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3é%gﬁg. DETECTI ON OF AMPLI FI ED NUCLEI C ACI D USI NG

S ARY CAPTURE OLI GONUCLEOTI DES AND TEST KI' T This invention
relates to a nethod for anplifying 5 and detecting nucleic acids of
interest. It also relates to a test kit conprising a capture probe and
secondary ol i‘gonucl eoti des useful for inproved capture hybri di zati on
efficiency. Nucl ei ¢ acid probe technol edy has devel oped 10
rapidly in recent years as researchers have di scovered its value for
detection of various di seases, organi sns or genetic features which are
present in small gquantities in a human or animal test sanple. The use
of probes is based upon t PETEQTION OFf AMPHAFLENNIGLEIQ AACHUJAIS IRGt

conpl enentary strands SEGONDARY CRETURF QLTEONUCIEQTIDES RND FRPErKIT
conditions, hybridize to forma doubl e stranded product. DNA inherently

has two strands boungh ogeinait dh erageh dondsndety8efor amplifying
conpl enentary nucl eotjdes (which are al so known as, 20 nucl eoti de galrs).
4oL S 2R 18

RNA, while being si hidid nuclelg aFids W otReesesShi thik @
conpl ementary strangklaftes touclandd deis comprisindlydresbgaié oprobe and
conplenmentary strands_is

a central feature_ of aL_are known.as
hybri di zati on 25 aﬁﬁﬁﬁﬂgigﬂsﬁ}%ﬁﬁﬂﬁglﬁpiﬁéﬁﬁiQ??ﬁ%ge£%§sé§§f?ve?hﬁ§?tPFe
at | east a sequencéyiriaddimed isirc eftfiikcisdnagynt er est (identified as a
target nucl eic acid) isIan M I Y o | di n d using
appropriate ol i gonuc eolvgljldcesécill%}nﬁcl’l?el gge%%ir%%@?aﬁhﬁq%ﬂ%%égo
desi gned to belBonplamiehiyaryn txeqentt ernmh s qiRSRRrchers Thaverdbecavaakty

is |abeled in some fashomeedhaderect ids JEIRLE] Ofls 350025882! 8r5BR1isms
presence of the hybri di zed_ product of probe and target nucl ei c”aci d.

| f the target nucl Q% FAEIS F9RHEAT JUEL ¢l arePreeRt cid afMdt dani sm

viral infection or fiedreditties in a human or animal test sample. The use
of probes is based upon the concept of complementarity
15 such that complementary strands of nucleotides can and
will, under proper conditions, hybridize to form a
double stranded product. DNA inherently has two
strands bound together by hydrogen bonds between
complementary nucleotides (which are also known as
20 nucleotide pairs). RNA, while being single stranded,
- also can hybridize with a complementary strand of
nucleotides.
Hybridization of complementary strands is a
central feature of what are known as hyﬁridization
25 assays (also known as genetic probe assays). Thus, if
at least a sequence of a nucleic acid of interest
(identified as a target nucleic acid) is known, it can
be hybridized and detected using appropriate
oligonucleotides (identified as probes) which are
30 designed to be complementary to that known sequence.
The probe usually is labeled in some fashion so that
its detection also signals the presence of the
hybridized product of probe and target nucleic acid.
If the target nucleic acid is then unique to a
35 particular organism, viral infection or genetic



S 27 feature, the presence of the organism virus or - genetic
feature can then readily be determ ned. In sone instances, the
target nucleic acid (single strand forn) is Insolubilized on a solid 5
surface (such as a nitrocellul ose nenbrane) to prevent undesi rabl e
hybrldlzatlon W th ollgonucleotldes ot her than probes. In what are
known as "imunonetric" or "sandwi ch" assaysZ2-the target nucleic acid
may be captured usi ng anot her oligonucl eotide which is 10 i mmobili zed
in some manner, for exanple on a nenbrane as described in

US- A-4,727,019. In other instances, t he ol igonucl eotide is immbilized
on pol ymeric paféatqlfaes VﬂHé*b?é@er?c’:’@e&ﬂet%é\ﬂ ébgé\nﬁszﬁoroyﬁugraafl X

(for exanple as described in EP-A-0 200 381) 5 - A-0 318 245
describes the need 3§ AR tee Cank?%%ﬁl%%aQﬁl%y%?l eLerrbReBet veen a

wat er - sol ubl e pr obe I(rSLKTChn@-Slr@sM@@é} Otth@r@@ﬁgearwualéocgatadget

nucl ei c aC|d in solutio hybr|d| | on, assays nee l.egedl y
nmet using "hel per" Qﬁ%ﬁuﬁ%ﬁﬁq ?b)mh?aﬁns?}h?klbé??eeada ?82 der the
secondary and 5 tsutface &tumtweaaﬁutimcehhgbdme\ucémbcaae) dtonprevent

n regions ot her tRARETA NI YO 2€ fol Tl Bt apabl A5t 85 BtheEe! ¢
Where a capture prdfen Pugkesin I hwibat dapatkoown asaggmyunpm@trlc" or

ol i gonucl eoti de at tagfieslyicha é{@é&ys the | 02P4&P! Susvper hclaupllyagea snal |
pol ymeric particle) s usual |y ver smal|"1n relation to,the, size of

the” - support. 1TE?REHﬁﬁ¢|%ﬁl@%ea%WFQQﬁu%;#%??ﬂ%l?%tége3Uhéﬁ5r%Sthat it
extends only alver yirmhspil i &d ang esdri@hannef ef6Hr érempé bheasmamthne

Thus, steric hindrance,d .. nebell YEhIgpRIshPLe fof stRu:hyRLtdhzat) on

the oligonucleotide is immobilized on polymeric
particles which are embedded within a porous matrix
(for example as described in EP-A-0 200 381).

15 EP-A-0 318 245 describes the need to improve the
kinetics of hybridization between a water-soluble
probe (such as a detection probe) and a long target
nucleic acid in solution hybridization assays. This
need is allegedly met using "helper" oligonucleotides

20 which, it is believed, reorder the secondary and
tertiary structure of the target nucleic acid in
solution. These oligonucleotides hybridize with the
target nucleic acid in regions other than that where
the detection probe hybridizes.

25 Where a capture probe is used in a hybridization
assay, the oligonucleotide attached to a water-
insoluble support (such as a small polymeric particle)
is usually very small in relation to the size of the
support. The length of the oligonucleotide is so

30 short that it extends only a very short distance from
the surface of the support. Thus, steric hindrance is
believed responsible for slow hybridization rates
between the capture probe and the target nucleic acid.

Thus, there is a continuing need to improve the

35  hybridization efficiency between target nucleic acids



bet ween the capture probe and the target nucleic acid. Thus, there
Is a continuing need to inprove the 35 hybridization efficiency between

target nucleic acids - 3-

and insolubilized capture probes having very short ol i gonucl eot i des.
The present invention provides a way to inprove hybri di zati on of

rel atively short target nucleic acids 5 with relafively short capture
probes which are covalently bound to water-insol uble supports.

In one aspect, the present invention conprises a met hod for the
anplification and detection of a doubl e-stranded nucleic acid
conprising: 10 A after denaturation of a target doubl e-

stranded nucl ei ¢ acPBY ARGOHHRER1RPBr FEPEVAE Pr°b6§n8PFP§ﬁsV%ﬁﬁﬂﬁﬁ%ﬁ?@ t he
target nucleic aC|domggagualeotlaagrnnstabIe DNA polynerase conpl ement ary
primers and dNTPs a_wat er-insolu

hybri di zati on produc?hﬁfpfﬁéegﬁpFPVFB3 g&r&éPvﬁGEFchwgglEQMHWPﬁfve
wat er - i nsol ubl e caphybeigieheivhi of rrelaqtvediyeghalrity targetalmelcddid hecids

capture probe c ri sl Ag nsaol.uble p r t| e to which
I's covalently nga%’?g h§§lm%t13ﬁ150ﬁggfgo;%laggufgn%lté%ﬁt g’r}’& QxleTl rst
sequence of the targevadeoktéiycbaund, tbhUater-ahsgdm@dbeﬁmpmynuar@ from15
to 20 nucleotides in eBQEhas?@@t, the gre%'%ﬁe %%%%%%dﬁ(ﬁbﬁyffgeéch

such product 25 fornatlon contactin tar get, nucl
acid with one or nomethefefosolhisl amp R§ﬂﬁﬁ@ﬂ°n angeggft@atyion of a

ol i gonucl eoti des, eaelinak-sReaneeandatieic a@lldg@%'ff@r&%tﬂr%es bei ng
conpl ement ary tloo a sequeRce Ofafter de%att%r %%tlor}lu%lfelact%crlgetot oeurbthan t he
first sequence,
stranded nucleic acid, and under hybridizing
conditions, amplifying the target nucleic acid using a
thermostable DNA polymerase, complementary primers and
dNTPs,
15 B. forming a water-insoluble hybridization
product of the amplified target nucleic acid with a
water-insoluble capture probe which is not detectably
labeled, the capture probe comprising a water-
insoluble polymeric particle to which is covalently
20 attached an oligonucleotide complementary to a first
sequence of the target nucleic acid, the
oligonucleotide being from 15 to 20 nucleotides in
length, and
simultaneously or prior to such product
25 formation, contacting the amplified target nucleic
acid with one or more water-soluble, distinct
secondary oligonucleotides, each of the secondary
oligonucleotides being complementary to a sequence of
the target nucleic acid other than the first sequence,
30 and each of the secondary oligonucleotides having a
length which is equal to or greater than the length of
the capture probe oligonucleotide,
to hybridize the secondary oligonucleotides with
the amplified target nucleic acid, and



30 and each of the secondary oligonucl eotides having a | ength which is

equal to or greater than the |ength of the capture probe

ol i gonucl eot i de, to hybridize the secondary oligonucl eotides with
t he anpllfled target nucleic acid, and )

-4- C. detecting the resul ting hybridized product of the
target nucleic acid with the capture probe. -4- The invention al so
provides a kit for the anplification and detection of a target nucleic
acid 5 conprising a probe conprising an oligonucl eotide conpl ement ary
to a first sequence of the target nucl eic acid, and one or nore

wat er-sol uble, distinct ¢, 53@6%@@6§h€'ﬁﬂ@nHQé@PEiHGSh E%Eﬁhégdtﬁﬁbduct
secondary ol i gonucl eot 1 des being conplenentary t0 a sequence of t he

target nucleic acid Ot Hehe tHFIhe G icC saidntkth the (¢apiyzte PrObe
characterized wherein therys o;txevérstiaorwaépgo provi@@@wmﬂ_ CEpt Uf1ga Pr obe
whi ch is not detectabl apel ed a water-inso
pol yneric parti c?’%a/]tbf*?ﬁ?rchorf h%m?)r%d% gl BOLFRET UG iela‘ft%l‘éh%d
t he ol i gonucl eot Bde dxempuc $ 1rogn dEpﬁ:qsbéOcompr.hsmmgeoam deligoniergstidand
eachof the secondar ti de | s _equal to
or greater than the %/ r%j[%ﬁ’é}k?éﬂ? t%(gegcg ?}?es% s lg&glé]%%c&%{q 20
As used herein the tRueleiNTRIGids %ﬂ@ﬁﬂﬁ#l@ftmmrﬁ watérnswlubkeuldnstinct
nucl eoti de triphosp I i gy i ch
had Conlitl i é]fféonchf A nu , Se & %fctﬁg o?yrrer%

can be |ncorporated . onto t 'ic aci e.
Typically they incl mwlwe%m%dcmbemwamg@ rmrsmtaem@@mvf

for RNA nol ecul 8. the tarddte AEEIOLc adeh &i dr0ér tHhdn | tWENE] 8k PEQYLEIRSe 2

nean§ for rapid and %?nSKIIV?hé%ﬁé%éffﬁ%é”wﬁ%%%ln the probe is a water-
insoluble capture probe which is not detectably
labeled, and comprises a water-insoluble polymeric
particle to which the probe oligonucleotide is

15 attached, the oligonucleotide being from 15 to 20
nucleotides in length, and

each of the secondary oligonucleotides has a
length which is equal to or greater than the length of
the capture probe oligonucleotide.

