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| SOLATI 20Mlehga¥! NG AND DETECTI NG A TARGET NUCLEI C Field
of the :\{E\(/)ent |/do9n$::0¥[ 0001] The invention is related to t?glr&es'?gog{d%%of
nucleic acids. Mre particularly, the invention is related to a systemand

met hod for the i on | idlcation and detection of targeted nucleic
acids in a full &M‘Hﬁﬁ) $M§EMQ& OIaA TN, ses a

pi petter, extractor and an assay reader, as well as nmany other devices, to
detect the tar e 2 Cj ' ' i sclosed in
co- pendi ng U. ngMg’antﬁm(gm ﬁm@%ﬂ@@ﬁo 859,

filed May 17, 2002, the entire contents of which are incorporated by

reference. Related su ' ' ' pendi ng U. S. |
provi si onal patent app@ggwlgﬁg%sm%‘ggﬂ, filed May 17, 2002,

the entire contents of which are incorporated by reference. Background of

the I nvention [0002] None of the references described or referred to herein

are admtted to be prior art to the clained invention. [0003] A variety of
nol ecul arFiBidY Y IRhiEego! ogi es, such as nucleic acid sequencing, direct
detection of particular nucleic acids sequences by nucleic acid :

hybri di zd09Wd, ahbe myentitwis selaigdde dreedatectmmpf nficteat 2aids. tMotini ques, require

t hat the ej.c.aclds.(DNA or be separated, frgm.the.remai ni ng

cel I ul ar P élgﬁp%!)aﬁ h .m‘_’ef’ﬂlgg IW%E%{EA%@WE%I"F@Bf’ﬁéqq.x%éﬂ‘etlﬁgag‘?réps of

col | ect i pgplifRaté il defeclion stk getbdiRgcigiethoidk ¥Sh T BBoRftddSng th heat  ~
and/ or reagent(s) which causes the cells to burst and rel ease the nucleic

aci ds ( Dipegraterhaytenyihe comprises aipipsHen, axirantoranlean ey teade, aswelhen pl aced
in a centrl] the.sanpl e i s.spun.down.so,that. the various conponents
of the. by $ier R BEaTE AP SR 000 BB i BRUEEE The' | ayer
of the ndidcRised BoiodendeUSe préviBioadl @il spfIRasMELiaPNoa6MRREREE or any
sui tabl e jnstrunent. The sanpl es . )
_ filed May 17, 2002, the entire contents of which are incorporated by reference.
Related subject matter is disclosed in co-pending U.S. provisional patent application
Serial No. 60/380,859, filed May 17, 2002, the entire contents of which are.

incorporated by reference.

‘ Bgckgroﬁnd of the Invention

| [0002] None of the references described or referred to herein are admitted to be
prior art to tﬁe claimed invention.
[0603] = A variety of molecular biology methodologies, such as nucleic acid
sequencing, direct detection of particular nucleic acids sequences by nucleic acid
hybridization, and nucleic acid sequence amplification techniques, require that the
nucleic acids (DNA or RNA) be separated from the remaining cellular components.
This process generally includes the steps of collecting the cells in a sample tube and
lysing the cells with heat and/or reagent(s) which causes the cells to burst and release
the nucleic acids (DNA or RNA) into the solution in the tube. The tube is then placed
in a centrifuge, and the sample is spun down so that the varions components of the
cells are separated into density layers within the tube. The layer of the nucleic acids

can be removed from the sample by a pipette or any suitable instrument. The samples
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and treated with appropriate reagents, such as fluorescein probes, so that
t he nucl 8Y@24B808B0&an be detected in an apparatus such REI/E$e0BDRsIRbeTec(r)
ET system nmanufactured by Becton D ckinson and Conpany and described in
US Patent No. 6,043,880 to Andrews et al., the entire contents of which
is incorporated herein by reference.-20004] Although the existing

techni ques for separating nucleic aci ds fromcell sanpl es may be generally
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can al so herefichy egdretel N t he nucl eic aci d Iayer, and nust be renoved from
the cell sa %I e wth the nucleic acids. [0005] A technique has recently

been develW9dl whikboush theprsing teghnigies foré?ﬁ]P%@ﬂmg/@lO}elS epds framgelhucl ei c

acids fro n e t echni que i nvpl ves the
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herein by reference. [Q006] .In this technique, paramagnetic or otherw se

magnet i ¢ #iofaGHanTRamideic agid based agsayadsognireduseionp pfoe pyattifionsh al ong
ith cell | | |
ST e e e R

parti cl esalttwmgh lilercentrifagmgpadeess i gmimaﬂyeeﬂf@miﬁe idepaeifing e mﬁd:lai‘cla@fds by
known tec n| es _such as centrifugation, filtering or nagnetic_force. The

particle PR 91 kCoTRquEnts, CoRAMIMPRELIELRATING A SRINE 9T HEVLZASHERY f r om t he
sol ution Me nﬁél@i%edglds@aﬁ‘@ls@BQE&wcteﬁtlﬁ M\Icftﬁc 5G4 Hyefima Wil Sifhecauses the

nucl eic acids to becone
removed from the cell sample with the nucleic acids.

[0005] A technique has recently been developed which is capable of more
effectively separating nuc}eic acids from the remaining components of cells. This
technique involves the use of paramagnetic particles, and is described in U'.S. Patent
No. 5,973,138 to Mathew P. Collis, the entire contents of which is incorpoxated herein
by reference. ' . '

[0006]  Inthis technique, paramagnetic or otherwise ﬁagnetic or magnetizable
particles are placed in an acidic solution along with cell samples. When the cell
-samples are lysed to release the nucleic acids, the nucleic acids are reversibly bound to
the particles. The particles can then be separated from the remainder of the solution
by known techniques such as centrifugation, filtering or magnetic force. The particle
to which the nucleic acids are bound can then be removed from the solution and
placed in an appropriate buffer solution, which causes the nucleic acids to become
unbound from the particles, The particles can then be separated from the nucleic acids

by any of the techniques described above.




unbound fromthe particles. The particles can then be sep@deémberf2006n t he
nucl ei ¢ acids by any of the techni ques descri bed above. 4 Decenber 2006
WO 2003/W§?§6’é" / US2003/ 015602 -3 [0007] Exanpl es off CIH{SRU3IIAY net hod
for mani pul ati ng magnetic particles are described in U S. Patent Nos.
3,988, 240, 4,895, 650, 4,936,687, 5,681,478, 5,804,067 and 5,567,326, in
Eur opean Pat ent Application No. EP905320A1, and in publ i shed PCT
Application WO 96/ 09550, the entire contents of each of said docunents
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so on. |desonibadinlil. dutqpi Pett 3, HR8,2460; HBOGI660, 4,830 68BY S, 681,4P8.a804,96cont rol a
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detect whether the pipette tip has been properly connecte pi petter
devi ce. ipcpmorgied houin byrefeeret the level of a fluid in a container

i ncl ude se af ,electrical. conductivity.detection. This nefhod requires
the use Wg ectf?cé’gfq‘vsé ?1ﬁﬁléfg’{/Emb’?%ﬁoﬁ‘éloﬂsé?@%‘??mﬁa@(?rfsﬁ“&h@%nsi tive
anpl i fi eesibed) s&@pROVEl1sS BRd so &) ARGBSUtIAEE pHlcBFr tﬁﬁﬁquug%%%}&é?@&e of the

pipette tip when It conmes in contact with anionic L Pipette tip
det ect i dHoPRlY Kpairedeavinettes dsvientd drawdhiid foth byampleconiaict seckasia tdst t he

conduct i | te tip t,o a grounde conduct ot . acks of, this approach
i'ncl ude t%iﬁg’p{tl g eé:rgssgg}s)'io l%'f’wc%ﬁg‘m?f ?t&Be B?IB@F&E“&H‘%%V%‘?B tﬁ’t‘?&lp‘? -ecaﬁ*e!to Iﬁod
only wobeslofdretio the bpproptiftcidepins If ik UisdSiecdsBargth AEtMPR RS of fhte r?i dluidis

non-conductive, it w not provide a suitable electrical pa o conplete
the cir & haylsengupparhyecoaperied toghe pipstierdevigep dirtos methods fOGEdget thesy st em and

peen. dedeyria s aSRAnet nclyiE Ao rilestrcl Gidhofy B Peletor B ont ont <
of  whi chetind rbquisisnhé newfecaically byndefies pipette tipt abmictied)iol £5Bnaide Mt hod

I nvol ves | ying suction to the liquid to be neasured, maintaining liquid
in a ni @FBS%& éylpgh detects small changes mt%e electrical capacitance of the pipette tip 91

when it comes in contact with an ionic fluid. Pipeite tip detection in this known

system is achieved by touching the end of the conductive pipette tip to a grounded
conductor. Drawbacks of this approach include the higher cost of conductive pipette
tips, and that the method only works effectively with ionic fluids. In bther words, if
the fluid is non-conductive, it will not provide a suitable electrical path to complete
thie circuit between the conductors in the pipette tip.
[0009] A system and method for the measurement of the level of fluid in a pipette
tube has been described in U.S. Patent No. 4,780,833, iss;ued fo Atake, the dontents of
which are herein mcorporated by reference. Atake’s system and method involves
~applying suction to the liquid to be measured, maintaining liquid in a micro-pipette
tube or tubes, and providing the tubes with a storage portion having a large inner
diameter and a slender tubular portion with a smaller diameter. A pressure gauge is
included for measuring potential head in the tube or tubes. Knowing the measured
hydraulic head in the pipetie tube and the speéiﬁc gravity of the liquid, the amount of

fluid contained in the pipette tube can be ascertained.




tube or tubes, and providing the tubes with a storage potDectdinta2Dog a

| arge inner dianeter and a slender tubular portion with a smaller

di anet erWOROPT@S#$r e gauge is included for neasuring poramsziomliosead in the
tube or tubes. Know ng the nmeasured hydraulic head in the pipette tube and
the specific gravity of the liquid, the anobunt of fluid contained in the
pi pette tube can be ascertai ned. 4 Decelber 2006 WO 2003/097808
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t echnol ogyf | | O, ! & %% Rfgbes for
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copres or AP G005 EXAORES, o AUEL ol Bl gl Ll o0 enct ons
anpl i f1 calhaay atirBSbdmapstal ﬂ%iﬁ%t_ﬁll_ﬂlﬁ)%ﬁuiﬁﬁ@hé&ﬁ%é@ébo@é%) be

transcription-nmedi ated anplification , nucl ei c aci d-sequence-based
anpl i fi catsedrio pASBAFamples st wdedimcondumdtionrwith DNA probe technology for
diagnosti¢ purposes. '

[0012] In the use of DNA probes for clinical diagnostic purposes, a nucleic acid
amplification reaction is usually carried out in order to multiply the target nucleic acid
into many copies or amplicons. Examples of nucleic acid amplification reactions |
include strand displacement amplification (SDA), rolling circle amplification (RCA),
self-sustained sequence replication (3SR), transcription-mediated amplification
(TMA), nucleic acid-sequence-based amplification (NASBA), ligase chain reaction
(LCR) and polymerase chain reaction (PCR). Methods of nucleic acid amplification
are described in the literature. For example, PCR amplification, for instanée, 1s
described by Mullis et al. in U.S. Pat. Nos. 4,683,195, 4,683,202 and 4,800,159, and

* in Methods in Enzymology, 155:335-350 (1987). Examples of SDA can be found in
Walker, PCR Methods and Applications, 3:25-30 (1993), Walker et al. in Nucleic
Acids Res., 20:1691-1996 (1992) aud Proc. Natl. Acad. Sci., 89:392-396 (1991). LCR

~ 1is described in U.S. Pat. Nos. 5,427,930 and 5,686,272. And different TAA formats
are provided in publications such as Burg et al. in U.S. Pat. No. 5,437,990; Kacian et




(LCR) and pol ynerase chain reaction (PCR). Methods of nuglRcémb&i2006

anplifi i described in the literature. For exanple, PCR
anplifiggéﬁg%P9%%§ instance, is described by Miullis e¥g%h$iWWP%§ﬂ3 Pat .
- Nos. 4,683, 195, 4,683,202 and 4, 800,159, and in Methods in Enzynol ogy,
155: 335-350 (1987). Exanples of SDA can be found in Wl ker, PCR Met hods

and Applications, 3:25-30 (1993), Wl ket et al. in Nucleic Acids Res.,
20: 1691-1996 (1992) and Proc. Natl. Acad. Sci., 89:392-396 (1991). LCR is
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formats are provided in publicati'ons such as Burg et al. in US. Pa No.
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Publ i cat g 921030 88/ 01302, and International Application No.

