;e3el ,6bTrZl1 5 APR 2002 DETECTI ON OF AMPLI FI ED NUCLEI C ACI D USI NG
SECONDARY CAPTURE OLI GONUCLEOTI DES AND TEST KI' T *@G00002* - This invention
relates to a nethod for anplifying 5 and detecting nucleic g%l gg 0?[]02
interest. It also relates to a test kit conprising a captur Be and
secondary ol i gonucl eotides useful for inproved capture hybridization

ef f ei ¢ acid probe technol ogy has; devel oped 10 rapidly in
recm“mwﬂlm ‘ummm“ researchers have di scovered its value for detection of
various,digeases, organisns or genetic features which are present in small
gquantities in a human or animl test sanple. The use of probes is based
upommﬂmwﬂ MW of cawrErent@ror yAdSLsPLhpt RetLeaopherentgawest r ands of

nuc ansEEINDARY EXP TURP €OLLEONUCLEBOS IDEgbANDI rEstrokIar m a
pded product. DNA inherently has two strands bound together by

h dro en onds betwegn Nt ar otides h A I

2% nugl eotide pairs). %IAEP{?\%HF é@e#}gggl&%g#e gt r(agwg gi al sgﬂl %éﬁﬂ%\q}m ze
with a conpPeremmdrdetsteahugofunleieoatiids. obybntdiresti.-on I6f adéepl enent ary
strands is a C%f@éeée@éuéetgétm@% esﬂpkmemgaa egerah%zetao% 2nAssays

(al so known as genetic probe ass i/ Thus, If | east a segi uence of a
nucl ei c- aci d ofSSGARGREY ¢1 HePrneieathdes Pﬁ?ééﬁ- AOE éMPTaYES) CRPLRFSWN, it

can be hybri di Zf%ﬂ'tﬂli&&ﬁé‘.ﬁ egfﬂ§¢ﬂgn@ppropr| ate ol i gonucl eoti des
(identified as prob whj c ned ntary to that

known sequence. The cb]beel%s%%’r‘?yp{%b?a%%?%’aoﬁﬂg%ﬂﬁspggﬁggﬁpgg that its
detection abso rimindlys ihergeestengeans dberdybardhezed produdiscbvprebie and

target nucl eic g¢c t | ek C S iq 5
par £ cul ar o gan oS o6 FBon b 6L CyaFLubSal BRAHS, WghRignd
feature, the proesmtoﬁth@amlg%mlmclvlau% pregenet io swatdre can then

readily be det gy £ONE ﬂméﬁngfsanmglteégetsathe' ¢ 3gkdyeaingl e
strand forn) is I1nso ized on a so surface (such as a
ni trocel | ul ose AfeMHAIRY 1D PRIVRMPON R SFPRABERT hgbr FANRAEMBALAFERY

ol i gonucl eggi de%c@i hafat hedhmPI aREse at IBin@E o KNRUR1 88t 1 HEBURGABRAKC" Of
"sandwi ch" assays,. the target nucleic_acjd nmay be captured using anot her

ol i gonucl eot i dé’Wh'cH”}dserlcPlf?ﬁﬁ)‘bl??%%W%on@%ﬁﬂé?e F8rteXEnpl e on a

nmenbrane as deswudied durdifudd Hridfudld. Diwmoiheerénslannes, tibe
ol i gonucl eotide s i b| I | ed oqargol ymeri c }[partl cl es .wh are enbedded

C
within a poroud I LY BE |RO%€’SA-%Q‘285D381). 15
EP- A-0 318 245 ccdmpdrarrtms:ane me.e]cemmdemr owiel ¢ihea ke nel soskondbwhybsi di zat i on

bet ween 2 Y61 ot 3qlbl e Pobe (suchugs 3,let echLons PLobel - apd-ayhang tar get

nucl ei ¢ acl d | no ut| on di zat o assa met
usi ng "hel per' adlﬂogmmlré{hmdials’-ezovm ch,conmplendgret apyedt raedr dér the
secondary and E%rctl'egiﬁcﬁetsr ucture of the target nucleic acid in solution.
These ol i gonucl eot i bridize with the target nucleic acid in regions
ot her than that V\/ner‘fé/btrﬁeildzeﬁte&fi o protel eyt ¥ eSEramdg\nwef e a capt ure

probe is used icena abriclizald ¥ aaSRY atd & bhonsicheptide-atteghed to a
wat eri nsol ubl e support (such as a snall pol%/merl c particle) is usual%y very

smal | in retat BSSHS tﬁ“‘elsﬁ ZEBI 3 IIPPore PHIRE | PR RS bf ¢ Heus,
ol i gonucl eoti dati 3e20t3Q@ Fwfderidrtof ta &M@lrtdb‘c it yd ao Fetyt shost di st ance

responsi bl f o SO I Ao (T Ik AU Gt iRt THe Baptire propetdhd the
t ar get nuclelcbachdbrldlzed 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



Thus, there is a continuing need to inprove the 35 hybridization efficiency
bet ween target nucleic acids "1l 5 Af R2U02 -3 and insolubilized capture
probes having very short oligonucl eotides. The present invention provides a
way to inprove hybridization of relatively short target nuchScAp@iﬂ@zS
with relatively short capture probes which are - covalently bound to

wat er - i nsol ubl e supports. In one aspect, the-present invention conprises a
met hod for the anplification and detection of a doubl e-stranded nucleic
acid conmprising: 10 A after denaturation of a target doubl estranded
nucl ei ¢ acid, and under hybridizing conditions, anplifying the target
nucl ei ¢ acid using a thernostabl e DNA Polynerase,,conplenentary primers and
dNTPs, 15 B. fortfing & vidterRTngotabl @f hyBFi aF Zari6f- prodtét °6f t he
anplified targefermucl®ei feftoh e Wedih Bhewmt ecad N5l bbl aecaphiuinhedpr obe which is
not detectably | abeled,_ the capture probe conprisin terinsol ubl e
polyneric particle tﬁ?vﬁﬁ@$l%%£%%&%? ht 't ezbgg??gc gaﬁgggogFégnucleotide
conpl enent ary t@iadlia sttsemieheenof i$ hensal'get 1 huetiebn ackdlithe

ol i gonucl eosi deg &ing QML o @i@&é%@i#f@§e'xﬂehﬁ?gﬁgl 889 reyent

simul taneously or prior to such-product ornation, con actlﬁg t he

anpli fied targetndasd @l eadixP i d iz ankonrwipk eo hbgerusbeablidesdpsheact

secondary ol i gronucladdes, Bachof 4he 18eeendas vy ohihGRoHEL 8Ok dgs bei ng
conplenmentary to a squgpce of the target nucleic acid other than the first

t
sequence, 30 an§3E&H 3RP BEvordi - M IHorieF 9t § RS Aal?hgPa | engt h
whi ch is equal daptairegt eafiglg tdrast Hdre d eihgdtuoiedthedeaphiicle psobe

ol i gonucl eptide, to.hybridi.ze the secondary,_oligonucl eotides with the
St 11 ed {or gal RRRe BT ol WG N ARIMELE A (ot Eah T
resul ting hybriadi ZiesquridarttirofUstre4,df4bt0fuc| eir echer winhtaheesapt ure
probe. The inventi a ;al; Q.\o‘lre%‘éﬂi%ees Jgs Kidmdi9f 1 £ 16 %Wg%éigrﬁéff’é‘ and
detection of a target "nucleic acid 5 conprising a probe ctonprising an

ol i gonucl eot i deagsislesentarah tag & Snirastidesb it of RdweCU IRt r hwcl ei ¢

aci d, and one Qi oIDE& RIS S0l 1 lplin e SRCONHRS Y301 ) gonucl eot i des,

each of the secondar gonucl eoti des being conplenentary to a sequence of

10 the target nucl eE€~&cild Btthert X HF IHEO TS ridte IR, 1RO RG tthe

characterized wheeeiikst be Prehe dis & WH ¢diadib evsapt e s obe which is
not detectably |a nd conprises a water-insol uble polyneric particle

el ed,
to which the pPSBEeol(PQIS &%t i §L 1 AR Ned S e 1Y IRIFot i de
being from 15 hac2@igualkeat iidesdlmdiergtybraiiization 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



each of the secondary oligonucl eotides has a | ength which is equal to or
greater than the length of the capture probe oligonucl eotide. 20 As used
herein the termdNTP's is a generic termfor the various nucl eotide

