SYSTEMS AND METHODS FOR PROCESSI NG SAMPLES | N A CLOSED CONTAI NER, AND
RELATED DEVI CES RELATED APPLI CATI ON [ 0001] Thi s application clains the
benefit of priority to U S. Provisional Application Serial Number

60/ 760, 087, filed January 18, 2006, the contents of which are hereby

I ncorporated by reference as if recited in full herein. FIELD OF THE

| NVENTI ON [ 0002] The present invention relates to autonated processing of
sanples and materials, and nay be particularly suitable for processing
nucleic acids in a closed environnent. BACKGROUND OF THE | NVENTI ON

[ 0003] Nucl ei ¢ acid based anplification reactions are widely used in

research and clinical |aboratories to aid in the diagnosis of disease
and/or identification of p&YAHEEAANDMEEHOOEFORPROECESHNGanpl e. Such
anplification reacti ofAMRFESIN ALIHRSELeGNT AINERWNILRBRRATERf vacci nes,

i ncl udi ng, for exanple, autologous vREMIGEY derived froma patient's own
tunor cells. Anplification of nuclegj i | d fromtunor tissue
al l ows for autol ogous vacci ne pro§§%$T€§A§§%k§9b§ smal | tunors, and
therefore affords {dag10pRRE hgphéatidh ddmd theskhefRat drRRtySo Wist Brovidisamal  t unmor
bur den. Application Serial Number 60/760,087, filed January 18, 2006, the contents of which are

hereby incorporated by reference as if recited in full herein.

FIELD OF THE INVENTION

[0002]  The present invention relates to automated processing of samples and
materials, and may be particularly suitable for processing nucleic acids in a closed

environment.

BACKGROUND OF THE INVENTION

[0003]  Nucleic acid based amplification reactions are widely used in research
and clinical laboratories to aid in the diagnosis of disease and/or identification of
pathogenic organisms in a test sample. Such amplification reactions may also be used
for development of vaccines, including, for example, autologous vaccines derived from a
patient’s own tumor cells. Amplification of nucleic acids isolated from tumor tissue
allows for autologous vaccine production even from small tumors, and therefore affords
the opportunity to treat patients with minimal tumor burden.

[0004]  Generally stated, the currently known amplification schemes can be
broadly grouped into two classes based on whether the enzymatic arripliﬁcation reactions
are driven by continuous cycling of the temperature between the denaturation
temperature, the primer annealing temperature, and the amplicon (product of enzymatic
amplification of nucleic acid) synthesis temperature, or whether the temperature is kept

constant throughout the enzymatic amplification process (isothermal ampliﬁcation).
Typical cyeling nucleic acid amplification technologies (thermal cycling) are polymerase
chain reaction (PCR), and ligase chain reaction (LCR). Specific protocols for such
reactions are discussed in, for example, Short Protocols in Molecular Biology, 2™
Edition, A Compendium of Methods from Current Protocols in Molecular Biology, (Eds.
Ausubel et al., John Wiley & Sons, New York, '1992) chapter 15. Isothermal reactions



[ 0004] Generally stated, the currently known anplification schenes can be
broadly grouped into two cl asses based on whether the enzymatic
anplification reactions are driven by continuous cycling of the tenperature
bet ween the denaturation tenperature, the primer annealing tenperature, and
the anplicon (product of enzymatic anplification of nucleic acid) synthesis
tenperature, or whether the tenperature is kept constant throughout the
enzymatic anplification process (isothermnal anplification) Typi cal cycling
nucl eic acid anplification technol ogies (thermal cling) are pol ymer ase
chain reactl@Wh@¢ﬁ¥§ﬂmhmﬁmﬂmgﬁgémhﬁahﬂﬂf@ﬁﬁﬂm@ﬁcel uenespRaesdf i ¢ prot ocol s

for such T eaghhansiggadh B bnsedhdpialn i MRlibon GHRIL Protocols in

Mbl ecul ar y, 2nd Edition endi um of Met hods from Current
Protocols in I\/bI dbshr Breltiveyd W@ﬁ%ﬂtloméﬁﬁ@edé’bf°<§anmP$o'i%1§ Rt N & Sons,

New York, 1992k; @3?@,&@20@% 130,598 heTdmY. 5 ©8857; @059 49108 ko s;
transcri ptl on- I'TE i at'ed f fi Catl on cleic aci d sequence- based
é@%fb%e#ééﬂ

anpl i fi cati oA-48NE4BN05, 8:%(15 5§t‘ P B &4 6. dripwelrknonnitsh ( SDA)

[0005] Nucl ei gneghsdu@iiR told dedtibQnn lh@se%t%ﬁywﬁtﬂeﬂmplfﬁbﬁtuﬁhﬁﬂmt&noﬁ . Pat.
Nos, 4,683, 195; 4,683, 202; 5, 130, 187; %, 030,557; 5,399, 491;

5 409, 818 5OoUmKleirgads withepigeqirge clzsem%&n‘!safﬂ‘fm@nﬂ@? fog spysitiyepsssys®y 516, It s
vel | - known t RadeiRtdedRn@y Hiwdkr, tlth@&ﬁalgfmrréogﬁdzeﬂ lfhaf hiesewigathent s permt the

anplification and detection of nuclelc acids Jrequiring cloning, and
are responsi Bingitiyiof detpriipn paseble with pucl ef‘b"r‘”dﬁﬁ‘@“fgaﬁ"“a FHsk¥quences. However,
it is equall ymm{xhaumesmmmzeﬁloan&a)tfumadn@agxdgbﬂohs rhhl%xc&&ﬂ@éqhéﬂtéstly of detection
possible wth nuc elc id angtJ hﬁatlon .the risk of(g aH;n ?tlon by

i nut e annunf%‘TeB’F & Bl ofgaptisation fedetions may Py AN EE RCBEN%E Coxt r emel y
great. The utérdtdiol tife mﬁocaxaminlofumhtemékogeﬁastnuolas amwanbetharrhamnmwmy met hods to

control the intr nted exo nuclelc and ot her
cont am nants. O[%b%[ 8@1 ICHI Otrf’mﬁﬁssmgoq 0 Oglc?loséaz% IS lr?ﬁ o%‘g%l ol ogi cal

sanples, inc bephghdmoduemmptherapdnec eews Uike vaomnqsffortahfekoa%meraoy,agen_t s, like
oty 1 oeitthOdoB AR AAEh AP LN M ARP R TRONGARIMI 1% BERR! ' 0¢ ((1VF)

typically requir nanu nvi ronnent
[ 0007] Accor demifoyment.her e renalns a need in the art to provide automated

systens and et | of ABLREAE 32 IR OHEAGneif 1 S Mo R o RHP! €5

[ 0007A] The referenc I'S speci fication is not, and
shoul d not bQYSteaisedea@h@ﬂﬁmmg@mRa@gbmﬁﬂS@dOémlysama\r:im of suggestion that

the referenced prg of. Q8 RefofhndBOW RHOe 1N
nust ol o SonaruIAT s Rt ply h A SAEER GR RG
be taken as an acknowledgement or any form of suggestlon that the referenced prior art

forms part of the common general knowledge in Australia.

SUMMARY OF EMBODIMENTS OF THE INVENTION

[0008] Embodiments of the present invention are directed to systems,
apparatus and methods for automated processing of one or more samples. The systems
can be used to manipulate items in a closed environment, and may be particularly useful
in the fields of medicine, diagnostics, biotechnology, electronics and nanotechnology.
Embodiments of the invention may be particularly relevant for processing biological
samples, including, but not limited to, tissues, blood, blood products, nucleic acids (e.g.,
RNA, DNA), proteins, cell cultures, and the like.

[0009] Embodiments of the present invention provide an apparatus for
manipulating one or more items in a closed container. The container, also referred to

herein as an "isolation container", comprises a tray defining an interior chamber, which

2.



[ 0008] Enbodi nents of the present invention are directed to systens,

appar atus and net hods for automated processing of one or nore sanples. The
systens can be used to nanipulate itenms in a closed environnment, and nay be
particularly useful in the fields of nedicine, diagnostics, biotechnol ogy,
el ectroni cs and nanot echnol ogy. Enbodi nents of the invention may be
particularly relevant for processing biol ogical sanples, including, but not
limted to, tissues, blood, blood products, nucleic acids (e.g., RNA DNA),
proteins, cell cultures, and the |ike. [0009] Enbodi nents of the present

i nvention pr &wpefiguss tosofskany pumbef efritera vl hsmagipiliagd apka Bexibiphagisrt ems in a

cl osed cont abdbued 14 dFRALGHE H oo ANRAERE fek £ L AR TR LG 8. A SOl ati on
container", conprises a tray defining an interior chanber, which is
configured to hold any nunber of itens to be manipulated, and a flexible
barrier configured and di nensioned to cover the interior area and seal with
the container tray. A tool for manipulating itenms within the interior area
is attached to or integrated with or within the flexible barrier. [0010] The
tool can have a first interface that is accessible froman exterior side of
the barrier that is configured to attach to a robotic device. The tool can
al so include a second interface that can extend from an opposite side of
the barrier, such that it is disposed within the interior arca when the
flexible barrier is sealed with the container. The tool can be configured
to mani pulate itens within the contai ner when the robotic device is
attached to the first interface. In sone enbodi nents, the one or nore itens
in the closed container conprise, for exanple, any of nucleic acids, other
sanpl es, reagents, wash fluids, pipette tips, vessels, other consumabl es
and/ or any conbination thereof. OQther tools or devices may al so be di sposed
within the container, for exanple tools or devices for processing,
mani pul ati ng, measuring, analyzing, sanpling and/or storing sanples or
other items within the container. [0011]In sone enbodi nents, systens and
met hods for automated processing of nucleic acids and ot her sanpl es include
a single-use disposable isolation container assenbly with a tray and a
flexible barrier configured to seal with the tray, thereby providing a

cl osed work area within the sealed tray. The closed work area may be
aseptic.

22A -



[ 0012] A pi pette head and/ or other sanple mani pul ati on device can be
attached to the inside of the barrier, and the barrier can include an
interface for a robotic armor other device that is used to nmanipul ate
items within the sealed work area. Wen the barrier is sealed over the
tray, the barrier separates the contents of the tray fromthe robot or
ot her mani pul ati on device. The barrier is flexible, and allows the robotic
armto nove the pipette head or other sanple nanipul ati on devices
t hroughout the work area of the tray. Al sanples, reagents, pipette tips
and ot her consteehitsimagipulatiglitsmeyyithifethé miegorfagma lsmﬁéfé‘edstspwgtegrem witcoraci d sanpl es
may remain Wt hdgexOngl:. conpar t ment provided by the isolation
cont ai ner during proce53|ng [0013] I n anot her enbodi ment, nethods of
processi ng nucl ei cl®¥1ds The @Olgca“hwﬁ”éﬁa?‘cgfffce PriAJ 2<Gssiple fram an ghtsigbs abl e
(sub ngl e- use) I§(}E|oﬂihb ﬁzﬁn&(ﬂﬁf labfﬂlﬁglg&nlo ﬁt&dhltbla rbd6c ddvBK THe t@DEhaRs nat i ng
subject material with u i ol ogi.cal matter n operator,
anot her subj ecPelgle 2s¢fen R‘Fiarcﬁg‘lm Cé‘?-.?}ﬁteflgﬁﬁlgﬁ{‘ OPPPﬂteé'Sﬁ%f“gerPB‘aﬁ nh??t t he
i sol ation contiaisdisposédswithirsthginedorfaen wiiAhd faibixtbaniar if scalnd wittbthel ogi cal sanpl e,
I ncl uding but c%gt%mér Lﬂle tggl {mobe 20t rl;ad {1 ngﬁlpglatetltgﬁ \Lx(allult g\gzoﬂ@i‘ne t\%gg[hatl SSU€,
ular e

bl ood, bl ood products, partic r i ments,
the bi ol ogi calrommvecemﬁmhﬁ%teﬁweﬁr% unmfpce hmmgem@@@ema,ﬁhﬁ mper BYSt em

provides all the.taat aas@@coafaﬂle,fcumga 'eQS&aelxérﬁl}f Rh% &gﬁwe%atc,dg lofed ik, t unor

honpgenate into in vitro transcri ypically, only the
i nsi de of the Fagsitarpdriluidsmingitsiins, ‘1%561@%5@68%“%%@&%@& %‘E‘tbl%‘t"erl al |,

thereby prevenhirag OO&SbIN @ d6G0E AR dMdtbl @RpdRdd Witheh tRY QREIHE] ﬂaﬂexﬁﬁdﬁléem and
reduci ng cl eani

U|renents bet ween_consecutive subje | es
D obesaad by S BT PSS BB gt ST FE R bOLBLTH GOt 5t e
processes sarrpdtceﬁgsampn:ﬁerdtmitmslvmhmamummner at a ti rre I n ot her

embodi nents, the sysigms can he, c gured t 19 % two or
h E%
more isol ation con ali r ST SUSSPRN men} S)?'Stenésn%ngr”]r% ot tor au‘?%%? il Cegsmé

enbodi ment s, tﬁequ@@einﬁnd Wewﬁipbﬂlnﬁp@\ﬂlsdleb Uamth%zp?@blp wtlagonfeortaipdne t r ansf er
of fluid COWrds&HﬂQ Wi lﬁ'a?ﬁ]df lﬂgklgle mer%om{uléﬁ Qgeafl Lle'x fﬂe Qmekﬂat are

separated from a sanple device by a hragm In use, a sanple or other
fluid may be diteXifing arf’c"t?e‘b‘f’oré%ﬁfb‘l‘"lﬂéfd‘h? ?eélﬁ‘i‘ e Té%WF‘éW‘HEW%’é‘%‘SF a change in
pressure whichaséptictransmtted across the diaphragm e.g., by novenent of

t he di aph wh fl f th Ki

i d. I one enboPHEnt A REo bt BT RE T BH R REE CP B or ot her t ube

for uptaki ng, aﬂth&pdamshen@mmﬂmmmpanmge birtiérdirCingairph @8rfacat/aosbofior

{ransterring ARABhE un kAP ecllo SLNSLEL dulif BOL2AP,LAGALI Gl 0 Anot her
e tipo S

| ocation. The pipette surt ape and si ze,
[0016] In yet thebreter stabedioms thedray, ﬁh@é’alplplessmeﬂth?\ﬁ@nws@ﬁthpFrawfr@eéiean

apparatus for gER§UWieBatifBai¥Pade Bife bribd ivhekivtO BRI SIEE roftic hGRGL one
light source or emitter and at |east one receiver: a euvette configured

with a |ight pat¥ thempsirgivadariotrr serele paripiafion devichs trarabeyt the woRs#enofi n t he

i ght path ass@giat ad swhild, edpedtd) gipetteliBs Sid\veei @nai0Blial 161s bd ddiicks@sr 1S enpty;
and a fluid transfer diw ce i n communi cation, wi.th the receiver &’57 det er m ne
]

the vol ume of FPEHEPIATC HLSTBUEY SRALY I BRosdea %‘EP?‘EP“’T‘%‘ Qt her
enbodi ment s artke idolatios t@thiteodusingproghdal sanpl e processi ng

[0013]  In another embodiment, methods of processing nucleic acids, (e.g.,
RNA and/or DNA) utilize a disposable (single-use) isolation container to reduce the risk
of contaminating subject material with undesired biological matter, e.g., from an
operator, another subject or the external environment. In some embodiments, the
isolation container is designed for RNA isolation from a biological sample, including but
not limited to one or more of the following: tumor tissue, blood, blood products, cells,

pathogens, etc. In particular embodiments, the biological sample comprises a tumor
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contai ners. The containers include a single-use disposable tray having a
substantially rigid body with a first workstation configured to hold a
vessel for incubation in a thermal block (e.g., a single tube, nulti-well
plate or strips, a PCR plate, etc.), a second workstation configured to
hol d reagents, and a third workstation configured to hold pipettes.

[ 0018] Sone enbodi nents are directed to flexible barriers having an outer
edge portion configured to seal to a tray to define a seal ed cl osed
interior chanmber. The flexible barrier includes an elastonmer and is

seal abl y att aclvedgdnateand thbepsiem paavivkes alltter ffanges aad fuactivadityatb cqoert | on of t he

barri er.  (LOORated uBbAR SIBR U5 Bl n99)edh Lo an aut omat ed pipette

ti p di sengagenent syst temincl (a) a tray having a
sidewal | ; and (b) woi‘ﬂbot]iyélc%ﬂyrﬁﬂﬁéh@m‘& of the olatioree AP AT BekRAedtOBF havi ng an

outwardly ext eﬁﬂ}eaalaleﬂme\rler&%févgm%@sme SRBRhdationtdn Be bloddsis (ieM@dnd, wher eby
contact with the sidewall forces the |ever to pi vot and rel ease a

respective use@dysinggermingisqyirgieants bB‘V’eet“ﬁ%“sﬁ%HY"ﬁH‘PJ%{’ffaﬁ’ﬁlef pragessed by Bone
enbodi ment s, tJ}@eﬁarﬂ)éoxh@-&ntﬁ)ﬂmﬁﬁtg|tl&(i>ro%bs§iﬂg\@|stlsm§)fbaésse€Qiﬁ{p&ﬂnsoné igaamsam pul ati on
tool |ever. [OOZO%Sorre e i rected processi ng

liquids. The sSPORBRE"T Ry Hgt'her(eﬁ'%"dém 6h ffyételﬁf?ﬁ"%%ﬁoﬁy%%‘%qspr i pul ati on
tool that coopemakes twd érimdrdienlatioh atntamemsubstagtiaby ¢opoirreglynf i gured to

rel easably engage gmﬁ’% petl{. Sonle! e%PMen%u&lQE@%htq ekt%nﬁ){: @f&%aﬁé Spaaflis Rir €7 C€ @

cover on a vessel ura t1mes erent spaced apart |ocations
bef ore wit hdr athe ngsffﬂl Qflﬂdldfc?fbl?ﬂstnﬁé’oKkE‘Sé]GId apdyy werng ﬁlnéplélfp thayarepi er ced

openi ngs in ths%p&é?é’de}’fmna[sQQﬁlth&%&a@HHﬁ)&WGs% AhfpldbToaet @6 L ! ution
trays. The trays are sterile bioconpatible elution trays having a plurality

of spaced apar{aVvegept applisd froy ”ﬁlsﬁﬁ‘lé? fevige bp anee Fwesﬁrﬂ%h &S an upwardl y

ext endi ng bar rir@kmiéithcR®ssthdididhiabi, ecgnbmome&fn@ dﬁp}d@nﬁflhehhﬁvdaﬂcﬁrfgl er. The
receptacl es haye,a channel that ' apers down in

. . d pu T 3-‘;: g? fgx aCh 2 I} th }]
the direction OFY 2 B rHEr P U if ’[?5’65”2}’ "i’q} SP‘WE’ enbodi ment s
are directed tdevkeisa pipete tipsaeomrmhoeamulaalm@ms;nemlsiqgramz@smxumﬂmqﬂstem The kits

include: (a) a,si & i y and a
flexible barrier pga’?"("gz"?érg“ ?egr%g %m? %@%ﬁ {}fer er et 6“%%?1013{9 ngl e- use
di sposabl e r easpether lpcaidde. Ersrpinctgiired tqb@mme@uqﬂenwsnltatbhéha@bmdaﬂﬂer at a first

wor kstation; (c) a[O%h(f]gl 8a %%m@'e%%ﬁ%ﬁm@ @Qhﬂgvemnlﬁfmld%ﬂ%f)@}agmconf' gured
to reside in the container; fgwigf@a si. ng e use di sposabl e pi pette rack

configured to fop@saguing H‘et"ﬂl@mﬁ E’frf‘t pprising: at least one light source or emitter and at
least one receiver; a cuvette configured with a light path through which the receiver can

detect a change in the light path associated with whether the cuvette contains fluid or is
empty; and a fluid transfer device in communication with the receiver to determine the
volume of fluid that has been removed from the cuvette.

