a
form that provides a primer binding sequence that can'carfy out functions previously
enjoyed by polyadenylated nucleic acids. Linear amplification can be carried out by
'incorporating a promoter as the desirable nucleic acid (or nucleic acid of interest) in a
CNAC and exponential amplification can be carried out with desirable p_rimér binding
nucleic acid sequences using any of the methods previously described for poly A
targets. Additionally, it is contemplated that template-dependent incorporation of a ,
nucleic acid into an analyte also presents the oppbrtunity to directly label the analyteor -
analytes by using a labeled nucleotide or oIigohuc_Ieotide in the incorporation step. |
| Research studies have had a focus on poly AmRNAs due to its accessability
and convenience as a substrate. The present invention allows non—ﬁolyadenylated
~ nucleic ac-ids to be manipulated with the same ease of use previousiy accorded to poly
A mRNA. Thus, the present invention can be used with DNA, hnRNA, snRNA, t'RNA,' :
rRNA , bacterial mRNA or any RNA lacking a poly A sequence. Even poly A mRNA
may find use with the present invention. The reliance upon the 3’ poly Atail has led to a
bias towards the information céntained in this end. In mast methods of prior art,
sequences at the other end of mRNA were still dependent upon the efficiency with
* which a priming event at the 3’ took place. Accordingly, any interruptions in the copying
' probess or a scission between the 5’ end and the poly A end reduced the amount of 5
sequences that were available fof study or manipulation. Thus, even a s'ingle nick in a
Iarge mRNA molecules eliminated the use of the 5’ end of the molecule and numerous
reports and even commercial products are dedicated towards the preservation of the

continuity between the 5' and 3’ ends of mRNA during its isolation. Since the present
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invention discloses methods that are independent of Ipoly A, fragments of poly A RNA
that have become separated from the poly A region rémain ayailable for use and study.
In fact, such a fragmentation process can be advantageous since all segments of
the poly mRNA can be independehtly and efficiently used with no bias derived from their
relationship to the 3' end. This fragmentation will be especially useful for hnRNA which
has remained an underutilized area of research. This neglect has stemmed from two
characteristics of hnRNA: the lack of poly A as a handle and the very large average
size. Although the introns that are present in hnRNa lack coding sequences for the final |
gene product, there are Iikely to be a large number of sequences that do not appear in
the final product that are important in contfol, regulation and interaction with other genes
and gene products. The present invention will allow the sequences present in hnRNA
“to be as completely accessible as the polyA mRNA sequences had been previously‘
o ~ Although many of the embodiments of the present invention are described in
terms of RNA analytes, it should be bointed out that many .of these processe's can easily
be applied to DNA fragments as well. Methods that.can be used for the fragmentation
processes described above can be physical or énzymétic. Physical means can |
encompass any chemical proceés as well as mechanicél shearing and sonication.
Enzymatic processes for fragmentation that may find use with the present invention can
“include but not be limited fo endoucleases such as S1 nuclease, munglbeén nucléase, ‘
RNase, DNase and restriction enzymés. It is a further point of the present invention
- that analytes can be treated with phosphatases if required, to provide an extendable 3’ .
end. The CNAC of the present invention can comprise DNA, RNA or any combination
thereof and the nucleotides may be modified or unmodified as desired. The CNACs
may compriée standard nucleotides or they may comprise nucleotide analogs, sugar
~ analogs and phophate analogs. Examples of each of these are peptide nucleic acids
(PNAs), arabinosides and phosphorothioate linkages. |

b. CNAC for site specific fragmentation

The utility of universal bases to providing stability without adding complexity finds
application in other processes as well. Another aspect of the present invention
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discloses composifions and methods for controlled fragmentation of an analyte or library
of analytes. A novel CNAC is disclosed that comprises two segments, a first segment |
* that comprises universal nucleotides to provide non-specific binding and a second
segment with a discrete selected sequence that will generate a comolex that provides
: endonucieo[ytlc digestion. Under appropriate hybridization conditions, the CNAC will
create an endonuclease susceptible site at each locatlon in the analyte thatis
sufficiently complementary to the second segment of the CNAC. The size and nature of
the selected sequence will determine the average spacing between endonuclease sites
and therefore the particular average size of fragments. For example, a CNAC thet . :
comprises. a second segment with 4 or more deoxyribonucleotides should form a
complex that is a substrate for RNase H. This should Iead to a scission at each site in
the analyte that is complementary to the second segment On average, a given 4 base
sequence should appear about every 250 bases. A smaller size distribution can also be
obtained by the use of more than one CNAC thereby increasing the number of poténtial
digestion sites. If p'referred, a larger second segment cen be used and _ |
~ hybridization/digestion conditions applied such that the complex is formed at more
mfrequent intervals and hence a larger average distribution in fragment sizes.
" Specificity may also be increased by the addition of discrete bases i in either the fi rst or-
" third segments and using conditions such that stable hybnds are only formed with
stability generated by proper base pairing of these bases as well.
The same method can also be applied to digestion of single-strended DNA. The

‘second segment of a CNAC can be designed with a recognition site for a restriction
enzyme. Since most restriction sites are only 4 to.G bases, the presence of the
universal bases in the CNAC should provide a much more stable hybrid than using a4
to 6 base segment alone. Although in this particular embodiment of the present
invention, the second segment is used for fragmentation, it may also oe, usedasa
template fof strand extension for incorporation of a desirable nucleic acid sequence into
a fregmehted analyte after endonucleolytic digestion. As described previously, this can
provide a means for template-dependnent incorporation of a labeled nucleotide or

oligonucleotide to label the analyte fragmenis at their terminus.
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If preferred, the CNAC disclosed above can further comprise a third seg.mer_]t.
For instance, the third segment can comprise another set of universal bases flanking
the other side of the discrete bases in the second segment. This CNAC could be
. represented by the formula “U,-Dp-Ug” where the “n" represents the number of
universal bases in the first segment, “p” represents the number of diecrete bases in the
second eegment and “q’ represents the number of universal bases in the third segment. .
The additional third segment can provide additionel stability or it may make the
hybridized second eegment a more efficient enzyme substrate for endonucleelytic
digestion. Alternatively, the first and second are as described above and the third
segment is a d|screte nuclexc acid sequence that provides a template for mcorpora‘uon .
of one or more labels or a desirable nucleic acid sequence as described prewously
Since the universal bases allow for indiscriminate binding, the reactions can take place
under conditions where only hybridiZation events that include proper alignment with the
discrete bases in a CNAC form stable hybrids between the CNAC and the analyte.
Alternatively, thermocycling can be carried out to dissociate CNACs that are non- |
productively bound and aliow additional binding events that lead to site-speciﬁc
fragmentatlon until substantlany all of the desired sites on the analyte have been |
digested. B : '

c.  CNACs for digestion/extension

in another aspect of the present invention, novel CNACs are disclosed that
comprise at least two segments where the first segment is complementary to a first
analyte nucleic acid sequence and the second segment is complementary to a second
analyte nucleic acid sequence. The CNAC is designed such that after mixing it with an
analyte nucleic acid, hybridization of a first eegment to a first analyte nucleic acid |
sequence forms a first complex that is resistant to a particular endonuclease, while
~ hybridization of a second segment to a second analyte nucleic acid sequence forms a
second complex that is a substrate for the endonuclease. Furthermore, the second
complex is capable of asymmetric cleavage such that only the analyte strand is subject

~ to nicking or removal of nucleotides by the endonuclease. This treatment generates a
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new 3’ end in the analyte strand that can then be used for the template dependent
addition of nucleotides or oligonucleotides to the analyte strand.

