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Field of Invention This invention relates to the field of

nucleic WO9/H364d anplification reactions in general aRET/H§R6H4806
particularly relates to a continuous anplification 10 reaction, and

reaction generating specific anplified RNA products froma DNA target.
Background of the Invention The anplification and detection
of specific nucl ei c acid sequené%s present in mnute amounts i s an

15 irfereasingly |rwxnédﬂyimbgggnhﬁpﬁigrahTtggnﬁggdﬁjah and classifying
m croorgani sms, di agnosing infectious di seases, detecting and
tharacteri zing gene%&c, | v‘genetlc changes

associated with : Stoay FTosusteptToi lity to disease,
and 20 neasuring E@sgoa@ni#qataamueasatqqna;nuﬁtaweaannpﬂrt ofuch

procedures paye miceac app ﬂl&aﬂa?ﬁtsggzuf?w ebecsssy 4.|ﬁr1dad on | g
quantltatl oLgan in foodstuffs, environnenta sanpl es, see
st ocks,? *%ﬁﬁggiggésiggfnaterial wher e t he presence of specific
nlcroorganlsns may need to be Edgld gf Inventdon (ot her applications are found
in the forensic Thsslimnnn;xomntblap@édgytharchehmhngmmcbembogy and

clinical acia WifhiEieathsi &-dRRIURE T  gdlerhlionhg! diANeSS of nucl eic

aci d sequences has i f to i denti é? rimna suspects, resol ve
paternity R¥hiRdardy tetifss 3@ a geRbimunnec arPiificatiB®yenctic trees, aid

I n Claﬁﬁifyreqpuion, and reaction generating specific amplified RNA
products from a DNA target.
Back a e Inve
The amplification and detection of specific
nucleic acid sequences present in minute amounts is an
15 increasingly important technique for identifying and
classifying microorganisms, diagnosing infectious
diseases, detecting and characterizing genetic
abnormalities, identifying genetic'changes associated with
cancer, studying genetic susceptibility to disease, and
20 measuring response to various typeslof treatment. Such
procedures have also found expanding uses in detecting and
quantitating microorganisms in foodstuffs, environmental
samples; seed stocks, and other types of material where
the presence of specific microorganisms may need to be
25 monitored. cher applicatidns'are found in the forensic
sciences, anthropology, archaeclogy, biology and clinical
medicine where measurement of the relatedness of nucleic
acid sequences has been used to identify criminal
suspects, resolve paternity disputes, construct
genealogical and phylogenetic trees, aid in classifying a

. 30 variety of life forms, and identify disease states.

A common method for detecting and quantitating
specific nucleic acid sequences is nucleic acid
hybridization. The sensitivity of nucleic acid-

35 hybridization assays is limited primarily by the specific

activity of the probe, the rate and extent of the



variety'r of life fornms, and identify di sease states. A

common net hod for detecting and quantitating specific nucleic acid
sequences is nucleic acid ~hybridization. The sensitivity of nucleic
acid 35 hybridi zati on assays is limted primarily by the specific
activity of the Probe, the rate and extent of the WD 97/ 10364
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of the probe, and the sensitivity with which t he | abel can be
detected. The nobst sensitive procedures may | ack many of the features
required for routine clinical and enyironnental testing, such as
speed, econony and conveni ence. Furthernore, their sensitivities my
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anplification procedure jcatio on of the
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Comprom SIn0 SBEg! fEliatc aevixter, ot st ARBheL Ry SRR ok H AR o 1o
percentage of false positive test results The linkage
between'sensitivity and specificity has been a significant
barrier to improving the sensitivity of hybridization

15 agsays. One solution to this problem would be to
specifically increase the amount of target sequence
present using an amplification procedure. Amplification
of a ﬁnique porticn of the terget sequence without
ampiification of a significant portion of the information

20 encoded in the remaining sequences of the sample could
give an increase in sen91t1v1ty while at the same time not
compromising specificity.

' ' Amplification has been used to increase the
sensitivity of nucleic acid assays. One common method for

25 specifically ampllfylng nucleic acid sequences termed the
'polymerase chain reaction" or "PCR" has been described by
Mullis et al. (See U.S. patents 4,683,202 and 4,683,195
and European patent applications 86302298.4, B86302298.4,
and 87300203.4 and Methods in Enzymology, Volume 155,

30 1987, pp; 335-350.) The procedure uses repeated cycles of
primer dependent nucleic a¢id synthesis occurring
simultaneously using each strand of a complementary
sequence as a template. Therefore, at least two primers
are'reqﬁired in PCR. The_sequence amblified is defined by

35 the primer molecules that initiate synthesis. The primers
are complementary to the 3’-end portion of a target
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Bﬂergguﬁhqoprlmers used in the PCR reaction and then,
after amplification by the PCR procedure for several
cycles, using the double-stranded DNA as témplate for the
transcription of single-stranded RNA. (see e.g., Murakawa
et al. DNA 7:827-295 (1988)). Other methdds of amplifying
nucleic acid sequences are also commercially available.
These methods include the ligation amplification reaction
(LCR}, and the transcription-based amplification reactioh.
Ligation amplification reaction is described by Wu, D.Y
and Wallace, R.B, Genomics 4:560-569 (1989) and Barringer,
K.J., et al., Gene 89:117-122 (1990). Transcription-based
amplifiéation reaction is described by Kﬁoh, D.Y., et al.,
Proc. Natl. Acad. Sci. USA 86:1173-1177 (1989). These
methods have the advantages of high sensitivity, but the
disadvantages of being prone to false-positive results
from reaction product contamination.

It is therefore an object of the present
invention to amplify a térget nucleic acid by continuous
amplification reaction, which does not require repeated
cycles of amplification and produces many RNA copies of
the target sequence.

Another object of the present invention relates
to detection of minuté amounts of nucleic acids through
use of a continuous amplification reéction (alsoc referred
to herein as "CAR").. _ | _

Yet another bbject of the invention is to

al . DNA
sequences
I gation




(LCR), and the transcri ption-based anplification reaction. Li gation
anplification reaction is described by Wi, D.Y 20 and Wal | ace, R B,

Genomni cs 4:560-569 (1989) and Barringer, - - K'J:, et al., Gene 89:117- 122
(1990). Transcription-based anplification reaction is described by
Kwoh, D.Y., et al Proc. Natl. Acad. Scl. USA 86: 1173 1177 1989)
These rrefvﬂc?a@%ve t he advantages of high sensitivity, WY

di sadvant ages of being prone to false-positive results from react i on
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i s based on an ucle contdlin ase
ollgonucleotxde prlmer contalnlng a RNA polymerase

promoter. This oligonucleotide is referred to herein as a
promoter primer.

15 ' " The promoter portion of the promoter prlmer may
be flanked on either or both sides with regions homologous
to one or two separate regionsé on the target nucleic acid
‘molecule. ~ Alternatively, the promoter-primer of the
present invention may be a partially double-stranded

20  oligonucleotide wherein it is double stranded within the
promoter portion and single stranded within the primer
portion of the oligonucledtide. A third alternative
provides a promoter-primer which is a single
oligonucleotide strand which is double stranded within the

25 promoter region due to a stem loop formation in the
oligonucleotxde -

When the promoter is located in the center of
the promoter-primer, hybridization between the promoter-
primer and the target region of a nucleic acid forms a

30 circular template-primer hybrid. Alternatively, the
primer portion can be located downstream of the promoter
on the promoter-primer in which case hybridization to the
target region of a nucleic acid forms a linear structure.

| Any nucleic acid may be amplified by the method

35 of the present invention. A nucleic acid comprises a

string of nucleotides of variable length. The nucleic




pronoter. This oligonucleotide is referred to herein as a v .
pronoter-prinmer. 15 The pronoter portion of the pronoter-priner
By Be—H-aAked—on—ei--ReF—ei—Ret-h—s-aes—w--h—-eg-ons—-honol ogous to
one or two separate regions on the target nucleic acid nol ecul e. .
Alternatively, the pronoter-prinmer of the present invention nmay be a
partially double-stranded 20 oligonucleotide wherein it is double
stranded woBb110364he pronmot er portion and single st PENHEWIH% hi n t he

pri mer portion of the oligonucleotide. Athird alternative

provi des a pronoter-priner which is a single ol i gonucl eoti de strand
whi ch is double stranded within the 2 pronoter region due to a stem | oop
formation in the. - oligonucl eoti de. ‘\When the pronoter is

locateck i n LDgq GRlY Fe Qhp1isied Nt BEBNBRELrdUy BH o PuPEigH 2 ithd bet ween
the pronoter-

e targ t_reqi nuclgj c iLd forms a
30 circul QPC%%I%S’(‘@ BFY?%? ‘Fﬁ;&tﬁﬂ ? aé%ﬁ@{hcgf:mn ﬁ{ eﬁ%egl mer
portion canchse) duts eegdonnet rmnmtblehe ?ﬁmﬁalnlng o‘H“E he

pronot er - pr hgﬁﬁeﬁcﬂe W %Qqﬁilﬁéa hedy b&baateﬂrpxtﬁletrhnybridﬁmgm andgi on of a

nucl ei ¢ aci or s | ine eic acid may
be anplifielh 5y5?QﬂFQﬁﬁ:ﬁﬁge élgér Fﬁgnﬁ?iépﬁﬁpl AYEnt ?€§P% q:'Inuclelc aci d
conpri ses aherein sig ithg bargek|xesioges of variable |ength. The nucleic

g[)97/10364 o In FhF case where a portion of BCﬁﬁbE£&H1h8ﬂ36;s
aci e.a Lfje Wt NLEr o] t he
nucl ei c aC|ghﬁa§gfﬁ?t eg%Pgﬂd$ﬁé]j % Bk {ﬁé’ﬁﬂbﬁﬁig éﬁié”héy case, the

regi on of tHEtnu%IhﬁifPr@checm%rﬁglPﬁeand suchdlehlering equired for
pronoter pr b elydriglirembired :Emda trimmihe stexplenThiscbrep away be
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In the case a por on O a nuc el C_acl
comprzse a separate enzyme or the exonuclease activity

associated with many nucleic acid polymerases.
Alteinatively,'a unique restriction'site_may be c:eated'by
hybridization of the denatured, single-stranded nucleic
15 acid sequence to a trimming probe. The trimming probe
comprises a sequence complementary to the 3’ junction of
the target region. .The 3’ junction of the target region
comprises a sequence complementary to a portion of the.
target region_and_axsequence'complementary to a region of
20 the nucleic acid located 3' to the target region. Hence,
restriction digestion of the site created by this hybrid
molecule will generate a trimmed 3’ end, wherein the
product-is ready fbr.hybridization with a promoter-primer.
Optionally, the trimming-probe may carry at least one
25 ligand, capable of being captured on a solid matrix.
Under either of these conditions, the template-
E2 promoter primer hybrlds are extended by the enzymatlc
activity of a nucleic acid polymerase It may also be
desirable to incorporate modified nucleotides into the 3’
30 portion of the promoter- primer, such that the
exonucleolytic activity associated with many nuclelc acid
polymerases will not digest any part of the_premoter-
primer After polymerase extension along the length of
template and promotex region, a double-stranded nucleic
35 acid is formed. . This product is subjected to
transcription us1ng, for example, RNA polymerase In this




t he tarbet region, the 3' end of the nucleic acid may ~extend beyond
the target region and such 3' fl anking sequence is renoved in a
trimming step. This step may be 10  acconplished by 3'-5" exonucl ease
digestion whi ch may conprise a separate enzyire or the exonucl ease
activit associated with many nucleic acid pol ynerase
Al ter na%ll vel ywog”ﬁ’ﬁf‘que restricti gn site may be (F:)re;t ed byi’CI‘IUS%IMBOS
hybri di zati on of the denatured, single-stranded nucleic 15 aci d sequence
to a trinmng probe. The trimm ng probe conpri ses a sequence

conpl ementary to the 3" junction of ghe target region. The 3
junction of the target region conpri ses a sequence conplenentary to a
portion of°theway, attempiatecdNANcandba ieijrectdycanpl chimd siyhbota regi on

of 20 the nughgi feddith |d&%edu§ aﬁ? é;}@.e@a%‘i&{&g' Oréauch Hence,

restriction digestion, of t Lecule will
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DNA can be i ndihybetilyzatidn fafedhdist pptrhoter primer to target DNA,
transcription is carried out. Optionally, a ligation
15 reaction may be carried out to £ill the gap between the
promoter and the template. Further, it may be desired to
produce'a fully double stranded transcription template by
first extending the partially double stranded hybrid with
a nuciebtide'polymerase,'preferably a DNA polymerase.

20 ' Kits are provided for screening samples for
specific nucleic acid targets via CAR-produced RNA
transcripts. ' '

; Brief Descr £ the Draw
Figure 1 is a schematic diagram illustrating
25 CAR. 'Sfep A shows the hybridization of a double stranded

target DNA molecule with a single stranded promoter-
prlmer Step B shows the use of exonuclease, specific for
3’25’ cleavage which digests the excess single-stranded 3’
ends of the DNA. Step C shows extension reactions using

30 DNA polymerase, extending the 3’ end of the promoter-probe
and target DNA thereby producing a double-stranded DNA
hav1ng a functlonal RNA polymerase pronioter at its 5’ end.
Step D shows a transcription reaction with an RNA
polymerase. Step E shows transcript'hybridization to a

35 DNA probe making an RNA/DNA hybrid, which provides one
method of detectlng CAR- produced transcrlpts



the need to carry out any cycled reaction. Such transcripts can be

detected by vari ous nethods |ncIud|ng a hybrrd capture systen1
anplrfrcatron reactlon using a partially double stranded
pronoter-prinmer which is double stranded in the pronoter portion and
single stranded in'the priner portion. Prior to hybridization with the
pronot er pPVO9E10364 any 3' flanking sequence is r enovEGTUSNREP8 pyal or
10 "trimm ng" of the 3' flanking sequence may be carried out Wi th,
for exanple a trinmm ng probe, which renoves the any singl e stranded
sequences 3' of the target region. Upop hybri di zation of this pronoter
prinmer to target DNA, ~transcription is carried out. Optionally, a

l'igatioh 15 reaCt'Qﬂgﬁ%& be qatrarsnaa Oullﬁsstffadmgt Bhe gHIV-1etDNAen t he
pronoter and the t

e b r oduce a
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partial ly dgebéexats (CARI&SXEGEPid With a nucleotlde pol yner ase,
preferably a DNA pol ywiefaees: 20schematic nrawiﬁg ofatkepvawiaied for screening

Sampl es 1 Of onysndWiRHs b AyhtEdE ety 100k, via CAR produced RNA

transcrjpts: SCri ption of t e, Drwmr1
Figured is a scherratﬂlé‘-‘a’PaQFani}rllqﬁKPFaY?rﬁcrﬁ"atleA eA shows t he
hybri di zat i eaiDdfembsiisiene . stranded t arget DNA nDIecuIe with a single

stranded pronoter - §§9 hgy@h thpareea®iy SdibiE-case,
3 C eav

specific for e di gests the excess, single-stranded
3' end§t6?n49f%: RIQROLSE pr aﬁé é’ﬁ?%ﬁg‘?%‘ﬁ”‘r &4E8i bR % g 30 DNA
pol yner ase, pesbendi ng the 3' end of the pronoter-probe and target DNA
t her ebyg produci ng a d4gyhe- Etraﬁ%% with 16p peomofengidineal RNA

pol yner ase prgnnt |tsb5' en Step D shows a transcription
reaction wi &f §%$gng pro ﬁolynerase Step E shoms transcri pt

« hybridi zation to a 35DRetalled Desorip AYeReA@ri d, which provides
- one met hod of dﬁteeetrbaen@ﬁﬁ&duﬁeeleumw Bhe.
amp11f1cat10n of a target nucleic acid. A method of
15 amplification according to the present invention comprises

denaturing a target nucleic acid forming a single-stranded
nucleic acid strand; hybridizing said single-stranded
nucleic acid to a promoter-primer forming a hybrid;
trimming back the 3' end of the nucleic acid strand;

20 extending the 3':end of promoter-primer and the trimmed 3°
end of target strand with a nucleic acid polymerase
forming a double-stranded nucleic acid having a functional
RNA polymerase promoter; transcribing the double-stranded
nucleic acid producing many RNA copies of the target

25 sequence. : _ o o

The ability to introduee a functional promoter
to a specific site, in a target- dependent manner, allows
the generation of at least 100 RNA transcripts from each
specific nucleic acid target molecule. Coupling the CAR

30 method with a specific and highly sensitive detection
system, such as the Hybrid Capture system as described
herein, permits the detection assay to be coupled with two
levels of specificity. The first level of specificity is
provided by targeting epecific'regions of a nucleic acid

35 for amplification using the promoter- primer and the second
level of specificity is achieved through use of a probe to
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7 Figure 2. Plasmd, illustrating the H V-1 DNA

region, with nultiple-internal restriction sites; used to - generate CAR
targets. Figure 3. Schematic Drawi.ng of the various

conmbi nations_of hybrids useful in CAR 5 ' Fi gur

Illustrative™ %gfl c of capture tail enbodi nent. J I?CT%S%/usos

Figure 5; Ligase CAR with a partially doubl e- - stranded pronoter priner
and restriction site trinm ng probe. 10 Figure 6: Ligase

CAR wi th | oop promoter-primer and t gi mm ng probe.
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20  extendi nqntﬂaﬂthnende@cxﬁrmtimtsrémpewhehﬁuéiém& end of
target stgand with a nu e%: ameregol yner ase formng a doubl e-stranded
0

nucl ei c aC| d FFW& 5% th RNA pol ynerase pronoter; transcribing
t he doubl e- stranded Anmmtmc@ afi Euﬁl%(ﬁqw-n&nypmitﬁﬁ)l%n@h t he

target 25  sqfiid¥ded form, can be utilbfedilid ithe testnéamshee @ohunctional

pr onot er pe [ t ende al | ows
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system as desq]{hqped bl é}na'pggglrhs %ﬁ&&pggcghgn%gﬁgay to be coupled

wth two evel spec I Clt irst leve specificity is

provi ded by t H&‘?’W&%’ﬁ L¥j the "1“-'@51 SAUPLE WAy Re & tigeng Fwecinen
anplificati on sisspegtiedeofr cantyeimgpiai macleaiw ddidl ofcdnterest. [Theel of

specificity ispaohiievadihhEQUsd directbadiP alf tledt sample is DNA or

15 RNA, including messenger RNA, from any source; including
bacteria, yeast, viruses, and the cells or tissues of
higher organisms such as plants or animals. Methods for
the extraction and/or purification of such nucleic acids
have been described, for example, by Maniatis, et al.

20 Molecular Cloning: A Laboratory Manual (New York, Cold
Spring Harbor Laboratory, 1982). '

The nucleic acid sequence to be detected in the
test sample may be present initially as a discrete
molecule so that the sequence to be detected constitutes

25 the entire nucleic acid, or may only be a component of a
larger molecule. It is not necessary that the nucleic
acid sequence to be detected be present initially in a
pure form. The test sample'may contain a complex mixture
"of nucleic acids, of which the nuclelc acid sequence to be

30 detected may correspond to a gene of interest contained in
total human genomic DNA, or a portion of the nucleic acid
sequence of a pathogenic organlsm which crganlsm is a
minor component of a clinical sample.

