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10 WTH SI MULTANEQUS CONTAM NATI ON PREVENTI ON 15 FI ELD OF THE | NVENTI ON
This invention relates to nethods of anmplifying nucleic acids to mnimze
contam nati on by products of earlier anplification reactions. Mre

parti cul aw(ﬁlﬂ’o’ﬁ-”%/” relates to nethods of using nucleic aci dPCABSPEOGIERt
inhibit further anplification of 20 the anplicon. BACKGROUND OF THE

| NVENTI ON Det ecti ng specific gene sequences in clinical sanples that are
associated wth disease states or biological conditions is frequently

hi ndered by the | ow copy 25 nunber of these gene sequences in the sanple.
The ability to replicate these gene sequences to inprove sensitivity has
revol uti oni zed nodern nol ecul ar genetics. There are currently many

di ffereht nethods for anplifying nucleic acids in sanples to inprove assay
sensitivity, such as: polynerase chain reaction (PCR) (U S. Pat. No.s
4,683,195 and 4, 683,202); |igase chain reaction (LCR); nucleic 30 acid
sequence- based anplification (NASBA) (U S. Pat. No.'s 5,409, 818 and WO

00/ 53809 PCT/ US00/ 06183 5, 554,517); strand displacenent anplification
(SDA); and transcrip ETH@BOH)E?MABEL Al NUCABIO A of these

nmet hods, are capabl e | s than one billion cooies of a single
targetﬁ%uclelc aci d 5 {CRAINTAMIR DREYENHO

principle probl ens of u3|ng anpllflcatlon technologles i s that they are
susceptible to contam nation by exogenous nucl eic acids. Al though the

| atter can be <controlled using careful |aboratory techniques, the forner
source of contamination is hard to avoid in |aboratories that repetitively
anplify the same target sequences. |In either case, this exogenous nucleic
acid may be anplified along with the target

15
FIELD OF THE INVENTION

This invention relates to methods of amplifying nucleic acids to minimize
contamination by products of earlier amplification reactions. More particularly, it
relates to methods of using nucleic acid labels that inhibit further amplification of

20 the amplicon.

BACKGROUND OF THE INVENTION

Detecting specific gene sequences in clinical samples that are associated
with disease states or biological conditions is frequently hindered by the low copy
25 number of these gene sequences in the sample. The ability to replicate these gene
sequences to improve sensitivity has revolutionized modern molecular genetics.
There are currently many different methods for amplifying nucleic acids in
samples to improve assay sensitivity, such as: polymerase chain reaction (PCR)
(U.S. Pat. No.s 4,683,195 and 4,683,202); ligase chain reaction (LCR); nucleic
30 acid sequence-based amplification (NASBA) (U.S. Pat. No.’s 5,409,818 and



10 nucleic acid in a clinical sanple, which nmay | ead to erroneous results.
Many different protocols have been devel oped in the past several years to
prevent carryover contam nation. Sonme of these protocols involve chen cal
phot ochem cal and/or enzymatic nethods to inactivate the anplicons to
prevent YRMWFEEm serving as tenplates in subsequent anpl PETASH09/0H83
reactions. \Wen such 15 nethods are combined with appropriate |aboratory
techni ques, the frequency of contam nation-associated fal se-positive
results is reduced. Since many of these types of decontam nation protocols
interfere wth,5%Re 1 @)yptradd digplacemene amplifieatioh I8P A) raisitirdneciiftoni@edioattd af t er
anplification has_.been |eted. One of the nore recently described
met hods for p?%@gﬁfﬁﬁﬁ(%gﬂghnination 20 invol ves the use of Wirradiation

to photochem cal | meiJth@gmeit&;ae arer%ggtg%%?@gs %ﬁorgﬁggf%%h@g&nati on in

the presence of certain isopsoralen rivat rns cyc ne adducts

wi th pyrim di pepigasfessinglathrgdtmupien aidin aacirgshoni tithe t hesadingdjr,foi?edf teses are
| onger capabl e of rving as te ates for _ subsequent PCR (G .D. Cmno

0 L OneT o e ARk B LR e B b et S

met hod has begcdhessinhiithpsohousRBbRE ARRT Bbhtgl\gggmtheqa&éﬂc%ﬂ pgut after

amplification has been conpl eted, since these reactions are
non- speci fi ¢ eemrolled upiag cershitl daheratoiyritamiques thé fdimehsourer efpontamindtidnhe

target nucl ei i d_and. qt.her. r.eaction conmponent R Y. Walder et al.,
Nucl ei ¢ Aci ds&&é;aﬁg%raé’ : mgit(%opﬁsstéﬁg-r&%% Wg}])?b@%}q)@ ﬂ%ﬁﬁaé?ﬁ/t@?g,e_t PROISENSP t hese
currently useth ¢itiechedds, talsexd@erddant@eicaoid HsLod AmpIIRA AbiSwith thd @rdapt wel |
establ i shed that such methods are equally as effective in other types of

anpl i filcat i onn¥eie £7id a2 cReiealhanele WWShoD1ERE0® PONCUSORSUELE3 ou
' [ pfigall ' to be carried ou
Guring any stage SPt Apesrn ey PORF bl R Aol A et BB 1B el 11 e

nucl ei ¢ aci dsprienemkaegovieheontsmimatioa Seheb Mgse sromeoMnavdlve emmeaNds t hat
can be measured and quantified. Many such 5 | abeling conpounds are well
known in the Bliatoc and/ogrgynage Aicthogh kg ingetigte the amplicons to prevent

them from serving as templates in subsequent amplification reactions. When such
15 methods are combined with appropriate laboratory techniques, the frequency of
contamination-associated false-positive results is reduced. Since many of these
types of decontamination protocols interfere with the amplification reaction, they
must be carried out after amplification has been completed.
One of the more recently described methods for preventing contamination
20 involves the use of UV irradiation to photochemically modify amplicon
nucleotide bases. Such irradiation in the presence of certain isopsoralen
derivatives forms cyclobutane adducts with pyrimidine bases, and the nucleic
acids with these modified bases are no longer capable of serving as templates for
subsequent PCR (G. D. Cimino e al., Nucleic Acid Research, 19(1):99-107
25 (1990)). However, this method has been described as only being useful when
carried out after amplification has been completed, since these base reactions are
non-specific and the reactants may interfere with the integrity of the target nucleic
acid and other reaction components (R. Y. Walder et al., Nucleic Acids Research,
21(18):4339-4343 (1993)). Moreover, most of these currently used methods are
30 adapted for use in PCR. Thus, it is not well established that such methods are

equally as effective in other types of amplification reactions. Nor have



the anplification reaction introduces additional reagent costs and assay
time. Recently, nethods have been devel oped that allow for sinultaneous

| abel ing and decontam nation using reagents that are capable of serving
bot h purpgses. Accordingly, there is a need to provide for inproved
decont am 4P PY#8% 0 reagents and protocols that are adapt edGIGSOH8E8Ref or e
the anplification reaction has been conpleted, and that are suitable for

si mul t aneous decont am nation and | abeling. SUMVARY OF THE | NVENTI ON 15 The
present invention provides conpositions that are useful for |abeling and
decont ami nat i ndgcantanghation pactbcblabini shecfitalbnddsipaed tobe guraedisit,dughs any
referred to h reiq.gs an.~anplicon". Such conpositions conprise "LACs",
which are covif&sift tBF AHBIEIGHAN &€ npl exes of a binding |igand, a binding

enhancer and a | abgkecifh &ﬁﬁ&Q&Bﬁﬁ'edﬁ'ﬂfc?e%i@aciﬁi‘ﬁvgfv{éﬁg}lt%gls\%\jgggfh%e{i;fg’gt ed by

chem cal nmoiety that binds to 20 the anplicon an en ac

light, forns atonmpeasd oopempawds drt chomdmedsnerdenidtquantficld Msnydesari bed
her ei n, .t he bi,ndi,ng enhancer is chem.cal npiety that has.a specific
affini iy for HATBECOMPOHITareN T anpupenthegt todrrrdey sgiiompbsicpm
non- nucl ei ¢ ache amOAREARMEaclbn R dubésCali tRMal £AGH: BRs afiBastlOvhded herein,
the |abel is a detectable chemcal noiety, such as a ??uoro hore, a

chemi | um nescdtcentys metheds have bednedevelopehthphaltosy fdrsimulénaspdebelvf anfie
present inventj hinding ligand is either.an . intercal ator conpound,
such as a furé%%%ﬁg%?%ng?ugn%%%ﬁﬁﬁ? tﬁﬁﬁ@Pdg?og“”W8ﬁiﬂ&ﬂ?ﬁ@%ﬁ?or conpound,

such as a benzi m deAccardiggllyOhstels @hedd @ipedAaY fdrimprodie Aeddi@arRin?gd g |1 gand
is an iptercal ator conpound, in a preferred enbodinent, 30 it is an

angel i ¢¥n der iT¢agentend projpr @ insgeadmegd fososy befosahe prplificativarreastipact  of
the present i o) i ndi enk (. i.s also either an intercal ator
conpound or aqﬁgg%ﬁh%?@%%g%gﬁﬁg%ﬁ%gﬁﬂl,qgﬁgﬁmggﬁg§o3TF%@nﬁﬁypggwé?da phenyl
i ndol e, a nucllaietingci d or a protein.

SUMMARY OF THE INVENTION

15 The present invention provides compositions that are useful for labeling
and decontaminating a nucleic acid amplification reaction product, also referred to
herein as an “amplicon”. Such compositions comprise “LACs”, which are
covalent or noncovalent complexes of a binding ligand, a binding enhancer and a
label. As described herein, the binding ligand is a chemical moiety that binds to

20 the amplicon and that, when activated by light, forms at least one covalent bond
therewith. Also as described herein, the binding enhancer is a chemical moiety
that has a specific affinity for nucleic acids when compared to its affinity for the
non-nucleic acid components of amplification reactions. As provided herein, the
label is a detectable chemical moiety, such as a fluorophore, a chemiluminescent

25 label or other chromophore.

In one aspect of the present invention, the binding ligand is either an
intercalator compound, such as a furocoumarin or a phenanthridine, or a
nonintercalator compound, such as a benzimide, a netropsin or a distamycin.
When the binding ligand is an intercalator compound, in a preferred embodiment,

30 it is an angelicin derivative.



In one enbodi nent, the LAC of the present invention is a conplex of at 5
| east two intercalator noieties and a | abel. Another aspect of the present
invention is a method for labeling or decontam nating a nucleic acid
anplificagjo ction product conprising the steps of preparing a nucleic
aci d arrplw &)ﬁg@n reaction mixture, contacting the m'xtu?gTNSP 06d e
conpositions just described, and exposing the m xture to light of 10 an
appropriate length of time and wavel ength to cause the binding |ligand to
beconme covalently attached to the nucleic acid anplification reaction
product. O her aspaensthefaspeas of thﬁemseotnnacmlcdleﬁrerhmuhdg tittanoghioulsot he

speci fication. thrT Iﬁ,i%rcali)l%SrCéR PTI ON OF THE | NVENTI ON 15 The present

i nvention rel at IR PO EA BT ¢ PORIALSrGR %t%rr‘é’é‘i‘poélﬁg’ls;‘/‘f:}éas #ueliga ¢ acid
to produce rrulptynpleg\a@ﬁmyesnd@ﬁe hh@ck@rgg{@rdp@telﬁ he nucleic acid reaction
products of the amplification reaction which are also referred to as
"anplicons", and dBRPaembadimene thenlhCoditie nresdnt fnvphiodrois eaomiplex efampound,
or "light- aCtIé/ t &) inf20Re élegl"g_ﬁ%‘g]lagqat serves the dual purpose of

| abel i ng and "deactivati ng Tons. The present invention also

rel ates to conposi Wmﬂmr@mfmﬁh@gres@m@i\/ehﬁ&&ls aﬁﬁeth@l@@&ﬂlhﬂe’-}h@ﬂ" it is
meant t hat thﬁ& hoto activated anplicons can no longer be anplified. In

particul ar, quigminatingiaiawcleig a@lﬁ@n@,ﬁ@pgmqrb@wtm Pre@ust eowprisiag tree, duri ng
or after the t gr t he i fication
Peaction i s coupl o SsPeidy ARG MEBLMBIESRS e Monthiie sOfigfiTle o 25

appropriate Wauetluemgtth theocompmsmonhﬁnst ddsetibay aﬁ@ﬂmiﬁ@ thOmbacRs ligaved ently
Ilnked o the a%l con. fter t he anplicon is I ncapable of serving as

a at e f 8P ADIPPHHP llez“&f ﬁ%aﬂw@el%@v@ma@ep the bindirmiigardriat i ng
subsequent aBBontd Chieally BEARL R ndlcit MQ DM ﬁgég&lf (?L]A e&% 08183

Definitions The fol |l ow ng definitions are pI’OVI escrl be
vari ous aspects Other aspects of the invention are described throughout the specification.

