22713- RA NUCLEI C ACI D PREPARATI ON Field of the invention The present
invention is related to a nethod of preparing nucleic acids froma tenplate
nucl eic acid, a diagnostic device for preparing nucleic adds froma

tenpl at®71a-Ronputer 5 programfor controlling a method for the preparation
of nucleic acids froma tenplate nucleic acid using thernocycles, a
conput er program product conprising said program an apparatus for
preparing nucleic acids g] 2@585 Jugﬁ LU t he presence or absence
or amount of a tenplate%ﬂ é?%ﬁ@& i ﬁi égggtgbﬂgackground of the
invention 10 Methods for anmplification of nucleic acids from sanples
containing these nucleic acids are known. In in-vivo nethods,

m cr o- oFiginif shesinwérittona genonme genetical ly engineered to contain the nucleic
acid to be anplified are used to produce |arge anounts of copies of the
nucleic acid. Those nethods are slow and require a | ot of experinmentation

before ,successful inplenentation re recently,. invitro t hods have been
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sai d priPhefePrEngRiglls aridyand.a mrdeddondesamining depyetenes QRRHIERIEAT MR to be
COpied(ﬁ%tanpﬁ&ﬂhﬁkﬁx&&mn&ﬂﬁﬂﬁﬂ&ing the extension product formthe tenplate
nucleic acid. The tenperature profile is applied several tines, allow ng the
repetition of the steps, including hybridization and el ongati on of a second
prinmer capabl e,of hybridizing to the extension product of the first priner.
Each ré%@- 0 Ot enperature profile is called a thernocycle. 25
This method has been applied to nethods for the determ nation of nucleic

aci ds based on the superior sensitivity of detection pruvidcd by the

i nqgpeasethadpionbmplificutioh&if auéeicdsids oA containing these nucleic acids are

known. In in-vivo methods, micro-organisms with a genome genetically engineered to contain

the nucleic acid to be amplified are used to produce large amounts of copies of the nucleic
acid. Those methods are slow and require a lot of experimentation before successful
implementation. More recently, in-vitro methods have been established to prepare large

15  amounts of nucleic acids without the involvement of micro-organisms. The first in-vitro
amplification method was Polymerase Chain Reaction (PCR), described in EP 201 184.In a
very preferred embodiment of PCR, the sample containing the nucleic acid to be amplified is
repeatedly subjected to a temperature profile reflecting the steps of primer hybridization to the
target nucleic acid, elongation of said primer to prepare an extension product using the

20  nucleic acid to be copied as a template and separating the extension product form the
template nucleic acid. The temperature profile is applied several times, allowing the repetition
of the steps, including hybridization and elongation of a second primer capable of hybridizing
to the extension product of the first primer. Each repeatedly performed temperature profile is

called a thermocycle.

25  This method has been applied to methods for the determination of nucleic acids based on the
superior sensitivity of detection provided by the increased amount of nuclcic acids, In EP 200
362 there is disclosed a method using adding a probe capable of hybridizing to the nucleic
acids formed in the reaction mixture and detecting the presence, absence or amount of

hybrids formed as a measure of the original nucleic acid in the sample.
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362 there is disclosed a nethod using adding a probe capabl e of hybridizing
to the nucleic acids fornmed in the reaction m xture and detecting the
presence, absence or ampunt of hybrids formed as a neasure of the original
nucl ei oae3-®A n the sanple. 22713 Forei gn text

22713-RA 2 More recently, it has been found that nethods for the
anplification of nucleic acids are so effective that there is a danger of
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mstrurrei% {1Applled Bi osystenms), a reaction time of two to four hours is
needed. B85 of this time is needed for changing the tenperature of the
reaction mxture to conduct the thernocycles. This can be speed up by
several neans. Firstly, the shape of the reaction vessel can be changed to
get an Thedimasadssayfof anduetingam a’rgp]a'ﬁcfaa'sn edqacti@atd ngreatredtenodépends e ghere.
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like the LightCycler® (Roche Diagnostics) allow to decrease the reaction time up to several
minutes instead of hours. However, the use of small reaction volumes has the disadvantage
that also only small volumes of sample can be added to the reaction, which will proportionally
reduce the limit of detection (1.OD). Alternativelly the reaction volume could be maintained
20  and the thermal diffusion distance could be minimised by large very flat amplification cell.
However, this would lead to drastically increased amplification area and detection area and by
these means very costly thermocycler and huge disposables. In addition the increased surface

of such reaction chambers can inhibit the reaction.

In W02004/51218 there is disclosed a method for detecting different analytes wherein after a
25  multiplex amplification of all ingredients of the reaction mixture the reaction mixture is split

into aliquots and the aliquots be treated with reagents for specific amplification of specific

analytes in separate reactions. This method has the disadvantage that it needs additional

reagents for the second amplification.

In WO 02/20845 there is disclosed a method for avoiding primer-dimer formation by using a
30 first amplification reaction with low primer concentration, then adding more primers and

performing more amplification steps. Again, this method has the disadvantage that at a certain

stage during amplification, the reaction tube must be opened to add more reagents. This is
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of- such reaction chanbers can inhibit the reaction. In W2004/51218 there is
di scl osed a nethod for detecting different anal ytes wherein after a 25
"multiplex anplification of all ingredients of the reaction mxture the
reacti op7m-Raure is split into aliquots and the aliquots be treated with
reagents for specific anplification of specific analytes in separate
reactions. This nethod has the disadvantage that it needs additional
reagent,s for the. o) ampld fication,.. ln 02{ 20 t here .is.disclosed a
et hod 1osh Meobia Foie ABR o BBt ARG or 5l Eyh

anpl i f i reastonein pdditivh dlne wietoli a ktandgpdithemocpdesives aoti alow vehefastagtdinggpratse
primers and performng nore anplification steps. Again, this nethod has the
di sadvantage that at a certain stage during anplification, the reaction
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pr obl ermplifichton tovetbaany ateans thuseis s the objechioithe praserithevensienob impsevendar d

t hercnoc § al l ow very fast cycling speeds. Both of the previously
rrentsi onsécgiédgéfiagr?pqgircw@dcurrent s do not aimto shorten the anplification tine
by any neans, thus, it was the object of the present invention, to inprove
5 speed of anplification. Sunmary of the invention In a first aspect, the
invention is directed to a nethod of preparing nucleic acids froma

tenpl ate nucleic acid by subjecting a sanple to thernocycles conprising 10
a) Subjecting a first anount of said sanple in a first anplification chanber
to a fi YIRS i rmocycles to prepare a first anount of a first
reacti ogruﬁﬁm&?(%re, lggg . Subj ecting a partial amount of said first reaction
m xture in a second anplification chanber to a second nunber of

thernocycl es to prepare a second anount of a second reaction mxture 15
wher ei inpdastespeshshomvention is diresied tapmiethodof peepatihanbdeicpeids Epamiy i s

smal | eryed,BAR 4 ifeic %94 BPRthecingh dadpleth tRIRlLfd&bpRismpanber .

10 a)  Subjecting a first amount of said sample in a first amplification chamber to a first

number of thermocycles to prepare a first amount of a first reaction mixture, and

b)  Subjecting a partial amount of said first reaction mixture in a second amplification
chamber to a second number of thermocycles to prepare a second amount of a second

reaction mixture

15 wherein the volume of said second amplification chamber preferably is smaller than the

volume of said first amplification chamber.

The integral heating and cooling speed preferably is at least 2 Kelvin/ second (K/s) in step a)
and higher in step b), preferably at least 5 K/s.