tri phosphate units that make up a nucleic acid, and which can be

i ncarporated onto the end of a nucleic acid by a polynerase.1fme@aEWR t hey
i ncl ude dATP, dCTP, dGIP and dTTP, 25 together with dUTP for RNA nol ecul es.
The method and kit of this invention provides3a neans for rapid and
sensitive detection of nucleic acids using known PCR procedures which are
hereby inproved in the detection step. The inprovenent is 30 achi eved by
usi ng secondary oligonucleotides with the capture probe, all of which
hybridize with the ampldifirad itzalyela tudeipe A d.hdwi regldid i Pnshb he assay
provi des advanta&es so that the capture probe is readily separated from
unwant ed mat eri 8i< IPBELIESTIACE5 the pol ynmeric particles to which the
capture 1 5 APK ~utZe- prelsegpanucivesitiicde ipxrcadvidserd lwayand dimecoty
attached. Separ ﬁ&b‘%@d‘ié‘zgtt} o %%d'r'eéa%%‘;'e Ve HSING Fiddd 3t i O [ENDL ARES.
porous matrices, centrifugation and other “separation techni Gués. Th

addi tion, the cuptir seprsbdacs ycaholré- sapdcired nnobe sshtighl eafeishion to a
nonpor ous partleb@awghﬁﬁyl§oh%adkbyw%%§%aﬁﬁ%%fﬁﬁhg ahpgspddied target. It

is also inportant in_thi§ invention secondary "ol i gonuc| eoti des be

of a certain |ength, IR0CRENBEPEEFual heo PEeSgrdatleV artaPh HEOTRMEHS o t he
capture ol i gonugkeabhdgorTheeCapbuiei@aitg@nucnRodededtsidt ol 16 to 20

nucl eotides in Ienggh. This invention provides inpraved hybridization rates
bet ween target AAEPEFCSEERGIEGHINESHEEF e 35r6bEO™PE P % ener al pri nci pl es
and conditilgns for amplifefaerodeaadudetdon e@f af tRuged @i ds- usi ng

pol ynerase chaip,r Lon quite wel |l kn , ajld s of which are
provided in nu rEEBabar R g8 gf’adf‘ﬁ’& B%\-g%-rg?‘%gﬁ%?f ~A-9, 683, 202
and US-A20 9, 965ndigs8onSheappéséptingnudet temwges ducdetied aaid hsing a

anpl i fication apgdedghecL}on Bf«aogﬁgﬁle%%&SB%ﬁlhﬁ'eﬁxe%L&QJr? AGid Segiences
present in one or nore targete ucterc acids 1h a test Spécinen. Such
speci mens can 28NTH&}ude cellular or viral material, hair, body fluids or

ot her matenisal s contgi ni ngogRRgLi & HAoL ; RNAIYRI 6hher ik datient ed. The
present invention is especially useful for producing, in exponenti al
quantities rel aeT98UFd PhetBO AURBEL16A Féﬁ@?Foﬁu§9§ﬁ§iﬁﬂh§\ﬂﬁf & |east

one specific nughebe-askdl88U8eREBrutBepRbBdUGhivhl i sheiod des@®Rid UC] ei c
acid duplex wt m.ni corresgondlngﬁho the ends of the specific priners

te
enpl oyed. Any s %*P%ée?}f h€I ERRCHERJIPTBRFI FPBBTSF 188 Rot'2tEdn be utili zed
as the startingimasbeubdt. pAlymdrbcABRr£i0028 £6 whithr @ sofcovadlesitclyaci ds can

be employedoif desiredy Theo2egygnesebese duRbheAbatacyn che 2 fnagrent of
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



Nucl eic acids to be detected can be obtained from5 vari ous sources

i ncluding plasmds, naturally occurring DNA or RNA from any source (such as
bacteria, yeast, viruses, plants and hi gher animals, humans). It may be
extracted fromvarious tissues including blood, peripheral blood
nmononucl ear cells 10 (PBMC), tissue material or other sourgges EFoMm 2in the
art using known procedures. The present inventjon is parti y usef ul
for the anplification and detection of nucleic acid sequences found in
genom ¢ DNA, bacterial DNA, fungal DNA, viral RNA, or DNA or 15 RNA found
in bacterial or viral infected cells. The nethod described herein can be
used to provide the detection or characterization of specific nuclelc aci d
sequences associ ated @ th PRAEEEEiBUsCHPsE8SES L i§aneYPE Ldilg6Aderedyct

cel lular disordess sHeht20gas £aRCELE. abﬁdnaYtﬁleaebeap%eQelprbeeeHSIc
i nvestigations and oses of this i nv%ntl on, genetic

di seases incl ude spect ?CE g%??%ﬂsggﬁgnﬁfaYﬁgﬁ§ PnkdEndRF from any
organi sm such asmsitklieatebh anemiatecysbncdfl braargetanhbabeeseﬂfﬁa, b 25

t hal essem a and S8 d|| a, . Qne i.n th Human

Leukocyte AnslgeégTéiﬁS g b% %ggegg?é %18 ﬁg §g888% |nv8nt|on

Vari ous i nf ect i ousnpl gREBEIry aho be ﬂlaghosedubycehefptesehaegen a clinical
sanpl e of snal | rﬁel%kﬂ HT‘~'§ 1c‘?f SRECLAS CoPOmPMNE JEOHEDEESLE éra %EE&BE&C of

t he organi sm yeast, bacterium or Vvirus. acteria
whi ch can be det%@ﬂ@bﬁ@%lwowl%@@ﬁ% I?ﬂFPert‘éheSQF%ﬂ@PFﬁ

St rept ococcal Siilha 1 E0H P sli 19 1 94 g@@menameﬁeaﬁgoesah QéQQQhéE‘;of
Nycobacterlun135 tu ercuI05|s coba(%erlun1aV|un1co N%g a~: na ?
5 Af' R 2088 hdetopgTIRt i ¢ 1ReHe 201 ShPHRFF athAR EF%té%Fat fi8_Senhi ch

are detectable iumd ude; dhdraceendiediwvhépedihothéeppese EpsaewarBarr virus,

cyt onegal ovi r us, paplllona Virus |tis and retro i ruses such
as HTLV-1, HIV-IrgsgP ?apQﬂﬁﬁnp%P ec?ﬁg %e%? sdgt %g readlly

apparent to one Iskidlest] |amd treormmsél'sheaawmtmr i:)rfls@lgbbenpoD_Mecao al so be

detected. The i%ve%lt\l}i&qL its%gg.;téﬁ:q{ﬁéIly#,g%fgie%&rmé?gogg&gc{éon of the

presence of vir ‘ef ab nuclerc acid is less than
250-mer in l%ng@ﬁtaﬂhﬁdmnﬁherﬂﬂlg¢QMQkﬁntt@ﬁrb¢emgt6r@msl%g¢@ alicl eot i de.

The primer is pr eﬂfmgggﬂaégrgﬂeaéggggukghéor maxi mum ef ficiency in
anplification. Preferably, the primer is an oligodeo; %%é bonucl eot i de.

The exact size of ea@WQQWQﬁHtWﬁIQGQRﬂ%ﬂEKﬂﬁ%&E?@P%b%%t%

contenpl ated, thencemhaxidy i&f dhgat aacgeélect;lseﬂ@@fw@mﬁe@@élpéhgeamefature
and the source of the priner. Generall)/ the%tgrlrrers used in this invention

will 20 have fr&Me1EaREE RFQRS ¥@rably, they have from 18

to 95 nucl epdi des. Pristeissd pfe&’@&rplurg;)rumzeaiwnte% alsl seganshaiyy term
oIigonucIeotide%ﬁ fuI hereln can be ob ai_ned froq%%inunber of, sources or

prepared using Qs T LGRS et o Ui § or®Exanpl e, an
ABlI DNA Synt hesimaée @@vaai Inautgd 1e ifr Gro idplared] vBiosty stemse orneo Brasezedh 8600

Series or 8800 §%[c e§h§yr&l&e%|fz%r fn(Lfc\’lZé;(iLcab%celJr cAr ]Ibﬁg&f earch Inc.)

and known met hods for their Jse (fo € as ‘des
A- 4, 965, 188. Naflyipalclay lac dieryi nglqdmdeer@'ﬁ%,oldﬁ% fR@TR i GQT%,I sour ces

are al so uspful ((3ueh3S Jie$! Hiald %rqu@p%leeaﬁelg gests). As used herein,

a "capture probe"is a waterinsoluble material conprised of a solid

pol ymeric 35 particl @hed@sthiosed stk d) alo BHiTHeeolRll ditd¥ides & A P R
2002 attached ape@hisg@RUCIg@liicdansisehd it subsdadd@ldy comlem ary to a

fIrSt nucl ei c %ghg %%quen %o%% %% 1§¥é¥§é¥¥é¥“ﬁﬁ?c EE?éjhereby
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. In 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



