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NUCIEMS AG!. By AVPLI FI CATI ON AND DETECTI ON METHODS USI NG RAPS RO MVERASE

. CHAI N REACTICN CYCLE » . This invention relates to very rapid
'anpllflcatlon and detection‘nethods to detect nucleic acids using

pol ymer d@se chain reaction. Nucl ei ¢ acid probe technol ogy has

‘devel opéds rapidly in recent years as researchers have discovered its

val ue for detection of various di seases, organisns or genetic features
whi ch are present in small quantitie§11n a human or aninmal test sanple.

.The use of probes is based upon the concept of conplenentarity. DNA has

two strands bound t GHERRIC bACEDIAEBERF ECANTEONLANRePATEBEREONent ary

nucl eot i des (wﬁ@ﬁo@@eu@m HAPYD p@smmimzt icd&mimcnou cycLe The DNA
separ%ted (or denatured)

conplex is nornally S%@ €, buttthe gag g e B
by conditions whi ch df@tEptPYR2 hytr 5geR-68nd°ny’ r¥h§ P&Feased single
strands wi ldmplkatsoat boe anflydetentanot methodsabe Hetiesy§ aucdeapFenentary

Strands beiTg T SOl I b B L] Sne ol Lhe_strands belng altached (o a
solid substrate. Pelﬁ FEF ePEQPRUEFENROLEAY géaugﬁggg?ﬂe n organi sm

or cell mydiEidn)vim vecgnsnpebrpossi paseasrtherenhave Bhdcovekeed| e so t hat

ohS very IS ML #8c BLECLLb8 BFpEPES,USHRgCNRSS | sPELedpln pr obes.

Much resear een carri y a few
mol ecul es & geangtyes ceatieres cwhatsly are DresentAéslgmallcant advance in

the art isd¢ rﬂﬂ%'ﬂ@%@%%nﬁ@ Pedt 683mg0e. anthdude 4, 965, 188.

Wt hout goi extensive_ detail, these aten S des ri be anplification
and detegthﬁ %Jhﬁ%?ﬂ ?P??mﬁgeaﬁﬁp?ééﬁlﬁ z&q™p eTﬁ% %gggﬁds of a

targeted nNAehasadivb (sorsndierscund e égephert dsy hydrbgeprbseds e
' between complementary nucleotides (which are also known
~as nucleotide pairs).

The DNA complex is normally stable, but the
strands can be separated (or denatured) by conditions
which disrupt the hydrogen bonding. The released
single strands will reassociate only with another
strand having a complementary sequence of nucleotides.
This hybridization process can occur with both strands
being in solution or with one of the strands being .
attached to a solid substrate.

' A targeted nucleic acid sequence in an
organism or cell may be only a very small portion of
the entire DNA molecule so that it is very difficult to
detect its presence using most labeled DNA probes.

Much research has been carried out to find ways to
detect only a few molecules of a targeted nucleic acid.

A significant advance in the art is described
in US-A-4,683,195, US-A-4,683,202 and US-A-4,965,188.

-  Without going into extensive detail, these patents
describe amplification and detection methods wherein
primers are hybridized to the strands of a targeted _ .
nucleic acid (considered the templates) in the presence
of a nucleotide polymerization agent (such as a DNA
polymerase) and deoxyribonucleoside triphosphates.




of a nucl eotide polynerization agent (such as a DNA pol ymerase) and

deoxyri bonucl eosi de tri phosphat es. -2-
,_Under.specified conditions, the result is the formation of priner extension

products as nucl eotides are added along the tenplates fromthe 3'-end of

the primers. These products are then denatured and used as tenplates for

nmore of the same primers in another ext-@asion reaction. Wen this cycle of

denat uration bridizatio | ex S r d nber of

times (for e;?élr% esL%etilfJS%d &){%{Tg;‘% Qt.ﬁg gggui ﬁ EhS fB%la@:LgH

"pol yner ase @ﬁmnrngmt¢%#ﬁn%k®@NBﬁ@dQ¢F§ @ﬁcﬂ@ﬁ%é@t%ﬁésoPFglﬁﬁﬁeénnunt of

targeteg nUCH@dh <¥¥%5¥bﬁ Patés ffoﬁe@ﬂé|3 déh?C%Edﬁhe primers.Once the
t arget ed nucl ei c "aci een suffic ent ifie times
nore copi es qﬁﬁa?ﬁﬂé&ﬁﬁ% %59e g% a#Pgu4sg tgﬁthﬁpﬁng édures
can be used tfordeicacs of . tHhesameeprsmenseﬂnabnoehefoexegaﬁpbe, descri be

the use of insaluhild Ze%‘?éng@f&tgp%i/e'ék’eééﬂa PQ@:?oﬁnd gel

electrophore5|s as_represent ection et I n
US- A- 4, 965, 1®qu1ﬁ;%§RﬂQPfQﬂ eﬁ%ﬁm¢¥c%¥$6ﬂ5+%ngbﬁe?%??&eéeQEF|Bed as

fol | ows: r Vf tossat Uf@fl%xﬁ;blél 2sn@@rmu¢pclesthethange of 90 to
105[err] C (preferably 90 .t o, 1 Olerr]C Lerably 0.5

t
to 3 mnutesProcess whichyis Juewn & ai?%ﬁw%?r%??n%?a%g féaégige at a
t enperature |e|xptd1mrrtawg]elmfn&5re®s@5[@ne]Qrig)xeébr@zmyntsmfotéggete}iq f or

0.5 10 5 M Nles it &A%Y endo :?tniélu{‘@éall)@”&ie%ected c) formation

of prinmer extension produ erature 1n the_range of 40 to 80[err]

(preferably 50 to 75[ erQn<% ‘ﬂéﬁ @aBg?%GQO“W%%’t%sa‘%bﬁielf‘%?aﬁP?nl 0 3

m nut es) . sufficiently amplified (that is, many times more copies
of the molecule have been made), various detection

procedures can be used to detect it. The patents noted
above, for example, describe the use of insolubilized
or detectably labeled probes and gel electrophoresis as
representative detection methods.

H In US-A-4,965,188, the cycle for

' amplification is generally described as follows:

a) denaturation at a temperature in the
range of 90 to 105°C (preferably 90 to 100°C) for 0.5
to 5 minutes (preferably 0.5 to 3 minutes),

b) hybridization of primer to template at a
temperature in the range of 35 to 65°C {preferably 37
to 60°C) for 0.5 to 5 minutes (preferably 1 to 3
minutes), and

c) formation of primer extension products
at a temperature in the range of 40 to 80° (preferably
S0 to 75°C) for 0.5 to 40 minutes (preferably 1 to 3 o
minutes).

Thus, a wide range of times and temperatures
are generally described with the specific combination
of time and temperature largely dependent uporn theﬂtype
of DNA polymerase used, the complexity of the mixture
of nucleic acids including the targeted nucleic acid,



Thus,' a wide range of tinmes and tenperatures are generally described with
the specific conbination of tinme and tenperature | argely dependent upon the
. type of DNA polynerase used, the conplexity of the mixture of nucleic acids
i ncluding the targeted nuclelc aci d, - 3-
the I ength and specificity of the primers, the length of the targeted

nucl eic acid, pH and several other read- on conditions and conponents.

There is no @tigt%FﬁQ¥@3e§Deeif3£§t | g8 @ﬁ@dﬁflﬁéréhaeﬂé fepgtane

tenperature TO ano s [arge endent gon the type
of heat tran%fe¢h%q©¢EM%ﬁ?du%%ﬂl?hctﬁﬁlﬂroE%s%“dTﬂﬁg rabnetB&Ffabl e effort
nusf ?e Cafrtéﬁb%%%rtébﬁdﬁﬂlé?Q @ﬁﬁlﬁﬁﬂbﬁﬁéﬂtélonﬂhéﬁé gsfaotive |
anplification etection o e c ot ypi ca
anplificati dAERYEPR i e AT °?I9h¥ Eggg‘ﬁgéégé %g ?%aﬂ ecfre CBﬁ1nutes
for a singl eeynéranire heo fanotheng etépstor which lsa}argﬁéﬁtlng t he
reaction m xj é#éh&é &EbﬁOtﬁé[@%ﬁLCbQVﬁéaEhE?&nﬁf@Htééulpment usedb)
0 a

denaturation doubl e 'strands er( { g m nut es c)
cooling to 3 efR¢ PEREPST- ni Fove; GRASL erab e effort st PSati on of
priners to tedptpé@ aiel P6i FBhdexkhenspoimpinodonditbonat fon at 37[err]C for

Exampl e Vi1 SFERRive S ashRbilh FOY, RLEBLIAN GEaCabdelor ) G0, (e

st eps: nucleud ach@atlng the reaction mxture from70 to 98[err] C over
1 mnute, b)one deR3s HaLN ?il@i’é@tﬁoﬁtéﬁf}ﬂé 2h @ﬁ&ﬁblkcﬂ:or 1
m nut e, C) coolling to ei » LerrL Yer

of US-A-4,965,188 requires 5. mlnutes o .

cycle of the following steps:

a) heating the reaction mixture from 37 to
95°C over three minutes, '

b) denaturation of double strands at 95°C
for 0.5 minutes, |

c) cooling to 37°C over 1 minute, and

4) hybridization of primers to template and
primer extension product formation at 37°C for 1
minute.

Another typical amplification cycle is
described in Example VII of US-A-4,965,188, also
requires 5.5 minutes and includes the steps:

a) heating the reaction mixture from 70 to
98°C over 1 minute,

b) denaturing of double strands at 98°C for
1 minute, _

c) cooling to either 38, 45 or 55°C over 1_
minute,

4d) hybridizing primers and template at 38,
45 or 55°C for 1 minute,

e) heating from 38, 45 or 55°C to 70°C over
1 minute, and , o e

£) forming primer extension products .at
70°C for 0.5 minute.



X

ninuLe: d) hybridi zing primers and tenplate at 38, 45 or

S55[err]C for 1 mnute, - e) heating from38, 45 or 55[err]Cto
70[err] C over 1 mnute, and f) form ng prinmer extension
products at 70[err]C for 0.5 mnute. -4-

Since the discovery of the anplification and detection nethods using
pol ynmerase chain reaction, there has been steady effort to find ways to

~carry out cycling in a?{ﬁeéd H@néﬁécoéewﬁmr t% BHPli¢dida@idnhand
suggest ed t he desirabi g Ve not |ven sui tabl e

c
directions e%eCHRN Tt ﬂdﬁe“ﬁbﬂ% EOL%WgEQE alPaﬁFa veing i s
somewhat depﬂﬂﬂﬁ@th&@dﬂeSU|sabbéyleﬁfonnehOafuod WBeSambsC@tryu@Mt

st runent at ot e B oY1 g6 al AhafXRTP! & nlfinER Br HuBlGAEdonget Us

Cor por ati on eveIo ed commerci al | avalhﬁble
thernDcydlrﬁﬁ%ﬁuﬁ?ﬂﬁ#ﬁt%ﬂlehehéﬁéléﬁabiEEYtﬁé k88t ¥ For % pol yner ase

chai n react 'r?éb&yﬁét? Dvéﬁ0§h§t&Blé ﬂlf\éE:E§on§I B! &b| $owo itheaaxdepl es
shown in US-A-4, 96§$%r %énot g above
f ’

t 06
i nut e cycled?%eqU| oﬁ%pt n§¥8g?§gtﬁ5t V%ggnt g F%P%catlon
general ly rEupbmesufﬁabbeSDnsyrhmentatienderDehelﬂﬁcbél@usbld detectable, a

typi cal Stan’g}%%@@J‘%tf‘% gg qul @oie%&ﬂn%l@ tlg1 g&QAm nut es.

More recentl rpora |on and ki n- El ner, FFted a
thernDcycIer0(23§2Qﬁ%teﬂiﬁbﬁélC9699¥aﬁhPehaB@I8®§ ﬂﬁe SEToM3%Fcl es of 2 to

3 mnutes 'ndé$@ﬁ@ﬁ@é'ébﬁﬁék@ﬂaplfcéddiﬁable thermoc@ldng have worked to
find even faster cyclin uj pnent n be us E@ §%Jf cont ai ned
reaction veM@T@%ﬁe‘[’ghﬁg i?ggﬁ/neﬁg éﬁaegﬁgsusﬁgugﬁegeor %&£ packs). Such
equi pnent i spelbgeerasd, chain reaction cycle in from 3 to 6 minutes,
similarly to the examples shown in US-A- 4,965,188
(noted above). While it may seem that a 3 to 6 minute
cycle is quite fast, if one considers that efficient
amplification generally requires 25 to 30 cycles to
render the nucleic acid detectable, a typical standard
amplification method could require 75 to 180_minutés.
More recently, Cetus Corporation and Perkin-
Elmer have marketed a thermocycler (PCR System Model
9600) which allows the use of cycles of 2 to 3 minutes
in the amplification procedure.
Others have worked to find even faster
cycling equipment which can be used with self-contained
reaction vessels (sometimes known as cuvettes, pouches
or test packs). Such equipment is described, for
example in EP-A-0 402,994 and EP-A-0 402,994.
It has been recognized that efficient heat
transfer in the cycling of reaction mixtures will aid
in the reduction of time required for a polymerase
chain reaction cycle. For example, Wittwer and others
(3nal. Biochem., 186(2), pp. 328-331, May 1, 1990)
describe the use of hot air for heat transfer with,
reaction mixtures. Cycles lasting 30, 60, 120 and 180
seconds are described with the following steps in each



exanpbe in EP-A-0 402,994 and EP-A-0 402, 994. It has been

recogni zed that efficient heat transfer in the cycling of reaction m xtures
Wl aid in the reduction of tine required for a polynerase chain reaction
cycle. For exanmple, Wttwer and others (Anal. Biochem, 186(2), pp.

328-331, May 1, 1990) describe the use_q@f hot air for heat transfer with
reaction m xtures. Cycles lasting 30, 6 120 and_180 seconds are descri bed -

with the fo|pgﬁgﬁgtgﬁeggqq¥y§gg1for 'the 30 second cycle with longer. 5-
cycle (as deggeilbedhaefingh®rdpsrravithiely elondgdr | obges) eycl es havi ng

proportionately Ionger tEp%%qﬁ§%f§; (ﬂué? do§§f313%9%§89 %% §8uble

strands at 90- 92[err]e for 'ng to 50 to
55[err] C oveP28Ct fog detonds seconds, c) hybridi zation at 50 to

55[err]C for 1 to 2 seggndscoollng to $b torggw¢r5bép glté0973[err]c over
3 to 5 seconds, gd e) formng primer extension products for 5

to 10 second§ec°n The advantages of hot air heat transfer are
described by Wttwer aed ot hgibeidihtion satspBe WatEEPC hedr ahptof2cati on
can occur in QEBH SS dependi ng upon the reaction vessel and heat transfer
equi pnent . The particul ar equi pment descri bed Wttwer and others has a
nunber of practical di Sddvaheagdng mﬁmikﬂt0|7ﬂ:Quﬂ?&ft3m£@|5f|culty in
| oadi ng sanpkesoald,r aagents into very snall dianmeter capillary tubes, the
fragility of those fubes (suitahle for, | aboratory, envi ropnent only and not
Tenvit ng a? ¥ avre

in high volume clini ca®)enviEPEAES PT NS | §EF §HE QUIRIPN T+ (not
practical intel10isatoadsting) and the danger of contam nation and

contagion in renoving &ﬂ% Qd%g%% %ég of hot air heat transfer.are
described by Wittwer and others, and it is speculated
that amplification can occur in minutes depending upon
the reaction vessel and heat transfer egquipment. The
particular equipment described by Wittwer and others
has a number of practical disadvantages, however,
including the difficulty in loading samples and
reagents into very small diameter capillary tubes, the
fragility of those tubes (suitable for laboratory
environment only, and not in high volume clinical
environment), sealing the tubes with a flame (not
practical in clinical setting) and the danger of
contamination and contagion in removing the products of
amplification from the tubes. In addition, it is not
easy to control the heat transfer when air is the
transfer means. In summary, such procedures may be
readily adaptable to low volume research situations,
but would not be practical or commercializable for high
volume clinical settings or doctors' offices.