' The term "oligonucleotide" as the term is used

35 herein refers to a nucleic acid molecule comprised of two

or more deoxyribonucleotides or ribonucleotides. A
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detect the newy transcri bed
detection of specific DNA sequences. The present invention provides

t he CAR approach, which allows the detection |limts of specific
nucleic acid 5 sequences to be | owered. Any source of

nucl ei ¢ acW@971e36puri fi ed or non- purified form cXETHISII06 zed as
the test sanple. For - exanple, the test sanple may be a food or

agricul tural product, or a human or veterinary clinical specinen. 10
Typically, the test sanple is a biologgcal fluid such as urine, blood,
pl asma, serum sputumor the |ike. . . Alternatively the test sanple my

be a ti53UedéBEféJQSligonuc&%&EE&é..Qﬁhap_fbecﬁi'éy&fﬂi Dyndalebeigaid of interest.
|

The nucl ej c.acid.to be detect.e | _the_ test s e is DNA or 15 RNA,
i'ncl udi ng n@ggbﬁ e rSHTh 35 PYRE ‘hflatsltﬁﬂ% om; ﬁc’ﬁsﬁﬂxﬁgw CcoPEtt S i a, yeast,
vi ruses, angucheiceaidifd,oon desnevo (fynthesifpj gRvamplganPEns such as plants
or ani nal s. olkgbRES1ddides arkhprébdd aeldl promdtlOhrinersi dedddbedf such
nucl ei c aciﬂgre have been described, for exanple, by Maniatis, et al.,
20 Mol ecul ar %?bnin . A Laboratory Mnual (New York, Cold Spri ng
Har bor faboratory, 1 term "RNA transcriphp af Ghe Eex®i #8 seqffence to be
det ect ed i nhkbein refdmstosanpibonmldie acesdandldoulei syhyhesizedli screte
mol ecul e SOpLNglh ke AAGEIEES | SnfinaIShBEL Cths Wbl 68 die  (he entire
nucl ei ¢ acid; or may “only be_a carnponent of a arger nolecule. It is
not necessaPyoRARET IBRINGE:| eFRe RN. tr&E‘PGr%ﬁl&fn@esPS"bg"‘ﬂeﬂ"é‘é@éﬁ be
present ini acddl gequercce is eipber Hamologolfeor exmpddmpheargitccontain a
conpl exo M xXLyLe se%renég: nucl ei ¢ acids, of which the nucleic acid sequence
to be 30 detected nmay correspond tq a. gene of .i.nter gontained in
~ total human genonic [§@§t18P°35p@Wéﬂﬁﬁ%qﬁFg?ﬂéR?ﬂﬁﬂﬁgpc(g§$% Y18 sequence of
= .a pat hogeni capabiei ofinawpldfydngamininliedcgacid templade tongrdemtoof a
clinical sagpb@uce a detectable amouift ofr RNA ObFciRiddC| ephéde” as the termis

amplification method can detect as little as 10-100

15 molecules of nucleic acid.. The method uses an
oligonucleotide comprising at least one segment
complementary to one strand of a target sequence and a
segment .containing a promoter. This oligonucleotide
primer, when hybridized to a strand of a template,

20 preferably the anti-sense strand, and extended can
generate a copy of the target nucleic acid with the
capability of transcription via the added promoter
sequence. The promoter is added to the 5’ end of the
strand to be transcribed. If the anti-sense strand of a

25 target region is used for the hybridization step, the
promoter is added to the 5‘ end of the coding strand of
the target nucleic acid. : _

_ In one preferred embodiment, a nucleic acid and
a promoter-primer are hybridized. The primer portion of

30  the promoter-primer is designed to be complementary to
non-contiguous portions of the target region. For example
portions at both ends of the target region of the nucleic
acid may be selected for hybridization. 1In addition, the
promoter-primer is designed td contain a promoter sequence

35 for an RNA polymerase. Upon hybridization, the primer
portions of the promoter-primer link the 5’ and 3’ end



35- herein refers to a nucleic acid nol ecule conprised of two or

nor e deoxyri bonucl eotides or ribonucleotides. A WO 97/ 10364
ol i gonucl eoti de may be prepared by any suitable nmet hod, such as
urification g naturally occurrin nucl ei ¢ acid, or de novo
Eynt hesi s. E%ér%ﬂgg“of gl i gonucl egt i des are probes an@CTUS6/14806
pronoter-priners described herein. 5 The term "RNA
transcript” as the termis used herein refers to a ribonucleic acid
nol ecul e synt hesi zed by an RNA pol yggrase enzyme under the control of
t he pronoter-primer. The RNA transcript of a specific nucleic

aci d sequence portdiongeofhhohe|tgyetr aegtonpdf Nanrileiy teid) sudktcmquence.
Cont i nuous Amlyd i be8r Reéqld ortRon i Cdwi b | fying a
nucl eic acid t%rg)lpg%gl?ggro%deréﬂ?gi’o- g%oifjcseangw %?ggtggﬂgé%r?m@&lrﬁ of RNA
product. The tﬂﬁ?ﬁf‘f’f‘?ﬁ 1§%h SPGURBEeBan THE d&Pudt PE(ERES as 10 100 15

mol ecul es of rhydmdidizatidn isHtherdoirmdtionsofim circlel i ghereimfitede

comprising at ¢13astemBBAIREHTIY referre@NPb AP VAYLLIrOBRRS! I Al (9f, @
target sequence and;a . _segment conta!nlgg ai$wnmner. Thi s
ol i gonucl éot | 8¢ Whegpe; fhe %%ﬁﬁ? FEEAPRI LR 8romedt, 9fda o} 2%8%%npl ate, 20

preferably theugdeicsanid hybridizagidnesf crite promoter-primenrademlascopy of
the target nudrPithedgotmitidh (¥ a circtaP@binh idey 10hst 8RS Cadgli iy Vi a the
added promoter, s - Sequence. The pronmoter is added to the 5" end of the
strand to be ttanscribed. |If the anti-sense strand of a 25 target region
is used for the hybridi28Yi®ingkeegrranded 3’ guquencer flankinedhe the 5'
end of tH® codiaigyert ragiloRmay thein®el Bfdfthed WK €o26tduce a 3’ end
of the target sequence which is flushed with the
hybridized promoter-primer. *Flushed" as the term is used
- herein refers to a double-stranded end with no single
stranded sequence at the end of the target nucleic acid:
IS For example, a 3’ flushed sequence may be produced by the
triming step. Simultaneous with or subsequent to the
trimming back step is the extension step which extends the
3’ ends of the hybrid structure via a nucleic acid
polymerase forming an extension product. The nucleic acid
20 polymerase extends the 3’ end of the promoter-primer along
the template to form a double stranded intermediate. The
polymerase also extends the trimmed 3’ end of the template
thereby extending the nucleic acid so that the fesulting
intermediate product will be double-stranded along its
25 entire length'and carry a functional transcriptional
promoter. Finally, the doubie-stranded extension product
is transcribed by an RNA polymerase, generating multiple
RNA transcripts from each extemsion product. The
promoter, originally part of the piomoter-primer,
30 facilitates the action of the RNA polymerase,; resulting in
the production of many RNA transcripts from the copied
target nucleic acid. - ' ' '

Another embodiment of the present invention
relates to the use of an oligonucleotide promoter primer,
35 wherein the primer portion is complementary to a 3’
portion of the target region in a nucleic acid sequence.



In one preferred enbodi nent, ‘a nucleic acid and a pronoter-priner are
hybri di zed. The priner portion of 30 t he pronnter-prlner S deS|gned to
avinvimeaiicay . on. For
exanpl e portlons at both ends of the target reglon of the nuclelc
acid may be selected for hybridization. In addition, the
pronoter-prinmer is designed to contain a pronoter sequence 35 for an RNA

pol ymer aseWO %3364 hybri di zati on, the priner por t i oFETAISI6/ 14806
pronoter-prinmer link the 5 and 3' end WO 97/ 10364
PCT/ US96/ 14806 10 portions of the
target region of nucleic acid, such that t he pronoter sequence portion
i s sandwi ched between the - two hybridi zed end sequences. The result of
tﬂi s nb dhl’ﬁﬁbdéxﬂ@éd?ﬁrlts 1%?Eef‘@ii:i@ﬂﬁéi‘nr6feﬁr£d d as Heiee@after "

i s enbodi s ceferred to as .'cir case where
the target I on T’%eaP mé’ At p%ftm'f &uége prom%tue(ﬁ &r&gﬁﬁl st hybri di zati on

of the prondpeatediatertheeS| end. Aftier hybridizatiiom isf campletg.e with at
| east one damgkiifgle straRiddd sequences flanklﬁgytﬁéIﬁﬁrgeﬁtfa@ﬂﬁﬁ 3' sequence

flanking th 0 o SHE k to produce a 3'

end ﬁ‘ta% b?aéﬁ'@ﬂse%ﬁgiﬁcgo cﬁﬂ: ?usﬁi ‘#l&ﬁ? hybri di zed
pr onot e¥ - pr |S|4=E‘P1ta’F‘F‘EP§1éH"-ha§rt webqwtstaseﬂmal %FEPnBHﬂ’e? s to a
doubl e- st r aptedndad amtﬂlamkiagng&quence, ekt enstixh daqearetedtodthe end of the

target nucl ghg Bl actfvicy 8k £AMIAC Acia ISJ:WEE&%hs%qufﬁ@gcfﬁm ‘o the

produced by t trim ste | mul t aneous

triming ba@R SKEPP$LOR PFO Y g Fhennevl v addeds PFﬂ%9ter 3' ends of
the hybri d segiobur erha a:eaumuxhgldmmitedstrandemlr;um.m.seaémnisng an

ext ensyen pt:n@u%raﬂ@:fué@ @i Eh A ch»éppol?ﬁéws‘é A¥acripdsatye 3' end of
t he pronnterhgrlne e to forma double stranded

‘i nt er nedi at & Tﬂ%w{y aé%%ﬁ 958W%5i§2ﬁ§ﬂ9e8§?ends the trimmed 3' end of the

“ tenpl at e . Yet another embodiment of the present invention,

which is referred to as double-stranded-CAR . ("ds-CAR"),
relates to the use of a partially double-stranded

15 promoter-primer (referred to as "ds-promoter-primer®),
wherein the promoter-primer is double-stranded within the
promoter portion and is single-stranded within a region
downstream to the promoter which is eomplementary to the
3’ end of the target region. '

20  In one embodiment of ds-CAR, upon hybridization,
the 3’ -end of the DNA target directly abuts the 5’ end of
the short strand of the ds-promoter-primer. This hybfid
structure may be directly subjected to transcription.
Optionally, ligase may then be reacted with this hybrid

25 forming a continuous, partially double-etranded template
which is alsc transcription-ready. Yet another optional
step may include extending either of the above described
partially double stranded molecules (either ligated or
non-ligated) w1th a DNA polymerase, thereby producing a

30 fully double stranded template, also ready for
transcription (see, for example, Zhou, et al. 1995 Cell
82, 577-585). Transcription is then carried out using an
RNA polymerase to produce many RNA transcripté.

The partially double stranded promoter-primer of

35 the present inventién may be made up of'multiple
oligonucleotides, which have been hybridized or covalently



t hereby extending the nucleic acid so that the resulting I ntermedi ate

product will be doubl e-stranded along its 25 entire length and carry a
functional transcriptional ~— pronoter. Finally, the doubl e-stranded

ext ensi on product is transcribed by an RNA pol ynmerase, generating

mul tiple RNA transcripts fromeach extension product. _The

promoter, ori §{HEMMMpart of the promoter-priner, 30 faci PFIHY%A480¢,
action of the RNA polynerase, resulting in t he production of many RNA
transcripts fromthe copied target nucleic acid.

Anot her enbodi nent of the present inventigph relates to the use of an

ol igonucl eqtide pronoter primer, 35 wherein the prinmer portion is
conpl ement ary tldnked. Altepratiivellyothkhésimfayeiteregrdfet ey MeClaci ¢ aci d

;g%fﬁggg)14806single olifbh N R3¥E strand with-intraTileCular fﬂ%qgng

enbodi ment is fAREPiLiEies ruich thatt 8 gtemrlopmystructuresfs formed.pronot er
portion of the wherednetherstem iiss formed whtiniredthet prbmobér epuktiohf t er

hybri di zati on i,%iGQ"Rhet Sri 3§ ol ird T s fd anking the
target regigon .l ma% e tr fm igglcgg%?ﬁro t?%ggaagggﬁ?ﬁ'hec}lnend. 5
Si mul t aneodls wiglFSE SRBS HRRACURT e Shpgafed Paydon RE| Ehe promatersnded 3'
fl anki ng sequenpEmesxcomprises i RNA pedlywerase promotert Bequeride,ity of a

nucl ei ¢ aci d PQIEPRAESS he PELRYIE M randed BOrEIEESmpR1RESULI ing the
newl y added pronot ° [ .,_r‘lgrrlleeregﬂ%ﬁi Hg dogblle stranecigﬂr{\cécl eic
p

r regi_o
acid is 10 thcﬂqﬁﬁg‘ﬁ%?%e'ﬁg\ﬂt BoTRARR S8EICF JEFIT N By
the new y addedysigdet aridequence. ~ Yet anot her enbodi nent

of the prdgent inventionin anotheiiembolsmé®f & RAR, Othe SoMple- st randed- CAR
e ) oo 15,4 40350 8 ol ol Bk LR o1
a complementary oligonucleotide which is fixed to a solid
matrix (see fig. 4). This step may serve to separate the
nucleic acid of interest from other molecules in a sample.
15 If the target sequence has been hybridized to the
immobilized oligonucleotide by its 5’ flanking sequence,
the immobilized target may then be hybridized with the
promoter-primer of the present invention and the steps of
amplification wmay be carried out as described above and
20 herein below.

' Denaturing a sample may be necessary to carry
out the assay of the present invention in cases where the
target nucleic acid is found in a double-stranded form or
has a propensity to maintain a rigid structure.

25 Denaturing is a step producing a single stranded nucleic
acid and can be aécomﬁlished by several methods well-known
in the art (Sambrook et al. (1989) in "Molecular Cloning:
A Laboratory Manual," ‘Cold Spring Harbor Press, Plainview,
New York). One preferred method for denaturation may be

30 heat, for example 90-100°C, for about 2-20 minutes.

Alternatively, a base may be used as a
denaturant when the nucleic acid is a DNA. Many known
basic solutions are useful for denaturation, which are
well-known in the art. One preferred method uses a base,

35 such as NaOH, for examplé,"éﬁ a concentration of 0.1 to
2.0 N NaOH at a temperature of 20-100°C, which is



: c rs u
. t he target $Qﬁyqﬁ$ OPBaactlon @gépéo%§|§9r hy%ngdlzatlon

wherein the pronoter-primer is double-stranded within the pr onot er

portlon and IS S|ngle stranded mﬁthln a reglon downstreamto the

A o 2 arget region.
20 In one enbodlnent of ds- CAR upon hybrldlzatlon t he
3" end of the DNA target directly abuts the 5 end of t he short
strand of the ds-pronoter-priner. This hybrid structure nmay be
directly WOpos&d to transcription. Optional |y, PCTUSH61488¢ t hen be
reacted with this hybrid 25 formng a continuous, partially
doubl e-stranded tenpl ate which is also transcription-ready. Yet
anot her opti onal step may |nclug§ extendi ng either of the above
descri bed partially double stranded nolecules (either |igated or

nfn Ildg’gt tedﬂndlur{altea EDA poimlamesthefﬁa\tnehedw%mga Pade, sﬁuhl y dO:JbI e
strande e ate sqQ_rea rans ption exanpl e
Zhou, et aI i’ﬁ‘e%‘ 8r°"1éié/§’§’% 8’}]]}'5§%é uces, gh?cﬁ‘%‘f?%i}y of ﬁéﬁ carried
out using cgample, WRWMM@eipgrﬁm@entnyem tafanscri pts.

The partlalédbséq&he Shephstad: &@aeeieﬁsprmteralaa 8%ds id he present

I nvention ﬁ ee rrgde u of ar&ulltel an reducm%bgoﬂ fc)%%%ldes whi ch have
been hybr| 8y-2¢69a tﬁ P

PCT/ US /14@E§;roy1ng any exlstlng DNA-RNA or RNA-RNA hylprids in theked.

Al ter nat i vesamgllee da- pronoter-primer may be a = single oligonucleotide

strand wth Tntraml ggyl eleddl dSeic acfRRBTERLLESA Hynktakaga st om | 00P

structure is fornme Fem s Torned: grom)ter
portion to \ﬂnﬂ’lré’mf’ﬁ@rp?ﬁﬁﬁrr E&F‘PF—W‘F% e Shagtarasy zegden ¢
ei ther caseatreledebheidt r Hydaddieatiom iof cohduptedmnimier standard mer

conpriges a di%ﬂ@ﬁaé&xﬂt‘l%be&eff%eto thosé/"fbﬁc’ﬁal%dt hg single
stranded por 0 ence r%fto a 3" portion of

oligonucleotide promoter-primer to a nucleic acid sequence
vary from oligonucleotide'tofoligonucleotide, depending on
factors such as oligonucleotide length, the number of G

15 and C nucleotides, and the composition of the buffef
utilized in the hybridization reaction. Moderately
stringént hybridization conditions are generally
understood by those skilled in the art as conditions
approximately 25°C below the melting temperature of'a

20 perfectly base-paired double stranded DNA. Higher
specificity is generally achieved by employing incubation
conditions having higher temperatures, in other words more
stringent conditions. cChapter 11 of the.ﬁellfknown
laboratory manual of Sambrock et al. ,_' MOLECULAR CLONING: A

25 LABORATORY MANUAL, second edition, Cold Spring_Harbor
Laboratory Press, New York (1990) (which is incorporated
by reference herein), describes hybridization conditions
for oligonucleotide probes and primers_indgreat detail,
inqiuding a description of the factors involved and the

30 level of stringency necessary to Quarahtée hybridization
with specificity. . | |

The promoter-primers and target nucleic acids

are incubated for approximately 5 to 120 minutes at about
20 to 80°C to allow hybridization. Preferably,'promoter-

35 primer and target nucleic acid_ére incubated for about 20
to 60 minutes at about 30 to 70°C."M05t preferably, the



10- ‘ I n anot her enbodi nent of CAR, the single stranded (i.e
denatured) target DNA nay be hybridized to a conpl enentary

ol i gonucl eotide which is fixed to-a sol-id - ~ matrix (see fig. 4). This
step nmay serve to separate t he nucl ei c acid:of interest from other _
nol ecules in a sa If the target sequence has been hybridized to
t he i moBPP ngﬁ'ollgonucleotlde by its 5 flanking sedﬁ%ﬁ@%@“ﬂm t he
i obi lized target may then be hybridized with the pronot er - pri mer of
the present invention and the steps of anplification nmay be carried
out as described above and 20  herein bglgow. Denaturing a
sanpl e may, be necessary to carry out the assay of the present

i nvention | n cpsesotdeprinies and targerenualeliei achdiih ithefl samplé nare

doubl e- strandegdntQER&Y For abgﬁé bemeH% 3 by Lﬁbﬁ@“jgig odcd rigid.
structure. 25 Denathlgﬁ$ §;2 V& ig ug |ng a sin stf anded nucl ei ¢
acid and can be acconpl Ff9®&d b§a§b tyRiradly ReTEQIMSAnin @ in the art
(Sanbr ook et abuffdesd)aguecukbselution,Clfoni which the Acdm!iuﬁ.ahsrgtf Manual , "

Col d Spring Fﬁﬁéﬂﬁefﬁéﬁﬁe %h@hﬂvbéﬂﬁentratluﬁm’gﬁéhﬁi EELF met hod
for denatqgatl er gg ag[ out 2-20

f or- _exa 90
M nut es. provide suf%oltcéFﬁﬁt phEt -RIEensy, & n‘ggg
denat ur ant mhenr%merrnkﬂkﬂhybacddzeSSEedlﬁdcaW&nyt«rmha1targetbaecteﬁmlutions

are useful for dﬂeaéé&ﬁﬂ@buﬁhhsb 4 other YBhhekawOWn deBeEQ§19rtth@e
preferred nmeth

3 exa
concentration ggfgé éﬁé?'C%§%ybf§ﬁif?$£§34q§iw5e?e“fﬁﬁ%ﬁ rrgPeEOa’i‘éO[err]C
which is target wilipbg7impggyed under conditions where the amount
PCT/ US96/ MM 8060f promoter-prlmer added is 1n molar excebk to the | Ncubated for

5-120 m nutes fg{gelrﬁre\@e%%g%bgs&oos n’B’Pe mo\kﬁFcﬁJS‘g%é%J{ns&ydrOXI de not

only reduces tﬁe 'SCOS % Yfhcr eases
t he ki netics opnderstood, however. ‘that the amount of target nucleic"

acid in the test sample may not be known, so that the
amount of promoter-primer relative to- template cannot be

15 determined with certalnty

Alternatively, if the target DNA has been

treated with base, the promoter- primer ig diluted in 'a
probe diluent that also acts as a neutralizing .
hybrldlzatlon buffer. In this manner, the pH of the

20 sample can be kept between pH 6 and pH 9, which will favor
the hybridization reaction and will not interfere with
subsequent enzymatic reactions. Preferably, the
neutralizing buffer is a 2-{bis(2-hydroxyethyl) amino]
ethane sulfonic acid ("BES") (Sigma, St. Louis, MO) and

25 sodium acetate buffer. Most preferably, the neutralizing ~
hybridization buffer is a mixture of 2 M BES, 1 M sodium
acetate, 0.05% of an antlmlcroblal agent, such as NaN,;, S
mM of a chelating agent. such as EDTA, 0.4% of a
detergent, such as Tween-20" and 20% of a hybridization

30 accelerator, such as dextran sulfate. The pH of the

neutralizing hybridization'buffer is between approximately
5 to 5.5, | |
The promoter-primer of the present invention
comprises a promoter @ortion_and a primer portion. The
35 primer portion will vary in sequence depending upon the
target sequence. The_primer portion comprises a length of



subsequent enzymatic reactions, but also aids in honogeni zi ng t he

sanpl e and reduci ng background by 5 destroyi ng any existing DNA- RNA or
—RNARNALy B de—ip-t he e B G TRQ o gotAUet-€I C

acid nol ecul es are hybridi zed to a pronoter-prinmer conplenentary to

the target region of . a nucleic acid. Hybridization is conducted under

standard 10 hybri di zation conditions well known to those skilled in

the art. viReswtedédn conditions for hybridization of an PCTUSHN48HNnuc] eoti de

pronoter-primer to a nucleic acid sequence vary from ol i gonucl eotide
to ol i gonucl eotide, depending on factors such as oligonucl eotide

| ength, the nunber of G 15 and C nug%eotides, and the conposition of the
buf f er utilized in the hybridizatton reaction. Mderately

stringent h%griégsztats' BAsESNKHd nA3S bar Ssgf&?d @s! Mesired Uy st ood by those

skilled in e art as condjtions p err belowthe

nmel ting t enPERERAS &Oomaxinpze sé’(ﬁ‘flgéfw %‘gﬁ‘yﬁﬂﬁé%aél Ubl e "Stranded DNA.