DETAILED DESCRIPTION OF THE INVENTION

15 The present invention relates to a method of amplifying a target analyte
nucleic acid to produce multiple copies of the target, i.e. the nucleic acid reaction
products of the amplification reaction which are also referred to as “amplicons”,
and contacting the amplicons with a photoreactive compound, or “light-activated
compound” (“LAC”) that serves the dual purpose of labeling and “deactivating”

20 the amplicons. The present invention also relates to compositions comprising
such LACs. By “deactivating”, it is meant that the photo-activated amplicons can
no longer be amplified. In particular, the LAC is added to the amplification
reaction before, during or after the nucleic acid amplification reaction. After the
amplification reaction is completed, the reaction mixture is exposed to light of an

25 appropriate wavelength to cause the labeling compound to become covalently
linked to the amplicon. Thereafter, the amplicon is incapable of serving as a
template for polymerization and thus prevented from contaminating subsequent

amplification reactions.

30



of the preferred enbodi nents of the present invention. The term
"anplification" is used to refer to a nethod for exponentially 5
duplicating a target analyte nucleic acid in a sanple to i nprove assay
sensitivity. As described herein, many different nethods for anplifying
nucl ei ¢ ag%ﬁ@ﬁawg known in the art. It should be under st oBETUS8%/061
particular anplification nethod enployed in the practice of the present

i nvention can vary depending on the type of target analyte, the type of
sanple, the desired sensitivity, and the |like. The 10 sel ection and

per f or mance ofDefmdtionanpl i fication nmethods are not within the scope of the
present invention. h%.%ern1"b'nding |igand” is used to_refer to a conpound
that has an affi niﬂ’s? pllowing deiinionzarg prowadeddo dpdieridesaribe variaus aspests bl e

conpl ex Wi th pRuelc8ireferd® biBodialad: io?ﬂgealﬁggkln REf@gl ng activated upon the
application of aneeﬁart Sr opri aqt)e1 15S wave engf?hano?&ﬁ'ght to forma coval ent

bond with the nucl dhe teroi ‘Genplifisatiendrisusdili tn defagtoenhethod for dxpotkseidllyo ref er
to a chpnicaldﬁgkggé t hat has1 a Sﬂecitic affinity for nucleic acids. The
term "I"abel " {SP{EEH8 ¢ S BRAURIOMUGSIC AHHE 1 & SAMRF SUBNIIPVRBTSAY SeIsHDIRg a

det ect abl e physideadrited GBRI, Ynady d@fteHAARANNIOE SRpRlvE Llutabatilgal cheni cal
20 group or noiety to exhibit a detectable physical property, such as an

enzyne that KBoWD {iyihs ago dishoyldde widersteodiibatit pariientlar amplificativmibiethqdr oduct .

The term "I abgl " 0.,enco s _conpounds. that inhjbit.the expression of
a particul ar g%‘%olyggfn thg g%ﬁ???/f.st ?I‘?@eslgrgtﬂgﬁ'e B calt ¥y ggp?%ﬁbﬁﬁdm%at is a
menber of a bofGiggamaite, the tfie o@“rsstaf)lem@ia@ﬁréafsemi@ity, Bea ki kdefect abl e
physi%RL property. 25 The term"nucleic acid(s)" is used to refer to

0

deoxyri%onucl &lectigniagd perprmange af such smpifisptionapetiodsRanot withimthé syope

including int gfth@lrp;ég ntsihMIti?ﬁSt randed, duplex, triplex, linear and
circular forns. | ano I ncl'udes pol ynucl eoti des, oligonucleotides,

chimeras of nucl ei Thatidsbanthgligandyiased hefetBfio a ThRpoLE] BhcChasagi ds
descri bed herei.n.can be conposed of the well-known deoxyri bonucl eotides 30
and ri bonucl eBYE LTI M PudhHaatihiosms 3 devssdblasomplaxakithauclgaani ne,

:E Egrsﬁedi ne, angkisy, bl ReapHle BPYeiRLaGRIRATHHN Ble a%BﬁJ:aQQ)'ﬂeo? afl rapgr%i)l‘iXt%t ives of

15 wavelength of light to form a covalent bond with the nucleic acids.

The term “binding enhancer” is used to refer to a chemical moiety that has
a specific affinity for nucleic acids.

The term “label” is used to refer to any chemical group or moiety having a
detectable physical property or any compound capable of causing a chemical

20 group or moiety to exhibit a detectable physical property, such as an enzyme that
catalyzes conversion of a substrate into a detectable product. The term “label”
also encompasses compounds that inhibit the expression of a particular physical
property. The label may also be a compound that is a member of a binding pair,
the other member of which bears a detectable physical property.

25 The term “nucleic acid(s)” is used to refer to deoxyribonucleic acid (DNA)
and ribonucleic acid (RNA) in any form, including inter alia, single-stranded,
duplex, triplex, linear and circular forms. It also includes polynucleotides,
oligonucleotides, chimeras of nucleic acids and analogues thereof. The nucleic
acids described herein can be composed of the well-known deoxyribonucleotides

30 and ribonucleotides composed of the bases adenosine, cytosine, guanine,

thymidine, and uridine, or may be composed of analogues or derivatives of these



5 WD 00/ 53809 PCT/USQO/ 06183 bases. Additionally, various other

ol i gonucl eoti de derivatives with non- conventional phosphodi ester backbones
are al so included herein, such as phosphotriester, polynucl eopepti des,
met hyl phosphonat e, phosphorot hi oate, polynucleotides primss and the |ike.
5 The ter OBt analyte" is used to refer to the parti cBCAAUSAYSIR ¢ acid
that a sanple is suspected of containing. Such anal ytes include nucleic
acids in biological sanples, research materials, environnmental sanples,
bodily fluids, and nay be unpurified or purified using known nethods. For
an exanpl e of baygesAditioniaHy getrioanathyt €sgonseleotidieSlerivativesNeith fork 92, 614. 10
LAC Structure and Funﬁtion Tge LACs that are useful in the practice of the
present i nventPBEPRAl Phasphoricgter Bagkhopespmelrm ins udied Mersiy suelt eet
anplification @Tﬁ@ : | &£ ] i eaction
before, duri né)lﬁ gﬁ)thg??g?er’?r?e [ nirét0 Pg)tuldggiq%%h#lﬁ}é&?go%’r%lp %%pglgﬁtgféa{r%acti on. In
particul ar, tpelynadsotidestphienipy @slght likewventi on are designed to have an
enhanceg affinity for nucleic acids, so %ﬂgté}hey will efficiently bind to
nuclei ¢’ acid in thg%ﬁﬁﬁgbﬁ@@eb?l fels usethigireten bthg patticplag aucleis aciddbati on
constituents, asH&bBledS s j }iRi-dS L . i ons, etc.
Such enhanced‘af_init?ﬁgggi?fgng#?%%é§u§gﬁ%€ﬁ§%gﬁ#ﬁ%hggkﬁ%%yggﬁbe
necessary for brdogiedlisemnples, rdesaoahtmatenials,i eomiramdentalmatiphey, badilysfluids, and

noni nhi bi tory f.-LAC can. be. added to th lification reaction

m xture befor g% g‘r%r);)éﬁlltnp ﬁ%g Cf\%rrp‘ﬁg%edtuﬁwg Oﬁpé‘&eéﬁ.‘o‘i%h?rg’gé?f’@r?plfeﬁgt@ﬁto an be
exposed to |i ghgettanalgfckort (55 RUtINGERER 6idecont ami nation and | abeling. In a
preferred enbodi nent, the LACs of the present invention are 25 conpl exes
conprising a binding ligand ("binding Iigand"), a nucleic acid binding
enhancer ("bi Eg‘iggtﬁﬁ%%%g%)’fti&nd a |label. Such conpl exes can be either
linear or br ) f a linear conplex is given bel ow

The LAC:s that are useful in the practice of the present invention are

designed to be compatible with any target amplification protocol, and can be
added to the amplification reaction before, during or after the initiation of the

15 amplification reaction. In particular, the LACs of the present invention are
designed to have an enhanced affinity for nucleic acids so that they will efficiently
bind to nucleic acid in the presence of other sample and amplification reaction
constituents, such as proteins, lipids, enzymes, multivalent cations, etc. Such
enhanced affinity permits a lower concentration of LAC to be necessary for

20 efficient decontamination and labeling. Thus, a noninhibitory amount of LAC can
be added to the amplification reaction mixture before amplification has taken
place. Thereafter, the LAC can be exposed to light to effect simultaneous
decontamination and labeling.

In a preferred embodiment, the LACs of the present invention are

25 complexes comprising a binding ligand (“binding ligand”), a nucleic acid binding

enhancer (“binding enhancer”), and a label. Such complexes can be either linear

or branched. An example of a linear complex is given below:



6 WO 00/53809 PCT/US00/06183 BINDI NG LI GAND - BI NDI NG ENHANCER - LABEL In
this exanple, the binding enhancer serves as the |inker between the binding
ligand and the | abel. Alternatively, an exanple of a branched conplex is
given below. 5 BINDING ENHANCER zj ~ BINDI NG LIGAND LABEL In this
exanpl e, tYRYGBYW ng 1igand, binding enhancer and | abel ar 8CA{US00/¢§83
interconnected to one another. Binding Li ands The binding ligand of the
present invention is preferably any photoreactive chem cal noiety that
reversibly binds to nucleic acids and forns at |east one 15 coval ent bond
wi th the nucl ei c acBINDI®G I@(h@NBd—BH\JDII’thENHmd 3ERp4|thlB'%Le vvavel engt h.
In a preferre odi nent hot oreactive binding ligand is

i nt ercl?al at or g&ﬁﬁgﬁﬁﬂ@ %‘etb REST BEIYES 35ihe Hpbadstyseadhe blﬁétn@een t he

nucl eoti de ba [ I fﬁabl% t: ndi ng
| i gands i ncl ﬁ?}l@farﬁ?éﬁr}qg&?a%h@ﬁ? g\ééggr#an@xﬁs §ggn$ rg%%ﬂr%?%?lﬁlﬁlle%égéwgh
bi ndi ng to DNAel®® ani nomet hyl psoral en, ani norret hyl angelicin and

am noal kyl ethidiumor methidiumazides are sonewhat useful. Although
these conpounds preferentially bind to double-stranded DNA, conditions can
be enployed to denature the DNA BvpInNG ENTANGEReous interaction of these
compounds with two strands. In order to prieserve the ability of the |abeled
anplicon to participate in 25 hybridizatijon reactions, it is desirable to
use binding |ligands that react vvlth a sSi e nucleic acid strand.

Accordingly, preferred uct" form ng conpounds
such as isopsoral en or b‘?ﬁ&b angel I CI§ deriva ‘gégi‘ such as 4'-am nonet hyl

.4, 5' - di net hylIn #higetdnepla, thédbindingripard, itding enhancer and label are all

10 interconnected to one another.

Binding Ligands

The binding ligand of the present invention is preferably any photoreactive
chemical moiety that reversibly binds to nucleic acids and forms at least one

15 covalent bond with the nucleic acid when exposed to light of an appropriate
wavelength. In a preferred embodiment, the photoreactive binding ligand is an
intercalator compound (i.e. a compound that interposes itself between the
nucleotide bases of a nucleic acid helix). Suitable intercalator binding ligands
include, inter alia, furocoumarins and phenanthridines. For binding to DNA,

20 aminomethy] psoralen, aminomethyl angelicin and aminoalky] ethidium or
methidium azides are somewhat useful. Although these compounds preferentially
bind to double-stranded DNA, conditions can be employed to denature the DNA
to avoid simultaneous interaction of these compounds with two strands.

In order to preserve the ability of the labeled amplicon to participate in

25 hybridization reactions, it is desirable to use binding ligands that react with a
single nucleic acid strand. Accordingly, preferred binding ligands are
“monoadduct” forming compounds such as isopsoralen or other angelicin
derivatives, such as 4’-aminomethyl .4,5’-dimethy] angelicin, 4’-aminomethy]l
4,5’ ,8-trimethyl psoralen, 3-carboxy-5- or 8-amino- or hydroxy-psoralen, as well

30 as mono- or bis-azido aminoalkyl methidium or ethidium compounds. For



4,5 ,8-trinethyl psoral en, 3-carboxy-5- or 8-am no- or hydroxy-psoral en, as
well 30 as nono- or bis-azido am noal kyl nethi di um or et hi di um conpounds.
For 7 WD 00/53809 PCT/ US00/ 06183 exanpl es of other photf)reactive |
intercalators, see U S. Patent No. 4,734,454. Nonintercal at ounds,
such as dVQAVES0S; ndophenol - bi s- benzi ni dazol es, which ar eP€T{HgQPr‘H 3known
as Hoechst 33258 and 33342, and other benzim des, netropsi ns and

di stamyci ns can al so be used in the present invention. Preferred 5

phot oreactive binding |igands are the nonoadduct formi ng psoral ens and

i sopsor al ens. cBimplehgf EhérghotarsacliheintdkCGslatofs, sdecU S Bsent No. w3 45n al so

conprise a nu ei aci d bi ndi n 10 .enhancer. i ndi ng .enhancer"), which
ser\rljes to enh ?rﬁ RS GHHRAY 8? Spglas¢ @mdﬁ‘Eﬂm‘?bﬂP@F@I I%E?%méi%‘?}és t hat

exhi bi ted wi thrhldhear@b&ﬂjnlaﬁl w%ohs@t&eﬁst 3@2@5& 3&@' 1andtlitﬂg'b'3921ﬁ‘g5'<%ncer S
tend to have a specific affinity for nucleic aci when ~‘conpare
non- nucl ei ¢ a@@tépwmwnéﬂrs@@mqmmao@lsgthewehmhe Plesersiimdintign.eRiedineer  may be

l th ds, the 15
bi i ng 11 gand SR TRE b Thb e g AR frmirbaorsiinsred af or

wherein one Bbpddiglefisvo 1S a rmnoadduct form ng species, and the ot her IS
present to enhance bi ndi ng by this nonoadduct-form ng species. Exanples of
such "dual role" binding |igands are described in J. B. Chai Elesh et bel d J
Med. Chem 4 977). Therein, it has been described that binding
of a bis-int g?‘c@lﬂfarrrr%n grant hracycline antibiotic reached as high as 10"

at 20C. It was al s@h@hﬁm off ijtprédeat in@éritioni 4136 Cmpiss afubRic RS gr cal at or
i's not above ’%& Chaire, et al. Bi ochem stry, 35: 2047-2
(1996)10 The bf P?F@(é?m%%elﬁhae% bw}ber‘aesmﬁnhaﬁ@eﬂ@@f@urw thoFpéund.