[0017]  Other embodiments are directed to biological sample processing
containers. The containers include a single-use disposable tray having a substantially
rigid body with a first workstation configured to hold a vessel for incubation in a thermal
block (e.g., a single tube, multi-well plate or strips, a PCR plate, etc.), a second
workstation configured to hold reagents, and a third workstation configured to hold
pipettes.

[0018]  Some embodiments are directed to flexible barriers having an outer
edge portion configured to seal to a tray to define a sealed closed interior chamber. The
flexible barrier includes an elastomer and is sealably attached to a robotic arm interface

at a medial portion of the barrier.



[ 0023] Some enbodi nents are directed to nethods of transferring liquids. The
nmet hods i nclude: (a) progranmatically directing a robotic armto nove an
interface tool releasably holding a pipette tip; (b) automatically piercing
a sealant on a vessel holding a target liquid a plurality of times using
the pipette tip; then (c) automatically withdrawing liquid fromthe vessel
with the pierced seal ant using the pipette tip. [ 0024] Sone

enbodi ments are directed to nmethods of releasing |iquids frompipettes. The
met hods i nclude: (a) programmatically directing a robotic armto nove an
interface tool rel ¢W3ybl demhdiemgodanqnispetdirettddmo gravemated }biﬁﬁttp'tipette in a
downwar dl y ext ndLad, to a

recei ving surfg%gh#%n%p tgxge %@ nt al ﬂgdr%s \Q%)ta%a)tmﬁm%hgae?\%m FI y noving the
downwar dl y or i ®hetsdmameieiag ing qdeatntpelam tgplbmtaamtwaﬁlvyxtmdmaﬂegm line along a

pl ane, whil e rghgasddgcdtabd iRUAD LB wal DHRBE Qnfaki A iR 8idPLANGE LS the
[ 0025] Yet ot her enbodi nents are directed to nmethods of aspirati ng | i qui ds

into pipettes. Y& Bt HYddeassrruersive ved Pipstie HR belhyttheesanipplatanitedtt ilhg a
robotic arm t OsoffieéRbeiimdntt] ¢ frHGhEes nQfdled sRlevaBBA LA idindgipaatphpRi te to
engage a vesseir%hol ding a target fluid in a closed container; then (b)
automatical ly fVing the pipette inside the vessel to mix the liquid in the
vessel ; then (c) a$srelat iSogethpdmensdreldirgteddh systers bipeocpisipe tiquids. In
sone enbodi nen J jng the
liquid to m x t sy{“ﬂ% @%?gﬂég&g?é err& atlﬂggbf)e t.‘?r‘@&‘§°miﬂgag%°%§§?‘%%§t her

enbodi nents ar@e mbw@@tredhett@pl eerfigiedt te i lentsblli seoeeof pipsHotreand prigmaticdlanpl e in a
cl osed system y Qg EE%J?&Q%%F‘SA M@‘sel A ralitf &Ylh{éé ngfﬁre%}mk@a b a seal ably

cl osed contai ner having a flexible barrier; {)r ogr ammtl cally
directing a rolseatipes baﬁOfﬁVfl@drewgéwa{remmetVFFSftl Héoug\l @3@.05 hePiEEPdIPElNE 0 nDve an

i nterface toolinitSbede the cl osed contai ner through a serl es of operations
whil e the cl osed c i ne |ns seal ed rocess [00271The
et hod my opt 1 onalitpial <o BTG G G oy SEF Eome TRFTIN FE (o)

el ect roni cal | ybieothpatibteaingivn gk h@amgeammmymgspmﬂapmran}dactmraqmmht}aimaon of the
sanple at a pl L t : | ectronically
and autonmatica st;sﬁdﬁ%%l t%vrv%rlrjllg‘agtggpl gapl?@mkty%&ao% ogggd‘gfg%fn ai ner before,
after, and/or ehgudr n&em@ept%&’ﬁbav(fe}haewbﬂieﬂemﬂlgisaﬂ eqclesidetof aidangrygp it ined RNA

sampl e in an ajk GHetion\te s sftharMubllQbrigd. ST upting the seal ed status of the
cl osed system

[0022]  Still other embodiments are directed to kits for use with an automated
processing system. The kits include: (a) a single-use disposable container comprising a
tray and a flexible barrier configured to sealably attach thereto; (b) a single-use
disposable reagent rack configured to reside in the container at a first workstation; (c) a
single-use disposable binding column manifold configured to reside in the container; and
(d) a single-use disposable pipette rack configured to reside in the container.

[0023)  Some embodiments are directed to methods of transferring liquids.
The methods include: (a) programmatically directing a robotic arm to move an interface
tool releasably holding a pipette tip; (b) automatically piercing a sealant on a vessel
holding a target liquid a plurality of times using the pipette tip; then (¢) automatically
withdrawing liquid from the vessel with the pierced sealant using the pipette tip.

[0024)  Some embodiments are directed to methods of releasing liquids from
pipettes. The methods include: (a) programmatically directing a robotic arm to move an
interface tool releasably holding a pipette to orient the pipette in a downwardly extending

angled orientation with the tip proximate to a receiving surface in a closed container; (b)



[0028] Still other enmbodinents of the invention are directed to apparatus
for manipulating itens in a closed container. The apparatus include: (a) a
contai ner having an interior region configured to hold a plurality of itens
to be manipulated; and (b) a recircul ati ng vacuum system configured to
circulate air sealed within the interior region of the container in a

cl osed | oop. [0029] Al t hough descri bed in sonme enbodi nents herein with
respect to nethod aspects of the present invention, it will be understood
that the present invention may al so be enbodi ed as systens and conputer

pr ogr am pr oducthen aufhatcally thovisg thaodoedwirtia brieureg angfledipipettef ipatubstegialtyl ai ned with

respect to one t hod
congut er pr ogrsutayg%m%lg@ g;ile{& ‘%(&jgnle%a%r r@égglﬁgg%s@gqu{ﬁ y? %ﬁ ot(:) he?r types

of clai med operati d985lor Yetetherembodimapy 3@ ivedird o sthqde pfaspifginetliglids syst em

conmponent s and{nwplﬁe@ézpmﬁe%etwdma@d@ @T&@J&ﬁ&tx@@lﬁ}%&hﬁ@ x’é)Sbtx@EFﬂQQl ments of the
invention wll be or becone apparent. to one wth skil in the art upon

revi ew of the POYaBIHEGodPAvlGIFElY AAEInGRPIATIE LFNERSE R YGSTH ’i‘%‘Hngqtﬁrg?ts i nt ended

that all such aglgintaceRal cosisdrans, (b)ﬁﬁt’bﬂﬂﬂd&llyrﬁi%d&ﬂfep@@ﬁﬂlh&cﬁﬁhep&@gn@m product s
be included within this descr he, .scgpe. of the present

i nventi on, ande‘él?edquidé‘b %&es’ﬁb%ﬁéygelé%'ﬂ%ﬁwxﬁ%ﬁ%ddp ©PBEfEF DESCRI PTI ON
OF THE DRAW NGS [ 003sbjnekdbidirieas] thy reghodfcart indude ppsaing anddigpersingthewi | | be nore
readi |l y unders fro he, fol | ow,n iled description of exenplary
enbodi nent s thfé e% eﬁ(?md(glnce?\rmu“ uﬂng%fon wi th the accompanyi ng

drawi ngs, wherein IIQOR@ reﬂ’tlémé\nlcee@hmmaa#@reﬁtébpe@@mtedlﬁ’%@d@fenents The

draw ngs are ”B&&La{ng%wm a¥lokd sysltewm AliRodS Seludd: () beAkHE Senbpliat may be

used singularly or 1'n conbination wth other features and the present
i nvention shouf &aidy clpwd poniineehyvinga flgrebleipist Pt Rossamsmatcallp distctitees  shown
Wi th respect t@B8R aﬁmmdwaﬁfétwmhefﬂegbléeadmyo xb@euxsmrmeml mtiahe enbodi ment s

or figures. 00321 urellsa rs vj ew .of
syst e?n accor di ﬁlase% 6onta12ner ugh a series of opergt?ons &I? ﬁ: tl'lxe c?ose container rema nrs(s)e% e§SI ng

to process the sample.

[6027] The method may optionally also include one or more of the following:
(c) electronically and automatically measuring volume and concentration of the sample
at a plurality of times during the amplification; (d) electronically and automatically
monitoring seal integrity of the closed container before, after, and/or during use; and (e)
capturing at least one amplified RNA sample in an aliquot vessel without disrupting the
sealed status of the closed system.

[0028] Still other embodiments of the invention are directed to apparatus for
manipulating items in a closed container. The apparatus include: (a) a container having
an interior region configured to hold a plurality of items to be manipulated; and (b) a
recirculating vacuum system configured to circulate air sealed within the interior region
of the container in a closed loop.

[0029]  Although described in some embodiments herein with respect to
method aspects of the present invention, it will be understood that the present invention
may also be embodied as systems and computer program products. Also, it is noted that
any of the features claimed with respect to one type of claim, such as a system,
apparatus, method or computer program, may be claimed or carried out as any of the
other types of claimed operations or features.

10030} Other systems, methods, system components and/or computer

program products according to embodiments of the invention will be or become apparent
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enbodi nents of the present invention; [00331Figure 2 is a side view of the
upper portion of the systemof Figure 1, including an isolation container
on a work surface; 100341Figure 3 is a perspective view of one enbodi nent
of the work surface of the systemof Figure 1, illustrated w thout the

I sol ation container; 10035]Figure 4 is a perspective view of an isolation
contai ner assenbly with the flexible barrier not yet attached according to
enbodi ments of the present invention; 10036] Figure 5 is a cutaway
perspective illustration of an isolation container assenmbly according to
enbodi ment s of okfeviiyskid dnthe ripemteyisn of hoHBing datiaesgnd detalet ut anay
perspective Vi&wrigfiont Nes ihSRle@inbiaN s BidRion A systsis Sl ofs, @fd/drc@htiur 5; _
e e e B B B o o RS e 0T 1 0

invention, and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Other features of the present invention will be more readily
understood from the following detailed description of exemplary embodiments thereof
when read in conjunction with the accompanying drawings, wherein like references
numerals represent like elements. The drawings are merely exemplary to illustrate
certain features that may be used singularly or in combination with other features and the
present invention should not be limited to the embodiments shown. Features shown with
respect to one embodiment or figure may be used with other embodiments or figures.

[0032]  Figure 1 is a perspective view of a processing system according to
embodiments of the present invention;

{0033]  Figure 2 is a side view of the upper portion of the system of Figure 1,
including an isolation container on a work surface;

[0034] Figure 3 is a perspective view of one embodiment of the work surface
of the system of Figure 1, illustrated without the isolation container;

[0035]  Figure 4 is a perspective view of an isolation container assembly with
the flexible barrier not yet attached according to embodiments of the present invention,

[0036] Figure 5 is a cutaway perspective illustration of an isolation container
assembly according to embodiments of the present invention;

[0037]  Figure 6 is a cutaway perspective view of the isolation container
assembly of Figure 5;

{0038]  Figures 7A and 7B are side views of a syringe pump system
according to embodiments of the present invention;

[0039]  Figures 8A and 8B are cross-sectional side views of a pipette head

* adapted to cooperate with a fluid pump system according to embodiments of the present
invention;

{0040]  Figure 8C is a top view of a flexible isolation diaphragm used in the
pipette head of Figure 8A, according to embodiments of the present invention;

[0041]  Figure 8D is a cross-sectional view of the flexible isolation diaphragm

shown in Figure 8C;



100391Fi gures 8A and 8B are cross-sectional side views of a pipette head
adapted to cooperate with a fluid punp system accordi ng to enbodi nents of
the present invention; 100401Figure 8Cis a top view of a flexible

i sol ati on di aphragm used in the pipette head of Figure 8A according to
enbodi nents of the present invention; [0041]Figure 8D is a
cross-sectional view of the flexible isolation diaphragm shown in Figure
8C, 100421Fi gures 9A and 9B are perspective and cross-sectional views,
respectively, of a flexible barrier according to enbodi nents of the present
i nvention; [0043] Fl0§4? es FasBres A4 agDduarepgppratipeand icipes-wetiynd vigWs - sect i onal si de

Vi ews, !’eSpeCtxjeéf)thiVely,%Fa @&%@bﬂﬁmwrmg%m@dcdirﬁenfslo??ﬁ.b ﬁmpﬁfeﬁtioﬁf ;
[0044] Figure 9E i1s a perspective view of a flexible barrier with an

i ntegral coupl er, {A&]codigues 9Cand HparpprriPpdive YHGHS-serfiopal ide WE¥ssect i on vi ew,
according to eghedaRRE&hdEmbdatndnid bLMdxBI; barrier;

[0044]  Figure 9E is a perspective view of a flexible barrier with an integral
coupler, the coupler in the barrier shown in partial section view, according to
embodiments of the invention;

[0045]  Figure 9F is a perspective view of a portion of a robotic arm having a
coupler configured to engage the barrier coupler shown in Figure 9E according to
embodiments of the present invention;

[0046]  Figure 9G is a perspective view of the assembly of the components
shown in Figures 9E and 9F (without the flexible barrier) and with the outer housing
over the internal components shown transparent and in broken line;

[0047]  Figure 9H is a perspective view of the assembly shown in Figure 9G
with the flexible barrier attached according to embodiments of the present invention;

[0048)  Figure 10 is a cross-sectional view of a PCR plate and thermal cycler
lid assembly according to embodiments of the present invention;

[0049]  Figure 11 is a perspective view of a thermal cycler assembly with a
thermal cycler lid drive system according to embodiments of the present invention;

[0050]  Figure 12 is a perspective view of the thermal cycler lid drive system
of Figure 11 in use with a flexible thermal cycler lid seal of a container according to
embodiments of the present invention;

{0051} Figures 13A and 13B are cross-sectional views of the lid seal of
Figure 12 during movement of the thermal lid into and out of the work space of the
container according to embodiments of the present invention;

[0052]  Figure 13C is a partial cutaway side perspective view of the lid seal
and container shown in Figures 13A and 13B.

[0053]  Figure 14 is a perspective view of a manifold for housing DNA and
RNA binding columns according to embodiments of the present invention;

[0054]  Figure 15 is a perspective view of the manifold of Figure 14 during
engagement with a pipette head to move the manifold between stations according to

embodiments of the present invention;



[ 0045] Figure 9F is a perspective view of a portion of a robotic arm having
a coupler configured to engage the barrier coupler shown in Figure 9E
according to enbodi nents of the present invention; 100461Figure 96 is a
perspective view of the assenbly of the conponents shown in Figures 9E and
OF (without the flexible barrier) and with the outer housing over the

I nternal conponents shown transparent and in broken line; [0047]Figure 911
is a perspective view of the assenbly shown in Figure 96 with the flexible
barrier attached according to enbodi ments of the present invention;

[ 0048] Fi gure 10 i s[M@5Yr oFiguselhtis ossh¢majic eide \adw deplP@R qullaatdevaguyah sydtear mal  cycl er

l'id assenmbly aggof dingGata is%rmpa'omﬂ&%ccg;]{dmrgmﬁnmo&ﬁgm of tVRALH; ON;

[0049] Figure 11 1S a perspective view o0 ermal cycler assenbly with a
t hermal cycl er®@vgndengri ve system accordi ng to enbodi nents of the present

i nvention; [ W056)] Firgeat€17k2a bcBerfutip SASAGE LS thSadiu@Wydm SfiFgzukher mal
cycler lid drive, systemof Figure 11 in use with flexible thermal cycler
lid seal of a EHWP%?ﬁ%W“%%EngFﬁﬁm?%m%ﬁﬁﬂ%?%@ﬁ?@“@?mf H5PESBht i nvent i on;
[ 0051] Fi gur es ihdohti@nd 13B are cross-sectional views of the Iid seal of

[0057]  Figure 18 is a perspective view of a processing system work surface
with a cutaway of an isolation tray, showing cooling units for controlling humidity and
vapor concentrations according to embodiments of the present invention;

[0058]  Figure 19A is a cross-sectional perspective view of a cuvette attached
to an isolation tray according to embodiments of the present invention;

[0059]  Figure 19B is a side perspective view of cooperating components of a
spectrophotometer cuvette measuring system according to embodiments of the present
invention.

[0060]  Figures 20A — 20D are examples of operations of a system to measure
volume in a volumetric cuvette according to embodiments of the present invention, each
figure being a section view of the volumetric cuvette measuring system;

[0061]  Figure 20E is a top, side perspective view of a multi-cuvette volume
measurement system that can operate as described with respect to Figures 20A-20D
according to embodiments of the invention;

[0062]  Figure 20F is a bottom perspective view of the container shown in
Figures 4 and 5 illustrating cuvettes extending below the bounds of the container
according to embodiments of the present invention;

[0063]  Figure 21A is a perspective view of a reagent rack according to
embodiments of the present invention;

[0064])  Figure 21B is a schematic top perspective view of the reagent rack
shown in Figure 21A illustrating a piercing technique according to embodiments of the
present invention.