~PCT/ US88/ 02108 and International Publication No. WO 88/10315. [0013]

Det ect i o031t heDatsetien of thei nicleip peid emplicens dor be amried dubintseverabeaysy al  ways,

all invol yi. Rl di-zat.i an A(.bindi bepween t t ar.get . nd specific
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f 1 uor escaiamytysnon DOMNA rebrCddtetioRhdinétsi ifivdll1BE @SE 6RERoreReIONyeEr ansfer. In
this method, a detector robe is | abeled both with a fluorescein dye that

emts | i §e defreHormsthadds Blposproernpeseus tgsicn ol thisansthed asletpetaicher " whi ch
Suppr es aﬁg%ﬂegﬁk%giﬁgsdo%% d H60Hbsdef P! P endil HRAERAE By LS DALTVE

state. |1 cons ar'é presen escei n- I"ed pr obe bi nds

to the awpisideaosice] sndwitieadgdncles dviatt aipprebiod dicogniesion of liplist@n tiiled oOccur.
-The increase of fluorescence is taken as an _jindication that_ the

di sease- EBQESHRID Ay s bynatiys satsy S DINA amplicpns gre pressaipfiedluoresodini ot her
det ecti o, yaRl4 ' : e [ | oo

‘exanpl e, ﬁl&a Si Hg?% %E%)trogg%%nti icgggéllg (?f%%/ g’ aenr%rlp 1%%31118%5{: g;er%g%sg}o?gé noi ety
with debeatri dhe @dcrease hifigerdsnerice untakear enmeinfohtdon that theriseaset-daasipg esence of

the conplenent .of the.reporter noiety (see US Patent No. 5,593, 867).
Non- {1 uoPaSEaHe if BissPY e atiegt sample) (>

[0014]  Other detection methods will be apparent to thos.e skilled in the art. For
example, a single fluorescent label may be eroployed on the reporter moiety with
detection of a change in fluorescence polarization in the presence of the complement

- of the reporter moiety (see US Patent No. 5,593,867). Non—ﬂuorescent labels are also
useful. For example, the reporter moiety may be labeled with a lipophilic dye and
contain a restriction site which is cleaved in the presence of the coﬁlplement of the
feporterrmoiety (see US Patent No. 5,550,025). Alternatively, the reporter probe may
be radiolabeled and the products resulting from synthesis of the complement of the
reporter moiety may be resolved by electrophoresis and visualized by
autoradiography. Immunological labels may also be employed, A reporter probe
labeled with a hapten can be detected after synthesis of the complement of the reporter

~ moiety by first removing unreacted reporter probe (for example by adapter-specific
capture on a solid phase) and then detecting the hapten label on the reacted reporter
probe using standard chermiluminescent or colorimetric ELISAs. A biotin label may
be substituted for the hapten and detected using methods known in the art.




useful . For exanple, the reporter noiety may be |abel ed WiDeberabdri2po®hi | i c
dye and contain a restriction site which is cleaved in the presence of the
conpl eneWP BPPRES reporter noiety (see US Patent No. BCEAH2@38)5602

Al ternatively, the reporter probe nmay be radiol abel ed and the products
resulting fromsynthesis of the conplenent of the reporter noiety may be
resolved by el ectrophoresis and vi suabi-zed by autoradi ography.
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l'ight, and then detecting any lig generat ed by the fluid sanples
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Bi osystens, "1's capa ura 'urd sanpl e stored in
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for emttin ht towar artlclar sa nd for detectln | i ght
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optical gRhliesAkfRe E&\Sh@g{)ﬁédi ehblay Ehch i f?faéiénd %&811& EAG! THEHES Of the
optical cables are integrated to torma single ped | furcated" cable.
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second e %e scanning head includes this end of the bifircated optical cable. The second end |

| of the first optical cable of the bifurcated cable is corafigured to receive light from a

light emitting device, such as a lamp, and the second end of the second cable of the

 bifiwcated cable is configured to transmit light fo a detéctor, such as a photomultiplier

' tube. ‘ ' , '
[0016} During operation, the optical head is positioned so that the integrated end .
of the bifurcated optical fiber is at a suitable position. with réspect to one of the
microwells. The light emitting device is activated to {ransmit light through the first
optical cable of the bifurcated optical cable such that the light is emitted out of the
integrated end of the bifurcated optical cable toward the sample well. If fluid sample
fluoresces in response to the emitted light, the light produced by the fluorescence is
received by the integrated end of the optical fiber and is transmitted through the
second optical fiber to the optical detector. The detected light is converted by the
optical detector into an electrical signal, the .fnagrﬁtude of which is indicative of the
intensity of the detected light. The electrical signal is processed by a computei‘ to
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emt light toward the wheel so that as t at es, ends of the
opti cal fVHBike eptigabaeis af thyg lishbenvitingievice ghd thusj thg crudited Kighd vl ehiee | i ght
emtting ECE. IS, .. n.the wheel_rotates t first 0sition, -a
fiber extﬂéjlﬁééiliﬁeg apg(li}%:t{aﬁgm}kﬁ%gt? the ORSINS f TR PPITEH ﬁ%&ge’b‘@%ﬂ%§%§h‘i gned

detector having an optical axis alignied with the optical axis of the emitted light.

Accordingly, if the sample in the boitle housed in the opening fluoresces due to the
excitation light, the light emitted from the sample will transmit through the optical
fiber and be detected by the detector. The wheel then éontinues to rotate to positions
- where the ends of the other optical fibers become aligned with the optical axis of the
light emitter and light detector, and the light emission and detectibn process is
repeated to sample the fluid samples in the bottles housed in the openings associated
with those fibers.
[0018]  Amnother type of optical testing apparatus is described in U.S. Patent No.
5,518,923, to Berndt et al. That apparatus includes a plurality of light emitter/light
detector devices for testing a plurality of fluid samples. The fluid samples are
contained in jars which are placed in the openings of a disk-shaped tray. The plurality
of the light emitter/detector devices are disposed in the radial direction of the tray.
Hence, as the tray rotates, the samples in each circular row will pass by their

respective light emitter/detector device, which will transmit light into the sample and




with the optical axis of the light emtting device and thDecerhthee 2606 tt ed
light will enter that fiber and be transmtted to the opening. The

appar at MWO200%092408i ncl ude a |ight detector having an @EIVERPIMS®2al | gned
with the optical axis of the emtted light. Accordingly, if the sanple in
the bottle housed in the opening fluoresces due to the excitation |ight,
the light emtted fromthe sanple wi{8-transmt through the optical fiber
and be detected by the detector. The wheel then continues to rotate to

osition wher he ends of the other .optical fibers bec aljgned with
Phe. opt 146t 2y SebiiBetia eonstget ba e vewla rerapse b cotes LaHd Khe | i ght
em ssi onpRM ﬂﬂéﬁgialké%ﬂs RIBERIS of RstirpRfEkAad &é%l@atf}%l?é éiﬁﬂbfg%zzé”p' es In

the bottles ’hou_se n the openings associated wth t [ 00181
Anot her Hopjsa enf ingptlemialachiewdt thimymaliipde sampde testinge sleiliiyh tae systdoh GusPat ent  No.
5,518,923, . to Bern et..al ., That apparat includes a plurality.of |ight
enmtter /eﬂb a Pg‘é’:@-gé’[ %ﬁhgglé ngtgggrsfa&ﬁ atpé'é’iaﬁﬁ’go fg‘gbj‘:{l Groafers-y L[gfslefafiﬁ}}‘/@or?érrp! es.
The fl UicgmS@ABh@Lredts in&@MeFhd8sht bithiedYStedD IFoR eR4rRpIB! § mhlﬁgﬂb@ openi ngs
of a disk-shaped tray. The plurality ©of the light enitter/detector devices
are di spéssdwibich re genetally qufia expensive, afe often usedps lightatategiommitshion t r ay
rotates,, t.he. s les in.each circular row will .pass by their _.respective
light efFYs: ngﬁ%ﬁp& Tﬂ("fgfﬁ’ ?c%ﬁ?cﬁe\‘lﬂlﬁfs $Perrlly ipcreaseit POt e sanpl e
and 4 Degepeiond@l@plierbbedGaéd O8N evdrGE s HBlt 6d 204 fedet ect any i ght

that is generated by the sanple in response to the emtted light. In
t heor y, Phtips Elpplietiihes dsposublaie meditaingseampstitive prichfon thaeppseaddise at any

given ti I [ t chi I S | ti.ple. s | e testing
abi 11ty EOPp Ly L wtich ShiiG) aoeRER B, b b Bl BB ana &0
pl ur al i tincamiblei dfitéstipgialplemlty offsemplea deiHonbsuthe type P ARSALSICANESEbY | NCrease
the cost of the system For exanple, photomultiplier tubes, which are
gener al |ftgre tteSlexpensi ve, are often used as |ight detector units in
devi ces hi s g t-her.cas f 1k It L]0 y.lncreased if
nor e thi@fl%te pﬁ%fé{%{%ﬁ?{%@&slp%gggésmﬁggyel%\?@%%?,&or ?Plﬁé@g(hasfér able to use
as few Fpjiveaoared 4li (Thissapphshsengioyassngle éighbda@iiat idn pluegdinperitighve price
for the apparatus. However, 1devi ces which enploy. a single detector (e.g.,
phot o nup?“@pgéwq;g@a regd @ sample on a sample carrier, which is a subsfantially

transparrent mediuvm. In this apparatus, the plurality of light emitting devices transmit

light through corresponding optical fibers. The light emitied by the optical fibers

passes through the carrier and is received by corresponding optical fibers on the
opposite side of the carrier. The receiving fibers terminate at a single light detector
and the light emitters are operated to emit light at different times, Hence, light from
" only onne of the emitters passes through the carrier at any given time and is detected by

the detector, which outputs a signal proportional to the intensity of the detected light.
Therefore, a single detector can be used to detect light from a plurality of light
emitting devices. When the light passes through a portion of the carrier that includes

* asample, the intensity of the light is decreased because some of the light is absorbed
by the sample. The amount by which the light intensity is reduced is proportional to
the con.centration of the sample material in the sample. Because the signal output by
the detector is proportional to the intensity of the detected light, the sample

concenitration can thus be determined based on the output signal.




i ncapabl e of testing a plurality of sanples w thout sonmed4Depaniadr 208€hani cal
noti on r each test. [0019] A detector apparatus is also described in