There is a continuing need in the art for a
rapid and efficient amplification process which
maintains the high amplification efficiency of the
longer cycle times, but which greatly reduces the time
for obtaining an analytical result. It is also desired



anplification fromthe tubes. In addition, it is not easy to control the
heat transfer when air is the transfer neans. In sunmary, such procedures
_may be readily adaptable to | ow volune research situations, but would not
- be practical or commercializable for high volume clinical settings or

- doctors' offices. There is a continuing need in the art for a
rapid and efficient anplification process whi ch mai ntai ns the high
anplification efficiency of the |onger cycle tines, but which greatly
reduces the tiar@vaird diftenidi sadvanbegest nebedr ebove. for ssandasddesired

-6 to avoi ddé%%dﬁé%ﬂé’xﬁg&?@ é‘PEeQr@beférf@écﬁﬁéﬂgﬁ%d nBbPEEversi Ng hot

air transfer .techno] ogy 3% ge5|re ve a rapid- and
sensitive anfil fi% AG0F ehd AL i dFFPH eggdwﬁ?ﬁﬁl F&Vfot dependent upon
t he partiCu|amplﬂﬁidﬁtﬂﬁﬁﬂaﬁdEﬂEﬁGﬂthwlpHGOéskhﬁhlcb iisenot The

probl ems not e f i %a?éfcn?i@{c?ﬂge"‘ét:%hhé‘a?%?&’x‘i’s%% the

anplification g\f@ a nucl c aci d “conpri heat i ng
a targeted d@@igmantgtdat fuklvsedacid at a first tenperature of from 85

to 100[err]C for from e m%&@ddeﬂeﬁmﬁom%é&ﬁ@wswé t he
nucl ei ¢ aci d, 0 ng .th red s 0 a second
Moo ot o vercom i tita oRERnOT, £ e SRR LN S P | | (e

presence of. nucleic acid com@rlsrngrthemsme¢$eoﬁNA pol ynerase present in

an amount of -at lﬁaSt @légy tfﬁowq;é?%édédoéo gié%ﬂdéd ?cle 2)

deoxyri bonucl eotide-5'- tri sphat resent 1n anounts effective for DNA
pol yneri zati @Fidadd a flrst temperature of from 85 to 100°C for

from 1 to 40 seconds to denature the strands of the .-
nucleic acid,

B. cooling the denatured strands to a second
temperature over a time period of from 5 to 20 seconds,

C. in the presence of.

1) a thermostable DNA polymerase
present in an amount of at least 5 units/100 ul of
solution, , '

2) deoxyribonucleotide-5"'-
triphosphates present in amounts effective for DNA
polymerization, and

3) a set of primers specific for the
denatured strands, the primers being present in amounts
effective for DNA polymerization,

- forming hybridized primer extension products of
the primers and denatured strands by incubating the
denatured strands at a third temperature for from 1 to
80 seconds, .

the third temperature being in the range of from
(Tm-15)°C to (Tm+5)°C wherein Ty is the melting
temperature of the denatured strands and the primers,
and the difference (AT) between the first and third

temperatures being from S5 to 35°C,
D. heating the hybridized primer extension
products to the first temperature over a period of time



3 a set of priners specific for the denatured strands, the priners being
present in amounts effective for DNA polymerization, form ng
hybri di zed primer extension products of the prinmers and denatured strands
by incubating the denatured strands at a third tenperature for from1l to 80
seconds, the third tenperature beiLfg in the range of from

(T[err]-15)[err]C t T T h -
of the denat Glfezfrﬂ'?a?g(f[é’e ‘%f[é"}ﬁH r?é}vg; r%lr%“ﬁqq I Z? 123 Zrc{em;léctteg ?’(f]:e'; (ra]rr_rl)_;ar ature

bet ween the thatt tanpdditutd eiperfatom ds teidly secmds.t @mBb[err] C, D.
heating the hybridi zed Rrjdgs fy A9 S RIBBIEE B Sédferdd Lty arpes at ure

over a period of ti'ne of from5 to
20 seconds aWCR@e@tn(}Qarﬁé'- s thergin igach s é"tﬁﬂs Bom1 to 40

seconds, and¢hroudk D 1rsel%%3ktx*1@i Drpswit Hin ayghed Kxmusasdodd,y as a cycle

at | east once wherein eac s B,thro { t within
up to 120 secondsStePs Ilél‘}y %%It‘oib‘ﬁﬁ]:e’f Lﬁ%%@g{)he%]ges%gﬂtlre out using
at | east onea@fHéasﬁ(ﬁdemnﬁu;hﬁnﬁbklawmng conditiongsn) the difference
([err]T[err]) between t@g fivtd GieE exeaoel (ATperbétwesn Mienfifrsam 5 to

45 C
at[F(ra;]st Oagggd[ seco %é&%%fﬁ | OoRfs e@t?msﬁct%d)“ mers being

provi ded t S A through E
are carried out using o(r:Fr)y (Fd?ﬁjqurtﬁ?r(%ﬁat’t% ‘?F onfeaté'fﬁoc,‘if&"éeo? %t eps
B through D beialg latafedsdk sOa.cmTBJIqmolar, The pr esent invention also

provides a nethod for the a f| ti t eic acid
conprising steps A-E ar?ch\ﬁe@%donch‘% gﬁ{;ergg%egg%??fé ‘Egnove enin

addition wit kaxird eidbldunwivaing emly conditfon (:@tedth%gtldﬁelféa‘stem
denat ured st gRd Plof steps B through D is at least 60 seconds.

The present invention also provides a method
for the amplification and detection of a nucleic acid
comprising steps A-E and the conditions as identified
above taken in addition with the following step F:

F. detecting at least one denatured strand of
the nucleic acid.

The method of this invention provides a very
rapid and efficient polymerase chain reaction procedure
for amplifying and detecting nucleic acids which are
present in extremely low concentrations in test
"samples. Because the method is rapid, an assay result
can be obtained in shorter time for early diagnosis, or
more cycles can be run in order to further increase the
number of copies of the targeted nucleic acid. With
shorter cycles, less nonspecific (or undesired) nucleic
acids are amplified. Thus, less of the undesired
nucleic acids are detected.

The method of this invention is advantageous
because it is readily adaptable to automated procedures
which can be used in high volume diagnostic
environments (for example, hospitals, clinicalr .. .= -
laboratories and doctors® offices). The impractical



- the nucl eic acid. The nethod of this invention provides a very
rapid and efficient polynerase chain reaction procedure for anplifying and
detecting nucleic acids which are present in extrenely |ow concentrations
“in test sanples. Because the nethod is rapi.d, an assay result can be
obtained in shorter tinme for early dlag§05|s or nore cycles can be run in
order to further increase the nunber of copies of the targeted nucleic
acid. Wth sheateresyoifeshel bot ndams 68 procednrendesi Wetrweuclaaidc aci ds

are anpl i fi egkhdpySarkeasothielne ¥aRRScyedeNyE! ehe @éhdﬁeeh%ddgtfect ed.
The nethod of this invention is advantageous because it _Ls rea

adapt abl e t c*B® ohBVEBL AP &GurEE TRAELK Eaﬁlﬂe(EEEH ig H?&hsﬁﬁpﬂﬂé
di agnostic eowilesspntgetf dt ésanpktedepenfiehtl aponl anpagtikabatatories and

doctor s’ Off.&%@%i Ihﬁegng?%hgggk or sgeaégiégg tCer Lsk?? hot air PCR

procedures o Rer &n ers are av cyc t he PCR net hod
of this i nvegfebpmeBtextrenely rapid (that is 120 seconds or |ess), yet it

L s no]g dependent upon enpget baulaQEageanar@fpbggibiéaséé%sero;c.psCIflC heat
ransfer eq

conblnatlon‘ﬁggﬁ+??F%8P ?gaFﬁFE%caﬁaggggg%%geﬁgg&g}ﬁogﬁﬁtLgEFg ﬁ?;ﬁ of @
concentrati arslatf i vékyt héghosbabenat Phii pns yatreke, thetmoseablarBNAor DNA
pol ymeri zati r?(méf:gl és ‘riet grgg ;Qe By Agﬁ&ﬁf floﬁt and the
primers wt Bot E co iii 3 N i fference
bet ween the’d%ﬁ%? 3 g%égbr? ?l@ﬁn? %e?ﬁa ﬁﬁ?hln a
certain ran%u@éré baubﬁva:ﬁa éi‘ebé@HCSﬂtéﬁélé’tEhé‘f EEnAPE SoRk : Ofafibove 0.075
Lerrlmlar, i gneRr YhR LIl hledlby G0ULASLRs5T 4357 ~the ovele
time is at MAENSQ

hybridization temperatures being within a certain

range, or (b) having the concentration of primers at or

above 0.075 pmolar, with the proviso that if only

condition (a) is used, the cycle time is at least 60

seconds. In preferred embodiments, the method is even

faster by using only two temperatures in the cycling

instead of the usual three temperatures. _

Advantageously, this invention is carried out

using certain proprietary containment pouches and

cycling equipment, namely those described in EP-A-0

381,501, EP-A-0 402,994 and EP-A-0 402,995, but the

practice of this invention is not limited to them.

" 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-

4,965,188 and Clin.Microbiol.Rev., 2(2), pp. 217-226

(1989).

The present invention is directed to the

amplification or detection of one or more specific_
nucleic acid sequences present in one or more targetea'
nucleic acids in a test specimen. Such specimens can



seconds. In preferred enbodi nents, the nethod is even faster by using only
. two tenperatures in the cycling instead of the usual three tenperatures.
Advant ageously, this invention is carried out using certain proprietary

“ contai nnent pouches and cycling equi prent, nanely those described in EP-A-0
381, 501, EP-A-0 402,994 and EP-A-0 4024895, but the practice of this
invention is not limted to them The general principles and
condi ti ons fonciogki tetdtilen emdviepdcmaterdidlnubldéire dodys flsiigs

pol yrer ase ofg! BihERCkhPR: 68 50LhE altElsh BANRL (LN PACLR! RpOR ! or e

provi ded in nunerous rererences Inc 195, US- A-4,683, 202
and US-A- 4,688, bgadghgctefin. wa#ésl6P9R8v1mazyzpurﬁssez9¢ 226 (1989).

The present ﬂédé&th@ﬁ is dibagabedilcoinhaagiipll, that iaventidet @ain on of one

or nore specific uc el cid_se quences sent _in one _Qr re rget ed
nucl ei c aC|d§i t8§? BcHRA Vgugﬁ %g 1ﬁéﬁ§c¥aﬁ% cTonTWg® il
-9- include QelmesaengervRNaL put Eorabpthaningbddygkl amgungis ofthdghe

material s CO@&Q&P?BQSQ @Bb% 05 RNétW%CBfCﬁucaélees%%%d Wil e the

primary purpose 0 tion Is _diagnostic in nature, the invention can

al so be usedr?ﬁuiﬁﬁﬁ@vérPﬁeCBPWP6Pén§yn6Pe§P§n|ng DNA or nessenger RNA, or
forlobtalnlgg IargF anwhatpreéﬁhhe1de&ntednsequespecﬁamayau&exnure of

nucl ei ¢ aci resu from chem th e _present

i nvention is EpBE?éVF NHsetth SFEP SPSAég §1t1esoﬁg%FFé§gh&§htltles
rel ative to the number of reaction steps nnvoﬂved, at least ene specific

nucl ei ¢ aci dsSEQUENE Cnyd8; B QEYA sbighibnBl 2 #h8CHPbAUBNCLENS BRI & dupl ex

with termni 'correspondi ng speci,fi,c priners enployed
Any source d@lﬂEE?E?cnﬁ€1ﬁlcpﬁFF¢|@HPAPxnUPthCQErHénl corresponding

to the ends of the specific primers employed. Any
source of nucleic acid, purified or not, can be
utilized as the starting material if it is known to or
suspected of containing the specific nucleic acid
sequence targeted for detection. A mixture of nucleic
acids can be employed if desired.

Nucleic acids to be detected can be obtained
from various sources including plasmids, naturally
occurring DNA or RNA from any source (such as bacteria,
veast, viruses, plants and higher animals, humans). It
may be extracted from various tissues including blood,
peripheral blood mononuclear cells (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 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 1nfect10us N
diseases, genetic disorders or cellular dlsorders sucﬁ

P

as cancers. It may also be used in forensic



utilized as the starting material if it is known to or suspected of
containing the specific nucleic acid sequence targeted for® detection. A

m xture of nucleic acids can be enployed if desired. Nucl ei ¢
acids to be detected can be obtained from various sources including

pl asm ds, naturally occurring DNA or RN®-<{rom any source (such as bacteri a,

yeast, virus : lLgh aninl h ) Xt ract ed
fromvari ousﬁ?‘rggtggaﬁﬁgpgd?hg %?%og%er% 'phégr%ns‘%)"fxa%)%c?%n%n%ﬁ&t Tar cells
(PBMVO), tisstRVARELPNal I6PebiReA1S635ESs Intmde R fira desletyi darmwn

procedur es. dihempt&c£ohsi Dregenomiics DBV tixras Ay digfinilsd.or the

anplification and deteﬁkﬁég of nucl.ei c ,aci d. sequences found in genom c DNA
bacterial DNA  fungal DNR “YFPal PRAASTor TSNATS %ound in bacterial or
viral infectakigenygleotide, whefhermpaltantaddsccdoed iergeior can be used to
provide the giai@ndt DRa Py CPRLAGEEH! Zahi ok Qf it JHG RGPS
sequences asés%@ii at eg W t¥| ?n?ectigoﬂs &l’lgglagess,%% %rl])g'tel grkg%sc%rlg‘é!?sasora

cellular di PR C5utRIGEaEAARPS. SYPLREF 18 shepe Dlgsed mnidemensi ¢
i nvesti gat i @ondirhi &N 1iypwnfichFeynpPHEBASED fOla PHithelrneSitlen@iondeneti c

di seases in ecifl letions _or nutati.ons i, nom c DNA from an

olrgani smI ﬂ%&p &Trﬁ%f?‘ggﬁgalﬁli r® PEFePEK 8‘:&% %glriaé‘gntf&}@& i de, Y

whet her nat dr%al |5emplatel nys oindsgedhetical |y produced, which is capable of

acting as a point of 1iélpAihaR oL 5¥BEBEaLIWIGRARLACRINAMEY fofondi tions
roduct gorrp € o a

I n which synthesis of _a, prinmer extension, prQg mentary
nucl ei ¢ aci TRy §iHitiensy ivnpraidfiratipgucbyt contain & The priner

i s pref er abldpulilreg| st sd ridendl efled Don BRI quBLebli.Ci gBCHusE BEPhbhigcation, but
contain a d%ﬁ@d@ﬁ“é&”ﬁ¥¥kéE%“é"%}étgggkéegf e&EeHE?%anrLSE%cs in
' the presence of the DNA polymerase. Generally, the
primers used in this invention will have from 12 to 60
nucleotides, and preferably, they have from 18 to 45
nucleotides.

The primers used in the present invention are
selected to be *substantially complementary® to the
different strands of each specific sequence to be
amplified. This means that they must be sufficiently
complementary to hybridize with their respective
strands to form the desired hybridized products and
then be extendable by a DNA polymerase. In the
preferred and most practical situation, the primer has
exact complementarity to the target nucleic acid.

Primers useful herein can be obtained from a
number of sources or prepared using known techniques
and equipment, including for example, an ABI DNA
Synthesiﬁ%f (available from Applied Biosystems) or a
Biosearch 8600 Series or 8800 Series Synthesizer
(available from Milligen-Biosearch, Inc.) and known
methods for their use. Naturally occurring primers
isolated from biological sources are also useful (Sach™
as restriction endonuclease digests).
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‘enough to prime the synthesis of extension products in the presence of the

DNA pol ynerase. Cenerally, the prinmers used in this invention will have
from 12 to 60 nucl eotides, and preferably, they have from 18 to 45
nucl eot i des. The prinmers used in the present invention are

selected to be "substantially conplenggtary" to the different strands of
each specific sequence to be anplifi éd” This neans that they nust be
sufficiently conpl enersangetiohkeykindi ae "pirbbethean bespdctanye strands to

o ey aso SpEERRIY T EALERT BT AUTES. 30E5) NBNCOGrXERTA30! 2rty & DI

pol ymer ase racti cal tuati on,  thé prinmer has
exact - conpl%@ﬁﬁtérpmylﬂotphéotapgéﬁoﬁaéﬁérc They are labeledo i ners usefu

herei n can b@oﬁﬁéﬁlpedtftﬂglg n@ﬁt¢rwQEhSQHQCQ&1QébmbeﬂmuatuxbﬂﬁJ known

t echni ques and equ for ex an t hesi zer
(avai | abl e TRORF ?a EEF55§§ ﬁg?y PTa lﬁggESSF&h’ ér?]s %&%&%s or 8800
Seri es Synthekower ThenlbablelspobewbttagbﬂdBtoseaweherkn@sp €&known
met hods forg et fallgCo “?bﬂ@ak kpeOgBLr EBBURE! BET EheSBhdgaleld om bi of ogi ca

sources are also usefu such restriction endonucl ease digests).
As used her@p@leic agdfe” can be of any suitable |ength of nucleotides, but

gene[]al ly, tgsy have f\rOthémeQtéBléUDNRObbdyﬂ\eribey aee liab&nesm( conmonl y
at the 3' en

i rect | y) LR ARG SERT Va8 BT GREYTRCYTAan Hidh PUnFERES o n )
mater-lnsola¢¢emphbshrahe s¥ynsbereisypé puumeapeutengionh@rtﬁhgﬁﬁnd nucl ei c
actd. . and wﬁaf§h§§n2ELBQEetQNﬁe99'yasbeée a119Sthe ki in the art, is
an enzymne Ich w unct e

temperatures used for denaturation of DNA strands.’