20 As used herein the term dNTP's is a generic term
for the various nucleotide triphosphate units that
make up a nucleic acid, and which can be incorporated
onto the end of a nucleic acid by'a polymerase.
Typically they include dATP, dCTP, dGTP and dTTP,

25 together with dUTP for RNA molecules.

" The method and kit of this invention provides a
means for rapid and sensitive detection of nucleic
acids using known PCR procedures which are hereby
improved in the detection step. The improvement is

30 achieved by using secondary oligonucleotides with the
capture probe, all of which hybridize with the
amplified target nucleic acid. 1In addition, the assay
provides advantages so that the capture probe is
readily separated from unwanted materials because of

35 the polymeric particles to which the capture



aci ds using known PCR procedures which are hereby I mproved in the
detection step. The inprovenent is 30 achieved by using secondary

ol i gonucl eotides with the capture probe, all of which hybridize with

t he anplified target nucleic acid. In addition, the assay provi des

advant ages so that the capture probe is readily separated from unwant ed

materi al s because of 35 the polyneric particles_ go whi ch the capture

-b5- oligonucleotide is covalently and directly attached.

Separation can be readily achieved using filtration menbr anes, porous
matrices, centrifugation and ot her separation techniques. In addition,

the capture probe 5 can be attached in a suitable fashion to a nonporous
particle which is reddigdopucderadded i Covad eardlyl fingd direqtdngattached.

I't is also inportanigepy datiinl '&‘é?lnb'eo'}etaraﬁtlyt ré‘t‘nchlevr—z?ie(lh%'l‘ii'@r )S‘:'lltratlon
ol i gonucl eoti des be of a certain ngt h, nanel rF&@ to or great

than the Iength of m?élbrane@apmr@w F"@Gﬁd&eéot Gt riFd ARy &nd Sther
ol i gonucl eoti de slepafra@Dohd tre@h&(iqm@ eOlIlrﬂ%%ldlftﬂo@'ngtﬂhe THigture probe

i nvention provides inproved hyb zatlo gtyeen tar et nucl ei c
aci d and capturegpr %fBattac eﬁ1 %ﬁiﬁuﬁﬁﬁ %@ TRYHEY or
anplification and d@mamumdm mhumhﬂﬂmtreadutylﬁnnuycted[Mﬂqhnannampiﬁﬁied
reaction are quite @%&5 %nomm t he details of which are provided in

nuner ous references |nclud|ng US- A-4, 683, 195, US-A-4,683,202 and US- A-
20 4,965, 188. Tite iisr edemt limpogritandn dins tdiisedinatenta arhechat the

anpl i fication and deleGiid¥k Pl 010Ul VBNA R It o ISl o ARth,

sequences present in one or ‘nore‘tar nucleic acids in a test
speci men. Such Pecinpmed e&gual to or greater than the length of the

capture oligonucleotide. The capture oligonucleotide
is from 15 to 20 nucleotides in length. This
invention provides improved hybridization rates
between target nucleic acid and capture probe.

15 The general principles and conditions for
amplification and detection of nucleic acids using
polymerase chain reaction are quite well known, the
details of which are provided in numerous references
including US-A-4,683,195, US-A-4,683,202 and US-A-

20 4,965,188.

The present invention is directed to tﬁe
amplification and detection of one or more specific
nucleic acid sequences present in one or more targeted
nucleic acids in a test specimen. Such specimenscan

25 include cellular or viral material, hair, body fluids
or other materials containing genetic DNA or RNA which
can be detected.

The present invention is especially useful for
producing, in exponential quantities relative to the

30 number of reaction steps involved, at least one
specific nucleic acid sequence. The product will be a
discrete nucleic acid duplex with termini
corresponding to the ends of the specific primers
employed. Any source of nucleic acid, purified or

35 not, can be utilized as the starting material. A



25 include cellular or viral material, hair, body fluids or ot her

mat eri al s contai ning genetic DNA or RNA which can be detected.

The present invention is especially useful for produci ng, in
exponential quantities relative to the 30 nunber of reaction steps

I nvol ved; at | east one specific nucleic acid sequence. The product w ||
be a discrete nucleic acid duplex with termnj_ corresponding to the
ends of the specific priners enpl oyed. Any sotrce of nucleic acid,
purified or 35 not, can be utilized as the starting material. A

- 6- m xture of nucleic acids can be enployed if desired. The
sequence to be duplicated can be a fragnent of the entire nucleic acid.
Nucl ei ¢ aci ds to be miettaates £ anmdiee iohtax sl darorpes emprdyass shudessred.

i ncl udi ng pl asm ds, rdlds e o R\ rome SOUISE the
(such as bact er irlg,?é ;:geegil%é,lm\:/el rtués)gé%l %‘l‘%% S ancg cfn gher ani mal s,
humans). It may be esatikxe gthdiene vagidus tissues i ncl udi ng bl ood,

peripheral bl ood mononuchgal; E6L | Scilds dEBE)derd SEdte dBH &5é AbtodiMédefrom
sources known in the art using known procedures,  The prese i nvention

i s particul aPl y YARHRMS fSRPUEFRS ARFIYEing iRlpSAS, Nytetttdn of

nucl ei ¢ aci d sequencescilPrity i DNAEHONRNA fromMfhy bewimse alsih, ag ungal DNA,
viral RNA, or DNA or [

e Chocrt boibHRr e e b LSRR, Pty A ALGSEL bl
characterization of speané) c It maylleé cextcrakised ufnoesvastoes at t8swesh
oS e e ERS o " g gk Pl e ndh St ERE St 0
10 (PBMC), tissue material or other sources known in the
art using known procedures. The present invention is
particularly useful for the amplification and
detection of nucleic acid sequences found in genomic
DNA, bacterial DNA, fungal DNA, viral RNA, or DNA or
15 RNA found in bacterial or viral infected cells.

The method described herein can be used to
provide the detection or characterization of specific
nucleic acid sequences associated with infectious

. diseases, genetic disorders or cellular disorders such

20 as cancers. It may also be used in forensic
investigations and DNA typing. For purposes of this
invention, genetic diseases include specific deletions
or mutations in genomic DNA from any organism, such as
sickle cell anemia, cystic fibrosis, a-thalessemia, b-

25 thalessemia and others readily apparent to one skilled
in the art. Human Leukocyte Antigen (HLA) can be
categorized with the present invention. Various
infectious diseases can be'aiagnosed by the presence
in a clinichl sample of small quantities of specific

30 DNA sequences characteristic of the organism, whether
it be a yeast, bacterium or virus. Such bacteria
which can be detected include, but are not limited to,
Salmonella, Streptococcal organisms, Chlamydial
organisms, Gonococcal organisms, Mycobacterium

35 tuberculosis, Mycobacterium avium complex, Mycoplasma



I nvestigations and DNA typing. For purposes of this I nvention, genetic

di seases include specific deletions or nutations in genomc DNA from
any organi sm such as sickle cell anem a, cystic fibrosis,

a-thal essem a, b- 25 thalessem a and others readily apparent to one skilled
in the art. Human Leukocyte Antigen (HLA) can be categorized with the
present invention. Various i nfectious di seases can be di agnosed by the
presence in a clinical sanple of small quantities of specific 30 DNA
sequences characteristic of the organism whether it be a yeast,
bacteriumor virus. Such bacteria whi ch can be detected include, but
are not limted to, Sal nonel | a, Streptococcal organisns, Chlanydial

organi sns, GonococciRresephalyss infuspaseer Shiges 1a @bet ddisssirda-
NVCObaCter'U”‘aV'U”Vﬁ?ﬁ@b%xwh1@KC99E38€Eectable include, but are not

-7- Haenophi | Lys ,i nfl uenzae, Shigella and_Lister,ia. Vi ruses which
are detectabl e i ncl ddBiteg tqrchggPes, EPSheiBdBAST NSy, Epstein Barr
virus, cytonegathbmugalbUH&uspanuthWpapuau©mah@ﬂ&mgnsheyutﬁils and

retroviruses such as

speci es woul d be re§8|F§v&§B§F§nFuF§ d'S‘r?eh)fL]v gklﬁhggllﬁthgﬁRP%h?blgngﬁﬁﬁnt

of b-globin DNA candetectladdebspdetiest @duldhbel meaatiilgn apparamt dd are
ful f t he det f .t h I f bl
useful for the detegkhned stNEndr 858nce 1l YpBhncoh phbionin BREIELTO!Y

the target nucleic acid'is l'ess than erm " mer"
is used to refer toalso pesideglecteds| eGhedénvention 1SHn@qﬁnqn&aﬂky

preferably single styandqd fLQr the d@égm%efofﬂ %'h%n‘b\féé?er%@'dff WFi3td DDA,

Preferably, the 15 primer is an olli eoxyri bonucl eaotide., The exact size
of each primer W11 varyPaefexdbdy ufds $ﬁ€9§§eHUClQiﬁn%9ﬁﬂeﬁ%x}e§§m$ an

conplexity of the tasgened S@duength. The term "mer" is used to refer to
a single nucleotide.

The primer is preferably single stranded for

maximum efficiency in amplification. Preferably, the

15 primer is an oligodeoxyribonucleotide. The exact size
of each primer will vary depending upon the use
contemplated, the complexity of the targeted sequence,
reaction temperature and the source of the primer.
Generally, the primers used in this invention will

20 have from 12 to 60 nucleotides, and preferably, they
have from 18 to 45 nucleotides.