Hi gher promeEy portjon snaje eampiige aahy Mdpb}mﬁﬁiﬁlllm?m‘ieﬁbat i on
Cong' t ions é}g:tehk%% gtrm%h %}tlr eEchlavsCEH&re \ldaﬁdmntasu Dy st rl ngent
condi ti ons. er ) no a

Sanbr ook et CHATE aptA Wﬁ m ?ﬂ EngameR M@k%ﬁﬁa sécond
editior, cOAdamﬁmngasbols 87- 108Laamla-if<mgena@@sset|\e3«v (&R 01990) (which
i's incorporgigd, Chem bksrewr@me hsegerdl RiBs ol pherdyd prtimoaeion

condi tions cleotid b reat detail,
i ncl udi ng asﬁ%‘é%?‘ﬁﬁ agﬁ ggg%l e &act gpgggnj\'eﬁ ﬁﬁ% B{;{é”&ﬁé {5& 0 | evel ofI
stringency héwbreshtp P@'OQB'a?%Elt@W?Br FuPm AR {2hou & Peeraghacificity.
The pronot efepsi PRss Nadlt aa@ed. radl.eUSAag0 (B6501-6608) ¢ TThcMzattdd f or

appr oxjgrat eLyq @&néqugﬁbnﬂigéhéh%“t 26:2690°%698) 82h&rFd C to allow

hybri di zati on. r onot er - ., primer nucl eic acid
are incubat éﬂc$ﬁ‘"alﬁ§u?120 985 Nyql.g@cidn fefs 'atl3a83%ﬁ? %ﬁst’o' 70[err] C.
. Most prefer pbefertdi is an RNA, promofi@rogeq@aere derived from Thermus
= PCT/U596/14%QQrmqphilus (Wendt et al. 1990 Eur. J. Biochem., 191:467-
472; Paraldo et al. 1982 J. Bact., 174:7458-62; Hartmann
15 et al. 1987 Biochem, 69:1097-1104, Hartmann et al. 1991
Nucl. Acids Res. 19:5957-5964). The length of the
promoter portion of the promoter-primer will vary =
depending upon .the promoter séquence chosen.  For example,
the T7 RNA polymerase promoter may be as short as 25 bases
20 in length to act as functional promoters, while other
promoter sequences require 50 or more bases to provide a

functional promoter. .
The promoter-primer may be produced by any

suitable method known in the art, including by chemical

25 synthesis, isolation from a naturally-occurring source,
recombinant production and asymmetric PCR (McCabe, 1990
In: PCR Protocols: A guide to methods and applications.
San Diego, CA., Academic Press, 76-83). It may be
preferred to chemically synthesize the promoter-primer in

30 one or more segments and subsequently link the segments.
Several chemical synthesis methods are described by Narang
et al. (1979 Meth. Enzymol. 68: 90), Brown et. al. (1979
Meth. Enzymol 68:109) and Caruthers et al. (1985 Meth.
Enzymol. 154:287), which are lnqorporated herein by

35 reference. Altérnatively, cloning methods may provide a
convenient nucleic acid fragment which can be isclated for




14. ‘ prormter-prlrrer and target nucleic acid in the sanple are

I ncubat ed for about 30 m nutes at about 35- 50[err]C

Hybridi zation is typically perforned in a ~ buffered aqueous sol ution,
for which the conditions of - tenperature, salis concentration, and pH
are selected to 5 provi de sufficient stringency such that the pronoter-
primer will AY®P¥MB6Ae specifically to the target nucleic PCTURYY%equence
but not any ot her sequence. Generally, the ef ficiency of hybridization
bet ween pronoter-priner and target will be inproved under conditions
where the anount 10 of pronoter-priner,gdded is in nolar excess to the
tenpl ate, preferably a 1000 to 10[err] nolar excess. It is- under st ood,
however, that ade smalpropbtéargeimertic! er'he overa¥imhdleithaci@st sanple nmay

not be known, e f pr, to
tenpl ate canno‘t?&#[;%ltc’gdg e'r:lrhewtte% {Rgp ‘?irn ‘}arpyr d@SLﬁ&H&

Al ternativel y,up9n ithe target preleis %‘é@n‘:h‘”ent?@atté@ WPR BESEAR{ he
pronot er - pri neémpXoydid.ut @llei DeAgch of pheberdinbteriprtimtr atiid atés as a

neut r al n t ' 20
et el 20, Yapy MR b0k Ml Yeght bt (AR, Ve Piilydhe
hybri di zat | on Fhegen &Pdaﬁ&emFF9r%t°ﬁoﬁ’(Yé’Fﬁ-§F§aW?rh 993°1f1§&5¥equent
enzymati c reac@esiwed Preferably, the neutralizing buffer is a

2-[bi's(2-hydroxyet hyl ) 39 Bohaucing @id\3ERBLE W fndi i} ghéEg%ésérﬁ%gﬁa

St. Louis, M)  and 25 I um acet Most prefera

neutralizing invenkign d1tz§'FVohe Higgirable fopedite the ?“WBEE‘ 98 \P% 0di um
acet ate, 0.05%hésphediesteirclibkagesgieonionesorhmarse g tions of théof a

chel at i ngicagenprombtedy 151@12'6\ Pof%tmpe, it ﬂﬂ%@@ﬁv’an%ﬁggo% dyeen- 20"
and 20% of a hmbé£€¥ tlon ?pcea%iator E extran.sulfate. . :The
pH of the |1ﬁaﬁ ﬁ?ﬁr di RS 6 BEf lé? ?EO"B’ e\ﬁegﬁ gﬁﬁrom mat el y
5to 5.5. Such a modifipasippdpereents ither exenuciegnes aotd viihy efiromn
conprises a pr emgéeilﬂg)ralﬂyogo&woﬁ &f IR pRBmbt&A-pdierdd It REi NMer portion
W g%'ngrfggg SR AITRAOLR0L LA P w1 cimacd ALF oA ESRGRe ThE P T

nucleotldes or phosphodlester linkages be modified. Onme

such modification comprises a phosphorothiocate compound
which, once incorporated inhibits 3’ exonucleolytic
activity on the prdmeter-ptimer{ Tt will be understood by
those skilled in the'art'that‘other modifications of the
20 promoter- prlmer, capable of blocking the exonuclease
activity can be used to achleve the desired enzyme
1nh1b1t10n '
The trimming step of the present invention may
be carried out by various wmeans. The most common method
25 of trimming back'3f“éhdsfﬂtilizés the ‘enzymatic activity
of exonucleases. In particular, specific directional
exonucleases facilitate a 3’-5‘ trimming back of ‘the
target DNA- prométer prlmer hybrid. Such exonucleases are
known within the art and include, but are not limited to,
30 exonuclease I ‘exonuclease III and exonuclease VII.
Preferred, however,'is'the 3'-5' exonuclease activity
asseciated'with'mahy'hucleie aéid polymerases. Using such
nucleic acid polymerases reduces the number of enzymes
required in the react1on and prov1des the appropriate
35 activity to trim back the free 3’ flanklng erids of the
target DNA.
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15 ~at least 8 bases and may be as long as desired, for ~ exanpl e

. n may
conprise any RNA pol ynerase pronoter sequence known in the art such as.
t hose descri bed by Chanberlin and Ryan (1982 In: The Enzynmes. San

Diego, CA '5 Academi ¢ Press: 15:87-108) and Jorgensen, et al- (1991 J.
Bl ol . CheWO978@36845- 655). Several RNA pol ynerase prondt@yUs?6/14806sequences

are preferred: these include but are not limted to pronoters derived
from SP6 (Zhou & Doet sch, 1993 Proc. Natl. Acad. Sci. USA

- 90: 6601-6605), T7 (Martin 10 & Col epgn, 1987 Bi ochemistry, 26:2690-2696)
and T3 (McGaw, et al., 1985 NuCl. Acid. Res., 13:6753-6766).

Preferred is an RNA ﬁiQ@ﬁﬂivﬁ%e@EemQFrﬁé/%eff;E?%&\%rﬂb% a

t her mophi I us (Vendt et al . Jﬁ)%(l) Exr. J. " Bi ochep . 191: 467- A72;
Faral do et Hii™midig) PFOLR eLhod;; ) A7 RESMIING BIOPREIRY 1 et al. 1987
Bi ochem 6%addruladly usefuinrim cmses. whex® a longNeinglersitdanfed.

19: 5957-5964&@&&_ l'benabhtﬁé, et regéNy @e?ﬁ%té&m;{zfn t he )

pr onot er - pr,i_ner. varye - ependl ng ‘upon _the pronoter. sequence chosen.
For ex%OrrpI e},’y%en&lilnzta%éorhxﬁ\ﬁr}?& ﬁﬁr%ggg-p"ﬁ%%qfePrﬂ’g@tetfe'pfsm?ﬁort as 25
bases The |tarigwingoprele fechpiaue oisicanrdsdt out prien oot her

pronot er sexyFicHTatean wEth & Profbter Bsiafer!,0 provi de a functi onal

pronot er. : i er-nrlJer . r by any

sui t abl e nmet hod knowﬁ fﬁlﬁéé;hm%né?%l%sbgaéﬁg%%a#%%gdsynt hesi s,

i sol ati on febigoRucAeREAfe which, cophging fegience copplemamtaxyt tBrdduct i on

and asymet3i pd2ERobMofatite thidet regidm .ofPEReProatbeird scid.gurhe to net hods

and apgy i cads ; 28 hd2 A G Pr h+33). It may be
3, iocicp, £atthd) Whiprites o pcential FoseniCiill) S nore

preferred to m_cal |l y synt
segnment s aﬂéﬁ%@é&ﬁéﬁt-F%?ﬁWlﬁﬁesiEﬁné?ﬁ%.f°r the fagh thatcREnigal

= synt hesi s nethogeesent dasc idiogleysbleamhg Restrietian. (1979 Meth. Enzynol .

-+ 68:90), Br dhciiucileaséd %S enzymeNbliRichpe®lkichBly G¥coamd zEaa4d her s et
al . (1985 h@iéLve a Enzgan. £g4:281%, ﬁg%Fh'aEe;|nporpprated herei n by
35 ref ergnce. 2aAPPEFRY ﬁféﬂ/,- i [¢) h88 ’Frh‘f/”’(ﬂ’bwde a

15 endonuclease recognition sequences vary in length but
require a double-stranded sequence. These recognition
sites are well-known in the art. Similarly restriction
endonucleases are numerous and are well-known in the art.
Sambrook et al. (1990 Molecular Cloning: A Laboratory '

20 Manual, second edition}'qud Spring Harbor Press, N.Y.)
provides a review of many restriction endonucleases and
their recognition sequences and is incorporated herein by
reference. .

The trimming probe procedure requires .

25  hybridization of the single stranded target sequence to
the trimming probe. Hybfidization creates a short double-
stranded region forming a functional restriction
endonuclease récognition sequenée._'The restriction
endonuclease is then able to digest the_target sequence as

30 defined by the restriction cleavage site. Preferably,
this restriction digestion reaction prodﬁbes a target
region having a flushed 3’ end. | | |

Optionally, the trimming probe may also carry a
ligand in one or_mére positions, capable of being captured

35 onto a solid matri:ﬁ_. A ligand éo_njugated-ttimming probe
provides a convenient way of separating the target DNA



conveni ent nucl eic acid fragnent which can be isolated for WO

97/ 10364 PCT/ US96/ 14806
16 use as a pronoter prinmer. The overall nucleic acid
conposition of the pronoter-primer will vary depending upon the target

nucl ei ¢ aci and the type of CAR enpl-oyed. Th f t he
prormter-priqxépg@lgﬁ al so vary dependi ng upon the taﬁ’cﬁﬁgﬁ%el c acid,
the pronoter 5 chosen and the degree of hybridization speC|f|C|ty

desi red. I n producing the pronoter-priner of the present

I nvention it may be desirable to nodify ide nucl eoti des or

phosphodi gster |inkages in one or nmore positions of the 10 pr onot er
primer. For d&xempbeher tmokerulesapvesentjcious cdinical ngandle.at Oheast t he 3'

onuCl case. aqtivii T o Tt ed. oy | Farep b hee S Lhe
pronot er-pri n&ybrr.% 1% t"rappeﬁ)ir gf‘eg i %d‘f‘-&é{l&l A8t Tﬁeh[ﬁﬁn[drmlt&eand
penul ti mat e 1®Boligupdenix diss welshsﬂobslpﬁwxewraphnﬁg&e gwbnidi frew. One
such nodi fi caumnoanejawmrﬁn}abosﬁhan@tianqﬂtg COHROW#shed whi ch, once

noorporased il feda REAINCLEObNDEcrea P SbpKELY B, 1

pronnter-prlner un ers 0sé skilled in the art
t hat ot her no(ﬁnidPéHF?-%%ecﬁlgteﬁ’élge {#%mbt@rgeﬁmﬁﬁr thegayigetof bl ocki ng
t he exonucl easequence até i »elaasedn fhomutitel sql idchaeyextwiel Xie Hhecd’enzyne

| nhi bi tion. of the obEh‘ire'in&E'.ﬂH‘ ﬂgmfﬁﬁ&z%‘:i bhe ﬁégﬁ%}t iuﬂ?ﬁ%?.;(' on may

be carried outnby rlmnng

back 3' ends ﬁ“?‘iés ?‘Fl%t"é‘??z‘%?ﬁt pteRctiinvs, the reﬂf‘l%k’éﬁnm% of | n
particul ae, spmel tré¢miing girakealto be removed landsehef aardet ateryjuende- 5'
trimmng back i th&n be h}ﬁrﬂﬁfze%%%ﬁtﬁ E?ﬁe?y@%i&ules'f‘ég

exonucl eases are kp wthin the art an ut are not limted
mpl;flcatlon

o Use of a trimming probe-is particularly
advantageous in ligase'CARVin-the~situation'where ab’

15 sequence flanks the target region.

Many known ligands may be used in the trimming
probe; including vitamin derivatives antigen-antibody
complexes, metal derivatives and the like. In one

- preferred embodiment, biotin is used as the ligand,

20 wherein the trximming probée is tagged with biotin and the
solid matrix is coated with a strong binding wolecule,
such as avidin, streptavidin, or their derivatives.
Various combinations of ligand and ligand-binding agent
are well known and may be used to capture the hybrid onto

25 a solid matrix. For example, digoxigenin and anti-
digoxigenin 2, 4-dinitrophenol (DNP) and anti-DNP may be
used. Fluorogens, such as fluorescein, phycoerythrin,
allo-phycocyanin, phycocyanin rhodamine, Texas red or
other proprietary fluorogens way be used in combination

30 with an anti-fluorogen specific antibody.

Solid matfices useful in capturing the ligand-
conjugated probe are available' to the skilled artisan.
Solid phases useful to serve as a matrix for the present
invention include but are not limited to polystyrene,

35 polyethylene, polypropylené, polycarbonate or any solid
plastic material in the shape of test tubes, beads



30 exonucl ease |, exonucl ease Il and exonucl ease VI I. Preferred,
however, is the 3'-5" exonucl ease activity associ ated with many

educes

tﬁé ﬁuﬁbéf of énzyﬁeé . 7feqﬁigéd in the féaétioﬁ aﬁd brovidés t he
appropriate 35 activity to trimback the free 3' flanking ends of the

target DNA. WO 97/ 10364

PCT/ US96/ 1WO0%10364 17 PCTUS96/14806
Alternatively, it may be preferred to use a trimm ng probe nethod. A
trimm ng probe may be particularly useful in cases where a |ong

si ngl e- st randed sequence 3' to tgﬁ;target region i s generated upon
hybri di zati on of a nucleic acid with a”pronoter-priner. . The trimm ng

probe techniguechar£HElded APl abitRE & the 1ik¥DrizidadibaaIYyih a

pronot er - priner. . A trlnn1ngﬁgr§be comprises ag ingle
stranded  MBEFLFEBnIRFIMAS aBUENPER RN EAMECE R IEETEERE efentary to a
3' portion eelihvicveyiter ajasaseof teste tuheschnd Eppendorfietubes. 3' junction
further comgglg@spRasés el linke6hé i §1ds¥) beads, SN Eeg@SEub&gogni ti on

site, but faor the fact that it is, anl resent__as a,single strand.
Restriction and a?gnggﬁ %Ia@ffg r&?‘éeesnlia r?eg%\‘/ivﬁi cﬁ éh‘pae%’f i ‘éal |y recogni ze and
cl eave & nudwicsianalizedaeldd phase such sscplestic orcgdsnscvaich

recogni ti on paROvessesodfded Bd engt Nchditsurfacer €attitied eadboRyE; stranded
sequence. TSRS IRISBILIAL Dy a1aeRiAE Hrtlibs"Ehi -dTMY Bl Ballle _
Simlarly r&Yrret ron endonucleases are numerous and are wel | -known in
the art. gensxadr 8WRh gtatyices) gOUPRARS ARV PUEFRRR WPeTRIPaBor at ory 20
Manual , secidgand-bindind clgénSprangbéiatrachBPdess,a Mutface whighiovi des a

revi ew;gf ”ﬁgc%e'i%fsgfé':@i&&“ aeg<1§au&! 5@%&%@% site. [Neir recognition

J_sequences and st Coéggrégﬁale gggggﬁealtarget nucleic acid is
hybridized to a promoter-primer. Trimming, as described
above is either carried out prior to or simultaneous with
the extension step. _

15 o "Extension® as the term is used herein is the
addition of nucleotides to the 3’ hydroxyl end of a
nucleic acid wherein the addition is directed by the
nucleic acid sequence of a template. Most often the
extension step is facilitated by an enzyme capable of

20 synthesizing DNA from an oligonucleotide primer and a
template.  Suitable enzymes for these purposes include,
but are not limited to, for example, E. coli DNA
polymerase I, Klenow fragment of E. coli DNA polymerase I,
T4 DNA polymerase, Vent™ (exonuclease plus) DNA ,

25 polymerase, Vent™ (exonuclease minus) DNA polymerase, Deep
Vent™ (exonuclease plus) DNA polymerase, Deep Vent™
{exonuclease minus) DNA polymerase, 9°N, DNA polymerase
(New England BioLabs), T7 DNA polymerase, Tagq DNA
polymerase, TEi DNA polymerase (Epicentre Technologies),

30 Tth DNA polymerase, Replitherm™ thermostable DNA
polymerase and reverse transcriptase. One or more of
these agent may be used in the extension step of CAR. To
maximize efficiency, it may be desirable to use one agent
for both the extension and trimming steps. Additional

35 reagents may be added as nécessary to shift the kinetic
parameters of the polymerase enzyme to either increase or



ref er ence. The trinmm ng probe procedure requires 25
hybri di zati on of the single stranded target sequence to the trinmm ng
probe. Hybridization creates a short double- - - stranded region formng
a functional restriction ‘endonucl ease recognition sequence. The
restriction endonucl ease is then able to digest the tﬁmggt seguence as
30 defined WPST'MB4 estriction cleavage site. Preferably, éh
restriction digestion reaction produces a target regi on having a
flushed 3' end. Optional |y, the trimm ng probe may al so
carry a ligand in one or nore positi capabl e of being captured 35
onto a SO|Id matrix. A ligand conjugate trlnn1ng pr obe provi des a
conveni ent waydbtre&gerfusrq;tbhslbargete[iﬂa/or 3’-5¢ and\ﬂ®437/10364

PCT/ US96/ 14806 leol £ aul ot her
ol ecul es prese#?nP% %P gtmc ac 1V1ﬁ%f The(§¥ten51on &éEPlpro 8,

1 ga
conj ugat ed- capthPB Br BhEAn %PQ‘@P—%Eqﬁ%é’a"mg ﬁyS\‘F‘%tJr%"‘aflr BEPBALBE a
solid matrix viaa the $i gamdl, the solid matrix is washed thereby

separating the hybrid frg éorm@hl Qﬁggidﬁﬁgpgggghaearkiég%sa%gple The
ri to

washed 5 5|nnDb|I|zedh%fF IS su éecte restriction endonucl ease
di gest i on. ° Af t BFORPGESBFOFES B 3t fpRiate °rs§HﬁeﬁE%n?%rﬁ’F§:i eased fromthe

solid matri x wprbduttiol: end of the probe remains i mobilized on the

solid matrix. A S”“Harﬁk%‘ﬁb‘ﬂiah' Qf‘ ﬁl@lﬁoﬁbhe\l"ét}%é&@dﬂ&hg%ﬂo” | ons

Chen be hybr i AFFEHNEE S RARRIEILYLAPHERS (A-EEGRE fopacion BRRRCR cation
Use of a tr|rnnqmgrpiobea|£uqnnﬂqnamlnrbwoter seguieant aye oftrciilithitgdsby CAR i n
the situatoon \dﬁemAapéiyﬂ&asesequaﬂyes&émrﬁayhaeahaég@ﬁe N@dwdNin the
Many known |igands gay,0g; dsed N qLie {1 T8 1 spe rNA Polymerase, T7
RNA polymerase and T3 RNA polymerase. A preferred RNA
polymerase is Thermus thermophilus derived RNA polymerase.
One or more such RNA polymerases may be employed in the
15 transcription step of the CAR method.
Under suitable reaction conditions, including
the presence of the'nedessary reagents, the synthesis of
RNA transcripts will occur continuously and in proportion
to the amount of the nucleic acid sequence to be detected
20 that was originally present in the test samplé.

Additional reagents may be added as necessary to prepare
the desired quaritity of RNA'transcripts. These reagents
may be used to shift the equilibrium of the transcription
reaction to either increase or decrease the transcription

25 rate and efficiency as desired. One such reagent,
inorganic pyrophosphétase, may be used to increase
transcription yields and minimize the effect of magnesium
ion concentration in the transcription reaction
(Cunningham & Oferigand, 1990 BioTechniques, 9:713-714).