In a second aspect, the invention is directed to a diagnostic device for preparing nucleic acids

20  from a template comprising

- a first amplification chamber, and

- a second amplification chamber,
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The integral heating and cooling speed preferably is at |east 2 Kelvin/
second (K/s) in step a) and higher in step b), preferably at least 5 K/s.
"In a second aspect, the invention is directed to a diagnostic device for
preparingipry eic acids 20 froma termplate conprising a first anmplification
chanber, and a second anplification chanber, 22713 Foreign text 22713-RA 4
wherein the volunme of said second anplification chanber preferably i's
snaller han of s
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t her nocycl es, characterized in that the corrput er programis set to apply a
first nunber of thernocycles to the sanple and subsequently a second nunber
of t herimocthgHespditvhaigventimas tl'Ecctcﬂ/toI a qmgrlpljtﬂqarognanafod cériteslbng a vethmkfoof a
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In a sixth aspect, the invention is directed to a nethod for determ ning the
presence or absence or anmpunt of a tenplate nucleic acid in a sarrpl e

b d
GorRet T tehf e rRRGToR K pic s Blao BBt FRERRBbUPA PRI e or

absl®nc eprograanmumnphysicahstotage meand. ds t o be det er m ned.

In a fifth aspect, the invention is directed to an apparatus for preparing nucleic acids
comprising
- a thermocycler and
- a unit for controlling the thermocycler,

15 wherein the unit for controlling the thermocycler is loaded with said computer program.
In a sixth aspect, the invention is directed to a method for determining the presence or
absence or amount of a template nuclcic acid in a sample comprising the above described

nucleic acids preparation method and detecting the formation of nucleic acids as a measure of

the presence or absence or amount of nucleic acids to be determined.

20
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20 22713 Foreign text 22713-RA 5 Brief description of the drawmings Fig. 1
illustrates the principle behind the present invention. By decreasing the
"reaction volume in a second step the required reaction tine can be

decr easggyipigAout changing the limt of detection (LOD). 5 Fig. 2 shows a
cal cul ation of an optim zed Aliquot-Anplification nethod. Fig. 3 shows a

t hernocycl i ng device conprising two anplification chanbers useful for

conduct'Hg.eQ§i %sgﬁQQQgﬂQ%gleic acid preparation nethods. Fig. 4 shows a
capil |l a ucting the nethods of the present invention

(see also Exanple 3). 10 Fig. 5 shows a possible device for conduction the
descri bed nucleic acid preparation nethods in a nultiplex fashion (see al so
Exanpl eFig)1 illmeta¢s thel pdasipleibghindithe preséng invienton.i ByrdeCreasing theaeaationtvabinpy esent

i nventi [ i - f ' j | f 15
torpl at B e SEGhE fedif fFRUBR BricoRbEBRLR BHELR SRR EBANTF

subj ect ddedtiondL®Dnst nunber of thernocycles to prepare a first anount of a
first reaction mxture. An aliquot/ partial amount of that first reaction
m xture is then subjected to a second nunber of thernocydes to prepare a

secand g Bw?@.célcélﬁﬁ&’x?gf&%’;?&&ﬁ@dKl'iﬁi :] ¥ ngfgf?{cagipﬁj Ghod19 only an aliquot of

the” first reaction mxture to a seco thernocycl es, the tine per
t hernocycl e can he 20 decreased conpared to the tine necessary for
thermocycling the first reaction mxture because of the reduced therm

di f f usi ig oshewaatkermpigiclingdsyice eampririrgio amyplification ehannkernpsefulden ti cal for
the Sp%nﬁh&hfg%hé’?eéeﬂﬁefﬂ??&léiﬁ h&&%kéﬁ@ra@i’&ﬁ h&fcad herefore very precise

t henperature I"evel s wthout rmaj Or "over- respectively undershooting. Al so a
reaction volume of around 5 to 200 | in the first reaction step provides
sufficient volume to add enough of a nucleic acid preparation 25 derived
from a Sarfighewsarerillay dispopblefenryndugtingthemagthadssef thepresens imventior (see

anpl i fi gatiQmple 3).

10  Fig. 5 shows a possible device for conduction the described nucleic acid preparation methods

in a multiplex fashion (see also Example 4).

Detailed description of the invention

One aspect of the present invention is directed to a method of preparing nucleic acids from a

15 template nucleic acid. In this method, a first amount of a sample is subjected to a first number
of thermocycles to prepare a first amount of a first reaction mixture. An aliquot/ partial
amount of that first reaction mixture is then subjected to a second number of thermocydes Lo
prepare a second amount of a second reaction mixture. By subjecting only an aliquot of the
first reaction mixture to a second number of thermocycles, the time per thermocycle can be

20  decreased compared to the time necessary for thermocycling the first reaction mixture because
of the reduced thermal diffusion distance. The first few thermal cycles are the most critical for
the specificity of the amplification and need therefore very precise themperature levels without
major over- respectively undershooting. Also a reaction volume of around 5 to 200 pl in the
first reaction step provides sufficient volume to add enough of a nucleic acid preparation

25  derived from a sample material to be analysed so that also very sensitive amplification

methods are possible. The second part of additional 40-50 cycles is mainly needed to create a
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met hods are possi ble. The second part of additional 40-50 cycles is mainly
needed to create a 22713 Foreign text 22713-RA 6 detectabl e signal |evel.
~According to these needs the cycler, the anplification chanber and the

f eedback7¢smiar ol can be adjusted eithegg to very accurate tenperature |evels
or speed. In addition, the well confined, conpact second anplification
volunme leads to a highly sensitive optical setup. This principle is being

illustrated.in.Fi t hQ r Ly i8. i ng.based o he
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hod | | Il hod ke PCR
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whi ch tds;mcaleannpl this principle & bemgribyseateddh Fighub].ect ed to di fferent

tenperatures (thernocycles). 10 The anount of sanple, first and second
nunber and | ength of thernocycl es depend on the concrete purpose and
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necessaisyd, fsoch asdmdalmn exgonamaérrpctlmt anéumhﬁtra@@ntmcthodaﬁxptmeadeﬂed to the
sanpl e In qi:’c%:{tril(gnoﬁln%hod reev?;eqﬂ? uogvnlaiﬁ tﬁ%aq'g%()% 47 da,ll sultabq are mescflociis Ie Pfdﬁ@; gon

charrberarrl I'zé PON Of MRy se 15
r eagent456833a®2}ahmbL(BK (HAded5j243,999 H6T7HF24 dnylpiﬂS:ﬁa,B?’:y%Zj mwlutluthe redctidan5 to 100

pl, nore. referab 2.5 to 25 pl. Th anple is then

s ubj ect‘BB‘ ik eP?alI%cpY %%?Cterqot(? éﬂ&%ﬁnt(:tﬁlgﬂfféT'urfso(tlgermc?“gfs'n unber of

t her nocycl es, which are typically 3 to 15 thernocycles, nore preferably 5 to
8. The length of a thernocycle greatly varies between the different

anploi f i Hetaneuntref faogde, fiFsrandR&Rndinumber ead ]eygﬂlaffitb&nbﬁyall&e:hpﬂlﬁ)d sedends to 5

m nut es refer b Q ec .eln 20 t rably an
a1 1 0B P RRcikaeg APt eateometad SR T A G amonbte Rag P EPEBbiRg " spoed
of at |\©h8‘he af 3dltw 200 pb pecferdblyspl © 500k The ﬁht}yer beigwmcéssi@ far dé/nﬂuct]’ﬁge
I nt egr al res ectiv ly ,Go escri hed a
t enper ai’t“lflnép ’f‘%% fodleccfn aflﬁ Jio tﬁg ar\’g@ &rthO fg{: FEPRAFOh eptoé rature
| evel tthe ﬁheampuﬁcaheﬁnhmbw @hidhvdbosit 1?|§blﬁb1h§edlhﬁuddﬁﬂl(ﬁi/@ﬂ"the Reh SIBELREe | N
t hel%mcr)égglegtrs chn atsé ggrgc%esd in so uu%ﬁl,nty}'n?flﬂr 1}12 v]:) usn%ee(gf 2.5t0 100 pl, more preferably
in a volume of 2.5 to 25 pl. The sample is then subjected in a first amplification chamber to a
first number of thermocycles, which are typically 3 to 15 thermocycles, more preferably 5 to 8.
The length of a thermocycle greatly varies between the different amplification methods. For
PCR it typically varies between 20 seconds to 5 minutes, more preferably 20 to 120 seconds. In
20  this step preferably an amplification chamber is used having an integral heating and cooling

speed of at least 2 Kelvin/ second, more preferably between 4 to 7 K/s.