The ol igonucl eotide of the probes is of a 5 --c:ritical length, that is
from1l5 to 20 nucleotides, in order to best detect single base nutations or
deletions in a target nucleic acid. A nunber of thernostabl e DNA

pol ymer ases have been reported in the art, including those nentioned in 10
US- A- 9, 965, 188 and US- A-4, 889,818. Particularly useful polynerases are

t hose obtained fromvarious Thernus bacterial species, such ds UatdUéds
Thermus t hernmophilus or Thernusm1l av m. O her useful thernostable

pol ymerases are described in WO-A 15 89/06591. The secondary

ol i gonucl eotides used in the practice of this invention generally have a

| ength equal to or greater than that of the probe oligonucl eotide. Mre
specifically, thg | Q?}%eo%l& fJOfHOJ& 1SR r!%%éec&) Ldes %%S@%&d?“e
secondary ollgonu s Used Fie i niventi on, each of ich™1s

conpl enent ary t@&@&ﬁ&ﬁummKREEQEenE@dﬁlxrﬂﬁhkﬁ!ﬁﬂ usich @i €1 berat iand t hose

di stinct sequenges\Agd ffp%fz%ﬁhts il Qpithes " fddilr s ARMENSe $0qaWoigb-t he
probe 25 ol igonucleotide is conpl enentaéé) A targeted nucleic acid can be

obt ai ned from affPGF % 1Payr itE&GPGAYSSUr cd ANy Ehe FaPEXES BRI n
some maenner $0 Iaflak)eblet aa\taldha-iml énf @r segntagte W;leishniche i8] Idfgf@nzﬁ’@ﬂo@é herOI
reaction material_s i s sya ns re V|n nt e ns.an

cel lul ar natterpfar(%ﬁ’]cti §§ cﬁﬁe#é4ga Ys % #%Ré to2edur es
are known in theaaget.Since the nucleic acid to be anpllfled or detected is
usually in double stranded f t Qyﬁf 'ﬁﬁg? £d (that
i's, denatured) beforé% qg l%BRl?g%%t%ggnﬁgb%gg%pggk ace. né?trlng i's
acconpllshed usisegoadagat otliganmedecslicies dre mﬁ'@ommnﬁﬁhnniWHQQhany

sui tabl e otfier physhcakq u%he@ocak Qe %3%%”3 oG, W%e@?&?%ﬁf'&%’ in the

art. 5 The denatured stran s are then secon tenperature mhlch
is general |y i nCBREUF&n§éigPNRFSRPSES dEo 7@@6M%@H§Wﬁq (A I QP I e

extension are cagriredmoyt B QbenQEQ%%lﬂ(i@e%f tnthlaMrpol yird zation
reagents identified below. The resuyltin ble 10 strandedtfrlner

ext ensi on produ&P¥e8FéOHeBFQHlPSSdéWBFG @dt PIiddrds 1 dé S strands are

separ at ed, theybateecanathabke asclenpl aces kol fcapiiuie addidd.onal prinmer
ext ensi on qﬁpducts tp rewith. wi.t h tHg t her nost abl e

DNA 15 pol yiter ase, FagF8e58 x?FﬁESﬁngéoﬁpgeC@”%ﬁtdﬁggb ftes (for
exanpl e, dATP, dﬁﬁP;fdGH?xandadﬁTHﬁtand1ansomtabbées@ta@hqmwuﬂmng'at t he

begi nning of th I C h er.ams Ie pol rase to
be used is kno O?k&gﬁggér%ﬁaég %ﬁ gg%gb S anngE?n&%E argh%¥35§ @P
anounts effectigetfodlsDNA pbhyhearzapromtiedoc@unumgu@hlsamfmri@@mg known

in the art. Qhﬁﬁciﬁégﬁet%aﬁ\%a%@ RE&f ebébhhp%@%e%e lngl uwding salts
such as na%ne5|un1chlor| . extenders sluch as gélatin or other 25 water

sol ubl e or “at ef- 8PSpeP8ibl e col | oids. The reaction nmixture is generally

buffered to a pH of fh@rrpEeg@ne y\hben@kloﬁf 18 a@&@gt@eeft@r wé using any of a
nunber of suitable bg{fer known in the vol une of the reactlon

m xture includi #§°th f%?b%?eﬂn§0dﬁEEFEF8na8Fd°P§ RSt MOFFt PRPECITAGT wi t h

smal | er vol unespubkatccanibestqaastesr petanandnavay pwr eotapitdiryetEae

Largeted nuct o1 IO BEPHE Ao S5 58 LCrPEETErbRikoS S PECT BRESER R B The

reagents 23 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



-~ 0- 15 APR 2002 ca: be added at serveral and -various tinmes during an
anplification cycle. Wrkers skilled in the art would be able to design an
accept abl e protocol for reagent addition. 5 The newy synthesized
hybri di sed product of the tenplate and its conplenentary nucleic acid
formed fromthe prinmer are used in subsequent steps of the fgthﬁﬂ They are
t hen denatured by heating, and used as tenplates for furthe e 008t

prim ng, extension 10 and denaturation as is-&known in the art. The tine for
each cycle can vary w dely dependi ng upon the equi pnment and reagents used.
In a preferred enbodi nent, 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 nucleig;aeide étt%tcteecleehdeyeb% Heh@ g 1Rle D1l ATR{e £t £NST on
products can be detected as described below. Preféerably, the products are

denatured a | astREi ABIBEBERAIAY CRUCUPREE LGS €8NoPet e THAHMGIE G (1 20
targeted nucl ei gnagi4d. nﬁaeea&phbﬁuoatlon nmet hod of this |nvent|on IS
preferably conducted_in. a con%hago aut omat ed manner so .t hat e reactlon

mxture is tenperatuPBCE§EFed tOoRer GFLEGERENGER 6 °FES ﬁF
times. A 255unberiolisi ssutueentiachade nbeen adenelsqped thoraliltyl s purpose as

one of ordinary é%hkklha bgg EtR u%goﬁggﬁ&4gg§§%%8gsu% tr nt for this

pur pose is descFi in“sone eta -A-0 236 069,
30 and i nvol vesbasvengal i yards, f vomuses .t pApotLat and arghesnmerimals, anot her

under Controlleﬁuﬁeﬂgrt'0@é m3905ee@xt9§Eteoeetout»bkae%steqeep%eure
cycling without a |i system _and is al so described _in sone

detail in US-AingéEgtBB EHEOEP R?GlBQQZSG QéQOdG@ﬁéPéPF}ethF§llﬁstrunent

includes aifeat (pBMAfl, 1t bsARR A804rseandyet bﬂﬁe%oﬁbah:&él’s kaowholigi meea
number of reaction tubes containin reactron H%xture nmeans  f.or heati ng,

cooling and t enpet at it BRI nkPAVBNRREEEIHAESa cORBUPERGEREanD VRS tdERer st e
signals to contm@ftib@lérayphséfﬁatE@B anuampglfiban@ensand t enper at ur e

and timng. A preferred instru rocessing a ification reactions
T a i sposanl CAEHERF AP DEsPURTEke] SCABLEREEACRR SoRE e et e En. 402
994. In 10 generiéd, b@c3ernstrunnntfoogpn|BHA,av$uppoRNAsupta®@Ator

SuPPOTLi N9, ohegl cal.hest, PagkrcPEssHEe,aRR) | oaLaLscauRRetLed above the

sur f ace for acting on the reactron ranster et ween adj acent
chanbers in the testTpacksthnd ﬂeaﬂmberﬂ bpeeani Agnt he wsepr&Ssure

appl i cators through; @er@HQGdQEeEPYSHEBE 8%5?39t891§8EQ§§ b@esbﬁ%BfQ%Ck
EP-402 995 provides details of useful chem cal test can be

processed usrrmP%?%ﬁ%%s??uﬁeﬁ?qB%§€?ﬁbéasPﬁlEpeﬁ0§l§84lnﬁf§618é§cr|bed

therein are 20 dbsdsséd®) Herét g aﬂsogoeksnertBeltestarpaslsoeaet-epeat:ad
interval s é hat_is through cles ggg 5 rlatﬁ for .the nethod of the
n

present ing8ntidh. CFNEETRt ho o?a¥h? ntF5A tBnfBESOEAE to advant age to
rapi dly detect fnﬂeﬂmﬁgatumm3|anaCDNAZSypbngh i Boprpsepbsebonfexadpl e, in

an infectious e e n he t C has
been generatedagwggn%ldéte€? gébé ?o?%?%eg 1nc§e§Fn§898%F98 hg% ?égtlon
product of it véxn hmat@tapmmelrpr@oeomhcclhmsfnom énpedbedanism, 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 diagnosed by the presence
in a clinical 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