More particularly, the thermostable DNA polymerases

must not be substantially inactived at the high

temperatures used in polymerase chain reactions as

described herein. A number of thermostable DNA
~ polymerases have been reported in the art, including

those mentioned in detail in US-A-4,965,188 (noted

above) and US-A-4,889,818. Particularly useful

polymerases are those obtained from various Thermus

bacterial species, such as Thermus aguaticus, Thermus

thermophilus or Thexrmus flavus. Other useful

thermostable polymerases are described in WO-A-

89/06691. A number of techniques are known for

isolating naturally-occurring polymerases from

organisms, and for producing genetically enginéered

enzymes using recombinant techniques.

A targeted nucleic acid (that is, one to be

amplified or detected) can be obtained from any of a

variety of sources as noted above. Generally, it is

extracted in some manner to make it available for

contact with the primers and other reaction materials.

This usually means removing unwanted proteins and = e
cellular matter from the specimen in a suitable manner.

Various procedures are known in the art, including



acconplish the synthesis of priner extension products, and which is stable
to heat, especially the high tenperatures used for denaturation of DNA
strdands. More particularly, the thernostable DNA pol ynmerases nmust not be
substantially inactived at the high tenperatures used in polynerase chain
reactions as described herein. A nunber of thernostable DNA pol ynerases
have been reported in the art, includipg-those nentioned in detail in

US- A- 4, 965, 188 (not ed ahove), and US-A-4.889 818. .Parijc usef ul

pol ymer ases %féﬁﬁ??ih?éiﬂ%iE?Yﬁ?vﬂ??oﬁgh?ﬁgrﬁﬂgigéc#éﬁﬁég'sg éi es, such
as Thernus &@8atS40s(Septer rus 1988 hppMahiat bs Fhdrathersavielecuhar usef ul
ther nost abl &\l IR 98 Satliudenc tihdal 1 ¥ A28§9669601962) purber of

t echni ques are Kno or_rsolatrng naturally-occurring polLy ases from

or gani sms, SFOFUBYIGHE AN RIS ot P yERRgLnBARERSEAY | smé i ng

reconbi nant (1&cA)i @iRE.US-A-4,965, ¥88ar gekedasuidbri of aDNA (rbmt is, one to

ac noted abSPELCH 19 R dhf EFRreoR hialkeRban, SEke T pour oS

as noted ab o e it
avai |l abl e f exaggiteactimiBRrA+e 393 k44, aBelbt hnd ethersonErBEerials. This

usual ly meapg ey Ntipgh Prof oS BPd §ebbLERE3MRibEL) f A the
speci men in'a Surtable manner. Various procedures are, kp the art,
i ncludi ng Saiki and others, '-éz-p?ho§§ gg@ﬁ#?bed by Laure

and ot hers i(198® Lancet, pp. 538-540 (Sept. 3, 1988), Mniatis and others,

Mol ecul ar d oning: A Labor at 28Q- 281 ss-Bel | and
and others in Eur J. B:%lc%ce?nt%{%é{'\@ggg%iﬁg}dagg %E?(‘é?géémk 9 Extraction
of DNA fromdsiteiates] dal usuadohporendeubher sbrandeddéaem; belie FyP: exanpl e,

in EP-A-0 393 rZhs BRlde YW Qe Sced Péfore priming can take

place. This can occur during the extraction process,
or be a separate step afterwards. Denaturing (step A)
is accomplished using a heat treatment alone or in
combination with any suitable other physical, chemical
or enzymatic means as described in the art. Heating
alone to a suitable temperature is a preferred means.
Initial denaturation is generally carried out by
heating qhe specimen suspected of containing the
targeted nucleic acid at a first temperature of from 85
to 100°C for from 1 to 40 seconds. Preferably, this
denaturation requires only from 1 to 20 seconds at from
- 90 to 98°C but other combinations of time and .
temperature within the broad ranges would be readily
determinable by one skilled in the art.
The denatured strands are then cooled (step
B) to a second temperature which is generally in the
range of from 55 to 70°C, and preferably from 60 to
70°C. A preferred condition of this invention is to
adjust the first and second temperatures so that the
difference between them (identified herein as ATj;) is
in the range of from 5 to 45, preferably from 15.t9& 45,
and most preferably from 25 to 40, °C. This condition
is particularly desirable when the second and third



Natl. Acad. Sci. USA, 78(9), pp. 5759-5763 (1981) and Sai ki and others,

- Bi o/ Technol ogy, 3, pp. 1008-1012 (1985). Since the nucleic acid
to be anplified or detected is usually in double stranded form the two:
strands nust be separated before primng can take place. This can occur
during the extraction process, or be a-gBparate step afterwards. Denaturing

(step A) is oppl i shed, usin h a n I or R C Inat i on
Wi th any sui ?g%l’ rb?cﬁg?glp%%i ggﬁ??egﬁéﬁé% Eskgr% gﬁ%y%agﬁeé ne&‘gr?sgggedescri bed
inthe art. meeded fownreoebingstheadenaturgdr gtypadssis geaespddy neans.

Initial denatgyci iPnd s2@esecahdy, Cahli fdeferabiyhgabimng theispeci nen
suspected of contajning the targeted nucleic acid at a first tenperature of

from85 to 19T for from1 to 40 seconds. Preferably, this
denaturation requires dngefthen dehat@fedesbrdadst areonrddetiotd®8kber ] C but

ot her conbi natd ' ap,[cjete Lt{his Q qt bro woul d be
readily de!t e%tngil naEl g%@#%@aé&ﬂ QP@;'B?]‘E:;JEQ l%t};lh'@d B Q‘?’héﬂggga o

ne | ed e art. enat ur ed
strands are MfehndanstPqds pPgven. sthakohberenparah0teP@hfich is general ly

in ]Ehe rgngedgfsta‘irrm”e f@:ﬁ@ vﬁ%r@ré%éia anéntageégaabtﬁpﬁl COfma@anQ ga&err] g- A
referred conditiqn i s ji.nvention i adj us e_fi.rs secon
ltoerrperat ur es %45 t ﬁteffi I 5Re At ‘ﬁ‘é‘t’i@egn?ﬁ]eﬁf’t"i ggnﬂjﬂ"@g ﬁﬁ?ei n as AT1)
is in the rardgeiofiduadmsteps 45 ¢@bedinabapidr oprlbngoadstangitnost
f bly f Dot , | Lt | ' desi r abl
preferably THupAH, Oﬂpdpﬂcfrﬁz}&ex?&%z%f?gigg ig&ﬂﬁ?l@%i&%%hy esirabl e

when the second and thir eratures are the

sane. The ti Feagantdd ¥dantdobledPelew dewbhiddzstr RRYBET se¥EABEAPRY from 5
to 20 secondproiutty el Yorfimkrd 49d 18eH8EQPEE. strands arene€e the
denat ured Strf%q:gxinsefrbey Ci%oc.!uehgaéi?org haet a third temperature for from 1

to 80 seconds, and preferably for from 1 to 40 seconds.

This third temperature is in the range of

from (Tp-15)°C to (Tm+5)°C. Tm is defined herein as

the temperature at which one-half of the target nucleic

acid strands will be hybridized to the primers. The

determination of Ty can be accomplished using several

standard procedures, based on ultraviolet hypochromism,

for example, by monitoring the spectrum at 260 nm as

described in Biochemistxy- The Moleculaxr Basis of Cell
"Structure and Function, 2nd Edition, Lehninger, Worth
Publishers, Inc., 1970, pp. 876-7.

In most embodiments, the third temperature is’
in the range of from 55 to 70°C with from 62 to 68°C
being preferred. It is also desired that the
difference between the first and third temperatures
(identified herein as AT) be in the range of from 5 to,
35, preferably from 10 to 35, and most preferably from
20 to 30, °C. In a preferred embodiment where the
.cycling is carried out using only two different

temperatures, the second temperature is the same as the
third temperature, and thus AT; is the same as ATF -



second tenperature, step Cis carried out. It should be understood,

however, that there may not be a distinct tine when step B ends and step C
begi:ns, but one skilled in the art would know how to adjust the individual
steps to obtain rapid cycling as taught herein. In the presence of the DNA
pol ymeri zation reagents identified bel ow, hybridized priner extension
products of the priners and denatured_ggrands are formed by incubation at a
third tenperature for from1l to 80 seconds, and greferaﬁl for from1 to 40
seconds. This third tcpeeatheestgands are sepapatfd.  k §§ 8 r om
(T[err]-15) [Ardiabre (F$ ek éhpdatesr for fommingdptimed kstensies the
tenperature at I ch aone-half, of {h et cLelLt:aahdsst wll be
hybri di zed RFIIRELF i ‘?P%‘F’é‘?w‘r{m’& aehefee E197 Y gﬁ‘ﬁ?ég‘%hbé%é‘?%%% i shed
usi ng sever ait artsarchermestabte, DRAspdlymenaseayBEEERPR®pochr omi sm  for

ek ! iR L A AU b
exanpl e, by adr%pfﬁ%?u%gﬁégge Su%ﬁipﬁ§Q%H&é§ daeagpi, badTP) Beaehem stry

The Mol ecul SIS ructure and Eunction, Zn&BEdition L%hninger
Worth Publ | g ATTRL andgrosuppabgegset of primers, . ABe amobnh oL s "t he
third tenpergid¥fodtsalbDet DRAT poligmetabeons&8 in ¥BpeprpCtiuicehoffr om 62 to

O8Lerr1C bela Pralsbhefon! 1s! 8t a)saedos! hadebhavol ie 4l benaesente! neen

the first an iTd Tenperatures (1dentifjed herein _as AT) be in the range
of from5 tPBEEexakhyrbheyareunt1dst n3thearangssPLpfErsy §btP £Pom 20 to

30, [err]C. Jdu@s pies gil edf esbodt ient bubegeesbercymbungsi sanabei ed out

using only two different tenperatures, the.,secaon enperature,i s the sanme .
as the thirdsedpel H£¢FEr3nd Phhgn%ﬁl e df 1ggﬁekgggfng%Tihe

-14- amouX of hensymandstavitpepaqaiedd thejnaoepavaitieaBle as
terplates | Gl L8 BLLAE nG¥18025ABsPUANNE ) BRES abN extRnmibly .t he
nucleic acid chain in 30 minutes at 74°C.

The ANTP's and primers are present in amounts
effective for DNA polymerization to occur, such amounts
being known in the art. Representative amounts are
shown in the examples below. In a preferred
embodiment, the amount of primer is at least 0.075
pmolar with 0.1 to 2 umolar being preferred, but more
general amounts are well known in the art. Another
measure for the primers is to have them in considerable
excess to the denatured strands, for example at least
20:1 molar ratio. It is understood that where the
amount of targeted nucleic acid is unknown, the exact
ratio of primer to denatured strand cannot be known
with certainty, but a skilled worker could make a
reasonable estimate of the amount of primer to be used
and thus optimize the reaction system accordingly in -
view of the considerable teaching in the art regarding
reagent amounts.

Other reagents are also preferably present,
including salts such as magnesium chloride (generally
from 1 to 10 mmolar), extenders such as gelatin .o® -~
other water soluble or water dispersible colloids
(generally from 0.001 to 0.05 weight percent). The



g

wi th the thernostabl e DNA pol ynerase, suitable

deoxyri bonucl eoti de-5'-tri phosphates (dATP, dCTP, dGIP and dTTP) and a
suitable set of priners. The anount of thernostable DNA pol ynerase used in
the practice of this invention is at least 5 units/100 [err]l of solution.
Preferably the amount is in the range-é®<from6 to 20 units/ 100 [err]| of

solution butrgagaigh aAFRUALE §3NghAe¥aady butedred tofa PH lof If-dief i ned
herein as t anoynt .of enz activity required tq incorporate 10, nnol es
of total nuclebPide¥2f N?ﬁ'é?eﬁn§8139 ﬁ%ﬁ&%ﬁﬁﬁ? MG enyeiof @hain in 30

m nut es at 7dhmbelCof suitable bhé€feEPknomnd ipy ithe axar.e [hesent in
anounts eff ' f lLZakl 0 ; : a I ng known
in the artLeﬁé%%@geﬁﬁagﬁ§é9§%éggég‘gﬁgggﬁbwﬁgﬁﬁy%ﬁgégggﬁbEggqégéﬁz In a
preferred erbéalfdft acideianboht coitpcader bus &he smellerorhed err] nol ar
with 0.1 to volene] 18l ehebeaBgep’ BRAEN edn Pél tFANR feeRPk ARt S are wel |
known in the art. Anothgr ngasure gor %gg grhners.ls to h%§f thggiln

consi der abl %3¢ e§EOR I Fne HERSTAMAY < sEPENYSIUME: 18 LM o8 tR220 20: 1
nmol ar ratio.#}twishuasalievodrt hargekeveluhesamisot befingangeifed nucl eic
acid is unk e [ 3 ' 0 fu r annot be
known with 2@%?%?%?§? g€§5a£géi?Fggp&%bgg%n?bgﬁgg%%kgggdfggggga e estimte
of the anmbuMS®RYprinmer to be used and thus optinmize the reaction system
accordingly in view of Théeréé’?éhégr abkepbegmbiriGaitd ohh@ad be' agidcd N
reagent anoynts. . a eg [eaﬁen#s ar | so Rreferably resent,

i ncl udi ng satq s*REcFPESINERnESPbALBAREY 8§gF§§ PYCLSiF 8 E 25 29Ymmol ar)
ext enders sumhitablel tima, othat his, waréorsobubire daringt denditspatdidn e

col | oi ds (ge I 0. : Wolc c R
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of 8 being ﬁﬁggwfﬁgﬁgs$hg ahlternatively, the reagents can be

added at several and various times during the method.

89 t h pH

Workers skilled in the art would be able to design an
acceptable protocol for reagent addition. It is
important for the mixing to take place quickly so the
method is carried out in the shortest possible time.
Thus, it is preferred that all the reagents needed for
‘the entire method be added prior to or during the
denaturation Step A of the method defined herein.

The newly synthesized hybridized pfoduct of
the template and its complementary nucleic acid formed
from the primer are used in subsequent steps of the .
method. They are then denatured by heating them to the
first temperature of from 85 to 100°C over a period of
time of from 5 to 20 seconds, and maintaining that
temperature for an additional time of from 1 to 40
seconds (step D). Preferably, the denaturation
temperature is from 90 to 98°C, the heating time is
from 5 to 10 seconds, and the temperature is maintained
for an additional 1 to 15 seconds. |

At this point, one cycle of forming and =
separating one set of duplicate strands of the targeted



nunber of suitable buffers known in the art. The vol une of the reaction

m xture including the targeted nucleic acid is not critical, but the
smaller the volune is the faster heat can be transferred to and away from
it. Generally, the volune is from50 to 300 [err]l with snmaller or |arger
vol umes al so bei ng useful depending a@én the equi prent and vessel used for

the assay. ,,c1eic aclBEHASABRANS chtb1RRLTREERY @ it aijded to the
speci nen containing _targeted nucleic aciq at an ui tabl e tllgsf sthat is,
ri

prior to or Eaghi Rycdenifurali §8°08CESp K glesﬁ)', i &Se52 Yy or after
t he cool i ngtheepahSecpBErof 1Or Baicondsy tot 12 0r exgemds .can be added at
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in the ShorEﬁﬁt bROSSMBeteldTRs HE¢en b heeded @0 @tddiate alle t he reagents
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100[ err] C owédlabeecaodied .t Withoff rom@0s top 490 y&d@fPei® nai nt ai ni ng
that tenpergturg f@y.an additional time of from1l to 40 seconds (step D).
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consisting of:

(a) ATy, identified above, is from 5 to

45°C, and _
(b) the concentration of each primer is at
least 0.075 umolar.

If only condition (a) is used, the time for
each cycle of Steps B through D is at least 60 seconds,
and preferably, each cycle is from 90 to 120 seconds.

In a most preferred embodiment, both of these
conditions are followed and the second temperature is
the same as the third temperature.