The CNAC may further-comprise a third segment that may or may not be
complementary to a third analyte nucleic acid sequence. The third segment of a CNAC
is distinguished from a second segment in that a third segment does not generatea
. third complex that is sensitive to'endonucleolytic digestion. When the third-segment is
not comp!ementary to the third analyte nucleic acid sequence, a third complex is never
formed.A On the other hand, when the ihird segment is complementary to a third analyte“
' - nucleic acid sequence, a third complex is formed., but endonuclease resistance is |
endowed by any of the means that can be employed to render a first complex resistant.
After endonuclease digestion, the sequences in the second and third segments may act
as templates for strand extension from a 3’ end that has been generated by action of
the endonuclease. The strand extension may be carried out by a template-dependent
polymerizing enzyme (DNAbonmerase or reVér_se transcriptase), or a template |
dependent ligation enzyme (DNA ligase). Fragments generated by endonuclease
digestion may be further be subjected to kinase or phosphatase treatment, in order to
add or remoVe phosphate groups at the 3’ or 5’ end as may be desired. ‘-

Analytes that may find use in the present invention can be either be DNA'or RNA
depending upon the nature of the CNAC and the endonucleése. Sequences in the
analytes that rhay be used in.the present invention may be discrete individual
sequences, consensus sequences, or generic sequences that are present ih all or most
of a library of analytes. Examples of RNA that may find use with the present invention
' cah include but not be limited_to hnRNA, rRNA, mRNA, tRNA, or énRNA. Exampiies of -
DNA that may find use with the present invention can include but not be limited fo
chromosomal, single-stranded, plasmid, viral, bacterial DNA. Digestion of the second
complex can be carried out by endonucleases such as RNase H and restriction
enzymes. Prior to hybridization with the CNAC, the target nucleic acid or analyte
nucleic acid méy also have unde'rgone pre-treatments including, digestion,
fragmentation, extraction and separation. These fragmentation pre-treatments can

include phyéica! means, such as shearing, sonication or chemical treatment. Pre-
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treatments may also include endonuclease or exonuclease digestions. Examples of
" endonucleases thét might find use in thé present invention for pre-treatment can include
 but not be limited to S1 nuclease, mung bean nuclease, restriction enzymes, DNAse,
ribonuclease H and other RNases.

The various segments of chimeric nucleic acid construct polymer may be
~ comprised of the same or different backbones. For example, a first segment of a CNAC
can comprise oligo-ribonucleotides and the second segment can comprise aligo-
deoxyribonucleotides. Generally, the sugar-phosphate backbone may comprise a
natural element, such as phosphate ribose, or deoxyribose, or it may comprise analogs
of phosphates such as phosphorothxoates or analogs of sugars such as. arabinosides.
If desired, the 3' or 5" end of a CNAC may be blocked to prevent it from acting as a
prirner or from parhcupatmg in ligation. The segments of a CNAC may further be _
comprised of a synthetic backbone, such as a polypeptlde Any synthetlc polymer can
‘be used as backbone as long as bases can be added in the proper orientation so that
base pairing can take place.- A prominent example of such a synthetic polymer that has
this capability and usefulness is a peptide nucleic acid (PNA). The bases may.be
comprised of natural purine and pyrimidine bases as well as modified versions thereof.
.The bases may élsb comprise ana!bgs of natural bases. For instance, the univeréal
bases discussed previously may also find use in this embodiment of the present
invention. Different segments of a CNAC may comprise the same or different -
backbones and comprise any base structures or elements; depending on the desirable
function. Thus, one can.construct a desired CNAC from the various components and
elements p;;ovided above. The particular choice of components will depend upén the
nature of the analyte and the endonuclease to be used.

For example, if the analyte is an RNA molecule, RNase H can be used as the
endonucleasé when the backbone of the first segment comprises an oligo- | V
ribonucleotide and the backbone of the second segment compﬁses oligo-
deoxyribonucleotides. Consequently, hybridization of the first segment to an RNA
analyte creates a double-stranded RNA first complex that is resistant to ribonucleaseH

and an RNA-DNA second complex which is a substrate for Rnase H activity. Treatment
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with RNase H would asymmetrically cleave all or some of the portion of the RNA
analyte involved in the second complex but leave the RNA-RNA hybrid of the first
complex and the second segment of the CNAC intact. As described above, a CNAC
| rhay also comprise a third segment. In the example above, if the third segment is .
- complementary to the RNA analyte, the third segment may also comprise an oligo-
ribonucleotide such that hybridization to the analyte forms an RNA-RNA hybrid that is
resistant to the action of RNase H. Altemativé!y as described above, the third segment
is not complemehtary to the RNA analyte and no hybrid is formed. )

The chéice of the particular endonuclease used to carry out this aspect of the
present invention depends upon a number of factors. The primary factor is the nature of |
the analyte since the endonuclease must be able to utilize thé analyte as a substrate for
nicking or removal of nucleotides. Secondly, the endonuclease must allow )
circumstances where such nicking or removal is substantiatly'ésymmetric and takes
place ih the analyte strand. Thirdly, the end_onuclea’se must allow circumstances where
~ afirst or third complex can remain substantially resistant to the action of the
~ endonuclease. Lastly, the endonuclease must have sufficient specificity that it acts only
upon the portion of an analyte that participafes in formation of a second complex with
the CNAC; It can be seen that the illustrative example with RNase H described abpve
fulfills all of these criteria. _ '

" Another illustrétive example would be to utilize an endonuclease that intrinsically
provides an asyrhmetric cleavage. For example, digestion of double stranded DNA with
the restriction enzyme N.BstNB | results in a nick in only one strand 4 bases
. downstream from the recognition sequence 5 GAGTC 3'. Thus, one could design the
second segment of a chimeric nucleic acid construct with an oligo-deoxyribonucleotide
sequence that is complementary to this sequence and a first segment that is
complementary to sequences that are adjacent to the binding site for the second
segment. In such a manner, when a second complex is formed by hybridizing the
CNAC to the analyte, the double-stranded DNA is a substrate for this specific restriction
enzyme and only the analyte sequence will undergo cleavage. As described previously,

the CNAC can comprise a third segment that can serve as a template for introduction of
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a novel nucleic acid sequence by addition to the 3’ end of the nick created by the

endonuclease digestion. This éxample also serves as an illustration that a CNAC can -

still be considered “chimeric” even when it is a chemically homogeneous molecule. For ™

instance, the CNAC above can be synthesized with three segments that comprise only
oligo-deoxyribonucleic acids. In the present invention, this wduld still be a chimeric
molecule since each segment has a different functional property, i.e., the first segment
provides complementary b.asé pairing and stability; the second segment provides for
endonuclease susceptibility and the third segment provides a template for strand .
extension. This method may also be combined with other embodiments of the present |
invention that have been disclosed previously. For instanée, a CNAC With two
- segments can comprise universal bases with specific nucleotides only in the sites that’
aré required for recognition and digestion by the asymmetric endonuclease described
above. | | ' | - |

Another illustrative example of how this aspect of the present invention could be
carried out would be by the use of an artificial or synthetic second segment where the
constituents are modifi.ed or comprise analogs. Any such modification or analog may be
used for this purpose as long as a) they allow hybridization to occur between the
second segment and the analyte b) hybridization with the analyte forms‘a'complek that
is susceptible to endonuclease digestion and c) the second segment reméins '
substantially resistant to the action of the endonUcleése For example, a second
segment could comprise phosphorothioate linkages between bases. It has prevrously
been shown that when a restriction enzyme site in a double stranded molecule -
comprises an unmodified segment and a phosphorothloate segment, only the
unmodified segment undergoes a cleavage event (U.S. Patent No. 5,270,184 and U.S.
Patent No. 5,455,166). - | Thus a CNAC with one or
more phosphorothioéte linkages in a restriction enzyme sequence in a second segment
can be hybridized to a complementary segment of an analyte and only the analyte
strand should be subject to endonuclease digestion.