U S. Pat 8208788343 991, to Fujiwara et al. This apPsTa¥S2003HHi0%ys a
single light detector and a plurality of light emtting devices to read a
sanple on a sanple carrier, which is a substantially transparent nmedium
In this apparatus, the plurality of I“i9ght emtting devices transmt |ight
t hrough corresponding optical fibers. The light emtted by the optical
fibers st (N | Y : i ng

opti cal gi ber's o%ﬂttﬁﬁ[géh %gg‘%‘éﬁ%?eardsdia%ega’%g“% ﬁeg c rﬁéﬁsl’ g‘%ﬁﬁfﬁgﬂé ‘éeée’gﬁaﬁ%g fibers
t er mi nat andthesessarg teehhiqghs didatsest diove axidt deperatdlyhwhat is hatldng, iame oper at ed

to emt Jlight at different tine Henc.e ight from qnly one of the
emitters g%‘?@ S@’%F%’Lfg‘ﬁt SP’H%rg@gF%?ye?oném e%_as?gr?ﬁqrﬁ%‘ﬁ% PP ARt ected by
the det egdPincedtaGPtRbl it Syded fBNARE iRNARA! hpRRdatibl b QelkliGNst ty of the

detected light. herefore,” a single det ector’ can be used to detect |ight
from a plaggeted nycleic acidgite diagnesetdisegsaddyinsadpultienilvidesamplsst Ppsisses t hr ough

ti fth ier that includ e, the i.ntensit the Iight
P Geor cHRReHES 1 lbleBlnenplo i i BERB P et rtompf e’ The ' °
amount ByroiesslBating el refbinifl ASE thbeiptrbAIMCRa thRCRACRS @aalid, 0 the

concentration of t%e sanple material in the sanple. Because the signal
- out put Bjpanykarlige systanat erpploprspaie] eantifigaiquhsien thatregiirss feckitician o ect ed

light, t ncent rat i hys be. determi ned based on the out put
i onal . ARl BENER s BF o B tnal Sonli S AHS) BEkmB T 0020,
Al t houghtethrichinab efbsfacdras RepiRiudty FoBCARMIHE SeidldrEapidhitiedt@s hni ques,
and the sensorﬁ t echni_ques di scussed above exi st separately, what is

C:

| acki ng,anr 3mplticationagd/or detesijen mptrament. syner gi stical |y conbines these and

ot her t »1% O gﬁ}? g , -t os0per.ate .system for the

i sol ati tc)l?,(ﬁé’rpl ic(Fl ca ?tgéf&l%ggxﬂgeﬁ%gﬁ%%%ﬁﬁw%%ﬁ%e étgdr‘%t(s: altlgng%i ds to
di agnos esaginsie hasdling)sys@mis p Fopttangplé,| darbinSepioe StiliRasdrtesRP RSERERRS 1O
automat e sanpl e processing were limted to autopmating portions of the

pr ocess TPOXASHIPIES Funanslosgtiomtoanothsr.nds kaows inihg asly cartesapbets an. For

exanpl .can movein X, Y and Z direction, are able to perform straight-line insertions and are

easy to program. Cartesian robots have the most rigid robotic structure for a given
length, since the axes can be supported at both ends. Due to their rigid structure,
 cartesian robots can manipulate relatively high loads. This enables them to be used
for pick-and-place applications, machine tool loading, and stacking parts into bins.
Cartesian robots can also be used for assermbly operaﬁons and liquid dispensing
systems. Examples of such uses occur in laboratory applications (genetic research), dr
any task that is high volume and repetitive.
[0022] One disadvantage of cartesian robots, however, is that they require a large
area of space in which to operate, or, in other words, have a large footprint to
workspace ratio. Another diéadvanfage is that cartesian robots have exposed
mechanical elements which are difficult to seal from wet, corrosive or dusty

enrvironments, and are difficult to decontaminate.




many earlier systens enploy a manual centrifugation step4DeaémbiezQ006es a
technician to |oad sanple tubes into and out of an external centrifuge.

O her systens require a technician to transfer extraction products froma
nucleic acid extraction instrunment to an anplification and/or detection
instrument. [0021] Certain attenpts -have been made at providing limted
automation to sanple handling systens. For exanple, certain systens
utilize cartesian robots for noving sanples fromone |ocation to another.
As known in the art, cartesian robots can nove in X, Y and Z direction,

are able rf aj .= 1] sert i on [ e t.0 program
Cartesi ant[gbozggt s%g%dz&({ %e@é&n%g%& %ngél%ﬁtrag%%lﬁteid r§?&5§{‘sugsgw r%boé‘ﬁ%f’g | engt h,
si nce t he bastessed arthbgersmp pontepiclatolrttsund messferihken fromtahiddia platgich st ruct ure,
cartesian armqkigtﬁ Lan mani pul ate relatively high loads. This enables themto
be used f pch?f(-' and- pl ace applications, machine tool |oading, and

stacki ng peo2up i I?Llltﬂp%l;hﬁﬁe sysfeftis URGIsSY dbBROhsy bARCR HQeRfin UaRcufOl :assenbl y
di spensing. systens. Exanples of such usés occur in

operations and, |iqui C

| abor at or 96@&5}8?569 rerisfullyeremnated pesadferprpcessing a eompangatiof intgesti s hi gh

vol ume andneRRELEL hiEessth R SRV AL LES]

however, is that t eyesﬁlggui %]éles%kfl%t?i éﬂgﬁg%go d@%‘%@@’%ﬁét}ﬁg%ﬂ%‘%@d&‘erat e,

or; in ot Heerespinchisles speeifig of mmppedifionystdicdcid ssquanoe kslapeoteintdignifichnot her

di sadvant ISt . [ robots have exposed chani cal gl enents

whi ch ar eﬁ%{%ﬂa %stfp{ilg? %ggééagﬁ)&? %S%Q%Egct,ﬁeg SrPRRINES Bﬁgpﬁﬁg’{lﬁssa%ﬁ’?ﬁl nts, and

are diffi guhtly tedudiegtha tislofhaérearrod paxhoguaieapostt) GontandifatfdOd]spillage| ecti vel y
SCARA). robots_h een used in the

conpliant articul at ed..r.obot  arns. ve

genome ar ggﬂ? BeIsreRe %EFIS?ﬁye‘émﬁﬂ’ﬂt‘égr%%P F0 Y r%dbuﬁ%@‘F AMBYHOE to a
sanpl e pl ahiging f@RA4] follpkaRiitaBrstahe vist Il Bdlmiflies SHSEE If ARGy KuiblibiRGo usef ul in
certain capacitfies, it a need exists to have a fully automated system for
processi nglgg'veltb‘ﬁﬁ(?ﬁé]#ﬁatlﬁﬂs-i nterest, wherein such processing includes

i sol ating, anplifying and detecting, and the conponent of

Summary of the Invention

[0025]  Embodiments of the invention provide a processing system that will obviate or
minimize problems of the type previously described.

[0025a]  In accordance with a first aspect of the present invention, there is provided an
automated system for processing a component of interest contained in at least one sample,
comprising: an extraction device, adapted to extract said component of interest from the
sample; a detection device, adapted to detect for the presence of said component of interest
extracted by said extraction device; and a robot, adapted to automatically transfer said
extracted component of interest from said extraction device to said detection device,
wherein, said robot includes a selectively compliant articulated robot arm (SCARA).
[0025b]  In accordance with a second aspect of the present invention, there is provided an
automated system for extracting nucleic acid from a sample, comprising: a selectively
compliant articulated robot arm (SCARA); and an extractor adapted to extract the nucleic
acid from the saﬁple..

[0025¢]  In accordance with a third aspect of the present invention, there is provided an

automated system for extracting a target nucleic acid from a sample, comprising: an




I nterest includes a specific or non specific nucleic aci4Dseshsnceoand/ or
protein. Significant advantages can be realized by automating the vari ous
process steps of an assay, including greatly reducing the risk of
user-error, pathogen exposure, contam nation, and spillage, while

I ncreasing efficiency. Automating stepm-of an assay wll also reduce the
anopunt of training required for practitioners and virtually elimnate
sources of injury attributable to high-volunme applications. Summary of the
| nventi o bR S0 fspd e d | rovide a processi;ng system
that wl Pe)%%gtlggthggcfgra W ni mﬁlfg S%ércg%l dgpr%?é;#ﬁﬂ?%g%ﬁynﬁgggrag@i e %/3 &scri bed.

[ 0025a] | mckicaidifion chemampleavifhontskepastpeahe afget helepreRidim hewardet on, there

is provid an_.aut omat ed system for processin co nent of ipterest
“cont ai ned'%" %Illel% m(ﬁg%tsr{layoeﬁéﬁ E‘éﬁrﬁa&pﬁe’ %%Pﬁ@?rr?&?&ﬁﬁoé'ﬂgﬂg’cﬁa{aﬁ“% ce,

adapt ed t muchid #id; tndaiclos; afiped eniutehaticall LERS by fal Rrhd8] mBRIPIR] todhadet ect i on
devi ce, ada tfed to detect for the presence of said conponent of interest
extract eda“&@l ¥&i d extraction device; and a robot, adapted to automatically

transfer d{g@isﬂ] X dcBGiARe GANRIRGH aspdct bIhEPRSIt b o dhde %&%ﬁ&éﬂ!aon devi ce

to said detectjon device, wherein, said robot includes a selectively
conpl i antMgthed o peeessing a seppanienh Af SuaEr contpipebBIg)sample xovwrigagowenting a

- second ashRkiadion biedth SRR sdid Beifiloh Gl of LELP bR ﬂpe(r:sg%r%gg@emngaut i

system for extracting nuclelc aci roma sanp ng: ~“a sel ectively
conpl i antdetaetor gadegaceigr thepessense nf $a8GARMOnem nflingemeseatracted by saadieqttaetibnt 0
~extract t{ae; ' ' . . 0025 In acgordance with a
third as peg;tc@’t)!l?‘1 h? Jﬁtgmgf?%gggéﬁs?ﬁﬁe&%%%%% %?Jlenﬂogengllg’g%%ﬂeégﬁ%lﬁ S88ut onat ed

syst em f @xtrastiondevicatg said deegen davicd, siherehcdatll futommtiaallyanpifesing @ishidesi ng: an 4

Decenber 1 xtractqr,.. adapte 0o per on-speci fic capture of
the tar geoi gl%u“é% ae?e?ecg‘é?lﬁ?ox?pglag&qr&%@?te‘fﬁqémaﬁﬂé%&f’lp&ﬂg%?ﬁ‘ he sgrrpl e

wi t hout gmpsfeaingng the target nucleic acid fromnon-target nucleic acid
t hat may i in the sanple; an anplifier, adapted to anplify said
extract edgé%%i:l eln@ceprsdanee Wihya fifth genset of dhensesent invention. dheea s eravidpd@onvey sai d

ext ract edndihiid 6t futdidikaltyPextdGing HIPkic fabR'from a sample, comprising: operating a

selectively compliant articulated robot arm (SCARA); and extracting the nucleic acid from

* the sample with an extractor.
[0025f]  In accordance with a sixth aspect of the present invention, there is provided a
method for automatically extracting a target nucleic acid from a sample, comprising;
operating an extractor to perform non-specific capture on the target nucleic acid to extract
the nucleic acid from the sample without separating the target nucleic acid from non-target
nucleic acid that may exist in the sample; operating an amplifier to amplify said extracted
nucleic acid; and automatically transferring said extracted nucleic acid from said extractor to
the amplifier.
[0025g]  In accordance with a seventh aspect of the present invention, there is provided an
automated process for isolating and amplifying a target nucleic acid sequence that may be
present in a sample, said process comprising: automatically separating the target sequence
from the fluid sample at a separation station by performing non-specific binding on the
target sequence without the need to separate the target sequence from any non-target
sequence that may exist in the sample; and automatically transporting the separated target

sequence from the separation station to an amplifying incubation station.