The integral heating respectively cooling speed can be described as the temperature step
divided by the time needed to switch from one temperature level to the next temperature level,
This is the relevant parameter in thermocycler instruments that can lead to taster PCR

25  protocols. Typically these steps are from 95°C to 60°C, 60°C to 72°C and 72°C o 95°C.
Therefore, in the context of the present invention integral heating and cooling speed is
understood as the speed of a given amplification chamber and a given reaction volume in the

temperature range of around 60°C and 95°C.
This integral heating and cooling speed is affected by the means used in the thermocycler for

30  heating and cooling as well as by the size of the amplification chamber which determines the
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25 protocols. Typically these steps are from95C to 60C, 60C to 72C and 72C
to 95C. Therefore, in the context of the present invention integral heating
“and cooling speed is understood as the speed of a given anplification
chanber22gnslRa gi ven reaction volunme imthe tenperature range of around 60C
and 95C. This integral heating and cooling speed is affected by the neans
used in the thernocycler for 30 heating and cooling as well as by the size
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is then subje t?d tbn a secotnd anplification chanber to a second nunber of
t her rmc‘ﬁ?éﬁa{eds‘uﬁ‘é BraneIdng TS ond amount of a second reaction nixture. The
volume of said partial anmpunt of said first anpunt of reaction mxture
typically has a volune of 00.5 to 5L, nore preferably 0.1-2 L. Typically the
parli alA pamialamhowft of seidi first aotouanoffexdtioh enixturs ishhaciidgjedtel ihasscdndan 50

t her nocycl ferably 15, between 20-40 thernocycle The, s IIer
vol ume BrPEEriphebRT ohisined gpmber of (o vl e ereniTe fisteld amaprt
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15  between 20-40 thermocycles. The smaller volume of said partial amount of said first reaction

mixture allows a higher integral heating and cooling speed of said second amplification
chamber (at least 5 K/s, preferably between 8 to 12 K/s) and the length of a thermocycle can be
less than the length of thermocycle in the first round of amplification and usually varies

between 5 - 30 seconds.

20  The sample can be derived from human, animal and elsewhere in nature. Preferably samples,
especially in diagnostic approaches, are blood, serum, plasma, bone marrow, tissue, sputum,

pleural and peritoneal effusions and suspensions, urine, sperm and stool.

Preferably, the nucleic acids were purified from the samples prior (o amplification, so Urat a
more ot less pure nucleic acid sample can be added to the amplification reaction. Methods for
25  purifying nucleic acids are well known in the art. Beside laborious methods as described in

Sambrook et al (Molecular Cloning — A Laboratory Manual, Coldspring Harbour Laboratory
Press (1989)) also commercial kits are available for this purpose (for example, MagNAPure®,

Roche Diagnostics).

Therefore the sample according to the present invention can be a sample directly derived from

30  adonor, especially for cases where a further purification of the nucleic acids present in a
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20 The sanple can be derived from human, animal and el sewhere in nature.
Preferably sanples, especially in diagnostic approaches, are bl ood, serum

" plasma, bone marrow, tissue, sputum pleural and peritoneal effusions and
suspensi2gns-RAuri ne, sperm and stool. Rreferably, the nucleic acids were
purified fromthe sanples prior to anplification, so that a nore or |ess
pure nucleic acid sanple can be added to the anplification reaction. Methods

f 25 | ' he . i
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Manual ,do@ok sheqple.ng Har bour Laboratory Press (1989)) also commercial kits

are avail able for this purpose (for exanple, MagNAPure(r), Roche
Di agnostics). Therefore the sanple according to the present invention can be
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nucl ei dnaeinds thgraes €nt exampde 5aWE) 83/206@3puntegrated devicestare desaribed imawdticlon charber
nown in

as used.f ductin nucleic acid anpl.ificat action. are
he-ar tn s FRRIREA F A G PGSt TitBpe Rl B0 s B i BmelBa T
whiloh Emllnmnrgghmple:p&phnaheng]heaaaﬁpliﬁca&@leﬁeaaﬁcﬁl ek doaducrapirithengmef nucl ei c
acids present as t he.sanpl.e t|o the
i 11 PesBBad R e TR oL a cbietTe SLaie SRR O Ehanber used
for an:bﬁibﬁinedGmdl tfhamﬁﬂtbodsraaﬂ&]’eaicbmf.theﬁbt@&namvaﬂmm&lhfé mekidridsedabi ned wi th
t he net hod devé‘%ﬁasnéﬁf he pr esgnt ﬁnvent 13 . The nucleic acids of a
sanpl o BRRESE" b PrEfetnd ands BERUBerfpFrERoRierPraRare 3
t her oGy &tlagounOofd BREFe@ctdon Miiitate 1ﬁﬁ'ﬂhl§ttarrqﬂ1ﬁ@atfd1{d1tan’ftﬁa6fé a&vide Xhuligudtn a
fi rst arfml i f.ication chanber L abdew An aliq oc{
id first reaction mixture can then be trans erred to the second amplification chamber for
the second number of thermocycles to prepare a second amount of a second reaction mixture.
Such methods and devices have several unexpected advantages. First, as already described the
second amplification step allows much faster thermocycling due to the smaller reaction
volume. Secondly, also in case the nucleic acids of the sample are still partially bound to the
20  binding matrix used for sample preparation and are not completely eluted from said matrix
these nucleic acids can still be amplified because the binding matrix is present during the first
number of thermocycles. And thirdly, in case said binding matrix inhibits the amplification
reaction to some extend this inhibition effect is no longer present when subjecting the reaction
to the second number of thermocycles, because the aliquot of the first reaction mixture used
25  for conducting the second number of thermocycles is no longer in contact with said binding

matrix.

A thermocycle is defined as a sequence of at least two temperatures, which the reaction
mixture is subjected to for defined periods of time. This thermocycle can be repeated. In PCR
methods usually three different temperatures are used. At around 45 — 70 °C the primers are
30 annealed to the target nucleic acids. At a temperature at around 72 °C the primers bound to
the target are elongated by a thermostable polymerase and subsequently at around 90 — 100°C,
the double-stranded nucleic acids are being separated. In the PCR method, this thermocycle is

usually repeated around 30 to 50 times. The time necessary for changing the temperature
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15 of said first reaction m xture can then be transferred to the second
anplification chanber for the second nunber of thernocycles to prepare a

- second amount of a second reaction mxture. Such nmethods and devi ces have
sever al22m&Rpect ed advant ages. First, @s already described the second
anplification step allows nuch faster thernocycling due to the smaller
reaction volume. Secondly, also in case the nucleic acids of the sanple are
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subsequepnt | around 90 -10 oubl esstran ids are

bei ng Jaerl Bl REHE RaoWelo TR EtRsH CFfPCpEIShserE R i B Gioch AficiEpRat d

ar aond 13(2003) 80-97; Maadiqhibet 4lj, naahe?baﬁsnmoow HoReltugvang al. endl.eCieer dt ure 22713

For ei gn t 2271 Wi ur pends on the
vol ume thﬁ%ﬁgnﬁ}ﬁiﬁ?ﬁa I‘f;é"cr Y ’éfﬁ“%@ég%rgf‘n%m Gé@mﬁov%%é%e'f om sever al
m nut escRMMRIl 002861 A6ddreon et alg SepeaNttudrs B75t186-sybj ecting a partial anount
of the first reaction mxture to a second nunber of thernocycles, it is

preferred o transf t hi i al of the reactioon mxture to a
second 1518 ’fﬁlaflﬂ’%’f‘ ﬂ'tﬂrérﬁ'o"é}dt se‘i‘?ﬂcg "Eéﬂ{%téorblﬁﬁ%“% beps H§ tiei ng a
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this is being automated in the device for exanple
15  reaction mixtures. However, in this case it is necessary to avoid/minimize diffusion of the

reaction products when conducting the second number of thermocycles, especially with
regard to the amplified nucleic acids prepared within the first and second reaction
compartment. This can be achieved by several means, for example by solid phase bound

primers.