Generally, the third segment may contain any arbitrary sequence segment either

- related or non-related to a target nucleic acid. The third segment provides a template
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upon whlch the cleaved target nucleic acid or the analyte can act as a primer and
thereby allow the introduction of any desirable nucleic acid sequence into an analyte.
" Through such a template dependent sequence introduction to an analyte, a,signaling.j'
moiety or other elements such as primer binding sequences can be introduced directly
to an analyte. Furthermore, through such a methaod, universal sequences could be
introduced to an analyte nucleic acid that could act at a later stage as a template for the
introduction of a universal primer or primer directed promoter systern to prepare copies
of the analytes as, describédJ in U.S. Patent No. 5,891,636 and Rabbani et al., in U.S.
- Patent Pub. No. 20040161741, publlshed on August 19, 2004.
The fact that nUCIElC acid fragments can be converted to such a construct through such
a method could provide for an even amplification of nucleic acid libraries without
pre}udice to 3 end sequences. Further, such a sequence or sequences couid be used
- for-priming or capturing events directly or after amplification. Optionally, if
endonuc.leaee cleavage does not leave free 3'-OH in the remaining analyte, then the
remaining analyte could be treated with phosphatase so that a 3'-OH is generated
which can facilitate a priming event. Washln'g, melting or separation steps can be
’ _employed when and where desirable. Generally, with a chimeric nucleic acid construct o
with three sequence segments, one can introduce at will desired nucleic acid
sequences at any location into an analyte nucleic acid sequence, including any possible
_mternal sequence sites.
The various teachings in the present invention allows introduction of desirable
' specific sequences in a template directed manner into an analyte and thns empowering
the analyte or set of analytes with diverse properties and capabilities inclnding: acting
. as a probe; as a template; as a primer. The CNAC and/or an analyte labeled by means
of a CNAC can be directly or indirectly immobilized onto a solid support which may
include: tubes, cuvettes, plates, microtiter wells, beads, magnetic beads, and chips.
‘Methads and compositions for carrying out this particular embodiment are described in
U.S. Patent No. 4,994,373; U.S. Patent No. 4,894,325; U.S. Patent No. 5,288,609; and
U.S. Patent No. 6,221,581 B1; U. S Patent No. 5,578,832; and U.S. Patent No.
5,849, 480 T Thzs immobilization can take
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| place either before or after strand extension and labeling of an analyte. For instance,
such capabilities could be used in nucleic acid array analysis, in which instead of

: probing the analyte, the analyte acts as a primer on a matrix comprisfng an arrey of
CNACs that can provide templates for strand extension of diverse analytes. Depending
: upon the particular embodiment of the present invention, hybridized analytes may be
extended directly or undergo an endonuclease step prior ta extension. One or more |
Iabels.o‘r 'signaling moieties could be incorporated directly or indirectly with such an
array to indicate a specific Riybridization of analytes to a site on the array. |

d. CNAC for partial removal of homopolymeric sequences
| Another aspect of the present invention discloses novel cornpositions and
methods for the partial removal of a homopolymer sequence Homopolymenc
sequences are naturally present in poly A messenger RNA and are artificially present in
many methods used for cloning. An example of the latter is poly C and poly G tailing of
double-stranded cDNA molecules (Okayama and Berg, 1982 Mol. Cell. Bial. 2;161).
Although the presenee of these homopolymeric tracts provide beneficial effects for
universal primer binding and cloning, only a small segment»‘is usually necessary and the
presence of large segments may actually be problematic. For instance, in a
~ transcription template made from a cDNA copy of mRNA, Iong homopolymenc
segments may induce premature terminations. ‘

As such, the present invention discloses a CNAC that comprises two segments.
The first segment is complementary to a chosen homopolymeric sequence and is
designed such that a complex formed between the homopolymeric sequence and the
first segment forms a first complex that is resistant to the action of a particular
endonuclease. The second segment also comprises a sequence complementary to the
'homopolymeric sequence, but forms a second complex that allows endonuclease
digestion of the homopolymer. “Thus although each of the segments comprise _
sequences complementary to the same target sequence, they differ in the properties

they will confer after hybridization.
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For instance, a CNAC that comprises a first segment made of rUanda second
segment comprised of dT can hybridize to any segment of a polyA tall of mRNA.
Digestion with RNase H will only eliminate poly A segments hybndlzed to the second
segment. The CNAC can be recycled muliiple~times either by using thermal cycling or a
‘temperature where the hybridization through a first segment or a segment alone is
insufficient for stable hybridization. For instance, a CNAC that is comprised of 101U
. and 10 dT bases would be able to efficiently hybridize to a 20 base poly A segment at
37°C. Elimination of rA bases in this segment through RNAse H activity should

destabilize the CNAC, enabling .it to bind to a new segment. This process should
continue until the mRNA molecules have has less than 20 rA bases left at their 3’ ends.
. The remaining small poly A segment can then be used as a primer binding site by using
appropriate hybridization conditions. 1f the CNAC or a DNA primer conta'ining‘olgo Tis
used for this purpose, itis preferred that the RNase H activity used for the digestion be '
ehmmated prior to pnmmg ,

The CNAC described above for generating resistant and sensitive complexes is
meant only to exemplify the present invention and other sizes may be used for first and
second segments. For instance, a deoxyribonucleotide segment of four bases have
been shown to be sufficient for forming complexes that are substrates for Rnase H
activity. The size of the segments of the CNAC should be designed such that there is
efficient complex formation prior to endonuclease digestion and a sufficient portion of
the homopolymeric target remains intact under the condition used for endonuclease
digestion. ‘ |

Furthermore, the CNACs of the present invention can comprise a third segment
that may or may not be complementary to the homopolymeric target sequence. As
described previously, if the third segment is complementary, the nature of the
endonuclease and third segment is such that a third complex remains resistant to
digestion by the endonuclease. The third segment can be homopolymeric or
heteropolymeric depending upon its intended purpose. The nucleotides in the various
segments of the CNAC may be comprised of natural bases or analogs thereof, universal
bases or combination thereof that may provide either a weaker or strengthened hybrid
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formation with a desired sequence. For instance, the uée of universal bases in a third
segment can allow synthesis of a complementary segment that has a weaker than
normal binding. Thus, if the new segment on the analyte is desired to be used as a
primer binding site, a ph'mer with normal base that were complementary to the primer
~ binding site would have a competitive edge'over re-annealing by the universal bases in
the CNAC. ‘ |
[t will be readily appreciated by those skilled in the art that any of the
compositions, solid supports, reagents, dyes, primers, nucleic acid constructs, and the
iike, can be formulated as kits, which can be employed for carrying out any of the
.. brocesses described or clairﬁed herein, and variations of such processes. For e)éample,
kits can be formulated as protein or nucleic acid labeling kits, nucleic acid processmg
Kits, Kits for mcorporatmg desired nucleic acid sequences, amplification kits for
amplifying targets, analytes and even a library of analytes. Post-synthetic and real time
amplification kits can also be formulated from the compositions, solid supports,

reagents, dyes, primers, nucleic acid constructs, and the like.