After step C has been performed the last time -
in the assay, the final primer extension products can
be detected using known procedures, as described below.
The products can be detected in undenatured form using
known procedures such as agarose gel electrophoresis or.
ethidium bromide staining, or step D can be performed
again to denature the products for detection.

Preferably, the products are denatured a last
time (step D) providing multiple copies of the strands
of the targeted nucleic acid. Denaturation cam be= -
carried out according to the teaching noted above



Each cycle is 120 seconds or less, and is generally in the range of from 10
seconds to 120 seconds. Preferably each cycle is from20 to 90 seconds,
with from30 to 70 seconds being nore preferred. The cycle can be conpleted
as often as needed to produce the desired quantity of the targeted nucleic
aci d. For effective anplification, at |east 20 cycles of cooling,
primer extension and denaturation wllibe carried, with from20 to 40
cycl es being escri.bed herein

f
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at | east 60 heszotilsat bngd phef mebmyﬁaﬂhséyﬁhengskﬁwm f8chAidudesseconds.

In a nost pre re bot h of C | re foll owed and
the second té%g%¥ €%$§P$€i$§ ggnggmgg?ﬁép stgﬁg Sggﬁbs

After step C has been Peefarpiiifitatiantmethedi aft hblassaygnthenfnaal
primer eXtert?a’:é’flePéBﬁ}'%én&é‘EtQ& ﬂﬁtécééﬁityﬁhaﬁsk“QW&oﬁé@E&dﬁléﬁﬁeras

descri bed bel ow., The products,can be detected Iin un enaturef f.orm usi ng
known procediff dhaticHhesredstien @%Ft%F%C%?OBﬁBPEE?EUB? YR 8?uh?b?on1de
stalnung,<mcaﬂ&xnlleﬂunﬁmn@erform@dsﬁgeﬂnpfesdenaimee t h paadaets for

dotection. ' of dnsrrReRLs ARG nbbF BEpUNGhaqaEe: EREL UGG A Lash ! e

(step D) prOV| e copi es of rands o ed®Rucl ei ¢
aci d. Denath%thf)rplcdmnmc&k;lbdllmuthac@mdwwgldokmhﬂ teachl ng-not ed

above One such instrument for this purpose is
described in some detail in US-A-4,965,188 and EP-A-0
236 069, 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
described in some detail in US-A-4,965,188 and EP-A-0
236 069. Generally, this instrument includes a heat
conducting container for holding a number of reaction
tubes containing reaction mixture, a means for heating,
cooling and temperature maintenance, and a computing
means to generate signals to control the amplification
sequence, changes in temperature and timing.

A preferred instrument for processing
amplification reactions in a disposable chemical test
pack is described in some detail in EP-A-0 402,994. In
general, this instrument comprises a support surface N
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
pressure applicators through a range of movement |
extending across the test pack.



-17- except that the tinme for denaturation the last tinme is not as critical
as it isin earlier cycles (that is, it can be longer if desired). After

t he desired nunmber of cycles, the reaction can al so be stopped by

i nactivating the DNA pol ynerase using known techni ques, or by separating

t he conponents of the reaction. =18~ The anplification method of this
i nvention is preferablgpcnnduqnedgbm @r@wmﬂemu@u&alautOEBMS@fmdnner so t hat

t he reaction_j xtur s te at u cled r for
desired pres%?e?l g £ s% ﬁgg% qﬁﬁbnts %gggg%ggnhgqngﬁgﬂg% for this
pur pose, as metoﬁmgndldasyrsbeﬁl 1hn1‘1tPI'ré\~é)r 4 0% X198 -kndkso d<->S<31‘1be<30ne such

| nstrument {hetBid BHEPASEnkS £8eSHedhithg RrtERAIeNY kehieh teBtAphcios, 183

and EP-A-0 236 069, and | nvolve ids fromon nper at ur e
envi ronment o BEBEAES uhHEFrUBiFrthE% ééhdﬁﬂ cyies Anot her

i nstrument udipprapsiseepeont the mpthody of ttihxwtpr&slem;uudvleamdbmg system

and 1o descr b gaseiln, 091 gol £ S 43038 AdaBP Ll 23800°

General ly, t'his TRS a heat “con contain hoIding
a nunber of aracprefiernedsinonractiicg ngeide mementturiéveatﬂr@anst

heating, COOd}89ndEdcbREPEEREYT BsERNRANAREE obRRd ndngORRG! | Ng MBans to
generate signals_to,control _the anpl.ificat.ion sequence, changes in

t enper at ur e RFREEIRI &Y. résults notgdyher&inag i nstrument for processing
anplificatlon reactlonshenmetﬂodpofahhaschawmm&hohesanpbekusedd@scribed in

some detal | &, &hessd 6182 rapfalNadf ek dor LhlatdcRals Pyl cadBRRes 2

support surfac m cal test pack, pressure appllcators
suppor t ed ab@V@lehQ @@*daﬂbl¢brl§cPrﬁ@e@ﬁ ﬂﬁeaﬂea@€ﬁ§ﬁ19&§kaﬂénﬁransfer

fluids betwe@w&ﬁn&aﬁh@ebs&éomm&%ehe% RagkmbaRd oFERABWNOr Oper ati ng
the pressur, APRT T SRLr ot 9u8N 42 LaN0E G TRCIER 088! 54 N05ag 05 the
example, the amplified nucleic acid can be analyzed
using Southern blotting techniques. Alternatively,
amplification can be carried out using radioisotopic or
biotinylated primers which can then be detected using
appropriate techniques. Sequence specific
oligonucleotides can be used with dot blot techniques
to detect single-base pair variations in nucleic acids.
In one preferred embodiment, once a desired
amount of the nucleic acid sequence of interest has
been generated and the primer extension products are
denatured for a last time, the amplified targeted
nucleic acid is detected using an oligonuclédtide probe
which is labeled for detection and can be directly or
indirectly hybridized with one of the primer extension
products. Procedures for attaching labels and
preparing 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
relating to biotin labels, US-A-4,962,029 relating to
enzyme labels, and the references noted therein.. .= -
Useful labels include radioisotopes, electron-dense



-18- . EP- A-0 402,994 provides details of useful chem cal test
packs which can be processed using the instrunment described in EP-A-0

402, 995. Also described therein are nmeans for heating and cooling the test
pack at repeated intervals (that is, through cycles) appropriate for the
met hod of the present invention. As nelgd above, while these instrunents

and test packs_are prefer L. pr .Gl he i tion, they are
not consider%ﬁ?%&%gﬁtigﬁrégggéﬁgfn?%%b?hgggéhePﬁ%ggﬁgggg%%ﬁg not ed herein.
The nethod ofoietsesnvéarrbhinapndeotben magaabant R§ELis1LSpi(§OF detect or
characteri zeyg- 42§ 9pb §dg9pchriacygcada o ohobs) pr enent lumiaesicehect i ous
agent. Detectipn can be accggglisheg.i a nunbe% ofegnown oo such as
t hose descr iRt} Hegand sengymess (Waich axg prefepzredts  PBsg ‘nucl ei ¢ aci d
can be anal yerezimiss ninSbuber glbtosei agidaskni peroxidas@snatirasiage.,
anpl [ 11 cat i oy 2 D¢ SALLLAL:QUL HRagchaflokABLAPLA Phebart! B¥ial od
primers which can theh be defecfed usin agproprlate t echni ques. Sequence
speci fi c ol igRmuee cdttaebedahobel igenuGlen HG?sbPéﬂnHegﬁﬁVEues to detect
si ngl e- base Pabsed@rédt i 098b5PraLeschadagidsforming compbsitiensr ef erred
enbodinent,hénce a_desired anount o;}tge nucl eic acid sequence of interest
e

has been genfk?htTWCRNGFHEEHr PHErWE 8P8H - products are denatured for a
last time, the anplifiwbetargbecliahet| éscaapreferredt enzymeusSuel as

ol i gonucl eot ] I Chy i f egbkay, andagdgee directly or
indirectly ﬁ§g$?§§§£§a§?fhQBngoﬁgbﬁthEr?%e?ﬁ%xggﬁg?on.groducts. Pr ocedures
for attachi eeresitde and prépabiagdyeobesMarg GEFPPORAGHMI™SnaTFe art, for

exanpl e, as glesedi B8dppyvHdeadalietadtablier 8yelucpaire ibvildriRgs usefél pp.
6227-45 (1986), US-A:4,914, 210 relating_to hiotin, | abels _Q%;A—4,962,029
relating to VRECY 4 é?g,éaﬂﬁo§ﬁ£1?ﬁfe?gﬁcagsﬁgfgggtﬁ@rg%1 Useful [ abels
I ncl ude radi®; 24 pp2S, el ectron-dense
Detection of the presence of the probe which

is in the complementary product can be achieved using

suitable detection equipment and procedures which are

well known. Certain probes may be visible to the eye

without the use of detection equipment.

' In an alternative embodiment, a primer is

biotinylated and the amplified nucleic acid is detected
using detectably labeled avidin or derivative thereof.
For example, avidin can be conjugated with an enzyme,
‘or have a radioactive moiety. Biotin on the amplified
product complexes with the avidin, and appropriate
detection techniques are used.

It is also useful for the method of this
invention to be carried out in a suitable container.
The most crude container would be a test tube, cuvette,
flask or beaker, but more sophisticated containers 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. Useful test packs have a



-19- reagents, chronogens, fluorogens, phosphorescent noieties, ferritin
and ot her magnetic particles (see US-A-4,795,698 and US- A-4, 920, 061),
chem | um nescent noieties and enzynes (which are preferred). Useful enzymes
i ncl ude, gl ucose oxi dase, peroxidases, uricase, alkaline phosphatase and
others known in the art and can be attached to oligonucl eoti des usi ng known
procedures. Substrates and dye form ng2@enpositions for such enzynes are

wel | known. mult1p11c1éym3f3Eéﬁbiﬁ@ﬁlchémﬁepgeﬁgﬁiﬁe GH%XB@SSUCh as a
peroxi dase, at some paint_in assaz %% en eroxg e _and s¥|aable
dye- f or ni ng *ERATE - &m¥§ﬁ¥§eﬁﬂﬁd°T% br FﬂE %lﬁeYEEF bpEEdYEetY
Particul arl yatus&inﬂomeswg)ys dimgtlcermoﬁlifbcataon gleshodbedThe US- A-

5, 024, 935. Py procfucrf I%;éanacé}gepébﬁia(t_ggyp&eaepgﬁ ? ﬂgagggbg nghich is in the

conpl enent a I'eved usin étection equi pment
and proceduﬂ@@lﬂﬂ(ﬂneﬂX?hﬁﬂICQTEWWWOCErthﬁnV®IBQE§ f5§PBeC¥i §hBl e to the

eye W t hout a&rlzﬂltﬁ%afﬁlcsietxﬁééhw @ﬂutﬁﬂ?ninventlon. otRe@nugktannative
enbodi nment pri mer lated a

| d I d
ot act g us A RARS: ]S HoF e GBI brshEhed: FGE AHEPDREeaReE
exanpl e, avisdingleamde edbnjhgaterthadtdf atheszineenbiohave a radi oactive

noi ety. Biotin on tr“3§HW4]éé@df£§OQHQtaﬁBfPE§é85p¥6BPcEhﬁanbd'n and

appropriate detection ni ques are so useful for
the nethod €letEdted.nidntinrrfencizeful etbottneh Besassapye £6/t atner. The

nost crude g@NiRd ¥pavitl &l b&&ntmé étnbér zﬁaweiislsfiaSKher beaker, but
nor e sophi sticated cont |ners ve bee oned | order to f C|I|tate

aut onat ed pFEEEFHES B PRy f o %g"? danlﬁo? e?aﬂiﬂ"g Otuvette
constructedwaquwnndkndxngeusnm@npematerelnﬂalublercaptusedmeang t he

E;\a}gt :ice of g 'B?tf?n%q' S %&Sé bed MaVSEhE SoPreP28xe HREILL test packs
products which are replicated in the method are water-
insolubilized and removed from the reagent mixture.
Primers or probes can be attached to insoluble
materials in a suitable manner, or they can be designed
to be capturable, that is, reactive with a capture
means at some point in the method.

One useful capture means is described in EP-
A-0 370 694. A primer has a specific binding ligand
attached thereto (such as biotin, an antibody or a
lectin) which is capable of specifically binding to a
receptor molecule (such as avidin, an antigenic
material or a sugar) which is bound in a suitable
manner to an insoluble material such as polymeric
particles. The resulting insolubilized specifically
bound product can be separated from water-soluble
materials by filtration, centrifugation or other
suitable separation techniques. Detection of the
captured nucleic acid strand can be accomplished
directly using a probe complementary thereto, or

.'H

indirectly using one or more intermediate
oligonucleotides to which a labeled probe can be
' hybridized.



-20- multiplicity of reaction chanbers having various reagents, buffers and
other materials which are useful at various stages in the anplification

nmet hod. The packs can be appropriately and rapidly heated and cooled in
cycles to pronote the various steps of the anplification nmethod of this

i nvention. Qther useful containers coubg_be suitably fashioned for
automated or single use of the nethod of thliﬁlnvent 0

for the anplified proddtterpabivalyecthf, 2P §189t8ﬁ°§§§FuFanBF no
necessary) fdgpatatédberempanaésilrédomatbeialbebynaséngaks in the reaction

medi um Thl3%§%9§§$§1§%@hﬁ%n%o%ﬁlgﬂggeg fthgqgig | Oplugi ng using a

wat er - i nsol Frnet. or pro so that the Erlner
ext ensi on pnﬁbummsumheohléeelse@tteeh@é te encipschyblgr suhgtepte

| nsol ubi I i ze f,dméfs?@ éaﬁciéﬁasmt ughiﬁbukﬁowﬁr hl&eas:hménnr obes can
be attached to I nso € materials in a.suita

an be
desi gned tC)QEFQﬂ&ﬁ%ﬁ%bIéon?h%ﬁcpsteFEﬁbgPﬁelﬁn5ﬁs§ gﬁpu #ga%sﬁat some
point in thes3wid®z, Other tecmaequeefakecapsnmbeaamsn sxdmpdlel Bad in EP-

A-0 370 694. e LRYI I d nahbac ereto (such
as biotin, tﬁﬁdﬁt g§%§hg$6 ?@ % ? mg g ggdcggg% g g?%sgggl%Pcally
blndlng1x)ethamepmbermedecueeo%nghua%GQVFéBﬁ aaﬁ #fedgdfi @ material or a

sugar) Wwhichyy ﬁrﬁ?&'@é‘d'ﬁrédéé‘ttéﬁﬁumw Qé EBmpbnentel ubl @hiehethal such as
polynmeric particle he resul tlnsglns b Eddfﬁec'f'ca||¥g %und pr oduct
e

can be separ@AReN¥e opd ygerrcieptbfe AR eFWB PEAERCoR S €eREF f ugat i on

or other suijgin&dseparation techniques. Detectlon of the captured nucleic

aci d strand can be acoguptl shedosLLesbhynishasagePbeopREREIENCar y

t hereto, or |nd|rectly or ‘nmore In |gonucleot|des to
whi ch a | abef bk paoben ceembrahngdr suckeds the polyamlde membranes

marketed by Pall Corp.
The membranes can be used as a separate

substrate with suitable containers for carrying out
other steps of the assay. Preferably, however, they
are mounted as part of a test device. Various test
devices are known in the art including those described
in US-A-3,825,410, US-A-3,888,629, US-a-3,970,429 and
US-A-4,446,232. Particularly useful devices are
described in US-A-4,921,677.

Any useful solid support can be used for
separation of water-insoluble product for detection,
including a microtiter plate, test tube, beaker,
beads, film, membrane filters, filter papers, gels,
magnetic particles or glass wool. Particularly useful
solid support materials are polymeric beads generally
having an average particle size of from 0.1 to 10
Hmeters.

The detection can also be carried out by
immobilizing a capture probe on a flat substrate, such
as the microporous filtration membranes descrlbed i
above, or on thin polymeric films, uncoated papers or
polymer coated papers, a number of which are known in

| n order



-21- Alternatively, the anplified product can be separated from
undesired materials by using an oligonucl eotide conpl enentary thereto,

whi ch ol igonucleotide is attached to an insoluble substrate (such as

pol yneric particles) using known attqg%ﬂpnt t echni ques. One such techni que
I's described in EP-A-0 439,222. O her ‘t'echni ques are_ descri bed for exanple
in US- A-4, 7dise 328t . WOORhES/ GEICE Ign i B- ey onaBer 81 8T € nt er nedi at e

oIigOnucIengg@§dgaeigsg¢_hno@dudnj;@;ed product of multiple conponents to
whi ch the capture oliggnu Iq tide and anplified nuclei o are joi ned.
Usef ul separation nea ea%@ aF?Pﬁﬁ%r ??r%f?ohnﬁgﬂé?éné such as the
pol yam de nenbusuesteatket pdamtilksd lofCartpls inventionThandealeanet can be
used as a s ‘ate sybstrate s ' CONY ScEAbagakr ¥irag out

ot her stéps’ggé%ﬁ?hgoaggaasﬂé’?e"ygﬁ gbrf%r{)ﬁgl'vé@'er ng? glgéa(r:e ma)lgnt ed as part of
a test devilee wehghbuyniess @Sieedyisq 94RMn in the art including those

described in US A-3, 885p&iRkindElnet &2 XhémdcycDed, 4Rerta-

US- A-4, 446, 232. Particul arly useful, devi-ce describ i .