20  In case achannel is placed between the first and second amplification chamber physical
separation by valves, vents, hydrophobic barriers can also be avoided in case the diffusion

between both chambers is minimized.

The reaction mixture contains all ingredients necessary for conducting the amplification
method of choice. Usually, these are primers allowing specific binding of the target nucleic

25  acid to be amplified, enzymes like polymerases, reverse transcriptases and so on, nucleotide
triphosphates, buffers, mono and divalent cations like magnesium. The ingredients depend on

the amplification method and are well known to the expert.

The nucleic acid products prepared in the first and second reaction mixture can be detected by
procedures known in the art, for example by detecting the length of the products in an agarose

30  gel. By using sequence specific oligonucleotide probes, a further level of specificity can be
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punps and val ves. The first and second anplification chanber can be
separated fromeach other by channels, valves, hydrophobic barriers and

ot her nmeans. Technical neans for such integrated devices are known to an
expert 208e2RAor exanple Lee et al., JioMcromech. Mcroeng. 10 13 (2003)
89-97; Handique et al., Anal. Chem 72 4100-9; Hosokawa et al., Anal. Chem
71 4781-5, Puntanbekar et al., Proc. Transducers' 01l (Berlin: Springer) pp
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means, afoflu@rsapdedatisls like fludreptras ehbdamide apd sa@r.s. 20 In case a channel is
pl aced between the first and second anplification chanber physi cal

separation by valves, vents, hydrophobic barriers can also be avoided in

case t tﬁleglf(ge u(?ﬂe cp Slt tﬂ@ﬁpesgﬁtlnve%l?l?mse&?ec{ % t{;ﬂ %Hftlﬁc? ﬂ)r d-gfégim {Heon m xture

cont ai ns i ngr |en ecessary con |on met hod
of chomcesenidmabkyl;e othaseurdoé a pem pletesiualelcoidnig aspmplefqom;msmg ng of the
target nucleic 25 acid to be anplified, enzynes |ike pol ynerases, reverse
transcri ptases and so on, nucleotide triphosphates, buffers, nono and

di val eg sﬁ%kgw #‘1 ?arﬁmeo‘?'sﬁﬁ]s?rlgﬁ 1hg%gsqqﬁﬂh§at%%p?lg%§ptoe} t number.

anpllflcat and are wel e nuclerc acid

pr dduct s prfehamedydles tDIpeePhrer?eﬁrsaardosmGﬁradeataantmmtmrfm xture can be detected
by procedures known in the art, for exanple by detecting the length of the
products in an agarose 30 gel. By using sequence specific oIigonucIeotide

probesy) 2 dilfetdifla nﬂ;)ffﬁﬁ'an?dcun? AP iftt thefANmBRuRA d3edoaCflidfYd, 22713 RA 10

achi eve conducting a Southern or n| ques. In
hom)genous:hamber to a second number of thermocycles to prepare a second amount of a second

reaction mixture, and

c) determining the formation of nucleic acids as a measure of the presence or absence or

15 amount of nucleic acids to be determined

wherein the volume of said second amplification chamber preferably is smaller than the
volume of said first amplification chamber. The integral heating and cooling speed preferably

is at least 2 Kelvin/ second (K/s) in step a) and higher in step b), preferably at least 5 K/s.

The formation of nucleic acids can either be determined after completion of steps a) and b), or

20  during the amplification steps a) and/ or b).

When transferring the partial amount of the first reaction mixture to the second amplification
chamber, usually no further reaction components are added. This avoids any opening of the
reaction chambers, at least when done automatically and avoids any contamination risk.
However, for specific applications adding of further reagents might be useful. For example, it
25  might be useful Lo add further primers when conducting a nested PCR protocol or an
additional probe allowing detection of a certain amplification product. These reagents might

be added by hand, but can be also stored in the reaction device in liquid or solid form prior to
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anplification and detection nmethods, the detection probe or other detection
nmeans are already present in the reaction m xture during generation of the
anplified nucleic acids. In the method described in EP 0 543 942 the probe
i s bei np7degaded by the processing pqliynerase 5 when el ongating the prines.
Usual ly well known | abels can be used for detection. Exanples are
fluorescence | abels |ike fluorescein, rhodam ne and so on. Therefore, one
aspect th ent . nventio directed or determning the
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cool i ng spee r ef er-abl i s at Jdeast 2 .Kel.vin/ secgond (KIs) |n a) and

i gher 1 RearEnfe s Airthogistey e Faloreul Rt MBS RactoPal b BB ¢ ach ds

can ei tdaabelhetltasirplkitred agfardle]l macgiredf thasaohe mibepe safisfeng the)resudrs 20 duri ng
en transferr anount

the anpl.if.ication st a) _an or, b). W i t artial

ot he gt tHbET R RbR R Ferdalifes S uaiaeR SR ohRbe T atiho BrBRBe  uoual Iy
no Mour tamesurt @f ctei first requtipa neiRtse,arrealaddeiplex otestiy pieth® dafoy eafipleder of the
reacti o(# chan‘g}effs, ahll egst when do i automatically and avoi ds any

cont ani $¢5§H8R dfeggat a ‘i—b\/@\?é?r,getflﬁf’oség’%i fic applications adding of further
reagents m ght be useful. For exanple, it 25 m ght be useful to add further

pri mers when conducting a nested PCR protocol or an additional probe
al | owi ngpesibbeddvive fef tha niegliddBiof tleprkieht Gathntioh ipdedtibtd inlheslé gagent s i ght

be added by hand, oyt can be, alspystored I the 1 eact lon device in 11 qui d or

devices. It can be conducted by hand using commercially available thermocyclers like Applied

15  Biosystems 9700’er system and the LightCycler (Roche Diagnostics). However, this method is
especially suited for functionally integrated devices be based on technologies as for example
described in Micro Total Analysis Systems, Proceedings uTAS’94, A van den Berg, P Berveld,
1994; Integrated Microfabricated Biodevices, M J Heller, A Guttman, 2002; microsystem
Engineering of Lab-on-a-Chip devices, O Geschke, H Klank, P Tellemann, 2004; US

20 2003/0152492 and US 5,639,423. Such devices usually have an automated liquid transport,
whicl allows transporting of a sample between reaction chambers, means for thermocycling,
reagents which are either preloaded in the device or which can be added automatically, and
means for detecting the reaction product. The reaction is being controlled by computer means

and a computer program for controlling.

25  Therefore, another aspect of the present invention is a diagnostic device for preparing nucleic

acids from a template comprising

- a first amplification chamber, and

- a second amplification chamber,
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22713-RA 11 the reaction and m xed upon transfer of the partial anount of
the first reaction mxture into the second anplification chanber. In a
speci fic enbodi mrent of the present invention, these reagents, especially
pri mer s223h3Rdy obes are bound to the sdRid phase. As only a partial anmount of
the first reaction mxture is used for preparing the second reaction 5

m xture, in principle nmultiple second reaction m xtures can be derived from

the fi r&ﬁerélﬁfmé YA BmEIoX §did Secoddhasd: Pﬁﬁ&a%’ﬁ cﬁ%b&cﬁrbt@ﬁbIWE ﬁnmmlahmepart i al
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to the partial 10 ampbunt of the first reactlon m xture, a real nultiplex

detectlon ne hod, anpl e for et ec] ng dlff alleles of a target
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desar i hgdedsdty ExaaBh thedmobyele. Bl StBRHYd tiie%ﬁki@fcféﬂs ﬁb@ﬁfe Pdmsysf@ﬂ 5agh (@ plibe
present_inventign is naot restricted to _certain _devices, can € conduct ed
by handBigwistegst Hierize of thei¥plumer] the paplifieatiop hambers iy nqte ?A}ﬂﬁﬂ ipad in5

Bi osys ta%'aﬁlo%71995t%'fte§ Yt @ B RRSa de NG ed-Hod Megﬁ%kﬂlngm%%og AGHIS W 6 Secreliqnever ,

this method is especially suited for function I nt egr at ed devi ces be
based dhe timemsessergy &y aghemmpncyelr fmdspsthania oy mmsnea heyetore taldngpn Aliguogof s
Syste egrat ed
W or of by o et peh R el I e L Crcter R e o

En leneeqﬂllHi@iCQﬂOIL%@thmn Alogis |dpcrd@mgdés OVQaIQQGMetImHmh@ndeCRaT@gIthBn n, 2004;
us 20 %QQ%AH%Q%ﬁ%%m US 5, 639, 423. Such devices usually have an autonated
liquid trans ich allows transporting of a sanple between reaction
chanbers, neans for thernncycllng reagents which are either preloaded in
the device or which can be added automatically, and neans for detecting the
react i okmplificatien charhleers suitsblednr ¢ diagrostig deving ¢t§h¢ presént imvsntion éaswaélanse and a
COPUL QR IRTABA N arE TdeRblBls R HEE 0L for AR mggth%%g%ﬁsn%m

pr esent Phvent I agnost | repar

t enpl athicdwaprbies cangbe for example a thm wall plastic tube wh1ch is fitted into a bore hole in the

, froma

15  metal block of a thermocycler such as the Perkin Elmer 9700er instrument or the inner
volume of the glass capillary which can be placed into the LightCycler instrument. The volume
of the amplification chamber is defined by the maximal volume of a reaction mixture which

can be used in the reaction.