The following examples are offered by way of illustration and not by way of

limitation to the present invention.

Enz-61



CA 02754185 2011-09-30 ‘
Jannis G. Stavriancpe s et al. " ( .
Filing Date: Herewith
- Page 90 {New Patent Apphcatlon)

DESCRIPTION OF THE PREFERRED EMBODIMENTS

EXAMPLE 1 . Preparation of Cy 3 labeling reagent

(a}  Preparation of Compound I (2,3,3- Tnmethylmdohmum 5-Sulfone)

P-Hydrazinobenzenesulfonic acid (250g) was mixed with glacial acetic acid (750
mi) and 3-methyl-2- butanone (420 ml) and heated at reflux for 3 hr. The solution was
poured into a 2 L beaker and aflowed to cool overnight. The resultant suspension was
ﬂlfered, washed with acefic acid and lyophylized to remove residual acetic acid. The
resultant solid was dissolved in methanal (1.5 L) and a saturated solution of potassium
hydroxide in 2-propanol (300 ml) was slowly added. The color of the solution turned
~ progressively lighter as the potassium salt of 2,3,3- trimethylindolinium 5-sulfone |
precipitated. The pteéipitate was filtered by suction, washed with 2-propanol and
-lyophilized to dryness to give 238 g of Compound |.

- (b) Preparat:on of Compound Il
(1-Ethyl-2,3 3-Tnmethylmdolenmemmum 5-Sulfone)
A portion (78 g) of Compound | synthesized in step (a) was suspended in 1,2-

. dichlorobenzene (700 ml). Ethyl iodide (250 m!) was added and the mixture was heated
at 90-100 C for 712A hr while stirring. The mixture was poured into 3 L of a 1:1 mixture of
ethylacetate/ether and stirred for 2 hours. The resulting precipitate was filtered, washed
with a 1:1 mixture of ethylacetate/ether and air-dried to give 68 g of product, Compound '
1

(c)  Preparation of Compound lli (6-Bromohexanoyl Allyl Aﬁu’de)
7 6-Bromohexanoic acid (209)'and N-hydroxysuccinimide (15 g) were dissolved in
200 mi of anhydrous dimethylformamide (DMF). Dicyclohexylcarbiimide (22 g) in.
anhydrous DMF (50 m!v) was a-dded and the mixture was left at room temperature
overnight. The precipitated urea was removed by filtration and the DMF solution
containing the product, N—hyd_roxysuCcinimide-G-bromohexanoate, was cooled to -10 to
~20°C. An equimolar amount of allylamine in H20 (11 ml) was first brdught to pH 8-9
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~with glacial acetic acid and then added slowly with stirring to the active estef. Solid
sodium bicarbonate (10g) was added slowly to avoid excessive foaming and the mixture
was left without covering until the temperature was raised to -10 °C intwo hr. The -
| mixture was poured into H,O (1L) and the product was extracted twice with chioroform
‘ (300 mi). The extracts were washed once with 1 N HCI in H20, once with 5 % NaHCO;
(300 ml}) and three times with 10 % NaCl in water. The chloroform phase was dried by
addition of solid MgSO, and leaving it overnight under stirring. The chloroform was
removed by evaporation under vacuum leaving a liquid that was used without any
further purification for the next step. |

(d) ) Preparation of Compound IV (addition of Linker arm to Compound llj)

Compound ! (11g) from step (a) and Compound Il (15 g) from step (c) were
dissolved together in 1,2—dichl6robenzene (100 mi) and heated at 110 °C for 12 hours
while stirring under argon. The mixture was slowly poured into ethylacetate a 1:1
mixture of ethylacetate/ether (700 mi) and after 30 minutes ‘the solid precipitate was
filtered, washed with a 1:1 mixture of etthacetate/ether, air-dried and set aside. A
glassy solid that was formed at the bottom of the flask was crushed in a mortar,
trit‘urated' with a 1:1 mixture of ethylacetate/ether, filtered, washed with 2-propanal, dried
in vacuum and combined with the precrpttate from above to give Compound IV which
was used without any further purlﬂcatlon

(e)  Synthesis of Cy 3 labeling reagent (Conipourid V)

A portion of Compound I (12g) from step (b) and N,N'-diphenylformamidine (10g)
in acetic acid (60 ml) were heated at 100-110 °C for 90 min with stirring. During the
reaction the absorption at 286 nm and 415 nm was measured. The ratio of 415/286
increased during the first 60 minutes then remained constant at 2.2 for the next 20
minutes. After 90 minutes, the hot mixture was poured slowly into 700 ml of a 1:1
mixture of 'ethylacetate/ether. The resultant solid precipitate was collected with a
pressure filter funnel, washed with 1.1 mixture of ethylacetate/ether and dried by

passing argon through the cake. The precipitate was collected from the pressure filter
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funnel and slowly added to a mixture of 6.5 g of Compound IV from step (d), 50 mi of
pyridineg and 50 ml of acetic anhydride. The progress of the reaction was monitored by
the decrease of absorbance at 385 nm and an increase in absorbance at 550 nm. The
reaction was carried out overnight under stirring at room temperature. The absorbance
at 550 nm increased with time foliowed by a drop in absorbance as the product
precipitated out of solution. At the end of the reaction, the brown precipitate was
collected and put aside. The liquid portion was treated by the addition of a seven-fold
| volume of ethylacetate. The precipitate that formed was collécted and combined with
the first precipitate. Since pyridine would interfere with a later palladium catalyzed step,
any remaining pyridine was removed by dissolving the combined precipitate in 100 mi of
0.5M Triethylammonium carbonate, pH 8.0 (TEAC). The TEAC was then removed by
evaporation under vacuum leaving a solid pellet. This product (Compound V) was then
dissolved in H20 and kept at ~70°C until ready to be used. |

EXAMPLE2 - Preparation of Cy 5 labeling reagent (Compound Vi)

Compound Il (8 g) from step (b) of Example 1 and malonyl aldehyde dianil
hydrochloride (10 g) were dissolved in 100 ml of a 1:1 mixture of glacial acetic acid and
acetic anhydride followed by heating at 110 °C for two hours. The mixture was slowly
poured into 500 ml of a 1:1 mixture of ethylacetate/ether and the precipitate was ﬁltered,

‘washed with a 1:1 mixture of ethylacetate/ether and dried.by argon as above. The
precipitate was then slowly added to a mixture of 12 g of Compound iV dissolved in 150
mi of a 1:1 mixtutre of pyridine/acetic anhydride while stirring. The mixture was
transferred to an oil bath maintained at 90-100 °C for 30 minutes while continuing to stir.
If desired, this sftep could have been extended up to 90 minutes. The reaction mixture
was then cooled to room temperature and the precipitate was process,edvfurther as

described previously for the Cy 3 labeling reagent in Example 1.
EXAMPLE 3 Attachment of Cy 3 (Compound V) to dUTP

Mercurated dUTP (30 umoles) pvr'epared as described in US patent # 5,449,767
was dissolved in 1 ml of 1M Lithium acetate and the Cy 3 labeling reagent (60 umol, 0.6
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ml) prepared in Example 1 (Compound V) was added with stirring. Potassium
tetrachloropaladate (30 umol in 0.5 mi H,O) was added under argon. The reaction was.
monitored by HPLC and was complete after 1 hr at 40°_C. Overnight incubation did not
increase the yields.‘ Four volumes of acetone were added to the reaction mixture and
left overnight at =20 °C. The next day, the precipitate was collected by cehtrifugation. ‘
The peliet was dissclved in 0.1M Lithidm acetate (pH 4) and loaded onto a DEAE