[0065]  Figure 22 is a series of schematic illustrations showing operation of
an aliquot tube mechanism according to embodiments of the present invention;

[0066]  Figure 23A is an illustration showing components that may be loaded

into an isolation container tray according to embodiments of the present invention;



Figure 12 during novenent of the thermal lid into and out of the work space
of the container according to enbodi nents of the present invention;

[0052] Figure 13Cis a partial cutaway side perspective view of the |lid seal
and contai ner shown in Figures 13A and 13B. [0053]Figure 14 is a
perspective view of a manifold for housing DNA and RNA bi ndi ng col umms
according to enbodi nents of the present invention; [ 0054] Figure 15 is
a perspective view of the manifold of Figure 14 during engagenent with a

pi pette head to nove the manifold between stations according to enbodi nents
of the present invé6Tlon:Figyrod¥s; o oprepedige Ylgwaf@?ﬁ@%%sﬁe@b§8 de view

depicting a clQsgfleMBGY HEKS YohipBhenR shaVn if Bight€ @3 AhdchrdimB ol eiBbddhén@rdf CONt ai ner
according to enbodi nents_of the present invention; [0056]Figure 17 is a

schematic si deM&PERPAIVERB vacuum system of Figure 16 during use with the
i sol ation cont ai ne[00as]C ormigung23is & Bl Vit the pirtidlyassphi@seiidshowiMent i on;

Figure 23B;

[0069]  Figure 23D is a top view of the container in the kit shown in Figure
23 A before kit components are attached at a use site according to embodiments of the
invention;

[0070]  Figure 24 is an exploded view of the isolation container tray of
Figure 23 A illustrating sealing of the tray with a flexible barrier according to
embodiments of the present invention;

[0071)  Figure 25 is a flow chart of operations that can be carried out
according to embodiments of the present invention;

[0072]  Figures 26A and 26B are enlarged side perspective views of the
pipette head with lever according to embodiments of the present invention;

[0073]  Figure 26C is a side perspective view of the lever shown in Figures
26A and 26B shown engaging with an interior surface of the container to release a -
pipette tip according to embodiments of the present invention;

[0074]  Figure 27 is a top perspective view of a trolley that can be used to
load the container onto an instrument according to embodiments of the present invention;

[0075]  Figure 28A is an enlarged side perspectivé view of a work surface
with a biasing assembly configuration that can force the container into alignment with
the robotic arm according to embodiments of the present invention;

[0076)  Figure 28B is a bottom perspective view of a portion of the work
surface shown in Figure 28A illustrating a spring used to force the container in a desired
direction according to embodiments of the present invention;

[0077)  Figure 29A is a top view of an elution tray according to embodiments
of the present invention;

[0078]  Figure 29B is a bottom perspective view of the tray shown in Figure
29A;

[0079]  Figure 29C is a top perspective view of the tray shown in Figure
29A;

[0080] Figure 30A is a top perspective view of a waste tray cover;

10



[0057] Figure 18 is a perspective view of a processing systemwork surface
with a cutaway of an isolation tray, showing cooling units for controlling
hum dity and vapor concentrations according to enbodi nents of the present
invention; [0058]Figure 19A is a cross-sectional perspective view of a
cuvette attached to an isolation tray according to enbodi nents of the
present invention; [0059]Figure 19B is a side perspective view of
cooperating conponents of a spectrophotoneter cuvette neasuring system
according to enbodi nents of the present invention. [0060]Fi gures 20A - 20D
are exanpl es of opdl08tli orfdgust 30B is gbattamperereptiva ¥y &f herayeaver fhodn ol umet ri c
cuvette accor diggrelipagnbodi nents of the present invention, each figure

being a section view of the volunetri¢c Guyette peasuri ng system
[0061] Fi gure 20E i $0082k o fisuee s pRlpeksiasiampd 2 Greah s me?“ﬁ?i%‘?‘?‘?ls-yétmset te vol une
measur enent sys&henmphkidby efreomnaivaitenasd descri bed with respect to Figures

20A- 20D accordin nmbadi . f the i tion; [0062]Fi .e 20F i
bot t om per spect i 8et[®§gw é“tr}% lgﬁﬁl?% agfalmrs]“\rﬁgm%g‘ ‘?r Ozde?fl[néﬁ¥s§e]'sn alﬁg)g‘{ﬁ% §S s
illustrating cenetlimests eithegmaempvieibow t he bounds of the container according

to enbodi nents of the present invention;
DETAILED DESCRIPTION

[0084]  While the invention may be made in modified and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and will be
described in detail. It should be understood, however, that there is no intent to limit the
invention to the particular forms disclosed, but on the contrary, the invention is to cover
all modifications, equivalents, and alternatives falling within the spirit and scope of the
invention. Like reference numbers signify like elements throughout the description of
the figures.

[0085]  In the figures, the thickness of certain lines, layers, components,
elements or features may be exaggerated for clarity. Broken lines illustrate optional
features or operations or hidden components unless specified otherwise. In the claims,
the claimed methods are not limited to the order of any steps recited unless so stated
thereat.

[0086]  The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an" and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the terms
"comprises” and/or "comprising,” when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or components, but do not
prectude the presence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As used herein, the term
"and/or" includes any and all combinations of one or more of the associated listed items.
As used herein, phrases such as "between X and Y" and "between about X and Y" should
be interpreted to include X and Y. As used herein, phrases such as "between about X and
Y" mean "between about X and about Y."” As used herein, phrases such as "from about X

to Y" mean "from about X to about Y.”
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[ 0063] Figure 21A is a perspective view of a reagent rack according to
enbodi nents of the present invention; 100641Figure 21B is a schenmatic top
perspective view of the reagent rack shown in Figure 214 illustrating a

pi ercing techni que according to enbodi mrents of the present invention.

[ 0065] Figure 22 is a series of schematic illustrations show ng operation of
an aliquot tube nechani sm according to enbodi nents of the present

i nventi on; [ 0066] Figure 23A is an illustration show ng conponents
that may be | oaded into an isolation container tray according to

embodi ments of t hel4988s erinicsypiervipesiefined. ;1) 0Em (Rickding tepi@al agd gpientifs

perspective Vi gwhsPlse@ndray faldht %maﬁémlagéon&%r@hwoo%y B3 of BiEinke t

conmponents shown in Figure 23A according to enbodi ments of the present
i nventi on; [ 0088 irthsar ‘?B@‘WI%‘“&CHB%%WBHSSVF@W Befﬁ“{“}‘?é““ﬂ%ﬁ‘f’?dé‘l‘qt S?“%fssenbl ed kit
shown in such as those defined in commonly used dictionaries, should be interpreted as having a

meaning that is consistent with their meaning in the context of the specification and
relevant art and should not be interpreted in an idealized or overly formal sense unless
expressly so defined herein. Well-known functions or constructions may not be
described in detail for brevity and/or clarity.

[0088] It will be understood that, although the terms first, second, etc. may
be used herein to describe various elements, components, regions, layers and/or
sections, these elements, components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distinguish one element,
component, region, layer or section from another region, layer or section. Thus, a first
element, component, region, layer or section discussed below could be termed a second
element, component, region, layer or section without departing from the teachings of
the present invention. The sequence of operations (or steps) is not limited to the order
presented in the claims or figures unless specifically indicated otherwise.

[0089] The terms "closed system" or "closed container” refers to systems and
containers, respectively, that are sealed and operate in a substantially, if not totally,
closed manner to inhibit or prevent the introduction of exogenous or external materials
into (or out of) the system or container during processing. The closed systems can be
configured to inhibit or prevent contamination. In some embodiments, components of
the closed systems or containers can be pre-sterilized prior to use at a manufacture site,
sterilized at the point of use, and/or sterilized after a respective closed system is
assembled and closed prior to use. The closed systems or containers can be pressure- or
vacuum-tight to some target or predefined leak rate at certain atmospheric conditions.
The leak rate may be detected by an internal and/or external sensor using a vacuum or
pressure sensor test or other leak check system and the like. The typical atmospheric
conditions may change with location of the apparatus, from sea level to higher altitudes.
However, the closed systems contemplated by embodiments of the invention may be
used in marine (subsurface, deep sea), flight, and/or space environments as well, with the
seal being sufficient to substantially maintain the target leak rate at those atmospheric
conditions. The closed systems or containers can be utilized for their respective intended

purpose without breach to the integrity of the closed system. The closed systems or
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Figure 23B; [0069]Figure 23D is a top view of the containerin the kit shown
in Figure 23A before kit conponents are attached at a use site according to
enbodi ments of the invention; [0070] Figure 24 is an expl oded view of the

i solation container tray of Figure 23A illustrating sealing of the tray
with a flexible barrier according to enbodi nents of the present invention;
[0071] Figure 25 is a flow chart of operations that can be carried out
according to enbodi nents of the present invention; [0072] Fi gures 26A and
26B are enl arged side perspective views of the pipette head with | ever
accordi ng to etwbeidérrmar b addptad fies fiyiddrgesirrs qfﬁﬂ?@h@qi‘gw,rnples inor ot @3] Fi gure 26C

is a side perspgaghihiapsBWin@br dafiBe doBHEELISROWR: diddeddylbhE&mMik6A and 26B shown
engaging with an interior surface of the container to release a pipette tip

according to cRBMARkE Begrty ohiBe dessdupiems nhET: Perertipaly by uidur 8o%7 is a top
perspective Vigw thdt may bdopbd 16 Yindokjtre 6EdtheD @onipsRelts ldGring process. The filters

may be configured to filter to a desired clean level or class, to facilitate the closed state,
such as class 100,000, class 10,000, class 1000 filters or even class 100 filters.

{0090]  The term "isolation container" refers to a container configured to hold,
enclose and/or isolate internal components and the processing of one or more items or
samples held therein from external pathogens, microorganisms and the like and/or other
materials that may exist in an external environment. The isolation container may be a
single-use disposable container. In some embodiments, the samples in the isolation
container are or comprise nucleic acids, e.g., for processing nucleic acids in tissues (e.g.,
clarified tumor homogenate) into IVT RNA. '

[0091]  The term "single-use disposable” refers to a component that is not
reused. That is, after completing its intended use, i.e., processing or production of a
target sample or sample(s), it is disposed of. The isolation container can be single-use
disposable (and may be labeled as such), such that the isolation container remains a
closed system that is disposed of in the closed sealed state with its internal components
held therein, to inhibit any inadvertent external release or exposure of its internal
content(s) after processing/production of the target product.

[0092]  The term "aliquot” refers to a desired amount of a target fluid; the
amount of fluid rﬁay be in a predetermined and/or specific range. The term "aliquot
tube" refers to a tube that permits removal of a fluid aliquot from the container.
Typically, the term "aliquot tube” refers to a tube that is in communication with the
interior of the isolation container to receive at least one (and typically a plurality of) fluid
aliquot without breaching the closed status or sealed integrity of the isolation container.
The aliquot tube can be flexible and sterile and may comprise an elastomer, such as
PVC.

[0093]  The term "cuvette" refers to a vessel configured to permit mechanical,
electrical or optical measurement(s) of a substance, typicaily a fluid, and typically
concentration or volume measurements, contained within that vessel. The cuvette may
be sized to hold a relatively small amount of fluid, typically, in the range between about

0.001 mL to about 5.0 mL.
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| oad the container onto an instrunent according to enbodi nents of the
present invention; [0075] Figure 28A is an enlarged side perspective
view of a work surface with a biasing assenbly configuration that can force
the container into alignnment with the robotic arm according to enbodi nents
of the present invention; [0076] Figure 288 is a bottom perspective view of
a portion of the work surface shown in Figure 28A illustrating a spring
used to force the container in a desired direction according to enbodi nents
of the present invention; [0077]Figure 29A is a top view of an elution tray
accordi ng to enbodi0e4it s Toé tetnin bpigenetdne mndfers 1\aeube opm at fof0=A8] tFbgableso 298 i s a
bott om perspectj ye Vi t . LI.F ’ 79] Fi gure 29C
is a top persp%%¥?$§%§¥%&%%?ﬂ§hé£€¥zéegﬁgaﬁawﬁhgyéﬁ?@ﬁggﬁggﬁoo80]Figure 30A
is a top perspaouitybetyiepppoyf 0.4 niadpsbeuttl PiRyuLe dheiube may have an irregular or

constant perimeter shape or size, typically tapering down at a lower tip from the head. A
"pipette” can be defined by a plurality of matable components. That is, a pipette can
include a tip portion and a head portion. The head portion can be defined on a
manipulation tool attached to a robotic device (indirectly) that releasably attaches to
different pipette tips during processing. . Pipettes of different volumetric sizes may be
used in a single container/processing system.

[0095]  The term "Human Machine Interface (HMI)" is well known to those
in the art and refers to an interface which allows an operator to input, direct, interact with
or machines, and typically includes an electronic display with a "Graphic User Interface
(GUD" that programmatically provides information to and accepts control instructions
from an operator.

[0096]  The term "aseptic"” refers to processing conditions that inhibit or
prevent contamination of a target sample in an interior processing space of a container by
external pathogenic microorganisms and/or undesired exogenous materials, and/or to
inhibit or prevent contamination of the proximal exterior environment with the contents
of the container.

[0097]  The term "binding column" refers to a filtration/elution column that
can be used for separating components of a sample or derivatives thereof. In some
embodiments, the binding column can be used for nucleic acid (e.g., DNA and/or RNA)
isolation or purification. In some embodiments, the binding column may contain a silica
membrane.

[0098]  The term "tray" refers to a substrate having sufficient rigidity to hold
one or more components. The tray may be substantially flat or may have a bowl-like
shape. The tray may also have other shapes and configurations. The tray can be
configured to define integral wells or holding regions or may be configured to sealably
mate with and/or hold devices or containers, typically those components associated with
at least one processing workstation.

[0099]  The term "user" is a generic term for an operator, programmer, and/or
maintainer.

[0100]  The term "robot" refers to an automated device that can be

programmatically directed to translate in desired directions to carry out defined
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100811Figure 30B is a bottom perspective view of the tray cover shown in

Fi gure 30A; 100821Figure 31 is a block diagramof a circuit used in

aut omat ed systens contenpl ated by the present invention; and 100831Fi gure
32 is a block diagramof a data processing system accordi ng to enbodi nents
of the present invention. DETAI LED DESCRI PTI ON [ 0084] Wil e the invention
may be made in nodified and alternative fornms, specific enbodi nents thereof
are shown by way of exanple in the drawings and will be described in
detail. It should be understood, however, that there is no intent to limt
t he i nventi on fresessine stprsror prerations. Terteny "dibed kspswldroaly endgnclydaga contrary, the

invention i s t@ucOWEhowdlel rdBBIEH ih Gk b PRI ax 8 GetsMASER LRI 2B AhJLRE Nat | ves
falling within the 'spirit and scope of .the invention. Like reference

nunbers si gni f{Pqt AIESET WiioAtiAe PPRisAFFSlt t he description of the figures.

1008511 n the figur@mserjt hant peeknB®Bsiodinag 8¢ dntloflied dsRRTems) MRS and@Mponent s,
elements or features nay b

. e exag erated for clarity. B%Ok n.lines
1 ust rat e opt CBRAF HRHITFGRCr XOHEPLY BREHH HFHORR-EfIBRIHE unl ess
speci fi ed ot hetawiwae and/ét i :h)ﬁwade Gndielingtfimewak atsived sofetakg thicraadode,@o). | imted to
e or et of B S S-L 0 R0, B ik QLT

a computer-usable or computer-readable storage medium having computer-usable or

computer-readable program code embodied in the medium for use by or in connection

with an instruction execution system. In the context of this document, a computer-

usable or computer-readable medium may be any medium that can contain, store,

communicate, propagate, or transport the program for use by or in connection with the

instruction execution system, apparatus, or device.

[0102]  The computer-usable or computer-readable medium may be, for
example but not limited to, an electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, device, or propagation medium. More specific
examples (a non-exhaustive list) of the computer-readable medium would include the
following: an electrical connection having one or more wires, a portable computer

- diskette, a random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), an optical fiber, and a
portable compact disc read-only memory (CD-ROM). Note that the computer-usable or
computer-readable medium could even be paper or another suitable medium, upon which
the program is printed, as the program can be electronically captured, via, for instance,
optical scanning of the paper or other medium, then compiled, interpreted, or otherwise
processed in a suitable manner, if necessary, and then stored in computer (electronic)
memory.