US A 4, 921 6mer Corpotatigh, Iananed e ol EheREah Flctdza)  yps
separationuﬁedmméthinhelmﬁb&qﬁuggunubewamh&iii¢@hionﬁeIuding a mcrotiter
plate, ! estyliBeraPRBECHrf9aLY WJdildNcHERIA s Lhd! EhErmbLbLST cBaPer s,

gel s, nagné¥| partrcleS or ass wool . Par |cu?ar%% useful solid support
materi al s drebest ynMinerpda®s lgsas AUty Mo @h BDerRgAYPSXEse e size of

fromO0.1 toHfiherehPRi8hSmixture to pPrv&let esvaporaaionl aadbe carried out
by immobilizing a cagture probe on a flat substrate, such as the

m cr opor ousCPR¢eRERFSR enbr anes described above, or on thin pol yneric
films, uncoated paperghemipellytestc gaad qapkt §icat honbewere whi ch are

known in carried out using a dual-sided heater and processor as
described in EP-A-0 402,994. Thermocoupled chambers in
chemical test packs were used to monitor the
temperatures. These chambers were formed from a sheet
of polyester (0.01 cm thickness) coated with
polyethylene, folded over to provide a circular chamber
(sometimes called a "blister®) 1.3 ¢m in diameter. An
opening was provided to permit the addition of the
polymerase chain reaction mixture which was drawn into
the chamber by vacuum. The opening was then heat
sealed. After amplification, a corner of the chamber
was cut, and the solution was transferred to a
microfuge tube (0.5 ml) for storage at 4°C until
detection of the products was carried out.

The polymerase chain reaction mixture (100

ml) included tris (hydroxymethyl)aminomethane buffer (10
mmolar, pH 8), potassium chloride (50 mmolar), '
magnesium chloride (10 mmolar) 4ATP, 4CTP, 4GTP and
dTTP (1.5 mmolar of each), primers (identified below, 1
pmolar of each), gelatin (0.01%), thermostable DNA
polymerase (from Thermus aquaticus), recombinant. form-
obtained from Cetus Corp. (75 units/100 ml).



-22- the art. O her details about such materials are provided in EP-A-0 408
738. The followi ng exanples are included to illustrate the
practice of this invention, and are not neant to be limting in any way.

Al'l percentages are by wei ght unl ess otherw se noted.

Per ki n- El mer Cetus thernocycler (Perkin- Elnmer Corporation, |abeled as "DNA
Thermal Cycler") was used with the m cta¥-uge tube anplifications.

Tenperature profiles %%y%sg‘{%% Ui ddiemmReauphed déthaseidd nsd ol |

was put on top of the se chain reaction mxture to prevent

evapor at i on aadfeddgwssandiere compleme{ARYcHO (& A% K T 9%ati ons
were carriedggit vygu8d a dual -sided heater and processor as described in
EP- A-0 402, 994. Thernocoupl ed chanbers in chemi cal test packs were used to
nonitor the tenperatures. These chanbers were fornmed froma sheet of

pol yester (0sf@ & NOi:akness) coated with pol yethyl ene, folded over to

provi de a circul ar ¢hagbRiESRuBrBeCHHhIGcICABRAOEELS) 4nd Cm in

di aneter. An openi ng was prov to permt the addition of the pol ynerase
chai n reacti 8RRt BPe 2shi ch was drawn into the chamber by vacuum The
openi ng was then heat seapefaTéthec eAPCCEAGEAI GGAGAARTFAer of the chanber
was cut, and the solution was transferred to a mcrofuge tube (0.5 m) for
storage at 4[err]Cuntil detection of the products was carried out.

The pol yner asheckann Xr espiresenti s thirat in G tighed dihrpugh an

tris(hvd . , I | ) .
CL: zﬁi éer ?g%gﬁm%l}slgrg)%?an%%qﬁéla _umd(:ll&);é()drelir dsfaﬁé(% 06@7?36%3 ?J_éd%)‘l'gP,d}?C?;SI SQTP and
o

dTTP (1.5 rmBraFesurescidesgrihad 41 iYRsh144% w, 1 [err]nplar of

each), gelatin (0.01% THehgrinssrb|conpleneitamyr dxe gtrandsief firs

aquati cus), rgcgnbigﬁy from obtai ned from Cetus Corp. (75 units/100 m).
globin were:

SEQ ID NO:3:
51 -X~-CAACTTCATC CACGTTCACC-3*' and
SEQ ID NO:4:
5 ' ~ACACAACTGT GTTCACTAGC-3'
wherein X is as described above.

All primers and probes were prepared by
standard phosphoramidite chemistry, purified by high
pressure liquid chromatography and characterized by
base composition analysis and electrophoresis high
pressure liquid chromatography.

1 The capture probe for HIV-I DNA was as
follows (SEQ ID NO:5):
5t -X-ATCCTGGAAT TAAATAAAAT AGTAAGAATG TATAGCCCTA C-3'
wherein X is as defined above for the primers.

The capture probe for P-globin DNA was as

5 follows (SEQ ID NO:6): |
5 - X-CCTCAAACAG ACACCATGGT GCACCTGACT C-3'
wherein X is as defined above.

The probes were attached to particles of .
poly (styrene-go-acrylic acid) (97.5:2.5 molar ratio,

) 1.3 .umeters average diameter). A suspension (1%) of



-23- The prinmers used for H V-1 DNA detection were as follows and
were conplenentary to the gag region of the virus: SEQ I D NO 1:

5' - X-TTTGGTCCTT GICITATGIC CAGAATGC- 3" and SEQ I D NO 2:

5' - ATAATCCACC TATCCCAGTA GGAGAAAT- 3' wherein X represents biotin attached
- through an am notetraethyl ene glycol spacer group using the procedures

' described in US-A-4,962,029. ~2ffTe prinmers conpl ementary to strands

"of [err]- gl ehlenp@&l/t\,l\é%% in aQdiAdNButfer (0.1 molar, KHBAE)T(akh
CACGTTCACC- 3! _an

GTTCA
wherein X is 35 Eglﬁ’&dwéﬁ&@ (N- morphollﬂcﬁ epﬁ)}af%aﬁé&ﬂ égwere
prepared by buffear d OpRoswlaranipdi 60 .chdnissmpl e mﬁmee@wa@paﬁ gh pressure

- liquid chronppogy @a@é 389 3" %t wf@& bpy hase mmasaéd %aﬁql-y@-s and

el ectrophoresi s h| pressure |qU|d hr.omat ogr.aphy. e capture
probe for élwebhxlﬂaénagrpewldw§1ﬁ§§th9qh9¢blm¥96 %X@F@Eﬁ@ﬁﬁﬂ
TAAATAAAAT A@M%IGoTAIe@CﬁGVMC&fﬁmr Qind XHe apprdpiired grare for the
pri mers. (28.8 ml"2£C30LY BYhI G Updrd Watdi$2! Nl 8%13% ng

mixture was rotated end-over-end at room temperature

for 15 hours,.centrifuged and the particles were washed

three times with nanopure water and resuspended therein

(1% solids).

HIV-I DNA target nucleic ac;d sequences were

either M13/HIV (a 180 base pair segment of HIV-I cloned

into M13 phage using standard procedures), or HUT 78

cell line DNA (a cell line which contains a single

integrated copy of the HIV-I genome). These targeted

sequences are prepared using standard DNA purification

procedures.

The B-globin DNA target nucleic acid sequence
was in human placental DNA (10 mg/ml) which is assumed
to have two copies of the PB-globin gene per cell.

The detection of the amplified nucleic acid
was carried out by using either agarosé gel
electrophoresis (3% NUSIE:VETM agarose and 1% agarose,
stained with ethidium bromide, or capture and detection
in a SU_RECELLTM disposable test device and capture with
the capture probe.

_ A salt buffer solution (250 ml) comprised
sodium dihydrogen phosphate (10 mmolar, pH 7.4), sodium
chloride (150 mmolar) and ethylenediaminetetraacetic
acid (1 mmolar). '

A leuco dye composition was prepared
containing 2- (4-hydroxy-3, 5-dimethoxyphenyl)-4,5-bis(4-
methoxyphenyl)imidazole as follows: = .
Solid leuco dye (to make a 0.1% solution) was dlssolved
in a solution of poly(vinylpyrrolidone) (20%) in sodium



follovis (SEQ I D NQO 6): 5' - X- CCTCAAACAG ACACCATGGT GCACCTGACT G 3
wherein X is as defined above. The probes were attached to
particles of poly(styrene-co-acrylic acid) (97.5:2.5 nolar ratio, 1.3
~[err]meters average dianmeter). A suspension (1% of
. -24- the particles in glycine buffer ¢8sl nmolar, pH 8.5) was washed twice
- with 2-(N-nD hollno el hanesul foni c ac d byffer nol ar A sanpl e
it 2O rocphoLnoletpRce L Lonts, acl d DhpLer L0, 1) SRR A
di met hyl anm rogpdedytd- 8- sbhyt tanbofii hyiidegkndpecbixadiedd 100 mire Lalr }of 100
Ty Dull oTd: MR0at 02, ARBLARE 1 BhE 81 BBEr(R0CRaRb Bl AfedcReM nanODUI @

S m X

water). The re Ure was rotate over-en room t enper at ur e
for 15 hour§mmébﬁ¥}|?B@e@laﬁhyiﬁéebéi?mépﬁgeﬂéﬂéCﬁ&éﬁeé°ﬁﬁ¥ee times wth
nanopure wat@ﬁewdmgsageﬂademtmbeaﬂ)(1% 8§64 df) phosphate bulfiférl DNA

target nucl seq 3/ I ( a pai r segnent
of HIV-I clgﬁédg ?%Cﬁmg g Sﬁg é anaN%dogr ge Sig%fg §%dHUT 78 cel
| i ne DNA (a.QeQ¢5%|heummldhecontalns a single integrated copy of the H V-I

genone) . These targetegd §€HHSE‘&€§df‘ﬁ%@%&@f‘é@@sﬁ%@%&&é@@@d DNA
purification procedures. [err]- DNA target nucleic acid

sequence\MnFQWﬂ?ﬁﬁ%ﬂ %?%c%h?%}nfﬂw@{QB %ﬁ?ﬁ@)Lﬁﬁﬁehapg gadyked t o have two

copi es of the: §&00]witeba npyesshaee veffered saline sbeudébacti on of the
anplified nuclelc acid was car gbg %bygu3|ng ei t her agarose gel
to

electrophorég? ?%@}RﬁEf?iﬁiﬁr nd 1% agarose, stained with
et hi di um br ewdxighobinehptopanesil tien ect #obdi huf £8URKETEL| mmodagpopHbl e t est

?g\éloca ;‘”goc'rr%ﬁﬂr%xd"' tRihEFoSAPIHEEsPEPRRIve (0.01%) .A TRk shnukher solution
conjugate concentration was 156 ng/ml. The phosphate
buffered saline solution contained sodium phosphate (25
mmolar, pH 7.3) and sodium chloride (75 mmolar).
Polymerase chain reaction was carried out in
either microfuge tubes (100 ml) or in chemical test
packs (180 ml) as noted above. The polymerase chain
reaction solution containing the HIV-I DNA target (10
16 molar) and the appropriate primers was amplified for
the noted cycles with noted temperature steps as
indicated in the examples.
In the assays where the SURECELL

test devices are used, the probes on the polymeric

™ disposable

particles (1 ml, 1% suspension) were deposited in
defined regions of the microporous membranes (uncoated,
S mm LOPRODYNE ¢
A portion of the polymerase chain reaction solution (5
ml) was mixed with the buffer solution (95 ml) and

nylon) in the test devices and dried.

incubated at 95°C for 5 minutes to denature the nucleic
acids. The solution was then transferred to the test
devices to hybidize the amplified target nucleic acid
to the immobilized probe on the membrane at 42°C. The
test wells of the devices were washed with a solution
(250 ml) comprising sodium decyl sulfate (1%). in the



sodi um-di hydr ogen phosphate (10 nmol ar, pH 7.4), sodiumchloride (150
nmol ar) and et hyl enedi am netetraacetic acid (1 mol ar). A | euco
dye conposition was prepared containing

2- (4- hydr oxy- 3, 5-di net hoxyphenyl ) -4, 5- bi s(4- net hoxyphenyl )i m dazol e as
follows: Solid |euco dye (to make a 0.1% sol ution) was dissolved in a

. solution of poly(vinylpyrrolidone) (20%96+n sodium

-25- phosphat Iar soI tJd op. was the added to a

sol ution of ‘ért 3’&1‘9{&4 % ahrfm% ‘i b‘ﬁg‘f‘ﬁﬁﬁ?/a%% Wt de el ectron
transfer agemon(tsurmm a&rhe m@mMmawmmmwehﬁaaobm@lwmng

chel ating agenig Gl JETRIGH Juddlt & drdtin SUGSR I CrOBth | Edmpd Paiiflluga® i nal

concentration_qf 1% pol ynmer and ..005% | euco dye.

strept avi di n@idrsEedhdiasif koy Fhrpugh theTeEieanes- ob‘i‘%”r%o“’(? om Zyned
Labs, and di mihedes]: &MY tudth vaem&pénaé endslid@ragh sl | NPhe ol elicon

t ai ni h buf f
(200" mol ar . 838 CorgiotTah (g AY it LM PIRGIL NS e, L
conj ugat e con@@nhaé;tedomma@%ﬁlweﬁatm fowsdhiminutesif f sFedivwml i ne
sol ution CO“E%'l@%d s%Q‘i’JtLi'BrPh(fUSFﬂﬁt %@%ad@@l 3e[nd Phe - Re K el um

chloride (75 e chaip react’ion was ried out
in either n{'%iréﬁ‘é’st G‘I?egs"(lfdf?lrﬁyj %?54%35 c‘g?nﬁ’e%‘f 1‘530 m) as
not ed above. tdha Opdhyiedte ddraity )r eamadtgmlndlmammgﬂwem the HI V-1

DNA t ar get (éﬁtk%ehh'ﬂ’o?rf ée%%rg]eorﬁ%eo%é:%:earpé SIRL a?d%ﬁ’?#mlh died for

the noted cycC erature steps as | e exanpl es.
In the assay§eﬁ/ﬁerégtll¢@58m{r{lé?g(]t QPFeRef e test devices are used, the

probes on the pol yneri gdialdliddt@ophbrlsi sl %3 SRansi &) o sy C&i@ﬁkd ed in
the reaction mixture containing amplified target
nucleic acid (6 ml) to agarose gels (4%) which had been
prestained with ethidium bromide (4 ml, 10 mg/ml). The
gels were electrophoresed at 160 volts/cm for 1 hour
using an electrophoresis buffer (600 ml) containing
ethidium bromide (24 ml). The buffer was a mixture of
tris (hydroxymethyl)aminomethane, borate and
ethylenediaminetetraacetic acid. The resulting bands
were compared to molecular weight markers, and the
product band intensity was scored (115-mer for HIV-I
DNA and 110-mer for B-globin) according to the scale (-
., W=, W, w+, +, ++ and +++) with (-) being the weakest
signal and (+++) being the strongest signal.
Examples 1-2 aAmplification Comparisons

These examples compare the method of this
invention for the detection of HIV~-I DNA (gag region)
with amplification of the same targeted nucleic acid o
using a standard method taught for example in US-A-
4,965,188.