Primers, probe oligonucleotides and secondary
oligonucleotides useful herein can be obtained from a
number of sources or prepared using known techniques

25 and equipment, including for example, an ABI DNA
Synthesizer (available from Applied Biosystems) or a
Biosearch 8600 Series or 8800 Series Synthesizer
(available from Milligen-Biosearch, Inc.) and known
methods for their use (for example as described in US-

30 A-4,965,188. Naturally occurring primers isolated
from biological sources are also useful (such as
restriction endonuclease digests).

As used herein, a "capture probe" is a water-
insoluble material comprised of a solid polymeric

35 particle (described below) to which is covalently



reaction tenperature and the source of the priner. Generally, the

primers_used in this invention will 20 have from 12 to 60 nucl eoti des, and
preferably, they have from 18 to 45 nucl eoti des. Prinmers,
probe ol i gonucl eoti des and secondary ol i gonucl eoti des useful herein can
be obtained froma nunber of sources or prepared using known techni ques
25 and equi'pment, including for exanple, an ABI_ENA Synt hesi zer

(avail abl e from Applied Biosystens) or a Bi osearch 8600 Series or 8800
Seri es Synthesi zer (avail able fromM I Iigen-Biosearch, Inc.) and known
met hods for their use (for exanple as described in US- 30 A-4, 965, 188.
Natural ly occurring priners isolated from bi ol ogi cal sources are al so

useful (such as atgaatiest iagn g lepdd dfi gusitad) .is substanpgalided

herein, a "capture RIfBfenchth MPUE] -a v £iddISOIHRIG MBlLE &l scQuphésedrof a
solid polyneric 35 particle (described below) to which is covalently
attached an ol i gonudhsotiaggsat Myl it Ast al |y conpl enentary to a

"first” nucleic acid sequencefgonucitdift it a4t ath\Ytdds ad bt a
The ol i gonucl eot L de of, the probes is qQ critical Igﬂgégg:that,ls from

15 to 20 nucl eot Pde€Titical Igngghq d:r{?égtiSSdeqw A 4 IRehtfeRs oF
deletions in a targeirdercls Gexti detect single Mademufat heigrost abl e DNA
00 US A 4,965, 168 St ST Hbet dAFoe paNGIASASY"™ Loetul "pol yuer ases
are those obtained from Vamuwuser of Termesstrelte N mpaviess sesichavs
Thernus aquaticus, peenlNEIYBIS ddEMHY |4S 073 niRITURy T rV4S - méhPEonsgel H!
10 US-A-4,965,188 and US-A-4,889,818. Particularly
useful polymerases are those obtained from wvarious
Thermus bacterial species, such as Thermus aquaticus,
Thermus thermophilus or Ihermus flavus. Other useful
thermostable polymerases are described in WO-A-
15 89/06691.

The secondary oligonucleotides used in the
practice of this invention generally have a length
equal to or greater than that of the probe
oligonucleotide. More specifically, the length is

20 from 15 to 35 nucleotides. At least one secondary
. oligonucleotide is used in the invention, each of
which is complementary to a distinct sequence of the
target nucleic acid, and those distinct sequences are
different from the "first" sequence to which the probe
25 oligonucleotide is complementary.

A targeted nucleic acid can be obtained from any
of a variety of sources. Generally, it is extracted
in some manner to make it available for contact with
the primers and other reaction materials. This

30 usually means removing unwanted proteins and cellular
matter from the specimen in a suitable manner.
Various procedures are known in the art.

Since the nucleic acid to be amplified or

detected is usually in double stranded form, the two
35 strands must be separated (that is, denatured) before
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A targeted nucleic acid can be obtained from any

pE8Rin esﬁathxe piabé eXbéﬂsrt%@mg 1'sn AP L O
or confact rrmers an oth er reactlon

uﬁéﬂﬁlﬁyhﬁé5n§rﬁéﬁB§Pﬁg ARENPEd 15r GOBRIS3LA® Mt ar
ahgmsuwamé%tabkep 8Ae&al, che¥aldaQUdIPledsaiatas are

dtob lified
mPANG0R8| ESSEFANARALPOFE ARE-two 35 Strands must be

denatheedgnhehoed strands are then cooled to a second

£RpLaKE BLaRR, cBe0A! HERAGEHT AIROTRL Shide o YAIH 5

€ 0 conblna I'on~w able ot her
bP eid2yRavhere praming asddpggmetxe@mtmm@raratre 5

éﬁr?ﬁ.?dt Bge EHOEEQ F?egsfﬁ%m&‘% the DRIPYAUMEE 1MHtGbA S

froms>s errh wher e pr|n12g¥$nd primer
EFPBSBtéuﬂdPﬁtﬂﬁéeﬁrB§éﬁ@e off hen & esNA t3a1g%y FURART on

sbebkawedThe i megUbkt BE sdoubbeodl@tst maRded dtddraio
gégaggggeghe strands. Once the strands are separated,
they are available as templates for forming additional
primer extension products therewith.

The specimen is mixed with the thermostable DNA
polymerase, suitable deoxyribonucleotide-5'-
triphosphates (for example, dATP, dCTP, dGTP and dTTP)
and a suitable set of primers at the beginning of the
first cycle. The amount of thermostable DNA
polymerase to be used is known in the art.

The dNTP's and primers are present in amounts
effective for DNA polymerization to occur, such
amounts being known in the art. Other reagents are
also preferably present, including salts such as
magnesium chloride, extenders such as gelatin or other
water soluble or water dispersible colloids. The
reaction mixture is generally buffered to a pH of from
7 to 9 with pH of 8 being preferred using any of a
number of suitable buffers known in the art. The
volume of the reaction mixture including the targeted
nucleic acid is not critical, but with smaller
volumes, heat can be transferred to and away more
rapidly.

The reagents for polymerization can be added to
the specimen containing targeted nucleic acid at any
suitable time, as is known in the art. The reagents



denature the strands. Once the strands are separated, they are
avai l able as tenplates for form ng additional primer extension products
t herew t h. The specinmen is mxed with the thernostable DNA 15

pol ynmer ase, suitable deoxyribonucl eotide-5"- tri phosphates (for
exanpl e; dATP, dCTP, dGIP and dTTP) and a suitable set of priners at

t he begi nning of the first cycle. The anount-1df- t her nost abl e DNA

pol ynmerase to be used is known in the art. 20 The dNTP' s and primers
are present in anounts effective for DNA polynerization to occur, such
amounts being known in the art. Ot her reagents are al so preferably

present, including lts .S Rgnesi ri.0de, nglex u as
gelatin or other 25%\%& Z)re lééo uebqfeatorS wat e? (f#{sapgjrgm ﬁ‘fegectoqﬁfds. J‘?'rk\lée e
reaction nmixture is ageddrididar isuf fasrade + o Woghe s Fhidhed iry §Rhe gkt Hopid

of 8 being preferregesigie a ddsi@n an HERPrH 1S Wi o DUfSLr Bekgont in
the art. The vol une of the reaction mxture including the targeted 30

nucleic acid is notddi%idkl ., but with smaller vol unes, heat can be
transferred to apd away MNe newly apirinesized hybridizedagesdsct oof the
pol yneri zation can he added to ., ., the specinmen contajyln e cleic
acid at any 35 sui tg:tﬁ”l? 3 ,arhds 3% l&f’d\‘/@?“ﬁerﬁ%r%r?%%fégrée%{ggnt‘t:ggmga

- 10- can be datded tdte gevioveat arel wsed ous subwequent ngtems of the
anplification cycle. rs skill i Youk dyy hed€idd! €ahq deskan
an acceptabl e proto€§¥9#§§ reagé’htgﬂﬂa géééﬁﬁéﬁéﬁ 5 o %helﬁgmA§ ,
synt hesi zed hybri di Z& taRkatepffehefurther@yales «f PYXMER%p| 8XEARELGD

nucleic acid fojged ang ddBdhe: 64 "BS 24 xniswdl 1M sndsegrent Théepsmef fobe
each cycle can vary widely depending upon the
equipment and reagents used. In a preferred
embodiment, each cycle is 120 seconds or less. The
cycle can be completed as often as needed to produce
15 the desired quantity of the targeted nucleic acid.

After the last cycle, the final primer extension
products can be detected as described below.
Preferably, the products are denatured a last time
providing multiple copies of the strands of the

20 targeted nucleic acid.

The amplification method of this invention is
preferably conducted in a continuous, aptomated manner
so that the reaction mixture is temperature cycled in
a controlled manner for desired preset times. A

25 number of instruments have been developed for this
purpose, as one of ordinary skill in the art would
know. '

One such instrument for this purpose is described
in some detail in US-A-4,965,188 and EP-A-0 236 069,

30 and involves moving liquids from one temperature
environment to another under controlled conditions.

Another instrument utilizes temperature cycling
without a liquid handling system, and is also
described in some detail in US-A-4,965,188 and EP~A-0

35 236 069. Generally, this instrument includes a heat



met hod. They are then denatured by heating, and used as tenplates for
further -cycles of primng, extension 10 and denaturation as is known in

the art. The time for each cycle can vary w dely dependi ng upon the
equi pnent and reagents used. In a preferred enbodi ment, each cycle is
120 seconds or |less. The cycle can be conpleted as often as needed to
produce 15 the desired quantity of the targeted_pjcleic acid.

After the last cycle, the final priner extension products can be
detected as descri bed bel ow. Preferably, the products are denatured a
| ast tine providing nmultiple copies of the strands of the 20 targeted

nucl ei ¢ aci d. he anplification thod of this inventionis
preferably conductexF??géfEﬁégn9&Rﬁ%¥n%ﬁtg§ﬁP%%Q§hﬁ%e§ numbey @hafeapeion
reaction mixture is terperabnt®icind eceadtion micontd ol efesmengsyr f or

desired preset tine n r_of_instrunents have been devel oped for
this pur pose, a?u%ﬂ%%g ’ or ?ER%’%ﬁgI?eT?Ff?EPEStm%&Rﬁ%Pancekn A a
One such instrunent GARPUtinRg pledws et ¢ sgemeratdesiignals ntsomenthed i thén

US- A 4, 965, 185 apd Elidt Or 2 9. scilie ], | QRYES RV dLISLLAS LhgM One

t enper at ur e envi ronment to anot her under con 1 ons.
Anot her instrunment Ut3™43%s tenperature cycling without a liquid

handling system and is & Sfrefer£@sCiddeLuménts OfFr A8t Gddss Ihd/S- A- 4, 965, 188
conduct | ng_ oont ai nera L R 1P 2 SRRTERNBTLY chcli BHPSEDLE AR LR o #g
reaction mxture, a pmansid adescritheditimgsom®ciétyi Bnth tEPHLIALAGL. 1In

mai ntenance, andod general, this instrument comprises a support surface

for supporting a chemical test pack, pressure

applicators supported above the surface for acting on
the reaction pack to transfer fluids between adjacent
chambers in the test pack, and means for operating the

15 pressure applicators through a range of movement
extending across the test pack.