[0025d] I n accordance with a fourth aspect of the presen Detarsivr200g t here
is provided a nethod for processing a conponent of interest contained in a
sanpl e, conprising: operating an extraction device to extract said
conponent of interest fromthe sanple; operating a detector to detect for
the presence of said conponent of integest extracted by said extraction
device; and automatically transferring said extracted conponent of interest
fromsaid extraction device to said detection device, wherein said
automatic tr i i n ratin selectively caonpliant
articul at ggéz)ré bo;ﬁp %Ir ér?nﬁ]%)g%i}kffg%ggl%g?nf g&%@éi 351%“?)5“ ﬁgeg fsg?t?rpﬁ‘a%“fcﬁﬁ e] In
accor dancecaempdnent of irftértst aspsindd ioh shhple N R6Eadd dompeisihg OBampléRele, | s provi ded
a net hod@({ao%: zutomati cahlé extracti ng nucleic acjd froma sanpl e,

conpri si nB*APEHLAPIHPER 18 o8 eonfungs ceympine shesample pdPeendElEt ar m
(SCARA) | angiedXd Exaaktsid chbiBormHEShtere@Gidin fik plL RRIRAAM tf‘evi%,tala%;ﬁéh to
extractor. |0025f] In accordance with a sixth aspect of the present

i nvent i ondetech Er éhej psespras\if sridi cempamentted éhtérost extractsrthiay said bxtyactiont deaceiand a

target nu i i . I npri.sing; operating an . extractor to
perform n%%?%g%g%ﬂe?ég {I:Lgp %}Cgﬁsé)mﬁal%%ﬁéﬁ}%ﬁr oelf ton%%?’gfaguoélc‘ieamgbangﬂ ract the
nucl ei ¢ aaitondticelly transfes aiihteravded baniponse A inddrish GoiheidteRirgeibn Betédeabc aci d
fromnon-ta égegt . hucleic acid that nmay exist in the sanple; operating an
anpl i fi ersaf‘{) HYPP1 $9'€ai d extracted nucleic acid; and automatically
transferr foognsal th R¥raARE K5thAH ShiBb&inRf of e RELRF RGN ﬁf%%ﬁ:ﬁﬁlg&iont he
amplifier. [0025g] In accordance wth a seventh aspect of the present

i nvent i onsten digcuesed abaye i aligirntedand dnstaadatcethplishod @it thicorse bEoagrietig and
anplifyi i C i d sequence .t.hat .may be present in a sanple,
said pr ogess.k%:%%%%%%aﬁ 5 %UP@?%%OEQ ?I'S%’S%g?ﬁ'fclleﬁcg the target sequence from
the fluid sanple at a separation station by perform ng non-specific binding
on the target sequence wi thout the need to separate the target sequence
fromany non-target sequence that may exist in the sanple; and
automatically transporting the separated target sequence fromthe
separation station to an anplifying incubation station. 4 Decenber 2006

10b [0026] In an enbodi nent of the present invention, an aut.onmated system
for processing ) -

—




a conponent of interest contained in a sanple is provi ded Deoembér00g a
sanple-r ted for receiving at |east one container containing the
sanpl e, gﬁﬁ%&?&ggﬁion device, adapted to extract said Bsee
interest fromthe sanple, a detection device, adapted to detect for the
presence of said conponent of interest,extracted by said extraction device,
and a robot, adapted to automatically ftransfer the sanple to the
extraction device, and to automatically transfer said extracted conponent
of i nt esdd! cdptidfialdeeAdvatigtOOT tBvirGeagdeat castbod ilnprootd budeudsce. [ 0027]

In accordance with an epbodi nent of the present invention, the |

cent ri f (RaRVSH more soRPieXPsatc suBlES Fsteams. i halodacoshal tha SprAEH onpl i shed

with th e ' : lLAE ihon of
mon- spec HEe Rt LReNR gdag P Bl g B i afesd SaS a8, 14
aci d capindling capacitjesitimelvaignifpesntlyf inlpaviiig caagAdtitonslly, dinelsysigmt msead
robustness .rel.ativ r onpl ex specifi¢c capture systens. The |ow cost
of the -%%p@b%laglfgre e@ﬁ%ﬁéf%% @%@atrwﬁceéﬁp Jleafeperigblededi bility to

I NCr easgyq Hre b X NETa it ; :

si gni fi ﬁ“&%‘ﬁ@%ﬁ@ﬂg@t@%@a‘%ﬁ%ﬁ%ﬂ 9%‘%}%3929 fid thndtibeifetic i
grade (ganRamsrthbiotsedessmelishiatobmtipviodgenentsur at e, repeatable and reliable

positioning of the pipetter as opposed to |aboratory |iquid handling
robotic platforns that use |less reliable robotic conponents. Brief

Descri pBidT Mésckifiidd @he®drahvi@a8] The novel features and advant ages of the
present 1nvention w est be understood by reference to the detailed

descri pli0Z$lof (T myelicatesantdodivaniages ofithe presénfl ihvemionwhdlrbestdwd i n
conjunction with the acco nyi.n Law.ngs, LR which: 029] Fig..

st £ o b AR B RE Rl d AR PR pbheBed ehppamauthicdy,

sanpl esfoliswé, RehdrsRhdin ebnjudiBhi Witk @d RBoRPEnFRE BfdwiARs, o whidhget ed nucleic
aci d sequences; 6%0030 Fig. 2 illustrates a perspective view of an

aut onat D824 t i Flie kidbsiratena kypepanethodforsyamelly porparing muddplat i on,
anpl i fi @%Eﬁ&@n%ggpije%tfgf {l{quolﬂoﬁ,%%ﬁ%gﬁgry gllnf 'l:iectection of targeted nucleic

acid sequences;

[0030] Fig, 2 illustrates a perspective view of an automated muliiple specimen
preparation system for the isolation, amplification and detection of targeted nucleic
acid. sequences in accordance with. an embodiment of the invention;
[0031] Fig. 3 illustrates an internal view of the fully integrated and automated
multiple specimen system for the isolation, amplification and detection of targeted
nucleic acid sequences as shown in ¥ig. 2 in accordance with an embodiment of the
| invention;

{0032] Fig. 4 ﬂlustrates asystem block diagram of the major components of a
fully integrated and automated mxultiple specimen system as shown in Fig. 2 and more

- fully described in reference to Fig. 3 and related ﬁgﬁres; |
t0033] Fig. 5 illustrates a perspective view of a SCARA robotic arm used in the
integrated and automated multiple specimen system for the isolation, amplification
and detection of targeted nucleic acid sequences in accordance with an embodiment of

the invention;




aci d sequences in accordance with an enbodi nent of the i#4Desdhisg2000031]
Fig. 3 illustrates an internal view of the fully integrated and aut onmated

mul ti pl ewspmos/oeossyst em for the isolation, anplificatipgn/@nesdeisesti on of
targeted nucleic acid sequences as shown in Fig. 2 in accordance with an
enbodi nent of the invention; [0032] Fig. 4 illustrates a system bl ock

di agram of the mmjor conponents of alZully integrated and aut omated

mul ti pl e speci men systemas shown in Fig. 2 and nore fully described in

referenc Fi Om: ated fi.gures: [0033]. Fi S illusirates a
perspectliﬁgl‘;é‘%i e\?\F 1@% ' %Q%&%&Sﬁ%tﬁgf#%e%tr G e‘ﬁgfa*’flﬁtcb@fﬂﬁ{%‘&’ H

aut omat edsertibly ed i PRCintBRPuted Aldefdipited RSO bRiciR%h saefaﬁll kifowgfid ON  and
detection of targeted nucleic acid sequences in accordance with an

embodi meig- Sfor thgdsqlafienm pmphificationand detection ot argapdanoki0eH88guences
PCT/ USZQQ%Q&@@Q& w;tﬂx%nke% é]zaitgftheﬁn\?e?nt%g?- illustrate different
pi pe

perspective views of a sIX channe e ~assenbly used in the

| nt egr at[@BSihd dtigodriiliatates ki bxdnepis PES pifefeSHSaRAWONE pigkttel 0. 2 for the
i sol ati on, ag})l Lficatign and detection of targeted nucléic acid sequences
in accortsheBIXdhen R Flgs, §apdd ir thsrintegrated andrautemated modi)le Fpagimgn

i |l ustrat8gsnabh&xd L PRELE Ak J he pipetter assenbly
shown i'nS(Fi gs. 6 a%ﬂgﬂ:ig' ?Eoﬁﬁispﬁ@é%ragﬁﬂelﬁi cgﬁ(gﬁj%‘ﬁlﬁ%%@% oﬁﬁ%ﬁt e speci nen
syst em gicdlenc aeidEeguenzed inractdrdarice avitht Arnembadimehd dfaRd indBn@ei det ecti on of
targete sequences i,n accordance wth an enbodi nent of the

| vent | OMI005 e iusEes ¥ Betrestivs Viewyeh o be tackeritt mudsnieatione. rack i th
oD Sonddb ik SR s Soblbldi PR AL AV AULORE: o0, LIPS
nucl ei c iwbitios equdifivetiomandsdebention of taFgged niclendcid sequeAceisdanee i t h an
por (1 on 1B LA SRk o Pebedibat SFe FBIESRs hown | n Flg. © for use
in the ipuegyrat glﬂg.QM11agﬁmﬂsﬁ&Mé & EpHHETbFBR tube rack identification
statiora. as shown in Fig. 9 for use in the integrated and automated multiple specinaen
system for the isolation, amplification and detection of targeted nucleic acid
 sequences in accordance with an embodiment of the invention; |
[0038] Fig. 11 illustrates an exploded perspective view showing a portion of the
‘tube rack identification station assembly as shown in Fig. 9 for use in the integrated
and aurtomated multiple specimen system as shown in Figs. 2 and 3 for the isolation,
- amplification and detection of targeted nucleic acid sequences in accordance with. an
embodiment of the invention; _
[0039] Fig. 12 illustrates a perspective view of a pipette'tip holder station for use
in the integrated and automated multiple specimen system for the isolation,
amplification and detection of targeted mucleic acid sequences as shown in Figs. 2 and
3 in accordance with an embodiment of the invcntic-)n;
[0040] Fig. 13 illustrates a perspective view of a pipetter tip holder with tip
exchange station for use in the integrated and automated multiple specimen systemn for
the isolation, amplification and detection of targeted nucleic acid sequences as shown

‘inFigs. 2 and 3 in accordance with an embodiment of the invention;




system for the isolation, anplification and detection of4Datgsieedotgic| ei c
aci d, uences in accordance w th an enbodi nent of the invention; 100381
Fig. 11 i“f HOPPHBYS an expl oded perspective vi ew showi rﬂl’d:TéU%?:‘(qléﬁqzof t he
tube rack identification station assenbly as shown in Fig. 9 for use in the
I nt egr at ed and automated multiple sp gi men systemas shown in Figs. 2 and
3 for the isolation, anplification and detection of targeted nucleic acid
sequences in accordance with an enmbodi nent of the i nvention; [0039] Fig.

12 il us{O8¢Hs amgrlgpﬁamat@ apepspectiveryipl REpHRIR Reafle és o akd Anpd or use
pl e speci nen system for the isolation,

in the Intf%ﬁ%{ﬁ Cﬁ%{% aut omated nul ti

anpl i fi cHS e %’t‘-tP@Hl‘%ﬁP ?éPe@E{l@US)ﬁtm Bir thedisoldtion quplifiestias shown in
Figs. 2 apd defcli L nent  of..th vention; [0040]
Fig. 13 il lust rca?%g?gﬁ) er spec |%/égdw u%@%%s’%%ﬁ%gs ?l%ﬁﬁollnder with tip
exchangeascmdameWmhamsmbommheoﬂthémﬁﬁ@ﬂ and automated mul tipl e specinen

system fﬁ‘é he ol g anplification and detection of targeted nucleic
aci d seqt®ftds a l%llr “St‘iaFPslﬂpé’ZéPloée‘%PﬁilechYPE@Wé}f@aﬁlé@awltws@mﬁm)odl ment

of Lhe e rehiodnlReAN S lor20Rn, 02005005 1008, FETHSR005 015602 - 12

[0041] Fig. 14 illUstrates a perspec Wer pl ates for
use in taenplificaten andedetentionad tpaednhait béiflseprepesiaBhowy §i Bigs! Dind he

o B G S S B S0 ook ot oy oS
| nvent i 0[0043?042F%é:'191111ﬂs§ateh heispale visy %gﬂreg&rréggg%&vlfseﬁ of an

extractor system ‘use in the integrate ut ona tiple speci men
syst em figrteguated; andlautonmtod maltl,plle dpematancsystamcfoﬂthbmﬂam afplificgined nucl ei ¢

acid se accordance w th an enbodi nent
of the %‘ggg onTtgargg edlﬂufj %ﬂ?ldfzﬁeﬂﬂgt"?%\?"egm &?é%?e @48 i ew of an assay
reader ﬁ@@ﬁdi@évﬁﬂﬁﬂ@ﬁ&&neﬂt@fgﬂiﬁ%ﬁﬂmﬂnd automated nul tiple specinen
system for the isolation, anplification and detection of targeted nucleic

aci d sedé¥dbs aEigs hbukisiratesp gosptigasicy ¢fmultiple position microtiter plate
with wells for use in the assay ready of Fig. 16 i in the integrated and automated

muultiple specimen system for the isolation, amplification and detection of targeted
nucleic acid sequences as shown in Figs. 2 and 3 in accordance with an embodiment
of the invention; .