Three Control methods were carried out so
that amplification was done in microfuge tubes.. & ..
Control A required 350 seconds for an amplification
cycle (Steps B-D), and had the following steps (the



¥ .

defined regions of the m croporous nenbranes (uncoated, 5 nm LOPRODYNE[ err ]
nylon) in the test devices and dried. A portion of the polynerase chain
reaction solution (5 m) was m xed with the buffer solution (95 nl) and

i ncubatéd at 95[err]C for 5 mnutes to denature the nucleic acids. The
solution was then transferred to the_tgst devices to hybidize the anplified
target nucleic acid to the i nmobi | i ze probe on the nenbrane at 42[err]C
The test me¢i@eoﬁn@heOGEVE@eﬁoﬁeWéSmH§ﬁédiﬂnFheahgéFéﬂgoHP(EBQ m )

conpri si ng 8981 YAy Adgs¥Hh ﬁHh&é&eofl%%elatb Q)
-26- salt buffer solutlon at 55[err uffered S |Uth éon&glnlng t he
o\

streptavi di n conj ugat 8*€BoAr cOAFY ﬁ|ﬁ5r§ngsn§e5p GAP s added at
roomt enpergsecefandabbhowed secbhdw.t hrough t he nmenbranes. ﬁﬁter t wo

T e adted the desrelsh? /atRElaRARLNr AN 8LiaHAT GYEeBBBIRL!! ON (50

m ) was added, the devrcC were'in room tenperature
M nutes. Sokel uandzheddsat ubb3a FgrlﬁPomés39d§§§°n§ﬁdt9héaé§é ﬁﬁeﬂhe

menbranes was MiBHahlYeIkhPERItAR BrédmBsktly scale of 0 to 10 (highest
density). Background readings were obtained frogl glons ondtg Eenbrane
surroundi ng the test ?EﬁPoﬁs conPgi RiKGUrRe¥pPongated to and hgl

eIectrophor&6|EOﬂastﬁralpdrmuﬁ by aHdungGDhSeceadblon foxtmupeimemt ai ni ng

anplified t (6 M) to agarose gels (4% which had been
pr est ai ned §f€%£%?§ 8dB %%1de (4 M, 10 ng/ ). The gels were

el ect rophor esed at 166teplDs/chharr@ShéuiHGSbmgrédiéﬁécprgghétésis buf f er
(600 m ) COﬁé?é”hBHa@EPéd'Hg;ﬁégﬁhﬁa eﬁém”tb 9§h@ bybken pagidamoxture of

tris(hydro é ) am nonet borate and hyl enedi ami net etraacetic
acid. The r %%PtPﬁgaBSHHssQBFECEBﬁﬁaréadtﬁaﬁBFé&UFQH #8A§ht markers, and
the producttémpdrabheasEby uwbsuscl0edecdhlsner for Hi V-1

Step E: Steps B through' D were repeated 31
times.

Step F: Detection of the ampllfled target
HIV-I DNA was carried out in SURECELL dlsposable test
devices using the procedure described above.

Control B was similar, requiring about 240
seconds for an amplification cycle, and having the
following steps:

Step A: Target strands were denatured at
95°C for about 15 seconds.
~ Step B: The denatured strands were cooled

to and held at 53°C for about 30 seconds to cause them
to hybridize with the primers.

Step C: The mixture was heated to and held
at 68°C for a period of about 30 seconds to form primer
extension products. |

Step D: The resulting hybridized products
were denatured by heating them to 95°C, and maintaining
that temperature for about 15 seconds.

Step E: Steps B through D were repeated:31
times. '
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DNA and 110-ner for [err]-globin) according to the scale (- w=, w, wt, +,
++ and +++) with (-) being the weakest signal and (+++) being the strongest
signal . Exanpl es 1-2 Anplification Conparisons These exanpl es
conpare the nethod of this invention for the detection of H V-1 DNA (gag
region) with anplification of the sanggbargeted nucleic acid using a
standard net hod taught for exanple in A- 4,965, 188. Thr ee
Control met hods were szep &d ouDenedﬂxﬂnznﬁﬂQHQ(ﬁnnkﬂfN%é Horeet n

m crofuge ty t r 3 I
ILELouge HeORy ARl fafei sheish sypmm snmasmibissesion cyol

-27- time uﬁﬁ&é@ﬁﬁtéélﬂért%&spﬁﬁgﬁqq¥qIﬂ?%ﬁﬁﬂq?QJQR?%ﬁmlcoollng down
phases of the steps): 1n Control &, epmli fikatgein Masroer mee@ olenat ured at

95[err] C for _abou Q.%? £idig Q£H5 g strands
were cool ed? ?6n3ngh F&iggwgéﬁePFfesnguﬁg%ht secon Sﬁ?o cause themto
hybri di ze wtimet fetppsnBr®) of about 1&Gkepegondsthe ni xture was heated to

and held at 70[err]C gggpaAperlqu@égﬂyygaﬁa§sugggukéﬁétdﬁgdmgulner
ext ensi on products D The resulting hybridized products

wer e denatu?@ﬂcb§oﬁe§PPH§ 9ﬁe§@F8“§§[err]C over a period of tinme of about
60 seconds and mai nt gtepn@: thamhbem@maﬁuﬂeﬂfsnraﬂﬂnnwéibsnmmﬁm&

Step E &p t hr augh repeat t Step F:

Det ecti on o EéBSnSVFF|8dBF2§§§t°E %§1qg$§%%é% carrled out_in

SURECELL[ err] di sposabtept €st d@hiecacagsiinn et sAfF hekd % bed above.
Gontr ol & d"‘ﬁ§°é' Folrah peeqd’ b9 8RRt 13 G aRsRiitd ord ﬁfmhéfl cation

cycl e, avin
_ exten31on products.

Step D: The resulting hybridized products
were denatured by heating them to 95°C over a period of
time of about 50 seconds, and maintaining that
temperature for 15 seconds.

Step E: Steps B through D were repeated 31
times. |

Step F: Detection of the amplified target
HIV-I DNA was carried out in microfuge tubes as
described above.

Example 1 was similar to Control C except
that the amplification cycle time was about 100 seconds
with Steps B-D having the following t}mes:

Step B: about 49 seconds.

Step C: about 1 second.

Step D: about 49 for heating and 1 second
at the temperature.

Example 2 was similarly carried out but test-’
packs were used for the amplification. The
amlification cycle time was about 59 seconds with Steps
B-D having the following times and temperatures:

Step B: about 9 seconds cooling to ﬁG?g,

Step C: about 40 seconds at 66°C. o



fol | ow ng steps: Step A Target strands were denatured at
95[err] C for about 15 seconds. Step B: The denatured strands
were cooled to and held at 53[err]C for about 30 seconds to cause themto
hybridize with the priners. Step C The m xture was heated to
and held at 68[err]C for a period of about 30 seconds to form priner

ext ensi on products. Step D: ~29The resultlng hybri di zed products
were denatured by heating themto _95[err]C, a |nta|n|n

tenperature for about S5€BePéndsabPe [: ]S §B§p¥% r'§teps gtIﬁhﬁat‘lrough D
were repeat eghdmdimEsining the temperature for 1 second. -28-

Step F: Detection of the anplified target H V-1 DNA was carried out in
SURECELL[ err] disposabl e test devices using the procedure descri bed above.
In Control C, anplification was carried out using the follow ng steps and
an anplification cycle tine (steps B-D) of about 130 seconds:

Step A Target strands were denatured at 95 err]C for about 15 seconds.
Step B: The denatured strands were cooled to 65/ err]C over a period of
about 50 seconds. Step C The reaction mxture was held at
65[err] C for a period of about 15 seconds to form priner extension

pr oducts. Step D The resulting hybridized products were
denatured by heating themto 95[err] C over a period of time of about 50
seconds, and naintaining that tenperature for 15 seconds. Step E
Steps B through D were repeated 31 tines. Step F: Det ecti on of
the anplified target

i



H V-1 DNA was carried out in mcrofuge tubes as described above.

Exanple 1 was simlar to Control C except that the anplification cycle tine
was about 100 seconds with Steps B-D having the follow ng tines:

Step B: about 49 seconds. Step C about 1 second.

Step D about 49 for heating and 1 seppnd at the tenperature.

Example 2 was simlarly carried out but_test packs were used for the
anplifica&ion. The anlificatioh by?lé B neTwas about 59 seconds with Steps

B-D having the following tines and tenperatures: DyveSSegnd&l  about
9 seconds cooling to 66[%931' ~ Step C about 40 seconds at
66[err] C - 29- Step D
about " 9 secoMegthirda dleRuc : i3 B2 2 BREXGTE ri
second. Control A 360 500 8:80- 5 2.5 _
TABLE | Dye Si gnal
Cycle Met hod Ti me (sec) Cbﬁpgs A%s%y 1Bgckground
Control A 360 500 108.5 5.52.5 1.5
200 7.0 1.8 50 5.5 4.0
25 3.5 2.0
10 2.8 2.0
0 2.0 0.5
Control B 240 500 8.5 2.0;
200 7.5 1.3
100 4.0 1.8
50 5.0 4.0
25 3.5 2.0
10 2.0
0 1.0 0.8
Control C 130 500 8.5 1.0
200 7.8 0.5
100 5.8 0.3
S0 4.5 0
25 3.0 0
10 2.0 0
0 0.5 0
Example 1 100 500 8.5 0
200 7.3 0.5
100 6.0 0.5
50 5.0 1.5
25 3.0 0
10 1.8 0



5.5 1.5 50 5.5

25 3.5 2.0
2.8 2.0 0 2.0
Control B 240 500 8.5 2.0
7.5 1.3 -31- ) 100 4.0
. 50 ' 5.0 4.0
.5 2.0 10 - 2.0
Example 2 59 5§0 1805 0.3 Control C
500 8.5 200 1.0 7.0 0 200
0.5 0
1 a 6.8 0.3
4.5 0 00 9 25 3.0
10 SO 2.0 5.0 o O
0.5 0 Examplse 1 1003 .3 500 8.5
200 7.3 0.5
6.0 0.5 10 1.5 5?) 5.0
25 0 3.0.5
Tke amplified é&oducts were3QetecE§d aF dsscrlggd 5365

abo¥e, and the visual density values are shown in Table
I above. The signals were evaluated at different
numbers of ®copies®" which refer to the number of
targeted nucleic acid molecules per 100 pl of reacg}on
volume. Examples 1-2 demonstrate that a much faster
amplification cycle time can be used to provide high
density in signal while background is significantly
diminished. The Control methods require longer cycle
times to obtain dense signals, and, in many cases,
exhibit higher backgrounds.

Examples 3 & 4: amplification and Detection of HIV-
: J_DNA

These examples compare a standard
amplification and detection method like the Controls of
" foregoing examples carried out in microfuge tubes with
methods of the present invention carried out with
extremely short cycle times in 'a chemical test pack as
described above. The target nucleic acid is HIV-I DNA
at two concentrations, 5 x 10"5 molar and 1 x 10—16
molar. Thirty cycles of amplification were carried out
and detection was accomplished either by using capture-
probes in SURECELLTM test devices or by gel
electrophoresis. A Perkin-Elmer Cetus thermocycler
(labeled as "DNA Thermal Cycler") was used in the

Control method, whereas the thermal processor described



200 7.0 0 100

. 6.5 0.8
50 | 5.0 0 25 3.3 0
10 - 1.5 0 0 0.5 0

" The anplified products were detected as descri bed above, and the visual
density values are shown in Table I above. The signals were eval uated at
di fferent nunbers of "copies" which ret%7 to the number of targeted nucleic

aci d nol eculigs grera-lPudergdd wis rnesedi dm vvé unethdXaePl enid- 2 denonstrate
that a nmuch .faster, anplification cycle tine can be used to provide high
density in ﬁrﬁ'rﬁft*ﬂﬂ‘l e background is significantly di mnished. The Control
met hods require | ongerThy dTentroksnethodthad thessane ggters afadforn nany

cases, exhi bidn UG AR PHdSxam @8I 25) 3 Erthis, thdrpl i fication and
A |

Det ect i Th |
corrggr Log gttmli?té%ﬁﬁ iFOT ARG %ﬁéa%le?é%cléi Hpd nﬁ%%df??ﬁgg?ﬁéégﬁgfol s of

foregoing epaymg.es carried out in mcrofuge tubes with nmethods of the

present invention carrgj,ed g t il i.D.a
chem cal test pack as 'fa’e%c“%%he# a%fo%{ggll’%%?g%ﬁn C ‘J’érﬁ%i%g?g ¢|~"§SHI V-1 DNA
at two concesrztedmt Btk 4@ rEqr reach afidSuers W[and |Pnod@PC FRirty

cycles of agpdd iGaf I ULNRE oyl | GELPHFFROsERD e8] | £na Vpge@cee#p! i shed
ei t her by using c@;ﬁ ure probes in SU CELL%ﬁéﬁrjﬁtest gﬁvi ces _or by gel

el ect r ophor 8%€2 Gx pdhg F e rt 8%, s THER Tl y PRV BL 128 8s " DNA Ther mal
Cycler") wawaisedl ifrdmeiCard rél seddradls. whereas the thernal processor

Sg:gr: ﬁe?he ret hod of THE Smethod of this inventfon' ﬁ-::%ﬁpdig 492h%84 Was

the steps shown for Example 1 abovg so that the
temperature for Steps A and D was 94°C and that for
Steps B and C was 65°C (except for the assay where
cycle time was about 22.5 seconds, when the
denaturation temperature was 92°C).

The results are provided in Table II below.
It is apparent that the method of this invention
provided highly sensitive polymerase chain reaction
amplification even with very short cycle times, whereas
the known control method required a much longer time
and more manipulation of temperature settings.

0



I nventi on. The Control nmethod had the sane steps as for Control A
above (in Exanples 1-2). Thus, the tenperature for Step B was 55[err] C and
that for Step C was 70[err]C. The nethod of this invention

(Exanmpl e"3) was carried out at 94[err]C for each of Steps A and D, 50[err]C
or 60[err]C (49 second cycle only) for Step B, and 70[err]C for Step C. The
cycle tines (Steps B through D) were vagged from49 to 67 seconds. '
The nethod of this invention (Exaqgle-4) q§d Hgf steps shown for Exanple 1
above so that the tenperature for f%ﬁ%gh nd was 94[err]C and that for

Steps B and C was 65[err] C (except for the assay where cycle tinme was about
22.5 seconds, when the denaturation_LeapeLaLuBeEu§5ﬂ92%3r5]C;.
The results are provided in Table Il below. It is apparent t?gt t he net hod

of this invention provided hi hly sepsitiy® polymerase,chaif action
anplification even with V&Y§ ghort c5e¥ei¥+ﬁﬁgixﬁherea§—§héﬂknﬁﬁﬁaEontroI
met hod requiﬁﬁgla Eych !ongeﬁ EiEE_égg]gDre EEgjguLatioaegt tgOpgLaiure
settings. =53 TA

BLE I RESULTS
-5 =416 360 ' @C'E 950X 10 |\4)| ar 7]:0X 10
Mol ar thmmfontﬁ?%ﬁ (sec) CGel * ? Pr obe** Gel *  Probe** Contro
360 ++ pxample B0 67 + ++ 7.0 8.7 + 7.0
57 ++ 8.7 + 7.0
49 ++ 8.7 + 6.5
Example 4 50 ++ 8.7 + 7.3
40 ++ 7.8 + 7.0
30 ++ 8.8 + 7.0
22.5 + 7.8 w= 2.7

*Detection using gel electrophoresis
**Detection in SureCellTM test device using
capture probe.

Example 5: Comparison Assavs Using Test Packs

This comparative example is similar to
Example 4 except that all assays were carried out using
polymerase chain reaction in test packs and the
amplification equipment as described in EP-A-0 402,995.
Two targeted nucleic acids were detected: M13/HIV-I DNA
(5 x 10™° molar) and HUT 78 cell line DNA (5000
copies/mi). Thirty cycles of amplification were
carried out.

The Control method was carried out using 94°C
for denaturation, 53°C for the annealing step and 68°C
for primer extension. The method of this invention was
carried out at several temperatures (first temperature
in the column is for Steps A and D, and the second
temperature is for Steps B and C) shown in Tablej;l{”
below.