EP-402 995 provides details of useful chemical
test packs which can be processed using the instrument
described in EP-402 994. Also described therein are

20 means for heating and cooling the test pack at
repeated intervals (that is, through cycles)
appropriate for the method of the present invention.

The method of this invention can be used to
advantage to rapidly detect a target nucleic acid

25 which is present, for example, in an infectious agent.
Once a desired amount of the target nucleic acid has
been generated, it is detected by forming a water-
insoluble, hybridization product of it with a capture
probe which is not labeled.

30 The capture probe comprises a water-insoluble
polymeric particle to which is covalently attached an
oligonucleotide (15-20 nucleotides) which is
complementary to a first sequence of the target
nucleic acid.



conputing neans to generate signals to control the 5 anplification

sequence, changes in tenperature and timng. A preferred

i nstrunment for processing anplification reactions in a di sposable

chem cal test pack is described in sonme detail in EP-402 994. In 10
general ,- thig instrument conprises a support surface for supporting a
chem cal test pack, pressure applicators supported above the surface
for acting on the reaction pack to transfer 187 ds between adj acent
chanbers in the test pack, and nmeans for operating the 15 pressure
applicators through a range of novenent extendi ng across the test pack.
EP-402 995 provides detai|s of useful chem cal test packs which can be

processed using the i nst r TARneligonyekeet bde ¢anHpe 40Rreouly Aatbadbedri bed
therein are 20 rrean:snf@uglh%éwgeﬁ@dbéﬁ@é'Pasébé‘lﬁesfraﬁcéhéﬁuﬁ rePeat ed
t ho

intervals (that is throu T%g ag ropriate for the ne of the

present invention. Hﬁ?h%hl%? ?%1%°Fh@%n§?@nr%%ﬁtb§eu§§§upé on

advant age to rapldIth@tp@ftﬂcl@égetAD@@f@a@lﬁ@lﬁ 28 sphéeh ?EoﬁﬁeéﬁnkomEor
of the target

ﬁﬁ??@:g aLPdaRa;@fecé%éencggﬁg?a?ﬁﬁaCh?g %odg?égéggtgn?$2$ﬁ1ng a water -

i nsol ubl e, hybrldlzanDmO@MQhuctldé ptl@tthoaata@¢Mment pm@beumhlabefﬁl

ol ymor i ¢ particle 1R ook calli BoceapieSTEof LB UsyREs e fenipae

(15- 20 nucl eoti des) M%l%% 234, 9140%%%4enentary to a flrst sequence of the

target nucleic acid. a wide variety of polymeric particles can peldsed

10 in practicing this invention, including those prepared
from naturally occurring or synthetically prepared
polymers. Preferably the particles are spherical in
shape and have an average size (largest dimension) of
from 0.01 to 10 mmeters, although the size, structural

15 and spatial configurations are not critical.

Preferred particles have an average diameter of from
0.01 to 5 mmeters. Many such particles are
commercially available from a number of sources.
Alternatively, reagents and procedures for preparing

20 such particles are well known, for example as
described in EP-A-0 323 692.

The oligonucleotide is covalently attached to the .
surface of the particles using any of a number of
reactive groups and reactions known in the art.

25 Reactive groups on the surface of the particles can be
proﬁided as part of the structure of the polymer, or
added by coating or chemical treatment of an inert
material. One skilled in the art would readily
understand how to prepare such materials to have

30 suitable reactive groups including, but not limited
to: carboxy, 2-substituted ethylsulfonyl, 2-
substituted ethylcarbonyl, vinylsulfonyl, amino,
sulfhydryl, vinylcarbonyl, epoxy, aldehyde, active
halogen groups, hydrazide and active esters such as

35 succinimidoxycarbonyl.



The ol i gonucl eotide can be directly attached t hrough coval ent bonds
resulting from chem cal reaction of the oligonucleotide and reactive
groups on the particles. Alternatively, a spacer group of sone 5 type
can be attached to the particle or ol i gonucl eotide prior to attachnent.
One such usef ul spacer group and procedures for its use are described

I n US-A-4,914, 210. A wde variety of palysreric particles can be
used 10 in practicing this invention, including those prepared from
naturally occurring or synthetically prepared polynmers. Preferably the
particles are spherical in shape and have an average size (I argest

di nensi on) of fromO. 01 t.0 ter alth h the size tura 5
and spati al conflguratlon Q%%?q%ﬁFtﬁwﬁs%ﬁﬂl par lPérr& ﬁiﬁ%l(ﬁéie %é%g

an average di amet er agfe fpodiymeric) Mehdso die sorEbends. ﬂat;npwmiqoarm dRsAdl e
commer ci al 1y avai | alyzes fggpm g iW0el ¢ ‘;:Oz%i%;zfeh‘%ﬁ from d%!et Iatdree! v,

reagents and procedures for preparing particles are well known,
for exanple as &S uriendEald yemngar Wt egh polymerizablghdnonomers

ol i gonucl eotide §s aRMAIR AN RittiaEhahidydlyroup,SWdtasatdd the particles
usi ng any of a nunber of reactlv roups ‘and reactiqns known in the

art. 25 Reactive gridtissidmuece et ﬁﬂnx%@rpéptqy&%g.f&;}ylb@roups
provided as part of otmerstyaiatiuha a3y hesdxuwrﬁntmﬂes haaddrf tua@oaké ng

hould readily o URGER I RIS $5F SRR B T s 44 AL S0
suitabl e reactive groupsUsaﬂukﬁhqmo%nﬂndunopoMymext 1nchudeﬁanhomwe not
Uiyl sul fonyl . sy na i w e poly RLINGAEIEE ML DAW, | (19330, motar
active . hal ogen gradus,, mdmmdemmqwmmemdh asolas(styrene-
succininidoxycarbonxﬁrml& p—chloromethylstyrene—gg—2-hydroxyethyﬂ3'
acrylate) (67:30:3 molar ratio), polylstyrene-co-m &
R~ (2-chloroethylsulfonyl-methyl)styrene] (96:4 molar

15 ratio), poly{styrene-co-N-[m & p-(2-
chloroethylsulfonylmethyl)phenyl]lacrylamide} (99.3:0.7
molar ratio), poly(m & n—chloromethylstyrene—cg—
metharylic acid) (95:5 molar ratio), polyl[styrene-gco-m
& p-(2-chloroethylsulfonylmethyl)styrene-co-

20 methacrylic acid] (93.5:4.5:2 molar ratio) and
poly[styrene-go-4-(2-
chloroethylsulfonylmethyl) styrene] (95.5:4.5 molar
ratio). '

Forming a hybridization product of the amplified

25 target nucleic acid and the capture probe can be
accomplished by mixing the two materials under
conventional conditions, such as a temperature in the
range of from 40 to 45°C for a time of at least 5
minutes. Repfesentative'specific conditions are

30 described in the example below.

Simultaneously with or prior to the hybridization
of the capture probe and target nucleic acid, the
target nucleic acid is also hybridized with two or
more distinct secondary oligonucleotides. Each of

35 these oligonucleotides is complementary to a distinct



Particularly useful particulate carrier materials are polyneric beads
described, for exanple, in EP-A-0 323 692 which are prepared from one
or nore et hyl eni cal ly unsaturated pol ynerizabl e nononmers 5 havi ng an
active hal ogen group, activated 2- substituted ethyl sul fonyl or

vi nyl sut f onyl groups. O her particularly useful particles having
reactive carboxy groups are described in EP-A4Q 466 220.

Usef ul hono- and copol yners include, but are not 10 limted to:

pol y(styrene-co-acrylic acid) (70:30 nol ar ratio), poly(m&

[err]- chloronethylstyrene) poly(styrene- Co,-m&

hi t hyl st | | ate). {67:3
at o). pol ] styr enceshiancs of YR (cakanto PR ARSI T ) S erent
(96:4 nolar 15 ratifixdom pﬂiq{btz;ster@qmame[ umo&ep} @ove, and different

chl or oet hyl sul f onyl ﬁrtc{»s/ e HAcr YIalg g«%}n%tl oF Qh se g?r@&{lféféé@%de

poly(m & p-chl orone tyrene-co- I C ac
pol y[styrene-co-m is @%Cl(izh%lm hy IThelyf Gmgl mﬂ%ﬂ%lslt}yr@ﬂea%le@oand

methacrylic aci d} (9tRA 1P ar ﬁ:aetfeq)abq@,dtwo RRAMBL Yy ene- co- 4- (2-
chl or oet hyl sul f onyl qﬁ;\a/%{ styrene (95.5:4 nol ar, ratiq)
t

Formi ng a hybridiza & Wéear\ﬁleldf ildg the asfagbt bﬂfcl‘%ﬂ’ée oy

ang the capture |orolm<éI chgeif des’i(if‘e(HT'E' iTghad R g8 Prirdieed Whd@teie al s
unaer conventi onal .cC 1.ons Suc as a te rature Int range
of from40 to 45[err “t?lf‘oérl"éitqafﬁ‘;ge&f %eégsﬁcérép%e rﬂc’mftae%te‘géﬁrtet%etrﬁ%t i ve

speci fic conditions capr\3fe peser idred Sercdrm:g(xmn:ﬂgbrhﬂ:llmmtldes
Si nul t aneously ygth sq{bcfcl:ra{rﬁ:rlaﬂ)} r&%n@ﬁ{% n%l tll on . e ga (% téj%ceorﬁj%é)zbf

and target nuclerc aci targe nuc ‘aci
with two or nor@lcﬁl%tﬂumlte@elcﬂmd:ﬁfyhﬂ m@i&l@l oty icaly. mmmf%blﬁese

ol i gonucl eotides is jGOnpl RIMAHY 40 AFHSEHClsame concentration as the

capture probe oligonucleotide.
The resulting hybridized product of amplified

15 target nucleic acid, capture probe and secondary
oligonucleotides can be detected in any suitable
fashion which would be apparent to a skilled worker in
the art. .

Generally, detection requires that the hybridized

20 product be separated from the other materials in the
reaction medium. This can be done by any of a number
of ways, including filtration, centrifugation or other
suitable separation techniques.

Particularly useful separation means include

25 microporous filtration membranes such as the polyamide
membranes marketed by Pall Corp. They can be used
uncoated or precoated with surfactants or other
materials which facilitate fluid flow. Other types of
filters can be used also.