[0045] - Fig. 18 illustrates a perspective view of a multiple position microtiter plate
as shown in Fig. 17; |
[0046]  Fig, 19 illustrates a perspective view of a portion of a microtiter well
assembly as shown in Fig. 17;
[0047]  Fig. 20 illusirates a perspective view of a plate sealer gripper tool for use
in. applying a sealing plate to the microtiter plate shown in Fig. 17 in the integrated
and antomated multiple specimen system for the isolation, amplification and detection
of targeted nucleic acid sequences as shown in Figs. 2 and 3 in accordance with an
ermbodiment of the invention; and B
[0048]  Fig. 21 is a flowchart illustrating an example of steps of a method for
operating the fully integrated and antomated muliiple specimen system for the

isolation, amplification and detection of targeted nucleic acid sequences as shown in




accordance wth an enbodi nent: of the invention; [0044] Fi@ecedbarbbomtrates
a perspective view of nmultiple position mcroliter plate with wells for
use in tweamgmysoeeady of Fig. 16 in the integrated andcawsemsbedoz nultiple
speci men systemfor the isolation, anplification and detection of targeted
nucl eic acid sequences as shown in Figs. 2 and 3 in accordance with an

enbodi mrent of the invention; [0045]i44g. 18 illustrates a perspective view
of a multiple position mcrotiter plate as shown in Fig. 17; [0046] Fig.
19 illustrates a perspective view of a portion of a mcrotiter well

assenbl gag shown in Fig. 17; [0047] Fig. 20 illustrates a perspective view

of a plate sealer gripper tool for use in applying a sealing plate to the
mcrotiter plate shown in Fig. 17 in the integrated and automated nultiple
speci iled Besdriptiohef el rafexned Eanbodifientit i on and detection of targeted
nucl ei |,d seguences as. sho in Figs d 3 in accordanc ith an
emboa OfESIor * HHE SRRGEHER GRS Shiue povaar et i ter BRARMRDed | ustrat i ng
an exanpierddéreadedsche fig@- Sl \Wlich Mke paREsRLANM el Yifhutht ¥arh 8} @8eAdLd and
automated nul ti pl e speCinen systemfor the isolation, anplification and
det ect icharagfers.ar get ed nucl ei ¢ aci d sequences as shown in 4 Decenber 2006
WO 200 808 .PCT/ LIS2003/ 015602 -.14. Fig. 2...Detailed Description of the
pr et er P BB rar o gRof KRR ot o sl OR B Rt of red
enbodi ngpetimbhlshmpry foethé esslntide dmplific fidredndr R A% ok 6f fahetdd Mielegs, 1 n which
i ke parts are identified with the sane reference characters. [0050] Fig.

1 i | | usacidteqyensex wivish snnlews teddDReabhgdlpe'y Bir Sysiemn thpt pravidesisensiiyreci men
sampl es . ' .at L1 filcati f.ection of targeted nucleic
Ser semiShede HROUA IR A B B8 (85 BENES L o iBLlE | B

sensi t i(@L) from clinical samples. The technology is based on homogeneous Strand
Displacement Amplification (SDA) and detection of target DNA. Currently, samples

are processed, lysed and mamnually pipetted from sample tubes to priming and
amplification wells. The system 200, illustrated in Fig. 2 (and discussed in detail
below) has been developed to minimize pipetting and reduce hands-on time associated
with the BDProbeTec™ ET CT/GC assays by automating pipetting from sample tubes
to exiractor, isolating the component of interest and then transferring the component
of interest to priming wells and from priming to émp]iﬁcation wells.
[0051] As discussed in more detail below, the system 200 achieves reliable
automation through the use of an industrial grade robotic anm 524 (see Figs. 3 and 5)
which in this embodiment is a selectively compliant articulated robot atm (SCARA)
that has a mean time between failure of 20,000 hours or 10 years of single shift use,
The pipetter assembly 522 is comprised of pipetter tips 528, as well as other
components, which have a range of 20-1100pL + 10% with > 1 year Preventative
Maintenance Interval (PMY) or 1,000,000 cycles. Unlike other clinical
instrumentation, the system 200 utilizes no perishable tubing for fluid movement.
{0052)  Procedure for Setting up the system 200 - |

- [0053] First, power is turned on in the systém 200. Second, pipetie tips are loaded
on to the system 200. Third, the priming and amplification microwells are loaded




and specific detection of Chlanzydia trachomatis (CT) andD¥edmslseR0e6
gonorrh fromclinical sanples. The technology is based on
homgeng‘gﬁé‘)@qgﬁﬁ Di spl acenent Anmplification (SDA) aﬁ@Tlgé%(’@E/ﬂsé?? of

target DNA. Currently, sanples are processed, |ysed and nmanual ly pipetted
fromsanple tubes to primng and anplification wells. The system 200,
illustrated in Fig. 2 (and di scussed” th-detail bel ow) has been devel oped
to mnimze pipetting and reduce hands-on tinme associated wth the

BDPr obe Tamtd 2k syfSTer DOGCT 8528 NS okl S ATBHL S 1BARA'hId L LEAMLSATRLE t ubes
.to extragtor, isolating_the cona%onent 0 intereds%tﬁtoétlod%ﬁen ?‘ggefg'rri ng the
conponentpie Pararastes end sspay tpegrewbbsan aad tducharheer i1 si¢p five,anglinfi cation

I'l's. ' ' tail helow, th t 200 achi
ol 1 abl &gy ey R B i 8 FoceselinBivermal *gr ade 1 obot i ¢ ar m 524
(see Fi d90SG andliigsysteil 200 il 1AAGh BRlirSyRISELRS VL KuioP | ant
et we al

articul a@%obot arm (SCARA) . that has a meantine ure of

20, 000 h ghecrmey resilds per iR g5 diedBpProbeTes™ EThramiapsfsteai. assenbly 522 is
conpri sq@gef) pi i o asavel | as ot her conponents, which have a
range ogizp-]ééogfg%%%%ﬁ%hd%g bey %Psﬁi%‘@r‘?ﬁ PY8 0 g Ppdsased Mrerval
(PM) orthg isobbiop0amplificaltam andrdetdetion bPESmBdrichise@lnteiclSi i the
system 200 utilizes no perishabl e tubi ngm?%re ﬁﬁﬁﬁl&eﬁ&@@%&ﬁ?ﬁ&&{%@%]
Procedur® q’ih”dg@ﬁ“i ﬁf%l‘f%%y%@mcgmpoammqmmsscan ipolwde thes t ur ned on in
the systperif®8r nSES | te 1] | gaded , .on Lo fhe system 200.
Third,; tﬁelpr_ilr‘ﬁlng %E%%ca%ioggwlgﬁ "%@Fﬁ%ﬁ’?tﬂ% l@aégliusﬂgﬁé@enber 2006
WO 2003 bbokatigzrarslusa 3hpE6aPand dbborRitd niulkg!s ¥l aRtR8Rterd RGhe | N StEp

four, s es are.l.oaded onto an instrument deck. Sanpl’e paraneters and
assay t?p@ihgpea‘@ﬁggé OB aamgé‘?t?ﬁﬁ’é’ﬁ of targeted pycleie epidfsequencenin dcoordahep 6 t he

syst em 266 dnsenehiadihRe: 6&He‘iﬂve{7\1’§|8?.p‘i‘ﬂg %ﬁﬁinﬁﬂed%@@ﬁ%?%gn%%g4 The, syst em 200

m nimzes hands-on)ag]l petting e achieving i men
r esul t sSYm éxystemphellishe vBDR b3 deddriprised wflen 83667 eidel RAGD302251at | | now be

_ descri bg‘gﬂs 5611‘? L@ﬁ ttoeur?:h gggee%%&éy%oaﬁh%rav&ercs%g, tli)i%e ?a?c?c%iftfirdenﬁﬁcation

system (tube ID rack) 51 0, pipette tip holder 512, input sample tube rack 5 14,

extractor 516, 5 position tip rack reagent trough 518, waster port 520, robotic arm 524
and priming heater plates 526 (with vacuum tool). '

[0056] There exists more than one type of extraction device that can be used in
accordance with the emb odiments of the invention, more fully described below, as
one skilled in the art can appreciate. | One such exiraction device is extractor 5 16,
which is described in detail in U.S. Patent Application Serial No. 09/5 ;73,540 “System
and Method for Manipulating Magnetic Particles in Fluid Samples to Collect DNA. or
RNA from a Sample,” T. Hansen et al., and U.S. Patent Application Serial No.
09/858,889 “System and Method for Manipulating Magnetic Particles in Fluid
Sarmples to Collect DNA. or RNA from a Sample,” T. Hansen et al. Additionally, the

- pipetter assembly.522 is more fully described in U.S. Patent Application Serial No.
10/073,207 “A System and Method for Verifying the Integrity of the Condition and
Operation of a Pipetter Device For Manipulating Fluid Samples,” T. Hansen et al.

T0057] There exists miore than one type of detection device that can be used in




the isolation, anplification and detection of conponents4@ecembar2886 in
accordance with an enbodi nent of the invention. These conponents of

i nt er est WA0OBMAWBYIe the specific or non specific captROT&OSEDOIIASIORI ¢ aci ds
and/or proteins. Fig. 3 illustrates a block diagramof a fully integrated
and automated nultiple specinmen systemfor the isolation, anplification
and detection of targeted nucleic acidi&equences in accordance wth an
enbodi nent of the invention. The automated nultiple specinen preparation

system (s LS c rise f an assa reader stage
502, plat é%seai&qggiﬁl%% ?ouc‘ﬁsgétpg W?é?/gﬂg"%f’sﬁiﬂ%ﬁﬂé}e%és t ube rack
with i denond smubdmmemrnpﬁfeuﬁae |@1€@1@Kllet53tﬂm RVRRGE fhe ngdPJ}QAk&é gr 512,
I nput sarrgb tub r)g@qstzr? extractor 516, 5 p05|t|on ti r eagent

1

trough 5187*MRLE U§b8%tﬁlit,ﬂ*&m6,®2£80 A@lthmtad thlbnﬂ:ke&derﬂbxat es 526
(with vacmahibogc}dA&ngéﬁlJ }Zﬂﬁ{e%xs LSt d10 Ef;ﬁl ggﬁ% OQP%XP%““O”

devi ce that- can be use accordance

i nvent i onwersiesctibéd yriclsinrthdbatkpaivawof ﬁfa in@htios. kThé 86htbAts BP@acﬁrc&Tﬁféan

appr eci atgl?0 One _.such ﬁﬁj action device is_extractor 516,

descri bed® 1 fefeapgoed nstenpgpRliationsand 48| Me@aﬂe@cpmﬂy@moﬁmamo
"System . H&g]nl’ﬂ%; ,;1 Mani pul ating Magnetic Particles in Fluid Sanples to

Collect DNA or “ RNA froma Sanple," T. Hansen et al., and U S. Patent

Appl i cat i B858er i aFlgl\ﬂ)lllusﬁﬁﬂe%%omwth]sblediam ARhO SRt Rod/BRbWHgat | ng

Magnetic Rarticles in toCoIIectDNAorRNAfromaSa le,"
s PR iiat ety fibfhe VS R 200 Ao Rl o ppeempd Fherdesdotll |y

descri bedienil I stem and
et hod fon iy et AhEDtotBRP ahti b4 Bhsof 14 Mg I Ml S8 poefl . of

Pi petter Hsw28 aﬂdlottmdmpmsatﬁlgxgi mbiniles mmd)-eentfolh (Whichenn ekoBba [ 0057]

There exi. 0g0) y e of etection deV| ce_t hat can be used in 4

Decenber 2'@%15 {/\% ]83’7% @B}é?lﬂfi ller. Jl@roughepttlifce with the

enbodi menfoloveiing Bi8cisBeANAAdU} Cﬁﬁ:d?ﬂfﬁnfcﬁhjuﬁcﬁ%ﬁﬁﬁﬁﬁ Rrdchsl: g?ﬁlpn%s one skilled
as

in the art can_appreci ate. e such detection device | say reader
502 nor e desiripfiemeeltthe msthddillustateddatiig 2 INoper@ios, s§ 8Om0t is paxttadie®pt i cal

Read er f Yy a pro gram which can be stored and operated locally and/or remotely. A detailed

description of such devices and method of operation is excluded, as one skilled in the
relevant and’ related arts can understand its operation. Such a controller can include a
display 560, printer 562, micro-controller 564, with mouse 568 and/or keypad 566,
memory 558, I/O interface 570 and data/control bus 556.