Exampl e 3 67 ++ 8.7 + 7 7.0 o 57
++ . 8.7 + 7.0 49 ++ 8.7

+ 6.5 Exanple 4 50 ++ 8.7 o+ 7.3

40 ++ 7.8 + 7.0 30 ++

8.8 + 7.0 3.5 + 7.8 W=

2.7 *Det ection using gel ‘el ectrophoresis **Det ection
in SureCell[err] test device using capture probe. Exanpl e 5:
Conmpari son Assays Using Test Packs This conparative exanple is

simlar to Exanple 4 except that all assays were carried out using

pol ynerase chain reaction in test packs and the anplification equi pnent as
described in EP-A-0 402,995. Two targeted nucleic acids were detected:
ML3/H V-1 DNA (5 X 10[err] nmol ar) and HUT 78 cell |ine DNA (5000
copies/m). Thirty cycles of anplification were carried out. The
Control nmethod was carried out using 94[err]C for denaturation, 53[err]C
for the annealing step and 68[err]C for priner extension. The method of
this invention was carried out at several tenperatures (first tenperature
in the colum is for Steps A and D, and the second tenperature is for Steps
B and C) shown in Tab)] eIl ,bel ow.
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‘34 [err] - 35- The results

are shown in Table Il1l, and indicate that the nethod of this invention can
be carried out using anplification cycle tinmes as short as 18 seconds.
Exanpl e 6: Conparative Exanple Using D fferent Anounts of

Ther nost abl e DNA Pol yner ase This exanple is simlar to that of

|Exanpl e 4 and conpares assays carried out using both m crofuge tubes and
ilong cycle times, and chemi cal test pac%%band short cycle times. Al so
‘conpared were various |evels of thernos | e DNA pol ynerase in _both

m crof uge tubes and cheRhealesedtspasies shown in Ta IBFgered nucleic
acid was HIV-{n aEbOEhEHetﬁégmégﬁb@noEr%%%H Alveéntoang edan abeon of about
5000 coples/100 %err npl. | flcatlo was .carried out, u5|gg 36 cgcles in
each assay, afiti* éFQCPPSnuéanhémH PHQ&}ﬂﬂwﬁﬁéh% GiRes, A3 npPEhedSei t her
by neasuring maesecgndb.(as descrlbed above) with water |nsoluble capture
probes in a SURECELL[err] test device or by

Example 6:

This example is similar to that of Example 4
and compares assays carried out using both microfuge
tubes and long cycle times, and chemical test packs and
short cycile times. Also compared were various levels
of thermostable DNA polymerase in both microfuge. tibes
and chemical test packs.

The targeted nucleic acid was HIV-I DNA from
the gag region present at a concentration of about 5000
copies/100 pl. Amplification was carried out using 36
cycles in each assay, and detection of the amplified
products was accomplished either by measuring dye
sighal (as described above) with water insoluble
capture probes in a SURECELLTM test device or by
agarose gel electrophoresis. A commercially available
instrument (labeled as "DNA Thermal Cycler", available
from Perkin Elmer Cetus) was used for the amplification
procedures using the microfuge tubes whereas a thermal
cycler described above in EP-A-0 402,994 was used with
the chemical test packs. Table IV below indicates the
levels of thermostable DNA polymerase used.

All of the Control assays carried out in
tubes were carried out like Control B described above
in Examples 1-2, except that Steps A and D were
performed at 94°C. Also in these Control assays: Steps
B through D were repeated 35 times (Step E), Step A
required 15 seconds, Step D required 60 seconds to get
to the desired temperature which was then malntalned
for another 15 seconds, Step B required 30 seconds and
Step C required 30 seconds. The total cycle time for



agar ose gel el ectrophoresis. A comercially avail able instrunent (Iabeled
as "DNA Thermal Cycler", available fromPerkin El mer Cetus) was used for
t he .anplification procedures using the m crofuge tubes whereas a thernal
cycl er described above in EP-A-0 402,994 was used with the chem cal test
packs. Table 1V below indicates the | evels of thernostable DNA pol ynerase
used. Al'l of the Control assdys carried out in tubes were carried

out |ike Coehreotoﬁc%icrals g@%\ée bR @) eéeéo{%aseiseepbytcuet wSt@ps A and
D were perforned at [err

so in these ntro Steps B through
D were repeBea§ing PP@E§°P§&&§ BEMRETa W??%chFBH 35 gé%gn3§ € ep D
required GOtBemedycn@rg@humpmdnt(hnuhdubésﬂvemature whi ch was then

mai ntai ned for andthemal3r eg%%%% IRt [AULLRE BRvaREIRHAT dedpster C

requi red 30 seconds
-36- the CoAt tblrougbaps wexe mlezh@%&ﬁ\d@eaérlb9él ényExpMed gt ng and

coo:cl ng tenpeeat BE%?sb‘ﬁ Rhrdudi Y tfeﬁﬂdle:éh@weaysbeuﬁ@w prrsetepgoul d
perform

e as esent invention, s A t hrough
D were carr Pe@P8uP &’§r§e§&rf%’é%'qcﬁ %(Z?rﬁﬂo(é andj eACE; EEIUBTERY 8§8HtD bei ng
repeat ed 351fi gegondisepd Aepivh Rheertensefarued |ahi8l[ eas] C and each
required abg tg%%1§%%9@%§‘éﬁ %§3¥Etggafqyp ?5¥§§ mhgggg VRS mai nt ai ned for
t

an additiona seconds. "Ste equl red abou Secon o cool the
reacti on m xegudred @HQ&ﬁjhé sqeands i §rPhethexreastaRnpRAFGEEef or nat i on

was carriedgguisat .t hgtsye tﬁfﬁ)@iﬂm&e éﬁeésﬁsﬁoiaéédu@ae foetnalk ibne for
each cycle was about, 30 seconds.. The assa carri n _chem_.cal test

packs usi ngWREwCaFSHECs AWt Iﬂ&A Ve ?Eaans 8Ff rﬁr?&'°ﬂ§r°‘ng the 30
second cyclwhblteaalbmumwsﬂdnaeanhndxcleuu&alebobbe3Dasbcoydbe time was

I nsuf fici enfy b0 REAYAS 4G AP Yded d Gl Sc °PEst packs using low
amounts of DNA polymerase were also performed using the
30 second cycle times, but as the results indicate, the
fast cycle time was insufficient to provide the desired
results alone. _

The results presented in Table IV below
indicate that the amplified targeted nucleic acid was
detectable using either capture probes (measuring dye
signal) or gel electrophoresis using the same results
scoring described above. Moreover, assays using fast
cycling times provided acceptable detection of
amplified products only at DNA polymerase
concentrations greater than 6 units/100 gl. The faster
cycle times at lower DNA polymerase concentrations
provided unaéceptable results. '

W



The results presented in Table IV below indicate that the anplified
targeted nucleic acid was detectable using either capture probes (neasuring
dye signal) or gel electrophoresis using the sane results scoring described
above." Moreover, assays using fast cycling tinmes provided acceptable
detection of anplified products only at DNA pol ynerase concentrations
greater than 6 units/ 100 [err]l. The faster cycle tines at | ower DNA

pol ynmerase concentrations provi ded unacegptabl e results.

-37- TABL I : Assay DNA
Pol yner ase Dye EIectrophoresis'IEA\é L EIV (Units/ 100
[err]l) Signal Result Invention(test 8 8.8
+ packs) © Invention(hesh DNA Fdlymerase ODge Electropha@sis
Control (test packs) Y 4 . 1%% HSgntro}:@(test packs
3.3 Cont r ol —{test_packs) (Units/100 g Signal Result
Invention(test 8 8.8 +
) packs)
Invention (test 6 8.3 +
packs)
Control (test packs) 4 1.0 _ -
Control (test packs) 2 ' 3.3 -
Control (test packs) 1 0.5 -
Control (test packs) 0.5 0 -
Control (tubes) 8 7.5 +
Control (tubes) 6 7.0 +
Control (tubes) 4 8.3 +
Control {(tubes) 2 8.3 +
Control (tubes) 1 | 8.0 +
Control (tubes) 0.5 8.0 +
Example 7: Comparison of Amplification Methods
Usi Diff " PLi T 1

This example is similar to Example 6 except
that all assays were carried out in chemical test
packs. The targeted nucleic acid was HIV-I DNA from
the HUT cell line and was present at a concentration of



Control (test packs) 0.5 0.5 - Control (tubes)
7.0

8 7.5 + Control (tubes) ' 6

+ . Control (tubes) 4 8.3 + Cont r ol
(tubes) 2 8.3 + Control (tubes)

1 8.0 + Control (tubes) 0.5 8.0

+ Exanple 7: Conpari son of Am@éjication Met hods

Using Different Primer Levels This exanple is simlar to Exanple

6 except (00 Adpimr/A) Wre e DM AAlYMerAfEUSHd WA hacks. The
targeted putledi Grand #Rf wd/drdddh @md hevddl el . 3 inei e oms present

at a concentration of -38-,. 5000

copi es/ 108-er rhe PrHAGRLPASHFALON ¥aF Waried FThWY 0a‘oqo;l\sletoand was
present atiapnmialr.of Each axpgld/fiQat[ien Mas Barplrddrerutc oniddnt3Git i on was
varied from (1 01 tsfo ]f%;l eré_]dml ar. Each anplification was carried out with
30 cyclesc3F % BY5PS ’ The anplification protocol for the
Control assays requiThed anpidieatiion @irotedoledmridherHeoonk el

assays required a cycle time of 160 seconds. The step
conditions were the same as in Example 6 except that
Steps A and D were performed at 94°C and each required
about 12 seconds to reach that temperature which was
maintained for 1 second. Step B required cooling the
mixture to 66°C over a time period of about 12 seconds,”
and Step C maintained that temperature for 135 seconds.
Steps B through D were repeated 29 times.

The amplification method of this invention
was performed in identical fashion except that the
total cycle time was 38.5 seconds. Steps A and D each
required about 9 seconds to reach 94°C, and that
temperature was maintained for 1 second. Step B
required cooling to 66°C over about 9 seconds and Step
c méintained that temperature for 20 seconds. Steps B
through D were repeated 29 times.

An additional amplification was carried out
using very low primer concentration, that is 0.01
umolar'using the 38.5 cycle time, but poor results were
obtained due to the rapidity of the cycle time.

The results of these assays are presented in
Table V below. They indicate that acceptable signal
can be obtained using primer concentrations greater
than about 0.075 pumolar using the very fast 38.5 second
cycle time. The level of primer of 0.1 pmolar did not
give acceptable signal in this case, but longer cycle
times which are still less than 120 seconds (for
example, between 60 and 120 seconds) would likeli' -
provide acceptable amplification. The Control assays
carried out at 160 seconds provided good signal at all



conditions were the sanme as in Exanple 6 except that Steps A and D were
perfornmed at 94[err]C and each required about 12 seconds to reach that
tenperature which was maintained for 1 second. Step B required cooling the
m xture to 66[err] C over a tine period of about 12 seconds, and Step C

mai nt ai ned that tenperature for 135 seconds. Steps B through D were
repeated 29 tines. The anplifigation nmethod of this invention was
performed in identical fashion except tﬁg “the total cycle tinme was 38.5
seconds. St eP¥ineghddhaerdirateipns eeskodmiit t19e showesls. t oThesehrédfizts] C,

and t hat terrp%uwrl@xd&%%e@'trﬁéﬁr@rﬁefﬁlﬂléécﬂﬁ‘dth@t&& h&aYy Bfacool! ng
to 66[err]C over abog seconds and mai nt al ned at tenperature for

20 seconds. SEC&Fs W@%Q?r%ﬁﬁ%&@%ﬂ@%ﬂt¢?ﬁ§lt1°ns for apn
addi ti onal anghwhmc@MnmEnMﬁbnﬁﬁﬂdﬂﬁtibﬁ aﬁdfﬁydﬁﬁ)tiﬁﬁNEE'GBEaln

concentration [.er.r ng the 38.5 ¢ tine but poor
results were ggkgﬁkggﬁéhé%ﬁlﬁﬁ;Jég)?an@é #%E?ﬁ§%SRH?F¥ ing to t The
results of th@§@5§§§a}§vam¢1gﬁesented in Table V bel ow. They indicate that
acceptabl e signal can be obtained usingyyd Rpr concentrations greater than

about 0.075 [err]nolar using the very fast 38.5 second cycle tine. The
| evel of prinmer of 0.1 [err]nolar did not give acceptable signal in this

case, but. | ongessay @eimernasewdl ch arpyet ignkess thanEi%@t%%@@@%sﬁfsor

exanpl e, between 60 an con ulrd Tikely provi de acCept abl e
anplification: q 1g% (}S ¥ é( 50 JBEIHAAO, JRBfgEP 1o 0d
signal at all -39- priner
concentrations gxcept t?g | owest . Th@sg1 resul ty dal SO | ndl cate that one
skilled in the art shou and can réadily determ ne the' optlnun1cdhd|t|ons

for a given prinmer concentration and cycle time to obtain

B 1 9.0 9.0 ++ ++

C 0.1 0 8.3 - w

D 0.01 0 0 | - -
Invention = 38.5 seconds per cycle

Controls

160 seconds per cycle

Example 8 Cananian_Qf_mmer_C_QnggnuaLms_f_Q:

Thls example is similar to Example 7 except
for a few changes in reactants and protocol. 2all
assays were carried out with 30 cycles of Steps B
through D. The targeted nucleic acid was P-globin DNA
from human placental DNA. The primers were as
described above and were present at various levels.
HIV-I DNA (HUT cell line present at 5000 copies/100 pul)
was also present and amplified in all of the assays
using a primer level of 1 pmolar.

In the assays, Steps A and D were each . _.
performed at 94°C requiring about 9 seconds to reach
that temperature which was then maintained for 3



acceptabl e anplification and detection according to the present invention.

Table V Assay Prinmer Level Dye Signals El ectrophoresi s
([err] ol ar) I nvention Control Invention Control A 10

' : ++ ++ B 1 9.0 9.0
++ ++ C 0.1 0 8.3 - w
D 0.01 0 0 - - | nvention =
38.5 seconds per cycle Controls = 160 seconds per cycle Exanple 8
Conpari son of Primer Concentrations for —40- Amplification Methods
Thijs eX?rrpl"Ie | $egomidsar m@we@ﬁé@@?ﬁol{tgrsﬁé@wrwa&?ecs&én d}é@ﬂ] antsh
and protoco assays r | e ut_ wi cles o eps roug
D. The target ed nﬁ?lr&% ag%g ' ]CO %I%ch tm%%rﬁ}?‘. p‘?’%ﬁ%nt al DNA

The priners wekemperasuge, bb@htalt(bxﬁetame viere prasbertt formatiouwdsvel s.
HI V-1 DNA (HUTvS%Ed' ‘uBe tBr ‘i%%mse@on'&()(%d}o@}@/ﬂ%érﬂf r:]x{\)ex’ﬁ‘?for?' Sefhd

present and anpl i he assays using a primer |evel
[err]nol ar. P t° 4Ionst ﬁ@cé’§§32§y§°r8tt€’g% Cort¥® D a%5aY Sach perforned at

94[err] C requi ri ng about Thes¢esndt st dn &atth tdiad diver aind &gethi ch was t hen

mai nt ai ned fore%ectrophoretic results are shown in Table VI below for
amplification and detection of the PB-globin DNA. It is
apparent that a primer level below 0.075 pmolar does
not produce acceptable amplification and detection for
the present invention using short cycle times. It does
produce a signal in the Control assays using
undesirably longer cycle times. The primer level of
0.1 pumolar yields acceptable signal at 60.5 second
cycle times but not for 40.5 second cycle times. This
indicates that within the practice of this invention,
one skilled in the art can readily adjust cycle times,
primer concentrations and other parameters of the
invention to obtain acceptable results using much
faster cycle times.