30 The capture probe conprises a water-insoluble polyneric particle to
which is covalently attached an ol igonucl eotide (15-20 nucl eotides) which
is conplenentary to a first sequence of the target nucleic acid. 15 APR
2.002 -12 The oligonucleotide can be directly attached through coval ent
bonds resulting fromchem cal reaction of the oligonucl eotide and reactive
groups on the particles. Alternatively, a spacer group of some 5 type can
be attached to the ~53x~ticle or oligonucleotide prior to at BC qmm2Che
such useful spacer group and procedures for its use are descrlb
US-A-9,914,210. ' Awde variety of polyneric particles can be used 10 in
practicing this invention, including those prepared fromnaturally

occurring or 5yﬂ£§ﬁbb§§%h¥ Ehgﬂﬁéﬁgaeolggggg 1Brefel ablyt d/he, particles are
spherical in shape an ave an average Siz (l | ar gest di mension) of from
0.01 to 10 mret%%éusaﬁtwbaaﬁ gKe §‘PE§Ct§PIlﬁctlHFéIUdP5 MF s& ingt

configurations aigines ﬁblthéﬁbesf’rﬁggtéﬁﬂ pakti th&slshave an average
dianeter of from0.0 arti.cles are comercially

val Labl e f rom B hRGEF L8 L85 CBEMeR DEPRALPTR L T HEEe ST pritbdur es
for preparing 20esuchipasésckeshaas meLv Enowny-fTomneXx M- Ias desoyd bed in
EP- A-0 323 692. dg@g ngggngé%goélds | valen%l att% Q%%t tQ@ surface
of the particleS usSing an RUNDer o MR (AR ups and reacti ons
known in the ar$k125€@@antthe groupsThe ameuSUrbécé-@ﬂcbh@ pai*t icdines can be
provided as parj; e re t r atlng or
chem cal treatnen?éd%ga%é?%gg%&na gé?aFﬁvggkxeg ﬁfega?gq?%égg}?o

readi | y under stasRfnbwied phepdeeesutannafethal Bresenge oﬁovglratla&Né&

reactive gnoups |nC|PlﬂéﬂQralBP§r n@lﬁe'tﬂl‘é@@ thlé@Eb@Xﬂd assqla%tsl teiaed

et hyl sul fonyl n%&gbstltute | car bonyl, vinyl f onyl
sul f hydryl , ArBonyT %%%&% al&@h %Em al FvelﬁaPSGQnt§r5§§§r to
hydr azi de and atts g psteicleseid@s 35 succi ni m doxycar bonyl . -13- 1 5 AR

2D02 aicul arly usef articulate carrier terials a I ri ¢ beads
described, for exa ubgg PhRPEAD %ﬁ%E%ﬁﬁb ﬁngﬁg S§§8538§n295n10ne or
nore et hyI eni camd}ylmuma&ﬁfmmqml mmm;zhbfecmhorrer sbPselfiavbbdyantaeti ve

hal ogen 9roup aatiNal od. 2aubet 4aked. eLiubaull ooyt qar vinyl subtenyl ar oups.

Q her particu y usetul reac rve car boxy groups
descri bed i n ERfA- eaacztsaommer UsblhlvmmezadeDQOU9ner shiinulsade but are

not 10 1im ted ddye A Vstyd er\ﬁl&%&%m&ﬁ%é)tﬁz0t§9g@9éarséahbﬁke pol y(m
& 12-chl oronet hyl styrene), y(styrene m

b2- chl or onet hy|<t3GtERn Lezwmfas@%tm e yFouwege (6% Bhe3PHOMEF -rati o),

pol _y[)styr ene- cQ;-erﬁegrle(yz chorpetiwd suldanyin et hy! ) stynensh 9614 nol ar 15
rati o) , p

(2chl or oet yIs Sf)%yqe ﬁ%;\%%e{@ﬂ%@riﬁ%%') 299 BrOISTABtEr FHEYO),

pol y(m & ~2- chlrerveneinyn st§/remet>maidiszod idesaci d) (95:5 nolar ratio),

bolyLetyrene com . % BidACHahoet M il ol ELLy! %é{iyésesnda@

met hacrylic acid] ( and rene-
(2chl or oet hyl Slﬂlfi(ﬂmufétqﬂm)dﬂ%/rtm@]ul( I Scamlbe echtabjed Foemiag a

hybri di zati on proguct éﬁ(ﬁ%ﬁiéggzé{) ﬁg%é&uégg é&?Ag&ﬁ @g#ﬁngﬁgeghe

capture probe can be acc m'X1 ng t mat er
conventiond? c&A@ EBHPMfoh g la kﬂ&xﬁQﬁlﬁ¥?m9#¢hea@aﬁ%% BFAfrom 40 to

45C for a ti ms?fntaieshm QVEINWES RN et add Ve §9est dh) conditions

are 30 described in the ex | e bel ow
Biosearch 8é%H)Ser1es 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



Si mul taneously with or prior to the hybridization of the capture probe and
target nucleic acid, the target nucleic acid is also hybridized with two or
nore distinct secondary oligonucl eotides. Each of 35 these oligonucleotides
is complenentary to a distinct 15 ~P R 2002 secuence of the target
nucleic acid which is different fromthe first sequence noted above, and
different fromeach other. The |ength of these ollgonucleotlﬁg éﬁ

descri bed above. They are generally unl abel edgand 5 wat er-sol bARR 2002
Preferably two secondary ol igonucl eotides are used in the assay, but nore
can be used if desired. It is also preferred that the anplified target
nucl ei ¢ acid be contacted mﬁth the capture probe and secondary

ol i gonucl eoti des .10 subdst cfgl L $geousl Yy, TL:Ie ?gggg}ltggﬁecondary

t
ol i gonucl eoti de Tan Be W U preferabjry Pt s present at about

t he sanme concentcrcatplcﬁmsastame uxapa urﬁlmto'ben@ctxgmuetedt pdeuemke pdsul ting

hybri di zed prodygf, qf, rﬁgil argey nucleic acid, capture probe and
secondary ol i gonucl eot i s can 1elaldéet ected in any sui tabl e fashion which

woul d be apparent to T&%I@M%@WQ@%W% ehethag tProlppetdl PY, adet ecti on

requires thag tﬂ%ﬁ)&@dﬂ'ﬂ&%@[@ rpduct s b@r&@pjag atgd2hrenriberoyber in
materials in the reaction dium This can done g’é&?éﬁm a number of

ways, i ncludi ng 9% &9 &?Stcéjrﬁtr‘?qtug%‘t‘?%]r? 6?3%‘? Ryt | 8Tseparati on
t echni ques. Par tdeQutardns LﬁsefaJIta&qu afu@re iansid ncl ude 25 m cropor ous

filtration nmenbranes such as t am d anes r k Pal | Corp.
They can be used uncéat ecrlnbor p:]fgc P & ﬁ c‘foﬁn%e §§Sghngmﬂe“ al s
which facilitat @efEInwrdlpfdrmﬁd CJlrhevrhet yq:rszs, dgindivding thesdenesedonargoin30

The nenbrangg or gt or o@n ?&pﬁat 5508 % artpgele; whih pyitable

containers for coIIectln e materials. Preferably,
however, the newleémlésp&r W@ﬂeédaa@? pfaTQSQ)fOIaFQJéEQdd%WT&eva%@Péus t est

devi ces are Knowh cirhishe e din0l UG 35 tH09e Ldesekd BRds | Aquaticus,
US- A 3, 825,91 0, US- A 3, 888, 629, U it A A e A-3T870 429 arid

U--A-9, 946, 23ZDEPAuS é@k«éﬂ%ﬂm&éﬁjlord&h%@lﬁaﬁel@éé%n be¢R useful

US- A- 4,921, 677 A'hTeQEnfEb%ttla\fﬁ'ey g veRpalsRld dragdaserhded aboyea-the target
nucl ei ¢ aci d%cag9 e % ected using the 5 capture probe which has been

i mobi | i zed* ¥ P& §ubstrate such as the m croporous filtration

menbr anes descri bed a‘h@veeammdanyt hui In. quolyaierd ol déd nesedincat leel papers or

pol ymer coated pagers. A umher, qhich A daan § nahe & toglags sl des

and ot her 10 nonporous sUbstrat es Yeadi aren 0 one s in the
art. In one enbeduaento @et@maa@roftmahetﬁgﬁﬁnﬁztétﬁmmt can be

acconpl i shed using @n@%tl%ttu% Pr eRe MR 5i S COMR) B aryn Sik heg to the
capture probe or g to still another sequence of t'he target nucleic acid

(that is, az%eqééﬁﬁ‘e 16t kér 3t5halhlctlﬁ@§éd@(§npl SreteHSF 1] E AT e probe
and secondary obiLggBuGkeebitdes) 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