[0103] Apparatus and methods for automated processing in a closed
environment are discussed below. The systems can be used, for example, to process,
fabricate, assemble or otherwise manipulate anything in a closed environment, and is
particularly useful in the fields of medicine, forensics, therapeutics, diagnostics,
biotechnology, electronics and nanotechnology. For convenience of description, various
aspects and features of the invention are described herein in the context of a system for
processing nucleic acids. One skilled in the art will appreciate, however, that the

following descriptions are intended to be merely illustrative of the invention and not
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enbodi nents only and is not intended to be limting of the invention. As
used herein, the singular forns 'a", "an" and "the" are intended to include
the plural fornms as well, unless the context clearly indicates otherw se.
It will be further understood that the ternms "conprises” and/or
"conprising," when used in this specification, specify the presence of
stated features, integers, steps, operations, elenents, and/or conponents,
but do not preclude the presence or addition of one or nore other features,
i ntegers, steps, operations, elenents, conponents, and/or groups thereof.
As used her ei nresttittive.t ¥arigps' el Anplicationg eleirtendedawithinghgsceielof Gopbierfat i ons of one
or nore of them@%ﬁ&?hﬁ&@ﬁ hh%kﬁﬁb'5§H§wm@§mm&§@nmﬁh@mﬂgaQQﬁﬁﬁgs such as
"between X and Y between about X and Y" should be interpreted to
i ncl ude X and Pfoceﬂ%“gt%%‘&erﬁé?@F’Iﬁpmﬁfiﬁ%%é%m%‘ﬂéﬁ“’%?%C‘D"E)aé‘te&een about X and Y"
mean "between about X and about Y." As used hereln phrases such as "from

about X to Y'" nean "fromabouyt X to lg F%HS%ZJUnIess ot herw se
defined, all terns (|nclud|n3”P35Hﬁ? &W“HHAg@ Emierns) used herein
have the same meani comuonl r rdi skill in
the art to which tﬁl |n35ﬁFVgﬁr%% ogﬁﬂﬁgﬁ??tg¥?g ? er n erstood t hat
terns, such aSWﬂm@wéﬁ@eﬁnﬁbdﬂnnmgdnwnm¢vnu@e&mdmvmnedawde@mmshould be

i nterpreted asasgé’i“ﬁlm A T st SR AT\ (als§dé§9n)§a SR Hheridf W Erthedrrfegfgﬁam ng in
the context of the specification and relevant art and shoul d not be

i nterpreted i nWhF hejwer 'yed isgipeddaadly gndingt i tvesdrensiop mabemadicdr essl y so
defined herei nmmmllnkm%m@m @R SorfdineE RRSABIURhh OASHERY refioh 190€ descri bed

in detail for Ity and/aor ¢ ity. [0088]1t will be understood that,
' though t he. « eninsa BT Si e e o beageobe ullgUARPE MR PO Hoder | be

various el enenﬂ&;bla}mmorﬁejaﬁsgcoﬁmrea@m dihayiencs tatodléraire imadt bftand;sealt hese

el enentss, CONPRRE. cont'am Loy AtoolanrenI;aSn upfj {em§ 131}1 Q0 Bhar g‘lils!a ach be limted
by these terns. te HB are only dséd&'crars I ngui sh™one erefen nt,
conponent, r egoromegrat%ﬂyveﬂllrnhe @s@telbemerflrﬁ@nd @notténdrinte e inggrior reg@gnerhenr secti on.
Thus, @ first @b ERRRYS isSRRRANSHE way AOIRANoolBe AacBRFbIoR: Hldgyssed bel ow
could be termed a second el enent, ngonent region, layer or section

wi t hout depart@ﬁ@s¥¥%ﬁW?ﬁ%“WE§€HWﬁﬁ§ eWﬁé”ﬁW@é@ﬁ@eFﬁV@W@Fon The sequence

of operations ﬁugﬁpu&teew)udbst.cn@hcd frd®l $u@iheloOtht EataREdften PE 8588LLGaIEN t he
ecifically indicated thermn [ 0089] The

clainms or figures unless s

Cermm o osed Wt st Fguelic Soihet fier TREY F b0 b ead i an
cont ai ners, remﬂe@ﬂmwﬁhwxew&ammﬁfemS£QMEd;aﬂdlmpbﬁahemmmsawmmhstantlaIIy,
if not totall yét?e? ld&/?%gfor n% 8“}1 r}pfte?nlls or el c? 8 n%ntg (r'r?]u dQltnrtl(m)dUCt i on of
exogenous or ex ernal m erla sin ut- o T 1 Stemor contai ner
during processélopgd coThimerc [Qtfseigols yderings max alshle dispoestd gl@them&eecqembiebl t or

prevent Conta”h&@%hﬁﬂﬂwk&mé%ﬁ%x%ﬂﬁ&ﬂ!ﬁ&@%§kw&£@§9&@£&§g9&m@h&n§|Osed
systens or containers can be pre- sterilized PFIOF to use at a manufacture

site, steriliZBepsutnet2dyZs: HPEE e SoHRdRBPICS I OHET ifeps aptesids Wikhit espect i ve
cl osed system ihschambeabhechnane:. cl osed prior to use. The closed systens or
cont ai ners can be or vac ti sone tarqget or predefined
leak rate at certa ﬁ&g naﬁﬁwsv?gt %ﬁ§$T gpg"fgﬂgwfggﬁﬂpﬁ ‘Ye det ect ed
by an internalmahdhodm@%ﬁﬂmm@haxemﬁbmmm$0mgnaﬂwmeuMMm@rmmeQQGre sensor
L o1 oot her hEkSRSek SYPLARL A0 Mifich bifuncT PP Y BLER 0 BlTOSPher | C
condi tions may change Wt ocation o arat us romsea |level to

hi gher alti tudle@}udemwé«eiéﬂ (tymi¢adly @t@gt@dm);psptémute@mcbqtmama@ddltwta@wbodu ment s

of the inventi &Qlcgﬁ}'mgﬁplﬂlﬁxﬁgnénﬁ an'aﬁ'@or(a%daﬁw it coRERR 236y 1.1 1 ght,
and/or space environnments as wel h the seal being suff|C|ent to

substanti al | y Hgicpriaine 2smedly hzrcg@?nqe%taktr%ydﬂéndatbe ferdledamiendds pihe parger

condi tions. Thgs i€ldas@EdTY SchiBiTHh Pbth&ARE &ta&ﬁb%e@r@ﬁlb%le} pefeed @fe t heir
respective |ntendeq §F§ﬁ§ mithout ﬁreach to the |nt% grity of the closed
system The cl¥&&d g@ et 168N ARl peagalr AU BT APY Ko P¥ii"2 ui d transfers
of target fl uidoss@ngeptesvarknarer18cuthinwle cogain@iasitreblningn sasepsbaimand/ or can be
connectable to other closed systens while maintaining the integrity of the
cl osed systens. Filters may optionally be used in a flow path that nmay be
open to atnosphere or other conponent g during process. The filters nmay be
configured to filter to a desired clean level or class, to facilitate the
cl osed state, such as class 100, 000, class 10,000, class 1000 filters or

even class 100 filters. [ 0090] The term "isol ation container"” refers
to a container configured to hold,



encl ose and/or isolate internal conponents and the processing of one or
nore itens or sanples held therein from external pathogens, m croorgani sns
and the |like and/or other materials that may exist in an external
environment. The isolation container may be a singl e-use disposable
container. In sone enbodi nents, the sanples in the isolation container are
or conprise nucleic acids, e.qg., for processing nucleic acids in tissues
(e.g., clarified tumor honpgenate) into | VT RNA. /0091] The term "singl e-use
di sposabl e" refers to a conponent that is not reused. That is, after

conpl eting it sthe pantaindeadsembly, 12, or any poxsipn hersaf] ipgnghd-usp disrpgedie: dmpagicular t ar get

sanpl e or sanplgfsgiments tthels%ae&p%@g;hgged cl',h&teu%péa je@buG@ralener can be
si ngl e-use di sposabl e (and may be | abéel ed as suc%%c, such that the isolation

cont ai ner remaf¥ing vzerha@@aewé&eé?ﬁlqdﬁ%tm% agf] thpi5eledropingd2e4eec| osed seal ed
state wi th it sdigatedonahactonponaahsndschemiikedna@isn, to inhibit any inadvertent

external release or po its inter onten
processi ng/ pr oduct |[Q)l§%§of Sﬂ’ﬁga% hegies ?58‘813?@{’ “glgﬁ'@gﬂy%fg\%%@?({ﬁ"d%ﬂlpquot "
refers to a desintesbaiimun] thofaydd catmgeds afredicd gradd(gucanoUsit Clak Vibui d may be in

a predet erm neg, and/ gL %(%?%:plfd%:ac%of SR8 ke b é‘d‘goi{&%&@gﬁ%gy%opr%”&@ refers to a

tube that permts renova al ner . Typi cal |y,
the term "al i quot stbstaesially ‘étfaert@nstl@enaOlttmmearﬁl‘rhanlShesl régrpng fonentinivigidtitvon wi th t he

interior of thgy fp?&rld@&fof%ﬂteﬁx@ﬂ’ie%ﬂ% e 598 dhDe Aol €A1 ork BA TYPi cal 'y
a plurality of) 1d aliquot wthout bréaching the closed status or seal ed

integrity of tﬁ@“i %ﬁ?aafqo&ﬁn%‘?j?ﬁfé‘iﬂﬁéfo‘W@“%(Pﬁ‘ﬂfﬂ’ﬁtlzetbﬁ’ﬁ%‘d@éﬁd be flexible and

sterile and mayariQRRs, |”ﬁ1@tr@9"14&hz@%§ QeRzed Jﬁl‘dﬁtb oﬁﬁ’[elPV@mg [H@8:3h1d Berid: @6, M
"cuvette" refe

S to a vess onf i er chani cal, electrical or
oot oat & memeus B ustie eyl et it SR AT APRES ant Cyor oal |y
concentration dhrcommlmutien WiEa s P e/mn’dushydmga{mrda‘ela),gﬁxﬂrﬁmﬂadﬁdnaﬁ orvessel . The

cuvette may be ihzed .to hold a relatjv nmal | f 1l typical ly,
in the range be len&ﬁx‘aebvamr h?ﬁdr?)gﬁllp b oﬁe)arbﬂ(l)1 %.ﬁﬁq%gw%fy%ﬂﬁl#hﬂht erm
"pipette tip" dablerlgsteneriastenibpackagma materidotdh ae pudh at sealdgalontii¢ plastio i nt ake

and/ or dischargg gnl]%aggmg yp| cally liquids in small volunes, and typically

i n amounts between about 1 [iL to about 1000 4. The tube may have an

i rregul ar or consté‘?ﬂlpﬂpeﬂhﬁé@’@‘?‘ 16 praybe copfiswedtp allopthg tebgt PYtompsed ioplg down at a
lower tip fromnbilend@ad arefi8 (¥R 8dalel coradar Q&nﬂ@hﬂ'ﬁ&@e&)ﬁb@lt phaimales ty of

mat abl e conponent s I te ca Iu e ti ortion and a head
portion. The h‘éegbfalb'o?”t%%'i‘lzoﬂtéw %ge %%"i‘lﬁgedw‘gﬁ ]ﬁ%% %&eé??b‘ﬁwfﬂbo& attached to
a robotic devi dwsetrc(ymgahersmetdluye)gntyhﬁthemitaer&sahﬂngolyam dclves etnbodithdnfspthent pi pette
tips during pr %§&§§ 1réctan1Rt%}n£1qr§er%c?tglhave?6t§' 611%|1ryc stoli"y 1c%f zes may be used

in a single contai'nér/processin uiman Machi ne
| nt er face (HM ntvemgntygeth¢ selpbyantainer apshble 12 Wlthm@earovlnaﬁld sqalsfl entegrity of an

interface whi cf. abi QWSvAR: 9@&5@& Qed b doR¥Pdbed refliti(ES khe tﬂaﬁiﬁﬁg&%dw& h or
machi nes, and typicall ﬁ’r‘ftﬁnc udes an el ectronic disp a "G aphic User

Interface (GU Wfftcrfa&vo G AntAai et deyired rapes %fé*sovwrﬂb? Aetr PRIt Wthard accept s
control i nstr uglelPessnpfdsiip od lecoRgttssh@ihe interior volume of the container 12.

[0108]  In some embodiments, the system 10 is used to process biological
samples, including, but not limited to tissues, blood, blood products, nucleic acids,
proteins, cell cultures, and the like inside the container assembly 12. In such
embodiments, the container 12 may comprise, for example, items such as biological
samples, reagents, wash fluids, pipettes, pipette tips, vessels, other consumables or any
combination thereof.

[0109]  As shown, the system 10 can be a self-standing, self-contained unit.
The system 10 can include a housing or chassis 70 for supporting an isolation container

assembly 12 and other components of the automated system 10, such as, for example, the
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[ 0096] The term "aseptic" refers to processing conditions that inhibit or
prevent contam nation of a target sanple in an interior processing space of
a contai ner by external pathogenic m croorgani sns and/ or undesired
exogenous materials, and/or to inhibit or prevent contam nation of the
proxi mal exterior environnment with the contents of the container. [0097] The
term"binding colum" refers to a filtration/elution colum that can be
used for separating conponents of a sanple or derivatives thereof. In sone
enbodi nents, the binding colum can be used for nucleic acid (e.g., DNA
and/ or RNA) i swbadf.etheonal plogki 30i(csita hor blopkandionesokingivbedk.gsn san atigvet bi ndi ng

col um may contain, ste%lbw H3ndRARA a%m{n%%%hmﬁ,g pfdcBsedlshiptes, s @bers to a
substrate having sufficient rigidity to one or nore, conponents. The

tray may be suBS$tiafsand ‘grnwsathercfpm?(ﬁﬁmﬁfa*é@e%{%aw as fgsgrgbed We{bﬁ'esecn?f*ﬁe tray may

al so have ot hehatSHRRE ThABEmAGRLE YLhBlcbepamte WithQ tHeFnRy bl6 @i hsdbig a0d0iagur ed t o
define integral wells or holdi neg @ggl ons or nmay be configured to seal ably

mate with and/BPVhET§agels B&EuEe dht ai ners, typically those conponents
associ ated w th at [diegst Immwm@@ﬁmmmga prodekstrigaysteario, n3p&dpridte term "user”

S 3 g G O P 0 RE! B0 LA AT ocn P IR AL, [O100] The

term "robot" refeFeTE ah au amrat ically
directed to trsnshatRigural, desir mew adiessaloers bi¥anay opaad: 8- ybycbllﬁtngd@ﬁtpm'@ﬂy

processing st NPl roQ B%Dﬁ% looa§§ie or H@nottlﬁf: &He o QQ Lrovxhéack@ﬁﬁh@ Wﬁgl y and

i ncludes a station robotic armwith a multi-axis transl ati on as
well as a ful I‘FStﬁbfmoF@n}%‘%@ isphtjomgoRinerddor opri at e robotic devi ces.

[0111]  In some embodiments, due to the automated nature of system 10, the
door 110 may protect the operator from moving parts of the system during operation.
The system 10 may incorporate an electronically controlled interlock or other mechanism
to inhibit or prevent the operator from opening the door 110 while the system is in
operation. A manual override may be provided to allow opening of the interlocked
guards, and such an override may be employed, for example, if no power is available.
The user interface 60, also referred to as an HMI (Human Machine Interface), can be
configured to allow an operator to initiate a processing operation or otherwise control the
system 10, and can be mounted on the front of the chassis 70 next to the access door 110.
In one embodiment, the display screen 61 and controls (touchscreen, keypad or other
input) of the HMI may be positioned to allow the user to view and operate them while
standing. In some embodiments, the rear and sides of the system 10 do not need to be
routinely accessed by operators. Consequently the system can be positioned against a
wall or another system.

[0112]  Insome embodiments, a lower section of the chassis 70 can contain
electronic control systems, power supplies and other components, which may not require
operator interaction. These components can be housed in dedicated enclosures that
protect the components from accidental fluid ingress and protect the operator from
possible electrical hazards. Removable panels 120, 130, 140 may be included to provide
access to the electrical components and/or other components inside the enclosures. In
some embodiments, only trained service personnel are permitted or required to access the
insides of these enclosures. The service access panels may or may not be interlocked, for

example, to allow or disallow the system to continue to operate with the panels removed.
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101011The present invention may be enbodi ed as systens, nethods, and/or
conput er program products. Accordingly, the present invention may be
enbodi ed in hardware and/or in software (including firmware, resident
software, mcro-code, etc.). Furthernore, the present invention may take
the formof a computer program product on a conputer-usable or

conput er - readabl e st orage nedi um havi ng conput er -usabl e or
conput er -r eadabl e program code enbodied in the nediumfor use by or in
connection with an instruction execution system In the context of this
docunment, a conput @13)salflimre? shownushlerzed Bdedaeml of amererpartionyt spgemny medi um

that can cont ajgychiff 1§o]at1%9mﬂ1hxcﬂtoﬁaw‘3fkc§m@§(ﬁ) AQfipehit RAS PR ha/bn€ program
for use by or 1nh connection wt he instruction execution system

apparat us, or dlsymewpulatign d T ERS be ifphet &3 oririeRrTed YOIk cbBipRibePrTEdBabl e medi um

nay be, for exﬁmlauﬁ 1D uhchrint atlléaﬁbﬁo&QOE(ﬂa pRBtteBleRICR0 Iénds infsRN R, optical,
el ectromagneti c, 113

rared sem conduyct or tem apparatus, device, or
propagat i on neﬁ‘?rb?ﬁea éo"éap‘ﬁb}zf‘i“}l?“&?gﬁﬁ?réssa“f‘g‘ ‘ﬁt&q‘e&?hg‘ﬁ?ﬁ% ITP%t) of the
conput er - r eadafipette hed 220arvdtlbdt ah idrickeontah epposilelsidubftgirieats tedtact r i cal
access memory TR et Sy B e B et Y Sl 6
read- onl y nenowbotic BERRED.on séthasibodimeams, y pipet@rhead 20 cradthef npyepulationd a port abl e
conpact disc r Elﬁ@ E)%/h A}Q&q hRhayf RIEn SR Shmstsabl e or
conmput er-reada(ge@le%eg%jgoﬁ 05?98&%\% o r6or a?l}ot h?aer su% abrl)e medi um
upon whi ch t hea 19k gr @her feyicp tirqygleen ada%ertg BrsvgrapmctairabBatttadite oi cal | y
captured, Via, ohdkisd iSLA0 Gh the RS & theRaRRE bitnd foe bikRitdadPARniflatdat her medi um
t hen corrplled i nterpréeted, or otherw se processe in as |table manner, if

necessary, and ‘t‘%%‘ﬁo@f’ﬂﬁeé’de PrihBrSUtéetor PaMBlEL FiBRINE JOONATEF v 0 afiacheh 1 Appar at us
and net hods f%tr&wbmmsma opﬂaE)B@ﬁ:éil mgmelrbna)omhmgdp@awheamﬁemr safige di scussed
bel ow. The systens

. a rac abri cate,
assenmbl e or ot W@VW@ %‘r‘ﬁ’ B%Frﬁt{e%wgththfﬁa ng)llg hmg FE&L Stzu‘rlltvalh?fonrrent and is
particul arly usetnteatia) majpnbe dpeeled sy a:rhagnedr ahn@e;VIdedram@pomtsandfdner apeut| Ccs,

i agnosti cs.  PLALERANG! A ShETRASILGS AOdAANALEARNO) 00y, For conveni ehce
of descrlptlon vari ous aspect eatures of the invention are described
herein in the cont @&i4lof \HheQWtb@WﬁléﬂS prigaverdhategy At chedpricnldiseparatene ski |l | ed

inthe art wl{e @o%ﬁt%ftﬁé@ay 10 QY& iR robot 108 ofhblQFiQl th®WhiBuIAQSIE iRlid ons are
intended to be nere iblllustratlve of the invention and not _ restrictive.
C