30 The membrane or filter can be used as a separate
article with suitable containers for collecting fluid
and water-soluble materials. Preferably, however, the
membrapes are mounted as part of a test device.
Various test devices are known in the art including

35 those described in US-A-3,825,410, US-A-3,888,629, US-



-14- sequence of ‘the target nucleic acid which is different from
the first sequence noted above, and different fromeach other. The

| engt h of these oligonucl eotides i s descri bed above. They are generally
unl abel ed and 5 water-soluble. Preferably two secondary

ol i gonutl eot:/i des are used in the assay, but nore can be used if

desired. It is also preferred that the anpl +iibed target nucleic acid be
contacted with the capture probe and secondary oligonucl eotides 10
substantially sinultaneously. The anobunt of secondary ol i gonucl eoti de
can be widely varied, but preferably it Is present at about the sane
concentration as thg-3, 97@aQ§@r§nHr9§eAQé'QQ@UQEQOt'ggrt cularly Merul
resul ting hybridized product of t et nucﬁelc acid, capture
probe and secondarydeV1CGP|@6@u§?§6€#§6§ éanUBsAd8y 8éte®7'n any suitabl e

fashi on which would be anuee&&htheeQHSkbl%egaw@tkeh B8 descii®ed labove,
Cenerally, detection regU|res t ha

hybr.i di z uct .be separated
from the ot her nateFP§ S3Fgethauc elFe&EﬁpoﬁaﬁeaFu%Ft?ﬁF§ 4518 ’ by

any of a nunber 5 cabtvmeSprlomI swtiied hialst babnoimmobiliizedgahni an fdratot her
sui tabl e separation

| Par.ticul arl ful paratlon
means i ncl ude 25 n1§$§ Pg§$ FlcprgflSﬁen@ﬁﬁfgﬁggogécﬁsggrﬁﬁé%polyanlde
menbr anes mar ket ed mymbahheeodpscfheydcabobe,usedon thinc patlgaeari oqprisdos ed

with surfactants or,qbRareq gég%E%rb?ligggh%Q E%%Elhhghgergu'g %F. tercg§L

types of filters can be ané or
be used as a separaWBich azet kalownwiinh tbei Babl e 9dessaisadde st @ndc@hast i ng

fluid and wgg ern%%lélilo%sn%h%rsttzila%esp&%fa%&qk}l )éppli(%\é%\‘_erto AR skilled

menbranes are nounted as part of a test device. Vari ous test devices
are known in the arth §8fudttg 35 those described in US A-3, 825, 410,
US- A- 3, 888, 629, US- In one embodiment, detection of the hybridized

product can be accomplished using a detection probe
which is complementary either to the capture probe or

15 to still another sequence of the target nucleic acid
(that is, a sequence other than those complementary to
the capture probe and secondary oligonucleotides).

In another embodiment, detection can be achieved
using a detection probe complementary to at least one

20 of the secondary oligonucleotides.

Procedures for attaching labels for detection and
preparing such probes are well known in the art, for
example, as described by Agrawal and others, Nucleic
Acid Res,., 14, pp. 6227-45 (1986), US-A-4,914,210

25 relating to biotin labels, US-A-4,962,029 relating to
enzyme labels, and the references noted therein.
Useful labels include radioisotopes, electron-dense
reagents, chromogens, fluorogens, phosphorescent
moieties, ferritin and other magnetic particles (see

30 US-A-4,795,698 and US-A-4,920,061), chemiluminescent
moieties and enzymes (which are preferred). Useful
enzymes include, glucose oxidase, peroxidases,
uricase, alkaline phosphatase and others known ih the
art and can be attached to oligonucleotides using

35 known procedures. Substrates and reagents for



- 15- A- 3,970, 429 and US- A-4, 446,232. Particularly usefu

devi ces-are described in US-A-4,921,677 Alternatively to
separation as described above, the target nucleic acid can be detected
using the 5 capture probe which has been inmobilized on a flat

substrate, such as the m croporous filtration menbr anes descri bed
above, or on thin polyneric filmns, uncoat ed-pgpers or pol ynmer coated
papers, a nunber of whi ch are known in the art, glass slides and ot her
10 nonporous substrates readily apparent to one skilled in the art.

I n one enbodi nent, detection of the hybridized product can be

acconpl i shed using .egti o r obe whi ch _i.s cQnpl enent a ither to
t he capture probe o%r%g}l%ﬁggs% I%Ie%gr%taﬁé‘re §8%8§ﬁglee%5n%t’he ué)r{;e eeﬂn%lc(fe?%:
aci d (that is, shegqlemdaesiceat tstignailhdse thenpiresence oft @ giveme

capture probe and seg ﬁa%'e'lg%’}%cgr%‘itl' Q&s%é for, exandl AN Ml scribed

enbodi ment, detection can _be achieve tection probe
conpl ementary to at ired$2orfe 983, 3083 .t he secondary ol i gonucl eoti des.

Procedures for agtachi ng W@l $He0n #RUCGH QN paeGerred@d Guidc aProbes
are well known in the art, for exanpl e, as described by Agrawal and

others, Nucleic PRI IRESe, BF SemesPiNnks 1D §86) 2NFEYx- LSHALIRN 25
reldat ihng t? bi otin Ipaizﬁé&dﬁUSm& %u&&%b@.@fdryiél—&tdgmlgrig) ccimpdcfs”ﬁwﬁgffh# aded S,

and the references ng therein., u el s include radiai sotopes,
el ectron-dense raéa eedntt-'so, p@ﬁ?&rﬁ?g@ng?%ﬁcﬁgﬁjg eéy,e 'phggoﬁoerxe et

noi eties, ferritin arxeftlhelyerpgostidingareiagleas s seel3tie US- A- 4, 795, 698 and
US- A- 4, 920, 061) oChed”&éf&?ﬂe’Eﬁézﬁ%% id'n@'aﬁ%td R A QVHEH MU £N A&
preferred). Useful enz S |ngludé, gl ucose oxi dase, per oxl dases,

uri case, alkaline pRé&spita (arknadt By & i@awd imi dadrole leyqo gtk alrde

attached to ol i gonugeaqtidRs U % -30 4, BN 4Ph0CeUEher IR @S WRen

reagents for ) ) .
react to provide a dye in the presence of peroxidase

and hydrogen peroxide. Particularly useful dye-
15 providing compositions are described in EP-A-0 308
236.

Detection of the resulting signal can be achieved
using suitable detection equipment and procedures
which are well known. Certain probes may provide

20 signals which are visible to the eye without the use:
of detection equipment.

In a preferred embodiment, one of the primers is
labeled with a specific binding ligand such as biotin,
an antibody or lectin. The labeled primer provides

25 (through amplification) an amplified target nucleic
acid which has the specific binding ligand attached.
This amplified nucleic acid is detected using a
detectably labeled receptor for specific binding
ligand. For éxample, if the specific binding moiety

30 is biotin, the receptor is avidin or an equivalent
thereof. The receptor, for example avidin, can be
conjugated with an enzyme, or have a radiocactive
moiety which provides a detectable signal as noted
above.



- 16- - providing a detectable colorinetric, fluoronetric or
chem | um nescent signal in the presence of a given enzyne | abel are
wel I known, for exanple as described in US-A-4,994,373. 5 Wher e
the label is a preferred enzynme such as a per oxi dase, at sone point in
t he assay, hydrogen per oxi de and suitable dye-form ng conpositions are
added to provide a detectable dye. For exanple, useful dye-providing
reagents include 10 tetranethyl benzidine and derivatives t hereof, and

| euco dyes, such as triarylimdazole | euco dyes (as described in

US- A-4, 089, 747), or other conpounds which react to provide a dye in the
presence of peroxidase and hydrogen peroxide. Particularly useful dye-
15 providing conpositionsnaSE1MEsanbderiamEEHﬂménBQSthe apfbified target

Det ection of the resHuéig9c55 gggnbgm%gggégggdmﬁl%nggkggrggekgble

det ecti on equi pnent an proce are ai'n probes
may provi de 20 S|gnaaé1thohoaeelnt9|bhe aopl héiedepuwpdhotit byhusdog dANTPEst

detection equipMent.yn the prihBrAeRLehEr6rd,AIDAJLIENS AnERRAOL 1LRE 2P 1 Mer s

IS | abel ed wi th a speci |ng I gand such as
anti body or |ectin, #ﬁ@lPhE@F@Heprlner provides 25 (through anplificatiaon)

an anplified target nucletg 1s a@ﬁbduﬁéfﬁb ba§ EHG ﬁ@@ﬁb&lsfbtﬁdbng | i gand
at t ached. Thi s angllft nucl ei ¢ aci ¢

detectably | abel ed rtd&pP Fo?oF°sB§cF?FEI%9nBPFg 58 FFbgﬁgleFSPnéﬁéﬁﬁr

if the specific bindthg moset grdfe tsnbadhen, wohedrbeept beststabedi n or an

equivalent = therealcTbg 185ERLoLy LRLLEXATLE AYEL! DophalciRace

conjugated with an enzynre, br "haveé a roactive whrch prOV|des
a detectabl e sidgifal aenhaipérs have been fashioned in order to facilitate

automated procedures for performing the method. For
example, a cuvette constructed to provide certain
temperature characteristics during the practice of the
method is described in US-A-4,902,624.

15 The following examples are included to illustrate
the practice of this invention, and are not meant to
be limiting in any way. All percentages are by weight
unless otherwise noted.

Examples 1-3: Assay for HIL.A DNA

20 These examples illustrate the practice of this
invention for the amplification and detection of a
representative nucleic acid, namely a fragment of HLA
DNA.

Materials and Methods:

25 A capture probe was composed of particles of
poly (styrene-go-acrylic acid) (70:30 molar ratio, 2.1
mmeter avefage diameter) having covalently attached
thereto an oligonucleotide having the following
sequence which is complementary to a first sequence of

30 the target nucleic acid:

SEQ ID NO:1:

5'-X-GCCTGATGCC GAGTACT-3'

The oligonucleotide was attached to the
particles through "X", an aminotetraethylene glycol

35 linker having 16 ethylene glycol units using the



above. -17-- " In still
anot her - enbodi nent, the anplified target nucl ei ¢ acid can be detected
by incorporating a radi oi sotope into the anplified product by using
dNTPs in the primer extension which are |labeled wwth a 5 radioi sot ope.
It is also useful for the nethod of this i nvention to be carried out in
a suitable container. The nost crude contai mé&r8B~woul d be a test tube,
cuvette, flask or beaker, but nore sophisticated 10 contai ners have been
fashioned in order to facilitate aut omat ed procedures for performng

t he net hod. For exanple, a cuvette constructed to provide certain

tenperature charact @irictlelduselulelsk@ i@ AMAGI-0e- Qfolth)@10. WRISOd is
descri bed in US—A—4,902,§24 5 The foll owi ng .exa es are included

toillustrate t 2% &ﬁaééyof 3 RS YSANE SUFPE TP ¢ Rapkiches
be [imting in any waymlA I30pakcenildges aaes ensaiighiged andltdss ot herw se

not ed. Exanpl es _1-3: ay far. HL .These es
illustrate the pr act ggérgfé%tsahr%és d%scairﬁ\;@lﬁ ﬁr(r%‘ef (ﬂaﬁ%lecqaerrsplvf%&?eg?tr}%% and
detection of a 5 resverendad Ve glelssi-distiid lethmsitera i agiderkey of HLA

DA Materials andoibliods 2 ing, e IARIAILS RS MRS SISl o

particles of pol y(styrene-co-acryli c ac ar. ratio,
nmret er average di amFeOVaHawtndheowalPemnarantaclide Partiphas g'ere then

ol i gonucl eotide haviregushendeld @¥aieh in a5@PIRRGON(ICHI)S coEYEENtary to
a first sequence of c%q.otrq(%iet a(r3g%torrr}1uac1|)eli% %%tq{ylimidazole buffer (0.2
10 molar, pH 7).