The reaction mixtures can be heated by using for example heating elements like Peltier- or
20  resistance-heating elements. For cooling active cooling elements or passive cooling elements,
like heat sinks can be used. For conducting the heat and cool to the reaction mixture
containcd in the amplification chamber scveral means arc known. In many conventional
thermocyclers metal blocks containing the amplification chambers are used for providing the
heat and cool to the reaction mixture. In the LightCycler format a hot air stream floating

25  around the glass capillary provides this function.

The diagnostic device of the present invention has at least two amplification chambers as
described above. These chambers can either be situated in one instrument or separated on two
different instruments, whereby the transfer of an aliquot of the first reaction mixture to the
second amplification chamber can be done by manual pipetting or, preferably, is being

30  automated. The apparatus according to the invention has a receptacle to contain the device. It

also comprises means heating and cooling the chambers and preferably also for controlling the
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a first anplification chanber, and a second anplification chanber, 22713
Foreign text 22713-RA 12 wherein the volune of said second anplification
chanber preferably is snmaller than the volunme of said first anplification
chanmber227Th&Ai nt egral heating and cooll3ng speed preferably is at |east 2
Kel vin/ second (K/s) in step a) and higher in step b), preferably at least 5
K/'s. The smaller size of the volune of the second anplification chanber

al | ows st PR M standard
thernnéy é?gﬁkggg&aﬁﬂﬂﬁﬁﬁungggﬁg 1¥6P9ﬁnﬁgﬁ%tﬁ?ggysteﬁgﬁﬂﬁLe size of the
vol ume d@ntrobiag pﬂwltélaaqompusﬁmgnam 4Ssie$ﬂ§lbeéhdﬁg'ed and, in addition nost

of ten net al bIocks are used for thernocycling which does not allowto
decrease the tine necessary for a thernocycle to less than a few m nutes.
Ther ef ofiRrefbRkd AGtIRA a@Jeuqnyﬁe @fesen@mvamd fsla B hipRer peSEhmdBr &frdligidy a
faster thernDc cler like the gyc er for_a secon 10 a |Iflqé§20n
react | dﬁetapqi&xé %IB’(‘?Pé‘&é‘Pﬂ@f?H@elé\?@ Hrompdgmplagnnydleieacid prsg thea@eesasi ng t he
sensi tiyhl¥eAled RGhASHEYomPIRE pidaPah | isQ8 &Qgg@qﬁsmrﬁ@é}lﬁtﬁ&ﬁlo@y&ésaanost ic
device of the present invention basicall X known in the prior art. These
chanberthe amﬂie and sibseqiendy  sgcond auaibar off @wqydatlnavm awbertgr eyclingfime chamber
can be { f dyi a bore hole
ot ho 96! ARERRPL R oF Pt kAR E%ﬁﬂﬁ?ﬁ“a“; 1P RPE AP §700er

i nst r urpzefierred asphet of rﬁlrn@presem@ inyeptiof 1Stdltrectgdl k5% cqmpuuet prograzh fatvootinlling the aced
into t T f the anplification chanber is
definegggbb%ﬂégﬁ%%%%u Eﬂégg?d%ﬁﬁg%%p#gﬁbﬁﬁkture whi ch can be used in
the reaction. The reactlon m xtures can be heated by using for exanple
heating el ements |ike Peltier- or 20 resistance-heating el enents. For

codli ngusk e9mputepptagrmmetasrhestaredpn physijal gorgo Mean, surk aphdiskettejara Geat  si nks
can be used. For conducting the heat and cool to the reaction m xture
contained in the anplification chanber several neans are known. |In nany

conventy Rider asi,@@tro@%/ &n$ uweﬁ@an #a'aﬁgisﬁarsal@tf@ﬂ pepidgtfcRidds cation

chanbers are used for providing t
comprising

- a thermocycler, and
- a unit for controlling the thermacycler,

15 wherein the unit for controlling the thermocycler is loaded with computer program as

described above. This thermocycler is preferably a diagnostic device as described above.

The present invention is further described in the following examples:
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heat and cool to the reaction mxture. In the LightCycler format a hot air
streamfloating 25 around the glass capillary provides this function. The

di agnostic device of the present invention has at |east two anplification
chanmber®78sRAdescri bed above. These cinbers can either be situated in one
instrunment or separated on two different instruments, whereby the transfer
of an aliquot of the first reaction mxture to the second anplification
chanbeqhggﬁ*ﬁe done by manual pipetting or, preferably, is being 30

aut omat e e apparatus according to the invention has a receptacle to
contain the device. It also conprises neans heating and cooling the
chanbers and preferably also for controlling the 22713 Foreign text
22713-@%Q23kdenperature of the anplification cycles during the thernocycles,
preferably a unit for controlling | oaded with a conputer program as

descri bed bel ow. Therefore, a further aspect of the present inventionis a
conput enptphioed PORfpRstoesINt rol ling a nethod for the preparation of nucleic
acids froma tenplate nucleic acid using thernocycles, 5 characterized in
that the conputer programis set to apply a first nunber of thernocycles to
t he sanpl e and subsequently a second nunber of thernocycles haV|ng a shorter
cycli ndn;p rerducting a 100 1k RER Aeaction imecudic agtinacehambenthetquesticarhagbeert i ng from

thegssa fd’?‘ﬁ%'wﬁm%@r ORI in B Gpiiih] £4 Aﬁg&f‘tcﬁqlfﬁle{ﬂb%hsﬂraﬁ?%nd dted QB k@M oS

directe O aco progr OI’ c prepar ati on

of nucligivélueiagd after WhSGTUneg oab;a:vee an mq@u@hwﬁmme@homﬂa@@ @a@aﬂ toahe be stored
on physical, storage nean, such as a diskette or a CD. A further aspect of

the prée@nd rrasien Fhi‘iﬂb‘irsto SANGHSH reaneigod i 2 BV%‘H&%IP ) tlmwahoelt ghanging the

conpri r r ontr n he the cycl er,
15 \/\heﬁlén 1n gechﬁﬁ n(?gc}r&%:n N rrlsgtlrl]‘ﬁl lcal Fﬁ c?é f Ié ds a{)(?lmtcorrput er
pr ogr arnsasecondss b arbeplumbeéR réﬁhthn tHaarrmmely of z&ﬁphﬁedm&leecr &did i aaoﬁlu tadost i c

dovhoe s aeaer L bRAreRgnee 8, BIERT of RLSRIHSDof e Wik HiShoSESSHe Beg 11 the

as partial amount being subjected to a second number of thermocycles, which can be cycled
much faster due to the smaller volume. The exact time needed for the shortened thermocycle
is defined on one side by the temperature profile and on the other side by the thermal
diffusion distance. For the actual calculation it has been assumed that the heated volume has a

15  cubical shape and is in contact with the heat source/sink via a single wall. Most of the time
during PCR will be consumed due to heat diffusion from this single wall through the water to
reach a homogeneous temperature distribution. The thermal diffusion time scales with the
second power of the side length of the cubical volume, therefore reducing the volume by a
factor of two reduces the diffusion time by the factor of 2*°. Furthermore a typical run of 50

20  thermocycles has been assumed.