Sephadex Azs column. The column was developed by passing through a linear, gradient
of 0.1-0.7 M LiCl in 0.1M Lithium acetate. The fractions were examined by HPLC and
the fractions which contained a single late peak were collected and set aside. Another
grouo of fractions exhibited two peaks: the late peak described above and an earlier
peak. These fractions were combined, adjusted to 0.1M LiCl, reloaded onto a DEAE

Sephadex Azs column and refractionated as above. Again the fractions containing a |
- single late peak were collected and set aside. Although it was not done in this examplve,
the fractions that oontained two peaks after the second chromatography could have
been combined and put.onto the column another time to increase the yield of the sihgle
peak product. The fractions that had exhibited a single late peak by HPLC were -
combined together and the sz was removed by evaporation in vacuum. The last
~ traces of H;0 were removed by resuspension of the semi-solid residue in 50 ml of

- 100% ethanol followed by evaporatlon The alcohol step was repeated once more. The
residue was resuspended in 30 mi of ethanol and 1 ml of 3M lithium acetate was added.
The solution was mixed well and left ovem:ght at —20°C to facilitate complete
precipitation of the Triphosphate. The precipitate was collected by centrifugation,
redissolved in H,0 and partially lyophilized to remove remnants of the ethanol. The
amount of product Was measured by absorbance at 550 nm and a molar extinction
value of 150,000. The solution was then readjusted to a stock concentration of 10 mM
and stored at -70°C. ‘

A!though the procedure above describes the preparation of Cy3 labeled dUTP,

the same steps could be carried out for the preparation ‘of Cy 5 labeled dUTP by the
substitution of the Cy5 labeling reagent (Compound Vi from Example 2) instead of

theCy3 labeling reagent (Compound V from Example 1) used in the example above.
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EXAMPLE 4 Preparation of a labeled nucleotide with a rigid arm linker and
an aphenylic TAMRA analogue

(a)  Preparation of Compound Vii '
(3,6-Bis-(Dimethylamino)-Xanthene-3-Propionic acid)
3-(Dimethylamino)phenol (5.8 g) was mixed with succinic anhydride (2.1g) and

heated at 120 °C for 90 minutes with stirring under argon. The mixture was cooled, HxO
(80mi) was added and the mixture was heated at reflux for 10 minutes. The water
phase was discarded, leaving behind a dark brown gummy material. This substance
was dissolved by the addition of H;0 followed by an adjustment to pH 10 with 1M NaOH
while sﬁrring. The pH of the clear solution was then brought down to 2 by the addition
of 1M HCI. The dye was saited out by the addition of NaCl to a final concentration of

- 2.5 M. The precipitate was ﬂltered,'washéd with NaCl (2.5 M) and dried by
Iyophilization to give 1.2 g of Compound VIl. The fluorescence spectrum of Compound
Vil is shown in Figure 7. | ' A

- {(b) | Prepération of Compound VIlI (Active ester of Compound Vll)

- Compound VIl from step (a) was dissolved in chloroform (200 mi) and N-

~ hydroxysuccinimide (1.5 g) was added with stirring. After the N-hydroxysuccinimide
went into solution, 1-ethyl-3-(3-dimethylaminopropyt) carbodiimide (2 g) was added and
the mixture was stirred overnight in the dark. The mixture was extracted with Hz20 (80
mL) and the chioroform phase containing Compound VIl was dried with anhydrous

magnesium sulfate and stored at —20 °C.

(c)  Preparation of Compound IX (Free acid form of glycerlyglycine)

13 g of glycylglycine was suspended in a mixture of an equimolar amount of
triethylamine in 300 mi of anhydrous methanol and mixed with a 1.5 molar excess of -
metﬁyltriﬂuoro acetic ester. The suspension‘was refluxed until a homogeneous solution
was achieved. The methanol was removed by rotary evaporation and the residue was

suspended in 100 m! of H,O. The pH was then adjusted to 10.0 to allow the
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trifluoroglycerylglycine to go into solution. The pH was t-hen brought down to 1-2 with
Hydrochloric acid whereupon the free acid form of the triflucroglycerylglycine
precipitated out of solution. This rﬁix’ture was left overnight at 4°C fo allow complete
precipitation of the product. The next day, the precipitate (Compound IX) was collected
by filtration and then dried. ‘

(d)  Preparation of c-ompound X (NHS ester of glycerylglycine)
15 g of Compound IX from step (c) was dissolved ih 100 ml of DMF and a 2 fold
-molar excess of N-hydroxysuccinimide was added under stirring. A 1.1 fold molar
excess of dicyclohexylcarbodiimide dissolved in 10_ml of DMF was then added and the
mixture was left overnight at room temperature to produce the NHS ester (Compound
X). '

(e)  Preparation of Compound XI (dUTP with glycylglycine linker) »

10 uMoles of allylamine dUTP were dissolved in 0.5 mi of 0.3M NaHCO; followed
by addition of 15 uMoles of Compound X from step (d) énd incubation at room |
temperature for 2 hours to form Compound Xi. LiAc was then added to a final
. concentration of 0.5M and the nucleotide product (Compound XI) was precipitatéd by
addition of 5 volumés of ethanol and leaving the solution overnight at -—20°C‘; The
amine was deprotected by dissolving the precipitate in 1 M LiOH for 1 hour at room
temperature. The solution was neutralized with glacial acetic acid in the cold and the

Triphosphate was precipitated with ethanol as above.

tj) Preparation of Compound Xil (dUTP with tetraglycyl linker) A

Compound X! from step (e) was further treated by repéating step (e) to add an
additional glycylglycine linker unit thereby forming 5-allylamido-~(tetraglycyf) amine
dUTP (Compound Xli). The amine was deprotected and the Triphosphate precipitated '

as described above in step (e)..
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(g)  Preparation of Compound Xlil (attachment of aphenylic TAMRA
analogue to dUTP)

20 umoles of Compound XII from step (f) was dissolved in 2 ml of NaHCO3(0.3
- M) and LiCl (0.7 M).and cooled on ice. The active ester of the dye (40 umoles) in
-~ chloroform from step (b} (Compound Viit) was dried in vacuum and dissolved in DMF (2
_ml). This solution was then added to the ice cold dUTP solution and the mixture was
stirred in the dark overnight at room temperature. The mixture was diluted with 20 ml
water and loaded ontoa DEAE-Sephade;Nhu (20 m{)column at 4 °C. The column was
washed with TEAC (0.1 M, pH 7.8, 50 ml) and the product was eluted with a linear
gradient of 0.1-0.8 M TEAC, pH 7.8. The fractions that were pure by HPLC were
combined. The TEAC was removed in vacuum by repeated evacuations following the
addition of water. The residue wés dissolved in lithium acetate (4 M) and precipitated
with 4 volumes of absolute ethanol, then dissolved in water and stored at-70 to give
136 mg of Compound XIll.

{t should be noted that the example cited above used a tetraglycyl rigid arm
linker. The same methods that were described above could have been used to
synthesize compounds with other lengths. For instance, compound X!l (dUTP with
tefraglycyl arm) from step (f) could have been manipulated further by a repetition of step
(e) and adding another glycylglycine unit therby creating a hexaglycyl arm. Similarly, the
activation steps described for preparation of glycylglycine (steps ¢ and d) could aiso

been carried out with glycine as the starting material thereby allowing addition of single
glyéyl units.