[0059] As discussed above, the automated system 200 makes use of a robotic arm
524 to perform all the steps requiréd to isolate and amplify nucleic acid from a flnid
sample. Components include an input sample tube rack 510 with sample tacking
mechanism (Figs. 9-11), an extractor subsystem used to isolate and concentrate
nucleic acid from input sample (Fig. 15), heated priming and amplification stations
(Fig. 14) used for the amplification of isolated nucleic acid and readers which monitor
amplification of specific target analytes (Fig. 16). All steps of the process are fully
automated by the use of an industrial grade robotic arm (Fig. 5) with an attached
pipetting apparatus (Figs. 6-8, 12 and 13) capable of transferring fluids using
disposable pipette tips 528 to prevent cross contamination of liquid samples. The




Nucl eic Acid Assays", J. Andrews et al. these and ot her #4ypeanid 2des ecti on

devi ces “»ﬂ“@ %ﬁ?mi bed briefly in the background of the invention. The
content s "ol “RHEH®F the above referenced U.S. pat ent XRFpItUSesiota82 and U. S.

Patents are expressly incorporated herein by reference. [0058] Fig. 4

Il lustrates a conceptual block diagramat the system 200, showing the main
conponents of the system 200, and hé%'sarrpl es are processed . The dashed
lines illustrate when robotic arm 524 is used to nove sanple material (with
pi-pet t epipkiips 152 bhe8Smre L NGl ) -controller
(whi che%gn aﬁso %)eﬂ)gm'lﬁ%ggsqusg?rfb"rerrgﬁieags%%)efsggfg ‘%g?ﬂlgﬁlg/gsgrﬁﬁ%eo? sui tabl e
cont r ol filiered mipedeiipo38 o the roazlembibegpipelaumdito sensa hiduiddpatial |y in

' ' i.L.h t he. ing  d | ptj f th thod illustrated i
Fro  oruilebins GiATaIIA bontue esbihSaSny ra eotpcanpviip o can bo |
- stor ed Bnéhi@peiRRAnlcpRd VCBNEHG] scfe%%@ﬁi&ir Sﬁﬁgz%ﬁﬁ'j)is%ﬂ ot ?ﬁiﬁ%pt ion of

such devices and nethod of operation Is excluded, as on din the
rel evanf®®nd"rel ated arts can understand its operation. Such a controller

can in a ' Q i nter 562,..mcro-contraoller. 564, wth nouse
568 ;ng‘l}lgr key%g%lgg%%},{ﬁﬁé%%l%g%?mﬁﬁqlﬂta&epﬁ SUIg 743 Cﬁ}’]\%l,cmontrol uEus
556. [ Oomabwhthatipoedessibd opbaie fidnfie FULPMB FEbRYRL L5420 ﬁé;{éﬁ& aﬂge of a .

robotic ar 524 to performall the steps required to Is e and anplify

nucl ei GCERSPY that aray-bepraseant insthadiquid smopler@emsestaping Rephedblput  sanpl e t ube

rack 5 Al . | hanism, (Fi gs., 9- an extractor
subsysg‘%%%%e%dﬁgdgg%@g%%bg% tggﬁ% eﬁé“‘%ﬁﬂoe?%}e)ﬁtﬁhacw Aedut sanpl e
(Fi g. . Phpeitettipategl apd ligiidogvaes anplification stations (Fig. 14) used for
“the amihééi catjon of isolated nucleic acid and readers which nonitor

anpl i fil89%%on Gpetaier pf e sysemA00smployag thePGARYEYobohE ks 52pwilhf t he

proce : £ an_i.ndustrj.a) de_robotic
(v B dbains MR i ik U eSSl g o
capabl enatfons veryshwohr lilegr Blunardbodis Thge dhivides Bl Ssidulferadd to

revent ,,cross_ contgm nati.on of |iquid sanples. The 4 Decenber 2006 WO
2003 / 0§1}7§6\@9}§ﬁ§ Ugg(gg 8Myi4 giis and fgyertlcal mrg%on. SCARA robots were -

invented in Japan in the early 1960's and have been used extensively in many different

industries since then.

[0062]  SCARA robots are ideal for a variety of general lpmpose applications
which require fast, repeatable, and articulate, point-to-point movements, Examples of
their uses include palletizing & de-palletizing, loading and unloading, and assembly.
Because of their unique "elbow" motions, SCARA robots are also ideal for
applications which require constant acceleration through circular motions, such as
dispensing and gasket-forming in-place. SCAR A robot joints are all capable of
rotation and can be thoroughly sealed and safeguarded, which is necessary should the

- robot be deployed in dusty or corrosive environments. SCARA robots are generally

faster than cartesian robots and can perform multiple motions at their joints. Robotic
arm 524, llustrated in Fig, 7, is an example of a SCARA-type robotic arm. It should
be also noted that the system 200 is not limited to the use of a SCARA, but rather can
use any other suitable type of robotic device, such as an arficulated robot, that will
enable the system 200 to perform its intended functions.




pi petting assenbly 522 makes use of pressure transducer s4iDeceab&aCci0s he
presence of filtered pipette tips 5128 on the nozzle of the pipetter and
to senseWiDi§od/P78t8vel s in sanple test tubes (Figs. 9-POINUSASHNGHNLer
programthat allows run-specific input to be entered via an integrated LCD
touch screen nonitor 506 controls all processing steps. [0060] The system
200 is fully self-contained in an enk@ esure with sliding acrylic w ndows
that protects the operator fromthe noving robotic arm 524 and prevents any
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been used extensively in man erent industries since then. [0062]
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communicating the location of the tube to the computer. The operator continues to

wand each tube and places it into the tube rack: 510 until all tubes to be processed are
loaded. At the end of this process the computer has logged the tube rack 510 identity
and the patient information and location of sach tube loaded in the tube rack 510.
[0064] The tube rack 510 is then placed into the tube processing station 546. A
‘stationary bar code reader located below the tube rack 510 reads the tube rack 510
identiﬂcaﬁon and relates the tube rack 510 identification to the database of patient T
information logged for that particular tube rack 510. This information is tracked to the -
final stage of the process when the patient results are printed. Next the user closes the
acrylic windows and initiates the run via the LCD touch screen 506.
[0065]  In step 104, robotic arm 524 picks-up pipette tips 528 and transfers fluid
from each sample tube into a corresponding extraction tube 548. The extraction tubes
are pre-filled with magnetic particles and lysing reagents and covered with a foil film
that the robotic arm 524 punchures when dispensing the fluid sample into the tube.

The robotic arm 524 mixes the sample to resuspend the extraction tube components.




4 Decenber 2006 WO 2003/097808 PCT/ US2003/ 015602 -18 [80&3¢mbdrend®! | ow ng
s a desg&; é%&n of the method described in Fig. 21, in which reference is
made to é% Y€ use of one of the enbodi ments of th&CTARRMB85692 whi ch
is the processing of a targeted nucleic acid. However, as has been

descri bed above, and as one skilled i the art can appreciate, the
i nvention is not limted to this spect1ic enbodi nent, nor to the
processing of a targeted nucleic acid, but the invention has several
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t ube r acpreHilllRdiveitiathe nved sty resgomatidiatrhatgrislifer dxstioron of the tube to the
cofmput e The operator continues tQ nd each, ,ubtﬁpand places it into the

: r
tube rachf088lo uiyringdbe DEFEY, SisPIPSphesters SEHWH galReipr SEPSYSK® end of
this pr 0 | ' i ty:-+ and the
bat ent el A6 SOMRMG of sdfalc BGHGAND fuok U] B o848 orifflelcatia 20C, 100
[ 00641 Themtthdmicracigahdtns contaivend ipliackidldgitabsaniyde.t THecheptencE&sarn ¢hest at i on
546, A tationary. bar .code reader | ocated bel ow.the tupe. rack 510 reads
Dho t b B ing B SRR et fo o0t B lEmaE i h e s of

S denti I CabliflidnOwithfeat ,aiéh%QﬁiéléicPici@ﬁia&%treleéééﬁ(ﬁroﬁ?fﬂe%cfd& nhor that

particular tube rack 510. This information is tracked to the final stage
of the prootassl iwibabiblegipatsawple echenisal ansnp Medns of chémical dxéragar cl oses

the acrylic windows.and. initiates th un via.the LCD.tou screen 506.
100651 | GQF%\nggE? ChsBoie rﬁft?ﬁa&??ltﬁ%g %ﬂf&oﬁﬂ&lﬁé&?ﬁi &g@%aﬁﬂl& transfers
fluid TA@%?@,'&UYB.SE&MN&.Q@%SQDF% FhdCPrSRARAGE MEhaX ok Bidrh@ibd sfbe 548. The
extraction tubes ) .

Nucleic Acid from Biological Samples and Kits Therefor”, U.S. Serial No.

10/359,179.

' [0067]  After cool down, the robotic arm 524, in step 108, picks up new pipetic .

tips 528, aspirates binding reagent, dispenses and mixes binding reagent into the first
group of extraction tui;es using a different pipette tip 528 for each éample. This !
process non-specifically binds the nucleic acid onto the magnetic particles. Next, in

step 110, magneis 550 within the extractor subsystem 516 are antomaticaily moved

into position to collect the magnetic particles to the sides of the tubes. The robotic arm
524, using the same pipeite tips 528, aspirates the waste liquid from each extractor

tube leaving the magnetic pérticles with attached total nucleic acid locked to the side

of the tube (step 111). The magnets 550 are then moved to their original position

below the tubes, thus releasing the particles from the sides of the tubes.

[0068]  In step 112 robotic arm 524 picks up new pipeite tips 528, aspirates the

wash reagent, dispenses, and then mixes the wash reagent with the magnetic particles




are pre-filled with magnetic particles and |ysing reagentd®ecaartdha@0osed w t h
a foil film that the robotic arm 524 punctures when di spensing the fluid
sanpl e iwoOcoase7808be. The robotic arm 524 m xes t he saples2003/msd2spend
the extraction tube conponents. 4 Decenber 2006 WD 2003/097808 '
PCT/ US2003/ 015602 -19 Al m xing steps can be conducted, but not
necessarily, under the influence of.z®- degaussing field to facilitate
particle dispersion. The robotic arm 524 di sposes of the pipette tips 528

and acquires new pipette tips 528 after each s |l e transfer, This process
cont ; nuad homdimgfedgmd fyte ngIsEd Hake poghets S3h e hapFRbinite,

corr espgaﬁﬁ&gtoqté K ﬁ{e‘eia?fﬁéléét}%% eﬁh&@5ﬂ?& fote! Md thd¥o ﬁa,yuﬁﬁn%}h%aded

directl I nto actor device. " Tn this enbodi nent the’sa eisina
cont ai neamevpipette fips/52erempives fhicl lignild wiasth wiakle repged {stapyt 15, de@ring thend/ or

mat erial for, extraction. [[0066 i t he_pext. step, ep 106, heaters 572
wi t hi n PRehedypyclcie 3916%952@2%&#%3{%632%6@@6 ébﬁp%t?qso Db P |

t enper abidlRed RBteLRURE Sodificn B&B@%ﬁ@ltﬂ;es.ngﬁtgg 91@15;{1%10 fy eais%ging%dz e then

m croorgani sns contained in the biologic npl e. ter

di sabl ethtapipeiit tips $2% Thesdutiembplfeds thendinplensetlivter matimigbd withptheead of
using heat, .or in., conbinatjon w.th heat, the.nucleic acid.mayhe released
f rom t hERRPECHBTAT _8}%@‘%81??&1?%&6%0%?%%% GidEprEahe 2aagaptc Byt ni cal
means. (el 7pfA CORMCHH elBioH BTFdr WhictPds SoWES@laiPE € itk in

Pre-treatment of Plasma for Nucleic Acid Anplification “Assays," U S
Serial ¥euecarbeutiBredin¢iferiely conavomate Kt tindeié acidsx in siepildB thef  Nucl ei ¢ -

Acid frg i i cal Sanpl.e its Therefor", U.S.. Serial No.