There are mapyRARRLRE %B&\%tth?ﬂa gfﬁ?deg LGk gm@\{%ﬂ}é}gﬁ gpongch g?s_xl'gk wn i n

the art. A bis- 25 benzimdazo erivative CoO .t 33258
has shown af fbinding eabarveryheraisto 3aPXd @cifd #ffinity Fd&(huelemadc;ds “]henl\/b| Biol .,

211:244-251( 109()?n73a'r2d tgn%%[nucleic acid sample/reaction constituents. The binding enhancer

may be the same as or different from the binding ligand. In other words, the

15 binding ligand and the binding enhancer may each be an intercalator, wherein one
of the two is a monoadduct-forming species, and the other is present to enhance
binding by this monoadduct-forming species. Examples of such “dual role”
binding ligands are described in J. B. Chaires, et al., J. Med. Chem, 40: 261-266
(1977). Therein, it has been described that binding of a bis-intercalating

20 anthracycline antibiotic reached as high as 10'" at 20°C. It was also shown that the
affinity of a similar monointercalator is not above 10’ (J. B. Chaire, et al.,
Biochemistry, 35: 2047-2053 (1996).

The binding enhancer can also be a non-intercalating compound. There

are many nonintercalating nucleic acid binding molecules known in the art. A bis-

25 benzimidazole derivative commonly known as Hoechst 33258 has shown affinity
as high as 3.2X10° mole™. (Haq et al., J. Mol. Biol., 271 :244-257(1997).) Other
non-intercalating binding enhancers are oligo pyrroles, phenyl indole derivatives
and such molecules. These molecules do not bind nucleic acids only on the basis
of positive charge. Other suitable binding enhancers bind nucleic acids on the

30 basis of hydrogen bond formation, hydrophobic interaction in the groove and

other nonionic interactions that give rise to high affinity reactions with nucleic



non-intercal ati ng binding enhancers are oligo pyrroles, phenyl indole
derivatives and such nol ecul es. These nol ecul es do not bind nucleic acids
only on the basis of positive charge. O her suitable binding enhancers

bi nd nucl gj ¢ L ds on the 30 basis of hydrogen bond formation, hydrophobic
interactigk)$ﬂ§%ﬂe groove and other nonionic interactionsPERHSIYPIYE 1 se
to high affinity reactions with nucleic 8 WO 00/53809 PCT/US00/ 06183
acids. In general, preferred binding enhancers will exhibit an affinity for
nucleic acids in an anpunt equal to or greater than 1 X 104 nole-'. Qher
sui t abl e bi ndiapigs. bn&amcénse&nedhdﬁh@um%aMEnawﬂU&%ﬁﬁVMﬂgﬁaﬁgﬁggu&ﬁﬁ:b_ |
affinity for qther nucleic acids, such as wuld be expected if the binding
enhance¥ had 3“9&81@}%n%5ﬁ8q§%&%8ﬂ%@a@r@Bﬂﬁpgﬁ%dp%ky-FE“?HHFﬂﬂ?bWH@%

ampl i con tar gehdih BhduRGllleid RidOhdite Sifck ARl Frinth) RALAA, GRIBRGEKS | nol ude

proteins that have a specific binding atfinity for "nucleic _
every conpounudiagsariudd be exnectednfthabirslieg entestathnd amocldicvcidsequemegat i vel y

e vl _ egat i
poryeat) one. <GamPREepBR ek S Ep R ioRriaf) GRIRT Sat YabPuSt SREHEL i n the

present i nvenbindinghemaniees i@klubibpidteihdgial hivey sbeciﬁQsﬁididgCﬁ‘ﬁhM¥ B fef
nucl eic acids i.n crude sanples and in the presence of anplitication

reaction conpéﬂéﬁts. For exanple, such positively charged cpnpoEndS\M:I

nonspeci fically bi (,oni mackonol ecul.e sent .in. the sanple,
and ISlot just to nu@ﬁé?@@%{"ﬂ@&@%ﬁ%"d?Pf%’ﬁ*}l}nﬁsan[ﬂ%&i?fgﬁﬁfﬁan%wﬁfgﬁcer shoul d
be capabl e of negadigelfyichaigby ntileidiadid dan sérwe beh indaigdnhbficer! 6 BlagsICe of 10

to 20 magnesi um which is typically required for nost anplification
reactions. %\t pelyrations spchiis palyaBHnies aiessneialy nefauitahla dor useimlegiresentaci ds

comnl axon vt esich ReaBLOEHASRAE o MhENAGNL AR WA Rhal IR 0LE
co .
20n20ncent r at $aonplesf anldACtHeapresehte of anplificbieh tdagtion tabgdrentsn Foh exdmpget i ce of

the present | ek %%Liggélytcgaerggé Qgrlnpngunldls %vahrl] erlo;lsi)egiiﬁgglleyr biglid r’toe gltl Ial)llionic
macromolecules present in the sample, and not just to nucleic acids. In addition,
15 the binding enhancer should be capable of specifically binding to nucleic acids in
the presence of 10 to 20 mM magnesium, which is typically required for most
amplification reactions. At this concentration, compounds that bind to nucleic
acids solely on the basis of electrostatic interactions would not form stable

complexes with nucleic acids and thus would require addition of a greater

20 concentration of LAC for efficient labeling.

Labels

In the practice of the present invention, the binding ligand is either directly
or indirectly linked to a label. Such attachment can be either covalent or ionic, so

25 long as it is stable under the conditions in which the LAC is employed. Chemical

attachments can be accomplished by any of a variety of well known methods. For
example, if the binding ligand contains or is derivatised to contain an available
carboxyl group and the label contains or is derivalized to contain an available
amino group, the two can be reacted together to form an ester linkage. By

30 “available”, it is meant that the formation of a linkage will not interfere with the
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| Lot bility t
glr nfjonﬁgf 2| ZzchH e))or%?ﬁgwl(égﬁgs %yutpW%E%chelg g%S}zymasl eﬁzsn;e e

substrates, fluor Om’hﬁfcﬁlarlyru%gfu@%@lts%é &z§RER HAHRe s AR PNREEShore,
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enhanceg andaﬁt"f%g ﬁﬁ{;'pe Lorﬁﬁgﬁg'rcggﬁ@i s ap[tat ac{;tgg |a a linker. The

linkers that are u 10 invention are
specifically designed to pronote efficient blndlng of the binding ligand to
the nucleic acids and functioning of the | abel attached thereto. They

acconpl i sh thiL§$l$§§ provi di ng adequat e physi cal separ ation between the two

conponents of the @ﬁgghggl%ﬁgtqlh&hg {ﬂ%gggrcg l%%og’gjm?l h r. The use

of linkers is descri ral §5"¥nd
5, 026, 840. 15a@ehtdiia adnﬂtpmfﬂldslud&rs thet are usdiel uduﬂaé pﬂa@ﬂl@ dffth@pdekérdi ng
enhancer and a |linker. For | i nkers can be construct ed from

positiVvely chﬁ’rvﬁ’étbonc%ﬁﬁlb‘i?h%‘? lyziﬁﬁ@?dﬁatprom%ff@ﬁ%#@@lw pthe Ginding
negatively C_hﬁ%egﬁCto AMCRA G Q&Hgﬁld IR g of A rbgfse{ttacfx&i]thteg?o I ter to also

serve as a bindi ng enhancer, I'S necessary 5éCIfIC
affinity for asgoipiich tgs btsproardﬂnmaﬁeqpaisph)ammsemtatmtha:h&e@pﬁet\ird c

he. pol ya kyl Siimentiafifle LRG48 R suidRietelines Ssnediit TRgthes, BP0NeaY are’
speci fically exerdidedsdibel Ig@nerally in U.S. Patent No. 4,582,789 and 5,026,840.

15 Certain compounds can serve the dual role of a binding enhancer and a linker. For
example, linkers can be constructed from positively charged compounds, such that
they enhance binding with negatively charged nucleic acids. However, in order
for the linker to also serve as a binding enhancer, it is necessary for it to have a
specific affinity for nucleic acids, and not just a non-structure specific electrostatic

20 affinity for negatively charged compounds. Accordingly, the polyalkylamine
linkers described in U.S. Patent No. 5,026,840 are specifically excluded by the
present invention as binding enhancers, although they may still be suitable for use
as linkers.

In a preferred embodiment, a bifunctional linker is used that is capable of

25 reacting with both the nucleic acid binding moiety and the label to form a
chemical bridge therebetween. However, in an alternate embodiment, a
multifunctional linker may be employed, to which the binding ligand, the binding
enhancer and the label can all be attached to form a “branched” complex. Such
complex formats and chemical reactions for forming these types of complexes are

30 well known in the art.
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present invention as binding enhancers, although they may still be suitable
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whi ch t he bi ndi ng Iigand the binding enhancer and the |abel can all be
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are general | yhaun@fliod hréficBRHIadeIeRUSISAhpEA@Roh rcﬁ‘(’ibo?sOpAé)ﬁfchalth@ Il«nl equi d
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al i quot of su&pneralyl prepyad psameriedus Wlutiva laraplaplbllopaalledlqunbacdlummtm xt ur e

The final pre C r.af ture s .bet ween
about lrgam cr ot&fcg? rgtho (%%&Hﬁdl lﬁ)rrﬁﬁ%gorr%lang r?ldpgls g‘l’ lﬂu‘t’tﬁjej SPethge i s
bet ween about sélufidn s actiedrl the ampHficddioh rédckibh E’Eﬁkﬁi@ ’D%)ﬂrmlpﬂﬂerﬁﬁlet he LAC s

affinity, concentrations |ower than 0.01 10 m cronolar would al so function
in instances ﬁﬂé’le%tr%tﬁél AflsAin suchma mixture Kobatween shout hﬁfﬂém@lﬁ@ndllwaf gl gh.

For deactivatj cleotides is
sufficient. Aggf;l aly, fil er}%(%{eén?thtePB%aqpﬁeMg%gﬁguegsoﬁllemlc OénoLi z?’ﬁ%eved by

using less thad mlllumnlar oDepmldmgtomheLAlGAEaffmmwcdree@t_ramn_d lov@'&l@fnm 0ing the

appropriate ratio uId%%1 tter of routineotlmz_atlon. 15 The

aqueoﬁlg medi ulI BT aﬁév%l 1§‘b fihindastanses whees laffﬁmgﬁfﬁ]eerAgifpmhegn, ht he
H of which shoudidl aBeFL R VERIe8UERIEDAd DO TROURH ohs 1 ¢ uc

gt ability can be 1d(zalt erm rﬁ%{ or egm 1assesse‘gn%g exar?p? t@? 'a LACwith
acri di ni um estveanty suakeadides istsaffphens. hAthidmgty, laﬁﬂcméﬂc&lolf el bt&f@&sﬁﬁbe f or

nost

achieved by using less than a ten to one ratio of LAC to nucleic acid.
Determining the appropriate ratio would be a matter of routine optimization.

15 The aqueous medium for the LAC solution can be water or a buffer
solution, the pH of which should preferably be such that the compound is stable.
Such stability can be determined or easily assessed. For example, if a LAC with
acridinium ester is used, the pH should not be alkaline. Otherwise, for most
compounds, the pH can be between 3 and 12. Preferably, the pH is between 5 and

20 11 for compounds that have no acridinium ester or other alkali-hydrolysable
moiety. Appropriate concentrations can also be determined by measuring the
affinity of a specific LAC for hucleic acids and optimizing the binding conditions
by methods known in the art. Such affinity values can be used to determine what
concentration would produce a labeling efficiency of choice.