EXAMPLE 5 Preparation of a labeled nucleotide with a rigid linker arm and
an aphenylic Texas Red analogue

(a)  Preparation of Compound XiV (3,6-Bis-Julolidinoxanthen-9-
Propionic Acid) :
8-Hydroxyjulolidine (10 g) and succinic anhydride (2.6 g) were combined under

argon and heated at 130 °C for 2 hours with stirring. The mixture was cooled, H,0 (180
ml) was added and the mixture was refluxed for 15 minutes and then cooled. The water

layer was discarded and the glassy dark brown residue was dissolved by the addition of
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H.O followed by an adjustment to pH 10 with 1M NaOH while stirring. The pH of the
~solution was then brought down to 2 by the addition of 1M HCI at which point the
- product precipitated again.' The mixture was centrifuged, the supernatant was
discarded and the pellet was washed by suspending it in water and recentrifuging, The
pellet was then lyophilized to give 3.6 g of product (Compound XIV). The ﬂuoréscent 7
spectrum of Compound XIV is shown in Figure 8.

. (b)  Attachment of label to a nucleotide
Subsequent steps for the preparation of the active ester of Compound XIV and

attachment to dUTP with a rigid linker arm were carried out as described in Example 4.
EXAMPLE 6 Preparation of cyanine dyes with a rigid linker arm

.‘(a) Preparation of compound XV [{2,3,3, Trimethyi-3-H-indol-5-yl)
acetic acid] ’
110 g of 4-Hydrazinobenzoic acid were mixed with 450 ml of glacial acetic acid

- and 250 ml of 3-methyi-2-butanone under stirring. The mixture was heated at 128°C- 'A
| 130°C for 6 hours and left to cool overnight at room temperature. The glacial-acetic |

* acid and 3-methyl-2-butanone were removed under vacuum and the solid was triturated
with 300 mi H,0, filtered and washed again with 300 mt H,O. The cake was '
subsequently dried under vacuum. The solid was then recrystalized from ethyl acetate. _

resulting in Compound XV.

(b)  Preparation of Compound XVI (diglycylallylamine)

- Compound X from step (d) of Example 4 was reacted with a 1.2 fold excess of
allylamine acetate in a 50:50 mixture of DMF/H20. The solution was maintained at pH 8
by the addition of triethylamine and the reaction was carried out for 4 hours at room
temperature. The solution was dried under vacuum and the mixture was triturated with
H,0 to remove triethylamine salts. The slurry was filtered, washed with cold H,0,

_lyophilized and dried resulting in Compound XVI
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(¢) - Preparation of Compound XVII [(2,3,3 Trimethyl-3-H-indol-5yl)
acetamido diglycylallylamine]
20.6 g of Compound XV prepared in Example 7 were dissolved in 100 mi of DMF

followed by addition of 20g of N- hydroxysuccmimade under stirring. A mixture of 22 g of
dicyclohexyl carbodiimide dissolved in 30 mi of DMF was then added. The mixiure was
left at room temperature overnight and the next day, urea was removed by filtration. 30
g of Compound XVI from step (a) was dissolved in 100 ml of 50:50 mixture of ethanol
and 1M LiOH in H,0 to liberate the amine. This _soIUtion was neufralized with acetic
acid to pH 8 and added to the filtrate above. An equivalent amount of friethanolamine .
was slowly added to the solution over a 1 hour period. The mixture was left at room |

~ temperature overnight and the resultant précipitate was filtered and extracted with 500

_ mli of chioroform to produce Compound XVil. '

(d)  Preparation of Compound XVIII [(2,3,3 Trimethyl-3-H-indol-5yl)
acetamido diglycylallylamido ethylammonium lodide] ‘
Chloroform was removed from Compound XVil by vacuum. The glassy residue

was dissolved in 200 ml of DMF,followed by removal of the DMF by vacuum. The
residue was mixed with 150 ml dichlorobenzene and 100 mi ethyliodide and reﬂuxed at
" 16 hour at 100°C. After cooling, the solvent was removed by decantation. The glassy

residue was triturated with ether to produce Compound XViil.

(e)  Preparation of Cyanine dyes and Cyanine dye labeled nucleotides
Compound XVIil was used without any further purification to synthesize the
cyanme dyes as described in Examples 1 and 2. The structure of a Cy 3 analogue

made with Compound XVl is given below.
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The presence of the terminal alkene bond allowed labeling of dUTP as described in
Example 3. When fested in a conventional cDNA synthesis assay, significantly higher
incorporation was seen with dUTP labeled with Compound XVill as compared to a
commercially available Cy—3 labeled dUTP (Cat. No. PA 530220) from Amersham
Biosciences Corp., Piscataway, NJ.

EXAMPLE 7 meta-EthD, with and without DNA.

a) Synthesis of meta-'EthD‘

The ;ynthesis of meta-EthD was carried out according to the method desgribedi
by Kuhimann et al., supra. A diagram of the synthetib steps is given in Figure 9. In this
procedure, the 2-amino-diphenyl- compound (1) was condensed with acid chloride (2)to
give the amide (3) which was then converted to a cyélic form o give the phenanthridine.
(4). This compound (4) was hydrolyzed fo give the acid (5), converted to the acid
chloride (6) and then condensed with 1,5-diamino-pentane to give the homodlmer The .
homodimer was methylated to give (7) which was reduced to give the final product {(8)
meta-EthD whose structure is given in Figure 2; | ‘ ‘

b) Spectral analysis ,

meta—EthD was excited at 493 nm and gave emission of 1 x 10° counts/second at
617 nm (Figure 10A). When double stranded DNA was added, the emission increased
to 6 x 10° (Figure10 B). - In contrast, when excited at a wavelength of 350 nm, the
emission at 600 nm was 2 x 10* counts/second that increased to approximately 3.25 x

108 counts/second upon the addition of DNA (Figure 111).

EXAMPLE S8 . Energy transfer between a donor nucleotlde and an acceptor .
nucleotide
The sequence of an amplicon that can be made from an HIV antisense construct

is given in Figure 12. A description of the derivation of this construct is given in Liu et
al., (1997) J. Virol 71; 4079-4085. PCR of target analytes in a sample can be carried
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out in the presence of a mixture of dUTP labeled with fluorescein as an energy donor
and dUTP labeled with Compound XIl from Ekample 4 as an energy acceptor using the
primers shown in Figure 12. 'During the course of amplification, nucleic acid strands are
synthesized that incorporate each of these labels. lllumination at a wavelength
appropriate for fluorescein followed by detection at a wavelength appropriate for the -
emission of Compound XIil should result in signal generation whenever donor
nuc‘:leotides‘and acceptor nucleotides are in sufficient proximity, Either single strands or

double strands could be analyzed for this purpose.

EXAMPLE 9 - Energy transfer between an intercalator and an incorporated
dye -
PCR is carried out using the same primers as used in Example 8. However, in

this example, the reaction is carried out in the presence of SYBR Green and a labeled :
dUTP from Example 7. As incorpbration proceeds, double-stranded DNA begins to
accumulate the_it has Compound XVHI labeled nucleotides ihcorporated. As described -
previously, SYBR Green displays enhanced fluorescence after binding to double-
stranded'DN,A. Since SYBR Green maximally emité at 521 nm and Compound XVIII
maximally absorbs at 550 nm, fluorescence from Compound XVIil should increase as
éynthesis proceeds due to energy transfer form SYBR green donors to Compound XVIII

as an acceptor thus indicating successful amplification of target sequences.