To this suspension was added the noted
oligonucleotide (2.5 nmoles) followed by thorough
mixing. The activating compound, 1-(3-

- dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
15 (5 mg) was added, and after thorough mixing by vortex,
the reaction mixture was incubated at room temperature
with occasional stirring for at least two hours.
The reaction mixture was centrifuged and the
supernatant removed. The resulting particulate
20 reagent was washed with the following fluids by
centrifugation and pipetting off the supernatant
between washings: a) three washings with glass-
distilled water (1 ml each time), and bi three
washings with a buffer solution (1 ml each time, pH
25 7.4) comprising sodium chloride (0.018 molar), sodium
phosphate (1 mmolar) ethylenediaminetetraacetic acid
(0.1 mmolar) and dodecyl sulfate (0.5%) and which had
been prewarmed to 7Q°C;
After the last wash, the reagents were
30 resuspended in glass-distilled water to a final volume
of 1 ml to make a 3% dispersion. It was stored at 4°C
until its use.
A leuco dye composition was prepared containing
2- {4-hydroxy-3, 5-dimethoxyphenyl) -4, 5-bis (4~
35 methoxyphenyl)imidazole as follows:



SEQ I D NO 1: 5' - X- GCCTGATGCC GAGTACT- 3' The

ol i gonucl eoti de was attached to the particles through "X', an

am not etraet hyl ene glycol 35 linker having 16 et hylene glycol units using
t he . - 18- procedure
described in US- A-4,914,210. Mre specifically, an aqueous suspension
of the particles (1 M, 30 ng solids) was centg. fuged and the
supernat ant di scarded. The particles were then 5 resuspended in

gl ass-distilled water (1 m) by vi gorous vortexing, followed by
centrifugation and removal of the supernatant. The particles were then

resuspended again i ggﬁi?jgl-l%tuiﬁo?n Og}ilﬁ a"a,t?o g‘{ék%)fjai LHT]l% soﬂrﬂtoirér%‘ioﬁg’%”or mal) in

met hyl i m dazol e buf is
suspensi on was addeditsls®lveidedn a salivdrore|ebhtgadey (M Ipwptes)idohébwed by

t hor ough m Xi ng. tivaf -£3-
di met hyl am nopr opy!l )(-2:’§|-36§t ﬁy csé??{%é‘{c%?ip%%g%%%r c?i"hﬁ(%ﬁ d%s fgno%(%r)rrb) was
added, and after thdhdglsodivtiimp Massdrhesx added thwe & EkukemiXfure was

incubated at room t §IRERIH DeroxiMd 1A GaRd 1@, firring for at [east two
hour s. The reaction m xture was centrifuged and the

super nat ant r enoved PYAFOXRYSGALANHY ise 19 ket 2ransiReAIeRls fRshed with
the follow ng fluidmrlar) RNdIdUgAldriEt AhiHaRidtdgcai{ictieid

DT RAN e DS R M e )  d  dRSae or
solution (1 nl eachhuififfier pd Frodhcl = aofipralsicwgnceartixet odh os £ de% (0. 018
T2 o och A0 o BB Sl ST h Sl e am et et raacet i acic
A DNA polymerase was used during amplification
which was isolated from Thermus aquaticus using
standard procedures, and which had an activity of 4
units/ml). A "unit" is defined as the amount of
15 enzyme activity required to incorporate 10 nmoles of
total nucleotides (dNTP's) into an extending nucleic
acid chain in 30 minutes at 74° C.
The target nucleic acid was a HLA DNA fragment
generated by amplifying a 231-base pair segment of HLA
20 DQb gene using primers flanking a hyperviable region
located in Exon 1. The HLA DNA fragment was isolated
from the cell line FPF (Human Genetic Mutant Cell '
Deposit, Camden, New Jersey) as described by Maniatis
and others, Molecular Cloning, A laboratory Manual,
25 page 458, Cold Spring Harbor Laboratory, New York,
1982.
The primers used in amplification in the assay
had the following sequences:
SEQ ID NO:2:
30 5'=-Y¥Y-CTCGGATCCG CATGTGCTAC TTCACCAACG-3'
and
SEQ 1ID NO:3:
5'-GAGCTGCAGG TAGT?GTGTC TGCACAC-3!



been prewarned to 70[err]C After the |ast wash, the reagents were
30 resuspended in glass-distilled water to a final vol une of 1 m to
make a 3% di spersion. It was stored at 4[err]C until its use.

A |l euco dye conposition was prepared containing

2- (4- hydr oxy- 3, 5-di net hoxyphenyl ) -4, 5-bi s(4- 35 nethoxyphenyl)i m dazol e as

fol | ows: ~2pl9- Solid |euco
dye (to make a 0.1% sol ution) was di ssolved in a solution of

pol y(vi nyl pyrrolidone) (209 in sodium phosphate buffer (5 molar).
This solution was then added to a solution of 5 hydrogen peroxide (10

mol ar), 4'- hydr %acetgnlllde electron transfer agent nol ar)
and di et hyl enet ri ani FRpERT Aalef PREGEFUES @ RheFipFRETag HYlGTG fhibrat) in

sodi um phosphat e 1mké:ermd>bepyoaiucscneal tal theneengbaht08oeidé%ing

pol ymer and 0. 005% | sed durlng
anplification gyﬁoaaag?%% %t%% F£%1?h$$ng§n§qga§}§az Hslng
standard procedures, and whi chThedsegondaryi oyigbndcleotiidesshaey. 1A theit"

s defined as the anphidcdte 16r ERZYPnBELEYbhYnEGILAL oL ol Bigr POrate 10

nnol es of total nucleotides (d S) Into an extendi ng nuc acid
chain in 30 mnutes 3¥9I92PE?$] C The target nucleic acid was a
HLA DNA fragnent SE@NED @4 by anplifying a 231-base pair segnent of HLA
20 DQb gene using priners flag King a ervi abl e region | ocated in
Exon 1. The HLA DNA fragment was 1}‘3“6? T GCTATCReeHe CBFACEETMR' FPE (Hunan

Genetic Mutant Cell SEQ TmGi%; Canden, New Jersey) as described by
Vani atis  anqqot hers, Wol ecylaghaRRe, AakRRRRAYY kol

All of the oligonucleotides used in these
examples were prepared and purified using a
conventional automated SAM-1 DNA synthesizer
(Biosearch) and known procedures (for example, as

15 described by Beaucage and others, Tetrahedron Letters,
22, 1859-1862, 1981).



25 page 458, Cold Spring Harbor Laboratory, New York, 1982.

The pri-mers used in anplification in the assay had the foll ow ng
sequences: SEQ ID NG 2: 30 5" - Y- CTCGGATCCG CATGTGCTAC
TTCACCAACG 3, and SEQ I D NO 3: 5' - GAGCTGCAGG
TAGITGFGIC TGCACAC- 3 - 20-
wherein Y represents a biotintetraethyl ene glycabki- | i nker noi ety
attached to the oligonucl eotide using t he procedure described in

US- A-4, 914, 210. The secondary ol igonucl eotides used in the 5
practice of this invention had the follow ng sequences: SEQ ID

NC: 4. MGTATM GTGACGC- 3 SEQ ID NO 5: 10
5' - GGAACAGCCA GAA Al'l of the
ol i gonucl eot i des used inAmhe@@lifiedxaapbes wecéepnepadddwamdgmmvﬁd&ﬁiby
s e o coniures PTG TR ML PSRN, ot PN
Tetrahedron LettersdN P’ spdn t gfpgggw1gg8mpnner
5 The HLA DNA fragment (1 mg) was added to a buffer
solution (100 ml) containing
tris (hydroxymethyl)aminomethane hydrochloride buffer
(67 mmolar, pH 8.8), ammonium sulfate (16.6 mmolar),
magnesium chloride (2.5 mmolar) and gelatin (10 mg).

10 The primers described above were added (20 pmoles of
each) followed by the tritiated dNTP's (0.17 mmolar of
each), and the DNA polymerase (12 units).

Amplification was carried out for 35 of the
following cycles using a conventional Perkin-Elmer

15 Thermal Cycler:

denaturation at 95°C for 30 seconds,

cooling to and hybridization at 65°C for 30
seconds, and

heating to and primer extension at 70°C for 1

20 minute.

A solution (10 ml) of the resulting amplified
target nucleic acid was heated to 95°C for five
minutes to denature the strands of nucleic acid, then
mixed separately with the following components: |

25 the capture probe (150 mg) alone in a Control
. assay,

the capture probe (150 mg) and secondary
oligonucleotide SEQ ID NO: 4 (identified above, 50
mmolar) in Example 1,

30 the capture probe (150 mg) and secondary
oligonucleotide SEQ ID NO: 5 (identified above, 50
mmolar) in Example 2, and

the capture probe (150 mg) and both secondary
oligonucleotides SEQ ID NO: 4 and SEQ ID NO: 5§

35 (identified above, 50 mmolar) in Example 3.



-21- Assay Protocol : An anplified target nucleic acid was
provi ded by anplifying the noted HLA DNA fragnent using tritiated
dNTP[err]s in the followi ng manner: 5 The HLA DNA fragment (1 np)
was added to a buffer sol-ution (100 m ) containing

tri s(hydroxymet hyl ) am nonet hane hydrochl ori de buffer (67 mol ar, pH
8.8), ammonium sul fate (16.6 nmol ar), magneshgm chl oride (2.5 mmol ar)
and gelatin (10 ng). 10 The priners described above were added (20 pnol es
of each) followed by the tritiated dNTP[err]s (0.17 mol ar of

each), and the DNA pol ynerase (12 units). Amplification was
carried out for 35 of th f.ol L owin ¢cles usi n I Qna

Per ki n- El mer 15 ThernaIEE§8I8F:tke regui¥&8ﬁaFHngﬁgﬁo§% g%?err c%or 30
seconds, cbuffifegetio saddthpbr conzatindngats o83 ey phosphwat®0 (0.125
seconds, and at Lhgt @,an [ | i t Kr or 1 20
m nut e. A ggﬁg?fohg fo%%f)QSPlPﬁE%P§§Eﬁp%ngaé%pF%$%§3 Lgk{target
nucl ei ¢ aci d was hegtbBilepedspainptetsraretdc acifi it daclgrdenatlipey texre

strands of nuclejc agicdbatBaNat 42RCXe@rSeRARANAE WD AW @heoWatture
conponents: 25 e capture %robe ). alone in g Contr

assay, theaeégﬁﬁFénSPSHe @igﬁn%éﬁgéggd§§cGﬁd§¥9rldlZe €3 the
ol i gonucl eoti de SEQamP1N@ied thdeeti hiuededlkoweidll mol ar) in Exanple
S0 o N 5 [acoPt e HER08 A0 T BOSAECUn IR ety SREIEO
t he capture probe ($b5Quugpnandoidotl)seocmtadadning sodiugompholsediatees(0SBQ | D
NG 4 and SEQ 1L NOu,3132), Co8lh thid 3241 5°RmBTA3" ardd AW © 3
dodecyl sulfate (0.5%) which had been prewarmed to
50°C. The resulting suspensions were centrifuged, and
the supernatants decanted. The amount of tritium
label remaining in the water-insoluble product was
15 measured for all assays. The results are shown in
Table I below.