Various ot her XpptA0cabs Geldetyre brmerdfdadiirayif saopepisueht Hsisky Bpvidipg? pr esent
i nvention, i nc&mﬁl ﬁﬂnroxﬁ‘&ﬁt vaharm dantalﬁétﬂt EliBorad dhbodimaag shebartied 18ly i cat i ng,

assenbl i ng, ng, or otherw s at| a cl osed

cont ai ner . tﬁ)‘iﬁz 8%1"[‘:")%&%‘{ 2P g% oRAL%E oeetlh etttgheaHF%) B‘ ﬁmg}\’/eerw ew,
referring to ng&a@ammmr@ystéﬂntelﬁocmtew1cmlvf8dglwr®¢smgthhn@plqmbot| c arm
20 that mani pu 18 [Shasef &R RbabN@lr assenbly 12
with an int erl%?]t %ﬁm%‘gﬁdgém e@ggﬁlb%tdégggmgn r%%t erlﬂor w%r area or

regi on, where QOH%“WF%aﬂda)F*éh“OOIWT dagese fop proerdsine tdmAlet canferaaiy Wﬁl”éjl mensi onal

mat henat i cal NROOGK) wo&@re§%nﬁ@?x@éi§§iﬂ%nfr§e trgyhenﬁpm&merwuma&%enbl y 12 has an
interior region 18 configured to hold agpl ur al |té/hf§ itens to be processed

and/ or ot her wi @@“rﬁ%fﬁlsiﬁmnétz‘gd”h“ﬂ"fap’@%nﬁlp foped; giachegorotherye iR Yur ed and
di mensi oned t OwitiObagd 240 BEtht Rdyall] 0@ BnofHer RREbnDEME trayl M to Accommbaiteseth tray 14. A
tool for mani puI ating items within the chamber is attached to or integrated
within the fleXi"ble barrier 16 and can extend into the interior regi on when
the barrier 16 is #ii3ched shovt toboticrdemice 28 ma¥ heateched togarzllebthechassisadapt er or
other interfac S i barrier,
such that the ?)oé'?%er eag&%e%g llop(iugdg cfggg)lglgy %g%elag \%?%gg{?%gn%%outm de of

t he cont ai ner wsiernatﬁdqbﬁdmwrk apes208 extp arpthgh SuRPastratie rvitahde igbatisached to t he

contai ner traygeyitherd ind¥n ﬂa‘llaerBRYNQﬂxﬁ@iH% e%meﬁmaﬁnelsmmﬁ@oqa%t @psolDI €
wor kspaces, areas, stations, racks, holders, receptac es, wells ar other

devi ces for hoFdi fgraathet Bpvasti B Seriea kotsrY applrodds SRBMPSh SR REOWFs B Y7ui ds i n

t he cl osed congkéonek. InGbheimtbotialksts, e réteMt &R TRY a BASUCLA MASH2®ER] or

ot herwi se accessible fromw thin the container; for exanple, tools or
devices for processing, manipul ating, ;yrveasuring, analyzing, sanpling and/or
storing sanples or other itenms may reside within the chanber of the

contai ner. 10105] Turning now to the figures, Figure 1 shows an exenpl ary
aut omat ed



nucl eic acid processing system 10. System 10 may i ncl ude a contai ner
assenbly 12. The contai ner assenbly 12 may be an isolation container 12.
The system 10 al so includes a robot 20 (typically a robotic arm or other
automated or manual ly directable device for manipulating itens within

and/ or associated with the container assenbly 12. The contai ner assenbly 12
conprises the tray 14 and the flexible barrier 16. The barrier 16 is
configured to seal with or otherwi se attach to the tray 14. An outer
perimeter edge portion 16p of the barrier 16 can seal ably engage the

cont ai ner tray5C14,axipmbazi0d¢thvgs®tabi¢ oslgdixis abeftdevcanmrks wedia adt@naticellyi n t he
contai ner assef i dliesitel mafl atsné%ggaer{ﬁmo% qcoﬁtglﬁerqgr%&'aQQrewl y 12, or
any portion t ereof 'S sing use di sposa articul ar enbodi nents,
the sanple carﬁﬂb@%ﬂ@@ﬁ@w@e@ ﬂu@@)l‘ﬂ“@@ﬂ@@etmsa%débﬁlﬂg@dlﬂé’tata§lné’@g gfluntthe

cont ai ner wth@ﬂfolgg@mg@g,cgsggg@ggﬁﬁg contai ner, and the seal ed container 12
can be disposed of "intact" wth the remainder internal] contents. [0106] The

tray 14 can be subEiihti éﬂ“fW“‘F‘Iab‘ﬁH)b%fﬁdmﬁﬁa?bBéseg“’rfB‘r"aé‘Hml‘iEfﬁfﬁmo n sone

enbodi ment s, thieashvynoldlg Wﬁéb%ﬂ&tﬂxe pipelticGiad mg’rba;dﬁdi(fﬁmﬁtmrecslow dass VI or
ot her suitabl rad no nmer.. The bod e tray 14 nay conprise
one or nore s ?% 59‘1“4/“"8? S?p at}éf’ P%%%’Fﬁ%’é‘n?o%’?n}p]reatr}%%% er“@%%n]bpol i shed

regi ons for optrnemednnaddwdwatdyy dxizadingmmeled ctestafianrwiihnltegippadximategwabi [ ity. The
tray 14 can be_nml C nmol di ng

ool 1ty to i nFLErE anepnd e RE PRl A0, A R R O Ty 14
may be steri | idowawapily oriented a@ﬁ*eda’fm@frcasb@W%@mtaﬁébsfaP@W Braighblineeloaga 16, by

using convent l&ﬁ@ksuﬁra@{o altﬁﬁfﬁﬁ)‘ Db EGRRbALES of MG, Ahile feREsi%aMP! €, surface
decont am nation wt orous hydrogen peroxjde), gamma irradiation or

et hyl ene oxi deﬂqwa%%ubﬁ%? @é @@F%#Iaféher Fral?odgrrfﬂ‘aﬁéedﬁ O A Gap gy 14 may be
encl osed in d%&hﬁtl&ilﬁrﬁ&\@m&l’pﬂﬂéﬁ&b&ﬁiﬂh@ll@&ﬁk&@lvé’bge] ﬁﬁér@ddsﬁl‘a,tlorﬁtlﬁh as such as

| ed doubl | .ast 16 b
cont i gur ed t o PTG HE BB FEF R0l rSb G HD: P hor k area 18 of
t he seal ed corﬁnmbmmemaﬂmeqd)dl yan b2 aspiedteteeddisteaad at4sa2c4>n¢enezhe@1ha/l'e1mtdi cally, and
fory zontally, ah shashoRAL b RSV e/ ARG |.CRARD. B NS L@ adhs W1 L hoUL

destroying the geal the contal ner ass I’ sone
embodi ment s, tq‘?eﬁauwlé@tdnﬁﬂ thf-a)n)em tipete moggrrrqund tp nfalmerenﬁféberlwc e t o have between

6-12 inches of verjiipgl TRVRNRM Fibhrehe RRARHWERRLALON, ASSAARIY 12
W t hout destroyl ng the sealed inteqgrity of the seal. The barrier 16 can be

si zed and conflPgist Bgids ofifropi agessg 4or g’ff’r eX3mPplg; SYPROTVBNAUHEPIPEPCNt 284 f £ i i ent

vol unme of air rﬁ@hzﬁlsln@ﬂdaﬁlhterad&&mﬁl@ﬁolﬁtﬁ)ﬂgﬁlte&fer moViaeenik safact 0@ caobot 20

wi t hout overly ressm o res t.h erior volume of the

cont ai ner incldd m‘[(f)i'.’ﬁ %8 tgagplnﬁ)blaaucg%?’de Sq?tﬁ%()sl{ha BRB10 is used to
process bi oI oglomadmesammne&emblmsdmdt ingley M3t(Figote 27} tnnlu@dhetcontam@mes, bl ood,

bl ood product sy, p 1| o Ul bMEESontdRd 13 | i ke inside
t he cont ai ner attses}é%o? f%itgﬁétg%nsu%ﬁtra%‘r%&d’ a%r?to ‘he cont al nert} 2 may
conprise, for tekﬁPr%Oe)fFlgPé’r%d‘sf%lﬁma@S"&ﬂ ol ogi cal sarrpl es, reagents, wash

fluids, pipettes, Pm?et t %Emon%,m y.gmqb saycoﬁilklﬁﬁss&mﬁmpb@;ﬁeﬁfed@ﬁw
conbi nati on thereo el f - st andi ng,

sel f - cont ai ned™¥qy 192 ‘h'FPﬁ?“ g%twé%thféys@ﬁhml ﬁt‘,%/‘&lﬁléy %\99ﬁ6‘h'§?l}‘fg st 3§?fé}§?§| s 70 for

supporting an digowiat gl@mw@a&mmrgmaemmb layupjaéh aifdceaf hesysemampoment s of t he
aut ormat ed SyStt?ag;fe]fQHe chﬂgmer assémbl)(') {2 tgxhan}l)skeni 10, zbn operator can roll the trolley
adjacent to the system 10, so that the trolley 399 is aligned with the guide 390 of the
system 10. The container assembly 12 can slide into the slots 390s of the system 10 into
proper operative position without requiring that an operator lift the container assembly
12.
[0119] As shown in Figures 28A and 28B, the work surface 200 can include

roller guides 381, 382 that contact the lower portion of the container 12 when it is in

20



robot 20, a thermal block 30 (e.g., a heat bl ock and/or cooling bl ock,
etc...), an aliquot retrieval assenbly 40 and rel ated nechani sns for
col l ecting processed sanples, a user interface 60, and various other
conponents and nmechani sns as described in the sections that follow The
thermal bl ock 30 may cooperate with a thermal bl ock assenbly 1000 as shown,
for exanple, in Figures 10, 11. [0110]In sone enbodi nents of a processing
system 10, an operator or maintainer may only need to access the front of
the system 10 for nornmal operation. As shown in Figure 1, one or nore
access doors 1mesitigmylhe pedler, guide 382 capbe ih cdmrpypisatsanptydthanpring B3 thategntbiasal | y or
opening to a shdgnfhel 2 1m:p§>raswdt%yngbmst e REMbHQoBmABsSbBL hi ty while
installing or renDV|nﬁ an isolation container 12. [0111llln sone

embodi ments, dfedesigdpRenmepiyhdhcaeboria i der regstiatienofprkesatiop jpsatigBor 110 may
protect the operat @i2d]r OReRBg A PBIFigardd, tht Rerksygice poodwdyisipgoroper at i on. The
system 10 may incorporate an electronically conft rol | ed J/]nt erl ock or other
nmechani sm to i fiRPHIe ﬂn“g‘rdév%eni““t FéD SFEPUieVIeS IBHACH e AR 9B door 110

whi | e the systegivissvessals,apargat dbpats vommahthmwlercbmdm ngh ﬂt@lcfx‘amall ded to

a1 ow 0Nt NG Ghh Bnd PRI EAEL: RBI Lo AR U GPIANGIE! eIy D

enpl oyed, for ex . ar “th erface 60,

al so referred @9‘318359 f@rWOIHMlmeHumantuwméhP%plhtnﬁlék(Fm@)Q Oltmmrtﬁeseb@nfl gured to
al | ow an OPEr ookl dumgts'oa& ﬁuc@,cpm%@%icmn%aroa& &%e%ac@m%w se control

t he system 10, and can be nounted front chassis 70 next to
the access dooRrOCEsSes; fof frapale: A pBEmebsyeler lth@CIEﬂ"§ﬁl3é?/f°§E?l‘eé%‘ﬁlyﬁi"eaﬁ%j control s

(touchscreen, tK@MQﬂ}dlc@Eleera@ﬁnglsﬁHBlﬂéahldﬂg Th B dldbdiRBy, BacRRSuhp oned to al | ow
the user to VIEW% 5) erate them whjl e standin In sone e odi nents, the
B' é gsgl i d”or%gnt

rear and si des® SPUER Y FFRBY ?{’é’é PO EAEPE G c cessed by
operat ors. Consegu®nbl air \tnhfmtﬁéysdilanshemmntaelmsngprmsdlgagmwaatumaoumplI or
anot her system enbodi rent s r.se f the chassi s
70 can cont ai nasseefﬂ 1133 rg%)%aﬁnéé%gﬁ’{y erl’Fageas’”tlgee ey dlp%o Sé%\{\evacuumqw%igraopaﬁ ot her
conmponent s, whisghiatet{pbing 1650 ¢Ejegine é31®p Eheawak surmee?cfl&em abn holdthe smtagenponent s
can be housed 4sBnfi§db C@sta %'sBe%H&ﬁn&oﬁaQéIwWS% é%ﬁﬁnuhi'&ﬁe &%&g&ﬁhé from
accidental flurd ingress and protect the operator from possible electrical
hazards. Renovighiby hspripiser 1329“"1?133@3 wilhley disgyssadduthseliettéied t o provi de access
to the electrical mapnonents: ,a&gcfglglgeqiﬁgg35@(@gmp@,me&temp&sasd@o 1t;dy@s)encl osur es.
S

I n some enbodi nents, on(%y traine ervice @le gonne are germ ted or
required to acBEE Ui qriye pypaiop pnd dipense actis GERIPE head 120 Eighia2elnaccess
panel s may or sibfﬁlyerﬂb)idmlibﬁtsjsﬂﬁ@bbmﬁﬂsédo méyore ugsdasping, a wadkisd fluidye. @1 fréhh sal | ow t he
systemto contjnu W t 101131Fi gure 2
shows an enl aragrgs %oxrgtﬂpgu t‘?lf plgetg hEJE! daf;))fﬁeraﬂ shownth ureZt%Prf\blg i ncl udi ng

i sol ati on contwatuwerand Pregspre forwpardios gﬁ;ﬁmnehezd)@O Ahpverking Buihmadbe220 and/ or

ot her mani pul %bs@iﬂnﬁl?\{dcﬁﬁ MR f&pasﬂlpmoe{ange@ﬁ RALAL &oluph & or within
the barrier for éxa ? such that at |east a portion of a pipette head
220 ext ends |rﬁb6“tt591ée‘ih (?tbf‘rrﬂm?,ﬁveara@aname ped-cottittonddptails >t hen t he barri er
is attached t cxthgad exawodikﬂene&a%mﬂmechm @ﬁ@@&&e&eimdarza&cmmml ncl ude an
interface on an %FBOSI .S of arr .er ég is configured to

rel easably corfi® qﬁoﬁ’d"%\o&ﬁ?ﬁ{"@‘rw‘ “6?? dM“€&nd portion of arm 230 of
robotic device 20. [0I1m]sormmaﬁﬁgodFigenBSaclﬁetﬁlhpléérBeo(3&:&(11;0220 or ot her

mani pul ation de not. .p [L .£r 16, and
may not necessg%/:"?é‘oggngt% @’ nemhlyl %gjt)‘l%c?rp%t {‘/ﬁ%g%ec{] rh(())tug%t an adapter.
Rat her, such al9@spatiqally Ihe@!dg myovafr paddn of dleelrasm’ilﬂeqowosée punesgje ate wWith t he

| nsi de of tNe LAkl ARl PRAACHHEH: RlindBOlRHAbRNL,M L he opposite
side of the barrier 16, for exanple, using the robotic arm 230 attached to
t he opposite sydesuwpceZd@mppipglpdeone prinast qeakingdepbesi tbrithsat exchyiepsighe head or

ot her sanpl e nBAcRW: 3t PRR: Qﬁ){xhg(?&atés@b@&ﬂ@f’ﬁge wshlbnehmeengﬁg@ur@rn pdokwhi ch can

be substanti all er meabl e e oper at a nmagnet or ot her device
that supports %{?V'IHI’SB t‘?fb‘i‘??ﬁﬁ‘ﬁ?‘éé?@é‘ %lcf"ﬁrof ‘%ﬁﬁf‘%‘(ﬂp&rtcf’ ngEns &dhiphy ough t he
barrier 16.
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10114]) When the barrier 16 is sealed over the tray 14, the barrier 16
separates the contents of the tray 14 fromthe robot 20 or other device

t hat mani pul ates the pipette head 220. The seal between barrier 16 and tray
14 can be airtight, thereby providing a closed environnment within the
container 12. In sonme enbodi ments, the barrier 16 is flexible and all ows
the robotic arm 230 to nove the pipette head 220 t hroughout the work area
18 within tray 14. Al itens or materials involved in processing the

nucl ei c acid sanples, including for exanple biological sanples, reagents,
pipette tips, ©fsesehentngriurdtiesi$) onieer Bedharisn efobycesraydevicdtos f or

processi ng t hessaMal BSlaticn3bhtdiiRitdbiatk bithdwil et oned work area 18 during
processing. The tray_14 may include a nunber of features or stations 242

whi ch may be nol de123lor r?%éPmeéf“P%fE‘H‘“é‘éF BRI Prasedi e sy BYPREEE ™ t h base 240
of the tray 14stanﬂfaloa¢”1ﬁ§}hﬁhﬁsolh%1ﬁbﬁil’a 1@fer plouctionaystchdlandtafy c&ﬁa&ﬁmﬁlaﬁe such

hens. [01151As shown, oti evi ce attached t of the
chassis 70. |n°%f ﬂreSVSteéWb rﬁ‘g?ia? gr exjermg| ?FB“‘%&V%BB“ZG‘”H@@ %%?ﬁge an arm
gantry or |Inkﬁgalt(81)a$td&6ﬁ1@htrmﬂﬂﬂfd stbeyswor Ksgumiyictera@@0th dre intofagendt her support

ol 061 nol uERaft AP Glekl ALEE S HoRu S AME i Bnbe U Blihoni ROC L H 20
Seri es robot s, 10@anedyamuyicite Sehptherrswyms or mommtstae@ (Rhigh R@\b‘@tmaet c. In sone

enbodi ment s, t&]gergrgp&yoqe@gm Lhereele haSil). FANUC LR MATE 200i B SC, 6-axis
robot or other suitable nulti-axis robotic device, and is used to

automatical |y perf 1Al hetddisigpal é?ﬂa‘]ﬁﬁﬁpepﬁp%lcﬁﬁ%on?’}‘welé“%ﬂ%e%%sed cont ai ner