EXAMPLE 10 Energy transfer between an intercalator and an incorporated
- dye with primers that comprise quencher moieties
-This example is carried out as describe in Example 9 except that the primers are

labeled with quenchers as follows:
5' CAU*GATCCGGAU*GGGAGGTG 3’ and
5 GCACAU*CCGGAU*AGU*AGA 3
where U* are uridine moieties modifed with a non-fluorescent 3-amino xanthene as
described by Singer and Haugland in U.S. Patent No. 6,323,337 that absorb at about
530 nm. PCR is carried out with these primers in the presence of a labeled dUTP from

Example 7 and SYBR Green as described above. Fluorescence from the intercalated
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SYBR Green can be absorbed either by Compound XVIIi or by the quencher. If Pﬁmer-
~dimers are formed, these comprisé only primers and their complements. As such
energy transfer should most efficiently take place with the quenchers and thereby
reduce spurious signal generation from primer-dimer synthesis. On the other hand,
amplicons derived from amplfication of target sequences have segments where only
compound XVl is in sufficient proximity to the SYBR for energy transfer to take place |

“and target dependent signals are generatéd as synthesis proceeds.

EXAMPLE 11 Energy transfer between a probe and an incorporated
o nucleotide :
PCR can be carried out with the same primers used in Example 8. in this -

reaction mixture, potential donors are supplied in the form of dUTP labeled with

Compound XV1lt form Example 7. The reaction mixture also contains a DNA probe

labeled with Texas Red moieties that can act as energy acceptors. The probe has the

- sequence ' : '
N 5 U'AATGGUFGAGTATCCCUFGCCTAACTCUF 3'

where UF indicates a Uridine labeled with Texas Red. The position of this probe in the

amplicon is shown in Figure 12. The probe is also blocked at the 3' end such that it is

incapable of being extended. As amplification is carried out, hybridization of the probe ’

to labeled amplicon strands allow energy transfer to take place between Compound

XVIIl and Texas Red that should increase as more amplicon strands are generated.

EXAMPLE 12 Endonuclease digestion and strand extension using a
' “homopolymeric target as a substrate
The steps in this example are shown in Figure 13. A CNAC with three segments

can be synthesized that has the sequence:
| 5-UUUUUUULUUTTTTQQQQQAQA-3
where U is a uridine ribonuclectide, T is a thymidine deoxyribonucleotide and Q is an
inosine ribonucleotide and the 3' end has been modifed to prevent extensicn. In this
exémpie, the ribonuicleotides are 2;—O—methyl as described by Shibahara et al., (1987)
Nucl. Acids Res.15; 4403-4415 and Baranov et al., (1997) Nucl. Acids Res. 23; 2266-
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2273. _ The CNAC can be hybridized to a
library of poly A mRNA (step A) formmg: ' |
~ afirst complex with the oligo-uridine first segment bound to a pomon of the poly
A tail,
a second complex with the oligo-thymidine second segment bound to a second
portion of the poly A tail; and | \ .
a third complex with the oligo-inosine third segment bound to a third portion of |
the poly A tails. '
In this example, the first and third complexes will be resistant to the actions of RNase H
and the second complex should form a substrate for RNAse activity since four
deoxyribonucleotides are known to be sufficient. Digestion with RNase H at 20-25°C
: (ste_p B) should induce cleavage in the poly A segment bound to the oligoT’s in the
second complex and release of the cleaved poly A'taii._ Provision of dATP, dCTP and
Reverse transcriptase allows extension of‘ the 3' end of the mRNA (step 'C)._ '
Additionally, if these reagents are present during the RNase H digestion step they may
_ help stabilize the binding of the CNAC to the 3’ end after éndonuc!eo!ytic cleavage as
-described previously. It should be noted that although the inosine is capable of binding
" to the poly A segment, when itis used as a template, it preferential'lyr incorpofates
cytos_ine thereby introducing a new oligo-C segment ihto the end of the mRNA.
Removal of the CNAC allows the oligo-C segment to be used as primer binding site for
an oligonucleotide containing a complementary oligo-G segment and an RNA promotef
sequence. Synthesis of a cDNA strand, production of a second ¢cDNA strand and
genération ofa labeled library can then be carried out by any method described
previously mcludmg u.s. Patent No. 5, 891,636 and Rabbani et al in U S. Patent

Pub. No. 20040161741, published on August 19, 2004.

EXAMPLE 13 Addition of an RNA polymeras'e‘sequénce to-an analyte
This example is carried out as described in Example 12 except that the third '

segment of the CNAC comprises unmcdified ribonucleotides and contains the sequence

fdr an RNA promoter. As such, after strand extension in step (c), @ new third complex is
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formed where the extended nucleotides are deoxyribonucleotides and the CNAC third
segment comprises ribonucleotide. This is a substrate for RNase H digestion which can
then be used to generate a single-stranded segment at the 3’ end of the r_'nRNA that is
complementary to the RNA promoter sequence. A primer with promoter sequence can
then be hybridized to the extended segment of the mRNA to synthesize a cONA with a
promoter at the 5' end. Subsequent events can be carried out as described in Examble :
12. The remaining portion of the CNAC can be removed prior to binding of the primer or

extension of the primer can allow a strand displacement event,

- EXAMPLE 14 Preparation of a Dioxetane Derivative that is Capable of Light '

Generation After an Enzyme Catalyzed Intrachain
_ Rearrangement. - _
A schematic of the steps that can be used to synthesize an intermediate

compound for derivatization of a dioxetane is éhown in Figure 14. The series of steps
shown in this schematic can be caried out using standard chemistry methods. in the
last step of this procedure, compound (&) can be attached to a dioxetane derivative
where both “Q” and “Z” are as described previously. This dioxetane derivative (f) |
comprises an R1 and an R2 group joined to adjacent sites of a c_ycli-c ring as disclosed
and defined in the present invention. ‘ | " '

_ EXAMPLE_ 15 Potential Series of Enzyme Dependent Events with Compound

(f) from Example 14.
In the presence of Acylase |, a cleavage event takes place that generates a free

prirﬁary amine as shown by compound (f) being converted to compound (g} in Figqré

+ 15. Due to the proximity of the released primary amine to the benzoyi residue in

compound {g) and subsequent formation of a six-membered ring in the transition state,
compound (h), the internal rearrangement to produce compound (i) is a very rapid
reaction. The presence of the phenoxy group in compound (i) makes it an unstable
dioxetane that should generate light as it decom.poses. It has been previously
described in the literature that a similar displacement can take place with an acyl
residue and a primary amine or thiol at the end of a chain attached to the acyl group.

These previously described reactions should not have the favorable kinetics of the
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reaction shown in this exampie.

This example shows ar enzymatic reaction that converts R1 into R1* thereby
producing a reactive group G1 that is at the end of a chain attached to one site of a
cyclic ring. In this particular example, Acylase | is the enzyme and G1 is a free primary
amine. The reaction continues with G1 interacting with a benzoyi group {G2) thatis
attached tc & different site on the cyclic ring. This intermediate is shown as (h) in Figure
15. Aninternal rearrangement takes place between the amine and benzay! group (G1
and G2 respectively) leading to the intrachain transfer of the benzoy! group and

generation of an unstable light emitting dicxetane.