30 Preferably the synthesis of RNA transcripts will be
carried out in the pteSenCE'of a ribonuclease inhibitor,
as for example vanadyleribonucleoside complexes or human
placental ribonuclease'inhibitdr, in order to aveid
possible degrédatién of the_;;anscgibts by any

35 adventitious_ribonucleasé'contaminant. (Berger, 1987,
Meth. Enzymol., 152:227; de Martynoff et al., 1990,



probe, including vitam n derivatives antigen-anti body conplexee metal

derrvatrves and the like. In one preferred enbodi ment, brotrn I s used

2 ' FFE A -and
the SO|Id natrlx i s coated mnth a strong bi ndi ng nDIecuIe such .
as avidin, streptavidin, or their derivatives. Vari ous conbi nati ons of
| i gand and | i gand- bi ndi ng agent are well known and X;be used to
capture t hWON/M364 onto 25 a solid matrix. For exanpPETU8J486geni n and
anti - di goxi genin 2, 4-dinitrophenol (DNP) and anti-DNP may be
used. Fluorogens, such as fluorescein, phycoerythrin,
al | o- phycocyani n, phycocyani n rhodam ng, Texas red or ot her

proprietary fluorogens may be used in'Combination 30 wth an _
anti-fltor Ogaacaaﬁméwpwnl hedy Commun. 93:645; She®Ql o€ &Rl ivem, useful in

capturing tri,e,o ﬁ%gl Acad.C 9Bk Y d,Gprlggg areAfatgr Eﬁgl e to the skilled

artisan. phases ‘uSetul 1o serve SrixX for the pr esent
i nvention i ﬁ‘@PE@Er:b%Ffe NGBt °F|‘ﬁ4'!%dlatsopﬁ§$?%ttﬁ &redugs theo| yet hyl ene,

pol ypropy| edesiped yqudrditat e £ORNRBrafidicripts, the aslactioAtmay Be in the

shape of teg%%kggeﬁy'fﬁﬁg¥i§ating the RNA ¥€i3¥é£§§¥*ﬁn 187y known

PCT/ US96/ 14
n cropa t|cP@@nedl%ISQ?R§€§téP9tFkPIQQNP°nABE?t9§Nth ?eaCtionnBIrlces
i ncl ude, but are not Theriamplifbcaeidn adeastidh-of the pekbentcrotiter plates,

test tubes audefppandaida aa‘c@geérarhscr:.{;jl Wil PR3 13 agtaeeé&q?sﬁqrgass beads,

gl ass test tubes |ate made of

né pp rogr
functlonal|?@ngﬁ?|TFﬁﬂﬂg&3 Bh XA e oFran i BAY be “pas been
nmodi fi ed sodimettinedshactabdechy radstitdanbokya, 1abe1edanu9b¢otgdkwxm de or

al dehyge gr QupStEafsctipLibh ¥e&eion ! nIn manﬂ%%ﬁx't;%ﬂﬁh Blgdye e CONprise
any surface Migel 0% o uee ba] i1 b 2205, SALaBE 2L AENS0 O

“ surface whi &

g specific to RNA mo;gcules and hence its incorporation will
be limited to trénscxiption reactidn.prqducts.

Many different labels.may be used ih'generating

15 detectable transcripts. Preferred methods of labeling RNA
transcripts are with ¥P or ¥s using RNA polymerases. In
addition, there are known non-radioactive techniques for
signal amplification including methods for attaching
chemical moieties to pyrimidinedand purine'rihgs (Dale,

20  R.N.K. et al. (1973) Proc. Natl. Acad. Sci. USA, 70:2238-
2242; Heck, R.F. (1968) S. Am. Chem. Soc., 90:5518-5523),
methods which allow detection by chemiluminescence
(Barton, S.K. et al. (1992) J. Am. Chem. Soc., 114:8736-
8740) and methods. ut111z1ng blotlnylated nucleic acid

25 probes (Johnson, T.K. et al. (1983) Anal. Biochem.,
133:125-131; Erickson, -P.F. et'al, (1982) J. of Immunclogy
Methods, 51:241-249; Matthaei, F.S. et al (1986) Anal.
Biochem., 157:123-128). and methods which allow detection
by fluorescence using_commercially available"products.

30 Alternatively, ﬁucleic'acid'probes may be used
to detect CAR-produced RNA trapécripts.' Nucleic acid
probes are detectable nucleic acid sequences that
hybridize to complementary RNA or DNA sequences in a test
sample. Detection of the probe 1nd1cates the presence of

35 a particular nucle;c acid sequence in the test sample for
which the probe 1s_spec1f1c In addition to aiding



10 itself provides a ligand attachnment site. The single

stranded target nucleic acid is hybri di zed to a pronoter-priner.

Trimm ng, as descri bed -~above ‘is either carried-out prior to or
si-mul t aneous w th the extension step. 15 i " Extension" as
the termis used herein is the addi tion of nucleotides to the 3
hydroxyl endW?9740368  nycleic acid wherein the addition i BCHUPIAH8 by t he
nucl ei ¢ acid sequence of a tenplate. Mst often the extension step is
facilitated by an enzyne capabl e of 20 synt hesi zing DNA from an

ol i gonucl eotide prinmer and a tenpl atg. Suitable enzynmes for these

pur poses i ncl ude, but are not limted to, for exanple, E. coli DNA

pol ynerase’ |, s¢imificagepedrct, DNACoki RRAVpsHesTeaASBel used to T4 DNA

pol yrer ase,  Vegl{gly %ﬁ% g??b'éﬂ&éso% ngﬁ)se%c?%uctzﬁgﬁsgﬁ% exonu\{ﬁg%[ser "]

(exonucl ease m nus ase pI us)
DNA pol yner ase&aqseaiayepepst rand Pmt(:’éi?énﬁﬁl‘l%@eé\ﬁ FE5Pt BRAHA SARRS,
9ferr] N err] [l\ithlmd yoespeeific di(dH&'deEBgiﬂr‘;ﬁhﬁlemtaba)\plé's" DNA pol ymarase,

. Taq DNA S€etThi [ a nt T, I es 30
Ttﬂ DNA pcg ynerase ei I |tt n%br.r %‘ﬁlgflrr;‘gt%ﬁ) §'%I\IAE&11 %hﬂfélog s)e and
reverse transch%ﬁ%sén Cﬁ@uB‘i‘e offod. Biehef38: é@ént‘lﬁ"ﬁ§ € n the

ext ensi on st ephyriddRatIon techmigpiesi neinffradimiapelilednaychsicesiidabl e t o
use one agent proped Or wigLGLd f?cfa(%?i‘ﬁisﬁﬁzﬁé%ﬁ "4 O¥eRInabEPshe Addi tional 35

reagents may be_added as ecessar hift t Ki netic¢ araneters of
t he pol yner asc2¥ARAI g &é’étﬁra“ speciticityyovey Riher
PCﬂVlJ896/14806detect10n methods and do not require a vi@ble orgafteismease its

ext ensi onig at eyl Biza8ion pAdlsed® aré often EARMIUGEEQHYhi § sXdeddde The
extensi on st ep%rodc%%e%e s d%l.{:m % %t rapggdexnat{ncllgl'caagégmaé/élrl% a
functional pro %r st H% &EYEC P
hybridization assay for human papillomavirus (HPV) is
currently commercially available as a Profile™ kit from
Digene Diagnostics (Silver Spring, MD).

15 " Hybridization can also be detected with the aid
of an antibody specific for a labelled probe as described
in U.S. Patent No. 4,743,535 to Carrico. The probe is
labelled with a detectable substance such as flavin
adenine dinucleotide (FAD) or a fluorescent agent. An

20 antibody specific for the labelled probe, after it has
hybridized to the sample nuclelc acid, is detected by a
biochemical reaction. '

Unlabeled transcripts may also be detected in
the present invention. These transcripts may be detected

25 by many techniques known in the art. For ekample, )
hybridization assays for the detection of RNA have been
developed. For example, a hybridization protection assay
for RNA is commercially available from Gen-Probe Inc. (San
Diego, CA). The hybridization protection assay employs a

30 single-stranded nucleic acid probe linked to an acridinium
ester, as described by Engleberg, N.C., ASM News
57:183-186 (1991), Arnold et al. Clin. Chem 35:1588- 1594
(1989) and U.S. Patent No. 4,851,330. Hybrldlzatlon of
the probe to a target RNA molecule protects the acridinium

35 ester bond from base hydroly31s so that the detected
chemiluminescent signal is proportxonal to the amount of



Once forned, the doubl e-stranded extension 5 product serves as a tenplate
for RNA transcri pt ~ production. . Transcri pt i on of the

l'igation pr oduct carry| ng a functi onal pr ormt er sequence S
facilitated by 10 an RNA pol ynerase. Many such pol ynerases are known in
t he art, including, but not limted to SP6 RNA Pol ynerase, T7 RNA
pol ymer asWOH740368 RNA pol ynerase. A preferred RNA - REB{USPRA4B06c | S

Ther nus t hernophi |l us derived RNA pol yner ase. One or nore such RNA

pol ymerases may be enployed in the 15 transcription step of the CAR

nmet hod. Under suit abl eaction conditions, including

the presence of the necessary reagent's, the synthesis of RNA

transcri Pt agel mqnq_qgtgaupyély and in proportion to the anount of
the nucleic acid sequence o be naIIy pr esent

S_0
I'n the test sanple. CK&BFfl o%%l iﬂeaggn?gb}'}%‘%}; e%daeﬁe‘g%r%ecessary to
prepare trapmeriprase s eqekAPnt in girdRALEr gemerats sDNARewkicleagent s

nmay be UsehalyObehahdlydua . equoki Sxampled fsuchechnmnesyiiept ben reaction to
e | ChARgcRlo A AR LG pLad Y RhL OBrdotned BECudfde 400 eTCY 25

desi reg. e suc norganl C tase, may ‘be used to
i ncreade mtaFFﬂ%%%r#‘}ﬁLY&%syFﬁFHéd% U Aotk ]t%teﬂf Eet RAifagnesi um
i on concentutktfeng ) ddletlibagsand pinsertienst i OThese muE&UDEhS GRAIN &

O engand, 1290 BLOJGE Y Githoal vikiky Kb wif tckthsl 30aPhy L2 synthesis of

RNA transcripts arrie presence a ri bonucl ease
i nhi bi t or, such aﬁsdlf’fﬁCtePgﬁpPéq‘&%ﬁ‘%ﬂd'&ﬂ P"F‘Eﬁ'ﬂuﬁl%ﬂé‘ﬁeﬁé'c% #8® exes or human
pl acent al Methods| Emzyemoinhiébi: 4995397 Ganger| cet\adi.d 1877 possi bl e

degr adat i OnaQfz, tﬂéa&raélﬁc“u@hs W ?Jbé-%is'/) a&Y&@ﬂng’lﬂuﬁtﬂﬁP”UC' ease
cont am nantc nfg lglori po%mo l\&g?:‘l? ang.{ms:.s L%o%ezzgt d].e Martynoff et
al ., 1990, SHRABRGLPSCP). ! :
PCT/U896148@@3 Oncogene, 8:855- 865) Furthermore, transcripts can
be directly sequenced by using reverse transcriptase with
appropriate ollgodeoxyrlbonucleotlde primers and chain
15 terminating dideoxynucleotides (Mierendorf & Pfeffer 1987
Methods. Enzymol., 15:563-566). Any reverse transcriﬁtase
can be used to perform this activity, preferabiy one which
lacks. RNase H activity, such as SuﬁerScript II™ RNase H
(Life Technologies). Lack of RNase H activity eliminates
20 degradation of RNA molecules during the first strand cDNA
synthesis, thus enabling the RNA template to be sequenced
directly. : :
" DNA probes used to detect CAR~produced RNA
transcripts are synthe31zed or isolated in accordance with
25 methods well known in the art as descrlbed by Sambrook et
al., MOLECULAR CLONING: A LABORATORY MANUAL, COLD SPRING HARBOR
LaBORATORY, Cold Sprihg Harbor, NY (1390). The probes can
be double or single-stranded DNA molecules. A double-
stranded DNA probe must first be denatured in base or with
30 heat so that it becomes single-stranded prior to
hybridization to the target RNA transcripts. If base is
used to denature the double-stranded probe, then it is
preferred that the base is sodium hydroxide in a '
concentration of between 0.1 and 2.0 M, and is incubated
3s with the prdbe at a temperature between 20 and 100°C for a
periocd of beﬁween 5 and 120 minutes. More preferably, the



21 ' Bi ochem Biophys. Res. Commun. 93:645; Sheel et al., 1979,

Proc. Natl . Acad. Scl . USA 76:4898). After the appropriate Iength
of time has passed to produce the - desired-quantity of RNA
transcripts, the reaction may be hal ted by+inactivating the RNA

pol ynmer ase i own 5 manner or separating the conpERGNL, t he
reaction. amﬁHXmﬁp The anplification reaction of the pre@%ﬁp

i nventi on produces transcr|pts whi ch nmay be detected using vari ous
met hods. For exanple, the transcripts may be directly detectable by
addition of a | abeled nucleotide in 10 24 he transcription reaction. In
many situgtions, it may be preferred to use | abel dUTP, since this
nucl eoti de i sbase isspezh fN MNaOH Rhd nslzmnnha;ednﬂlhhHCEe|nnphen£orporat|on

vl\\/»l51 I . bettle:nnwilﬁdtéé) d¥ o 'tEthPatE@@é?: | af aéadu§é tSused to
ny different, | abe use enger a et ect abl e
transcripts. re?e? ggﬁﬁﬁoob(% g‘PePag'éH%gfzﬁ%%rred thﬁ CPF8P§ é?e wth
[err] P or [erApsupatad ~PGAOPIEr £98sa period betweent and th98re are known
non- r adi oact i winueeBni qMéfe ffeferablysi eelprubel iki Redt&d dthal udi ng net hods

for attac I ng I | e m.di and purine rings (Dale,
20 b. te"}perf‘gggg;gér%dg%ﬁa? fok adP1 ssminufgs "0 005 2242
Heck, R F. (1968) S. Anin(@Rdar Secavody: mz@yn of the enasuzedhi ch
al | ow det ect i mNabyrebeni theri s eceangeript is Ii&!élf&ﬂabﬁy KdiRiced :.n( 4992) J.

Am Chem Soc fgu%]rglg%%ﬁg %fer,8gé‘0)1ﬁ§£@af@ﬁt1r}@d§5§§§ if lFQ'n% an yl at ed

nucl eic acid probes éNA
133: 125-131; HEhecEddnted BNA Gis then added tp télF ARRARBTeYPNA Probmet hods,

51:241-240; Miid lwdieu]) tEn&usly aleuttadfiye Ated base andBexpbeenthel57: 123- 128)
and et hods whiglyctl kW 65! €64 |hatuzed BYA TAMCSGENGERHALMARATE! Cial |y

avai |l abl e products tively, el c acl probes may

be used gf’ Ederstand by Khpee rshiddedpia. theA%h £had
probes are detmt:;bﬂezmnglmabeadldusaquémowm herein #qbzlbahfzferto

;:ﬁrrpl errgnt aré ﬁm:t wllﬁNéfﬁea&Jﬁrasﬁ n'buti\aiféé the bas2MPhémerddef ect ijon of
D o o0 R ISR BFEES U Sy ALl LR 18 ¢
addition to aithen@rt. Preferably, the neutralizlng probe diluent 1s a

2- [bis (2-Hydroxyethyl) amino] ethane sulfonic acid and

sodium acetate buffer (BES/sodium acetate buffer).

Base or heat treatment is not required for

20 single-stranded DNA probes. However, because single-
stranded DNA probes are usually circular molecules, having
been produced from a phage such as M13 bacteriophage, base
treatment of the circular DNA nicks the circles, resulting
in linear single-stranded DNA probes that generally

25 produce improved hybridization.

The DNA detection probe may be labelled with a
ligand and the ligand-labelled RNA:DNA hybrid is captured
onto a solid phase coated with a substrate to which the

~ ligand will bind with specificity. The captured hybrid is

30 then detected as described in more detail below.

' It will be understood by those skilled in the
art that a solid phase inclﬁdes pelystyrene, polyethylene,
polypropylene, polycarbonate or any solid plastic material
in the shape of test tubes, beads, microparticles,

35 dip-sticks or the like. A solid phase also includes glass
beads, glass test tubes and any other appropriate shape
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22 sci entrfrc research ~DNA or RNA probes can be used to det ect
protozoa as vvel | as genetic nutations i nked to specifi c d| sorders in
patient sanples. Gunstein et al., Proc. Natl. Acad. Sci. USA 72:3961

5 (1975) and Southern, J. Md. Biol. 98:503 (1975) describe
hybri di zat WO#7R®6hni ques usi ng radi ol abel | ed nucl ei c aciRETUSIN4{Sohes

Nucl ei ¢ acid hybridization probes have the advant ages of high
sensitivity and specificity over other "~ detection nethods and do not
require a viable organism 10 Hybﬂrgszation probes are often | abelled
wi th a substance that can be-easily detected. For exanple, a

radi oacfi vemade of\yWdsd. zahl Siin @SEHAfiRedE8BRId Ritiide erram asls (HPV) is

B agnost | cs PLEPFEL A gARER ¢ i g il QORLERE T chok ERET . 2 20 be
det ect ed wi SHTfdee fontains gar t iFEaP . shyedrgzider or 'al‘li%ﬂ‘i@q ed probe as
descri bed groupsl darS.allset Bat uded. 4, ThéZefidbe | Gariyilsdldd. pliige pudhe i S

'abel I ed wi § %?‘éf&t&bbﬁaélibﬂ@}%ﬁ‘i@ieés 1&12%%’4 Ng ip- Bogﬁé‘é" ne

di nucl egt i de é uor.escent %ecr fic for
the | ab2l | e§epFobdbes Qs Pretezab "g'ﬁfBFFEI‘FEé&ﬁtGSt ﬁéns%‘r"rp‘f drucl ei ¢
acid, is detected by 2my DNA brmére._raedahnr thetpxement invention may Unl abel ed

transcripts bgaiaﬁéffécp%ﬁlﬁt EEt f&'aéﬂ“ one 11%9&1 AP WetholiB Vet 1 Whowhhese

transcri pts ma t many phnr es kno in the art. For
exanpl e, \FIIW (ﬂq?g% gn ﬁs%l?fysg/ r"‘nFF'rB Tof*B1P have been
devel oped. ﬁmcke’«mﬁ]@,t:\anhybhemhﬁt |ocmppon¢eimmmalassayrporatﬁomr RNA i s

e w R el Prg"ggﬁﬁa%“%ﬂ?c aci d
probe |i nkeﬁmPg ghecg gi"‘ﬁ?’ £ e%?gg ’é%d‘tﬁe Cri Beaéﬁgt &g, N.C,
ASM News DNAmql%n@%belbehsled\mtomle;pb# .pqa:rtnpnehvemh 38181988 1594
(1989) and ubrifpps. edypdﬁoof41&5&1£30 Prﬁfbfaﬂiiﬁtdwm probe tdi@ probe to a

orget N Bibesh) Sl Seio 0 i AL B BREH w44 O Dece

hydrol ysis SO St gnal
pr opor ?onaﬁtrepwe%uéegemgenm» which binds to’
anti-digoxigenin; or 2,4-dinitrophenol (DNP), which binds

to anti-DNP. @ Fluorogene can also be used to label the

probes. Examples of fluorogens include_fluqrescein and
derivatives, phycoerythrin, allo-phycocyanin, phycocyanin,

20 rhodamine, Texas Red or other proprietary fluorogens. The
fluorogens are generally attached by chemical modification
and bind to a flucrogen-specific antibody, such as
anti-fluorescein. It will be understood by those skilled
in the art that the probe can also be labelled by

25 incorporation of a modified base containing any chemical
group recognizable by specific antibodies. Other labels
and methods of labelling nucleotide sequences for capture
onto a solid phase coated with substrate are well known to
those skilled in the art. A review of nueleic acid labels

30 can be found in the article by Landegren, et al., "DNA
Diagnostics~Molecular Techniques and Automation”, Science,
242:229-237 (1988), which is incorporated herein by |
reference.

Most preferably, the label is bzotzn, the

35 blotln DNA:RNA hybrids are captured on a.

streptavidin-coated solid phase, and the captured hybrid
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23 target RNA in the sanple. Transcripts may al so be
subj ected to a reverse “transcriptase reacticon in order to generate -
cDNAs whi ch may be anal yzed. For exanple such cDNA copi es of
transcripts be anal zed for the presence of mutations. Mut at i onal
anal ysi Spl ncI‘Yé% | g not limted to, point mut at i Sﬁgmsﬁséﬁ‘éq"i ons
and insertions. These mut at i ons can be detected by methods which are
wel | -known in the art such as direct DNA sequencing (Maxam & G | bert,
1980 Met hods Enzynol . 65:499-559; Sggger, et al., 1977 Proc. 10

Natl. Acad, Sci. USA, 74:5463-5467) and single-strand conformation

pol ynor phi $m (Eﬁ@ét@t@lﬁywish(mml-ﬂm\amA alkalinkO phoE€phatase,
8: 855-865) .  FuSA{\RIEY. 8, p&éﬁé‘f ip! %1—.&%%5“1&111%4&@%%&0@ nced by

ropri.ate eox onucl eoti de

using reverse transcriptase

primers and ch%:[?FeESa é‘FF‘anatT R}@&fﬁn R iRt BPELUSY X Preffer
1987 Vet hpuhschésedy wommexr ¢ Sa LB -£30f) Xendpgre e{Sadkid et Banekr | Jp¥ e e

can be used toppéisatfaramslahg @ﬁé'ﬁ(ééﬁbddo'bﬁi:ﬁiﬁ@é%él'}ﬁv%&r | acks RNase

H activi t such Super,Scri (Li fe Technol ogi es).
Lack of RNase FI ]\ﬁipﬁ%' 18R ﬂ?n%ﬁ%ggﬂ’gn d@ﬁFh’&%ﬁX'on of RNA nol ecul es
during the first strandThEeNdetection probesingy béusmlakeilliedgandeamNA

tenpl ate to beageOugsad antlboé&rfﬂﬂﬂﬁkr polyclonal or monE%%bﬁinQﬁnﬂsed to
detect CAR-pro. uced @%@ {_anscgvb%t are sy. tf'l’g?l g)d or .isolated in
accordance wt Sgsoﬂe Fﬁe a SCPPS%ﬁs'b anbr ook
et al .., RoLHRgeARkELORAND wgmmwmmobi@@@dmmmmm
LABORATORM) Cotéin S5 ivt@indaabeect Y ol $He) solidcpiisbest Galirectly gy doubl e
or singl e- st raﬂgggpwl?a@lhgwl ﬁf?%ﬂf%%%l%ody or p:u:$ teairrll(?egu%lAagrobe must

first be denature
streptavidin or protein G, that is bound to the solid

phase and which subsequently binds the anti-hybrid
antibody, a derivatized anti-hybrid antibody, a functional

15 fragment of the anti-hybrid antibody; or a derivatized
functional fragment of the anti-hybrid antibody.

Excess DNA probe in the sample is preferably
degraded by eﬁZYmatic'trea;ment'With RNAase-free DNAase,
available from the Sigma Chemical Co., St. Louis, MO.

20 Any anti-hybrid antibody may be used to capture
the hybrid onto the solid phase so long as the antibodies
are specific for a double-stranded RNA DNA hybrid. Such
polyclonal ‘anti-RNA:DNA hybrid antibodies may be derived
from goats immunized with an RNA:DNA hybrids.