I n anot her enbodi nent, detection can be achieved using a detection probe
conplenentary to at | east one 20 of the secondary oligonucl eoti des.
Procedures for attaching | abels for detection and preparing such probes are
wel | known in the art, for exanple, as described by Agrawal and others, y
.rte Acid RPS., 1g, pp. 6227-45 (1986), US-A-4,914,210 25 relating to
biotin | abels, US-A-9,962,029 relating to enzyne | abels, and LQ& éﬁﬁ%{ﬁ ces
noted therein. Useful |abels include radioi sotopes, el ect r on- deds 0
reagents, chronogens, fluorogens, phosphorescent noieties, ferritin and

ot her magnetic particles (see 30 US-A-9, 795,698 and US- A-4, 920, 061),
chem | um nescent noieties and enzynes (which are preferred). Useful enzynes
i ncl ude, gl ucosproxidgseanperexi gases,. umenﬂﬁmrxﬂd«ﬂdrurqﬂmpﬂﬂﬁneme and

ot hers known in_the art.an an e attached taq 0I| on i des using 35
known proceduresE §8bstP§ng and ngge%ﬁ§ I %éﬁﬁf fg'prOV|d|ng

a detectable COBOY|ﬁeutablefbuhEGNQBNSGQ&iAﬂﬂhﬁﬂhﬂﬁhﬂﬁﬁxﬁﬂzxmquﬂ in the

presence of a gj¥gAs€RZYRBsk Qggda weld Jnown, for exanple as described
in US-A-9,999, 373. % V\%eres % ﬁ is a preferred enzyne such as a

- peroxi dase,®> at soneTP8i ﬁ?n?ﬁuﬁ‘ﬁé‘ S&§§&§ﬂs W@r dHER FEUE arfd 2_FHDI e

dye-form ng COW@@ﬁpér@ﬂﬁrér @hadded st geple@wild &rﬂQ‘:’&ﬁaCtraiﬂ dyfe. £ - 55
exanpl e, useful dye785§ g reagents i nclude 10 t ranethylben2|d|ne and
derivatives thefr8of dv 86 oPUyBINIsGER B HMSTai S bi® 9 euco dyes

(as descri bed |@atEhéd49689;ﬁ4Ehe ptregeher @ﬁnmmmn@NAMpaﬂymemmﬂauxmmwOV|de

a dye in the pres ¥i.dase. a hyd e riticularly
useful dye 15 pro§$§|ng conp§§F |§ngeggg deggglbe f@%ﬁ% E’ e 236.

Det ecti on @0 t het resdédi pgisegnaekteanibe relideved asiendeqfiadalfice det ecti on
equi pmrent and p QSQQHféstﬁﬁ EErQB “e'bnEEOWRe Q%r%%b% R RPES B tRIQVi de

20 signal's mhlc are visible to eye W thout the use of defection
equi pment. | n atpeefeFe eﬂvé%éﬁiﬁeﬁﬁ téﬁﬁléf:etshé%’r ifpgind nigs adsidiiedadi th a

SpeCIfIC b'ng'qgigm??EQX§éﬁgla§ Bk@&h?tsaﬂhéﬁbMQQﬁonrd|fCtlnt Thellabeledd
primer provides rough a ication) an_anpli ar nugl.ei ¢ aci
whi ch has the speciff2epf ﬁthBPlbﬁnﬂléFgaHﬁéa n¥ﬁ|§%§ %E&en Pei c acid

is deteCtedausqmglﬁmﬂﬁéﬁ@Iabhythﬁbéldéok?ﬁ&bbﬁhcﬂ@btiﬂ@CSFPC bi ndi ng

| i gand. For ex t he s CIfIC bi d|n |et i t|n,

receptor is avﬁgfﬁéh%§p%%t%ﬁ %FeﬁfaFHg?eo %g? d%?? e ggge

avi ding, can b&nmmn@ugmiedbhepQeanoénpymmersrahavheabegdnoa@glwé Mbeety .
whi ch provides @ifgéfﬁégg%g|?¥?gg gﬁngog?dtﬁQQ%%sta P pRRR 2002 In stil

anot her enbodi nen Target “nuclsic aC| can be detected by
i ncor porati ng &%ahersse ope bﬁt@SeﬁelanthWnednpﬁbéuéﬁtby using dNTPs in

the primer ogxtensi onpyhi ghrar g RBebedndt-tkhadeSpradaksehoBRount s
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, exterders such as gelatin or other

25 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

30 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

35 suitable time, as is known in the art. The reagents



It is also useful for the nethod of this invention to be carried out in a
sui tabl e container. The nost crude container would be a test tube, cuvette,
fl ask or beaker, but nore sophisticated 10 contai ners have been fashi oned
in order to facilitate autonmated procedures for perform ng the nethod. For
exanpl e, a cuvette constructed to provide certain tenperature
charactéristics during the practice of the nethod is describTS i 0

US- A-9, 902, 624. 15 The foll ow ng exanpl es ard Yncl uded to ill sﬁ?gtétphe
practice of this invention, and are not nmeant to be limting in any way.
All percentages are by weigh unless otherw se noted. Exanples 1-3: Assay
for HLA DNA 20 These exanples illustrate the practice of this invention for
the anplificatioanahd detiect iran sefvea ariepmes entatduee muwcd eicdnacig,amanel y a
fragnment of HLA : erials Me S..25 A .captur. e S.C osed
of particles of ap %53/?%éﬁé’%c8¥§ggy| i ygggﬁed)s (S%(dﬁg(f&rjmﬁ%a&r}?é;t?%g ‘Qg“ﬁiwmret er
aver age di anet eby AhRvengocdealient by atcacted tehersttocm ddgomadeant i de
having the follguikng;sggquence which is conplenentary to a first sequence of
30 the target nucleic acid: SEQ ID NO:1: 5'-X-GCCTGATGCC GAGTACT-3" The

ol i gonucl eoti de was APEaBREdYt §YPhEeFarECe he® rifigssh Powdugiy of the

am not et r aet hyl esep0hye0bknd5ikknkemphawiens aly etilrpledne agivtdortmtid s usi ng

t he 1 15 APR.2002 procedure described.in U;— -4,9%9, 10. ggg

speci fical Iy, aft 8QuEBGsPSABaNSran SFaL e SAPECABET F5HPS 30 g'Sol i ds)
was centrifugednandotihe $opgr patahhedi seandededTvy paetiicioss amet exgdren 5
resuspended in -di st LLI gQr. r i.ng,: fol | owed
by centrifu ati%%agﬁﬁg%g%%%a?ggr@%ﬁéh%%pg&%éggnpfg%ﬁgﬂgéﬁgi%%éﬁﬂggfglthen
resuspendedlagaadi depateration gs #is) kepwsodhumhehlaaiti-de Th® tdmealfor n

met hyl i i dazol %Q&ﬁf€¥ci9-gaxlrovg?&/afvid@hf'ynjepe-ll;@i‘h@ SipPSReRsi on was added
the noted oligonucleotide (2.5 nnbles) followed by thorough m xi ng. The
activating conpREUNEPMEDY I@NAetBFPERTAoPEEAYI ) 13- 8t RFEESTBEH i mi de

hydrochl ori de 15mf&dientascaddedycandiaf ten tbeovadgh o e by Trertex the
reaction m xture mgs inc*ﬁated a@ o n1tenEerature wi t.h occasional stirring
for at |east two'hoursd” The FeARtFbR%nfRt 8 EeﬂaescéﬁFFFPUSdeéﬁéut e

super nat antl 5r enmvedde dheed egubht hgypart thel aneg2@etieageiktiwasadashed w th

the follow ng fluids,b entri tion,and_piLp iLng_.of: h r.nat ant
bet ween washi ngs: a)At ?%epgﬁs ?%gsbﬁf%ﬁ'gF§§s§§§€?| gékﬁgtgﬁ%%%%%?%each
tine), and b) tpweduekshiagsbei dhtachafif es debaribad( bedbweach tinme, pH 25
7.4) conprisin i hl o . de ; r i h a 1 nmol ar)
et hyl enedi ani ng%%%ggc@é% © g&?dp%gdgé‘?nﬁrg?grg) 523393(%5%1;% Qéﬁfef E?S‘E(o. 5-) and
whi ch had been Rrenkding nelvocle Afopieshef| bbe @asAndshefr 6Agents were 30

resuspendedgi n @ Agse&hh stihdéled-vwates. to a final volume of 1 m to nmake a 3~
di spersion. It was stored at 4C until its use. A |euco dye conposition was

prepared cont ai ni ng 2¢ (AR HE bXFE 300 s ReehekyphédAy FRvVestignpis (9 35
met hoxyphenyl) ipgstezod el pscdohhO¥8d in a continuous, automated 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~-0 236 068,
30 and involves moving ligquids 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
35 236 068. Generally, this instrument includes a heat



~ ~ aP~ Zoo2 -19 Soild | euco dye (to nmake a 0.1% sol ution) was dissolved in
a solution of poly(vinylpyrrolidone) (20 0) in sodium phosphate buffer (5
molar) . This solution was then added to a solution of 5 hydrogen peroxide
(10 mmol ar), 4' hydroxyacetanilide electron transfer agent (5 mmol ar) and

di et hyl enetri am nepentaacetic acid chelating agent (10 nmmolar) in sodi um
phosphate buffer to produce a final concentration of 1% 10 pd yngpPR aa8d?