A separate set of suspensions containing the
hybridized products of capture probe, secondary
oligonucleotides and amplified target nucleic acid

20 were detected using colorimetric signals in SURECELLTM
disposable test devices (Eastman Kodak Company).
These devices contained three test wells having a
LOPRODYNETM microporous membrane (1.2 mmeter average
pore size, Pall Corp.) in each test well. The

25 suspensions were added to the test devices and fluid
was allowed to flow through the membranes while
retaining the hybridized products on the membranes.

The products were washed with a solution (300 ml)
containing sodium phosphate (0.85 mmolar), sodium

30 chloride (15 mmolar) and sodium dodecyl sulfate (0.5%)
which had been prewarmed to 50°C.

The avidin-horseradish peroxidase conjugate (30
ml of solution containing 2.3 ng of conjugate) was
added to the test wells, and the SURECELLTM test

35 devices were incubated at room temperature for 2



-22- Each of the resulting suspensions were in a buf fered
sol uti on containi ng sodi um phosphate (0. 125 nol ar, pH 6.8), sodium
chloride (2.5 nolar) and et hyl enedi am netetraacetic acid (1 muol ar).
They were 5 incubated at 42[err]C for 10 mnutes to allow the capture
and secondary ol igonucl eotides to hybridize to the anplified target
nucl ei ¢ aci d. The hybri di zed products werne washed with a
solution (300 nm) containing sodi um phosphate (0.85 10 nmolar), sodium
chloride (15 mml ar) and sodi um dodecyl sulfate (0.5% which had been
prewarnmed to 50[err]C. The resulting suspensions were centrifuged, and
t he supernatants deg\qr}‘t%%%.s Thg‘h%ml%%tdu%f S etrieurphen a%l?‘eél rweir{:m' rg ng in the
wat er -i nsol ubl e product was 1 asuredfor al |- assays. dThe results are
shown in Tabl e Isddaitdwn (200 ml) Aosg@dmding set of suspensions
cont ai ning the rd E%£¥$ I r mmd d

%rgp(lcﬂl f eé@' n%qlil@:ﬁ g ﬁn%%tt%a% Z%r e g%?eg{%ds ussll g

ol i gonucl eoti des and a targ nucl el ¢ aci

colorimetric signal $9d wWuRRdRayiMsulfagiesp@sdiile tsestiugeihdesr idmsttah

Kodak Conpany). 5 nbthes9 @ QChetMNAINeH Ai¥18@iHRHe V&) |5 hddd Nor 2.
LOPRODYNETM mi cr opor ous nenbrane (1.2 nmet ér_ average <{)ore size, Pal

Corp.) in each test W& 11eUfAf A8 SIS h9d Widre Wadddfdes + Pk kwed by

devices and fluid inciasmtaldroved: (50 nfilnit ddhraau b dnh & ey atigse Whitige dye
retaining the hybridi,zed ,prod ranes. roducts

p ts on.the nenb The
were washed with a f&lqﬂailor?"(gg't? fembranes, fag yiispaddd lﬁﬂaplﬁﬁqp?fgt%n 0.85
mrol ar), sodium 30 schimed cdeyyistmalcarlommhaxadi (socdedeofi Gud at@ DBy
whi ch had been ewar, t r ¥’ i.di n- i
per oxi dase conj gga;/\g ( pr%s%%[tgor{g] S(l:x&guhtelsg:n d@@n%ﬁ’ﬁﬁ\rﬁl Z. B%esg%@%%)%{%g%’fee)
was added to t hehoswt iwelTableardd el@wSURECELLTM test 35 devices were

i ncubated at room tenper iy & df1t% indicate that the presence of one or
both of the secondary oligonucleotides improves the

efficiency of detection of the amplified target
15 nucleic acid.

Iable 1
Assay Tritium Label Visual
Signal (counts per Dye
minute) Signal
Control 651 7.5
Example 1 3296 10
Example 2 2212 . 9
Example 3 3291 .10

(1) INFORMATION FOR SEQ ID NO:1:
(1) SEQUENCE CHARACTERISTICS: _
20 (A) LENGTH: 17
’ nucleotides
(B) TYPE:



- 23- m nut es.
m ) contai ning
sodi um dodecyl sulfate (2.49%, sodium chlori
1- net hyl - 2- pyrrolidinone (0.25 mol ar).

was added, followed by i ncubation for 5
The dye si gna
agai nst a color chart (scores of 0 to 10 wit
dye density). The results are shown in
results indicate that the presence of one or

ollgonucleotldes||ﬂ%ﬁ%§§33fy%ld

target 15 nucleic acl d.
Vi sual (C)

Tritium Label _
Dye Single m nut e)
f%S Exanple 1

651
10 Exanpl e 2 12
(1)

3291 5
(i) SEQUENCE CHARACTERI STI

MOLECULE TYPE(
(iii) HYPOTHETICAL:

LENGTH: 17 nucleotld@g§
(iv) ANTI-SENSE:

The products were then

10 prepared
(vii)
prepared
(%)
15
(2) INFORMATION FOR SEQ
(i)
(A)

nucleotides
(B)

20

acid
(C)

Single
25 (D)
Linear

(ii) MOLECULE TYPE:

(iii) HYPOTHETICAL:

(iv) ANTI-SENSE:
30 (vi)
prepared

(vii) IMMEDIATE SOURCE:

prepared
(x)
35

tri s(hydroxynet hyl )am nonet hane (50 mol ar,

on the nmenbranes was visual | y2epal uated and

IMMEDIATE SOURCE:

PUBLICATION INFORMATION:
(xi) SEQUENCE DESCRIPTION:
GCCTGATGCC GAGTACT

PUBLICATION INFORMATION:
(xi) SEQUENCE DESCRIPTION:

washed with a solution (200
pH 8. 8),

de (0.5 5 nolar) and

The | euco dye solution (50 m)
m nutes at room tenperature.

scored

h 10 10 representing hi ghest

Tabl e 1 bel ow. The

both of the secondary

efficiency of detection of the anplified

Table 1 Assay
Si FRRANRERNESS per
Si gnal Contro
3296

o TOPOIGGH | e 3

| NFORVATI ON FOR SEQ | D NG 1:

B%robe oligonucleotide TvypE:
No

No
(vi) ORIGINAL SOURCE:

Synthetically
Synthetically
None

SEQ ID NO:1:

ID NO:2:

SEQUENCE CHARACTERISTICS:

LENGTH: 30

TYPE: Nucleic
STRANDEDNESS :

TOPOLOGY:

Primer
No

No
ORIGINAL SOURCE:

Synthetically

Synthetically

None
SEQ ID NO:2:



- 24- Nucl eic acid (O

STRANDEDNESS: Singl e (D) TOPOLOGY:
5 Li near (ii) MOLECULE TYPE: Probe oligonucleotide
(iii) HYPOTHETICAL: No (i v) ANTI-SENSE: No (vi)
ORI G NAL* SOURCE: Synthetically 10 prepared (vii) | MVEDI ATE
SOURCE: Synthetically prepar ed -25- (x) PUBLI CATION
| NFORVATI ON: None (xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: 15
GCCTGATGCC GAGTACT (2) | NFORMATI ON FOR SEQ | D NO 2: (1)
SEQUENCE CHARACTERI STI CS: (A LENGTH
30 20 nucl eoti des dd@? YPE. Nucleic
aci d (O CTCAGATCCG CATGIAGTAC TRCACCAACS ngle 25
(D) TOPOLOGY: Li near (ii) MOLECULE TYPE:
Primer (11193 HYRH 5N Wor SEQ ID ndiy) ANTI-SENSE: No 30
(vi) ORIG NAL SOURCE: Syntheti cal g rep arec}q (vii) !l MVEDI ATE
SOURCE: Synthetically (1) SEQUENGH TERISTICS:
' 5 (A) LENGTH: 27
nucleotides
(B) TYPE: Nucleic
acid
(C) STRANDEDNESS
10 Single
(D) TOPOLOGY :
Linear
(ii) MOLECULE TYPE: Primer
(1ii) HYPOTHETICAL: No
15 (iv) ANTI-SENSE: No
(vi) ORIGINAL SOURCE: Synthetically
prepared
(vii) IMMEDIATE SOURCE: Synthetically
prepared
20 (x) PUBLICATION INFORMATION: None

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
GAGCTGCAGG TAGTTGTGTC TGCACAC

(4) INFORMATION FOR SEQ ID NO:4:

25 (i) SEQUENCE CHARACTERISTICS:
) (A) LENCTH: 27
nucleotides
"~ (B) TYPE: Nucleic
acid
30 (C) STRANDEDNESS:
Single
(D) TOPOLOGY:
Linear

(ii) MOLECULE TYPE: Oligonucleotide
35 (iii) HYPOTHETICAL: No



(x) PUBLI CATI ON | NFORVARREON: None 35 (xi) SEQUENCE DESCRI PTION:  SEQ
ID NO 2, - 25-

CTCGGATCCG CATGTGCTAC TTCACCAACG (3) | NFORVATI ON FOR SEQ I D NG 3:
(i) SEQUENCE, CHARACTERI STICS: 5 (A
LENGTH: »+ 27 nucl eoti des (B) TYPE
Nucl ei c aci d (O -26- STRANDEDNESS: 10
Si ngl e (D) TOPOLOGY: Li near
(ii) MOLECULE TYPE: Pri ner (iii) HYPOTHETICAL: No 15 (iv)
ANTI - SENSE:  No (vi) ORIG NAL SOURCE: Synthetically pr epar ed
(vii)l MVEDI ATE SOURCE: Synt hetical |l . ptepared 20 (x)
PUBLI CATI ON | NFORMATI ON: “l'\l’(_’ﬁng‘l“’(;faI SENSE: (g%ﬁ") SEQUENCE DESCRI PTI ON: SEQ | D
NO 3: GAGATVGTAGE IGAGRLGBGDBCEGCAGADthetical(l4) | NFORVATI ON
FOR SEQ I D NG 4: 25prepare€&') .SECUENCE CHARACTERISTICS:
(A LENGTH. 27 nucl eot i des (B)
TYPE: Nucl ei ¢ (vii) IMMEDIATE SOURCE: Synthetically