25 Another feature of the present invention is that the LAC, once light-
activated, prevents the amplicon from being amplified in a subsequent
amplification reaction. Accordingly, it is necessary to add sufficient LAC to the
amplification reaction to essentially completely "deactivate" the labeled
amplicons, without inhibiting subsequent detection reactions which may or may

30 not depend on the amplicon's ability to hybridize. One of skill in the art could

easily determine the least amount and greatest amount of LAC to be added to
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conpounds, the pH can be between 3 and 12. Preferably, the pHis between 5
and 20 11 for conpounds that have no acridinium ester or other
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a labeling efficiency of choice. 25 Another feature of the present
invention is that the LAC, once light- activated, prevents the anplicon
from bei ng amphy gived amplificgidnsreaetentby @npling owadimple apeiadzdtion. stdliesosrda ngl vy,
it is necessary to _add sufficient LACto the anplification reaction to
essential |y c&frEhérdle deactivate” the |abel ed anplicons, without

essentially c8 i he | abel L
the anpl i con' s abi TTEY 1o Tyhs PiieER hihiontidh B3 ol B dhpfedfih, “°C2cr )"

det er m ne t herdaedsi befoRuior afeed dnpligiedsi harfeuntadfed oA 1tGs Bendaidedot 0 11 WO
00/ 53809 PCT/ US00/ 06183 any given anplification reaction by carrying out

si nmpl e Sopt i mi s&tabémios thedlAS fopmulatipe tebe addedchiriag ththamplifization reansiopr esent

i nvention can_be added t e anmplification reaction before or ter

ool 111 cat | on* Mg tieanptfiet ORI reafRb REnEr ey R i SR Bamenbie T or ¢ ne
LAC formul ati gybill QoR8mathtied, Hbwdver,tiPen @?Hogf‘iht%%éc@iﬂnrv%%f IsQsightdice 1t IS
inmportant to keep the reaction m xture closed to the environnent to avoid
cont am nat i onwhekeivether AC fcambe aggadogssosit estage after amplificasioh hias begsi igned

but | before | PIRECH BRLALEC BEY TPHbEIDCR8 30 rgCRABIIEN: PO m xt ur o 1 o
the 100envi r OBiERimeAN e LA ASH bityiSBY vk O LRE!colftPnd-Afdcl Atkfle hife added
during the anplification reaction. él nce mny arrpﬁ iti1cation reagt Ions are
cyclic, by usamglifi¢dtientreactivi d $incegnddyeamptificafion adactions #ach ¢l by dsingi s meant
that the LACis added after the first anplification cycle, but before the
last cycle. Athedermygdyringothe amplificaton isagHopd ditiihmeantripatithe EAG raddedict i on

m xture. after the first amplification cycle, but before the last cycle.

After addition, the LAC is mixed into amplification reaction mixture.

15 Such mixing can be done under a wide variety of conditions of time, temperature
and types of mixing devices. Since these compounds are in aqueous solution,
mixing by shaking after addition for more than 15 seconds should be adequate. If
the sample solution is viscous, a longer period may be needed. Mixing time can
easily be determined by one skilled in the art. Usually, such mixing can be carried

20 out at ambient temperature, but an elevated temperature may also be used, so long
as the integrety of the LAC is maintainable at this temperature.

To activate the LAC for covalent attachment with the target nucleic acids,
the wavelength of choice is dependent on the photoactivatable moeties in LAC.
For example, with furocoumarines like angelicin, wavelengths between 300 and

25 370 nm are preferred, and wavelengths between 320 and 350 nm are more
preferred. For compounds like azideothidium, a longer wavelength light source
may be desirable. Appropriate activation wavelengths can be found in the
scientific literature for most photoactivatable intercalating compounds, or such

wavelengths can be easily determined by one skilled in the art.
30
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15 Such m xi ng can be done under a wi de variety of conditions of tine,
tenperature and types of m xing devices. Since these conpounds are in
aqueous solution, mxing by shaking after addition for nore than 15
seconds shoul d _be adequate. If the sanple solution is viscous, a |longer
period may BWA¥8ded. M xing time can easily be deterni neBCHYSEUYIE( | | ed
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tenperature, but an elevated tenperature nay al so be used, so long as the
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source nmay be desirabl® QS[H QI AN ety Jonaimid @b B hs can be found
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angel i ci ne bi sbenzi m dazole-PEG biotin 5 In this exanple, synthesis of an
LAC conpri si nBindingsaheicen @tlinker andymlabel indessribetl. nyll Enigaowenenss pienker and a
| abel is descy/] alently linked to produce
the final LAC%‘%%%@%‘%%%%W%@%@@ Corppiex.

di hexadecyl - 3- br ono- propanediol In this step, the synthesis of a

bi f unct.i onal nker i s descrjbed, which is wused to |ink together the

phot orl€act i veg"leP 'aé)ﬂ“tg‘??éﬁ ?ﬁfghﬁiaﬁﬁﬁyﬁ‘é‘t@ﬁwaﬂ%@?@eqﬂﬁi s sanme conpound can
easily be nodifiedyARd U5ethelsOnthkdlK of LRGN AURRE: i5AGscribed, which is

used to link together the photoreactive ligand and the binding enhancer. This

1N AR S RON AN OFVONR Y B 7ed10

same compound can easily be modified and used to link together other LAC
components.

15 In a 210 mL round bottomed flask equipped with a magnetic stir bar, 2 g
of dihexadecylglycerol (Sigma, St. Louis, Missouri) is dissolved into 120 mL of
toluene. To this solution is added 3.54 g (10.7 mmoles) of carbon tetrabromide
and 2.80 g (10.7 mmoles) of tripenylphosphine, and the reaction mixture is stirred
overnight (18-20 hrs) at room temperature. The yellow suspension is filtered and

20 the filtrate concentrated on a rotary evaporator to afford a white solid. This
residue is dissolved into toluene, washed once with saturated sodium chloride,
dried over anhydrous magnesium sulfate and concentrated under vacuum on a
rotary evaporator to afford 2.5 g of crude product as a white powder. This crude
product 1s purified by flask column chromatography on a silica gel 60 (E. Merck,

25 Germany) column by sequential elution with 100 mL each of hexane, 14 ethyl
acetate in hexane, 21 ethyl acetate in hexane and finally with 31 ethyl acetate in
hexane. Fractions (8 mL) are collected and screened by thin-layer
chromatography ("TLC") and those fractions that contain pure product (silica gel,
51 ethyl acetate in hexane) are pooled. The pooled fractions are concentrated

30 under vacuum on a rotary evaporator to afford a quantitative yield of 1,2-0-

dihexadecyl-3-bromo-1,2 propanediol as a white powder.
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components. 15 In a 210 nL round bottoned flask equi pped with a nmagnetic
stir bar, 2 g of dihexadecylglycerol (Sigma, St. Louis, Mssouri) is

di ssolved into 120 nL of toluene. To this solution :s ?ddfd 3.54 g (10.7
mol es) of carbon tetrabrom de and 2.80 g (10.7 mmles) o

tri penill pRRPRAY  and the reaction mixture is stirred ov&CAT\ERYOEB- 20
hrs) at roomtenperature. The yellow suspension is filtered and 20 the
filtrate concentrated on a rotary evaporator to afford a white solid. This
residue is dissolved into toluene, washed once with saturated sodi um
chloride, dried over anhydrous nagnesium sul fate and concentrated under

vacuumon a rot evapor r to. afford 2.5 of crude product as a white
powder. This (,s?‘in%yS)fﬂtg%Efc%Ié)‘éb%}mlfj?@&e BycemaieRsteiol um chr omat ogra_th (igoa
silica gel 60 (E. ] ti t . W, t

mL eachgof hexane, @%gﬁg?ﬁé’l yggl(%gtgg%qen ?ﬂlbﬁgggﬁ%fég%&ggﬁw énacfg%aftgaegcr?llbﬁd’hexane

and finally wvhichxkndhé¢n/be easdy advgugated todotinthe plﬁbtméeicd?s li%%d;ﬁnh tl(!;é ?h

|| ected d,. by thi.n-1 ayer hr omat Qgr y (" ') and. t hose
Cractions « nal Kokt ofbifhenbitaoiq fogh DgamoD Gievlohgry ashedbineds
hexane) are pe@b®shol)hHa sReGhRGcir @HIRAS AT R) Iﬁ%%ﬂfo"r@t%frﬂ ié%gx%b[ader vacuum

on a rotary evaporator to afford a quantitative yield o
di hexadecyl - 3o¥¢rBight (1824 hepaBauingthis time, swwihite pprovpiate is TETWO. (k53809

PCT/ USOO 0618 : 2. t i f .Bi.gbenzi ni da Succi.hate Ester In
this step, syﬁ{eﬁggt?fsé 1(%1{1 lt?ﬁgé)?fea}slv%agggﬁla%&qgog%m@%%gﬁmn%cwl%cri bed,
whi ch can theahlbﬁ)f@&sislmnéﬁiﬁﬂat@airﬁerxﬁa‘éuﬁlﬁﬁﬂa&&ﬁry@l@%@%ﬁ&%&ﬁ}’& redig@nd and
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Step 3: Synthesis of pentaoxaheptadecane ditosylate

15 In this step, synthesis of a difunctional linker is described, which is used to
link together the photoreactive ligand and the binding enhancer. To a stirred
solution containing hexamethylene glycol (50g, 0.18 mol) trimethylamine (40 g,
0.39 mol) in methylene chloride (400 mL) at 0°C is added dropwise a solution of
p-toluenesufonyl chloride (74 g, 0.39 mol). The reaction mixture is then stirred

20 for ash at room temperature. The mixture is filtered and the filtrate concentrated
under vacuum in a rotary evaporator. The residue is suspended in ethylacetate
(500 mL) and filtered. The filtrate concentrated under vacuum to afford yellow
oil. The yellow oil in triturated with hexane and the resulting oil vacuum dried to

afford 108 g of yellow oil.

25
Step 4: Synthesis of Diphthalimido pentaoxaheptadecane ditosylate
A suspension of ditosylate (Step 3, 108 g), potassium phthalimide (75 g) in
dimethylacetamide (700 mL) is heated at 165°C for 2 hrs with vigorous stirring.
The reaction mixture is then cooled to room temperature and the precipitate
30 filtered off. The precipitate is washed with water and acetone to afford 53 g of the

desired product as a white solid.
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solution of diphthalimde (Step 4, 60 g), hydrazine hydrate (15 g) and

et hanol (500 Sttp 6i Syhthasiedf BMALBOC7W I BictnkTahiBg)-ptackahepidecanthe reaction
5 m'xagre is cooled to roomtenperature and filtered. The solid is washed

with dBld et hanol salytor ghéipmappentaexaheptafecane (Hemd7 ghi concent r at ed
under vacuum §if.avd: : o) t al oil. Step 6:
Synt hesi s of 11 Xﬂl‘lynéﬁ% g{lﬁ %éﬁgt(? ?]t;r?érr% tg%@é%g{r]?g%% a élg{’ ayel(S: 8%:@/6 product

was purified by flash column chromatography on silica gel 60 column. The

fractions containing the product was pooled and concentrated under vacuum in a

rotary evaporator to afford 2.5 g of waxy solid. The waxy solid was recrystalized

15 from isopropanol/ether mixture to afford 1.8 g of white powder.

Step 7: Synthesis of bisbenzimidazole-PEG-bitotin
In this step, the binding enhancer is covalently linked to the difunctional
linker and the label. A solution of biotinylamido pentaoxaheptadecane (Step 6, 3
20 g), bisbenzimidazole succinate ester (Step 2, 2 g) and dicydclohexylcarbodimide
(5 g) in chloroform (200 mL) is stirred at room temperature for 20-24 hrs. The
white precipitate formed is filtered off and the solid washed with chloroform. The
combined chloroform is concentrated under vacuum in a rotary evaporator and the
residue purified by flash column chromatography. The fractions containing the
25 product is combined and concentrated under vacuum in a rotary evaporator to

afford bisbenzamide-PEG-biotin as an off-white solid (1.5 g).