25 Hybrid-specific antibodies maybe purified from the goat
serum by affinity purification against RNA:DNA hybrid
immobilized on a solid support. Monoclonal antibodies
'prepared using standard techniques can be used in place of
the polyclonal antibodies.

30 The RNA:DNA hybrid antibody for capture or
detection is prepared by the method of Kitawaga, Y. and
Stollar, B.D., Mol. Immunology 19:413-420 (1982) or
according to the'method set forth in U.S. Patent No.
4,732,847, 1ssued March 22, 1988 to Stuart et al., both of

35 which are 1ncorporated hereln by reference. '

It will be understood by those skilled in the



30 heat so that it becones single-st r anded prior to hybri di zati on

to the target RNA transcrlpts If base is used to denature the

ety pfeferred—that—the—base—s--sodi um
hydroxide in a concentration of between 0.1 and 2.0 M and is )
I ncubated 35 wth the probe at a tenperature between 20 and 100[err]C for
a peri od of between 5 and 120 minutes. Mre preferably, the-
WO 97/ 103640 97/10364 PCT/ USEGY/U39604506
24 base is 1.25 N NaCH and is incubated with the probe for ten
m nutes at roomtenperature. If heat is used to denature the probe,
then it is preferred that the probe i I ncubated at 90-100[err]C for a
peri od between 5 and 100 m-nut es” " More preferably, the probe is heated
at a 5° teqRertat’ eitheBOpdiRh %hbhcbeﬁkaﬂbﬂam1Qﬂifﬁhybrid I'n

order to av0|d renaturation o gat ur rabe, .t he RNA

Cranscript A HEREPRER gﬁﬂ?"@fﬁ’ it gor 43 DR B P o

neut r al i zi neFeRertc agskyYcas, d%aqubed b@l\@"-dl | uted RNA i s then added to the

?ﬁnat ur edt DNA fr%ﬂi ?‘Qet aﬁ&&iyﬁt'iﬁagﬁ@iﬁddﬁr ﬁ%ui?ﬁob'ﬁﬁié”aé obx%t%eaand eXIOOlSte
e ar 0 ena e for i_di,zat i on

will b ?‘E’t%@&aﬁ fﬁ ttlegg F'@IArf&rglaf“et Rat®a y;asr ineut rali zing

pr obe §| | uemicratiger Héétﬁereﬁ“ﬁ‘%lazﬁ‘aﬁqferof the @qum lcagf pect i vel y

neutralize divediaze. ihditect's. Frefepably Althel Bglbafpieise dree wel | known to

those skil '&:jrb (1! ﬁ;’aw& @:{t;]h a)'?&?f 5% 1 aﬁnttfiﬁoﬁg #ﬁ ald g/ Rpobe diluent

is a onic aci-d and
sodi um acet%Gtth df(SH L‘h‘i‘P&Ee? ]eleéhf‘f‘eF e art or briefly pgge or
heat treat rxteﬂcmsbeldobeleqw r'Hré fantiBody earn@neesbe aoicerd niplllatpdobes.

Hovev e, bwm&ahﬁuy 1mci;1&aggadomz%egs§aﬁ£ E‘cdéﬁ:léi’l' l'y circul ar

nol ecul es, hav% o& roduced froma p '131 gll

bact er i ophaf&¥ arf%see or m ’r%’?ﬂ%g‘ﬁ ophex feans; EHI%‘P"%@(‘ YePanghkocircl es,

resul ting the solid phase. Solubilized biotinylated antibody can be
immobilized on the streptavidin coated surfaces before

capture of the hybridized samples as described below or in

15 conjunction with the addition of the hybr;dlzed samples as
described below or.in conjunction with the addition of the
hybridized samples to simultaneously immobilize the
biotinylated antibody and capture the hybrids.

More preferably, the antibody is attached to the

20 solid phase in accordance with the method of Fleminger,
G., et al., Appl. Biochem. Biotech. 23:123-137 (1990), b
oxidizing the carbohydrate portion of the antibody with
periodate to yield reactive aldehyde groups. The aldehyde
groupe are then reacted with a hydrazide-modified solid

25 phase such as MicroBind-HZ™ microtiter plates available
from Dynatech Laboratories (Chantilly, VA). Passive
coating of the antibody according to the well known method
of Esser, P., Nunc Bulletin No. 6 (Nov. 1988) (Nunc,
Roskilde, Denmark) is also acceptable. '

30 Alternatively, Ventrex-Star“ tubes (Ventrex
Laboratories Inc., Portland ME) are coated with
streptavidin by the method of Haun, M. and Wasi, 8., Anal
Bzochem 191:337-342 (1990) After blnd1ng of
streptavidin, the blotlnylated goat polyclonal antzbody

35 described above, or otherwise produced by methods known to
those skilled in the art, is bound to the immobilized



in.linear single-stranded DNA probes that generally 25 produce i nproved

hybri di zat i on. The DNA detection probe may be |abelled wth
a ligand and the |igand-|abelled RNA DNA hybrid is captured onto
a solid phase coated with a substrate to which the Ilggnd mgll bigdd
wi th specificit The captured hybrid is 30 then detected as describe

in m)rg det ai Tm%’éﬂ P y It will be under st ood? U806
skilled in the “art that a solid phase i ncl udes pol ystyrene,

pol yet hyl ene, pol ypr opyl ene, pol ycarbonate or any solid plastic

mat eri al in the shape of test tubes,pgpeads, microparticles, 35

di p-sticks or the like. A solid phase also includes glass beads,

gl ass test ‘t ubestreptamigimt heRoldpmiagr aat ibadiapdinding, the solid/\O 97/ 10364

PCT/ US96/ 14806 matrix can be post-coated with a detergeﬁé h 3 Rk gl ass.
A functionaliz % sol.id phase su g %‘E gbass t hat as been
modi fi ed so t h&° ARE Sucrose ta block,pnbound fites, enakhhe surfafiesAnde or

al dehyde @Etabpd iganthe sound psetieifibcasfdeseribed byl Esbq:hase such

as plastic or q&@%sBmgé@mrﬁa Clggs ppbeads, (shd- S.Lt9'9%lfsand5Nuné %&w%s or,
preferablyg mgiotlter tgs( an l‘i’g pr obe

used in the pr éenf i R¥en 9¥?b£“‘?%elﬁ°€&‘9rﬁ?h B?m!‘ t @fe |i gand
by nmet hods wel [Atgaavm et alt&tmmlueﬂwds t8i4a 1At 124 cl1afT)g, for

exanpl e, riferhBl§| adadH) sudlFadeCdk éEadﬂHNN¥EheBh€@§eﬁnﬁpﬁﬁp aaki on, 10

roduct suoh ac% MRPEreinl Y anfaBorsr, Yord bretofally aanh may be
| abel ed at nul tﬁ%flfécﬁoéﬁtq’@?ﬁe%"{iﬁhompmxj-matelrml 25pl mgtghes of | abels.
Pref erabl Y0 t heoild¥Anplabed adrt ibody.Ccapt ure probe are |abelled with biotin,

2ﬂ{??d?é€3?g2g|ﬁ5 orStreﬂélnl ropeg%ggi%gﬁé%hé éﬁhB Q%SCJé)be
coated with functional antibody fragments or derivatized
functional fragments of the anti-hybrid antlbody.
The CAR-produced RNA:DNA probe hybrids are
15 exposed to the solid phase, which has been coated with
either a substrate that binds with specificity to the
ligand or ligand-conjugated probe or .an anti-hybrid
antibody, as described above, for a sufficient amount of
time to allow binding or capture of the hybrid by the
20  immobilized antibodies or silbstrate. The hybrids are
bound to the immobilized aniibbdies or substrate by
incubation for about five minutes to about twenty-four
hours at about 15°C to 65°C on a platform shaker with a
shaking speed of 0 to 1500 rpm. Preferably, the
25 incubation time is about 30 to about 120 minutes at about
20°C to 40°C, with shaking at 300 to 1200 rpm. More
preferably, capture occurs with incubation at one hour at
‘room temperature with vigorous shaking on a rotary
platform shaker with a rotary shaking speed between
30 approximately 300 and 1000 rpm. It will be understood by
those skilled in the art that the incubation time,
temperature, and shaking can be varied to achieve
alternative capture kinetics as desired.
Hybridization is detected by conventional means
35 well known in the art such as with a direct labelled
polyclonal or monoclonal antibody specific for the hybrid



to anti-DNP. Fluorogens can al so be used to | abel the probes. Exanpl es
of quorogens |nclude quoresceln and derlvatlves phycoerythrln :

pr opr| et ary fI uor ogens. The fl uor ogens are gener aI I y attached by
chem cal nodification and bind to a fluorogen-specific antibody, such
as anti-fluorescein. It will be understood by those skilled I n
the art tW&9710364pr obe can al so be | abelled by 25 i ndRETHESPEIBN of a

nodi fi ed base contai ni ng any chemi cal group recogni zabl e by specific
anti bodi es. O her |abels and net hods of |abelling nucleotide sequences
for capture onto a solid phase ted wth substrate are well known to
those skilled in the art. A review of "hucleic acid |labels 30 . can be found

in the‘artisg @ mxbéﬁmlferzﬁﬂboa& almteﬂ%mel Dmgmés rebe Mpg ecul ar

Techni ques .a 0 n", Scil, e -23 1988 ch is
i ncor porat Q’ﬁéﬁﬁ{i rrav‘ llgFEfle?%n%eescnbe% o gf’e#’é’f%c* ably, the
| abel is biegbpdiment, Jthe hypbyifdncap/ordetrgbed owith @ithgrured on a

St7 ; igg gz l dllrabemaéedaxsﬁuﬁm&hasantm;t ke eamawmmxmsdraté%, _ VO
26 | gk, 38,3 FHESATAYAdinT 2 LERlAAS ROQPRART S, FOTINaRRE ] o

conj ugat e qi\eepeeﬁergﬁd amboginenti -he dargeri Ridiig é\ybridlz?‘lla‘%‘es are used.
These pl at es labglbed omfdtad] phAeshyibrid Gis captuped ditcad sapBerated [y from

Xenopore ( o] e outlined
bel ow f or é’% 32L8 %f?&zpat 10N E?d t}t'e ??)' gga@%% 1% adELOeER The
det ecti on ;ﬂ"&&eanﬁyb%tefm’&ﬁéw PAkHA (gl;ase, a%f?’lt‘?henf&PFBr%ﬂt i body, either
pol ycl onal hybridnds| detdctedayith a kabelledbaht ied/orid hatsbbdyl. phase. |t

will ke understood mogt lg;»eetflaeﬁmfkléﬂeeqabelt&@ @id anfdln{Beid Mobilized

ant i body 10,629, be, DU Gt ect T (8 (e ol L JI13SS, oL LIGiLect 1Y by

e or a biotin-
avidin conjugate and is non-radioactive. The label can
then be detected by .conventional means well known in the
art such as a colorimeter, a lumlnometer, or a

1S fluorescence detector.. The preferred label is alkalzne
phosphatase.

Detection of captured hybrid is preferably .
achieved by binding the above-described conjugated anti-
hybrid molecule to the,hybrid during incubation. Surfaces

20 are then washed with the above-described wash buffer to
remove any excess conjugate. _Preferably; five mahual
washes are performed using either an Eppendorf™ Repeat
Pipettor with a 50 ml Combitip™ (Eppendorf, Hamburg,
Germany), a Corning repeat syringe (Corning, Corning, NY),

25 a simple pump regulated by a variostat, or by gravity flow’
from a reservoir with attached tubing. Commercially
available tube washing systems available from Source
Scientific Systems (Garden Grove, CA) can also be used.

As described above, captured hybrid can also be

30 detected with a direct labelled DNA probe, such as an
enzyme-conjugated hybridization probe, or a
hapten-modified probe that is subsequently detected by a
labelled anti-hapten antibody. _

Bound conjugate is subsequently detected by

35 colorimetry or chemiluminescence as described at_Cbutiee,
et al., J. Clin. Microbiol. 27:1002-1007 (1989).



use of " a brinary bi ndi ng anti body or protein, such as streptavidin or

protein G that is bound to the solid phase and whi ch subsequently

bi nds the anti-hybrid anti body, a derivatized anti-hybrid antibody, a
functional 15 fragnent of the anti-hybrid antibody, or a deri vatlzed
functional fragnent of the anti-hybrid antibody. DNA
probe in the g&ﬁﬁ 8 s preferably degr aded by enzynatlﬁc?P%EFﬂ@ﬁt with
RNAase- free DNAase, avai lable fromthe Sigma Chem cal Co., St. Louis,
MO. 20 Any anti-hybrid anti body may be used to capture the
hybrid onto the solid phase so | ong as thgyantibodies are specific for
a doubl e-stranded RNA:DNA hybrid. Such pol ycl onal anti-RNA: DNA hybrid

ant i bodi es nabeeféeabrpd.bound Bl &l doat shosphatiazedcoh jiligate RNA: DNA
Carum by affiniryeoiearyy, chdniatuinad SR B Koyl A GO0 o
sol i d support. 11\%‘?[ gf‘Sﬁalg%l%t’?eS@%“é il‘“mlg‘iﬂ'e%té'ﬂlﬁslﬂb) =i Ad

t echni ques candetessed suclplax @anoE/LuminaMelydpmesaal (Soirdeodi es. 30

The RNA: DNA hyg&h@nﬁﬂfi@QﬂWbééﬁb C%ﬂhureGﬁrden Gro@@teﬁéicﬁr %B@Bﬁ by
t he net hodof &f o nuno ogy

19: 413- 420 (19 )iBF‘gn"“‘e"%?&c@‘er ﬁQSFB“'t‘?Fétﬁret}ﬁE&‘egetchrth in US Patent
No. 4,732, 847, i ssuedEwtihelr 2mbodgent ofStther present . invesitionl 35

whi ch are 'nCO&EQh&Eth@GEﬁé'tmhyﬁ&éﬁeaﬁﬁéeharrled ‘out as an adtoMatleaPe

under stood by th ki | in WD 97/ 10364
PCT/U896/14806$f%E283' é&%h a procedure may use an augomateésdeg%qp Fﬁﬁt

ei t her pol ycl odrryingoeie| iirthnidizatippbrpelymeraseaaxtenstiars, can be
i nmobi | i z¢d on tiraaseelpeiPhasRl idetebtion readti®n@NinassdYorSndiescr i bed
bel ow. vessels. Tﬁié’ﬂéa‘c@%ﬂ“ ':n.g éggé.lglf)ed%fl %n'aﬂ}‘z)ﬂlxgl In%u%.q:i%rlteo a
samples sequentially or simultaneously. The process may
be automated in such a way as to include the use of
robotics, such as the Biomek 2000™ (Beckman Instruments,
15 Fullerton, CA}, Plato 3300™ or Plato 1300™ (Rosys,
Wilmington, DE) or ' LABTECH™ (Biochem Immunosystems,
Allentown, PA). An automated thermoregulator combined
with robotics may be particularly advantageous in an
automated system for CAR, which could use a system such as
20 a Robocycler 96™ or Robocycler 40™ (Stratagene, LaJdolla,
CA). Other systems for automating the CAR method are
known in the art and are within the scope of the CAR
invention. '
One non-radicactive CAR asgsay kit contains the
25 necessary devices and reagents for performing a CAR
amplification reaction and a non-radioactive hybridization
assay, as described above including an appropriate sample
collection device, such as a dacron swab for exfoliated
cell sample collection; sample transport medium for
30 stabilization of the sample during transport to the
laboratory for analysis; a promoter-primer for a specific
nucleic acid target; a trimming probe or at least one 3’-
5 exonuclease or at least one polymerase havxng 3!
exonuclease act1v1ty for trlmmlng back any sequence 3’ to
35 the target region in a nucleic acid; one or more DNA
polymerases; RNA polymerase(s), one or more probes



solid phase such as a test tube surface or a 96-well 5 mcrotiter plate. =

I nmmobi li zation of the antibody can be direct or indirect.
Rttty tre—setd—phase—ts thfetiy—e-ett-ea—w-th—art—hybr i d
anti body in accordance wi th net hods known to those skilled in the art-
or briefly descri bed bel ow. The anti body can al so be biotinylated 10
and subsequently i mmbilized on streptavidin coated surfaces, or
nmodi fi ed WP oadasés neans to coval ently bind to "t h@CTBISPeAI4PMase.
Sol ubi l'i zed bi otinyl ated anti body can be I obilized on the
streptavidin coated surfaces before capture of the hybridized sanpl es
as described below or in 15 conjung;'on with the addition of the
hybri di zed sanpl es as descri be elow or in conjunction with the

addi ti én OfngQEfic for MY itdhager & el Bebbbted ANRAMFhY ik IRPLI | i ze the
bi oti nyl ate i ' Mor e

nti.body and capture.the hybrids, . .
pr ef er abl y PYORE Qﬁ?‘r‘%b‘ﬂy quﬁl.gh(gﬁ}, Oaxfti})ﬁ[oﬁx--zar SUbRLTRLERSRR % accor dance
W th the mielsodtubef enimiggotiter wells; & nurleasguchgpgcREageBj ot ech.
23: _1536137_&%939Lbl§ko;¢aineax i Zi éﬁd&i@ncaubem&éﬁi@iagr ai on of TL he
anti body with, eriodate.t.o r i S. e
al dehydg conjuaﬁsﬁ%ga%ﬁné%yﬁgﬁdr %%'g%’?%%dywiﬁﬁ&axﬁ?géeaﬁ%ggﬁgé?*yed solid 25
phase Such ceavensiemihdueaser ApdnaRy ieqessapy a6 ateald-| abl e from
Dynat ech Labor at ori ephé Ghianshbuld dtaifnashegative contadblngndfa t he

ant i body accar.di, L1 _k ' of - ., Nunc

Bul letin N&F°% ('L %V‘L—&}% %huﬁégﬂm@e%g’g‘k?f%e Depr%lr%rggéb%g' al so

accept abl e.thgpnegative contro}| gy apFymahiFalyx prepargadRNA o R ypes (Ventrex
Labor at or i aseguence Bhat | ndotMVepmpl emeiairgdtoi the detectibneptebe.din by the

met hoqgof  Hahn n oM+ 208 ditiro1SpreABRAL1y contaBhe iePmatidaBdy- 342 (1990).
After binding 819 st rept avi di t e bi ot %%at ed goat pol ycl onal

ant i body SQ:ePaJSQCW%eU‘%de‘\?e,°°8Pf%ﬁ‘?fgra\ﬁys-§°p ®by met hods known to
those skilled in theImrgendralhothd assayheannbebused tip detect as VWO
97/10364 1jttle as 1 pg RNA per ml of specimen wikiH/d/23p4i¢4806
specimen volume of 100 ul. _ : S
15 The following examples illustrate use of the
present .amplification method and detection assay and kit,
These examples are offered by way of illustration, and are
not intended to limit the scope of the invention in any
manner. All references described herein are expressly
20 incorporated'in toto by reference.
Synthetic Promoter
_ . A 65 base oligonucleotide promoter-primer,
containing the T7 RNA polymerase promoter core sequence
25 and flanked by 20 base regions complementary to HIV-;,_was'
chemically synthesized.
HIV-20 mer | T7 Promoter HIV-20 mer

) o +1
- _ . :
30 57 - AGTAAAGCCAGAGGAGATCTTAATACGACTCACTATAGGGAATTCCTGCAGAATGGGATAGATTG- 3 ¢

The HIV -1 regions of the promoter-primer are
non-contiguous with respect to HIV and extend from base
665 to base 684 and base 1415 in the gag region of the
35 genome (Adachi A, et al. 1986, J. Virol 59:284-291
[Accession # M19921]). The consensus sequence of the T7



28 streptavidin. Follow ng antibody binding, the solid matri x
can be post-coated with a detergent such as Tween[err]- 20 and sucrose
to bl ock unbound sites on the surface and stabilize the bound proteins
as descri bed by Esser P., - Nunc Bulletin No:: 8, pp. 1-5 (Dec. 1990)

and Nunc Bul | etin No. 9, pp. 1-4 (June 1991) (MNunc, ?f nmar k)
and AnsaY‘?”'@i’“al . I'mmunol . Met hods 84:117-124 (19§ obsifiusod®

Pref erably, each surface is coated with between 10 ng and 100 [err]g
bi oti nyl ated anti body. Mst preferably each surface is coated with
approxi mately 250 ng of 10 bi oti nyl at egzant i body. As

di scussed bel ow, the solid phase can be coated with functional

anti body f ragrmnnqa@ymaseaprmad:er reghoncis onlll fohagaenesizédt he

ﬁnLI 'gyb“ d ig .L. an% Colelman,T$ X PFOduses, EMtMPé@be h

ybrids are ol ase | een Goa W

either a subst'?ﬁf‘e)i%%ae'qb gﬁé %? sDb'é"g\'f Pt AR %%W@S‘er' B. ﬁ g%?ew}%a

| i gand- conj ugad@edMelk (ﬂwloﬂ-ﬁén4'a?lf$35")ylarn|ddls functimnadodplyawhemscri bed

fhe hybri d by parsy Bbrate el isen, b TETL L0 S peY. e REiasD S O
ybri dg by | bodi ybri

wre ! B umakes THETANTIIEP) 5o i ARSI e RS BREBOL o P et

i ncubati on forwabome#etﬁpé‘enmﬁéee@'@% 20 ldupid exydoy yodmiimed 3'->§burs at about

15[err] C to 65kR6hldlibey spLat f ONA s Rrade! énAmatic skakingiepeed of 0 to

1500 rpm Pr eferabl A peuba tine Q._about 120

m nutes at aboBf>° “°L'%[%§“fﬁé %¥40E1lerr]s&qu?/ﬁ?% aﬁ% §r {“ OB®D t 0 1200
rpm MNore priper @lgopuciaptide ncludesnrh Tharsmotsn seneaevedur at
roomtenpdd at ugeryi fé'giﬁ@@&@dﬁdﬁh@klﬂg;ﬁésaupgﬁﬁéam of thepl at f or m shaker

1 w1 b oS ERASEANRRA RIECR ) oiRRI B e 0,2 A0 P

It will be undérs € 1 ncubation
tinme, ﬁﬁ@@a‘?‘tﬁjeem'd‘ﬂﬁ §ﬁﬁk??ﬁfcdﬁ‘“‘&é%ﬁﬂ%cﬁ?ﬁ‘%€ﬁ?@v@f the 17
alternative caphséecdoreweiegisnaadashe gteferred site for trhpberiipeidn on is

detected by copyepiionyl @R ﬁﬁ!igﬁé J.pel 'ethQ""“léébt%caEAfcz%CHeﬂs with a
direct 1abelleqy ooay SN OBAL QIR aed Bhealla ML piBagkLLC for the
hybrid
region and the HIV-1 sequences generate an Eco RI
restriction gite that wae inserted for convenience.
' In order to illustrate the CAR method, a plasmid
was constructed and modified to generate various DNA model
20 targets. The DNA used to generate the different targets
is a 1181 bp Hind III fragment from the gag region of HIV-
1. This fragment was subcloned from plasmid pNL4-3
(Adachi, et al. 1986, J Virol $9:284-291) intoc the Hind
III site of pIC20H (Marsh, J. et al. 1984. Gene 32:481-
25 485) to create plasmid pRK15 (Fig. 2). Digestion of
plasmid pRK15 with differeqt restriction endonucleases,
followed by gel purificétion of the fragments, allows a
variety of different target types to be formed. These are
diagrammed in Figure 3 and represent the structures
30 generated after hybridization of the promoter-primer with
each of the target-fragménts. Both linear and circular
structures can be formed depehding on the particular
restriction endonuclease used to cut pRK15. For both
linear and circular hybrid structures, any single stranded
35 sequence 3’ to the target region (also referred to herein
as "3’ end tails") may be femoved by 3’5’ exonuclease
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if the probe S

a IabeIIed antlbody Alternatlvely

t he hybrld can be detected with elther a
a |l abelled substrate,

or
conj ugat e.
to

of the anti -

a ¥®81103¢4 probe,
coated solid phase,
substrate-coated solid phase,
a | abelled anti-hybrid antibody. 10

Iabelled antl-hybrld antlbody.
such as a streptavidin-al kal i ne phosphate

the preferred enbodinent, the target RNA is hybridi zed
the hybrid is captured onto a B¢RUE$6A4884

and the captured hybrid is detected onto a

and the captured hybrid is detected with
Most preferably, the | abel

- antibody is an enzyne, a fluorescent nolecule or a

n 5

hybri d

{oihoti B- °d t pRid¥litd GYALUESLi LI G idoubLe- éﬁfﬂr{a%at p¥emodéie degfich. tcan ]
en be de conv [ s art such as a
col ori et ereﬁéag%ﬁ%ﬁo%et girlg g%%w'f u%rleesn gﬁggkd‘%’g& Oend The preferred

| abel
hybrid is pr
conjugated

i s al kiaile were fxpBsPHen F36 bases.