0. 00y | euco dye. A DNA pol ynerase was used duking anplificati on which was

i sol ated from aquaticicus using standard procedures, and which had an
activity of 4 units/m). A"unit" is defined as the anmobunt of 15 enzyne
activity required to incorporate 10 nnoles of total nucleotides (dNTP' s)

into an extendi R@RUDEIG adt Chaln idr IBbIEIY es Ainddr Gt Theadal get
nucleic acid ma; HLA DNA fr.agnment generated b agPIif%éng a 231-base pair
Segment of HLA 3070 eI LIy ATt (YA TRy & HYHURVI S04 o regi on

| ocat ed i n ExonhkatTing,HoddNAJG raagherdmpeasati ol ateicthtferoamdde aed lal i ne FPF
(Human Genetic . I osit, e ) i bed by
Mani ati s and ot%&&?@kﬁgﬁLghgﬁg 39mﬁéﬁ§g§ﬁéﬂ§¥%ﬁ%;%ﬁﬁiﬁﬁ%ﬁ?qﬁgq%gge 458,

Col d Spri ng Har Beplidiceationy semenas k chieggres-Tire YRnnata Wse Rl
anplification igjtheqsassay had the foll ow ng sequences: SEQ ID NO:2: 30

5' - Y- CTCGGATCCG CATGIGCTAC TTCACCAACG 3" and_ SEQ I D NO: 3: 5' - GAGCTGCAGG

TAGTTGTGTC TGCACAC- 3% Prefsrreg gpnsfgrnesrd fod 50 St %sents a
bi otintetraet hybepeighiyeelion MeakctiRirgd Mimtd atheod dab fdetirigauadeant | de

us1 0 L1 o oceRicE SRt YR A Al TSRS | ap
fol | owi ng sdguegeesra$EQthDsNAnét riimeACCHEREEGE eCT AT CRREOE tCRBAGECE3' SEQ
I'D NO: 5: 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.



10 5' - GGAACAGCCA GAAGCAAGIC CTGGAG 3' All of the oligonucleotides used in

t hese exanpl es were prepared and purified using a conventional autonated
SAM1 DNA synt hesi zer (Bi osearch) and known procedures (for exanple, as 15
descri bed by Beaucage and ot hers, Tetraedron Letters 1859-1862, 198l).

-21- ;~ ~ aPR zoo02 AssayProtocoII An anplified target nucleic aC|d was
proVided by amplifying the noted HLA DNA fragment using tritbafBR 20§7P' s in
the followi ng manner: _ 5 The HLA DNA fragnment>{1 ng) was added to a buffer
solution (100 m) containing tris(hydroxynmethyl)am nonet hane hydrochl ori de
buffer (67 mmlar, pH 8.8), amonium sulfate (16.6 nmol ar), nagnesi um
chloride (2.5 mmol ar) and gelatin (10 ng). 10 The priners descri bed above

wer e added (20 pnol e f eac ol the tritiate ; 0.17
mol ar of each), and%iq%(%§$§91{q¥%$§§%’%%?{hﬁtéﬁgéégﬁﬁn#ggékg%é was
carried out fort@%aﬂghtﬂ@ﬁ&ﬂdﬂﬂmhﬂpdﬁuﬂaﬁyhnﬂng)ﬁrQMNﬂnﬁmi©mhl

Perkin-El mer 15 fhermal, @@'tﬁf{e AR Al 1 A a%nczfé%fcé’tovée&?&%s &ooling

to and hybrldlzatlon at 65C for 30 'seconds, and heating to and Erlner
extension at 70& ﬁoPaftZ{Flrﬁsnut @lteragtitiedy (o Stﬂa)cetﬁ IR 3l $9PR

amplified ta getypeclinC b@clad;tmelae@oectﬁeo&&@lfcgre fdve mnutes to
denature the strands of .nucl.ejc acid, .then m xed eparatel th

f ol | owi ng conpoﬁgﬁﬁf Usd €9 SEafitdrd ﬁﬁoﬁétéﬁﬁT%ﬁ% E¥hwg gf%l
assay, the capt SP@CpEOHEO@$5®nIngr@Im@CEHwan@IIy ials gmwdmtdml&a:ﬁ&@d D NO:

4 (identified a?g 85-20 smpl a@é in Exanple 1,-30 the capture probe (150 ny)
and secondary ol I gonuc eétléé QQ ID NO: 5 (|dent|f|ed above, SO molar) in
Exanpl e 2, and the céptide prsietylsd @@ﬂywﬁél@owﬁnﬁyﬁﬁﬂﬁu%ﬁn be Used

0|'90nUC|eQK)de§nSE§hE@1HQ §4tﬁ@§ §EG@h@1H9 3032 udideNtiHd A e P

mol ar) in Exanpl e 3.
from naturally occurrlng 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
provided 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.



Each of the resulting suspensions were in a buffered solution containing
sodi um phosphate (0.125 nolar, pH6. 8) , sodiumchloride (2.5 nolar) and
et hyl enedi am netetraacetic acid (1 mmolar). They were 5 incubated at 92C
for 10 mnutes to allow the capture and secondary oligonucl eotides to
hybridize to the anplified target nucleic acid. The hybridized products
were washed with a solution (300 nml) containing sodlun1phospP5thR0gﬁ§ 10
mol ar) , sodium chloride (15 mol ar) and sodi3um dodecyl |Tate (0.5%
whi ch had been prewarnmed to 50C. The resulting suspensions were
centrifuged, and the supernatants decanted. The anmount of tritium ]l abel
remai ning in the water-insol uble product was 15 neasured for all assays.

The results are shownai-nifabkell belk@w: Aasepanate eseia:Qfi USRSt QNS
cont ai ni ng the h bridized rogucts of cap%ggg grobe secondar

ollgonucleotlde§ SnHOAKBFF T FefSBEPgEEShad Fd €¥¢ dé?égiéH%LSIng
colorimetric signal §3&n SUREEEEtéwbdeppmeabﬁaomeshedeuimesm(Eastnan Kodak

Company) . Thesecdayh cescgeak alned Lnes 83 MELls gy N GRRCDMETH

m cropor ous mend aver n each
test well. Phe Q5V$DSpensaoh$vaeheladdadgreupheapéswademiébs and fluid was

al | oved to flowshpLoughe Lhecps gag%ang@ be (ahgaaiagdha il zed

products on the nenbranes ucts were wa sol ati'on (300
m ) contai ni ng @%Bﬁﬁnpﬁﬁésﬁﬁéﬁé yYoussfupoparficdes havindc RegGtde e 15

mol ar) and sodt&fbe eg‘ybuﬁglaaéedé@c5%eahuﬁhzbaﬂ bea@sprze\@ar med to 50C.
The avidin-horseradiﬁ gegogidase cqQn solgtlon cont ai ni ng
was“ad

ju
2.3 ng of conjugate) gﬂofoaP chgﬁy FFslnSﬁHthe SORBEEL PV t est
35 devi ces l@er el imitubat €d: apolp@stpeape%ahuaerpmdc2ac1d) 430 :305mARRrZo00Z

n .
[E1 5 hydr oxymetHOT S i ot Hink Feonanerar crgresy EF 8L aPaardsheEsT ool 1 are
(2.4~), sodlunmm@#mr&d@-¢Dl6r6mabhai$tandn&=ﬂntﬁyhyzrpyyebhvdinone (0.25
ol ar) . The '%‘893692{&3? Byl 6‘ §519?Eé}d¥3’2§189 pol%‘?%hg‘f@qeb&d _pcybation

for 5 mnutes at omte era ure e Si nmenbraneés was
visual |y evalud@edZEWMﬂ@E@¢©@wh@®lﬁ@nya-metbyltﬁéYFeOgéoﬁéﬁ 4f moleg 10 with

10 10 reprqsentfggl@jgq9§1yggﬁyggﬁﬁL£M)N fhesrgsybts are shown in Table I

bel ow. The results indicate resence of one or both of

th
secondary oI|gdﬁ%%@%ﬁﬁﬁ%&%sw%ﬁﬁ%&%@eﬁhéléPh?&Yéhé?rﬁﬁa@égéétK@ﬁ éfotﬂe
anplified targeholldr Nkt 8o, a5d Ly (mASSEYIRDdromethylstyrene-co-

metharylic acid) (95:5 molar ratio), poly[styrene-co-m
& p-(2-chloroethylsulfonylmethyl)styrene-co- '