12, such as, f@emp¥amRineds oBsHR] frddck@Bednebclidnamsed feilowof fl ui ds using pipette
tips and inding or lifting a binding colum manifold during processing of
sanpl es. [0116] The nmulti-axis robotic ann can be used to nove an interface
tool releasably holding a pipette to orient the pipette in a nunmber of
different directions to help m x | i iration or dispensing.
For exanple, the pipette can be %%$3H¥§§HhQMHaﬁgﬂﬁagrdly ext endi ng angl ed
orientation wth t 42§l p Refenignatbeiseletion containst aspamplysldy traxdéaiddlesibleecei vi ng

vessel in the ¢hosedal fLANG oreatt RAII. ARLATH MRS ¥o intdif wiRripag dl y
oriented angled pipette can be noved in a substantially straight |ine along

a plane (si i | A may coprrisen REPERPT [nsRrisTpeRtyesoiacks; & ek EPHYRSFAESAPY) , whil e
rel easing a. fiawaddde fosublahanes “flﬂhmrzbﬁmﬁ:rm p@t inBludihglon@bhasre RBIROdI Ment s, the

bot i ti th d th
Vessel prior t BRREHT PRUIE el Bpr r e P eie oh Rl eliFe P o the
pi pette. Alt ersattiawedng/oosthadelistrnablesbd dgyicds fprsdmecmmmdr mremagss Alltitbres | | qui d can
be aspirated a%gdtg ﬁ)@&gﬁlgglat@}lalléfeaatﬁgxregﬂﬁngleﬁ 9tat r(gcma lru{lg:lﬁqu 19 1ROMe

enbodi nent s, ce|V|ng or di spense vesse as alip, an the robotic
armis confi gusoatingrol.aiitheerensuminiles for thetsyséent dap be %lfm@eérﬂeﬂmﬁedt%énaoen met er of

the lip. prb@sing kA Binf AVWRe disR of dolidiBiatthe telRerltPbf BORh@herVRiK surface 200,
whi ch may be | ocate |n5|de of front access door 110, for exanpl e, supports

various conmponRat ASHBPIHENR stastRetipatht enyirineat Of vsi (1R e 40FAOFEn cont ai ner
12. The work s&r&]&ﬁﬁ)seﬂaﬁmamohm h 6 @igarss) tat dADbeoffifucta o r384abl¥ dtat may

i ncl ude guide slots e Cco nents on suppor t
trolley 399 (FGUPE" ? i"gh%ﬁraglqaﬁrex%%%loﬂtaflmg a({éﬁgs? Fg;gyalt“a%n f eat ur es
to orient and srhe'lvemsFagmlryS CWhemphdt terriehs is Sdbdavitiahe ity ai et a fotiochef g to base
240 of Figure i '

cont ai ner asseé%ﬁng%fg Q@aﬁmgﬁgt;ﬁéerg%?%d& %ﬁ%k%%{]%%vgg%@tn%&c%% dock with
the system 10. bmﬁelﬁmltmeexmlswléan include slots 399s that align with slots

390s defined by guigs39Q, QheRmBoRRGH th@b&rxﬁe@@@ex@ﬁge& 0e «8YatRA Qgid TO
transfer the container assenbly 12 to the system 10, an operator can roll

the trolley ad!ioae%ﬁm@'ngS%Oéﬁsnfetpe%e@rm%oq%@#W&P%ﬁ; 1868 is ali gned
with the gui dered@he@ihst thd@peYEt4eRFldhre HhEhLONEdRE MM 6 e Yedkdacan sl i de

to the slots 390 tem 10 int t t t hout
e g hat AR BBPATGR S PreotHE tbitt oh BEre GsBREY g SRl o M ROV

the barrier 16 to seal the barrier against the tray 14.
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[0119] As shown in Figures 28A and 28B, the work surface 200 can i nclude
roll er guides 381, 382 that contact the |lower portion of the container 12
when it is in position. The roller guide 382 can be in comunication with
a spring 383 that can bias the container 12 inwardly so as to fit snugly
agai nst the innernost slot wall 390 to be in the desired alignnent with the
robotic armfor registration of workstation | ocations.

[0120] Referring again to Figure 3, the work surface 200 may support a
tenperature control device, such as an incubation device for heating and/or
cooling regions, vé428| s Tosrealearigee sysis|eE eiresmenty s tSpIaRe coRIiRG Hat he

cont ai ner. Sucfy @lemrﬁ@as faEbdddftiirell @ bitOShyadal Kakdek betwdan i vAhinthd N One

enbodi ment, the s\ O includes a thermal cycler 30 for controlling
tenperature of coglaj ﬁle 6‘1’% E%V’(ZTE’I BEPEISEY g@rp‘e(‘i%éﬁéf’q“{}’g‘;ﬁ%‘élfse 4 conponent

during some nupb@ssingalei 1tdmamplie| chitgigdr Bon exag@le! 4 eridlealierod] bgter id@ealt4d3®NS oOr

processes, for Xban;Reg[rel_l ﬁnnawapqgmlthe({% E)Fzgs OwnlrUFlCler%ql 1%?5%31 Iﬁr

sel ecti vel y cover ng ermal cycl er ch rea ctrons. In one
enbodi ment, a mmdmepmﬁe@@éqmoyd@@@cwl ézatm:cnws thedid@10gEigerelily 330

provide for copnolsedf anamumemﬂcy%m%e@ﬁah@m%to@ktgnd\%e 1@&651{16 i solation

contai ner 12 during @r ocessi ng vacuum assenb can rel easably
engage a si ngl @¥gEe! |(§'§b'§éb‘lﬂéhe\)*§é‘tﬂ!ﬂrﬂf He Hey @@Vgﬁanldgs sigdedg bubi ng 1650

(Figure 23B). Jfi@masler ik 86; &hiddRowdi aeyhmammér fehReCARL@hOBnigssembl y 12
so as to allow (ﬁectroghotorret er 19\%9 clgrmunl cate wth conponents
hel d by the cobtAPhs 3abiafsigjerippargals fqmaB‘ér i scussed further herein.

10121J0ne or nore mmzi]ngml@ufmsngaﬁﬂeséﬂhﬁrmnayfe@g’agepoamﬁiﬁ,ana&erﬁam punps) nmay

l()le:I ;Erecei tZ;) d[.hv ceo n@ dl % ﬁ}%d gllanfﬁps in e?npgr%%ulreoﬁéglghe c%ntglgertlfwggaargazggnp a

wor ki ng fluid, Coetagmg afyritoms withie e isvigicd wa&@reatlhlsmpgrhnbbdmerm petitgepldt@ad adapt er
210 shown in F;n%uer %gzwttpp&a&ymﬁe e‘é@ﬁ]u%mfﬁggftﬁ)g g@%%ﬁuo} OdntRF[AL 1 ON Of

pi pette head 22 he wor k be substanti a I nconpr essi bl e,
and can, for eSeailis lenpsitra éews%hﬁﬁéﬁﬁg@t%bﬁltnﬁléﬁfhwo@wk 50% et hanol .
O her fI ui ds, S¥@APacdir, may be used. Additional details of an exerrpl ary

embodi ment of a pu C ipette_head 220 are descrjbed in
greater detail bel ﬁﬁFSﬂE gb‘ﬂ‘ &P gﬁwat“tqﬁg‘ﬁﬁﬂr%“é?mihog%ﬂ“i car g% iRt urning to
Figure 3, a cuetxgigbecmmkﬂsn (E@i}eG)Seeenca:bgstmnsmwwenh@uwﬁfeﬂnncuvette in

Figure 19A) cap be co th a 3 tro t 1900s typically
Feaiding i h o Tengriar ffe ey RaRRRaLLe BN WG She S et Rt i &
concentration mwhem@rm Tdess inrsede @pvedlalem@nslydmrqaggtsmowg@lslcsng

Optional ly, thgqWwisk: Mcésacﬁa@alzoequlrmyo du@aiy%gﬁac@mssag{plermrc@msafeéa'm& features,

e.g., a heat exchanger such trer cooling plates 370 and
372 are posi t|‘Sﬁ’é%latt%C‘é’l‘?@féﬁg@u@é&@aﬁﬂﬁ"aﬁ%wydﬁge Séﬁ’f’r"tl heaefits ofoaiapplecont ai ner 12

and hel p contr@hpnhumbdbioyes@a%wsagn@rlsoﬁ@m@@nsmma@mrtm;trweﬂmgt he seal ed
contai ner 12. Al nismor device may be u ed to

gBO or. oﬁher

secure the is oﬁqﬁ’f’i"ﬁrﬁ reé‘ e gvids the Cr‘?f’tSmiﬂw i%"t Geartihe sAppig andd sp 1‘%?6%“
from possible contamination. At the conclusion of processing, a desired number of
aliquots may be collected in aliquot tubes 440 (Figure 4) and removed from the
container 12, e.g., without compromising the integrity of the collected samples or the
isolation container, as will be discussed further below. In some embodiments, for
example, the sealed isolation container 12, along with the components contaminated by
sample material, can be discarded after a processing cycle.

[0130]  Figures 5 and 6 show additional details of some components of

exemplary isolation containers 12, including the isolation tray 14 and the flexible barrier
16. The interior work area 18 may be surrounded, for example, by base 240 and one or

more walls 450. The barrier 16 can include a pipette head 220 or other device or tool,
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[0123] I n sone enbodi nents, an RNA processing system nmay operate in a

st and- al one fashion isolated froma |arger production system and any data
managenent tools or systems. An internal or external conputer system may
control and/or nonitor the automated conponents of the subsystem Users may
interact with the interface 60, for exanple, to operate the system and

noni tor status. In other enbodi nents, the system 10 can comrunicate with

ot her systens or a nonitoring station (which nay be in a different room or
even in a different facility). [0124] Additional details of the various
conponent s andwhigsiegdséribedsin marraiclei erapkrarae saioh bl offhe bayeer 16fas bdescri bed i n
sections that éoqhé&éa/toéx@rm?désxxvnh%l@; 10%: CARbRNEES sl PAanpkiRehehr i ng to the
i sol ati on contai ner assenbly ay 14 and flexible barrier 16 are

described in gteatRo! Hetra i, Suq*}féa‘t‘heéi‘?rquﬂea 13 isjaglpess tapicallipistigher wor k area 18
and may conpri sghpatrbdiHaRh e barlifta8istsSaled ot @RI 14.T acks, or rack nmounting

features and/or stations 242 far i.n contaiper 12, e. g.,
i ncl udi ng one or ngﬂrléﬁrac—lﬁ‘étrayﬁﬁﬁf‘”f Is(é? %P‘lb?gqi?rwﬁxbﬂ?‘ﬁésr@“\m ¥ °hol di ng

vessel s, pi pet fe@urkd a8/or drﬂnm%lzngwmdlmmtﬁmoaiéd]édmwbtmtmaatoeahmdd or ot her
consumabl es or. devi for a desired,assa pecess. AL items used to
process the mﬁn% rate(fwﬁltragt%aégcf%o&atf |§ﬁmser?é%1 stthae'l?(()al O(‘)N}ngco% U Can be hel d

Wi thin the contxanpleyof fatues thattnire be mtegwivdmloghke fagrl4t he system can be

sel f-contai ned and, S%ﬁll&ck:;&i%dl‘%% @izos?a%rﬁ' ng to mnimze the risk of

contam nating the interior o e contalher, or to prevent a sanple from
cont am nati ng the envimgnmittandeutigser. The barrl er 16 can have an out er nost
perimeter portion 16 to rel easably or
per manently seal Wlltﬁ t@g%éﬁ?éiﬁkg ?an E%Jr%p S%W@lg&w% ‘annul ar edge 452 of
tray 14 as shown im Fihgueselgor CWP@W,@heVOblalemeequreméntlcsveﬁ@ép@ﬂl"w{eh the tray
14, at least a porbyQp).of pipette head 220 and/or another sanple

mani pul ati on tool or deV| ce extends fromthe barrier 16 into the work area
18. [0126] I n some &nbBdgimaeercist PGRelatpbldapdipr other whiyaigesvesskthat maybe14 al ong a
rigid top edge 452pdakli GV codled Wit @ tepb@iRRE PN icet er portion 16p of the
barrier 16 can reside against the top edge 452 (Figure 5). The top edge 452
may be configured A&s'@FPLEESEAA RGN % th a gap space that receives an
0-ring (not shown) «t BatueRiphes 652 AGE4s0st the barrier 16 to seal the barrier
against the tray 14. [0127]To create a ¢l osed system or enV| ronnent, the

i sol ati on contai ne’ CPy™% aﬁ‘?ﬂh"“ﬁ’éfpﬁ?cé?65§8r?f]ée§ ﬁé’%ﬁﬁ’l"‘l"{fﬁf@d forygseflor m a

physi cal barrier b@fwee.psdstsens within the container 12 and external

devi ces, mechani sns an es of prren used fo r ocessi. the itens
in the container. Fof"& Q‘gﬁﬁ’? mﬁanfﬁgg ‘be™ lﬁ}é?’%fld'é({?c?ﬁe?”qofc %&5 430 may
be integrated vm'thbMurals\f«alnhcle%@ldqﬁocbéamgtancay 14 as shown in Figure 4. Such a
seal 430 may encl o§e0aenqmg)re(_:f nu%n%bes SENE Or 1cI Q 19 channefelcgcp t receives
the lid 1010(F|gure'ic3 hd B euseétopa vvgf)% t hey cycler lid
mechani sm 310 to eXLtCéFﬁdeghléNAJIﬁM mwrmlaﬁélanwr@mpwéﬁd(tﬁmcgmv@%) in the

si dewal | of the trﬁ%s&%e&l@\l&%ﬁqﬁe lﬁérmc?o%rg‘éﬁﬁrhsn&ub%wc{h%né i@ thermal cycler
bl ock 30, while providin ysical barrier between th i d mechani sm 310

and itens within tiPé3%lntgrr$°me epedimenss, By flexipiprbairigilo sgas with and supports a

manipulation tool that interfaces with the robotic device 20 on one side of the barrier and
interfaces with internal components on the inside of the barrier 16. The tool can include
the pipette head 220 and additional manipulation features, such as handles 520 or other
features or mechanism for engaging internal components, such as, for example, handles
50h (Figure 5) on a binding column manifold 50 for transferring the manifold between
the waste and elution stations 632, 630, respectively. The flexible barrier 16 can allow
the pipette head 220 to move sufficiently to access all desired internal components

housed by the tray 14. The head 220 can also engage the binding column manifold 50 to
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[0128] Al so, cooling plates 370, 372 may engage portions of an external
surface of the tray 14 to inpart changes in tenperature within the
container 12 while not contacting any itens within the isolated work area.
In sonme enbodi ments, cooling plates may engage with portions of the
external surface of the tray 14 and/or container 12 to control the
tenperature of itens (such as reagents) held inside the isol ated work

areal/ space. 101291Simlarly, as shown in Figure 3, a cuvette holder 360 can
sel ectively engage a cuvette 660 (Figure 6) extending from base 240 of tray
14 t o perf or m resbls tr tensertiis bolding ovleremmangfolddmangdfetifream the olasieds2 apdglutione hol der

360 may not Co&k‘b%&onén,&(nhoughtn%&ﬁow Fh'@'nr{i?en%m{e%da%{a i';e’-a pllrlam of§eﬁan§0”9
enbodi nents, only the reagents, consumabl es and %’ devices that are

required to di #egeblyinieitendhatin e Sipats hsadgr @rS&’@ﬁ{f% ﬁfé’d’e\i\ﬁ‘?aFﬁbH beHe i sol ation

cont ai ner. SuCthd dn&alde@idf lothOmAiBylatichtev] SEMEhatlofe titaides . THEOr exanpl e, a
sanpl e can be processed |g S own at ed en\é) ronnent and/ or the

processi ng equitSgAL! TR 1?{@}%%@&?8@%%@%%%“ R G maRiglategnt act t he
sanpl e and so ﬂosl r@k(ﬁoe@b@ﬂ from possi bl e contanmination. At the conclusion
of processing, ed nunber of aI uots may be, coll.ecte Ilquot
tubes 440 (Fi gure ﬁﬁgénd relr)%%r\fm%orfc‘r:%% RS afeﬁvétrho {f'megr ?d,mto “hout
conprom si ng t ey o mixelgmiogepizefsefatate or othtrest Behdaa potaesa muldtmeﬁmp!;ioﬂuehl on

contai ner, as Wf+reé 1€ ;rﬁ&ugéa?gmw }&ﬁerm}a@}lay\ssdmem%hamo%mts for

exanpl e, the sea I'sol ation cont al ner e co%onent S

cont am nat ed bymbediente thegleding mpteriat may ‘R?é’“d‘?’@‘é‘h?@égena)faﬁ@rm e Friobd98i ng cycl e.

101301Fi gures s panshebioSHONY TRE Ghistet @aaae ad@tah héd Qﬁxemmfg&amﬁmﬁs of
exenpl ary isol ation containers , including the isolation tray 14 and the

f1exible barr|%WmﬂﬁmmTH§“PHW§WF8?“%5?%“3¥ea 18 may be surrounded, for
exanpl e, by base 240 and one or nore walls 450. The barrier 16 can incl ude
a pipette head 220 or other device or tool, which is described in nore
detail in a separate section below. The barrier 16 can be configured to
cover and seal with the tray 14, for exanple at a seal 510 al ong an annul ar

edge 452 of the tray 14, suchthaé b . g is a closed, typically
air-tight, conpartnment when the barrPePyﬂ ' s?gta‘\]]ed with the tray 14.

[0131] The tray 14 qasbe R%fél%ﬁl@@ﬂtx%@HWAJnHQ' 19d&dmg|s§5€érrud)@$orﬁprﬁidgber of

f eatures and/ or, st tlons 4 mgy be tac ed or
ot herwi se int e@?e&’f %%aﬁg qz"’ ‘E’b%)hﬁ?'d’ﬁt“%e ﬁg@ ‘g”’rns 6F "™H& fol | owi ng

conmponent s ar ethexalaph estaidfer f2eaﬂ keegisg Witted claved/isdi@ioh bdnedieadesidn,itet 0 t he tray
14: elution Gggettggeadg\%s can be con xgureattol Rdftain 2 ¥ %gpwieegltl%tfﬁlicﬂ)@%gom lets;

transferred and the pipette pump mechanism. A filter and/or a flexible diaphragm 710

can provide the physical contamination-resistant barrier between the interior of the

isolation container 12 and the outside.