The enzymemtiugad &® of captured
¢ipasADIpRK1S toogdneread eychi oflivie thegebsvis dewshi had
1. hybrid molecule to the hybrid during incubation.
are ‘then washed mnth t he above-described wash buffer to

Surface§
renove any $ .conj.ugat b% five nual shes are
per f or ned usf‘ﬁsf ide heJP g% g?)p%‘{t ? gT rgets Fﬁfetc\%‘r with a 50 m
Conbi tip[err] (Eppendorf anburg, _ GErnany) a Cbrnlng repeat syringe
( Cor ni ng, g N2 5——a—sT ot TP _reygurat ~vartpstat, or by
gravity flov Target fr rese it h é_ﬂbiﬂﬂﬂmt( thel ci al |y
avai |l abl e t ybe maswt vailablig, from Sour ¢ Scientific
Syst ensj( Garjees e~ iﬁﬂﬁvﬁ-?glfv géed. : ° —As] descri bed
above, captyre hybcxtoxilacan:mtslo be 30 |[M6tected WMOh a direct] | abell ed DNA
probe, such [as Enz - onjugatEq{hybrldlia ) pr obe, pr a
4+ hapt en- modi flie d?nr ﬂﬂmpﬁat BEE ubsequedi™ly det ect egl 5&§_a abel | ed
;x:-anti-hapten anngbohﬁ“mmr Nsil qumd conj ugal 468 S subseqyently
. detected by {8 torrmet chrenTgmrmescence—fs desctrbed at Cout | ee,
et al., J. i N reylar ol Bss il 007- 104A2(1989). | 704
6 | linear Pst1+ Scal |NA 0
7 | linear NsiI +Sal |NA 168
8 linear Bss HII + Scal | NA 704
20 S '
H b of Reacti
Each of the targets (0, 5 x 10%, 5 x 10%, 5 x 107
or 5 x 10® molecules per reaction) were added to a
hybridizatlon m1x'comprising of 1 X Vent™ polymerase
25 buffer (New England Biolabs)(lo mM KC1, 10 mM (NH,)SO;, 20 -
nM Tris-HCl [pH 8. 8], 2 mM MgSQ.and 0.1% Triton-X-100),
55 nM of promoter- primer, 0.5 mM of each ANTP and 2 units
of Vent™ (exo-) DNA polymerase (New England Biolabs), in a
15 ul flnal volume The DNA was first denatured at 100°C
20 for 5 minutes, and later hybridized with the promoter-
primer at 48°C for 30 minutes. At the end of this period,
1 unit (1 pl) of Vent™ (exo+) DNA polymerase (NEB) was
added to each tube. The tubes were then incubated for 30
minutes at 75°C and the reactions terminated by diluting
35 the samples to';oo #l with H,0. The samples were then

extracted with phenol/chloroform/iso-aﬁyl alcohol
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30 Pref erably, bound al kali ne phosphatase conjugate is det ect ed
by chem | um nescence with a reagent such as a - Lum -Phos[err] S30
reagent (Lum gen, Detroit, M) using a detector such as an

E/ Lum na[err], |l um noneter (Source Scientific Systens, den

G ove, CA 0%05%(%1 oconp 5 [[err] Lum noneter (MGM I nstprd]ﬂgsﬂf’%, rden,
CT). A further enbodi ment of the present invention

relates to the CAR procedure carried out as an autonated process. Such
a procedure may use an autonmated devi ce §0r carrying out

hybri di zatji on, pol ymerase extension, 10 transcription and detection
reactions in d4d.5/4905 A1) and festhes. dilhitedwithsB,0 sockpabkk of anal yzing
multiple WATRLES SRONBH Bakplol WiidldRReANPLYed TS T 9ACFIndRY

be automated in_suc aﬁy as to |._ncn€de t he use @ _rc])_&ztlcs, such as
the Biomek 20Y6REPEF YHEL MEGTOCRE AOnEhl ration URLER ofARiEONdA) Pl ato
3300[err] or Plato 130QfxandcxiBtdpn Reactidld m ngton, DE) or LABTECH err]
(Bi ochem | munosyst ens, the pNaAsafBLENN (184)1) ARreUtLaRSALdie RpEgaUl at or

mbi ned i t.h_robot b { | ar |
Ut omat ed sy s mERBRL KL St 2gh, Pantafiiel gb, Bf) BBk, L b e ezen
Robocycl er 96[MNEH,] 481 MRoBOLSc IpE 840} B rqM MaGlat atfermd! Naglol Le9 ug/ml CA).

Ot her ;_s%_stetrrf] Hoi, 8ULAIRS) N0 AR ieARPFBRERH) 2108 025 unke@y)L idE the art and
are w In

non-r adi oact i 3151%%5%?2 t h%q%%ggﬁttgfﬁlsw%gghdngcggyé?/yﬂdaﬁ gggﬁﬁﬁd
reagents for Relyoerpag HPhanmacia) . gnfhe firanscyiptiont reactdiansy were
non-radi dict i \werfyehedi ZALITIT for tadSHAyursls descri bed above including an
appropriate sanple col | .ection dew,ce.sych as a dacron swab for
exfoliated cell sanple collection, sanpre transport nediumfor 30
stabilization of the saRpkectisu of Auphified RN Txanecriptehoratory for
anal ysis; a pronoter-praAner fend dispeaylated DNA pobei wasicsyhtisietd a
trimmng probgpnAlmbeast QM reaction using a single biotinylated
15 primer (positions B864-885 of Promega’s pGEM3Z) and a non-
biotinylated primer (position 180-202 of Promega'’s
PGEM3Z). The DNA sequence of pRK15 and pGEM3Z are
identical within these regions, but the former was used as
the PCR template. Amplification was performed with the
20 reagents from a Perkin-Elmer Cetus Gene Amp™ kit, 2 mM
MgCl,, and 0.5 uM of each primer, using a Perkin Elmer DNA
Thermal Cycler. The tﬁermal'cycling ﬁrofile used for PCR
amplification involved an initial 3 minute denaturation
step at 95°C, followed by 40 amplification cycles (1
25 minute at 94°C, 2 minutes at 55°C and 2 minutes at 72°C),
and ended with a 10 minute extension at 72°C. The 704
base PCR generated product was purified using the Magic™
PCR Prep DNA Purification System (Promega).
Detection o¢f CAR synthesized RNA was measured
30 using a modification of the SHARP Signal™ System (Digene
Diagnostics, Inc., Siiver Spriﬁg, MD). A 5 ul aliquot of
biotinylated DNA was”denatured in a mix containing 5 pl of
SHARP™ sample diluent and 25 ul of SHARP™ denaturing
reagent (Digene Diaghbétics,:Incw, MD) at room temperature
35 for 10 minutes. After initial incubation period, 25 pl of
SHARP™ probe diluent (Digene Diagnostics, Inhc., MD) was

*)



5' exonucl ease or at | east one pol ynerase having 3 exonucl ease

activity for trinmmng back any sequence 3' to 35 the target region in a
etete—aectt—o ; —one or
nore probes WO 97/ 10364 .
PCT/ US96/ 14806 31 specific for the
transcript to be detected; neutralizing probe diluent; anti-hybrid

anti body- We9I%UBEk r at e- coat ed test tubes or m crot PEEPS%KAN0E; o

nucl ease such as RNase, preferably contained in a solution al so
containing a conjugated anti-hybrid antibody that can be detected by 5
conventional neans; and any necessary. §ontro|s. The kit
shoul d contain a negative control anda positive control for each

detecti®on pidded toPtRé eféddvion and the dmdabi Vo1t (egd 41§ enzymatical ly
pr epar ed seq not _conpl ement ar. Q. the detection

of .a . nce_t hat .
brobe. 10 TARSTEEER; YAER HHE SRR LR TR AT SR ATk EPE ) |y
prepared RN& tisanoredcehat dhenbapyinylatied PNARrobe was present inn general,
the assay e hgbusgizdvidielceektasl at a hi hitl ikl leielbPapeénl  of
Spect men Wﬁjﬁﬁa&%&};f&h. 8 e%%?%&&rht"%s‘éﬁefé?{ 3Ol - 15 -
The fol | ow examnplres |Y7y§%ra e use of "the present "anplification
met hod 2and ﬁé&kS?ﬁPEnh$§§%ﬁﬁﬂﬁﬁé°Riche nixtypeswas knpisferaed 62fered by way
of il ustr aitireptagidinreoated plates dmhaddken for1i3o micusespat of the

| nvention ifyyiem ar GG Yempbbhedd O AN AEI IR ddBLALLa AT @ EXPressly

20 I ncorporated in toto Qy' gference. ] .
EXAVPLE 1 from the wells, 100 ul of SHARET.feteg;ippirsagent (Digene A 65

base ol i gohicdgmostdesprImnt,eMDpradded and theoplaties neprehalIdwedNA pol yner ase
pronoiier CQiS sHaRWCRECLEGD rpm ol F9kEhuR¥s28e DASS: HefbeRacGPEP! enentary to
H V-1, was : '
The wells were then washed 5 times with SHARP™ wash
solution (Digene Diagnostics, Inc., MD), twice with H,0
and blotted on paper towels to remove excess liquid.
Finally, 100 pl of SHARP™ substrate was added and the
15 plates incubated at 37°C for 1-12 hours before reading the
absorbance at 410 nM in a plate reader (Bio-Rad).
. EXAMPLE 3
t. d i 2 - L] o
The effects of the 3’ tail and template type on
20 CAR are summarized in Table 2. The background was
represented by sample 1 which is the zero target control.
Comparing the signal dbtained from circular target
(samples 2-6) with the obtained from linear target 6 _
(samples 7-11), or circular target 4 (samples 12-16) with
25 linear target 7 (samples 7-21), indicates that there was ]
no significant difference between linear and circular
target amplification. However, when the signals from
targets that lack 3’ tails were compéred with those
obtained from'thé targets which required exonucleolytic
30 removal of the 3’ tail, a large difference in
amplification was observed. _The”éignal was approximately
100 fold less for those targets that have a 3’ tail.
These data indicate that exonucleolytic removal of the 3’
tail, prior to synthesis of a double stranded promoter by
35 DNA polymerase was limiting the reaction.
Table 2. Effect of 3’ Tail and Template Type on CAR



chem cal |y synt hesi zed. H V-20 ner T7 Pronoter

HI V-20 ner +1 30 5'-
AGTAAAGCCAGAGGAGATCTTAATACGACTCACTATAGGAATTCCTGCAGAATGCGATAGATTG 3

The HI'V -1 regions of the pronoter-priner are 4 non-contiguous with
respect to HL V. and extend from base 665 to base 684 a 15 in
the gag regi YO E119364 genone (Adachi A, et al. 1986, ?&W@f‘&%

59: 284- 291 [ Accession # ML9921]). The consensus sequence of the T7

WD 97/ 10364 PCT/ US96/ 14806

32 RNA pol ynerase pronoter region isg well characterized (Cakl ey,
J.L. and Cpleman, J.E. 1977), Proc. Natl. Acad. Sci. USA 74:4266-4270;
Dunn, J.J. and Studi W 1983 J Mol BiQl 166:477-535) Land i's
functional only when double.gtr | . 1987. Nuc

Acids 5 Res 15: 878B1.879%robe Withowtitixgétc- St r ande@opr onot er - pri frer was
therefore made into

dupl ex, . by conmined 3'->5' exonucl ease/ 5' - >3'
DNA pol ynerase enzyng ?rgg‘;/ﬁr("'ﬁ%%@g% ““g prior 1o BNA synthesis. The
sequence of the pronpger- sy 1ot Pri-ner oligonuc| eeési de includes|the T7
pronoter conserved 1p eote—egotrextertrg—fr—bases—upst+eadn of the

transcriptional init{3tion5&i0% (designated + [Ly***The GGGA nucl eoti de
sequence, i medi at el dovvns%rr m ot the 17 «RESE Core regron, is the
preferred site for tfAnscr Atlon initiatibn (MIlligan J & et al.

1987, Nuc Acids Res [I§, 15x8683- 8799). The nlglaggti des betweé¢n the

pr onot er regi on—crn'd—r'rre—ﬁr"v‘rt—sequerrces—g'ETm—Ecu—R
restriction site thalSwas ¥t ed for conveni PRAOS3 *I'n order

to illustihte the mﬁ%ﬂ%pms%ﬁ) was constructed apd nodified
7 ' i .

to generate various

. 5x108 | e
8. 5x10° o wn
9. sx10¢ : e
15 10. 5x10° o 0.493
1. s5x100 .~ loow3
Target #4 (Circular, 168 base 3 ail)
2. 5x10° o xwnn
20 13, 5x10 o403
l1a. sx10° _' 0.029
! 5. s5x1¢6 . |oow
6. 5x100 . 0.009
25 Target #7 (lincar, 168 base 3’ tail)-
117, sxi108 fownn
18. 5x107 | 0.281
9. 5x10° | 0.042
0 2. s5x10 : | o011
21, 5x100 0.005

**+¢ = signal > 2.5000

35



20 targets. The DNA used to generate the different targets. is a-

1181 bp Hind Il fragnent fromthe gag region of HI V- 1. This fragnent
59: 284-291) into the Hi nd 1l site of plC20H (Marsh, J. et al. 1984.
Gene 32:481- 25 485) to create plasmd pRK15 (Fig. 2). Digestion of
plasm d pRK15 with different restriction endonucl eases, fol | owed by
gel purifi PPUW3# the fragnents, allows a vari et yPEFUSAS{8S ont
target types to be fornmed. These are di agrammed in Figure 3 and
represent the structures 30 generated after hybridization of the
pronmoter-primer with each of the target fragnents. Both |inear and
circul ar structures can be forned dependi ng on the particul ar
restrictfon endonucl ease used to CUEKMA For both | i near and

circular hybrid structy equence 3' to the

target region (al so refert FETT o : ai | s") may be
renoved by 3'->5' exoﬁﬂi’@l“éaﬂ‘%e ‘several alternat\megggmgggqtions of
PCT/ US96/ 148D8A polymerases and. exonucleases that can be u8&d, eitherprior to

synt hesi zi ng ?ég}] h Eg,n.:g r EB&%}% on the

t ar get Em@ en e%}u% &agﬁ 9%&[ taﬁiy,e%%ner\%gfeafrom %}%1736 bases.
The enz @\éﬂl‘!d’ randed prenqteRiisthe CAHMethedeacBOE? the targets is
shown in thefmddtakille and non-EdsrmobtabRe céridymesf caiibd udser at ed Tar gets

[Or tCﬁR' dependiryf gfr‘zt th-eFYPéactJ.on fgﬂa?wf&ﬁ Th85prirrﬁé1!-y| engt hO 3" Tail
€ng requfrement in €£13 é%bodlmen é the invention is that
the promoter region remains non-functional, unless the

rdpes

10 specific target is present. As an alternative to the
previously described methods, T7 DNA polymerase was used
. in place of Vent™ (exo+) DNA polymerase in the second step
ey of the DNA synthesis reaction. The reaction conditions as
""" described in Example 1 remained virtually unchanged,
15 except for the changes which follow: Target 7 (see Fig.
3) was used at amounts from 5 x 10° to 5 x 10%. This
DNA/promoter-primer hybrid stricture leaves a 3‘ tail (168
nucleotides long). 1In the first step of the hybridization
reaction described in Example 1, Vent™ (exo-) DNA
20 polymerase was replaced with Deep Vent™ {exo-) DNA
polymerase {(New England Biolabs). 1In thé'second step of
the reaction, either no additional DNA polymerase was
added and the reaction incubated at 75°C, or Deep Vent™
(exo+) DNA polymerase was added at 75°C, or T7 DNA
25 polymerase was added and the reaction was incubated at
37°C,.

The results are depicted in Table 3. The data
indicates that using T7 DNA polymerase increases the
signal 5 to 10 fold over that obtained with Deep Vent™

30 (exo+) DNA Polymerase. It can be hypothesized that T7 DNA
polymerase has a higher,-or more processive, 3/-5'
exonuclease activity than Deep Vent™ (exo+) DNA
polymerase, and was therefore able to remove the 3’ tail
more efficiently. Removal of the 3’ tail enabled the

35 5’3" polymerase activity of the enzyme to fill the
complimentary strand, thus generating the double stranded




2. circul ar Pst | 736 0 3 circul ar

Bgl I1 0 736 4 circul ar Nsi 1

568 168 5 circular Bss HI | 32

704 15 6 | i near Pst | + Sca | NA 0

7 linear | + Sca NA 168 ' g

| i near Bs?’%"l‘ 364 Sca | NA 704 20 PCT/US96/14806
Hybri di zat ion and DNA Pol ynerase Reactions Each of the
targets (0, 5 x 10[err], 5 x 10[err], 5 x 10[err] or 5 x 10[err]

nol ecul es per reaction) were added to a ag hybri di zati on m x conpri sing

of 1 X Vent[err] polynerase 25 buf fer (New Engl and Biolabs) (10 nM Kd ,
10 M (NH4) SCP7 pr2Moter regdérlyr iwhikBlifphliGinditely mtrd4mSal foxd 0. 1%

Triton-X- 100) 1successf§§ E%ﬁcﬁmeﬁipf'#% p%lé%em‘gf each dNTP and 2

units Ve bs), in a
15 [err]1 fi naI V'Dms.TﬁﬁeMm%lyhﬁhséjﬁi‘@MR&wﬁ& 1000C 3p for 5
m nut es, and | at e} T pr-omoter= Pt rrrer—at 48[err]C
for 30 minutes. Al the ¢Sample this k I unil el [err]|) of
Vent[err] g(exo+) DNA pol @se (NE }mwas added tosﬁach tube. The
tub es mere t hen ijr< ————a¢nﬁLes—aL—l5ﬂdLand-Lhaa eactions
term nated by dil ¢2ing {5 x10%he sambﬁs to 100 [err] Il onigoh H20. { The
sanpl es were then EXT I’&C[ e ™ pnenorl chtorofrgrmso-any{ al cohol
WO 97/ 10364 3. Sx1 none pCr/O8d6/ 14806
34 4. 5 x 10° | Deep Vent (exo+) ok
10 5. 5x 10 " | Deep Vent (exo+) 0.519
6. 5x10° | Deep Vent (exo+) . 0.047
7. 5x10° . T7 DNA Polymerase okt
8. 5x10° | T7 DNA Polymerase wae
5 9. Sx10° T7 DNA Polymerase 0.490
10. |0 _ none ' - 0.005
#erk = gional > 2.5000 |

Hybridization and DNA polymerase reaction conditions have been optimized in a two step reaction.
First, hybridization was performed in the presence of the Deep Vent™ (exo-) DNA polymerase (first

20 DNA polymerase). The lack of 3° exonuclease activity in this first step prevents degradation of the
single stranded promoter, while at the same time, the hybridization process is enhanced by the
extension of the 3° end of the promoter-probe during the annealing process (longer probe further
stabilizes the hybrid). In the second step, or Deep Vent™ (exo+), or T7 DNA polymerase is added.
The 2™ DNA polymerase has 3'-5’ exonuclease (removing the 3°-end tail) and 5’ 3' polymerizing
activity, resulting in the synthesis of double stranded DNA transcription targets.