20 methacrylic acid] (93.5:4.5:2 molar ratio) and
poly[styrene-co-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. Representative 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



Tritium Label Visual Signal (counts perDyeni nute)

" Si gnal Control 6517. 5Exanpl e 1329610Exanpl e 222129Exanpl e 3329110 (1)

| NFORVATI ON FOR SEQ I D NO: 1: (i) SEQUENCE CHARACTERI STICS: 20 (A) LENGTH
17 nucl eotides (B) TYPE -24- 'l 5 APR 2002 Nucleic acid (Q
STRANDEDNESS: Single (D) TOPOLOGY: 5 Linear (ii) MOLECULE TYPE: Probe

ol igonucleotide (iii) HYPOTHETI CAL: No (iv) ANTI-SENSE: No (VI R d %
SOURCE: Synthetically 10 prepared (vii) | MVEDIZATE SOURCE: Synt tABBIaﬁ
prepared (x) PUBLI CATI ON | NFORVATI ON: None (xi) SEQUENCE DESCRI PTI ON: SEQ
I D NO: 1: 15 GCCTGATGCC GAGTACT (2) | NFORVATION FOR SEQ I D NO:2: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH 30 20 nucleotides (B) TYPE: Nucleic
acid (C) STRANDERMESSce of the target rucleic acid which is different

from the first sequence noted above, and different
from each other. The length of these oligonucleotides
is described above. They are generally unlabeled and

5 water-soluble. Preferably two secondary
cligonucleotides are used in the assay, but more can
be used if desired. It is also preferred that the
amplified target nucleic acid be contacted with the
capture probe and secondary oligonucleotides

10 substantially simultaneously. The amount of secondary
oligonucleotide can be widely wvaried, but preferably
it is present at about the same 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
membranes 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-



Single 25 (D) TOPOLOGY: Linear (ii) MOLECULE TYPE: Primer (iii)
HYPOTHETI CAL: No (iv) ANTI-SENSE: No 30 (vi) ORI A NAL SOURCE: Synthetically
prepared (vii) | MVEDI ATE SOURCE: Synthetically prepared (x) PUBLI CATI ON

| NFORMATI ON: None 35 (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO: 2: -25- ~'1' 5
APR 2002 CTCGGATCCG CATGIGCTAC TTCACCAACGEH 3) | NFORMATION FOR SEQ I D

NO: 3: (|)SEQUENCE CHARACTERI STI CS: 5(A) LENGTH _: 2 7nucl eoti des(B) TYPE:
Nucl ei caci d(C) STRANDEDNESS: 10Si ngl e{D) TOPOGGY: Li near (i1 5 MBEQNZE TYPE:
Primer{iii)HYPOTHETI CAL: Nol5(i v) ANTI - SENSE: No(vi ) ORI G NAL SOURCE:

Synt heti cal | yprepared(vii)l MVED ATE SOURCE:

Synt heti cal | yprepar ed- 20( x) PUBLI CATI ON | NFORMVATI ON: None( xi ) SEQUENCE
DESCRI PTI ON: SEQ-BDSNO: 32GAGCTCUACG-TAGEBGEGEC TBBACAC(A)z  INFORMATIION FOR

SEQ I' D NO: 9: 25( N S (AL 4L 5~27nucl eot i des( B)
TYPE: Nuclelca0|%§g%%g ggﬁgﬁégggégghsﬁhgﬁé( T%ESI : Li near (i i) MOLECULE
TYPE: Qi gonucl eoti de35erPeFHYPOYHEPI SAParRGion 2B @%ﬁ@?%@ed~aQRY%nv) (Vi

) prepared (ViitRe(Xir ét)nﬁ\MblgEH%Ed uQnCBEGdMEC%ml etical ly
) | MVEDI ATE SOURCE: Synthetjcally Rrepared PUBLI CATI.ON | NFORVATI ON:  None

SEQUENCE DESCRI PAPERES SEEPPD Kb1gh-hesT MEPRFESASEGOBTEAGRE 10 (5)
| NFORMVATI ON FORs 56 +Bx 8D: Buichi h s SERUENCE r6pARAGEERISELGEi opA) LENGTH: 26
nucl eoti des (B) g%%?%nggcégg8r%gegcggogg% gIRéN Ewgsgol§he%hc films,
uncoated papers or polymer coated papers, a number of
which are known in the art, glass slides and other
10 nonporous substrates readily apparent to one skilled
in the art.

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 in the
art and can be attached to oligonucleotides using

35 known procedures. Substrates and reagents for



(D TOPOLOGY: Linear 20 (ii) MOLECULE TYPE: digonucleotide (iii)
HYPOTHETI CAL: No (iv) ANTI-SENSE: No (vi) ORI G NAL SOURCE: Synthetically
prepared 25 (vii) | MVEDI ATE SOURCE: Synthetically prepared (x) PUBLI CATI ON
| NFORVATI ON: None (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO: 5: GGAACAGCCA
GAAGCAAGTC CTGGAG 30 -2~- ~ 5 APR 2002 CLAIMS: 1. A nmethod for the
anplification and detection of a double-stranded nucleic acid cdh@rABqumg
A. after denaturation of a target double s stfanded nucleic acid, and under
hybridi zing °~ conditions, anplifying the target nucleic acid using a

t her nost abl e DNA polynerase, conpl enentary prinmers and dNTPs, B. formng a
wat er -i nsol ubl e hybridi zation 10 product of the anplified target nucleic
acid with a wat;er@@rneowbehedee@wfe*@r@@eoy\m@h:he,n@uudebﬁetabbyolrabel ed,

the capture probe conpri S|n$ a_wat erinsol upl e Bo%éneric Eartlcle to which
is coval ently artached " HACorTibntkydoti te tdfp Af'5Fy°to%a%F8t 15
sequence of thestaymyetlavel edce age ] km@wmligonuekempﬂdeabedagctdb&ﬁlS to

20 nucl eotides jn L§5%L£ o&hd §%nultaneously or prior to the product
formati on, contactin ? ied target nucleic acid with one 2G or nore

wat er - sol ubPe, di sti r%e%@%dh§§&bl4@0&U@¥%6@¥§@§ epagfeofutheasedondary -

ol i gonucleotid Mfwawrmé@r@&ﬁ@woi& alﬁet%lé‘rnE@sQI/ theqtsagggt nucleic
acid ot her than the first sequence nd each of the secondary

ol i gonucl eot i dREHXAY A SSYErRR e vﬂ‘ﬁ%ﬁf?%m’eﬁ%aFo'PBO%%tg%ét &Fet han the

| ength of the Qameur Etd)rp’bhﬁrmé goniiesddsies d@e hybrodi ggahpeesecondary
ollgonucleotldes i%ye a 4Jed t ar get nucleic acid, and C. detecting

the resulting h (f[ﬁ?) 10 TRATHES at'yetUASicl eic acid with the
capture prbbe. t&tfﬁmeﬁnﬂﬁnﬂhzmdxﬂ&uamﬁiderxﬁaandsfbmeraefdeaedtion of any

of Human Leukoclygwrg;[ﬁnm@, AL DA Y ) D't appgal gy el DNA

human papill oma viral bi n ragnent
described in US-A-4,089,747), or other compounds which

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 example, 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.



' '"1 5 ~Pi'r 20Q2 -28 3. The nethod as clained ; n either of clains 1 and
2 wherein the target nucleic acid is contacted with the capture probe and

t he ‘'secondary ol i gonucl eoti des sinmultaneously. 5 4. The nmethod as cl ai ned
in any of clains 1 to 3 wherein the concentration of the secondary

ol i gonucleotides is the same as that of the capture probe oligonucleotide.
5. The nmethod as clainmed in any of clains 1 to 10 4 wherein EPAPR 2002
hybridization is carried out at a tenperature;9f from40 to 45C fTor at

| east 5 minutes. 6. The nmethod as clainmed in any of clains 1 to 5 wherein
the target nucleic acid is less than 250-ner in length. 15 7. The nethod as
claimed in any of clains 1 to 5 wherein anplification is achieved using a

t her nost abl e DNA pol ynerase Jisol ated froma Thernmus species, or a

r econbi nant equivaleﬁ?ﬁfh %éoﬁ“%ﬂﬁf%ueW%%&ﬂm%ﬁF%nﬁﬁ?f?@%&?ghedc§éF8§F 20
8. The net hod asudlainecdind arph afe cletieeld toy 7i wdered nat heg capt ure probe
is imobilized trate selected fromith ro cansistin f