15



10 A solution of di am nopentaoxaheptadecane (Step 5, 7 g) in

dimethyformam de is stirred at roomtenperature for 4 hours. This crude
product was purified by flash colum chronat ography on silica gel 60
colum. The fractions containing the product was pool ed and concentrated
under vacHfM¥38% rotary evaporator to afford 2.5 g of waR§TAEPYBp183rhe
waxy solid was recrystalized 15 fromisopropanol/ether m xture to afford
1.8 g of white powder. Step 7: Synthesis of bisbenzi m dazol e-PEG bitotin
In this step, the binding enhancer is covalently linked to the difunctional
| i nker and t hetdpabebynthessalfrigehicioé bisbetzimidaacte-PE(pbintiaoxahept adecane (St ep

6, 3 20 g), bisbenzim dazqg] e.syccj nate ester (Step 2, .g) and
di cydcl ohexyl car bo lﬁgeli’gheggnﬁ‘%@fz?}mﬁl%f _0(%% ﬁ?? SPé‘tl_g’c‘iog_r ed at room
tenperature f @rsb&%aﬂia_%1§-PE@BiotMSks7%§ﬁhi%ls ﬁltﬁnfeﬁfcfrl?ﬁnhﬁicfe' ishgdgyd of f

and the solid washed with chloroform conbi ned oroformis
concentrat ed daearbpagldiimidazole(9.6maro)). eltmpostdting martdretih etirredefor defehnpur i f i ed

by flash colu chy omat aphy. . The fracti.ons, contajning th roduct is
cgrrbi n?c] and (E:l@(gdrllcste%frlﬁnr%?ag vt‘jﬁlﬂé‘?‘“{f’gﬁeﬁ}ﬂ?ﬂ‘?"?gﬁh&mr({#é??mbvéb%?%yi?tgga&% ford

bi sbenzani de- PEGhi) @hd Bind&h@forffafmdd 106 nsp! THe fedetordhixtk® VALY 53809
PCT/ US00/ 06183 Step 8: Sg/nt hesi s of Angelicine bisbenzimdazol e-PEG biotin
In this step, oymlghf) H0-14C dbapristurs is evepareted umder yagwinyin orotarly

bi sbenzi m dazg|.e- 1ot 1 1 4 1), in.di methyl fo m de i s added
N, N- car bonyl d%ﬁogﬁ#g%‘% I%?ﬁ%@% %qu%gm?é@ﬁrﬁﬁnn%fnsrlng& %?? 3X(%l glugetg?r red for 3-5
hrs 5 and is sdyeentiallgatvied7%irdthan] hocrbloydrangel 10% mefiingdl #edloroform.

dii sprapyl eth La ine (150 m)_and dinmethylformamde (100 m ). The reaction
m xt ur@ is st'ryf ?g'actl%\%é?lﬂf?’@mg the pryglugtsere prelediand pencenisated ipaffard 40 2under

vacuumin a rphaiyof ¢ ¥%ﬂﬁ&ta9ra_%§g§g$]§i.r esidue is load onto a colum of

silica gel and elute sequent | wth 7% nmet hanol in chloroformand 10%
met hanol in chloroform 10 The fractions containing the product were pool ed
and concentrated to afford (0.2 mmol) of the product as a gl assy solid.

Example 2
Synthesis of Angelicine bisbenzimidazole -PEG-acridine

15
The following example describes the synthesis of a LAC employing a

chemiluminescent acridinium ester as the label.

Step 1: Synthesis of acrdinecarbonylchloride

20 A solution of acridine carboxyl acid (Aldrich) and thionyl chloride is
stirred at room temperature for 20-24 h. Excess thionyl chloride is removed under
vacuum in a rotary evaporator. The residue is treated with toluene and evaporated

to remove traces of thionyl chloride.

25 Step 2: Synthesis of acridine-4-hydroxypropionic acid succinimide ester
A solution of acridine carbonyl chloride (2.3 g, Step 1) in dry pyridine (35
mlL) is treated with hydroxyphenolpropionic acid N-hydroxysuccinimide ester
(2.5 g) at room temperature for 8-24 h. The resulting triethylaminehydochloride is
filtered off and the solution is concentrated under vacuum in a rotary evaporator to

30 afford the succinimide ester as an off white solid.
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Exanpl e 2 Synthesis of Angelicine bisbenzimdazole -PEG acridine 15 The
fol | owi ng exanpl e describes the synthesis of a LAC enploying a

chem | um nescent acridiniumester as the [abel. Step 1: Synthesis of
acrdi necarbonyl chl ori de 20 A solution of acridine carboxyl acid (Al drich)
and thi onYYOMRB¥ide is stirred at roomtenperature for 2BCTANNGE T ess
thionyl chloride is rempved under vacuumin a rotary evaporator. The
residue is treated with toluene and evaporated to renove traces of thionyl
chloride. 25 Step 2: Synthesis of acridine-4-hydroxypropionic acid

succi ni m de esitgr3:ASythesis azﬁmelhylaﬁmdrdéuhbnmtarsbmﬁmnﬁ@&lh?fdm& (2.3 g, gt ep 1)
in dr ridine (35 Is.treat wi t h _hydr oxyphenol pr.opi oni ¢ aci

N- hyd)r/o%s ucci ni En OgL%@r OfS(UECIB"@‘%e §3tet G4 4 @rﬂﬁé‘ﬂﬁfr&?ﬁ]&yl rggufangic (3rhe
resul ting trietiyhary aabioedsQide rorss-24 hlat RloGHenf GE?S'HQT tf'[lﬂgdésﬁLHl ion is

concentrated under vacuumin a rotary evaporator t

succi ni ni de eseled isfdteanl off Aindwiictselusioh icdncentt e @H/aBA0S iPCTdthiSO0/ 061|83
Step 3: Synt hesi s net fl uorosyl f onat e succini m do acridine A solution
of succl ni mdgv%osotrag pr tof éﬁsgzo ro i 2eYHAY $9lifor osul fonate (3 nL) in
dry chloroformis stirred for 8-24 h at roomtenperature. The resulting
solid is filtered off and the solution concentrated under vacuumin a
rotary 5 evap§Fe@t4§rS)ﬂk§h@foerldame UN(and@dmtdowemaymhbpmmi d. ISt ep 4: f
Synt hesi s of 1-am no-.17-N t aox e solution o
di ami nopent aoxahep?‘sé%éogeﬁc ngean ‘Peﬁne(ﬁtep %gf’ ]f)deam de (75

m) is treat edimdthyl faﬁﬁaﬂlﬂéﬁﬂﬂﬁ)%ﬁﬂed@ﬁﬁﬂcr@mem ekﬁérrst% pl3hiTg sol ution
is stirred at roomtenperature for 4 hours. The sol vent |s rem)ved under

vacuumd n a r BEHEpESQHER it Biredriéraome tamperature forst hours.uTThe salvedttih  hexane to
afford the copponagd uﬁﬁer%agmrﬁ iy EHtQPS‘/ e%%érgtor and the residue is triturated with

hexane to afford the compound as a pale yellow solid.

Step 5: Synthesis of bisbenzimidazole-PEG-acridine

15 A solution of acridinylamido pentaoxaheptadecane (Step 4),
bisbenzimidazole succinic acid half ester (Step 2, Example 1 ) and
dicyclohexylcarbodimide in chloroform is stirred at room temperature for 18-24
hours. The white precipitate is filtered off and the solid washed with chloroform.
The combined chloroform is concentrated under vacuum in a rotary evaporation to

20 afford the product as an off white solid.

Step 6: Synthesis of angelicine bisbenzimidazole-PEG-acridine
To a solution of bisbenzimidazole-PEG-acridine (Step 5) in

dimethylformamide is added N,N-carbonyldiimidazole. The resulting mixture is
25 stirred for 3-8 hours. And is then treated with aminomethyldimethylangelicine,

diisopropylethylamine and dimethylformamide. The reaction mixture is stirred

overnight at 50-55°C. The mixture is evaporated under vacuum in a rotary

evaporator and the residue is purified by flash column chromatography on a

column of silica gel. Sequential elution with 7% methanol in chloroform and 10%
30 methanol in chloroform afforded fractions containing product. The fractions are

pooled and concentrated to yield the desired product as a solid.
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Step 5: Synthesis of bisbenzi m dazol e-PEG acridine 15 A sol ution of

acri di nyl am do pent aoxahept adecane (Step 4), bisbenzi m dazole succinic
acid half ester (Step 2, Exanple 1) and dicycl ohexyl carbodinmde in
chloroformis stirred at roomtenperature for 18-24 hours. The white

preci pit atE3BM tered of f and the solid washed with chl oP&ET81589/0618he
conbi ned chloroformis concentrated under vacuumin a rotary evaporation to
20 afford the product as an off white solid. Step 6: Synthesis of
angel i ci ne bi sbenzi m dazol e- PEG acridine To a solution of

bi sbenzi m dazol e- PEG acridine (Step 5) in dinethylformamde is added

N, N- car bonyl di i m dazole. The resulting mxture is 25 stirred for 3-8 hours.
And is then treated with am nonet hyl d%@m&—%\ngel i Ci ne,

di i sopropyl et hyl am gentaags gﬂfﬁ_ﬁ@l@fﬁé ﬂgg@%nqﬁaongPE@QﬁaéFﬁﬂo%Eé}ééﬁér e1s
stirred overnight at - : e mxture | v acuumin a
rotary evaporator and the residue is purified by flash col um

chr omat ogr aphy on umm of silica gel. Sequential elution with 7%

met hanol in chlor 01?1“(1)1?%91 %‘ﬁmﬁﬁxo%@er‘}@ﬁ@ﬁ%ﬁheis qtgFﬁ‘%Pg? BM%@?W&% fractions
cont ai ni ng pr agdeehlatidmoidtRe dneRs whidh is ReQ 8¢ oand t}?éjﬁlﬁﬁﬁgrl%taﬁ&itottf‘le yield the
desired product as a solid. 17 WO 00/53809 PCT/'USO0/ 0618 Exanple 3

Synt hesi s of &ngeiciagidandihsiosher phivliichds eseBEGenlrinde hindingbefithe hd CtoThe

fol I owi ng exapplig.degcribes the synthesis of a LAC that has two
intercalating noretres, one of which is used to couple the binding |igand
to the nucleic acid, and the other of which is used to enhance bi ndi ng of

the LACto the nucleic acid. 10 Step 1: Synthesis of
bi sben mi dazdice-lPERymbesiforti RiskspaimidarelcAPEGtagidosiiradfenzene

Chomi cal ) 15 ot 1 Pod Bt BaRup AR Strcine Gk STruSRIB bedln T o
concentrat ed sulflfA NP (RBrée CRerhiGA18Y ¥ sBMBRAY Ao tediidrith Sveshighte The
solution is concentrated under vacuum in a rotary evaporator and the residue is
dissolved in dimethylformamide. The solution is then treated with bisbenzamide
15 succinate ester (Step 2, Example 1) and stirred overnight. Following completion
of reaction (TLC), the solution is concentrated to afford an off white crystaline

solid.

Step 2: Synthesis of angelicine bisbenzimidazole-PEG-azidonitrobenzene

20 A solution of bisbenzimidazole-PEG-azidonitrobenzene (Step 1, Example
3) and N,N-carbonyldiimidazole in dimethylformamide is stirred for 4-14 hours
at room temperature. The resulting mixture is treated with
aminomethyldimethylangelicine, diisopropylethylamine and the resulting mixture
is stirred overnight at 50-55°C. Following completion of reaction, the reaction

25 mixture is concentrated in a rotary evaporator. The residue is purified by flash
column chromatography on a column of silica gel. The column is eluted with a
mixture of chloroform/methanol and the fractions containing product are pooled

and concentrated to afford the product as a solid.
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di ssol ved in dinethylformam de. The solution is then treated wth

bi sbenzam de 15 succinate ester (Step 2, Exanple 1) and stirred overnight.
Fol |l owi ng conpletion of reaction (TLC), the solution is concentrated to
afford an_off white crystaline solid. Step 2: Synthesis of angelicine

bi sbenzi m"dAYGI8YPEG: azi doni t r obenzene 20 A sol ution of PCT/US00/06183

bi sbenzi m dazol e- PEG azi doni t robenzene (Step 1, Exanple 3) and

N, N- car bonyl di i m dazole in dinethylformam de is stirred for 4-14 hours at
roomtenperature. The resulting mxture is treated with

am nonet hyl di met hyl angel i ci ne, dii soprio@aulpdt 4yl am ne and the resulting

m xture is stirred overnight at 50-55C. Foll ow ng conpletion of reaction,

the reaction 25 mxture i s c@yagitic af agdoklicide-DXFELBiogYaporator. The resi due
is purified by flash colum chromat ography on a columm of silica gel. The
column is el uted with g exdFhpit Whe sPhne of & ifeact i ons
cont ai ni ng product arel S)(()o %ld’ arﬁgﬁconcent ro%é?g&?%ﬁ%%%ﬁ?ﬁhéggﬁ%guct as a
solid. 18 WO 0Sing380efaTbiddng/cnbdR8r. Exanpl e 4 Synt hesi s of

Angel i cine-DAPI-Biotin In this exanple, the synthesis of another exenplary
LAC is glescribed wusing a different binding enhancer. 5 Step 1: Synthesis
of 1-DAPI - 17- pent aoxahept adecane tosylate A solution of pentaoxaheptadecane
ditosyl ate (Skgp B, skxf | AR i.cl t 1, 708-5) in

di met hyl sul o e isﬁ‘s(ft |Egr%rgfdllBAPEQ?n??né%‘gfri%‘}%‘%f%gﬁ%‘g24 hours. Upon
conpl etion of the reaction (TL the reaction m xture is 10 eyvapor.ated
under vacuumin a f“ofog??/%?f(apﬁé}ggf‘%}}epgﬁﬁac%ﬁ 1@%@@3&&;)?,%3@8& Bn&o‘ﬂg
colum of si amriae Canboohuiveslsyid dinRyMubkRR i0LidePl HofEkARuk "

chl oroform The fractions cont aimng th rl)lr oziuct1 arlee poorl eﬁﬁg t erE

conbi ned fr aéwri &4 hownc Epon avmgletiodef theaeautioni (TLE) s theatyctionap@iae & t o

afford1 t he product . . .
0 evaporated under vacuum in a rotary evaporator and the residue is loaded onto a

column of silica gel and eluted with a solution of 0-50% methanol in
chloroform. The fractions containing the product are pooled and the combined
fractions concentrated under vacuum in a rotary evaporator to afford the product

as an off white solid.