[0135]  Insome embodiments, to provide high volumetric accuracy, the

pipetting system 700 may use two positive displacement syringe pumps 350-1, 350-2,

e.g., one for low volume transfers (e.g., between about 1pl and about 50ul) and one for

the higher volumes (e.g., between about 51l and about 1000p}). In other embodiments,

a single pump chamber with different reservoirs or a single reservoir with a means of

metering the working fluid can be employed. The pump chambers may be hydraulically

connected to the flexible diaphragm 710 via (substantially rigid) tubing and a buffer

solution (working fluid). The buffer solution can be a substantially or totally

incompressible hydraulic fluid that can reduce or minimize the elasticity of the pipetting

system 700. The robotic arm 230 is used to position the pipette head 220 at desired



spectrophot oneter (concentration) cuvettes 660 (Figure 19A); other vessels
or cuvettes, e.g., volune neasurenent cuvettes 2060 (Figures 20A-E); a
thermal cycler PCR plate 610 andl or other substrate or vessel that nay be
heated and/or cooled with a tenperature control device; reagent vessels
622 in a rack 620; pipette tips 651 in a rack 650; one or nore additional
tip racks 650 or other disposal container, e.g., for used pipette tips 653;
a binding colum manifold 50, e.g., which may include one or nore binding
colums for nucleic acid processing; and one or nore aliquot tubes 440 for
processi ng outlpeatiss irsthgworkspere! € wdwae ihd potersialcthr raager(t eargoyer DN piRME, t unor

total RNA and/ araupl il umsayb@u%atmummﬁ%'m% RNARRHa kR |ike),

m cr oor gani sns nmedi canment’s I'n sone errbodl ment s,
the flexible bheysedip crgbedisghaeediiniaa aﬁﬂl"sqﬁmlet%m@?ﬂmtﬂ pisetkotrdool t hat

interfaces wi tfawtsRAleRRK th BV CefiledRk ONsuPfI§ stitioH traPhe dsBEOD@E hdxer and
Interfaces wth internal conponents on the Inside of the barrier 16. The

tool can i ncl JHasferhOtsy ﬁé??‘@ntﬁ%%?ﬁemla&hﬁ"béﬂﬂlﬁt OBW%P‘pﬁ‘Hﬁlsﬁfﬁ“hppaﬁ f eat ures,
such as handlaﬁmﬁaGFﬁmnﬁvhemiﬂEatures or nmechani sm for engagi ng internal
conponents, such a exa

es ndi ng
col uim mani f ol d SOEF%({] t PRIEF ng?’s‘%d%en tge% f”lgS’Fscfmbe ﬁ?ﬂ’é%v?g‘éfe and
el ution statidh@h@@@mm&@&uﬁmesmamkﬂwmkpﬁmThmnﬁhsxmbim%b&mnmeimmﬁmcan al | ow

e D pet o heath AL S PN E e bS] €0, APARATnAh badPhadl nt o7l

conmponent s house e bi ndi ng
col umm nani f olad ashe llegmmng of processmg of a new closed container 12. For example a bleed line

connects a bleed port in the pipette head to the working fluid reservoir via a solenoid
valve 741. The valve 741 may be opened during the priming sequence to allow air to be
bled from the pumps 350, through the fluid lines 222,223 (Figure 8A) and pipette head
220, and back to the working fluid reservoir 340. The robotic arm 230 can be directed to
orient the fluid lines in the pipette head 220 so that they are angled during the priming.
Once the system 700 is primed, the bleed valve 741 may be closed and the pipette head
220 is ready to perform fluid transfers. At the completion of the RNA process, the bleed
valve 741 may be used to drain the fluid lines 222,223 and pipette head 220. Filling the
fluid lines with air may prevent the possibility of fluid spills during disconnection of the
pipette head.

[0137]  Figures 8A and 8B show a cross-sectional view of the operation of a
pressure transfer mechanism 800 for transferring pressure through the pipette head 220
and to the pipette tips 651, 653. In some embodiments, the hydraulic working fluid, e.g.,
from reservoir 340, actuates the flexible isolation diaphragm 710 (see also Figures 8C
and 8D) and drives the pipetting action while maintaining physical separation between
the working fluid and the fluids to be aspirated by the pipette. A reservoir of working
fluid can reside on one side of the diaphragm 710, which is sealed from working air on
the other side. The flexible diaphragm 710 resides in the head 220 between the working
fluid 340 and the internal pipette tip adapter 220a (i.e., pipette head) and aspirated fluid.
Figure 15 illustrates the adapter 220a without the diaphragm and upper assembly.

[0138]  Referring again to Figures 8A and 8B, displacement of the diaphragm
710 affects the working air volume 700a under the diaphragm 710 and in the pipette tip
adapter 220, thereby causing the pipette tip to intake or discharge (typically meted)
amounts of liquid. The overall elasticity of the pipetting system 700 may be directly
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be able to transfer the binding colum manifold to and/or fromthe waste
632 and elution 630 stations. Although not shown, the internal interface
may be a plurality of serially attachable interfaces. That is, the pipette
head or first interface can be rel easably held and interchanged for another
mani pul ation tool inside the closed container. The sel ection of

mani pul ati on tools can be held by tray 14 and/or an internal manipul ation
tool rack (not shown). 101331A m xer and/or centrifuge may cooperate with
or be integrated into the tray to m x, honobgeni ze, separate or otherw se

bl end or pr ocewsktedtodisgeriselacorracya fnpowe ebpdimentggeduging bk zinyslume 780asiap| ogi cal
sanpl e or ot hef,,oRt Bk AL Fip@sngdeSitLechabRekioshown) . I n ot her enbodi ments, the
starting material may be pre-m xed, and then El aced in the rack 620 or at
anot her | ocat i on. iﬂdéﬂm' X pomegginbesimentsy Wifacqlitatefhereueh mbrisee fluids withihet i ¢ i xer
gr a honﬁgﬁgﬁgﬁgfemagsexg@p’ectmlg_xot&xh@erd?&hés%go dRPeriwalls, a Ryeppl ary Pi ?8}) ting

yst ens eferring to, Figures a , @ pipeLting system
conprising a p‘i‘sb‘éafe(‘%p Qs ﬁH‘p%‘QﬁP‘@?r t@fﬁboélg%'g‘r?%f) f/a“??ﬁgrY%&SE?sed to
performfluid moanieftiprosthe pipétden miie-akis ohmalbiadn cont ai ner 12. I n keeping with
a closed isolation tai.ner design, the pipette h 2 an be configured
to maintain a barr#"g?(ﬂbetl\'}vseoénr?efmﬁ%(gl'?1 nﬁsf{c}}eg ilﬁﬁn%ré)f?gﬁeg)re?dg%o%ﬁﬁ the pipette
punp nechani sninclidefond erarorefadireyto alldw ussd thpl 65300 bplamengAfig thepanttqdirovi de t he
physi cal cont agi, Dabh @ \rixG B ARL shbs fn'ﬁgru[r%?g)gz%@@, thel PpeldeGd 3@caf the

R

i solation contalner 12 and 8t%%e out si de. LI n some enbodi nents, to
provi de hi gh verlifeterc22ageu isyupon elegibe peep dyhscenitiroproRpcise two
positive di spl @acer@mbete Ydck BshE ARBUKIM idBiBurd 263 B vahtair Gdewal v §@r | ow vol une
transfers (e.g., between about lil and about 5'886‘%% and fggﬁ@f or the higher

vol umes (e. g., “HRHREEH GG RN trraled st usp entas € oufepe flefbodi ment s,
a single punp hahbiever 221tdivoehiahd Rskd the e:E @Ipeia tipSSDOLT the sdaprgd 204 #der voir with

2 e, of, et 1T AE 80 K0, R0 ST Rustho s, Ui harber
(subst anti al | ytowardithd used wdsk A3, tem tever 2BLifoh@ets tho vall 14wk whiglo fokdenepe fehdrifd) , The

buf fer sol ut i oflc (AR AR FurWRSHANEL B bkerlip b @lehiecd BEQURAAZS i Ny dr aul i c

fluid that can reduce or mnimze the elasticity of the pipetting system
700. The r obot herags 6302 Qthes relegse eapfigysatiopsnayi asp be wed: diopeemeleHeayedrsds at

desired | ocatsonsy bficdnhgurdias ksRaGsward Mol dhtGetht PigetiR @b 888 o dlul, beh  eagent

carryover during . pipette transfers, disposable tips 651 nay be used for
fluid handl i ng® %i@seif%f?e Qéftflgfheé‘agﬂmt%fe&ﬁaé’feé%oat he used tip can be
di scharged into a ‘fjiasgsh"The gipafpthal 220 artdyophdapkd 210 may atach tigeid lihdakd and a new

the next t r ansiafeet el Ah ikt f AGFoEhoalPRl: B Bl ALERY % e T
pi petting syst@miuitdackde the skpoyav0i Ahdloggl ek wiripgcamminieBes Yignadeddisenserome
embodi ment's, t {gRhR&IL WiE 18 ¥SHIE B nbQ Qi 16T TR Qoak Cell JREViREEELused to

control the loading of new pipettes onto adapter 220a. For example, the robotic arm can

cause the pipette head 220 to advance down with a force between about 5N to about SON

to indicate the pipette tip 651 is properly attached. Adapter 210 can also include a collar

for locking and unlocking the adapter 210 to the pipette head 220, e.g., as a non-limiting

alternative to an engage/release handle mechanism.

Exemplary Flexible Barriers

[0142])  Figures 9A-9E illustrate exemplary flexible barriers 16 according to
embodiments of the present invention. Any suitable material can be used for the barrier.

The barrier 16 can be substantially impermeable to air, moisture, and ethanol vapor. The
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liquid and renove air fromthe pipette line prior to initial use, and may
be primed prior to each tine a different pipette head 220 is connected to
the pi pette head adapter 210, such as at the beginning of processing of a
new cl osed container 12. For exanple, a bleed line connects a bleed port in
the pipette head to the working fluid reservoir via a solenoid valve 741.
The valve 741 nmay be opened during the primng sequence to allow air to be
bled fromthe punps 350, through the fluid lines 222,223 (Figure 8A) and
pi pette head 220, and back to the working fluid reservoir 340. The robotic
arm 230 can bebatier temabetmyldable without laging sniiicigntflexibiftyjonimppesingi pett e head 220
so that they ajemabily eﬂsglﬁéén{bgmh@ﬁs Bleibiifd 6 cSMERestaNGv-gnstyem 700 is prinmed,
the bl eed valve 741 may be cl osed and the pipette head 250 is ready to

perform flui d RYxhylers but olher afterpatives;epitdinplads agtnet plarsdvpe BgEEs®  the bl eed
\Z/gi)veF7|4|1 may %}hﬁm?ﬁﬁéﬂnbb&méﬁtﬁkﬂ%_ﬂ%ﬂhﬁe_ﬁdnwr@ oktdﬁ@ﬁseaaz"/sza@oh I&T](EXEI loette Pe?? .
illing the i nes r may prevent the possibility o ui
spill's during YMEE &)ﬁﬁg?:bfkf ?ﬂ“gﬂrﬁ"r’(éﬂlﬁfnﬁﬁy{@gﬁg rede‘fSQ%ﬁaQ%res 8A and 88
show a cross-secti ¢(mnadj viTawfanﬁedtsh@eoneef%ibwbamferH;cpmmzumfﬁcnémwwf er
mechani sm 800 for tran e I 0 220 and to
the pipette ti p%ve n;%t’up fead @ﬁ%ﬁamt a?l %perf%cﬁ?ac sptgghe?nt{'rl%a%r ki ng
fluid, e.g., fﬁlgmlﬂt@semmner 1B\4@Oma@trua@nes Ottflhwmﬁblewtmloecat@mgélel on di aphragm
710 (See al so Eéxg)'}g%leﬁQ“h@ggpgd?lhe%qjeﬁjﬁéx‘fﬁesbamﬁ(ﬂ!aﬁ’@etslhbs'&gtla?ﬁtsélpn whi | e
mai nt ai ni ng physical separation between the working fluid and the fluids to
be aspirated bSPPRIEEST Het Vi nowolrla@geemeSierlsomor\/sevtw%onfq ¢ Eexiblrbarigsi de on one

side of the di ﬁaqmea;gmomeqmwaoﬁmngﬁeﬁ&aloﬁdo&mmmrkl ng air on the other
side. The flexible

di phram?l esides in ad. 220 between the
wor ki ng 11 ui o 340 SHAE hat e SRRl S arrie N b AT O S0 KR pi pet t o
head) and aSplﬁbaﬁtQﬁhtef\lnﬂi dcexﬁ;lgﬂﬂetta&}'ﬁtoj hdteisitl, ssalesitht fuppaad@ptiervi£20a w t hout
t he di aphragma er, as 8].Ref n to Figures 8A
and 8B, di spl ac{eg?ﬁcsn‘f&afd “The® anpy? Ianéma"}pf% % thecm%?lﬁér et %%?élg air vol une
700a under theeX@ImBIphplagmhaaﬁGZ‘am@thenﬂmh@anﬁﬁemtﬂmaartdt’q@m@dapvmpum@l t her eby

causing the piggt trfe SoktRnbo daHE@i(ﬁbé?z{anly%ﬁéf&ﬁmﬁtW&'b%lsxlﬂéng?ﬁr{éﬂ)le amount s of
liquid. The overall ‘elasticity of the pipetting system 700 may be directly

related to di sPERsBOrEEdds RIS, Orwwulgmdeémmasmﬁf@mw%a%ﬁw of Weiclhj r vol une

700a can i npr oMgy ReeEfnhbey wn@&ﬁklwﬁkg o&&@ul"lgxﬁi‘9Bﬂﬁxst¥hﬁe@ﬂiaﬁth@;}'bmo[z@ﬂ039] In sonme
enbodi nent s, tofallltatethoro swthbnre?l ent

ui
Vessel o s pect PBHRGGAHEEIonE Howe BYioaas ity ere i P i peysah

aspi r at e/ di spenistecyppel panndly, dMpl7agyed and/ or the robotic arm 230 can be
directed to nove t ip t I I n. [0140]In
sone enbodi nents, Pﬁ“g] I%O{&ffqglb%“ge?&sb?%S;é%r&fng%{'ﬁ;éadﬁz(’bglgug% dl}ge one or
more features tﬂl@baandrd)wneweductqop%ormog radial penveletany 839 ffh‘btmll@lhed/?n pette tip
adapt er 220a (goh&Hﬁlgcgﬁalutlﬁmmw'}'adllﬂatg b BUEESe AGRVERM ofttkﬂ%npghqugcfe head 220

can include a | ever 221 that pivots upon con act with a portion of the
cont ai ner pr ox{°nethes integnaf W@“R}’é"éﬂ“‘ﬁi’lp’é?r age)rang helsepgirol K barghzharr AVBBgur e 26C,

the contai ner ﬁb\d&wlohhaﬁtwneheaa ARiR0, Aaedeth: biha fark: rﬁaa,rpr&meaagfaeﬁ so that
upon contact with the oulg er.en ever 22h 221 pivots and

pushes the usell’ Prpdts ¥y "6’%3“8‘?%“%%8 PEYapEEf “?ééﬁ’agﬁ ‘Pnf "® recei vi ng
space in the rack 650. That |s as the pipette head 220 m)ves downwar d

tovard the used 1 aiaf50 as RSl FHELr AL AEHSIRARI kil ch [ or cos

one end of the |ever pwar e end over e pp
to push the us®ehitarypheetof @a@haéthaheﬁre%@i or @Th@rmtpeﬁﬁela%fé sehotaftialiur at i ons nmay

al so be used. &L exanR! ;ﬁeatstop\%n'v'@ﬁgng tﬂ&‘éan@'ﬁ@w&@ﬁaelaé‘slrecpr%\le%%[tgﬂxe&d) restrict
upward novenent of the pipette t] or otherw se force or

strip the tip %%Wﬁvrf@ma%rpsegé@s zfztB%bM[eosmﬁ]l@n@yﬁﬁ\ﬁé@tf@reﬂ@aﬁhﬁwa&nd/ or
adapter 210 nBycegitdGéh 160, fnlsbthpattici@Sen®B@ments, during fabrication, thicker material

can be drawn down to the center during vacuum forming causing thinner central regions

and thicker perimeter regions of the barrier sheet 16. The center region 16¢ may include

28



| oad cell wiring which can be elevated to clear the flexible barrier 16,
and a flexible conduit back to the chassis 70. The load cell wring
conmuni cates with a | oad sensor in conmunication with the sterile or new
pi pette tips. The load cell provides data used to control the |oading of
new pi pettes onto adapter 220a. For exanple, the robotic arm can cause the
pi pette head 220 to advance down with a force between about 5N to about 50N
to indicate the pipette tip 651 is properly attached. Adapter 210 can al so
include a collar for |ocking and unl ocking the adapter 210 to the pipette
head 220, e.g. 2Sess W colypnatet pEnsiligl 7alapraneprbamalies tq lareerss bp bage/1f BPease handl e
mechani sm  Exepplyaioh i WosiksPdee 1833h bih&Tembddhidha Lhineluk8 9 ulithnBdRed bl Ustrat e
exenplary flexible barrier nbodi ments of the present

: 16 according t |
i nventi on. Anyméﬁﬁ‘?’é}m%x‘%?@??réﬁ “‘éé?P”kPégﬁfé’g‘ﬂaef‘Fyo‘?fc?Wé‘e%?FW SRR parrier
16 can be substhagdnicak Hiffererrpetabie mbik@ald (Aot ahofvn). MOI St ur e, and et hanol vapor.
The barrier 16 ma .dable.wi t hout .1 gsi.ng. sufficient flexibility or
i npacti ng per neabi ?{91@ @ ml)ﬁlﬁg“srf)%rrgmé%gﬁt:ﬂﬁgerﬁ%% ba&ﬁre sﬁ?l%lyearﬂai%& t(‘:)(Eﬁ‘rrpri ses a
| ow- densi ty poloyetpoyiosn&he fipette eath 220 forl stlsequartt engegeneatud dhe rohcticede2® r ange of
uret hane materi - ' i j - Sq¢l | arrier is or
conprises an "ﬁ .@%ﬁ%@ﬂ%ﬁd?&g@gﬁhﬁﬁég ?'oﬁﬁ%%ﬁ%%&r&&many,
| ocat ed in FreeRopiretmg cplendife dat is configurefl 18&ET He cfuplenide. sRagewnin t he

flexible barri efud®csafkedhl OM &HfifuQiiEler LRRALs iTRYEBRE bRANIIGIy e the
pi pette head (or other internal interface) access to the interior of the

i sol ation cont 51eABPY §28986 thatguier 10 Sherse Py i sivndh KigPsi o8 ihavets ng or

cat chi ng t he flogxidohweinkaayisgr. The shape of the nolded flexible barrier 16
can be substantially self-supporting (e.g., it will not collapse into the
i solation container) once the flexible barrier 16 is sealed to the tray 14

formng the isolation containe ! | 0 Siiedi ments, a portion
910 of the barrier 16 nay be agé%ﬁ)éﬁ}ggélﬂ%tﬁeha%aﬁewt , receive, hold,

attach to, mate wi tdras)seads sbvinn FRHRAOI nuclBE ad HELWMng 8ystetf BIyact with a
device for manjpul atin s within the container, such as, for exanple

sanpl e
a pipette head‘“?"é?f’,rat‘é?]‘gfrﬁ’éﬂ;?ﬂ‘ BTy AL Py ofRs femmeratyrsgprtol deist- HF
mani pul ati on t eahple,Eaclgiosdid @re8ihg spam daeincormitisd tadimblaldlyr feredi al porti on.