10/ 359,’1‘%‘%{ f%"t‘“’@%é%?ﬁea@g’ﬁﬁ?wfl%s IBBaniél‘GafPEhO%'ﬁ&’{miﬂ“&%e&e‘ios, pi cks,
up new gicRbitéEsanipl® BofaiBingAfoRbémtAs] Rickl AddiHo rintth nd mxes -
bi ndi ng rea%ent ipnt C_)ot he first %rpoup of ext [ag'tg%% tub%g%ggi?sﬁ%ﬁa di fferent
pi pett eltPp ridstails 9 hesppsnecitirtiusleiqacid bilingnrosgeses fiecat fopthlinnds t he
nucl ei ¢ [ t -ne. [ ' S.Next Jn step 110, nagnets 550
within the %ﬁ%f@t‘%l?&%ou §§‘§ é%’ @%B%’ggi ﬁ{eﬁe CF?EI%\(TY? noved into position
to col | @a69) he AfegRiliminney oo Rfpeatird thetibaBsn firid d1ahd phesng Hdagsrr obot i ¢

arm plates 526 are enabled, elevating the temperature of the priming wells to a suitable
heat spike temperature, which disrupts non-specifically hybridized oligonucleotides
(step 120). In step 121, robotic arm 524 then aspirates the appropriate volume of
éample from the priming wells and dispenses it into the ampliﬁcationfreader wells,
After all of the samples have been transferred from the priming heater plate 526 fo the
amplification plate 530, the robotic arm 524 picks-up the plate seal gripper tool 544,

 picks-up a plate seal 504 and places the plate seal 504 on the amplification plate 530.
The sealed amplification plate 530 is trangferred into the assay reader chamber 502,
which maintains as series of tempetatures required for amplification of target nucleic

" acids (step 122). _
[0070]  Instep 124, The assay reader chamber 502 moves the sealed amplification
plate 530 over the read heads 552 to detect nucleic acid amplification products. The
assay reader chamber 502 determines-the test result, and provides the datavia a
printout. The locations of the test results match the location of the original sample

tubgs. Two sets of priming plates and two sets of amplification/reader plates are




524, using the sanme pipette tips 528, aspirates the wast ¢ Deccenba 2006m each
extractoyr.  tube |eaving the magnetic particles with attached total nucleic
acid | ocPEHPFVRY side of the tube (step 111). The n&&TEI0GHISR e ( hen
noved to their original position below the tubes, thus releasing the
particles fromthe sides of the tubes, [0068] In step 112 robotic arm 524
pi cks up new pipette tips 528, aspi ra?és the wash reagent, dispenses, and
then m xes the wash reagent with the magnetic particles 4 Decenber 2006 WO
2003/ 09788 8vied &/ a8 heu ' ' ial . In step
114 the 8rr%gnets 550 ar e&%%g%gongstggei nt oﬂepgﬁwghﬁ%lgoﬁggsgﬁg&%gfticI es to
the si desarpseitfpeh in/bleS.aPatentNo. 69¥3:886, mhnes2d abarsi ng the same pipette tips

528 renoy, he |,j;qul d. was h reagent (step 115), |eaving the, washed,
nucl ei ¢ a@lﬁzii]bour‘%l %&%ﬂeﬂeﬁoﬁg’iﬁw r‘fcﬁés(‘%% H’é?l“éF a@ﬂ}qglapgg)@gc_: eR&idragnet s
550 are dxnaotiomwal thouseh siies eindrarRe! BVhisREsd %é‘ésatﬁoﬁle fibfeR} nfitq €1 uti on

buffer is aspirated into pipette tips 528. The 'elution buffer is then
di spensed¥itlhbindingygaganiceare ripeted infrean epaprivessel vtk silidagsembiane eby r el easi ng

t he total |1 id framth nef | articles st.e 17). A vol une of

el ution bsuigi# 2 8%@%"?%*3{' %‘\A%ércu&glr{%?mﬁfgyg %PQ[ %rgwﬁhﬁgﬁmélghg&ég]h &%I ume can be

utilized mhembfahe tbppiah yhaaprenididinght Aenibisheind Aeiss the Ferdifgl 18 t he
ed,up to the | ock-down position and the robotic arm 524

magnets 550 are no ) he 1
pi pet t es W%SFF’eﬁ'é‘FlJ? éa disgerded Reaaenis #ip Mepncusad énralassethe mueleisi asidiGom that o t he

: uokisiagichd (hat o the
b1 nai ng._ 1y cegeas 18es Wil e A Ahcsbellind BRRRAVIPRRL Cor'al “no.

09/ 858, 88lisassenitdy ofis edombhostembed) Wsflg Aftbmntich RGichient!itts sRalet RRRGAAL Ur e
i ncubat i Z{éﬁﬁt{»' od,. the _pﬁi m ng heater plates 526 are enabl ed, el evating
the tenp lemghic espscigly sinpeallearisgnps bg aufighia pAdditigesily, uppsed ¢ enper at ur e,

ENLEN, 5y BeHRS oROfk GRRELANSE AL bk AIR ALY LRGBSy ah sbep 120) - 1

step 121, robotic arm 524 then a propriate vol une o sanpl e
f rom t he vacium figbewadHisved materthe paivegertidn effithe deHes.anpl i fi cati on/ r eader

wells. al f. the sanpl es haye been transferred fromthe primng
heat er p@é@‘ﬁ 52GLE#gm?Wé’ap‘Hng%it‘PtFﬂc'&{cY%ﬁa‘ﬂﬁ%{@’é‘ﬂg@é’% ?‘t"ﬁé"l?l ﬁPE"lng 524
pi cks- up thrd3etsRIf ftEreSt§ & padtidulBB/ chh@QlgiméHh the more viscous, high-protein

samples such as plasma.. Through optimization of the extraction process, we have

developed protocols utilizing the system 200, which allow efficient capture of nucleic
acids in viscous samples such as plasma and expressed vaginal swabs. Key advances
included minimizing protein pre-coating of particles by introducing the particles after
plasma treatment. This reduces corhpetition for potential binding sites between
protein and nucleic acids and reduces aggregation of particles due to protein-protein
interactions. Minimization of particle aggregation, in turn, facilitates more efficient
particle mixing. The implementation of a degaussing field during aspiration mixing
also enhances mixing efficiency by minimizing partiéle aggregation due to residual
particle magnetism. The combination of these advances allows efficient nucleic acid
extraction from viscous, proteinaceous samples without the aid of chaotropic salts.
[0073]  The present invention has been described with reference to certain
exemplary embodiments thereof, However, it will be readily apparent to those skilled

in the art that it is possible to embody the invention in specific forms other than those




pi cks-up a plate seal 504 and places the plate seal 504 émcctmber 2006
anplification plate 530. The sealed anplification plate 530 is transferred
i nt o t hewoesasyormader chanber 502, which maintai ns as pgayie03ah5602
tenperatures required for anplification of target nucleic acids (step
122). [0070] In step 124, The assay reader chanber 502 noves the seal ed
anplification plate 530 over the rea#®2heads 552 to detect nucleic acid
anplification products. The assay reader chanber 502 deternines the test
result, a rovi des the dat ia. rintout. The | ocations of the test
results ﬁggbeﬁeﬁeﬁ'@?ﬂfﬁibp@ﬁw&% ‘%lersf‘é“%?q ON& %glérﬁ%ébe fensevithewdepartingo

prim ng Mok e ionl TRk L GG, Late - Decenber
2006 WD 2003/0 %0%%@?%%%03/015%%?%?'26@1%row ggeagpto sﬁlpiglﬁ)lrgt{éb@g or two
t ests perans gapilé norhe cdneidertd westtictivsf intang weys Alherseapkef theriavasionfior t h i n

U S. Paten . 6,043, 880, . referepced aboye. [0071 ternative nethods of
sanpl e pgg@%%%eiaﬁe?ﬁgcmﬁﬁ%‘fﬂﬁﬁ%b‘ﬁaiqn&s’g"’égﬂ % 288 PGRCAPEh t he use
of silicdestRipdoanes. In this case, lysed sanple fluids mixed wth binding
reagents are pipetted into an open vessel with a silica nenbrane suspended
in the center. A vacuumis enployed to draw the sanple through the

menbrane trapping the nucleic acid in the nenbrane and all ow ng the

remai ning waste fluid to be discarded. Reagents are then used to rel ease
the nucleic acid fromthe nenbrane. Issues with automating this approach
require the assenbly and disassenbly of a vacuum chanber. Using autonmation
to achieve this conplex task can be problematic especially since all parts
must be airtight. Additionally, unused sections of the device nust be

‘bl ocked (usually manually with tape) to allow an even vacuumto be ‘
achi eved over the active portion of the device. [0072] Efficient capture of .
total nucleic acids (including | ow copies of specific targets of interest)
is particularly challenging in the nore viscous, high-protein sanples such
as plasma.. Through optim zation of the extraction process, we have

devel oped protocols utilizing the system 200, which allow efficient capture
of nucleic : :




acids in viscous sanpl es such as plasnma and expressed vagiDeadmisanddds Key
advances_ included mnim zing protein pre-coating of particles by

i ntroducVRPHY3Mrticles after plasna treatnent. Thi ECHAKSEIEHpetition
for potential binding sites between protein and nucleic acids and reduces
aggregation of particles due to protein-protein interactions. Mnimzation
of particle aggregation, in tam faci4133ates nore efficient particle

m xi ng. The inplenmentation of a degaussing field during aspiration m xing

al so enhafggsis Mafhp@isef ficiency by minimzing particle aggregation due to
'T#i?‘r‘rerc

resi dual ~ parti gnetism The conbination of these advances all ows
efficient nuclkic akhdutmitedsistan foripasbeydi REAFiNaeae | es

wi t hout ttg% id of c&gotrOpic salts. [007 Thep present a?ﬁvgﬁ?iﬁgdrﬁlmhas been
descri bed WA HPHCTEPER OB t ai n exenpl ary embodi nents t her eof .
However, it wgyhl o RBHEAN app; skilled i.n the art that it
is possible to e?mody theévlycr%/ggﬁt%d]ntt? %ﬁg%gg?lﬁicgnpgp?é Qﬁlﬁ@FeS?Iﬁrﬁﬂl thgose 4
Decenber s2@pk; WD 2003/ 097808 PCT/ US2003/ 015602 -22 of the exenplary
enbodi nent s d%saf?y Hed above. This may be done without departing fromthe
spirit of the 4%5EHT R vicerndapled fofetee) fos fhsauesarastof said eompmentofitéresst r at | ve
and Shouleﬂumédbﬁsﬁd)gﬁﬁggﬁ&gdg‘%t hgtive in any way. The scope of the
invention is defined by the appénded claims and their equival ents, rather
than by the pPgebdi mipptdése putpmatinally transfer-said-extracted coip&RSE BPRkeraP06 WO
2003/ 097 >T1 US2003/ Q1560 -23- What is clainmed is; 1. An autonated
systiem fgﬁ(r%%pg%%eeggia%d)% Eﬁ'ﬁﬁgﬂéﬁﬁi&te‘iﬁﬁ{lms whereH) said tohot mrludenst one

- sanpl e, selepiveli agaplmtaxicdatd AIboiavl ERiaRdgPt ed to extract sai d conponent
of interest fromthe sanple; ) ' ,

2. An automated system as claimed in élaim 1, wherein:

said component of interest includes a nucleic acid;

said extraction device is adapted to extract said nucleic acid from the sample;

said detection device is adapted to detect the presence of said extracted nucleic
acid; and

said robot is adapted to automatically transfer said extracted nucleic acid to said
~ detection device.