15
Step2: Synthesis of Angelicine-DAPI

A solution of 1-DAPI-17-pentaoxaheptadecane tosylate (Step 1, Example
4), aminomethyldimethy1ang¢licine in dimthylformamide is stirred at 25-60°C
for 8-48 hours. Upon completion of the reaction (TLC ), the reaction mixture is
20 evaporated under vacuum in a rotary evaporator and the residue is loaded onto a
column of silica gel and eluted with a solution of 0-30% methanol in chloroform
containing trace of ammonia. The fractions containing the product are pooled
and concentrated to afford the product as a pale yellow solid. The crude product

is recrystallized from a mixture of dimethlformamide and hexane.

25
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as an off white solid. 15 Step2: Synthesis of Angelicine-DAPI A solution of
1- DAPI - 17- pent aoxahept adecane tosylate (Step 1, Exanple 4),

am nonet hyl di et hyl angel i ci ne in dint hyl form(am' (cj:e)i S ﬁtl rred at 25- G?C for
8-48 hoursg, Upaon conpletion of the reaction (TL , the reaction mxture is
20 evapor %%@Pﬁimﬁer rrBacuum in arotary evaporator and the PEZUSAU0GIE | paded
onto a colum of silica gel and eluted with a solution of 0-30% net hanol

in chloroform containing trace of ammonia. The fractions containing the
product are pooled and concentrated to afford the product as a pale yellow
solid. The cr $tkp3prSuthesis df AngeticipeA Pi-B@tinf rom a ni xture of

di nehyl f ormam de and hexane. 25 19 WO 00/53809 PCT/ US00/ 06183 Step3:

Synthesi s of Angel iAbdlgtd06! affeBtihe DA BIOISH 2ERIAOIL HiShNRHARer( St ep 2,
Exanpl e 4), biotin-NHS ester I%(bSi gha, %a?{ wﬁlo 1759)@nﬁd| nt hyl f ormam de is
stirred at 25{5@wai at.No71¥59 hdudenthylformarsidp liestirosd aif25tHECrfea8t12on, t he

reaction mxture is._evaporat.ed under . vacuumip a rotary evaporated and
the residue i ogxisegpga C&PP%“BEP?H}%H&’HQU% sy reaction TBtrg if gvaperatedt ed by

filtraty on angdngQ!vaduid iNa$HGE Wd'x&)?ﬂa?ﬁf ﬁrﬂlljtﬁlg %sicﬁieh?'ir\gé%?évi&%%ﬂﬁle he crude

solid is recrystallized to affor e product as a sori Exanpl e
5 Denonst r at i ethenfThendolilii$ caltecad Wynfiltdatibn ahd eelidis vashed with@eaoicdmanpl i con

b hot ochem cal | ahel i wi th the conpounds described in Exanple 1.
Nﬁcl gi c aci dse'i’%daﬁgﬁi@?-g‘ah@f gLe selithistreypabized i afferd the pradupleatyy 15

Whel an, et al ggg%lr?@l of Cinical Mcrobiology, 33(3):556-561(1995) by

PCR. In the I%I reaction mxture, two specific priners, dNTP, 0.25 U of

Taq polynerase, and | x PCR Buffer are used. For every 25| PCR reaction, 2
10 Example 5

Demonstration of inhibition of amplification of a nucleic acid amplicon by
photochemical labeling with the compounds described in Example 1.

Nucleic acids are amplified following the protocols as describedby

15 Whelan, et al, Journal of Clinical Microbiology, 33(3):556-561(1995) by PCR.
In the PCR reaction mixture, two specific primers, dNTP, 0.25 U of Taq
polymerase, and 1x PCR Buffer are used. For every 25 ul PCR reaction, 2 pl
smaple (extracted chromosomal DNA from target organism) is added and
amplified on a thermal cycler. The amplification cycle includes an initial

20 denaturation, up to 50 cycles of annealing and strand separation (denaturation),
and a final incubation for strand elongation.

In the amplification mixture before the initiation of amplification reaction
photoreactive compounds are added such that their concentration in the final
reaction mixture is between 0.1 and 1,000 nanomolar. After the amplification is

25 completed the reaction mixture is exposed to 330430 nm light by using a
commercially available transilluminator (TL-33, UV Products, San Gabriel, CA,
USA) for one hour. After the photoreaction the amplicons are detected by gel
electrophoresis. 5 pl in 2.5% (wt/vol) agarose in TBE buffer (0.089 M Tris-
0.089 M borate-2 mM EDTA), followed by staining with ethidium bromide.

20



smapl e (extracted chronosomal DNA fromtarget organism is added and
anplified on a thermal cycler. The anplification cycle includes an initial
20 denaturation, up to 50 cycles of annealing and strand separation
(denat ur at j on3 and a final incubation for strand el ongation. In the

ampl i fi caYRRYHB% ure before the initiation of anplificati GETAESAMPEISH

phot oreacti ve conpounds are added such that their concentration in the
final reaction mxture is between 0.1 and 1,000 nanonol ar. After the
anplification is 25 conpleted the reaction m xture is exposed to 33030 nm
light by using a coparritled Amplécoaithiabire (2 porisienuiithat npliffde BBaddil
Products, San Gabriel, CA, USA) for one hour. After the photoreaction the
anplicons are fEFéPé@’t“é‘Qﬂf‘wf FaNe pranerst enyymss esd othepréagents 2The acganive vol )

in TB f Q. M.Tris- 0.089 M - EDTA), foll db
tai ni ng. wi t h e BB APt n 0 S A S PO BS oA B ¢ of
the anplicon mundattRilg Drotcted te@hplicehs B8 ﬁdl?fhiexfa.k@ﬁleﬁiétfﬁfgﬂﬁ HicalibgsSh

solutions of same priners, enzymes and other Teagents. T egative results
of the Second reagions.i cati on reaction indicate that the photoreaction has
substantially protected the anplicons from pol ynerase nedi at ed
anplification 5 reactions. Exanple 6 Detection of anplicons by
phot ol abeling 10 Unl abelled 0.5 g DNAmLphess conpl ementary to the anplicons
of exanple 1 are inmmobilized by spotting o nitrocel |l ul ose paper as
described by Dattagupta et ctiofPef li¢dng &g photofabielingdf ecti ve Ther apy,
Jackson et al., Ed., Friedr. Vieweg & Sohn Verl agsgesel |l schaft nbH,
Braunschwei g 1989, pages 241-247. Anplicons fromanplification reactions

are phpj ol abel | ed amigdRacd b.@%bﬂA%%lc% Eené?rﬂﬁ by tlﬁdﬂﬁﬂggnf ot

bi oti n- PEG angel i ci n i nstead t he conpou exanple
anpl i fi cati oncxaapltileme mmobitieedmdsyiottirdims hitgctlhdosd pdper & dedcrtdH30 Nm
light for On?)angéjurp'ta et al,.Perspectives in Antiinfective Therapy , Jackson et al., Ed., Friedr.
Vieweg & Sohn Verlagsgesellschaft mbH, Braunschweig 1989, pages 241-247.
Amplicons from amplification reactions are photolabelled as described in example
15 1 or by adding biotin-PEG-angelicin instead of the compound of example 1 to the
amplification reaction mixture and irradiating the mixture to 340+30 nm light for
one hour.
These photolabelled amplicons are allowed to hybridize to immobilized
DNA probes on nitrocellulose paper. Hybridized nucleic acids can be detected
20 with chemiluminescence by adding anti-biotin-linked horseradish peroxidase and
assaying for peroxidase with H,0, and isoluminol. Emitted light form a positive

reaction is detected with Polaroid films.

Example 7
25 Labeling and Sterilization with compounds with

enhanced nucleic acid binding properties.

Experiments similar to Examples 5 and 6 are carried out with compounds

comprising furocoumarines that are covalently linked to a binding enhancer as
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These photol abel |l ed anplicons are allowed to hybridize to i nmobilized DNA
probes on nitrocel |l ul ose paper. Hybridized nucleic acids can be detected
20 with chem | um nescence by adding anti-biotin-Iinked horseradi sh

per oxi dase and assayi ng for peroxidase with H202 and isolum nol. Emtted
light for MR0%38Ptive reaction is detected with Pol aroi d PCIHS00E8I8Hp| e 7
25 Labeling and Sterilization with conpounds with enhanced nucleic acid

bi ndi ng properties. Experinments simlar to Exanples 5 and 6 are carried out
Wi th conpounds conprising furocoumarines that are covalently linked to a
bi ndi ng enhanclescribsd iR ExMEpI6O 1 B3 80RsESHP4u004 SlBenhadescindiag ahd Exanpl es
1-4. These conPo. nds show enhg)?ced .binding and sterilization properties
for anpli cons SCEXZMANPIEPE L] OF AMPLEANSon of TMA anpl i cons using conpounds
of Exanples 1-4. Nucleic acids are anplified follow ng the protocols as
described by Wlie et al., Journal of Cinical M crobiology,
36(12):3488-3491 (1998) by TMA. In tIBExaiiple 8§ eaction, nucleic acid targets
are capstured W th etj.c bead anc&. 10 specific captured priners. Then,
captured targets a%@%&ﬁﬁw SEPOEg U RY oupdgioh&xamples di4 at j on
reagents which contains anplification prinmers, dNTP, NTP, 2500 U of
reverse transcriptase and 2500 U of T7 RNA polynerase. For a 100 | TMA
reaction, 200 | oi Nucleagyends are amptifed fodldwamgthiefpretdeals asi@Scobedbywdtydie bat h

for an hour. 15 In the,appl.ificgtion m xtyr r i,optiatjon of the

amplificati onets?légg?’fngé?f? h’é’%ﬁ%’f()&éﬁfgﬂ @3@%@8‘&2&5 Eﬁ?@? hﬁgg&‘il‘n TExanpl es
1-4 are added®UINIA feh@ion Hedléic GOACABEE Bk &?tdr&l A nhdghdlic p&ACkAPN M xture
is between nanonmplar and mllinolar (100 g/nml). After the anplification is

conpl etted, t hépqcé@i?c%apﬁﬁe%’&meﬁse Thigr, capipessiedraets B4®3ehadran ipghtted befosne hour .
After the phoE&’Jiﬁg%bﬁﬁcati]ongggeﬁg which contains amplification primers, INTP, NTP,

2500 U of reverse transcriptase and 2500 U of T7 RNA polymerase. For a 100 pl

TMA reaction, 200 pl oil reagent is added and amplified at 42°C on a waterbath
for an hour.

15 In the amplification mixture before the initiation of the amplification
reaction, the photoreactive compounds described in Examples 1-4 are added such
that their concentration in the final reaction mixture is between nanomolar and
millimolar (100 pg/ml). After the amplification is completed, the reaction mixture
1s exposed to 340430 nm light for one hour. After the photoreaction, 100 ul AE-

20 labeled probe is added to the amplicon for detection purpose. Unhybridized AE-
probe is destroyed by 300 pl Selection Reagent through the HPA reaction.
Hybridized amplicon and AE-probe then is detected with a Gen-Probe (San
Diego, California) Leader 450 luminometer.

A part of the amplicon mixture (5 pl) is further amplified by adding to a

25 negative amplification tube whiéh contains fresh solutions of same primers,
enzymes and other reagents except targets. The negative results of the second
amplification reaction indicate that the photoreaction has substantially protected

the amplicons from TMA amplification reactions.
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20 | abel ed probe is added to the anplicon for detection purpose.

Unhybri di zed AE- probe is destroyed by 300 pl Sel ection Reagent through the
HPA reaction. Hybridized anplicon and AE-probe then is detected with a
Gen- Probe_(San_Diego, California) Leader 450 |um nonmeter. A part of the
anpl i con 40B80% 571) is further anplified by adding to aPCHAISAURIR ve
anplification tube which contains fresh solutions of sane priners, enzynes
and ot her reagents except targets. The negative results of the second
anplification reaction indicate that the photoreaction has substantially
protected the anplicons from TVA anpExkmgktd on reacti ons. 22 WO 00/ 53809
PCT/ USO0/ 06183 Exanple 9 Sterjlization of LCR anplicons using conpounds of
exanpl es 1-4. Nucl°e¥E eSS ap-o-SHHAICONS 1N GAMBPANNES 0L GXQINIGH I5¢
descri bed by Moore 5 et al., Journal of dinical M crobiol ogy
34):1028-1031 (1998) by LCR In the LCR reaction mxture, two pair of
probes, dNTP, DNA NugksecalscirEApipidd/fotowse the praisads asldesaribe@®byt Mbere

containi ng 90 L re S, 0 | . saml e ( r 0 omal DNA from
t ar get r%or gani §’Jrﬁl"?@R”rgﬁg(gﬁé]}éfﬁff’l@ﬁfﬂbf‘flf’@dn%—éélé%é&%gtglrdgr?é;] {’Xﬁerm the In the
anpl i fi cati onLORXehtRNREKAIE thBPalrdithbicHel UNDS, IR HohicAld IR A €acti on

phot oreacti ve conpounds are added such that their concentration in the
final reacti polymerasere used. Jet ab€r tibeGbntaaniogB0 at LERMedgents, 100 Ll nol ar .