5 prepared

(x) PUBLICATION INFORMATION: None
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
ACGTGGGGGT GTATCGGGCG GTGACGC

10 (5) INFORMATION FOR SEQ ID NO:5:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 26
nucleotides
(B) TYPE: Nucleic
15 acid |
(C) STRANDEDNESS:
Single
(D) TOPOLOGY:
Linear
20 (ii) MOLECULE TYPE: Oligonucleotide
(iii) HYPOTHETICAL: No
(iv) ANTI-SENSE: No .
(vi) ORIGINAL SOURCE: Synthetically
prepared
25 (vii) IMMEDIATE SOURCE: Synthetically

prepared
(x) PUBLICATION INFORMATION: None
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

GGAACAGCCA GAAGCAAGTC CTGGAG
30



acid 30 (O STRANDEDNESS: Single

(D) . TOPOLOGY: Li near (ii). MOLECULE TYPE:
A i gonucl eotide 35 (iii) HYPOTHETI CAL: No

- 26- - (iv) ANTI-SENSE: No (vi) ORI G NAL SOURCE:

Synt hetircal | y pr epar ed (vii)l MVEDI ATE SOURCE: Synthetically 5
pr epar ed ' (x) PUBLI CATI ON | NFORMATI ON:  Nogne_ (xi) SEQUENCE
DESCRI PTI ON:  SEQ I D NG 4: ACGT GTATCGGECG GTGACGC 10
(5) | NFORMATI ON FOR SEQ I D NO 5: (i) SEQUENCE CHARACTERI STI CS:
(A LENGTH: 26 nucl eoti des (B)

TYPE: Nucleic 15 acid (O

STRANDEDNESS: Si PP EMS: D TOPOLOGY:

Li near 20 (i) MOLEQULE AVRE:ho&) F@PNIGE ehbUefication ahdl detection

HYPOTHETI CAL: No iv) ANTI-S E:. , , vi) ORI G NAL
SOURCE: Syntheticall?f a dépg%%féaranggg;nupfglc acid co&pr}51ng:

A, after denaturation of a target double-

5 stranded nucleic acid, and under hybridizing
conditions, amplifying the target nucleic acid using a
thermostable DNA polymerase, complementary primers and
dNTPs,

B. forming a water-insoluble hybridization
10 product of the amplified target nucleic acid with a
water-insoluble capture probe which is not detectably
labeled, the capture probe comprising a water-
insoluble polymeric particle to which is covalently
attached an oligonucleotide complementary to a first
15 sequence of the target nucleic acid, the
oligonucleotide being from 15 to 20 nucleotides in
length, and
simultaneously or prior to the product formation,
contacting the amplified target nucleic acid with one
20 or more water-soluble, distinct secondary
oligonucleotides, each of the secondary
oligonucleotides being complementary to a sequence of
the target nucleic acid other than the first sequence,
and each of the secondary oligonucleotides having a
25 length which is equal to or greater than the length of
the'capture probe oligonucleotide,
to hybridize the secondary oligonucleotides with
the amplified target nucleic acid, and

c. detecting the resulting hybridized product
30 of the target nucleic acid with the capture probe.
2. The method as claimed in claim 1 for the

detection of any of Human Leukocyte Antigen DNA, HIV-I
DNA, HIV-II DNA, cytomegaloviral DNA, human papilloma
viral DNA or b-globin DNA or a fragment thereof.

A



T Reews s r e e =

25 (vii) I MVEDI ATE SOURCE: Synthetically pr epar ed

(x) PUBLI CATI ON | NFORMATI ON:  None (xi) SEQUENCE DESCRI PTI ON: SEQ
| D NO 5: - GGAACAGCCA GAAGCAAGTC CTGGAG 30

-27- - CLAI VB! 1. A nmethod for the anplification and

det ecti®on of a doubl e-stranded nucleic acid conprising: A
after denaturation of a target double- 5 stranded,gwcleic acid, and under
hybri di zi ng conditions, anplifying the target nucleic acid using a

t her nost abl e DNA pol ynerase, conpl enentary priners and dNTPs,

B. form ng a water-insoluble hybridization 10 product of the anplified
target nucleic acid with a wat er ol uble captuye be which,is no
det ect abl y | abel ed, ttre ce}rﬁ”t%r“@tﬁ}oc?ﬁeastcﬁﬁﬁ ‘ﬁu ‘%aﬁ% ot C%ﬁéﬂ?ugl e

pol yneric particle1amdMﬁ(ﬂhenexnnuﬂeﬂﬁdgget nuﬁleuﬂmmbfﬁlI&lg@muabeeﬁlde
conplenmentary to a fj.rst uenc t he r.get aC|d t he
W i SEEIE O d N d et DU ey

ol i gonucl eoti de belng F o 1 and
si mul t aneously or pmhmgqnnQlﬁpqwdnhu31Muﬁt&nemusly contactlng t he

anplified targetgnucleic acidy (ﬁ]‘%15@%&6“@5e£n§0+ﬁbéfa1ﬁési'g gt

secondary ollgonucleotldes eac e secondary I gonucl eoti
bei ng compl ement ary ¥ ¢'he reddqueine Qﬁncentwa@qwr@%ttmﬁw@n%m ot her t han

the first sequence, ohgcmtl%dﬁs tihe t&%%&ﬁéyagltmt@fe@aédeﬁphayéng a
25 length which is E“Eﬁe t.0, or‘ggeater than the |l ength of t he capture

probe ol i gonucl eot i &, oligonucleotid
5. The method as claimed in any of claims 1 to

10 4 wherein each hybridization is carried out at a

temperature of from 40 to 45°C for at least 5 minutes.

6. The method as claimed in any of claims 1 to
5 wherein the target nucleic acid is less than 250-mer
in length.

15 7. The method as claimed in any of claims 1 to
6 wherein amplification is achieved using a
thermostable DNA polymerase isolated from a Thermus
species, or a recombinant equivalent thereof, and at
least 20 amplification cycles.

20 8. The method as claimed in any of claims 1 to
7 wherein the capture probe is immobilized on a
substrate selected from the group consisting of a
microporous filtration membrane, a polymeric film and
a resin-coated paper, and detection of the hybridized

25 product occurs on the substrate.

"9, A kit for the amplification and detection of
a target nucleic acid comprising a probe comprising an
oligonucleotide complementary to a.. flrst sequence of
the target nucleic acid, and one of‘more water-

30 soluble, distinct secondary ollgonucleotldes, each of
the secondary ollgonuycleotldes being complementary to
a sequence of the target nucleic acid other than the
first sequence,

the kit characterized wherein the probe is a
35 water-insoluble capture probe which is not detectably
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to hybridize the secondary oligonucl eotides with the anplified target

nucl ei'c acid, and C. detecting the resulting hybridized product
30 of the target nucleic acid with the capture probe. 2. The
method as clained in claim1 for the detection of any of Human
Leukocyte Antigen DNA, HI V-1 DNA, HI V-11 DNA, cytonegal oviral DNA
human papi |l | oma viral DNA or b-gl obin DNA or2&-fragnment thereof.

- 28- 3. The nethod as clained in either of clains 1 and 2
wherein the target nucleic acid is contacted with the capture probe and
the secondary ol i gonucl eoti des sinul taneously. 5 4. The net hod
as clainmed in any of apkakl® AnkOcom rgs@Qereh%tEQe1%QBQ%%h%aEdQQMgrf e
secondary ollgonucleotldes is the sane as apture pr obe

ol i gonuci eotide. =~ Pparticls to VﬁécﬁeFﬁGdP59b@lQﬂ#@@nuﬁlgﬁFléﬁ diSains 1 to

10 4 wherein each h)ﬂblt'a@héat,l Qﬁe' 51§§bhu%<ie%tld@t paing flrempasaty e@ef from
40 to 45[err]C for at | east h 6. The nethod as cl ai ned

in any of clains 1 PBCleOtSdﬁﬁeﬁél ePﬁEhWaﬁggt nucleic acid is less than
250- mer in length. lgach of the séRendRirodldgonualeed idesamasfa cl ai s

lto 6 wherein ic i s achi,eyed usin t her nost.ab

pol yner ase |solated§g58ﬁL $ %nﬁ§ equa&p & &%, 95% ieféégﬁ%\ﬁgﬁﬁ %? qggNQ%t
t hereof, and at theasapzoranpkobecaﬂugnnuydbe&1d20 8. The met hod
as clalned in any of clains 14 The 5@? Lal R EHE PRUTE RRORE o H%;eln

i mobilized on a substrate selecte rom t'he group consi sting
m croporous filtrattdg ﬁéﬁﬁwaﬁePrébsopﬁﬁépm@cﬂﬁbﬁﬂdﬁdlS fn&m%%QYW%béKéd

paper, and detegiopoapetle aRMOEEhZ8¢ the secondary oligonucleotides is
independently from 15-mer to 35-mer.
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25%Maredfict occurs on the substrate. 9. A kit for the

anplification and detection of a target nucleic acid conprising a probe
conpri sing an ol i gonucl eoti de conpl enentary to a first sequence of

the target nucleic acid, and one of nore water- 30 soluble, distinct
secondary ol i gonucl eoti des, each of t he secondary ol i gonuycl eoti des
bei ng conpl enentary to - a sequence of the targéP-nucleic acid other than
t he first sequence, i I er i ejn_the probe is
a 35 water-insoluble captur esd&g é&;\?@iﬁ%}‘@%é 3&%@%%%% USING

- 29- | abel ed, and conprises a water-1ns TS rF%SrKITparticle
to which the probe oligonucleotide is avachest the ol i gonucl eotide

being from 15 to 20 nyc pdes. i ngt h,, and .each of .the
secondary oligonucleotide§ %ggggg Ru&?%%gtggﬁﬂiSﬂnigeeaﬂgilﬁbegraaPeater
than the | ength of deteakedapsing predeeotigsolicbietcapture probe havingO.

The kit as clained i §$é£€183%§856£ eo¥ig%h?1§@§6“ﬁ&c?éﬁ??dQLi98898%88&&39

is from15-mer tq 10 20- ner, each of the secondary ol rgonucl eotides
i ndependently from 13-h@Fhed 88-gepolymeric particle, "and one or more

secondary oligonucleotides. The capture probe and
secondary oligonucleotides are complementary to the
target nucleic acid, although the sequences of
complementarity are different. Moreover, each of the

10 secondary oligonucleotides has a length which is equal
to or greater than the length of the capture probe
oligonucleotide. The secondary oligonucleotides are
hybridized to the target nucleic acid either before or
during hybridization of the target to the capture

15 probe. The result is improved hybridization
efficiency of capture probe and target nucleic acid.

(No figure accompanies this abstract.)