The result of this calculation is shown in Figure 2. In case 50 long thermocycles would be
conducted, the reaction time would be 110 minutes. By applying the method of the present
invention, this can be shorted to up to 20 minutes without losing sensitivity. As shown, it
would be optimal to take an aliquot of the first reaction mixture after five to eight

25  thermocycles and subject this partial amount to the remaining thermocycles, which can be

performed faster due to the smaller volume. Depending on the number of the first

thermocycles, 3.2 to 0.4 pl would be used for the second reaction. It should further be
mentioned that reaction volumes of that size are well suited for detecting the amplified nucleic

acid with standard detection methods like fluorescence detection.
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22713 Foreign text 22713-RA Exanples Exanple 1 Optim zed PCR protocol 14
For conducting a 100 pl PCR reaction in a cubic reaction chanber the
guestion has been 5 rai sed: How many cycles in an optim zed Aliquot PCR
met hod zivaBlRAde conducted in the 100 15 volune and after what nunber of
cycles an aliquot of which size should be added to the second reaction
chanber to conduct the nethod in a mninmumof tinme wthout changing the

|t OB ASHN-A RS NG ool HRLAMLIFER B frel fudid OO

vol une nee reac anount of
anpl i fisid parclyde twhich & diffical unchieyeiea el dﬁp@bh’@dt)péwewllelluﬁnéqséhm e, after

n cycle ch%ﬂé@m%%ﬂkﬂﬁe%ﬂkﬂﬂ@n&gnthe first reaction can be used as partia

anount eln second nunber of thernocycles, which can be

cycl ed nuch faster due to the snmaller volune. The exact tinme needed for the
shortened thernocycle 1is defined on one side by the tenperature profile and
on the Btamnledijde by the thermal diffusion distance. For the actua
calculation it has been assumed that the heated volunme has a 15 cubi cal
shape and is in contact with the heat source/sink via a single wall. Mst of

the i nﬁgulql?&rshags PR eWel df aQﬁvE@HNﬂ%@rodalﬁ?plffRaWEha%ﬁgefréjﬁldjﬂﬁelfrﬁé’dycltepi s single

wal | the water to reach onpbgeneous tenperature di s buti on. The
t her mal elcmmte»swlmh is iswitable forr sendipcting thﬁenetb@émfdhpBmfrntomvmnensl‘lu@wmengt h of

the cubiy t%ﬁlbe}’ Oa?éf‘{ﬁ‘s?phgkl'éﬁrc%g%ﬁwﬁ %%Hfrb&%e&f&‘ﬁ fM%lfg%lﬁ’ Hﬁhf&l aff two

reduces time actor o rnDre a typical run
of 50 IpQireplebiroaive E:)sthﬂ\sa@ebeéw secondmenplification e niber tsfn0¢ filled spaintameaslon i s

shown i i £ @y "ﬁ?st % ghﬁlceﬁﬁ? chﬁﬁub'epﬁ %eﬁmg%r ffﬂ%ﬁy&ft&%eltf\ﬁ%l' tﬁ%ﬁ%ﬁz&g{;‘ dH %ﬁcﬁﬂyt ofhe

reaction tine m nut es appl'yi ng e’ present
i nviént i tha ﬁrit Mastlcramwgreslh being dransfexrpd toothe @ecrmd atgpdifivd tidnodambes ifqng

sensi ti \&I Bﬁ’%g?nrl]arﬁt{gthefdewc gég?p&%8£5§ﬁstatﬁc°prte%%?e an aliquot of the first

reacti on

Example 3

Figure 4 depicts a modification of a Light-Cycler® tube, characterized by narrow tube
widening to the top of the tube. The wide section and the narrow section are separated from

15  each other by a hydrophobic section (valve). After running the first few cycles in the upper
half of the tube, an aliquot is spun down into the lower section of the tube allowing now much
faster cycling profile. This of course requires some modification of the instrument to allow a
centrifugation step within the cycling program. However this centrifugation step can also be
conducted using available centrifuges without requiring modifications of the present Light-

20  Cycler® device.

Example 4

Figure 5 shows a scheme of a disk-shaped device having one reaction chamber for conducting
the first number of thermocycles with a higher reaction volume and subjecting more than one
partial amounts of that first reaction mixture to a second number of thermocycles, and,

25  therefore allowing a multiplex reaction method. In this case the reaction liquid can be
transported by spinning the disk device and applying centrifugal force, but also other methods
like pneumatic force, vacuum and so on can be used. Usually it is advisable to reversibly block

liquid connection between the first and second reaction chamber, for example by valves,
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25 thernocycl es and subject this partial anmobunt to the remaining

t hernocycl es, which can he perfornmed faster due to the smaller vol une.
Dependi ng on the nunber of the first thernocycles, 3.2 to 0.4 | would be
used fo#Z/dp&R%Aecond reaction. It shoulld further be mentioned that reaction
vol umes of that size are well suited for detecting the anplified nucleic
acid with standard detection nethods |ike fluorescence detection. 22713

For ei gnhyideghoBzAZdtsRAd 36 oAl Hbauah, dshirsadydudiledtabove, iBcdediftusied ion sone
presunptians l.ike oublhgg of the tang&t nwgl ic acid per qﬁgle which is
di ffi cuPiipgedcihisalia POsIe o lige ong eactifp phamber hayipg (wogaction FQRPHLPELS he
advant agk&elf the bopd esBpirtinei eqahibemsedfoarigtee thermobyding eMmishxvien af schene of

a devic avi ng,two i ficati.gn chanbers d t hernpcycl er | ements, which
o Taos BPtng ARal R MRt e Ve 1ar YaaOEY PAPETAGor PRI o

charnberiseimd und tphesdotidlpheent act via a narrow section which could be

i npl enented as a hydrophobic valve. By this nean the second anplification
chanber is not filled spontaneously when the first anplification chanber is
being is filled. After several thernocycles, an aliquot of 10 the first
reaction mxture is being transferred to the second anplification chanber,
for exanple by spinning the device or by applying hydrostatic pressure.
Exanple 3 Figure 4 depicts a nodification of a Light-Cycler(r) tube,
characterized by narrow tube w dening to the top of the tube. The w de
section and the narrow section are separated from 15 each other by a

hydr ophobi ¢ section (valve). After running the first few cycles in the upper
hal f of the tube, an aliquot is spun down into the |ower section of the tube
al l owi ng now nuch faster cycling profile. This of course requires sone

nodi fication of the instrunent to allowa centrifugation step within the
cycling program However this centrifugation step can also be conducted
usi ng avail abl e centrifuges w thout requiring nodifications of the present

Li ght 20 Cycler(r) device.
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Exanple 4 Figure 5 shows a schene of a di sk-shaped devi ce having one
reacti on chanber for conducting the first nunber of thernocycles with a

hi gher reaction volune and subjecting nore than one partial anobunts of that
first r2ac3iRdn m xture to a second nunper of thernocycles, and, 25 therefore
allowing a multiplex reaction nethod. In this case the reaction liquid can
be transported by spinning the disk device and applying centrifugal force,
but al so other nethods |ike pneumatdg.force, vacuum and so on can be used.
Usually it is advisable to reversibry_g‘bck | i qui d connection between the
first and second reaction chanber, for exanple by valves, 22713 Foreign text
22713-RA 16 hydrophobic vents and so on. However, as already outlined above,
in case diffusionis mnimzed, it is also possible to use one reaction
chanber having two reaction conpartnents, whereby the second conpart nent
can be usefl f@hod 85r8Partl3IuEREY £hidsTEbm VidmhpThte Ruklek aefd byubjedfh@Rnsiplé he
anplified nucleic acids can_ be achieved for exanple by ‘priners and/or probes
5 bei ng boudhermacrdescompisiigase. 22713 Foreign text 22713-RA 17 Cainms: 1.
A met hod of preparing nucleic acids froma tenplate nucleic acid by
subjecting a sanple to thernocycles conprising 5 a) Subjecting a first
amoygnt of sai d S@RkiRg aMird ald Judt o AR dabd @il s CARPIIRAIOR cRarhber $6 a filkgber of
t hernocycles to prepare a first amount of a first reaction mxture, and b)
Subj ecting a paR¥mb§r of fRRFMOCHIlesdq PaePRrY &irst RQYNtSA 2 Airstireackion mixtuse @gd d
anplification chanber to a second nunber of thernocycles to prepare a second
anount of a second reaction m xture 10 wherein the volunme of said second

anplificatign chipjehghpaiBhindnt SRR rvRtibAiAHure §24 sbcbhd St

anplification chanper.
P amplification chamber to a second number of thermocycles to prepare a second

amount of a second reaction mixture

10 wherein the volume of said second amplification chamber is smaller than the volume of

said first amplification chamber.