-40- seconds. Step B required about 9 seconds to cool the mxture to
66[err]C. Step C was carried at at the sane tenperature, but the tinme for
product formation was varied up to 120 seconds for the present invention,
and up to 140.5 seconds for the Control assays. The results in
both dye signal and gel electrophoretic results are shown in Table VI bel ow
for anplification and detection of the [err]-globin DNA. It is apparent

that a priner level below 0.075 -[err]nolagidoes not produce acceptable
anplification and detection for the present invention using short cycle
times. It does produce a signal in the AT assays using undesirably

| onger cycle tines., The prinmer level of 0.1 [err]nolar yields acceptable _
signal at 60.5 nd le time ot for 40.5 seconghgﬁﬁpﬁﬁtines. Thi s

i ndi cates that éf?ﬁ?nTgﬁé practi?ggb‘nghis i nvention, on din the

art can readily adjust cycle €PRESntpataeRr concentrations and ot her
paraneters of theddymiy) on to ofjirdlarccept abbger €34y USi ) gBiGIHf ast er

cycle tines. Tabl e VI! g%cle Ti me
Pri mer Rest-5 Cenecen iSRS

:
30.5 I:O 9.5 ++
30.5 0.5 7.0 ' W+
30.5 0.1 : 0 -
30.5 0.05 0 -
40.5 1.0 10 D4
40.5 0.5 10 ++
40.5 0.1 0 -
40.5 0.05 0 -
i 60.5 1.0 10 +++
"60.5 0.5 9 ++
60.5 0.1 6.3 +
60.5 0.05 0.5 -
140.5 1.0 10 +++
140.5 0.5 10 4+
. 140.5 | 0.1 9.8 ++

140.5 0.05 9.5 ++



(ii)

(iii
(iv)
(vi)
(vii
(x)

(x1i)

(2)
(i)

(ii)

(iii
(iv)
(vi)

{(vii) IMMEDIATE SOURCE:

(x)
(x1i)

MOLECULE TYPE:

primer for the gag region of HIV-I DNA

HYPOTHETICAL: No

ANTI-SENSE: No

ORIGINAL SOURCE: Synthetically prepared

IMMEDIATE SOURCE: Synthetically prepared

PUBLICATION INFORMATION: None

SEQUENCE DESCRIPTION: SEQ ID NO:1:
TTTGGTCCTT GTCTTATGTC CAGAATGC

Oligonucleotide useful

INFORMATION FOR SEQ ID NO:2:

SEQUENCE CHARACTERISTICS:

(A) LENGTH: 28 nucleotides
(B) TYPE: Nucleic acid

(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

MOLECULE TYPE:
as primer for the gag region of HIV-I DNA
HYPOTHETICAL: No
ANTI-SENSE: No
ORIGINAL SOURCE:

Oligonucleotide useful

Synthetically prepared
Synthetically prepared
PUBLICATION INFORMATION: None
SEQUENCE DESCRIPTION: SEQ ID NO:2:
ATAATCCACC TATCCCAGTA GGAGAAAT

(seconds) ([err] ol ar) Dye Si gnal El ectro-
phoresi s 30.5 1 9.5 ++ 30.5
0.5 ' 7.0 WH 30.5 0.1
0 - - 30.5 0.05 0 -
40. 5 1.0 10 +++ 40. 5
0.5 10 ++ 40. 5 0.1
-0 - 40.5 0. 05 0 -
60. 5 1.0 10 -42- +++ 60.5
0.2 2 s@gug%m 0.1
6.3 + _ 60.5 : 0.5
- 140.5 1.0 10 +++ 140.5
0.5 (1) ft@FORMATION FOR ﬂﬂ%é 1: 0.1
9.8 ++ . 5 9.5 ++
-42- 1) SHRQBUGE GW’ERH’SI%\FGQMW ON FOR SEQ I D NO 1:
(i) SEQUENCE CHARACTER SB)CS:.LENGTH: 28 ()cléd@N@és 28 nucl eoti des
(B) TYPE. Nucleic aCId(B) TYPE: Nucleic acid
(C) STRANDEDNESS: Single
{D) " TOPOLOGY: Linear



(C) STRANDEDNESS:  Singl e (D) TOPOLOGY: Linear (i)

MOLECULE TYPE: digonucl eotide useful primer for the gag region
of HI V-1 DNA (iii HYPOTHETI CAL: No (iv) ANTI-SENSE: No

(vi) ORIG@ NAL SOURCE: Synthetically prepared (vii 1 MVEDI ATE SOURCE:
Synthetically prepared (x) PUBLI CATI ON | NFORMATI ON: None (xi)
SEQUENCE DESCRI PTION:  SEQ I D NO 1: ~ TTTGGTCCTT GICTTATGIC
CAGAATGC  (2) | NFORVATI ON FOR SEQ | D Ne#2- (1) SEQUENCE
CHARACTERI STI C§ L, o0 2 | goti des (B) TYPE
Nucl ei ¢ acid ) Iv?gé%N@g[g% ﬁ%ﬁér% (D) TOPOLOGY:

Li near (ii) MoLEOUL 5Q¢E§CECfﬁﬁ%ﬂ@?F%BgTﬁﬁsasefuI' as primer

for the gag region of HI M) OMANGTH: (120 nyEEsEI8e8L:  No (1v)
(Vi 1) INNEDI ATE SOURCE. SRR hetT o 1 VDY EBAF 29 (30 PUBLI CATI O
| NFORVATI ON: None (x(Q) SEEYRANBPEDESER PTSONI16EQ | D NO 2:
fﬁé’éﬁ%ﬁ%ﬁ&mg’égfo % i3: i:po;g?é‘ SEGLRRCE CHARACTERI STICS: 3 (3)
(A) LENGTH: 20 nucl &bt} J4QLECULE TYPER) Qifgonugieefddgcpgeful
as primer for B-globin DNA
(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:3:
CAACTTCATC CACGTTCACC

(4) INFORMATION FOR SEQ ID NO:4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 nucleotides
(B) TYPE: Nucleic acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(ii) MOLECULE TYPE: Oligonucleotide useful
~ as primer for B-globin DNA
(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:4:
ACACAACTGT GTTCACTAGC



(C) STRANDEDNESS: Singl e (D) TOPOLOGY: Linear (ii) MOLECULE

TYPE: digonucl eoti de useful as prinmer for [err]-globin DNA
(ii1)HYPOTHETI CAL: No (iv) ANTI-SENSE: No (vi) ORI G NAL SOURCE:
Synt hetically prepared (vii | MVEDI ATE SOURCE: Synthetically prepared
(x) PUBLI CATI ON | NFORMATI ON:© None (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 3: CAACTTCATC CACGITCACC  (4) | NFORMATION FOR SEQ I D
NO 4: (i) SEQUENCE CHARACTERI STI CS: ~44- (A) LENGTH 20

nucl eoti des (5) INﬁ@ﬁMJNT@N ﬁ@ﬁ|§t§ gglﬁo 5. (C STRANDEDNESS:
Singl e MOLECULE TYPE:

OPOLOGY.
A i gonucl eoti de usefh‘ SEQUENCE gﬁ?ﬁAgﬁﬁ Fﬁ}IFérr] gl obi n DNA
(ii1)HYPOTHETI CAL: No (A) | VOENGTH : SENBEhublbeotidesi ) ORI G NAL SOURCE

Synthetically prepared f%£fmk%?éAME§%€ggi§Cgf.' Synthetically prepared

(x) PUBLI CATI ON |NF0R|VAT NCE DESCRI PTION: SEQ | D
NO: 4: CHONAGTRANDERMESAGC Single

-44- (5) | NFORVATI ON FCR(@EQ@(B@@ Linéhy SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 41 nucIFoI q@§LECULE TYPE(E»011gohuchLga eagggful as

capture probe for a sequence of HIV-I DNA,
gag region
(1iii)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:
ATCCTGGAAT TAAATAAAAT AGTAAGAATG TATAGCCCTA C

(6) INFORMATION FOR SEQ ID NO:6:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 nucleotides
(B) TYPE: Nucleic acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
. (ii) MOLECULE TYPE: Oligonucleotide useful
as capture probe for a sequence of
B-globin DNA
(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:6:
CCTCAAACAG ACACCATGGT GCACCTGACT Q



(C) STRA (D) TOPOLOGY: Linear (ii) -MOLECULE
TYPE: CD]Nl “ (ﬂﬂi ml‘ ul as capture probe for a sequence of
HI V-1 gag « egi on (1i1)HYPOTHETI CAL: No (1v)

ANTI - SENSE: No (vi) ORIA NAL SOURCE: Synthetically prepared
(vii) | MVEDI ATE SOURCE: Syntheti cal | y -#epar ed (x) PUBLI CATI ON

| NFORMATI O LADMS - (xi) SEQUENCE DESCRI PTION: SEQ I D NO 5:

ATCCTGGAAT TAAATAAAAT AGWAAGAAT TA (6) 1 NF T1_ON FCR SEQ ID
NO. 6: (i) SEQUERCE Cha g? e ampll‘ﬁca(tﬁ% :
ngcleotidesnuclelc ac1@B¢oﬁMEEs1Nucthﬁcsw@p$ of: (O STRANDEDNESS:
Single gEEE&EGW E QE@%ed ddUHl J!Eé%ﬂ&éé'ﬁﬂ%ielc

A i gonucl eot i de usefu cap turefp e for %EN%E? of
[err]-gl obidFEALRL (FFiStHVPC‘)PﬁE?FeAE Offp from (ﬂﬁx)t%%ﬁ (vi)
ORI G NAL SQRésir: 1 Sysot bet seabhysptepdetdture tHd JUAIdAATE ELMRCE.

Synt het i cal %ﬁ$ared (x) PUBLI CATI ON | NFORVATI ON: None (xi)
SEQUENCE gEQ | D NG 6: CCTCAAACAG ACACCATGGT
GCACCTGACT C B. cooling the denatured stramis t@L A Mecond 1.
A method T oleddieragpkéf 5Gaki AN cheapbt Ll © A% bt GTR Y Gddindd eps of:
A heating a targeted doubl e-stranded nuclelc acid at a first tenperature
of from85 to 109f err}® FBe presence of

1) a thermostable DNA polymerase present in

an amount of at least 5 units/100 pl of solution,
2) deoxyribonucleotide-5'~-triphosphates, -
present in amounts effective for DNA polymerization,
and
3) a set of primers specific for the
denatured strands, the primers being present in amounts
effective for DNA polymerization,

forming hybridized primer extension products of
the primers and denatured strands by incubating the
denatured strands at a third temperature for from 1 to
80 seconds,

the third temperature being in the range of from
(Tm—15)°C to (Tm+5)°C wherein Tn is the melting
temperature of the denatured strands and the primers,
and the difference (AT) between the first and third
temperatures being from 5 to 35°C,

D. heating the hybridized primer extension
products to the first temperature over a period of time
of from 5 to 20 seconds and keeping the products at the
temperature for from 1 to 40 seconds, and

E. repeating steps B through D sequentially as a
cycle at least once wherein each cycle of steps B
through D is carried out within up to 120 seconds,

L~
ST e



from1 to 40 seconds to denature the strands of the nucl ei ¢ acid, B.
coolingfiuluﬂﬂuﬂIHMﬂﬂlnﬂlrnds to a second tenperature over a time period of
fromb5 t« n C in-the presence of 1) a

" thernostabl e “DNA pbl yher'ase present in an amount of at Ieast 5 units/100

[err]] of solution, 2) deoxyri bonucl eoti de-5'-tri phosphat es
present in amounts effective for DNA poLﬁﬂﬁfization, and 3) a.
set of priners specific for the denatured strands, the priners being

present in anpunts &fepstAvEhrengbNE feinher Xeinmn carried outi nging

hybri di zed priger 1846€n8heNoR! @HUCESNEH; thildh P 'd dTd S 1 N R HY g%%&;f ands
by i ncubati ng t‘gesde?ature .Strands at a third tenperature for from1l to 80
seconds, TN TRr Y t hber at ure being in the range of from

(T[err]-15)[err] C t o(&X[ ethé +b)f feréizehes®) redtween ttthe fdirsitngnde speoatiur e

of the denat urgdyséFa0dse@nteihs ﬁféﬂegstoaggobbeaQFfference (AT) between

the first and third tenperaturesS being from5 to 35 errl_C, . D .
heating the hybridi z€R) pr ther copcentirdtintoRictea¢h hetherBYingrpebsinge
over a period £f léa&tof.679Mmbol®, 20 seconds and keeping the products at
the tenperature for_from1l.to 40 seconds, and E. repeating steps B

t hr ough D sequentia?F?vgéeg thatkcwhen| Skeps,Acthaouah £ @xencaysredof steps
B t hrough D i sowtrusengoomlyw cbnditpono (230 sdeondsme for each cycle

- 46- st f it Rek cbein ri t ing at | east one
of the conditﬁg§s§g%?%g$ggh{?%#§tﬁeiarng?S%%%L§?Pﬁ%¥§P?§’ (a) the
difference ([err]T) KetuwEed meehedrag ghaimedodm claim 1 further

comprising the additional step: o
F. detecting at least one denatured strand of
the amplified nucleic acid.

3. The method as claimed in claim 2 wherein
one of the primers is biotinylated, and the detection
in step F is carried out by capturing the resulting
amplified biotinylated strand using avidin which is
attached to a solid substrate, and detecting the
captured strand directly or indirectly with a labeled
probe.

4. The method as claimed in claim 2 wherein
one of the primers is biotinylated, and detection in
step F is carried out by capturing the resulting
amplified biotinylated strand using an insolubilized
oligonucleotide complementary thereto, and complexing
the biotinylatgd strand with detectably labeled.avidin.

5. The method as claimed in any of claims 1
to 4 for the amplification of viral or bacterial DNA.

6. The method as claimed in any of Claims 1
to 5 wherein heating step A is carried out at a
temperature of from 80 to 98°C for from 1 to 20
seconds.

_ 7. The method as claimed in any of ¢laims 1
to 6 wherein step D is carried out at a temperature of
from 90 to 98°C, and the time for heating to the



nperatures being from5 to 45[err]C, and (b) the concentration of

each oﬂmmu I"ﬂlmlmlltg at least 0.075 [err]nol a, provi ded that when
St eps rried out using only condition (a), the tine for

each cyc e ‘of “St eps B through Dis at | east 60 seconds. 2. The
method as clained in claim1 further conprising the additional step:
F. detecting at | east one denatured stwgnd of the arrpl ified nucleic acid.

3. The net h ger???ﬁ %{J}ggc%l fggg‘ll | %o‘Miﬁr %'e%o%%es of t TE?I Ners i s

bi oti nyl at ed, onin’ste is carri‘ed CHPR RF ng the
resul ting arrpl“iafllfébﬁb“bltign?hﬁt éémﬁ'?lréﬁelrﬁsﬂﬁg frarmdiin t\mllcih secatdsaiched to a

solid substrate, and detgcti nghkhfeenpluaed Slalidydh did %{)J, Yofle j[ gft Iy
with a | abele thod as claiJted 1n clarm

Wherein one ot S He MIPFEHE PESBRG: FRYPATER D d Uit T £ 2% mna
carried out bystmptlmlslgcahemésahtl figraapltiifeed fhifotamyd atedi st rand usi ng
an insol ubili zggd. ddgonucl eoti de conplenentary thereto, and conpl exing the
biotinylated strand wth detectably | abel ed avi din. 5. The '
method as clained in anySef cFhEnEetheg astGlaimechript ianwaf alaimyital or

bacterial DNAto 8 whereu@ theThRiFat Beﬁpa&a@h&iém% ifrcuYs Pfe Ay, 1 to 5
wherein heatin tetp (lés carried 8ut gtfa tef;p ziturer?e({ from90 to
98[err] C for S &Ry 20 ZeEBHHEET out tor HRRFAE] ai med in
any of clainms 1 to 6 whet@in 's’hepm@thsdcasr cdaimed an anyenperetatdms of from

90 to 98[err]C, £o i t
-47- tenper at Sroe%lngﬂié}gﬁ 1ée§§§%n d 9 ér}%h Spgratures are the
same. - A

11. The method as claimed in any of claims 1
to 10 wherein each cycle of steps B through D is
carried out within from 20 to 90 seconds.

12. The method as claimed in any of claims 1
to 11 wherein the thermostable DNA polymerase . is
présent at concentration of from 6 ﬁo 20 units/100 pl
of solution.

13. The method as claimed in any of claims 1
to 12 wherein AT is from 20 to 35°C.

14. The method as claimed in any of claims 1
to 13 wherein AT; is from 15 to 45°C.

15. The method as claimed in any of claims 1
to 14 wherein the concentration of each primer is from
0.1 to 2 umolar.

16. The method as claimed in any of claims 1
to 15 which is carried out using both of the conditions
fa) and (b).



mai ntai ning the tenperature is from1 to 15 seconds. 8. The

met hod as clainmed in any of clains,1°to 7 wherein second tenperature is
from55 to 70[err]C, and step Bis carried out for atinme of from5 to 15
seconds. 9. The nethod as clainmed in any of clains 1 to 8
wherein the third tenperature is from55 to 70[err]C, and step Cis carried
out for from1l to 40 seconds. éo. The nmethod as clainmed in any of

‘clainms 1 to 9 wherein the second and tﬁﬁ d tenperatuyres are the sane.

11. The nethod as cNHCBHEICI ACIRy AMPLIFICATION SNLD DRTHCIIONach cycl e of
steps Bt hr ouglllyjes, & a5\8el soubist b] Pk 06k 20 o SREREPEONSCYCLE

12. The nmethod as clalnmed 1 n any of ains 1 to 11 wherein the thernostable
DNA pol ynerase i s present at concent PREEZASH from 6 to 20 units/ 100 [err]l
of sol ution. Nucleild adids @i osle agmsl f hed andadgtettedansing to 12

sher el AT 1% Vel Safs BhfSase chaip jeddeidopipbt-as kbR, n
The et hod apmicedme iinahydes x| senied ob suepwmewkiehthaveoncentration of
STl T (SRR St rure ara cindipadbteemiine e,
condi tions ( qﬂupqyxmerage chain reaction cycle requires generally

less than two minutes, and in most cases less than 90

seconds. At least 5 units/100 pl of solution of

thermostable DNA polymerase are used, and other

preferred levels of primer concentrations facilitate

the quick cyclihg in the amplification. 1In preferred

embodiments, only two temperatures are used in the

amplification.

(No figure accompanies this abstract)