After the anplification.is conpleted, fhe reaction nmi xture is exposed to
340+30 nm | i gHHIBFeXUBHEd ﬁ%ﬁﬁog&mlefsﬂ OB fyes a¥FBhS affied adh| i cons are
detected by gghpAfedbLsLCRRRMEPERIGT 5 | in 2.5% (wt/vol) agarose in TBE
buffer (0.089 l\fTri s- 0.089 M borate-2 mM EDTA), followed by staining with
et hi dil@m bromi de. I tharmpbficativs naixpire beforathx initiatiqrPofl mpleichhiemrdactidrher
anplified by adding.. fresh solutiops . of sane. priners, enzynes_.and ot her
reagents. Thepalhog%rg%it\yg PRREM ar%‘f&dfeﬁéu%@%t&g‘éﬁﬁli“ieflﬁﬁ%‘ir} %‘Eﬁ‘? gﬁ@ti on

i ndi cat e t hat rehfreonhRRE dtvedh M@F nanomolar and 10.0 millimolar . After the

amplification is completed, the reaction mixture is exposed to 340430 nm light for

one hour. After the photoreaction, the amplicons are detected by gel
15 electrophoresis of 5 pl in 2.5% (wt/vol) agarose in TBE buffer (0.089 M Tris-
0.089 M borate-2 mM EDTA), followed by staining with ethidium bromide.

A part of the amplicon mixture (2 pl) is then further amplified by adding
fresh solutions of same primers, enzymes and other reagents. The negative results
of the second amplification reaction indicate that the photoreaction has

20 substantially protected the amplicons from polymerase mediated amplification

reactions.

Example 10

Sterilization of SDA amplicons using compounds of example 1-4

25
Nucleic acids are amplified following the protocols as described by
Walker, et al., Nucleic Acids Res., 20(7):1691-1696 (1992) by SDA. The SDA
reaction mixture contains four SDA primers, dGTP, dCTP, TTP, dATPS, 150 U
of Hinc II, 5 U of exonuclease deficient E. coli DNA polymerase I. The sample
30 mixture is heated 95°C for 4 minutes to denature target DNA prior to addition of

the enzymes. After addition of the two enzymes, the amplification is carried out
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20 substantially protected the anplicons from pol ynerase nedi at ed _
anplification reactions. Exanple 10 Sterilization of SDA anplicons using
conpounds of exanple 1-4 25 Nucleic ac:ds arelanplkfigd Lollomnng t he
rotocol s_as described by Wilker, et al., Nucleic Acids Res.
I[2)0(7):169Y‘fa°1‘%§‘é‘§§‘t91992) bz SDA. The SDA reaction nixture cBATAISAYGIEYr SDA
primers, dGIP, dCTP, TTP, dATPS, 150 U of Hnc Il, 5 U of exonucl ease
deficient E. coli DNA polynerase |I. The sanple 30 mixture is heated 95C for
4 mnutes to denature target DNA prior to addition of the enzynes. After

addi tion of tHer 120omana Bies jn & healawpimd 630 jiLI0IThHes, thakédcE6n @tbrmiddte\O
00/ 53809 PCTI USQ0/ 06183 for 120 mn at 37Cin a total volune of 50 |.
Then, the reabyihspting2 mepupsitd88C. by heating 2 minutes at 95C. In the

anplification mxt b he i.niti.ation of.anplificatjon. reaction
p[\rgt oreactive corrpgl{ijﬁnci:sa?lfl ?{efﬁﬁ%%éﬁngﬂ%ahbe&(ﬁg&etlﬁ}ﬁaf[’}gl&8&@_@%&%“?866‘?"&?0{1 he
final 5 react iphotordaxtivy noubes ¥ve@dd PO B 8 thed WdnBirthatioR idthe(FHAP 9/ M ).
After the anplification is conpleted the reaction mxture is exposed to

340+30 *hm | i gktactien miyhe inbevecninaapmple aphotilbimedart(l Ohughe).ohfpéritbons ar e
detected by g . ctr.ophoresi,s.of 5.1 in 2.5%(w/yvol garose in TBE
buffer, foll ox%ep&hgléa%éltlg?%ﬂgﬁlg?e\%ﬁ?%re&?tﬁino‘flﬁ‘ﬁlﬂrﬁﬂ% gesd ﬁoigégigﬁng&%%g 1. 10
A part of theoasrhburcAfterihgpHo@rdabtion thie Snipliesns’ e B&@éte@ﬁ?}gblf! ed by addi ng
to a negative anplification tube which contains fresh solutions of sane

prinmers, enzyleesopheesis dfer nlrin dgda st/ eol) egrrosedn JBEsbufnefollegat bye resul ts
subst ant | ol |y BB M GRE BRI BReFBRPLOA ampl i f1 cation reacti ons. 15
Exanpl® 11 A part of the amplicon mixture (5 pl) is then further amplified by adding

to a negative amplification tube which contains fresh solutions of same primers,

enzymes and other reagents except targets. The negative results of the second

amplification reaction indicate that the photoreaction has substantially protected

the amplicons from SDA amplification reactions.
15
Example 11
Sterilization of NASBA amplicons

Nucleic acids are amplified following the protocols as described in Heim,

20 et al., Nucleic Acids Res., 26(9):2250-2251 (1998) by NASBA. The NASBA
reaction mixture contains two specific primers, dNTP, NTP, 6.4 U of AMV
reverse transcriptase, 0.08 U of Escherichia coli Rnase H, and 32 U of T7 RNA
polymerase. The amplification is carried out for 120 min at 41°C in a total volume
of 20 pl.

25 In the amplification mixture before the initiation of amplification reaction
photoreactive compounds are added such that their concentration in the final
reaction mixture is between nanomolar and millimolar (100 pg/ml). After the
amplification is completed the reaction mixture is exposed to 340+30 nm light for

one hour. After the photoreaction the amplicons are detected by gel
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Sterilization of NASBA anplicons Nucleic acids are anplified follow ng the
protocols as described in Heim 20 et al., Nucleic Acids Res., .
26(9,):2250-2251 (1998) by NASBA. The NASBA reaction mxture contains two
specific prinmers, dNTP, NTP, 6.4 U of AW reverse transcr%Etase, 0.08 U of
Escheri chi'® ¥6P8Rnase H, and 32 U of T7 RNA pol ynerase. TREUAMHIGISS cat i on
is carried out for 120 mn at 41 Cin a total volume of 20 1. 25 In the
anplification mxture before the initiation of anplification reaction

phot oreactive conpounds are added such that their concentration in the
final reacti electrophorssts 6fsS beih YR (WSl Bi26scan T BE bilfigrolofowed 89 g/ m ) .
After the anpljification.is conpleted the reaction mxture i s exposed to
340+30 nm | i ghtpining with ghidiumbromidediketip exaspple §r eact i on the anplicons are

detected b el 24 0 3809,. PCT/ US00/ 06183 . el.ectropharesis of. 51 in
2755 (ot 1 vol ) agar BB RETBUPUPOTHE (] B&éﬁ%ﬁ} fu _eéiiaﬁ’ipﬁé}e%i/ﬁg‘_&flﬁi di um
broni de |ike ion gopatid amplifidtivatibeabhithomiiRt Fe@NsIROSHYI shie blimes, t hen

further, anplified by adding to a negative anplification tube whic
contai Rs frestZyBlesaRdadicHicagenibesepitargsts. The negatinesesalitlothheeconéagent s

except target . Ve f e second anplification reaction

i ndi (F:)at e t%at a{l%%ﬁ%ﬁgﬁg%tggkﬁfr{)dgcsaﬁéa%gtstg%Bt'orz}fﬁefl%tllqrch%rsg? YUYy profecty plicons
from NASBA antkiafriptiadsofitorn 284S B AngpliBxaigl Rackidnd0 Label i ng of nucleic acids
with conpounds of exanple 1-4. dinical urine sanples suspected of urinary
tract infection are used. To |Im urine sanple in adp]?I yprlgpy! ene mcroggge
tube, O.Im 1N sodium hydroxide is heat e or m nut es at '
To this solution, 0.1 m IN 15 hydro%&l@p—gcid i s added for

neut rdli zation. To t hialielingdf swdleit acids withrpoipboisds cffexmnplenl-¢s 1-4 di ssol ved
in water is added so that the final concentration is 1.0 mcronolar. The
m xture is then exposed to |ight of wavel engths between 33030

Clinical urine samples suspected of urinary tract infection are used. To

1ml urine sample in a polypropylene microfuge tube, 0.1ml 1N sodium hydroxide
is added and heated for 15 minutes at 90°C. To this solution, 0.1 ml IN

15 hydrochloric acid is added for neutralization. To the lysed solution, compounds
of Examples 1-4 dissolved in water is added so that the final concentration is 1.0
micromolar. The mixture is then exposed to light of wavelengths between 330+30
nm. The labeled samples are detected by hybridization with immobilized probe
panels as described in U.S. Patent No. 5,348,855.

20 A similar experiment is done with nucleic acids extracted from the urine
samples by precipitating lysed nucleic acids from urine followed by phenol and
chloroform extraction as described by J. Marmour, Journal of Mol. Biol., 3:208-
218 (1961).

25 Example 13
Microarray hybridization and detection of amplicons

after photochemical labeling with the compound of Example 1

Troesch et al., Journal of Clinical Microbiology, 37(1):49-55 (1999)
30 describe an assay using an array of probes immobilized onto a microchip. The

PCR amplification reaction is done as described in the reference. After PCR
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nm The | abel ed sanpl es are detected by hybridization wth i mmobilized
probe panels as described in U S. Patent No. 5,348,855 20 A simlar
experiment is done with nucleic acids extracted fromthe urine sanples by
precipitati ngq/ ésed nucl eic acids fromurine foll owed by phenol and

chl or of or WQWPE®t i on as described by J. Marnour, Journal &GCTMS000ESD| .
3:208- 218(1961). 25 Exanple 13 Mcroarray hybri di zation and detection of
anplicons after photochenmical |abeling with the conpound of Exanple 1
Troesch et al., Journal of dinical Mcrobiology, 37 |):49-55 (1999) 30

descri be an assdsaduditagscaiptian teyrodficeRNAe theiampdibh iDNeAl ioRbEc@withGrOChi p.
The PCR arrpllfl cati ea n i.s done as described in the reference.
After PCR 25°OP (g%fé%@“ﬁt‘frf BiBtsrabess Exappie adihsrlabeledhampligomiian t o

produce RNA, hosrid@s®R ic598 hl Q,;ggqug e 1l as
described in Egarrpl e 5. Thg&ﬁgggdg%ag{irgg %ﬁﬂtrlllgfeé%hls}l bridize pﬁorﬁi@ﬂﬁ%urs
and det ected thsideyiceh dmcebcxbﬂmeteyn | abel ed st rept avidin using the devices
descri hed therein. The et forth ve are proyided to give
t hose 251? ordi nary T‘amﬁ’ ﬁs %é"lﬁﬁ%wmP&O@gﬁ%r%gléem%epég@ﬂr@%ﬂaﬁ
description ofn thewrttwithRkempiegt di&%sh%ndﬁe@érﬁftfoﬁ%f%@@qg% d%%ﬁ)@e

scope 0O at

corrp03|t|ons and are not intended to limt the
i nventors regﬁfefﬁer%i quphsidimenty efithe compd&dors, et aromst nﬁertdlaétcabmvtehe descri bed

nodes for car inventio at._.are obviqu s.of skill
10 in the artEcy Q%fgiﬁé%% VEBtoR re&f@rﬁs THEVEE e 1\8‘? lﬁﬁ%tl ?ﬁm@avw ai ns.
Al publi cat desfibedmboaes for cz&ﬂdn%@ﬁt&ﬂé inBiRt drCithd aﬁ‘@%bﬁbﬁ@ﬂ; ﬁe?so‘hE'b?s ill
speC|f|cat|on are incorporated herein by reference as if ‘'each suc

publ | & ion, Poheatt ag mﬁé@@chto beaysihin dhae scene akthe f@llhwmguctaams yA#Hnd
I ndi vidual l'y f)ﬂqicgt%r?sdp&tgntp eanh %%%Epgpp%;gtgong %ftgc'i ol thlsy spregﬁgerlt?orr]lca?e 26

incorporated herein by reference as if each such publication, patent or patent

application were specifically and individually indicated to be incorporated herein

by reference.
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WO 00/ 53809 PCTI USOQ 06183 CLAIMS What is clainmed is: 1. A conposition
for labeling and decontam nating a nucleic acid 5 anplification reaction
product conprising: a binding |ligand conprising a chem cal npiety that
binds to a nucleic acid and that, when activated by light, fornms at | east
one coval HR0%EMY therewith; a binding enhancer conprisi nECHUSAYSA1ER

noi ety that has a 10 specific affinity for nucleic acids; and a | abel
conprising a detectable chem cal noiety. 2. The conposition of claiml,
wherein the binding ligand is an intercal ator conpound. 15 3. The
conposition of claim2, wherein the intercalator conmpound is a
furocoumarin or a phenanthridine. 4. TeADMSposition of claim2, wherein
the intercal at,ar conpound is 20 nonoadduct form ng. 5. The conposition of
clai m 4, wher gﬂ?"f‘tfsrfggf”r‘?gé?cal ator conpound is an angelicin derivative. 25
6. The conposition of claim2, wherein the binding ligand is a non-

i ntercal ati ng conpound. 7. The conposition of claim®6, wherein the
non-intercal ati ng lconpduethiositioslfecinkeingranthdetmtamimapng o npeleisiani

benzi mgdes, n%rﬁpésg ns aanf 30 ditsta cins. 27 WO 00/ 53809 PCT/ US00/ 06183
8. The “conposi TP SRCSPI AR ROdURSOBIHISIEe  bi ndi ng enhancer is an

intercal ator compound. abinding ligand comprising a chemical moiety that binds to a

nucleic acid and that, when activated by light, forms at least one covalent bond

therewith;
a binding enhancer comprising a chemical moiety that has a
10 specific affinity for nucleic acids; and
a label comprising a detectable chemical moiety.
2. The composition of claim 1, wherein the binding ligand is an

intercalator compound.
15
3. The composition of claim 2, wherein the intercalator compound is

a furocoumarin or a phenanthridine.