m croporous fil %%a |O§‘t1é%snc€rﬁ?er alr?zc,o gt%ﬁolaymr%lrli@clefcfl%%&nkgc% %slil%%%%a&éagﬁaper,
and det ecti on ofint k&ehphniimtizz eck t2H grooddti decrss ambehed swibshrate. 9. A
kit for the anphibijeatd@rand detection of a target nucleic acid conprising
a probe conprising an oligonucl eotide conplenentary to a first sequence of

the target nucleic aditd!SafdSondseffulndios wdreemeddiash| ublterigli sti nct

secondary ol i gohnekaatiodeso SRCRraefrildie osrcandar s 3t GoIyEdnepinses bei ng

conpl enentary t ence of the target nuyc)Jeic acid other than the first
sequence, the k??gcﬁ§g cCEPSe FORTEALET MR gﬁb%:?%f?ﬂ? ‘er-i nsol ubl e

capture probe whbhvktie,ndtl agdt ect delaker,| butARfore2@iphixtd dated ed, and
conprises agvat gnikaspkykl I [ rticle Lo whi th of

ol i gonucl eot 1 de ?gkgttgggeg?gghéggﬁiggﬁﬁékggffdé 6%?%%Pﬁ¥%;%%ﬁ¥§§?%ﬁf

nucl eotides in RPEREMACedn®rocedulmesft fole psadonddng dhegomaidiasbt i dase has a

| ength whi ch iSeﬁgHBhe%OaOE:ugE%QEeEQBQE‘@F%tE%dl %ra)gg}oq,ficfeheceqacpdtiq{e probe

ol igonucleotide. 10. The kit as clained l'aim9 wherein the capture
probe ol i gonucl EBPPEESFETEr GRRISCHBELE61CY FOrieg, thed PEaCH iste tde the

secondary ol i gongeheat i degeksri pdapendesthy 4f Kom Epgnmer to 35-ner.
A EAPAQAAL LAY AA ny, AU A Aﬁ.AyU’?.ASR. AlA .. AYL.AY. Al [y. Ae
_AFy. AhSe. A@ . Aly. AJZ'R FOAGPWANA exafipieg) gre 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 HLA 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-co~acrylic acid) (70:30 molar ratio, 2.1
mmeter average 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
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%40% N. A& () -° Sﬂ‘%l%%%% - 1098 ()-qrrwud! 94098) S) & () - 0!
0A0%BS& ()- 0! & OO R QL ()- 0'& 9H0%f& ()- 010  9%A0%p& ()- 0!>
%40%~& ()-"0r w uSH Le®l0%ny \&npoLZldion was prepared containing
$LOYNVNVE () - Z:li‘@'&%h%x((giﬁlﬁ,%—%n@fh%xyphenyl) -4,5-bis (4~

35 methoxyphenyl)imidazole as follows:
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Soild leuco dye (to make a 0.1% solution) was
dissolved in a solution of poly(vinylpyrrolidone)
(20%) in sodium phosphate buffer (5 mmolar).
This solution was then added to a solution of

5 hydrogen peroxide (10 mmolar), 4'-
hydroxyacetanilide electron transfer agent (5
mmolar) and diethylenetriaminepentaacetic acid
chelating agent (10 mmolar) in sodium phosphate
buffer to produce a final concentration of 1%

10 polymer and 0.005% leuco dye.

A DNA polymerase was used during amplification
which was isolated from Thermus agquaticus 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 segmehnt 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 Clopning, 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-CTCGGATCCG CATGTGCTAC TTCACCAACG-3'
and
SEQ ID NO:3:
5'-GAGCTGCAGG TAGTTGTGTC TGCACAC-3'
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10 10' () *+O+P+Q+tR+wXVB7 10 104 104
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A 0 ' - ] R - I AW, - " I
YS310% r & () F&iX%%%Oﬁ%i tyF%t€%£ ed té)tgé é%!gonué eotide using
the procedure described in US-A-4,914,210.
The secondary oligonucleotides used in the
5 practice of this invention had the following
sequences:
SEQ ID NO:4:
5'-ACGTGGGGGT GTATCGGGCG GTGACGC-3!
SEQ ID NO:5:
10 5'-GGAACAGCCA GAAGCAAGTC CTGGAG-3!
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).
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1111109 ()-%@10% & ()- 10% & ()- 1000 1000

1000' a 1t 10%0& ()-311y 1t110% & () - 316@ ASBBFCDDWI3r S1
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I!lO%?:&'()-%DDEEFFFELF %g&if%%h~g%g%%£(%hc&%ﬁclgfid was provided by
amplifying the noted HLA DNA fragment using tritiated
dNTP's in the following manner:

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.
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5 incubated at 42°C for 10 minutes to allow the capture
and secondary oligonucleotides to hybridize to the
amplified target nucleic acid.

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

10 mmolar), sodium chloride (15 mmolar) and sodium
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
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minutes. The products were then washed with a
solution (200 ml) containing
tris(hydroxymethyl)aminomethane (50 mmolar, pH 8.8),
sodium dodecyl sulfate (2.4%), sodium chloride (0.5
5 molar) and l-methyl-2-pyrrolidinone (0.25 mmolar).
The leuco dye solution (50 ml) was added, followed by
incubation for 5 minutes at room temperature. The dye
signal on the membranes was visually evaluated and
scored against a color chart (scores of 0 to 10 with
10 10 representing highest dye density). The results are
shown in Table I below.
The results 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:1l:
(1) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 17
nucleotides
(B) TYPE:
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Nucleic acid
(C) STRANDEDNESS :
Single
(D) TOPOLOGY :
5 Linear
(ii) MOLECULE TYPE: Probe oligonucleotide
(iii) HYPOTHETICAL: No
(iv) ANTI-SENSE: No
(vi) ORIGINAL SOURCE: Synthetically
10 prepared
(vii) IMMEDIATE SOURCE: Synthetically
prepared
(x) PUBLICATION INFORMATION: None
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
15 GCCTGATGCC GAGTACT

(2) INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:

(A) - LENGTH: 30
20 nucleotides
(B) TYPE: Nucleic
acid
(C) STRANDEDNESS:
Single
25 (D) TOPOLOGY:
Linear
(ii) MOLECULE TYPE: Primer
(iii) HYPOTHETICAL: No
(iv) ANTI-SENSE: No
30 (vi) ORIGINAL SOQURCE: Synthetically
prepared
(vii) IMMEDIATE SOQURCE: Synthetically
prepared

(x} PUBLICATION INFORMATION: None
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
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(1) SEQUENCE CHARACTERISTICS:

5 (A) LENGTH: 27
nucleotides
(B) TYPE: Nucleic
acid
(C) STRANDEDNESS :
10 Single
(D) TOPOLOGY:
Linear

(1i) MOLECULE TYPE: Primer
(iii) 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 (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27
nuclectides
(B) TYPE: Nucleic
acid
30 (C) STRANDEDNESS:
Single
(D) TOPOLOGY :
Linear

(ii) MOLECULE TYPE: Oligonucleotide
35 (1ii) HYPOTHETICAL: No
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(iv) ANTI-SENSE: No
(vi) ORIGINAL SOURCE: Synthetically

prepared

(vii) IMMEDIATE SOURCE: Synthetically
prepared

(X) PUBLICATION INFORMATION: None

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
ACGTGGGGGT GTATCGGGCG GTGACGC

(5) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 26
nucleotides
(B) TYPE: Nucleic
acid
(C) STRANDEDNESS:
Single
(D) TOPOLOGY :
Linear
(ii) MOLECULE TYPE: Oligonucleotide
(iii) HYPOTHETICAL: No
(iv) ANTI-SENSE: No
(vi) ORIGINAL SOURCE: Synthetically
prepared

(vii) IMMEDIATE SOURCE: Synthetically
prepared
{(x) PUBLICATION INFORMATION: None
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
GGAACAGCCA GAAGCAAGTC CTGGAG
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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.
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with the capture probe and the secondary
oligonucleotides simultaneously.

5 4, The method as claimed in any of claims 1 to —
3 wherein the concentration of the secondary
oligonucleotides is the same as that of the capture
probe oligonucleotide.

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 cn the substrate.

9. A kit for the amplification and detection of
a target nucleic acid comprising a probe comprising an
oligonucleotide complementary to a first sequence of
the target nucleic acid, and one 6E‘more water-

30 soluble, distinct secondary oligonucleotides, each of
the secondary oligonu?cléotides 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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labeled, and comprises a water-insoluble polymeric
particle to which the probe oligonucleotide is
attached, the oligonucleotide being from 15 to 20
nucleotides in length, and

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

10. The kit as claimed in claim 9 wherein

the capture probe oligonucleotide is from 15-mer to

10 20-mer, and each of the secondary oligonucleotides is

independently from 15-mer to 35-mer.