3. An automated system as claimed in claim 1, wherein:
said extracted component of interest includes a nucleic acid; and

said detection device includes a device for amplifying said nucleic acid.

4, An automated system as claimed in claim 3, wherein:

said amplifying device includes a heater.

5. An automated system as claimed in claim 1, wherein:
said extraction device is adapted to perfoim non-specific capture of said

component of interest to extract said component of interest from the sample.




a detection device, adapted to detect for the presence o0#Deasndbar@fpPo®nent of
interest extracted by said extraction device; and a robot, adapted to

aut ot | wal 2093/097803sf er sai d extracted conponent of i nt ecaais2odsressosai d
extraction device to said detection device, wherein, said robot includes a
selectively conpliant articulated robot arm (SCARA). 2. An autonmated system
as claimed in claim1, wherein: saidgpganponent of interest includes a
nucl ei ¢ acid; said extraction device is adapted to extract said nucleic
acid fromthe sanple; said detection device is adapted to detect the
presence of said extracted nucleic acid; and said robot is adapted to

autorratlcallytransf tracte eigc.agi d, to. sai det ec n
device. 3. AnSautonf ea‘?%"‘g?‘g??{sé j? (ﬁ‘ﬁgﬁ; Wpire%é Erppone é\?fo
ext r act edniefsiioremiclet atidl er est | ncI udes a nucleic acid; and said detection
device includes a device for anplifying said nucleic acid. 4. An autonated
systemas clained in claim3, wherein: said anplifying devi ce i ncl udes a
heater. 5. Ansauto I [

extraction de\zi ce @hgg'tﬁﬁ%fggéﬁe%f%n%ag%%‘?’hce%la oqn%g c%
conponentintefestiintagpreddint 0 extract sai d conponent of inter est fromthe
sample. ------ ------- 4 Decenber 2006 WD 2003/097808 PCT/ US2003/ 015602
-24 6. An autonated system as claimed in claim5, wherein said conponent of
interest is agnucle claimed in claimb5,
wherein said gorrponjé%taag@t Ségls%ﬁ@ﬁg&g‘?%?ﬁge%%% aut onmat ed system as
claimed in cl saidh fgbothe figther adapted to trahsfer fiuid to and remove fluid from sa1d

extractor to assist said extractor in ex{racting said component of interest.

9. An automated system as claimed in claim 1, wherein the exiraction device

and detection device are integrated as a single unit.

10, An automated system as claimed in claim 1, further comprisiﬁg:
a sample rack, adapted forreceiving at least one container containing the sample;
, said robot being adapted to automatically transfer the sample from the container

to the extraction device.

1. An automated system for extracting nucleic acid from a sample,
comptising:
a selectively compliant articulated robot arm (SCARA); and

an extractor adapted to extract the nucleic acid from the sample.

12. An automated system as claimed in claim 11,, wherein said SCARA is

adapied to move the sample from a container to an exiractor.




said robot is further adapted to transfer fluid to and réimeeanbhdr@0as f r om

said extractor to assist said extractor in extracting said conponent of
i nt er est WOFIAYT808: oat ed system as claimed in cl ai m 1PCRASRABQ160%

extraction device and detection device are integrated as a single unit.
10. An automated systemas clained in claim11, further conprising: a sanple
rack, adapted for receiving at |east-®me contai ner containing the sanple;
and said robot being adapted to automatically transfer the sanple fromthe

container tojghe %M&hg@@sﬁ%ﬁ%ﬁnh&@di%{‘cﬁfﬁlci'f%ﬁ%?%gﬁemfor extracting

nucleic acid froma sanple, Tconprising: a selective onpl i ant

articul at ed r st8SCARA(ISOMRA) adapted am et said extratiphedeit acid@&smehidt he

nucl eic agid frtomt e sanple. 12. An gut ogatﬁg systemas_clained in claim
11" wher SFRRCLYrig @ Fi% Cha‘a&éﬁpéﬁﬂf% ghest €01 the nagseneeot saishaucleiopeidi ner t o
an extractor. 4 Decenber 2006 WD 2003/097808 PCT/US2003/015602 -25 13.. An
automated systemas clained in claim1ll, wherein: said SCARA is further
adapted to nolé saiid aamated exbtonufdraixtractirigia targehmaleft actk froacd @imple a

det ect orc%iﬁqne%s adapted to detect for the presence of said nucleic acid.
14. An altofat system for extracting a target nucleic acid froma sanpl e,

conpri si ng:  amn exiacat! MapteddARY R HIPPES B BaPaRS éﬂﬁ&h&%ﬁnﬁ&&wﬁ& gf the
~target nucleic acid, to extract the nucleic acid fromthe sanple w thout
separ at | frgrachie plglgiracklEemithe spipde witowt separatmedit target aéleicaciddiarhat  may

exi st i 1 ; LifLer.,: apted to anplify said extracted

nucl ei cn%(?:?%;rgegﬁgélgmrao otggg)%%%}?%t&n?geéﬁpgﬁati cally convey said extracted
nucl ei ¢ aci d awarypléfierpadabicditetmplify said extracted nucleic acid; and

a a robot, adapted to automatically convey said extracted nucleic acid to the

amplifier.

15, An antomated system as claimed in claim 14, wherein:
said robot is further adapted fo transfer the sample from a container to said

extractor.

16.  An antomated system as claimed in claim 14, wherein:
said robot is further adapted to transfer fluid to the extractor to assist the extractor

in extracting the target nucleic acid.

17. A method for processing a component of interest contained in a sample,
comprising: ! ' -

operating an extraction device to exiract said component of interest from the
‘sample;

operating a detector to detect for the presence of said component of interest
extracted by said extraction device; and

automatically transferring said exfracted component of interest from said

extraction device to said detection device, wherein said antomatically transferring




15. An automated systemas claimed in claim 14, wherein: 4acenbal2006i s
further adapted to transfer the sanple froma container to said extractor.
16. An aWORY®E%8yst em as clai med in claim14, wherei PCTH2003/00%562 s
further adapted to transfer fluid to the extractor to assist the extractor
in extracting the target nucleic acid. 17. A nmethod for processing a
component of interest contained in a2Xanple, conprising: operating an
extraction device to extract said conponent of interest fromthe sanple;

operating a_detector to_detect for .the presenc f sal one of
i nter estmd’é‘iﬁtsr%ﬂ??”é@gb%/s%%t’d’eg’ﬁ%% ﬁ‘%iic{e]@%ﬁﬁmﬁgﬁg%ﬁgﬂ}fe orm

t ransf ersgﬂdr}gmgfggqlnéxt ract ed conponent of interest fromsaid extraction
device to sal etection device, wherein said automatically transferring 4

Decenber 2006 WO 2003/097808 PCTI US2003/ 015602 -26 includes operating a

selectively compliant arficul ated rohot..ar SCARA) to perform said _
transferri ng.1%18. &Wﬁﬁ?ﬁ)ﬁs g‘@mf&&ﬂfgﬂnf hﬂa&ffrﬂ?'ﬂ wherein: said conponent
of interest iggd nf WGhedr&t BeifdesSAtdlgXhdidct i on device operating step

extracts said nucleic acid fromthe sanple;, said detection device
. operating st epidiatection dévicpemmbimpstop extricts said nusdeie gcif o the sagpied; and

devi co, and StdsteetEaprige ppaisie il RS LE Mk Ee M dreta " 27 7

~ detect | oRigenace. 19. A nethod as claimed in claim17, wherein: said
extracted conponent of interest includes a nucleic acid; and said detection

devi ce oper atseitkpusensaticaliy haaeferingpsten rmsders thegamply teithe exdragtion device,

and antomatically transfers said extracted nucleic acid to said detection device.

19. A method as claimed in claim 17, wherein:
said extracted component of interest includes a nucleic acid; and’

said detection device operating step includes amplifying said nucleic acid.

20. - A method as claimed in claim 19, wherein:

said amplifying includes heating said nucleic acid.

21. A method as claimed ina ¢laim 17, wherein:
said extraction device operating step performs non-specific capture of said

component of intexest to extract ssid component of interest from the sample.

22.  The method as claimed in claim 21, wherein said component of interest is

anucleic acid.

23.  The method as claimed in claim 21, wherein said component of interest is

a protein.




20. A nethod as clained in claim19, wherein: said anpli#¥ieognbarcD0sles
heating said nucleic acid. 21. A nethod as clained in claim17, wherein:
sai d ext WEHPBW¥&Evi ce operating step performs non- spedGHES8EMINR of said
conponent of interest to extract said conmponent of interest fromthe
sanple. 22. The nmethod as clainmed in claim21l, wherein said conponent of
interest is a nucleic acid. 23. The nmdhod as claimed in claim 21, wherein
sai.d conponent of interest is a protein. 4 Decenber 2006 - -------------

WO 2003/ 097808 ﬁCT/ UE quécggsSc ﬁﬁl;;&%?él 4.17??%%?19(% ]%% .claimed in claim 17,

further conprising: ‘autonati ca transte TRPY% sai d extractor to
assi st sai d extauaahgticallp tréxfordgd gl $aisgidc ermeRuaNto &sist RbiAr €8tacto?Sn The
nmethod as claiped in claim 17, wherein the extraction device and detection
devi ce ar EXTATEg SHidepraRonsIqfiBleEslini t . 26. The nmethod as claimed in claim
17, further conprising: receiving at | east one container containing the
sanple in a sanple rack; and automatically transferring the sanple from

t he contai ner t23.t heTlexteihod iapolataed eclaims ilNgwhateth SEARRactidn. deicerindod f or
automatical |y .extracting nucleic acid froma sanple, conprising: operating
a sel ecti ergtien YIF%\?’FP%%PS"I&FEI%P@H‘ OWYt- arm (SCARA); and extracting the
nucleic-acid fromthe sanple with an extractor. 28. The nethod as cl ai ned
‘in-claim?27, wherein the step of operating said SCARA conprises: noving
the sanpl e fromba cdiiteaneibod aoclaineddr clamt 167, further comprising;

receiving at least one container containing the sample in a sample rack; and

automatically transferring the sample from the container to the extraction device
using said SCARA.

27. A method for automatically extracting nucleic acid from a sample,
comprising: |
operating a selectively compliant articulated robot arm (SCARA); and

extracting the nucleic acid from the sample with an extractor.

28.  The method as claimed in claim 27, wherein the step of operating said
SCARA comprises:

moving the sample from a container to the extractor.

29. A method as claimed in claim 27, further comprising:
operating said SCARA to move said extracted nucleic acid from said extractor to

a detector which is adapted to detect for the presence of said nucleic acid.

30. A method for automatically extracting a target nucleic acid from a sample,
comprising: '
operating an extractor to perform non-specific capture on the target nucleic acid to

extract the nucleic acid from the sample without separating the target nucleic acid from
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automatically transfer fluid to the extractor to assist the extractor in extracting the
target nucleic acid.

33.  An automated process for isolating and amplifying a target nucleic acid
sequence that may be present in a sample, said process comprising:

automatically separating the target sequence from the fluid sample at a separation
station by performing non-specific binding on the target sequence without the need to
separate the target sequence from any non-target sequence that may exist in the saxmple;
and

automatically transporting the separated target sequence from the separation

station to an amplifying incubation station.