4. The composition of claim 2, wherein the intercalator compound is

20 monoadduct forming.

5. The composition of claim 4, wherein the intercalator compound is

an angelicin derivative.

25 6. The composition of claim 2, wherein the binding ligand is a non-

intercalating compound.
7. The composition of claim 6, wherein the non-intercalating

compound is selected from the group comprising benzimides, netropsins and

30 distamycins.
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5 9. The conposition of claim8, wherein the binding enhancer is

nonoadduct form ng. 10. The conposition of claim1, wherein the binding
enhancer is a non-intercalating conpound. 10 11. The conposition of claim
10, wherein the non-intercalating conpound is selected fromthe group
consi sti n§"®93R38%| i go pyrrole, a phenyl indole, a nuclei ®CAEIS0/BH a
protein. 15 12. The conposition of claim1, wherein the binding enhancer
has an affinity for nucleic acids equal to or greater than 1 X 104 nole'.
13. The conposition of claim1, wherein the binding enhancer specifically
binds to nucleic acids in the presence of greater than 10 nM 20 magnesi um
14. The conposition of claim1l, wherein the |abel is a fluorophore. 15.
The conposition of &l ai mMbE commesision of plaim dpwherein the binding ¢nhenersscamt . 16.
The conpositi [ erein the label is a chronophore. 17. A
conposition fggteﬁgggﬁr?ﬁg}péﬁﬁmﬁd]econt am nating a nucleic acid 30
anplification reaction product conprising at |east two intercal ator

noi eties and a 28 WO 033153809 PCTI USQQ/ 06183 detectabl e | abel, wherein at
| east ohe of said i'nter cAC&PBIPORGPRO glaim 8y whergin the hindingsnbaresyis ent bond
wi th said nuclyedfpaddicHremmg fication reaction product. 18. A nethod for

| abel i ng and decontam nating nucleic acids in an 5 anplification reaction
m xture conprising the steps of. preparing a nucleic acid anplification

reacti on m xture; ontacting the mxture with a coppqgsition according to
claim1; and expoélﬁng ﬁﬁ’@cﬂﬂWPﬂPan’ﬁdPﬁr’%tW%?re ﬁﬁ%g‘gﬁ%rqﬂgﬁ@q@r?gth of

time and non-intercalating compound.

10
11. The composition of claim 10, wherein the non-intercalating
compound is selected from the group consisting of an oligo pyrrole, a phenyl
indole, a nucleic acid and a protein.
15 12. The composition of claim 1, wherein the binding enhancer has an
affinity for nucleic acids equal to or greater than 1 X 10* mole™.
13. The composition of claim 1, wherein the binding enhancer
specifically binds to nucleic acids in the presence of greater than 10 mM
20 magnesium.
14. The composition of claim 1, wherein the label is a fluorophore.
15. The composition of claim 1, wherein the label is
25 chemiluminescent.
16.  The composition of claim 1, wherein the label is a chromophore.
17. A composition for labeling and decontaminating a nucleic acid
30 amplification reaction product comprising at least two intercalator moieties and a
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10 wavel ength to cause the binding |igand to becone covalently attached to
nucleic acids in the anplification reaction mxture. 19. The nethod of
claim 18, wherein the binding ligand is an intercalating conpound. 15 20.
The met hod of claim 19, wherein both the binding |ligand and the binding
enhancer MEWH#%®r cal ating conpounds. 21. A nethod of prevERT{USEVEIHcI ei ¢
acid fromserving as a tenplate 20 in an anplification reaction,
conprising the steps of: contacting a nucleic acid with a conposition
according to claim1l to forma mxture; and exposing the m xture to |ight
of an appropr idateetabbdgbeﬂ wherbmrmlastd)ne\wmﬂemgﬁcblat@ mELsE fohfs ot ng

| i gand to becone co%al %&r&ﬁ to the 25 nucleic acid in the mxture.
22, The net hof"BFOA it org W1 é anphfigatiopseackienprsluche  mi xture
wi th the conposition according to cla|n11 is perfornmed before
anplification. 30 29 WO 00/ 53809 PCT/ US00/ 06183 23. The nethod of claim
18, wherein said stlép ofA mthogldmi llagelhigelndidxCQJﬁmiﬁatihg hieeic @ojde i 4 on

accord|§1gtocag1;i!1.|t r or. durl%sg mplification. 5 24. The net hod
of claim 18 \%ﬂlé’ 1°§’ar| lé)tné?f © EYHe ?gﬁ’ﬁsfaﬂ?éo ‘M xture with the
conposi ti on accordi ng t@réﬁaﬁhghlauu&c%{df&ﬁmaﬁ&ﬁFéacu@rm'u&fﬂ Catlon 25. A

conposition for labeling a nucleic acid in a clinical
conprising: a binding | icgataetingdhp mixturegvish ahempcstlommcm(yng ttactlallm hds to a
and

exposing the mixture to light of an appropriate length of time and
10 wavelength to cause the binding ligand to become covalently attached to nucleic

acids in the amplification reaction mixture.

19. The method of claim 18, wherein the binding ligand is an
intercalating compound.
15
20. The method of claim 19, wherein both the binding ligand and the

binding enhancer are intercalating compounds.

21. A method of preventing a nucleic acid from serving as a template
20 in an amplification reaction, comprising the steps of:
contacting a nucleic acid with a composition according to claim 1
to form a mixture; and
exposing the mixture to light of an appropriate length of time and
wavelength to cause the binding ligand to become covalently attaches to the

25 nucleic acid in the mixture.

22, The method of claim 18, wherein said step of contacting the
mixture with the composition according to claim 1 is performed before
amplification.

30
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nucleic acid and that, when activated by light, forns at | east one coval ent
bond therewith; a binding enhancer conprising a chemcal noiety that has a
15 specific affinity for nucleic acids; a | abel conprising a detectable
noiety; and a lysis reagent(s) for extracting the nucleic acid. 26. The
conposi ti B8P Q9f53%ﬂ9ai m 25, wherein the binding ligand is an PODUS#¥GsI%al at or
conpound. 27. The conposition of claim 26, wherein the intercal ator
conmpound is a furocoumarin or a phenanthridine. 25 28. The conposition of
claim 26, wherein the intercalator conmpound is nonoadduct form ng. 29. The
conposi tion of clakm 28 Thahetieidofichemi I8, @hemhéed st_@;ﬁ@@&ﬁﬂ:ti’nﬁ th@n angelicin
derivative. 30,30 WO 00/53809 PCT/US00/ 06183 30. e conposition of claim
26, wherein t A&XHFWithgha sogmpeaition ageording te plabn d 4$ performed svpoand. 31, The
conposition ogmﬁjiﬁ&moﬁp, wherein the non-intercalating 5 conpound is
selected fromthe group consisting of benzimdes, netropsins and

di stanycins. 32. The conposition of claim25, wherein the binding enhancer
is an . ntercal at Oé?co und, The conposition of claim 32, wherein

0 33.
the bi Adi ng enhancér: i rﬁﬁﬁm@édﬁe alm&rgn’{"hﬁr.elrg%.ld #%Of:mmgﬂ% of claim
25, wherein 1 gxiteWih the@BRPBSIEDN h&cofding o AN 1 M FlihRE ! 4, COMPOUNd.

amplification.

25. A composition for labeling a nucleic acid in a clinical sample,
10 comprising:
a binding ligand comprising a chemical moiety that binds to a

nucleic acid and that, when activated by light, forms at least one covalent bond

therewith;
a binding enhancer comprising a chemical moiety that has a
15 specific affinity for nucleic acids;
a label comprising a detectable moiety; and
a lysis reagent(s) for extracting the nucleic acid.
26. The composition of claim 25, wherein the binding ligand is an
20 intercalator compound.
27. The composition of claim 26, wherein the intercalator compound is

a furocoumarin or a phenanthridine.

25 28. The composition of claim 26, wherein the intercalator compound is

monoadduct forming.

29. The composition of claim 28, wherein the intercalator compound is

an angelicin derivative,
30

30



35. The conposition of claim 34, wherein the non-intercalating conpound is
sel ected fromthe group consisting of an oligo pyrrole, a phenyl indole, a
nucleic acid and a protein. 20 36. The conposition of claim25, wherein the
bi ndi ng enhancer has an affinity for nucleic acids equal to or greater
than 1 X Y0UE® . 37. The conposition of claim25, wherePRTUSIMIAHI ng
enhancer 25 specifically binds to nucleic acids in the presence of greater
than 10 nM nmagnesi um 38. The conposition of claim25, wherein the | abel
is a fluorophore. 30 39. The conposition of claim25, wherein the |abel is

chemi | umi nescent. 30. WOTOR/co3B0StiBCH LIS 66H83ein4Bs biRbR q%rm@ﬁ dhap of
claim 25, wherein the |label is a chronophore. 41. A nmethod for |abeling a

nucl ei ¢ aci d iI"MCK2RANHFREPOWdNpl e, conprising the steps of. 5 adding a
binding ligand to the clinical sanple, wherein the binding |igand
conprises a chemcal noiety that binds to a nucleic acid and, when
activated by |ight 31f or heabmbesitibn oNeaieo9@|veirtreih ditchdrhigtewilithig addi ng a

bi ndi ng. enhancer to(fhe clini.cal sanple, wherein the binding enhancer
conpri ses a chemPeUd isselastsd frRmy the group copasting of beppimidesy netgapsins@nducl ei ¢
acids; addi ngggatdndReds. t o the clinical sanple, wherein the |abel conprises a
detectable noiety;” adding a lysis reagent(s) to the clinical sanple; and
exposing the mxture to light of an appropriate length of tinme and 15
wavel ength to cause,the hinding.l.igand to_ beconme covalently attached to the
nucl ei ¢ acid anpli giz‘cati EC?@BQ%‘?%J%O%&%‘& wherein the bin ing efthancer 1s an

intercalator compound.
10

33. The composition of claim 32, wherein the binding enhancer is

monoadduct forming.

34.  The composition of claim 25, wherein the binding enhancer is a

15 non-intercalating compound.

35. The composition of claim 34, wherein the non-intercalating
compound is selected from the group consisting of an oliéo pyrrole, a phenyl
indole, a nucleic acid and a protein.

20
36.  The composition of claim 25, wherein the binding enhancer has an

affinity for nucleic acids equal to or greater than 1 X 10* mole™.
37. The composition of claim 25, wherein the binding enhancer
25 specifically binds to nucleic acids in the presence of greater than 10 mM

magnesium.

38. The composition of claim 25, wherein the label is a fluorophore.

30 39.  The composition of claim 25, wherein the label is

chemiluminescent.
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42. The nethod of claim41l, wherein the binding ligand is an intercalating
conpound. 20 43. The nethod of claim42, wherein both the binding |igand
and the binding enhancer are intercal ating conmpounds. 44. The nethod of
claim4l, wherein the binding Iigand, binding 25 enhancer, and |abel are
chenical | YA9%R¥] as a conjugate. 45. The method of clai m RET/USPER6EEN t he
bi ndi ng ligand, binding enhancer, |abel and lysis reagent(s) are added
together to the clinical sanmple. 32

40. The composition of claim 25, wherein the label is a chromophore.

41. A method for labeling a nucleic acid in a clinical sample,
comprising the steps of:

5 adding a binding ligand to the clinical sample, wherein the binding
ligand comprises a chemical moiety that binds to a nucleic acid and, when
activated by light, forms at least one covalent bond therewith;

adding a binding enhancer to the clinical sample, wherein the
binding enhancer comprises a chemical moiety that has a specific affinity for
10 nucleic acids;
adding a label to the clinical sample, wherein the label comprises a
detectable moiety;
adding a lysis reagent(s) to the clinical sample; and
exposing the mixture to light of an appropriate length of time and
15 wavelength to cause the binding ligand to become covalently attached to the

nucleic acid amplification reaction product.

42. The method of claim 41, wherein the binding ligand is an

intercalating compound.

20
43. The method of claim 42, wherein both the binding ligand and the
binding enhancer are intercalating compounds.
44, The method of claim 41, wherein the binding ligand, binding
25 enhancer, and label are chemically linked as a conjugate.

45. The method of claim 41, wherein the binding ligand, binding

enhancer, label and lysis reagent(s) are added together to the clinical sample.
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