25 CAR technology, using the previously mentioned
T7 DNA polymerase method was repeated using less input
target DNA. The results of this experiment are summarized

in Table 4. These data reveal the ability of the system
to easily detect S x 10% input DNA target molecules.

30
Table 4. Effect of Low Target Levels on CAR
Sample - ; _Auo
1. | Probe without target | -0.12
35 - 12. IS X 10° L | R
3 5 x 108 _ 1.481




(49.5/49.5/1) and ftjrther diluted with H20 to 500 [err]l vol umes. Al

DNA sanpl es were concentrated to 10 [err]l final vol umes with
: : 'J:Irangr\rlnt|on

S ot

React i ons The DNA sarrpl es (10 [err]l) were transcribed in
50 5 [err]1 f| nal vol unmes, each containing 10 mM DIT, 2 nM of each

NTP, 40 MM Tris, pH 8.0, 8 nMI\/gClZ, 75 mM NaCl, 100 [erPgr%m - BSA, 5
units/[errwmfn (Pronega),. 0.025 units/[err]l of i

pyr ophosphat ase (Signa) and 6 units/[err]l of T7 RNA pol ymer ase
(Pharmacia). The transcription reactions were 10 performed at 37[err]C
for two hours. 39 EXAMPLE 2

Detection of Anplified RNA Transcripts™ = . 3 A5 -end

bi oti nyfated DNA pr o —b'%—p'm'y'rrm;e chain reaction
using a single biotip$tatdXI¥ porimer (pobPiBéns 864- 885 of Promega’s

pGEMBZ) and a non- 5. b gkl}ﬁjﬂ ated pri mef gsition 180-202 of Pronega’s
PGEMBZ). The DNA sepeerep—ei—pRiktb—ard—p i.dentical within
t hese regions, but thé.fo ferl0las used ‘as ]0.010t he PCR fenpl at e.

Anplification was pef 9; €agents tromja PerKki n-El mer
Cetus Gene Anplerr] ki ’(’EWI[ ‘Izgﬁﬂdz and 0.5 [mrljl/lof each primer,

‘using a Perkin El ner: DNA Ther nal Cycler. The-thermal cycling profile
used for PCR . anplification invol ved an initial 3 mnute denaturation
step at 95[err]C, followed by 40 aggiMmdiircati on cycles (1 25 m nut e at

94[err]C, 2 mnutes at 55 L T at 72 err]C) and ended
with a 10 m nute extenS$tor ' F 4 “vase PCR gener at ed
product was purifiedThsi ﬁgnaméiemgnc ErB]Vlrus (HBJR) FU@}PWSPUI‘I fication

Syst emg Pr o8®4F), approx. 3200bp, anBetés SAR: Syl &foubad - RNA was

measured 30 MOdff 1 C S naljerr] System (D gene
- Diagnosti cs“ﬁ*&de'g}gﬁﬁve%%%rsﬁ}bsgg % éﬁ'ﬁ:r ec[ °]"T i
“¥w pi ot i nyl at e¥iPNAS\EhedeaBRlRt (l‘ﬁ BNgYi %3 g(5) [%?ﬁa]nld BNA

"4 SHARP[ err] $arq:rbrereuhu.lenentoamybr2.a:.@erwj.thcé @HABP{:eétér{taﬁaieu-r gue

«y Teagent (D ?8%91%9:5&08%'535%11”%) B/P}aﬁ& oNaom &ﬁgpf‘»éé‘é Wiat3ghe for 10

mnutes, After i1nitial incu on ro err SHARP[ err
br obe B 1 ucREETTS (M SEAUEAR 88V, 18, CrAgsFELhad = & single err]

message in vivo (which is detected via DNA:RNA hybrzd
formation), coupled with the above mentioned genomic
features, makes HBV a suitable model target for CAR
technology. B ' '

20 Synthetic Promoter: .

Two .75 base olzgonucleotlde promoter primers,
containing the T7 RNA polymerase promoter core sequence
and flanked by 25 base regions complementary of HBV
sequence were chemically synthesized.

25
Promoter-Primer HBV 32 (For c1rcu1ar CAR using the 1 6 kb
HBV -
5’ - P-CTCCCCGTCTGTGCCTTCTCATCTGTAATACGACTCACTATAGGGAATTCCAG
AGTCTAGACTCGTGGTGGAC~-S-T-S-T3’

30 o

Promoter-Primexr HBV-31 (For circular and llnear CAR using

the entire genome of HEV)

57 - P- CTCCCCGTCTGTGCCTTCTCATCTGTAATACGACTCACTATAGGGAATTCATC
35  GCCGCGTCGCAGAAGATCTC-S-A-S-A-3°
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35 added to the reaction and the entire volunme (60 [err]l)
transferred into the transcription reaction sanple tube. It is noted
that the biotinylated DNA probe was present in t he hybri di zati on
cocktai | f| nal concentration. Hybri di zat i or,M&se rmed at
65[err]Cfor‘@gé7mnutes 5 Fol | ow ng hybridi zati on, the mxturé&\?\/as
transferred to streptavidin coated plates and shaken for 30 m nutes
at 1100 rpm at roomtenperature. The m xture was decanted from

the wells, 100 [err]] of SHARP[err] deta®ti on reagent (Di gene
Di agnostigs, Inc., MD) added and the plates were allowed 10 to shake at
1100 rpm for 30 mi nut eldgnmentn ofHRNY A sequencesg Hfrafeithe waPeTt hen

washed 5 ti nesumtﬁsesSI—waa[zer hRdw\\o&drl, adr2Q! Hirtpraywd gaide apwagnosti cs,
Inc. ﬁééh ?3:8' chep a&? ﬁ%ﬁoﬁﬂ P@&g ?J%Vgtidteo fenove excess

I|qU|d was added and the
15 plates i HEM%‘%F fhi E’PFFO“F?# te gE“ﬁSﬁF% g AROViEe SARNg t he
absor bance at p#diotétiprimeisat eTheHEY rHedionBadf.the promoter- pnmer

f
Eﬁg\wg:‘_;zegﬁs o? The. -con:'-.:l]gfu% g Pt rJé}!éCtaEg i[@gpéﬁé %&‘gare summari zed in

Table 2. Thet EE?%‘F%(P%§ e ma ?’érﬂ%@ﬁeﬁqﬁmmlfzﬁﬁ chT™Pi8t he zero
target contropermittedCampdiifigatihen samhaletebtionedf fdififexientuHBY t ar get

(sanpl es 2-6) S%L?pw%%m%amsdcﬁ%éawar Tha §8Y éequence@smhfﬁ 7-11),

or circular ta és - 162 %g 1 near et 7 ésarrpl es
7-21), indi caf'gg PR ‘i?‘?’erpés‘w&§ exteén Fgm PReant 4l ftf°e 2% 1Bt ween

i near a#d ci H8ugeme codingamggionhpand kame 834 tovwee®r (HBghan colléngi gnal s
from tar gagSohNads ek g%noiné' fér e mﬁrgﬁoﬁbé&i@%&omoterobt ai ned

fromthe targ whi ch. requi t ed cle | renoval Qf the 3" tail,
a large di ffe%%%%%’ a'£xon %ﬁﬁﬁ ehet %%ﬁ%& Eég ve%Fnel'ﬁ’g sP8nal was

appr oxi mat el yreglon) 14}83 feAsge R435 tor243fHEHBcAggeeding degiond tail.
These data i ngheatieviinipretes! pobheé i (arrrIRy Rl nanégheap?d Alan tal |, prior

[Tt Peatetu ol iBieyRa Y, il BlESS 08
CAR Biology of the Hepatitis B Virus, Alan McLachlan, Eds. :
CRC Press Inc., Boca Raton, Florida, 1951, 5-13). The
consensus sequence of the T7 RNA polymerase promoter
region is well characterized (Oakley, J.L. and Coleman,.
20 J.E. 1977. Proc. Nat'l."Acad. Sci. USA 74:4266-4270;
Dunn, J.J. and Studier, F.W. 1983. J Mol Biol 166:477-535)
and is functional only when double-stranded (Milligan,
J.F., et al. 1987. Nuc Acids Res 15:8783-8799). The
single-stranded promoter-primer is preferably made into a
25 duplex, by combined 3‘»5’ exonuclease/5'=3' DNA polymerase’
enzymatic activities, prior to DNA synthesis. The
sequence of the promoter-primer oligonucleotide included
the T7 promoter conserved core region extending 17 bases
upstream.of the transcriptional initiation site
30 (designated + 1). The GGGA nucleotide sequence,
immediately downstream of the 17 base core region, is the

preferred site for transcrxpt;on initiation (Milligan,
J.F., et al. 1987 Nuc Ac1ds Reg 15: 8783 8799) . The
nucleotides between the promoter region and the HBV

35 sequences generated an EcoRT restriction site that was
inserted for convenience.
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ar 1 i |

I—\L CIT] XL .
Probe w thout target 0. 003. Tar get #1
(circular, no 3 tail) 2. 5 x 10[err]
ko kk 3. 5 x 10[err] * oKk k
4. 5 X WO[WW * Kk kK PCT/US96/14806 5 X
10[ err] 0. 254 6. 5 x 10[err] .
0.053 10 Target #6 (linear, no 3" tail) 7
5 x 10[err] BT 8. 5 x 10[err]
ko kK : 9. 5 x 10[err] SR *rR*E ]S
10. ?°X %O[Grr] The 75-mer promoter-primérs$%iso had a 5‘-end 11.
5 x 10[ err ' . . . rget #4
(Groular  PEEPBhAte pnd 3/ end phosphdrdtiicate linjages Retwacy EHeIC, |
13. 5 X 1éFgF,]second to last and thirdgtgpbast nucleotides 14. 5 X
10[ err] ("blocked ends"). The (twi?tandem phosiphorothizsatdd[err].
0. 010 ; Y LR ; 0. 009

link ted: 3¢ -8 % 1931

25 =n aq'easr g%ﬁev#?? % | near, f%’g) %%se %;1% ﬁﬁo)cess'we
17, 5 16Leay3ge of the promoter-primers.by the DNA polymerase g 5 x
10[ err] without interfering with e 5’-3’ polymerizing actliBrity 5 x 10[err]
0.042 30 of the enzymd: 5 x 10[err] ' _ 0.011 :

*kKkKk —

g%gnal5>x2%g%86r] :Hysing two different pro&gé§¥iprimers hybridized

circles of different dimensions were generated, with 5
10 and/or 3’ tails varying in length, depending on the size
and sequence of the: target DNA to be copied and
transcribed via CAR,
EXAMPLE 6 o
-In oxrder to illustrate circular CAR, two
15 plasmids were constructed and modified to generate various
DNA targets. The DNA used to generate the different
targets was a 1581 bp EcoRI/BsiHKAI fragment from HBV ayw
and adw2 strains. After double digestion of pGEM3Z with
EcoRI and PstI, these fragments were cloned into plasmid
20 PGEM3Z (Promega) to create plasmids pADRAYW and pADRADW2
respectively. Digestion of plasmids pADRAYW and/or
pADRADWZIwith diffetent restriction endonucleases,
followed by gel purification of the fragments, allowed a
variety of different target types to be formed. Both
25 linear and circular structures can be formed depending on
the particular restriction endonuclease used to cut
PADRAYW and/or pADRADW2. For both linear and circular
hybrid structures the 3' end tail of the target, if
present, must be removed by a 3/~5’ exonuclease prior to
30 synthesizing a double stranded promoter region.

Hybridization, DNA Polymerase and RNA Polymerase Reactions
i ' £ i e £ t)

The reaction buffer éontained salts, DTT, four
35 dNTPs (dATP, dGTP, dCTP, dTTP) four NTPs (ATP, GTP, CTP,
UTP), one or more suitable RNase inhibitors and one or



W0. 97/ 10364 PCT/ US96/ 14806

37 EXAMPLE 4 Ef f ect of

Al ternative DNA Pol yner ases R - There are several alternative
conbi nati ons of . DNA pol ynerases and exonucl eases that can be used,

ei t her si mul t aneously or sequentially, to generate a functional 5
doubl e strand®@Pi®¥bter in the CAR nethod. Both t hePTRUPYHRE and
non-t her nost abl e enzynmes can be used dependi ng on the reaction
conditions. The primry " requirenent in this enbodi ment of the
invention is that the pronoter regi gg remains non-functional, unless

the 10 specific target is present. As an alternative to the .
previ ousl y Ueschode duiehbldscadridNpriotlel it aSThevainadeteaction i volpinece of

vent[err] (exonjaDh B9 URR! A58cd thed € naCeaRE Bhfbueser, Phrllle MM

synt hesis reactlon. e reaction conditions as R anple 1
remai ned virtuafty URLSRIARA), and Pregebet-RIGmerh d1BRMRERCUMREN ol | ow
Target 7 (see Fig. THe resctisad kulf ferDUDNA dnd promotédiprimer o 5 X

10 . Thi - !,gw i * tail
(lgg”] ;ﬁclvé%ﬁ es,ldg%g .Elﬁé\rﬁﬂe |era§%éarFgrsio;ﬁi%ghaﬁggrsﬁglegaﬁ%n *

reaction describeREed nEXEREEwas Vé’rﬂ[aéth}’e(S’e‘k‘g-ﬁ"‘ﬁN,&"Zé *CpEPY s ase was
repl aced with Debp. Vaivjecunjit$ cxd-B.dadNA DNA pobyreraseade aphlles/ wmmnid o e

Bi ol abs) . I'n thg; Se@0RL15mEPasE were adddd t£82Ché Mixtiir€ang0_additional
DNA pol yner ase d

was . ad %?d\lAan the reactio cubated at 75[err]C, or
Deep Vent[err] 1ncubatign,ap gHc ﬁ/rféﬁoag@“ﬁﬁsg%joﬁmfdat 75[err]C, or T7 DNA
25  polymerase was added®egedtiom o QAR synwhesized RiWPewagt pexforme¥[err]C.
The resul t 10 ar epdepinfidey ikhe TALAS ions! kM Qaaanacuring{ Framdl@8njdeétgdisi ng T7
DNA pol yner ase m&reas.esi t he, S ig‘rgqal 5 gg 19 foid yer that obtained
with Deep Vent[8P¢]S'3Ring 89(51-1)e'f5i\17§i_ prerise to yisualigs FB%ot hesi zed
that T7 DNA proguttaver Spechbitc RN diranscyiphereens cbsegived, thuss'
demonstrating the applicability of the CAR method to the
‘HBV model system. '
15 Modifications and variations of the continucus
amplification reaction and corresponding kits will be
obvious to those skilled in the art from the foregoing
detailed description of the invention. Such modifications
and variations are intended to come within the scope of
20 the appended claims.

30

35



exonucl ease activity than Deep Vent[err] (exo+) DNA pol yner ase, and

was therefore able to renove the 3' tail nore efficiently. Renpval of
_44u;4L_44y4—4uuﬂ#4mL£££;QE el G D BB B 2 V-t 0f t he enzyne tO

fill the nplimentary strand, thus generati.ng the doubl e stranded
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T7 pronot wo97a036dn, whi'ch®istulifatély required for  PCTAUSII8¥essT ul

transcription by T7 RNA pol ynerase. i Table 3. Effect of DNA

Pol ymer ase on CAR Activity. - Sanpl e 2nd DNA

Pol yner ase Alerr] 5 1. -5 x 10[err]

none 1.584 43 5 x 10[err]

Lt TP S L1 | N

Vent (exo+) : Foxx Iidngthod of _amp15:|.fy:|.ng a %arga_ﬁ)[r%{pﬁ.]ell: Deep Ven'?

(exo+) acid copp¥ifing the steps of6. - 5 x 10[err] Deep

_\éﬁlgt P( IeXO+) 0. 047 providing a single- 85trande§ ﬁglélqj‘-l%[ "al:l]d $;
ol ynmer ase C X err

DNA Polyner ¢raining a targer rpgion; 9. . :. 5 x 10[err]

T7 DNA-Pol yner ase hybrigizing the target region of maid

none nuclelc acid to a Grfdeter-primer havifg’d certirgnal >.2.5000

ybr i of zat i on 2 ONA ROLY RIS Vo' BB51400 eRBTbES L35 Deen optimi zed i

contlguous portions of the target region. formlng a
circular hybrid; . _
10 trimming back 31ngle stranded gsequence 3’
to the target region generating a flushed 3’ end of said
e hybrid; : _ : _
e extending 3 ends of the target region and
the promoter-primer forming a double-stranded
15 intermediate; and .
transcribing the double stranded
1ntermed1ate produc;ng many RNA transcripts from each
target region. _ : .
2. A method according to claim 1 further
20 comprising: _
denaturing a double stranded nucleic acid,
thereby providing a single-stranded nucleic acid.
3. A method according to claim 2 wherein
denaturing comprises:
25 treating said nucleic acid with a base; and
neutralizing with a hybridization
neutralization buffer. )
4. A method according to claim 1 wherein the

single stranded nucleic acid is hybridized to a capture
30 probe.

5. A method according to claim 1 wherein the
trimming and extending steps are carried out using at
least one DNA polymerase having exonuclease activity.

€. A method according to claim 1 wherein the

35 trimming and extending steps are carried out using at
least one DNA polymerase and at least one exonuclease.



First, hybridization wa resence of the Deep Vent[err]
(exo-) DNA pol ymerase(flm‘M oI ynerase). The |ack of 3

exonucl ease activity in revents; degradatlon of the:

singl e stranded pronoter me timei“tthe hybrization process

I s enhanced t he : exten5|on of the 3" end of the pr -Dr obe
during the & 35"?ﬂb process (|l onger probe further RE&E%%@P?@S t he
hybrid). In the second step, or Deep Vent[err] (exo+), or T7 DNA pol ynerase
I s added. The 2[err] DNA pol ynerase has 3'->5" exonucl ease (renoving
the 3'-end tail) and 5'- 3' polynerizingg activity, resulting in the
synt hesis_of double stranded DNA transcription targets. 25

CAR techn0l ogy, using t.he @ setbod|acommtingned claim 1 WheDPBAnpohgmer ase

met hod was reaea&séey%méxe%ambﬂp&s modmehaﬁaeie%esm% resul ts of this
experinent ar data veal t he

a1ty of i RESpRuister lmkagﬁasﬁ At dgast an Ritimnes o7 FRu | DA

t ar get nDIecubeslthm Table 4. Effect of Low Target
&evels on SAR ?anp{e 8. A method of detectlng a nidBdid acid ) 5 ¥

: e W thou
10[err] con@a:m:.ﬁda ,@miarget reg%on compr:.s:.ng the $Steps gfx |0 err]
1.481 WD 97/ 1P¥exiding a single-stranded nucleic acid
PCT/ US96/ 1480@omprising said target region; : 39 . 4.
5 x 10[err] 0. 187

5 x 10 err]t d‘xybrldizlng said nucigiglg 5 rt:]o @ 8159%80035
randed promoter primer having a 5’ promoter portion and
10 a 3' primer portion, said 3* primer portion comprising a
sequence complementary to a 3’ portion of said target
region, said 3' primexr portion further comprising at least
one modified nucleotide or phosphodiester linkage, to form

6.

a hybrid;

15 trimming back single-stranded sequence 3’
to the target region generatlng a flushed 3’ end of said
hybrid;

extending 3’ ends of said target region and
the promoter-primer forming a double-stranded
20 1ntermed1ate, '
transcribing the double-stranded
intermediate producing many RNA transcripts from each
target region; and
detecting RNA transcripts.
25 9. A method according to claim B8 further
comprising:
denaturing a double stranded nucleic acid,
thereby providing the'sing1e~stranded'nucleic acid.
' 10. A method according to claim 2 wherein
30 denaturing comprises:
treating said nucleic acid with a base; and
neutralizing with a hybridization
neutralization buffer.
11. A method according to claim 8 wherein the
35 single stranded nucleic acid is hybridized to a capture
probe.