2. A method of preparing nucleic acids from a template nucleic acid by subjecting a sample

to thermocycles comprising

a)  Subjecting a first amount of said sample in a first amplification chamber to a first
15 number of thermocycles to prepare a first amount of a first reaction mixture with

an integral heating and cooling speed of at least 2 Kelvin/ second (K/s), and

b)  Subjecting a partial amount of said first reaction mixture in a second
amplification chamber to a second number of thermocycles to prepare a second
amount of a second reaction mixture with an integral heating and cooling speed

20 which is higher than that of said first amplification chamber and which is at least
5 Ki/s.

3. The method of claim 2 wherein the volume of said second amplification chamber is

smaller than the volume of said first amplification chamber.
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2. A method of preparing nucleic acids froma tenplate nucleic acid by
subjecting a sanple to thernocycles conprising a) Subjecting a first anount
of said sanple in a first anplification chanber to a first 15 nunber of

t her nocyprherA 0 prepare a first anmountyjgof a first reaction mxture with an
integral heating and cooling speed of at |east 2 Kelvin/ second (K/s), and
b) Subjecting a partial anount of said first reaction mxture in a second
At G L ThEBABE be bl & ERODT, BWTRRI B il BRAIRAKAL 550 Lupshalt, 2, second
anount 6f a s&cond reaction m xture nan i egra ooI|n
speed 20 whistdp 4)ds htoghkss andamstepb) 8ed 13Kisd fir st anpllflcatlon chanber and
which is at least 5 K/s. 3. The nethod of claim2 wherein the vol une of
said second anplification chanber is smaller than the volune of said first

anpl i f |5cat | Off¢ Clg?t g'éfarﬁ'zo%jcl?énﬁ?i & gqrhteﬁ)ﬁ-f thgggﬂl?hegﬁ‘sg'lﬁ fitst a%ﬂf‘éf& gff of any

of claims 1 to erel he 1 ntegral coolin step a)
is 4to7 K/ssrr@iﬂinlsmdéimpmp)hﬁsattcm d@mbésh@avvhenmeﬁﬂw@oﬂoﬁfplmfewﬂ)l}d ®Wns 1to
4 ereint Molune of said first amount of said sanple in said first
anplification 'chanber has a volune of 5 to 200 |, preferably 5to 5 50I. 6.
The met hod of any of clainms 1 to 5 wherein the volunme of said partial anount
of said first reaction mxture has a volunme of 0.05 to 5 |, preferably 0.1
to 2 |.6.7. The methpddf oty dielpins 1 & éwhsrem@@velumecrfemd patial afioust ofsaidber of

ther mocycl esgliSeat %ﬁ'rh&{ EH@%&&%HFG’B%@‘HPE& 199%@% qycles. 10 8. The

met hod of any o ai s ernt mount” of the first
reaction nlxture is physically renoved fronlthe renalnder of said first
reaction mxture. 9. The nmethod of claim8, wherein the partial anmount of
the firkst rédetmehodifanyra claims hta owheicordald finsemurabet dfthermdsgcesdsmi nder of

said first reaghl @, Mt Minbdof q"?e\fﬁl%gycles.

10 8. The method of any of claims 1 to 7, wherein the partial amount of the first reaction

mixture is physically removed from the remainder of said first reaction mixture.

9. The method of claim 8, wherein the partial amount of the first reaction mixture is

automatically removed from the remainder of said first reaction mixture by the device.

10.  The method of any of claims 1 to 9, wherein the time used for a thermocycle in step b)

15 is shorter than the time used for a thermocycdle in step a).

11.  The method of any of claims 1 to 10, wherein one or more additional partial amounts

of said first reaction mixture are subjected to thermocycles in step b).

12.  The method of any of claims 1 to 11, wherein a partial amount of said second reaction

mixture is subjected to a third partial amount of thermocycles.

20 13. The method of any of claims 1 to 12, wherein the first amplification chamber is used
for purification of the nucleic acids present in the unpurified sample prior to

conducting said first number of thermocycles.
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10. The method of any of clainms 1 to 9, wherein the tine used for a
thernocycle in step b) 15 is shorter than the tinme used for a thernocycle
in step a). 11. The nethod of any of clains 1 to 10, wherein one or nore
addi ti @pal3-RBartial anpbunts of said fi¥st reaction m xture are subjected to
t hernocycles in step h). 12. The nethod of any of clains 1 to 11, wherein a
partial amount of said second reaction mxture is subjected to a third

parti ak4ano : T, i 1to 12,
her el e e e e or e E D Mo Bt Ao AR AT e

nucl ei ¢ aci @sidgpepesingi n the unpurified sanple prior to conducting said
first nunber of thernocycles. 22713 Foreign text 22713-RA 19 14. A nethod
for determ ning the presence or absence or amount of a tenplate nucleic

aci d conpr isgi n%ubﬁ}bﬁ@lbhg@sxh_egntaoffshia%amgﬁqy Blir@ hmphiticatRAGNafbleNtoAa fidst St

anplification chanber to a first nunber of thernpcycles to prepare a first
anount of a fi rdtmbesgEthennogricles tn Brepars@ fisstgmognbpeafisshipagtiomumeixtyre #fbunt  of
said first reaction mxture in a second anplification chanber to a second
nunber of thernocycles to prepare a second anount of a second reaction

mxgure, amg C)SubRb@id? pirfigl doheurdtQf bR R rQttidgiRufe iAGiseeonds a neasure of
t he presence or bsence or anmount of nucleic acids to be determ ned, 10

a [
wher ei n t he voldmmifigatianghamber iy asesorsd numberqt ghermosyaiesito pserapsd 166909 han t he

volume of  sai dpfduntbf 28Rbid taaidPRighaher . 15. A method of preparing
nucleic acids froma tenplate nucleic acid by subjecting a sanple to

t hernocycl es conprising a) Subjecting a first anount of said sanple in a
first anplification,chanﬁeé to.a first 15 nunber of thernocycles to prepare
a first amsunt Légterminingdhe fogmation Al prcliicpadsgsamesuneof i RIESHERPT ng and

cool i ng speed Qbske beafburd HaliVkid/aci8 tPBOdddthihed, and

10 wherein the volume of said second amplification chamber is smaller than the volume of

said first amplification chamber.