The scope of the claims should not be limited by the preferred embodiments set

forth in the examples, but should be given the broadest interpretation consistent with
the description as a whole.
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WHAT IS CLAIMED IS:
1. A dioxetane chemiluminescent reagent having the structure:
L 7
.M§~\::"
,_/ ?‘\. -"‘..' _,/lét
S _-:2'{‘\.“

&

wherein Q is a cycloalkyl or polycycloalkyl group attached covalently to the 4-membered
ring portion of said dioxetane ; wherein Z is hydrogen, alkyl, aryl, aralkyl, alkaryl,
heteroalkyl, heteroaryl, cycloalkyl or cycloheteroalkyl; and wherein R+ comprises an
enzymatic substrate and Rz is a substituted or unsubstituted aliphatic group or an
unsubstituted aromatic group , and wherein R+ and Rz are attached to different sites of a
cyclic ring attached to said dioxetane, and wherein R1 is enzymatically cleaved,
resulting in R+* which comprises a chemical reactive group G1, wherein Rz is attached
to said cyclic ring through an oxygen atom and comprises a chemical reactive group Gz
which reacts with said G1 to convert said dioxetane to an unstable light-emitting
dioxetane form, and wherein after said enzymatic conversion of Ry o R+* and before
said conversion of said dioxetane to the unstable light-emitting dioxetane form, an
intermediate five- or six-membered ring is formed comprising a linkage between said G+
and Ga.

2. The chemiluminescent reagent of claim 1, wherein said Q is an adamanty! group.
3. The chemiluminescent reagent of claim 1, wherein said cyclic ring is an aromatic
ring.

4. The chemiluminescent reagent of claim 1, wherein said substituted aliphatic

group is substituted with halogen, nitrate, sulfonate or nitrite.
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5. The chemiluminescent reagent of claim 1, wherein enzymatically convertible R
comprises amides, esters, phosphates, carboxylic acids, fatty acids, glucose, xylose,

fucose, or amino acids.

6. The chemiluminescent reagent of claim 1, wherein R1 is enzymatically
converted into R+* through the action of enzymes, wherein the enzymes are selected
from the group consisting of amidases, esterases, acetylcholinesterases, acid
phosphatases, alkaline phosphatases, decarboxylases, lipases, glucosidases,

xylosidases, fucosidases, trypsin and chymotrypsin.

7. A process for detecting the presence or quantity of enzymatic activity of interest
in a sample, said process comprising the steps of:
(a) providing:
(i) said sample suspected of containing enzymatic activity;
(ii) the chemiluminescent reagent of claim 1;
;(iii) reagents and buffers for carrying out chemiluminescent reactions;
(b) forming a mixture of:
(1) (i), (i) and (iii); or
(2) (i) and (iii) and contacting said mixture of (ii) and (iii) with (i);
(c) enzymatically converting the chemiluminescent reagent of claim 1 (ii)
into an unstable light-emitting dioxetane form; and

(d) measuring the quantity of light generated by éaid enzymatic conversion in

step (c).

8. The process of claim 7, wherein in said providing step (a) Q in said

chemiluminescent reagent (ii) is an adamantyl group.

9. The process of claim 7, wherein in said providing step (a) Rz in said

chemiluminescent reagent (ii) is a substituted aliphatic group.
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10.  The process of claim 9, wherein said substituted aliphatic group is substituted

with halogen, nitrate, sulfonate or nitrite.

11.  The process of claim 7, wherein said enzymatic converting step (c) is carried
out on Ri, wherein R1 is selected from the group consisting of amides, esters,

phosphates, carboxylic acids, fatty acids,glucose, xylose, fucose, and amino acids.

12.  The process of claim 7, wherein said enzymatic activity of interest is a result of
the presence of an amidase, an esterase, an acetylcholinesterase, an acid
phosphatase, an alkaline phosphatase, a decarboxylase, a lipase, a glucosidase, a

xylosidase, a fucosidase, a trypsin or a chymotrypsin.

13.  The process of claim 7, wherein any of said steps (a) through (d) are carried out

in liquid phase or mixed phase.

14. A dioxetane chemiluminescent reagent having the structure:

Qi3

wherein Q is a cycloalkyl or polycycloalkyl group attached covalently to the 4-membered
ring portion of said dioxetane; wherein Z is hydrogen, alkyl, aryl, aralkyl, alkaryl,
heteroalkyl, heteroaryl, cycloalkyl or cycloheteroalkyl; and wherein R is attached to the
aromatic ring in said structure and R is a substituted or unsubstituted aliphatic group or
an unsubstituted aromatic group comprising a reactive site which comprises an oxygen,
nitrogen or sulfur atom; and wherein R’ comprises a substrate for an oxidative or

reductive enzymatic process, wherein the product of said enzymatic process leads to
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further chemical rearrangements that generate an unstable light emitting dioxetane

form.

15.  The chemiluminescent reagent of claim 14, wherein said Q is an

adamantyl group.

16.  The chemiluminescent reagent of claim 14, wherein said substituted aliphatic

group is substituted with halogen, nitrate, sulfonate or nitrite.

17.  The chemiluminescent reagent of claim 14, wherein said enzymatic process is

carried out by an enzyme comprising an oxidase or reductase.

18. A process for detecting the presence or quantity of enzymatic activity of interest
in a sample, said process comprising the steps of:
(a) providing: ‘
(i) said sample suspected of containing enzymatic activity;
(i) the chemiluminescent reagent of claim 14;
(iii) reagents and buffers for carrying out chemiluminescent reactions;
(b) forming a mixture of:
(1) (i), (ii) and (iii); or
(2) (ii) and (iii) and contacting said mixture of (i) and (iii) with (i);
(c) enzymatically converting the chemiluminescent reagent of claim 14
into an unstable light-emitting dioxetane form; and
(d) measuring the quantity of light generated by said enzymatic conversion in
step (c).

19. The process of claim 18, wherein in said providing step (a), Q in said

chemiluminescent reagent (ii) is an adamanty! group.

20. The process of claim 18, wherein in said providing step (a), R in the

chemiluminescent reagent (i) is a substituted aliphatic group.
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21. The process of claim 20, wherein said substituted aliphatic group is substituted
with halogen, nitrate, sulfonate or nitrite.

22. The process of claim 18, wherein said step of enzymatically converting (c) is

carried out by an enzyme comprising an oxidase or reductase.

23. The process of claim 18, wherein any of said steps (a) through (d) are carried

out in liquid phase or mixed phase.
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Target Sequence

—— GCGACCTGCGAATGCTATGGATCAGGCTAGCCA —
—— CGCTGGACGCTTACGATACCTAGTCCGATCGGT ——

() Donor
|
GCGACCTGCGAATGCTATggatcaggctageca
cgctggocgcttocgotoCCTAGTCCGATCGGT

—
Acceptor

(8) Donor
. i
GCGACCTGCGAATGCTATggatcaggetagcecao
cgctggccgcttccgotocctAGTCCGATCGGT

!
Acceptor

FIG. 4
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A=Energy Acceptor
D=Energy Donor
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A) Binding of CNAC to poly A tail oly A tail
MRNA . pAAAAAAAMAMAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAARARARAAAAAA 37
UUUUUULUUUTT TTGR000000
CNAC ‘ '
U=Uridine (ribonucleotide)
B) elimination of poly A T=Thymidine (deoxyribonucleotide)
segment by RNase H RNase H Q=Inosine (ribonucleotide)
mRNA AAAAAAAAAAAAAA _3/
UUUUUUUUUUTTTTGRA0Q00Q
CNAC
C) Incorporation of primer Reverse

binding site by template Transcriptase
dependent extension of analyte

MRNA A AAAAARAAAARAAAAAACCOCCCCC ~37

UUUUUUUUUUT TTTRRAAAAMA

CNAC

D) Removal of CNAC and binding of primer with promoter sequence

GGGG6C66—promoter—57
ABAAAAAAAAAAAAAAAACCCCOCOC -3

A6 13

mRNA
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