EXAMPLE 5 Hepatitis B Virus CAR Mddel System :
The Humen Hepatitis B Virus (HBV) genone is 10 smal |, approx. 3200bp, and

. . viral
transcription in : onp ete (-) DNA'strand. The (-) strand
DNA I s conveni ent to CAR pronoter-priner due to
the lack of a full (+) st rlmg I“ that the 15 entire DNA
sequence OWOMNI0364 transcr'i Al aMSI ngl*e message RGTUR 8N ch i s
detected via DNA: RNA hybrid formati on), coupled with the above
menti oned genom c features, makes HBV a suitable nodel target for CAR
t echnol ogy. 20 Synt heti c Pronoter Two 75 base
ol i gonucl eoti de pronoter-primers, - . containing the T7 RNA pol ynmerase

pronoter core sequencgz, A m%@ﬁo&' aekehiby 25 bRSn (e WHAREiROBRM ENENtary of

HBV sequence_wer e nt hesi zed. , 2 Pronot er - Pri nmer
Bv-32 (For A AARRGPYr B PTG o gty Fp SRFrigdpuc usthd'RE

5 -P-CT OIE THNN QVATTETARE ABITDCARTATALSSHRA BPCERELY -

AGTCT AGACT CCTGGTGGAC- £3 T- & Téthdd accordibgObBt &1afil ig"wheEBYn thd For

C|rcular an Ilneér %@g %aln%éﬁﬂAﬁﬁé%% ntire gegogﬁ %%%§E?%%

GmaekTore. B4\ pelymgrase and at 1339@)% rIPEgclease.
PCT/U896/14806 . 14. A method of amplifying a nucleic acid

containing a target region comprising the steps of:
providing a single-stranded nucleic acid
containing said target region; ,

10 : hybridizing said nucleic acid to a trimming
probe comprising a sequence complementary to a 3’ Jjunction
of said target region forming a functional restriction
endonuclease recognition site hybrid;

digesting restriction endonuclease

15 recognition site hybrid with a corresponding restriction
endonuclease thereby forming a trimmed target nucleic
acid;

denaturing trimmed target nucleic acid to
remove remaining portion of said trimming probe forming a
20 trimmed single-stranded nucleic acid;
hybridizing said trimmed single-stranded
nucleic acid to a partially double-stranded promoter-
primer having a double-stranded promoter portion and a
single-stranded primer sequence, said sequence being
25 complementary to trimmed 3’ end region of said target
nucleic acid; wherein the double-stranded promoter portion
directly abutts trimmed 3‘ end of said target nucleic acid
upon hybridization forming a partially double stranded
hybrid; and
30 . transcribing said partially double-stranded
hybrid producing many RNA transcripts from each target
nucleic acid. : _
15. A method according to claim 14 further
comprising: . _
35 ligating the primer portion of said
partially double stranded hybrid to 3’ end of said target



40 - Ali gnment of HBV DNA sequences from the major
subtypes (adw2, adw, adrl, adr?Z, ' d ayw?) I ndi cat ed

stretches of highly consery i - sequences which were used to
generate the above CAR ﬁmmmm,dﬂm,s The HBV regi ons of the
pronoter-prinmer 5 are non-‘tortti guomss respect to HBV and are
conserved WOU/MBStighout all the major HBV DNA subtypes f3f4SrU806Th; s

permtted anplification and detection of different HBV. subt ypes usi ng
the CAR net hod. The HBV sequences within the pronoter-primer extended
from base 1547 to base 1571 10 (X genggoding region) and base 224 to 268
(HBsAg codi ng regi on) of the genone for the HBV-32 pronoter-32

pronot er - ° nupfiebe, aaddl. from base 1547 to base 1571 (X gene coding

regi on) and base 2415 tp. 24 g Y I QR) he HBV- 31
pronot er probe (Anneke PK6 Rﬁé&@gﬁé ﬁg%%g %I%/tggéﬁ g{rf Ql'%elstBi ol ogy
Hepatitis B VifRgFEher CREPEARANG: Bi ol ogy of the Hepatitis B Virus, Al an
McLachl an, Eds., R dhddng khe. paBoial 1Raidonble| stramded 3ybrid- 13). The
consensus seqyziee €5 ggfd'lgrﬁyérgpuggrg@%-_pr onot er region is well
charactergzed (Cakl ey, i L. .and go eman,ff, ~J.E, 1977, _Prqc. Nat'l.
Acad. Sci? USA 74: 4266-4b70;A methog agcording fo cdaim 14 fyrtieriogs. J ol

Bi ol 166:477-5®mprisingand is functional only when doubl e-stranded

gl e ot anded piombt or- prja uribdce Mo Bt shaald WuBIGH act¥e i b
congi ned 3' ->§q‘e§'>?g’XuBF3‘é§é1/'§ 2, $inBiR- gy apdad, gpcleic %"ﬁ"z‘ihmic Prex Y

activities, prior to DNP8syrk method Fheording seqgdadmw b7 wherrein

pr onot er_-lpri rrmterﬁg-_hg@ﬂ%gé%ﬁgﬂ@sj,ncl uded ' 1Eht6hT7t pr onot _ertg:onsler ved

core region extending aSes . . upstream qf e transcri.ptiona :

initiation site 30 . (desi ;tﬁraetaé:&ng T?.‘ The wcﬁacwg%%i% asseequgﬁge,

i mredi at el y downstream of t Heutradigingowith ayihylprifizagion preferred

site for tranymutpaildpatfoh imififer.(M I 1igan, - J.F., et al. 1987 Nuc

Acids Res 15: 8783 8799) 19 They mecnddUGLEGLAMRS RELSER 1ASHRAITY R’ 801 ON
an _Eco was

and-the HBV 35, sequences gener.ate UR= restriction site that
i nsert ed Por HNEHS shranded nucleic acid is hybridized to a capture

probe. : :

20. A method according to claim 14 wherein said
trimming probe carries at least one ligand and wherein
said method further comprises the steps of:

20 binding said trimming probe hybridized to
said nucleic acid to a solid matrix carrying a capturing
agent for said ligand thereby immobilizing said
restriction endonuclease recognition site hybrid;

washing said matrix;

25 digesting said restriction endonuclease
recognition site hybrid with a corresponding restriction
endonuclease thereby forming a non-immobilized trimmed
target nucleic acid; and

' separating non-immobilized target nucleic
30 acid from solid matrix.
21. The method of claim 8 wherein the RNA
transcripts are detected by a method comprising the steps
of: ‘ o
a. hybridizing the RNA transcript to a
35 complementary DNA probe to form a double-stranded hybrid;
b. capturing the hybrid of step (a) onto
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41 The 75- mer prom)ter-prl nmers al so had a 5'-end
second to Iast and th| rd Fo Iast nucreotldes "bI ocked ends") ’The
two tandem phosphor ot hi o Bam prevented 3'-5' exonucleol ytic

processive 5 cl eavage rimers by the DNA pol ynerase
Wi t hout i nWe978036hg with t "MpoPynerizi ng activit yPCTUSIE/MO6 he
enzyne. Usi ng tvvo different pronoter-primers hybridized
circles of different dinensions were generated, with 5° 10 and/or 3
tails varying in | ength, depending on 4_}1e si ze and sequence of the
target DNA to be copi ed and transcri bed via CAR EXAMPLE 6

In ordef toa Isbmgar@s@sézlt@lgba-ﬁ, & FouddVhybid; pI asm ds were constructed and
nodi fied to generate vari Qus far Jhe S generate the
shin A AR Py HEETe1

di fferent targets was a 1 KA FTagien rom HBV ayw
and adw2 st ra@ids. apdter doubl e di gestlon of pGEMBZ with EcoRl and
Pstl, these fragments wer&.cl ogetetttiny mtﬁstdnanybﬂGEI\/BZ (Promega) to
create plasm ds pADRA)QNa p el ' 'on of

pl asm dg PADRAYW and/ or %e é‘@%\ﬁ% Clatiﬁl g ?ﬁ%éel t)rﬁgsPiral\%

endonucf easd® labelleq grith,ag 933%I°‘}9ur111HF‘E§t| on of the fragnents al | oned
a variety of di23er ahe nathed ¢f pAaimo2hewharaird thBophA25 | i near

and circul a, %EU% Ubfot gédf QLG R1 28! %%A%vlangf’atwew R t i cul ar

restrictiontendontc| ease Used to cut . For
both |inear 8k%GPERYEH Hy hybri-d. struct ures the 3' end tail of the
target, if pr esznt , Timestrebbod enb\dailny2n Werein anoantiease prior to

30 syet hesiypirig Qn@lpwa,eom.ﬁeﬁ wm&sgméﬁelm been Hybridization,
DA POl YIer a3eBlfs £04' &0 HIPLaT Fa 5, OhBeredn b 10kSnBY) S/ 5ingl e tube
f or mat) ’

- antibody fragment specifically binds to a component of the

double-stranded hybrid. |
25. The method of claim 21 wherein the probe is
t5 double-stranded DNA, comprising the additional step of
treating the probe with a base to form single-stranded DNA
prior to the hybridization step.
26. A kit for amplification of nucleic acid in
a bioclogical sample comprising:

20 _ - a promoter-primer having a central
promoter portion and two regions
homologous to non- contiguous

~sequences in the target region;

- - a trimming back agent;

25 _ - ‘a nucleic acid polymerase;

- an RNA polymerase; and _

- a sample transport medium for
stabilization of the biological
sample.

a0 .. 27. A kit for ampllflcatlon of nuclezc acid in

a b;ological sample comprising: =

- a promoter-primer having a 5’ promoter
portion and.a 3‘ primer portion, said

o primer portion comprising a sequence

35 | - complementary to a 3’ portion of said

| ' target region, said promoter-primer



The reaction buffer contained salts, DTT, four 35 dNTPs . (dATP, dGTP,

dCTP, dTTP) four NTPs (ATP GTP, L,II-’ UTP); one or nore suitable RNase
i nhi bitors and one or - : : : :
PCT/ US96/ 14806 ‘! |l !“ a2 LA tabl e
carrier protgj The fi nal ton.vol use * S err an

cont ai neg th qn’ﬁﬂﬁ‘f on buffer target DNA (10[ err] : ’é’é"”%nd
pronoter-prinmer (10[err] nol ecul es). The reaction buffer,
DNA and pronoter-priner - were mxed together and heated for 1 mn. at
100[err] C. The 5 heated m xture was thgg allowed to cool to 37[err]C for
10 mn. Five units of B.coli DNA polynerase | and 5 units of T7

RNA pol ymarase were added to the furtherecomprli sing ?lcnmabatlﬁé at Sg[ng'rA] C
for two hours followed. ﬁ'q | was
performed 10 by running the rea tlonggg{#\&gi enaturi n E?%&wﬁ é%&e gel

and staining with ethidi um brom dé™89¢isual i ze the - products. Specific
RNA transcripts were observed, tRusrimmingldvanistagantng the applicability of
the CAR nethod to the HBV méd?lhcii¥§ée£§1dl§ol erase: Modi fications
and vari aki ons of the continuous nreaction and
corresponding kits will be ~ 5‘5\/% A8 iIsRPAl ed in the art from

t he foregoing det ai | ed descra pamphe ofradmparty eetiiom. £&tich

nodi fi cati ons and variati ongeabe1iBheise b @neOBRoYbgitd) t he scope of

20 the appended cl ai ns. s5ample.

28. A kit for amplification and detection of
10 nucleic acid in a biological sample comprising the
components of claims 26 or 27, further comprising the
components of:

- a DNA detection probe complementary to
the target RNA sequence for formation

15 of a double-stranded nucleic acid
hybrid;

- a neutralizing probe diluent for
diluting and neutralizing the treated
probe;

20 - a solid phase coated with a coating to
which a hybrid formed by hybridization
of the probe and the target nucleic
acid sequence, will bind; and

- means for detecting the hybrid formed

25 by hybridization of the probe and the
target nucleic acid sequence.

29. The kit of claim 28 wherein the solid phase
is coated with streptavidin and the probe is biotinylated.

30. The kit of claim 28 wherein the solid phase

30 is coated with an anti-hybrid antibody or an anti-hybrid

antibody fragment, wherein the antibody or antibody
fragment specificaliy binds to a component of the double-
stranded hybrid. S

31. The kit of claim 28 wherein the means for

35 eliminating the non-hybridized probe is DNase.

32. The kit of claim 28 wherein the detecting



30 35 WD 97/ 10364

PCT/ US96/ 14806 _ 43 W claim

| AMa2< oV EETL0 | IR EVIE Y - -7 TN =Y -V ac-d—conp-si-Rg—t-he steps
of : provi di ng a single-stranded nucleic acid
containing a target regi . hybri di zi ng the target

regi on of said nucl nm“ﬂ"m"mm'mmmterprl ner having a central
pronot er mrewies4and two regi‘ond h®nof ogous to non- PCTANG6/14§00 us
portions of the target region formng a circular hybrid; 10

trimm ng back single-stranded sequence 3' to the target region
generating a flushed 3' end of said hybri d;

extending 3' ends of the target regi ofi®and t he pronoter-primer formng

a doubke- sty anfeqdg13n ahtl HiyBidic?bitiB8Ey or an anti-hybrid

antibody fragment, (vherein the antibody or antibody
fragment specifically binds to a component of the double-
stranded hybrid and is detectable.

10

15

20

25

30

35



transcri bi ng the doubl e-stranded i ntermedi ate produci ng many RNA

t r eASet-tpis—f-cri-each- target region 2. A nmethod
according to claim1l further 20 conpri si ng: :

denaturing a doubl e stranded nucl eic acid, t hereby providing a

si ngl e-stranded nucl ei c aci d. 3. A nethod according to

cl ai m 2 wher eW@ 9710364 denat uri ng conpri ses: 25 ' PCT/US9é/1486¢ | NQ
said nucleic acid with a base; and ‘neutralizing with a
hybri di zati on neutralization buﬁvﬁé 4. A et hod
according to claim1 wherein the ingle stranded nucleic acid is
hybri di zed to a capture 30 pr obe. 5. A nethod accordi ng
to claim1 wherein the trimm ng and extendlng steps are- carried out
using at | east one DNA pol ynerase havi ng exonucl ease activity.

6. *A nethod accogdi.ng to claimg wherein the 35 trinmmng and extending
steps are carri edjjou ing at | east one DNA polynerasg and at | east
one exonucl ease. | ‘\ WO 97/10364§ 2

PCT] US96/ 14806  {}i \ 44 7. A
met hod accordi ngto claimNwhergin the 44?*3. Ler-pri mh[ conprises
modi fi ed nucl eotijdes or k\\ghosphodiester kfig8s in at || east an
ultimate 3' end posi tion. B gethodjpf detecting a
nucleic acid 5 contai ning a tarlget{egi on} o r‘rp'l"5| t he >tehls.| of :
providing a single-stranded nucljgic =atid mgl?'ng s&| d Target

regi on; hbe di g saidi huc

cid q:) a<j; ngl e
stranded pronoter-prinmer hawi ng{jd SlL-ronqter por and ~
— o

FIG, 4
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10 a 3' prinmer portion, said 3" primer portion conprising a sequence

c mer
portion further conprising at |east one nodified nucl eotide or
phosphodi ester |inkage, to form a hybrid; 15 trinmmng
back single-stranded sequence 3' to the target region generating a
flushed 3' enRgoeinesa d hybri d; ePCHNSd4808' ends
of said target regi on and the pronoter-primer formng a
doubl e- stranded 20 i ntermedi at e; transcribing the
doubl e- st randed i nternedi ate prgéghing many RNA transcripts from each
target region; and detecting RNA transcripts. 25
9. A nmet hod according to claim8 further conpri si ng:
denaturi ng a doubl e stranded nucl eic acid, t hereby providing the
si ngl e-stranded nucl ei c aci d. 10. A nethod according to
claim9 wherein 30 denat uri ng conpri ses: treating
said nucleic acid with a base; and neutralizing with a
hybri di zati on neutralization buffer. 11. A nethod
according to claim8 wherein the 35 single stranded nucleic acid is
hybri di zed to a capture pr obe. W 97/1034
PCT/ US96/ 14806 45 12.
A nmet hod accor diinddlit o clBesHlI8 wherein the Nsil trinfPidg and ext dimi By st eps
are carried out '1 % 6 on I [ 297 ucl ease
activity.
\\ag; I | | //
\\ //
~ I'e
//
1722 bp

Sco ]

FIG. 2
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13.
s

one exonucl ease.
containing a tar

A net hod ac

provi ding a single-stranded nucleic acid

region; 10
t ar get

endonucl ease 15

endonucl ease thereby formng a trinmed target nucleic

WO 97/10364

region formng a functional
recognition site hybrid;

cording to claim8 wherein the

trimm ng

and extendi ng
ast

14 A nethod of anplifying a nucleic acid

get region conprising the steps of:

rf?ériction )

unction

containing said target
hybri di zi ng sai d nucleic aci d POT/HS{1#80fi ng
probe conprising a sequence conplenmentary to a 3

of said

endonucl ease

digesting restriction

recognition site hybrid with a corresponding restriction

ac

id;

denaturing trinmed target nuclteic acid to remgve remai ning portion of
said trimmng pepbe formng a 20 trimed singlg-é?randed%nw9lei aci d;
hybri di zi ng said trimed single-stranded nu?le c acid®toja partially
doubl e- st randed |pr onot er - pri nmer having a dBub e-straﬁdej pr ¢not er
portion andga si ngl e-stranded primer sequen@e,|said sgqu=nce bei ng 25
conplenentaz% trimmed 3' end region of said tgrg nu}ﬁel aci d;
wherei n t he Zlou -stranded pronoter portion © d'rectlygabrrts trlnned
3" end of said taTget nucleic acid upon hybrid}zation fofmng a
partially doubl g stranded hybrid; and 30 o . transcri bi ng
said partial | y2doubl e- st randed hybri d produci many tramfscripts
fromeach targ nucl ei ¢ aci d. g 15. A hodlaccor di ng
to claim14 fufdiher conprising: 35 3 | i|&ating the
priner portidn & said partially double stﬂp de¥ hybrt d to¢3 end of
said target WD 97/ 10364 o E
PCT/ US96/ 14806
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nucl ei ¢ aci d.
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16. A nethod according to claim 14 or
—exfending the partially double

stranded hybrid

met hod according to claim14 further
denaturing a doubl e stranded nucl eic acid,
si ngl e- st r ansvamasdsei ¢ aci d.

denaturing conpri ses:

claim 17 wherein 10

said nucleic acid with a base;
neutralization b
according to claim 14 wherein the 15

hybri di zat i on

hybri di zed to a capture
to claim14 wherein said
and- wherein sai d

bi nding said trinm ng pr|o
matrix carrying a captur
sai'd restriction ern
washing said matrix; 25
endonucl ease recogr
endonucl ease thereby for
acid; and

acid fromsolid matri x.

t he '-RNA transcripts
of :

conpl ement ary DNA probe
b. capturing the hybr

FIG. 4 <

prlor to said transcription step 5

obe

i ng
don

itil
m n

hg

17. A
conpri si ng:
t hereby providing a
18. A nethod aCT/USE1#896t O
treating
neutralizing with a

u%(!i. 19. A net hod
single stranded nucleic acid is

20. A method accordi ng
| east one |igand
20

and

pr obe.
trimm ng probe carries at
d further conprises the steps of:

hodgtutedi zed to said nucleic acid to a solid
Tail ent for said |ligand thereby imobilizing
ucl egsg recognitiog site hybrid;

Srestriction
Sp®Qdi ng restriction
ri nmed &ar et nucleic
mrobi | i 2ed ta 5@? R ¢ 30
of claim8 wherein

3'

ising the steps
gcript to a 35
form a\doubf & ¥ d;
f step (a) onto Target -
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47 a.solid phase to forma.hound hybrid. C.

el i m nating non-hybridi zed nucleic acid; and d.
detecting the bound hybrid. 22. The nethod of claim?9
wherein the DNA probe 5 is labelled with at | east one |igand.

23. The net keplombadqal ai m 21 wherein t he DNA pr obe i sPOTUSY6/1¥804t ed and
the solid phase is coated with streptavidin. 24. The
met hod of claim 21 wherein an anti - 35?( hybrid anti body or anti-hybrid
fragment has been i rmobi |'i zed Eihe solid phase, wherein the

anti body or anti body fragnent specifically binds to a conponent of

t he doubl e- stranded hybri d. 25. The nmethod of claim.
21 wherein the probe is 15 doubl e- stranded DNA, conprising the additional
step of treating the probe with a base to form singl e-stranded DNA
prior to the hybridization step. 26. A kit for
anplification of nucleic acid in a biol ogi cal sanple conprising: 20

- “a pronoter-primer having a central pr onot er
portion and two regions honol ogous to non-

conti guous sequences in the target region;

- a trinmm ng back agent; 25 a nucleic acid

pol ymer ase; R - an RNA pol ynerase; and

- a sanpl e transpd +—reettmtor 3, Stqdet IDNgati on
of the biol ogi cal B gre—te— .s§rrpl'e. .30 3 27. A
kit for anplificationgof nucleic acid Pepeturation/Hybrigizalign; i cal sanpl e

conpri si ng: - a MbSertwe 90 ner having a 5' pronoter
portion and a 3' primer @ortion, said pri mer
portion conprising as.segdence 35 ~cofipl enentary to a

3" portion of said &y 3 Restriction Endonuclease Digestion

d

R
| 5
p— Denaturation/Hybridization
. With Promoter—Primer Oligo
Nick R _
3 17 .
5 3
Ligase & T7 RNA Polymerase
5 3
G 3
5. 3'
5 3 RNA
5 3
5’ 3'

FIG. 5
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target region, said pronoter-priner
48

fucthor cnmg;i S ng at_least one

nodi fi ed nucl eoti de or phosphodi ester | i nkage;

- a trinmng back agent; - a nucleic acid

pol ynerase; 5 - an RNA pol ynerase; and

- a sanpl eworsanesgort nedi um f or PCTS26/148P6z at | on
of the biological sanpl e. 28. A
kit for anplification and detection @D 10 nucl eic acid in a biological
sanpl e conprising the conponent (ﬁ claims 26 or 27, further
conprising the conponents of: - a DNA detection
probe conpl enentary to the target RNA sequence for
formation 15 of a doubl e-stranded nucleic acid

hybri d; - a neutralizing probe diluent for

diluting and neutralizing the treated pr obe; 20

- a solid phase coated with a coating to whi ch
a Aybrid forned by hybridization of the probe and
the target nucleic acid sequence, will bind; and

- nmeans for detecting the hybrid fornmed 25 by
hybri di zati on of the probe and the target nucleic
aci d sequence. R 29. The kit of cIa|n128 wherein the solid

phase is coate

30. The kit of cl algéfe—mm-eﬂn the s@lnbidroBdAASBridization
With Capture Oligo

?t | forgef DRA-

R .
y I 5'
S'ISJE 3 Restriction- Endonuclease Digestion
R
l 5.
— 3' . §
Denaturation/Hybridization
Nick p With Promoter~Primer Oligo

A\ .
C N ; °

Ligase & T7 RNA Polymerase

5 ' ¥
5‘ N 3.
5 -3
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5 - k3
§'-- - 3
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30 - is:cifiated with an anti-hybrid antibody or an anti-hybrid i rrpd
f r agiept—whereln-the anti body ar_antibody fragnent speci %Qmﬁd{g

to_a Conponent of the doubl e- st randed hybri d. _ % The
kit" of claim28 wherein the neans for 35 elimnating the non-h brjr I zed
probe is DNase. - 32. The kit of claim 28 wher ei e
detecting WO 97/ 10364 _ MP
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