15. A method of preparing nucleic acids from a template nucleic acid by subjecting a

sample to thermocycles comprising

a)  Subjecting a first amount of said sample in a first amplification chamber to a first
15 number of thermocycles to prepare a first amount of a first reaction mixture with

an integral heating and cooling speed of at least 2 Kelvin/ second (K/s), and

b)  Subjecting a partial amount of said first reaction mixture in a second
amplification chamber to a second number of thermocycles to prepare a second
amount of a second reaction mixture with an integral heating and cooling speed

20 which is higher than that of said first amplification chamber and which is at least
5KJ/s.

c)  Determining the formation of nucleic acids as a measure of the presence or

absence or amount of nucleic acids to be determined,
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b)  Subjecting a partial anmpbunt of said first reaction mxture in a second
anplification chanber to a second nunber of thernocycles to prepare a second
anount of a second reaction mxture with an integral heating and cooling
speed 207¥hRah is higher than that of2@aid first anplification chanber and
which is at least 5 K/s. c) Determining the formation of nucleic acids as a
nmeasure of the presence or absence or anpunt of nucleic acids to be

det er ml@ed’T}%%'ﬁgtﬁog 3 8519({‘1(;} \gﬁérel%ﬁylé'g’olﬁéfe%? ;%@ Sec-(mﬁ % 1§9aqloﬁfch§ ﬁ%lm s 15

wherein'the Vo sal er than the
vol ume of saiatlerf thas theampimé Dfmtdﬁmtzuhpllﬂxetlondl%mmme met hod of any of clains
14 to 16, wherein the formation of nucleic acids is being determned (step
c) after conpletion of steps a) and b). 5 18. The nethod of claim 13,

wher ei nt hgrﬂe%éfﬁb& 8fa of@léﬁh?l@toal%' Hiefe dll ﬁmftlﬂ‘é'f&%a%h%"fﬂhélég ac1(j§¥s%%1 ) during

step a) and/ or st met ho l'alms 14 erein
the int egraletem@aqur{gteaﬁhaf&mpm@bft@p@é@rePSna) a@ﬂéﬁ» a) is 4to 7 K/s and in step
b) 8 to 12 K/'s 20. The nethod of any of clains 14 to 19 wherein the vol une
of said first amount of said 10 sanple in said first anplification chanber

hassa gl uMtheShetfiod 8f 4 |3, wheRLEHRMMnaidybf mielc.acil is bElify dERLRRePT any of

cla| ms 14 erein theé vol une sald partial anpunt “of said first
reaction m(xtmr:)edwragséemlaudéoroqtemb)% to 5 pl, preferably 0.1 to 2 pl. 22.
The met hod of any of clainms 14 to 21 wherein said first number of

t hernocycles is 15 smaller than the second nunber of thernocycles. 23. The

met hod 16f  amy¥ Rdth&d 8f J@ o%lahﬁs ?42to I‘M'tﬂ{e‘%élﬁ tlﬁé"ﬁte%?aﬂth'e&ingaﬂa%iahﬂ (Pe'&? if 1 7St

reaction mxture is si cal renmoved fromt remai nder d first
reaction mistep@ & 4 t2’47 Iaédmafithlbb) ®to A Kfsm 23, wherein the partial anpunt of
the first reaction mxture is

20. The method of any of claims 14 to 19 wherein the volume of said first amount of said
10 sample in said first amplification chamber has a volume of 5 to 200 pl, preferably 5 to
50 pl.

21.  The method of any of claims 14 to 20 wherein the volume of said partial amount of said

first reaction mixture has a volume of 0.05 to 5 pl, preferably 0.1 to 2 pl.

22. The method of any of claims 14 to 21 wherein said first number of thermocycles is

15 smaller than the second number of thermocycles.

23.  The method of any of claims 14 to 22, wherein the partial amount of the first reaction

mixture is physically removed from the remainder of said first reaction mixture.

24.  The method of claim 23, wherein the partial amount of the first reaction mixture is

automatically removed from the remainder of said first reaction mixture by the device.
20 25. A diagnostic device for preparing nucleic acids from a template comprising
a. A first amplification chamber, and

b. A second amplification chamber,
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automatically renoved fromthe remainder of said first reaction m xture by
the device. 20 25. A diagnostic device for preparing nucleic acids froma
"tenplate conprising a. Afirst anplification chanber, and b. A second

anpl i fixati-aA chanmber, 22713 Foreigmtext 22713-RA 21 wherein the vol une of
sai d second anplification chanber is smaller than the volume of said first
anplification chanber. 26. A diagnostic device for preparing nucleic acids
froma te

i ntegral ”Rhféan‘ﬁﬁe{%ﬁh;%% pﬁsa‘f‘d sé“%rﬁedd{ugﬁh L{é +a it r‘?g n%h%%% éﬂgx\/dlg\&seggo q
anpl|f|catuaﬁfhnanm@ﬂkwaMIdgnéwrlntegral heati ng and cooling speed which is
hi gher than that of said first anplification chanber and which is at least 5
K/'s, 27. The device of claim26 wherein the volune of said second

anpllfl atigny fateS

anpl i flzgatl g\n g anbg?e\hée f&@&bhﬁﬁ %&Eﬁ%seﬁ%fﬂgﬁgq&?& I]r:rlgp gsh{gtso 27, wherein
the integral heating and cooling speed of said first anpllflcatlon chanber
is 4to 7 K/s and _of said second anplification chamber is 8 to 12 K/s. 29.
The device &f aryfitst amphfigasiopshamberdaviggapdntegrahkeating ang cestlingspepdiqfiat
anoynt of said fifsk/ampdification chamber has a volume of 5 to 200 p
preferably 5 to 50 pl. 15 30. The device of any of clains 25 to 29, mhereln
t he vol une of sald second anplification chanber has a volune of 0.05 to 5
|, preferably 0.1 to 2 |. 31. The device of any of clainms 25 to 30, wherein

the first a®plif IAOS&FQW@H&?PBB?H ghagpbez bpypg an puﬁgrﬁlu heatingandeookipgispeed aci ds
present in ghps@w hgghar {hah i ofbad kst m};h@&tlog%h?&ia& a%a\wdrﬁal Rfa E%QM 53¢/sC1 ai s

25 to 31 having ne for transporting |iqui rom sai |rs
anplification chanber to said second anplification chanber. 33. A conputer

program for _controlling a nmethod for the preparation of nucleic acids from
27.  The device of claim 26 wherein the volume of said second amplification chamber is

smaller than the volume of said first amplification chamber.

10 28. The device of any of claims 25 to 27, wherein the integral heating and cooling speed of
said first amplification chamber is 4 to 7 K/s and of said second amplification chamber
is 8 to 12 K/s.

29.  The device of any of claims 25 to 28, wherein the volume of said first amount of said

first amplification chamber has a volume of 5 to 200 pl, preferably 5 to 50 pl.

15 30. Thedevice of any of claims 25 to 29, wherein the volume of said second amplification

chamber has a volume of 0.05 to 5 pl, preferably 0.1 to 2 pl.

31. The device of any of claims 25 to 30, wherein the first amplification chamber also allows

purification of nucleic acids present in a sample prior to amplification.

32.  The device of any of claims 25 to 31 having means for transporting liquids from said

20 first amplification chamber to said second amplification chamber.

33. A computer program for controlling a method for the preparation of nucleic acids from
a template nucleic acid using thermocycles, characterized in that the computer program

is set to apply a first number of thermocycles to the sample and subsequently a second

22713 Foreign text



a tenplate nucleic acid using thernocycles, characterized in that the
conputer program is set to apply a first nunber of thernocycles to the
sanpl e and subsequently a second 22713 Foreign text 22713-RA 22 nunber of

t her nocgypgleRAhavi ng a shorter cyclingpiinme on a different volune of a
reaction m xture originating fromthe same sanple. 34. A conputer program
optionally according to claim 33 for controlling a nethod of any of clains

1to24. 5 5 nput er ogram duc i Si ram accordl ng to
cl ai m 33 or" beéﬁ’?gl Ry’éceog‘fl 38354y o erﬁ%cwg%rﬁ%@ ﬁ fﬁcr)lgygl 8r preparing

nucl ei c acndxtlonnmmfrenggmatmgfioaghesmma:sadgﬂa.ce accordi ng to any of clains
25 to 32 and b. a unit for controlling the diagnostic device, 10 wherein
the unit for controlling the diagnostic device is |oaded with a conputer

program, acg Qorrgfatr&gr fn%g@ﬂx 10851?31 zwcg’r%u}goco %Blm%g %&lscon?lroﬁin%q th&thbd of any

of claims 1 to 24.

5 35. A computer program product comprising a program according to claim 33 or 34 on a

physical storage means.

36. An apparatus for preparing nucleic acids comprising

a. a diagnostic device according to any of claims 25 to 32 and
b. a unit for controlling the diagnostic device,
10 wherein the unit for controlling the diagnostic device is loaded with a computer program

according to any of claim 33 to 35.
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