The barrier 16 .i.ncl ude ..one or, .nor. ol ds at s ul ati ons

descr i bed as - Eovut Gere AR Re RIS TR P o0l P LT
concentric wi t inclodehfor sxample,guireeng Breatkr) bistkr3@s v@schtopatbe tdnEgypeattd regsived10 nay
include at | eagl;;Q0«St & ALt pEn k6 ‘ TON-TN ubstantially
vertically ori en.ttleg %’%pgggqﬁogré%%%gp_ﬂll,o?%gg&f%? @)[cgelﬁégﬁlﬁpi%gre

enbodi ment s, a¥hishyRPereratedbyap meshanim JQrtewvgdhedivd mas 610hEorbarri er 16 may

i ncl ude one Or eARP, ih FHcRMbERRAA] e ERSI 9AE;-assdhBly sasdadbr BN/ sPkinsi@NCent ri ¢
convol utions rnaI? elp. facil {, gfqe a full rDa]\P‘%e of nmovepent of the pipette
head (or ot her ST\t @PRECAIR ArYURSE 3 DY hERP YA T BRROHE p control the
barri er shape WaroutigpeyoiBermaitblooks ahder thdrpd tidter Hevdds ardavailasled40, fl ange or
ot her feature may ¥ i de, a, sur.face f.ar C;l i.n sealin fixing
. 13 h Rigiire' 1B et RO Shporateyhi S

adhering, or other \RII szl at't’ac “lmﬁrgl; BRE '5arT er’ 1% gayﬁeem r °§at 4™

the isolation container tray 14. In some embodiments, the perimeter of the PCR plate

610 can be sealed to an open (substantially rectangular) region formed in the base of the

tray 14. Lower portions of the plate 610 extend downwardly from the base of the tray to

engage (typically reside in) a thermal cycler heater block 30 while the openings of wells

611 in the plate 610 are accessible from inside of the sealed container 12. The PCR plate

610 can be sealed to the isolation container tray 14 so that the downwardly extending

portions of wells 611 can be in direct contact with the thermal cycler or temperature

control device.
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[0146] As shown in Figures 9C and 9D, the flexible barrier 16 can conprise a
unitary sheet of material that is stretched or fornmed into a series of
substantially concentric folds, pleats or convolutions that can all ow for

t he desired novenment of head 220. Quter perineter regions of the barrier
sheet 161 may have a different thickness than a center region 16c. In sone
particul ar enbodi nents, during fabrication, thicker material can be drawn
down to the center during vacuum form ng causing thinner central regions
and thicker perineter regions of the barrier sheet 16. The center region
16¢c may include ald&li ednepmecmbetimentseticogpligaseasket Opg or ethersesled smal ler to

| arger as the Rahidi&l m%ﬁae%ﬁ?&aﬁé&@e PdeOdHtéJl@ toMRd xKoﬁBf%ﬁ@onld?her & 19t her
enbodi nents, rather than a unitary sheet of material, the flexible barrier

16 may conpri sE&OPPlFpARTEymayoe Eﬁ“"}eéiwﬁ%élh?é%‘faé?ﬂl claaping falireofn A8 same or

di fferent suitakdoginidmt,Qh bal-moldeithens by elas{o%fl(ﬂlﬁl sl @309 ustd foust rat es t he
flexible barrier 16 s al abl ch ower ort t he pipette
head 220 for stbsuREeERGEGERRF T fraS Bt eha 30 hogBor - ar m
coupl er 910c rEgudas. nwthsi ddodihenth)BER pletk fehires MagberfernBH, sudhlasisbidat es a
cooperating CouRl e fHO8 ALl ANEHEE il E10306 g saUPL ef 910¢, As

shown in Flgureé) apertures in the
coupl er body 9&1%tap®and/et whestb gy bangedge attablethh BER plate 61060 th'ﬂtrey Hssenbly is

shown in Fi gure gHbdlg\lét hqyltld EJaﬁasl AN8REd tﬁ%&l%%é’]@ﬁxd &(slaha}‘gé useg%eé’méeary Ther nal
Bl ock Assenblies 1 As shown in Figure 10, a nucleic acid processing

system may i nchf B@ﬁroéfeé"“ﬁ“ flpig ViggYapesptisk Thedidd ) rgayhe fredofor aAPPiprHen
tenperat ure CofMxibh sefl @30 t6 Shiblr@vap&r¥adipli@escapind tembiie 3Chdl PERARZASHI NY System

can incorporate her.mal cler Sizin nd. a i fyi nucl ei ¢
et ds et et borbrma St gt ot i) TF rotde e (r elldd 0Eher
(heat er) bl ockhe3©q todhitéthvapom yonbesiago thglild @ dnyt sorfsice otentianaherredetidanwel | strip or

| ate such as a. I I r i 010 which
P elﬁlx ye. §B|p%§i‘%ﬁg°jc%s toaan%f tgi%&@ (Vgﬂas th&th& lcyE%%dqﬁlﬂlm

may be act uat ec _ chani'sm to cover &80, For
exanpl e, in solifted yerticatly tveeicase the dealing inespsree] thepyretiagted a@mﬂmhor@n@é)ed for cl DNA

synt hesi s, CDN%]qé?é%'tHxHh@ﬁéx‘ib@eﬂxds!:aWsoRNA synthesis and DNA renoval steps of
the process. Various types of thernal blocks and/or thernal gcler devi ces

are avail abl e. (0153101 £'99rixg systEIh0 foRcapire)lineghergytomptitmpieren PEPRlids10 may be
i ncor por ated i embie: mcﬁlezleatolt&moﬂogm@demarofttrreqbyocasémg dyBtem Q0B AIRRGI nents, the

P o A0 G2 0825 ) 0 BB SRR e 21Ty
locations above or below the work surface 200. Referring now to Figure 11, an
exemplary lid drive system 310 is shown with the lid 1010 in the retracted position. The
arm 1122 is connected to the lid 1010 and communicates with motor 1150; this provides
for movement of the lid 1010 into and out of container 12, e.g., through a side-
ingress/egress aperture 14a in the wall of tray 14 where a lid seal (which can be
described as a sleeve) is disposed between lid 1010 and the interior of the container as
shown in Figure 12. Robotic tools or manual input may also be via the seal 430.

[0153]  Figure 13A illustrates an exemplary configuration of the lid 10190 in
the container 12 and inside the chamber 430c¢ of the lid seal 430 when extended. Figure
13B illustrates the lid 1010 outside the container 12 in a retracted configuration.

[0154]  The arm 1122 can be configured to direct the lid 1010 vertically as
well as horizontally. In the embodiment shown in Figure 11 and 12, the drive system
310 includes a vertical movementlmechanism 1124 that provides for vertical movement
of the lid 1010, e.g., when lid 1010 is positioned over the PCR plate 610 within the

container 12. The vertical movement mechanism 1124 may provide a downward force
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tray 14. Lower portions of the plate 610 extend downwardly fromthe base of
the tray to engage (typically reside in) a thermal cycler heater block 30
while the openings of wells 611 in the plate 610 are accessi ble fromi nside
of the sealed container 12. The PCR plate 610 can be sealed to the

i solation container tray 14 so that the downwardly extendi ng portions of
wells 611 can be in direct contact wwth the thernmal cycler or tenperature
control device. 101501In sonme enbodi nents, a conpliant gasket, O-ring or
ot her sealing nechanism may be used to attach the PCR plate 610 to the

i sol ati on cont sffivent tp pealthellal 10Theittcthnplite Giftandfergheatockdy (Higurat®dohed with a
heat - swaged cl &%f)l@%s&f@&el& Sore ngsxmb@m%' mgl&r%nor@tﬂot&\égfmml ded

t her nopl astic el ast'oner (TPE) 1030 i s used for attaching and sealing
the PCR pl at e BrBloBEephdinkagey oa@theﬁleewehwl deyigsp mpy busedRAWE i n Fi gure 10.

I'n other enbodtdﬁem@andm%rﬂmaﬁt@mtqeatAtm&wrmamaee 1208 8che swms mol ded
and/ or machined, into the isolation container tra B‘P L%é | n ot-her
ol Hagh,

embodi ment s, aPgrisean waBEasddiorithasit iNe Thagmd? the PCR
plate 610 t o tdngesti dysiddl123s. The drifOshsdd ad alsd,mcsﬂ@hlmer;alataeazmﬁhttsher mal
cycler Iid 101 educe. t S C nfluidvia
evapor ati on. chq;?‘yﬁlﬁfdlfﬁerﬁamqh{swiph‘g 1'??7an8§1)e(1%n Tem%erstl!# TL ee%(cfllbl e seal
430 to inhibi tdrefvamnsa@ttteqﬁedﬂOtthedpEsuIdmvwgplﬁtm)msdm apd lseatﬂgumpv«m | 611
and/or for maifL ol i fg {199 Qlhe 8 %0ioRbeh bRE 10fia 1016 iGRREAI ner 12, The
lid 1010 can be Efle)atpnage to !Ii% ﬁf&c vVa 1or cond ens%ng on t l l1d or any
surface ot her t’q‘Fa#dtcwe“lgPre@E@tlﬁls&ﬁt%C%tt%free To provide access to all of the

PCR wel |'s, the thejgrsd Cy,@;l»&t'fonlofﬂiemgysmlb@an|%FﬁﬁQa1%&5&&ﬁh|th\é to rel ease
t he sealing pressure, then retracted subs hori zontally taking with

it the flexibl@efgrguiagaet thfé@eve[oﬁ&%?]‘%?’ﬁlf"lf?Fé‘“@?/@? SR BYEO¥B8 control ling the
aut omat i ¢ NDVeippRbriddly Wittethé lidl 016) 14} skdwyh, erigavel D, efkomeexﬁttbemmn'skacsmf ace 200
of the proce55|n ste i gure LN 0f di ment s,
the lid drive 4yt 153 @1%9303%%& %?(gt%to?nﬁae‘rm%egg’é{ lleéchsseal ‘@gt\;e.d or bel ow
the work surf a@ealﬁ@m seﬂdﬁerorrcrmgp mqmlttom dminguewical dnd hanzostebnlementof i d dri ve
system 310 is 1%9 tyhl@r 1fd'l§1d 'Irgotﬂe(?l.gbddf}ne‘h@emé ﬁs&ﬁ%@xﬁ%ﬁ%%&ch&'}n The arm

1122 is connecte conmuni cat es notor 1150; this
provi des for nﬁb"éﬁéﬁt‘)r@Pylt%éfﬁFlF’élyib’ﬂBleiorﬂO@foﬁfh‘G“t&‘d‘f’ 18¥0 ;pdme¥siiner 12, e.g.,
t hrough a si dejingressiggr ess aperture 14a in the wall of tray 14 V\here a
lid seal (which can be described as a sleeve) is dIS osed hetween |id 1010
and the interior of'¥e dBimgic Fi‘g?d"a"é‘t éétﬁﬁ‘tﬂt%?rﬁlﬂaﬁt‘i lieﬁweepz &elaEo% ool s or
manual i nput I’Yﬁ)yltaﬁhbﬂa abeth/fléibldia seat 830, eﬂaﬂnp plate orotl{eﬂc’lﬁﬁﬂn@r@dﬂb@r ma3A

illustrates an, exe| rpg confl urdatlon of...t he IO the conta| ner 12
st it Lot

and i nside the cuh Com (Ve Portdonsoeglf % asé’ﬁt"’éen" Figure 13B

illustrates t heallngdbSl@QtOhmlb g Helid Jeal agaymst the presidep@ll pﬁthatrzryelt“r Jmtt@d

configuration. embodiments, the lid seal 430 may be over-molded to the tray 14 using, for example,

TPE as discussed above with respect to the PCR plate 610. O-rings, gaskets, adhesives,
tapes, and mounting or sealing members may be used to provide the sealed connection of
the lid seal 430 and the tray 14. Figure 13A shows the lid mechanism 310 with the lid
1010 and the seal 430 extended into the interior region of the tray 18 in an engaged
position while Figure 13B shows the lid 1010 and retracted out through a wall of -
container 14. Figure 13A illustrates the 1id 1010 in position over a thermal cycler and
96-well plate. Figure 13C illustrates a partial side perspective cutaway view of the lid

mechanism 310 with the lid 1010 extended into the interior region of the container 18.

Exemplary Waste and Elution Systems
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[ 0154] The arm 1122 can be configured to direct the lid 1010 vertically as
well as horizontally. In the enbodi nent shown in Figure 11 and 12, the
drive system 310 includes a vertical novenment mechani sm 1124 that provides
for vertical novenent of the lid 1010, e.g., when |lid 1010 is positioned
over the PCR plate 610 within the container 12. The vertical novenent
mechani sm 1124 nmay provide a downward force sufficient to seal the lid
1010 with the plate 610 and/or the block 30 (Figure 10), for exanple, using
one or nore biasing nmenbers 1152. One or nore notors 1150, actuators,

gears, |inkages or[0dfher Vetiospwdicaton mgars canl bediecditerreceppymibles, weheat t o dri ve

hori zont al anq{uglglc\!&& ]BI'GtQILlS @al\é q{gﬁl@; and’%ﬁe lﬁ(@og\ﬂh b\ﬂlﬂ%&tﬂh‘ B@/lclgmcl{u{}ebug“ ve
system 310 includes an uppér plate 11 a sl ot . The arm 1122

i ncl udes a keete MQ@wdﬁ%a{ag@m brads. 513 et‘%‘é“@I“t’it“b'fieésbé“dmﬂf?@te&rﬁi”?é 2895t em 310
al so includes @ndugwnmﬁg @h&l&d{&@aﬁemﬁ&wd@ﬂ@%toﬁimeﬁtﬁe&rti he upper plate 1123
via pivots 1127 ang I asi n(? Frb &52. The vertlgcal drive 1124 is
attached to the upf&r®ande P5§RPOYGRSR: B Prrfesyng syiierp LU WES 3 1&haight fgur ed to pul |
t he upper pl at@nﬁ:gﬁ&ndmm,g ¢oann{n@|fdtanrtohetal RIA 19 6orcl A purifieatiohend V@ 1010 i s
in the extend nlns t cont g 5] A portion of the
drive system %wn hf/simci:"é%‘foyumé}tlf‘ac(ﬁegb’reto %aﬁcoﬁmﬁ eSrSIf%rmeglgr%ace of the
sl eeve or lid &whum@@m@wlcachcm beantegratévdnte dwlisoh8on qomreinergessgepiropher at el y with
the lid 1010. e%%oa@%@ama%}hﬁ@&@ﬁ;l,x%éocoﬂcg,@%ﬂggrmﬂgim&tmyacuum cups 1140

may be incorporated onto engage the flexible Iid seal 430
and to cause the sHAP43@ne or paEpiPsy/sizes ob bisding s PRhEE Wek fPcal and

hori zont al mvﬁﬁiﬁﬂé 1rp§comE Qﬁb&dfﬁf‘ehﬁ%mdﬁiﬁ%bl@&ng kg, Hhkh Rﬂldﬁsy@m E@erﬁ)ﬂ?@dl ments,

the lid seal 430 be att suff ently
flexible to cdﬁ?do%sm%avteﬁelnﬁlr%cam@w%ﬂe %%mfaﬁm%% PRacaHTh [0156] I n
sone enbodi mermsA thbmef;ﬁmdsed &tnezdandixﬁi sradiieeQisgeal’ Mnetcoean cdnfbve irichddat i on

cont ai ner 12 atn £30, a clanp plate or other clanping
nmenber nay be U an edge portion of the seal 430,

such as via one or [0ﬂr€ﬂ1e §ea1hnbngherwabts ﬂ(lldéipmShram)latlomthP Hutidnjvgssdsdlle agai nst
the outside Wzlste%%étngn Etatfusés& 63br}esfawfseay,%g}mqéamfua§shomﬁn Liahpgeal 430 nay
be over-nol ded tray using, for exanple, TPE as dlscussed above
with respect tisFigne @éﬁomea’fﬂéod@l@ts Pl S0 lsg‘é@l%%’ﬁcéd the,pfAding qpRigwns t gpes, and

nounting or S%Jelmraﬁmr@)Wnﬁﬁfoﬂtﬁﬂ@aﬁ&d@ﬁ@ékd%ﬁohﬁn@@%&@ connection of
the lid seal 430 _and the tra Fi gure 13A shows th&ﬂl i d. nmechani sm 310

with the lid 1‘13@6)“%&%"‘?%@@5? S‘@gﬂp@ﬁ%rf%l%ﬁin Mo e VR P BP9 M8e gi on of the
tray 18 in an cﬁnxgagndopn&nﬁahmwmm)endﬁdgmm 08 Borshanending eolhhn) 1itBE0 and
retracted out throug 0 [ 14 Fl oy . i rates the
lid 1010 in posf‘fqergnr%m%ron%m%ﬁ&mem erscnstoglfor ezfrfémbtga Fo%fig\tmé(unggéure 13C

i | lustrates a mpatslidalily mpable pésrléié%ti:ancvebecmdawdyse@ffélwuoﬁsed bieding d mechani sm

310 with the Iiogh0 e Bad ABFEH ircRhOa fll@e 1430F fHaQlan IRYI R MR 220 RE1GONT @i ner
18. Exenplary Waste and Elution Systens [0Q157] Vari ous urification neans

can be used t dhplbldd%is adasipd dirsctiony bypthes emppdimepts. adpriddd Shpsthsi ns, cel I's,
tissues, and t&ﬁﬁéutekl%hoﬁnm Qyéaorsumtﬁﬁg brofvieke vd &Q&dldﬂﬁﬂglbdﬁsue@m are not

gro dl eth]; Lbel)rftr%)po concen tpateﬁﬁe

limted to, netl 5 ads, I.ze e>l<)clu i on msrrbran ln(ﬂ Iates
filters, and DFFGEndPedtl TG™ SELR PHET BES! AAY KB T: Bt skill in
the art. more handles (as illustrated), wings, flanges, or other features to facilitate movement of

the manifold 50 between stations.

[0161]  Figure 15 shows an example of a mechanism and method for moving
a manifold 50 between two or more stations or area of the container 12, e.g., between the
waste and elution stations 632, 630, respectively. The pipette head 220 and robot 20
may be used to move the binding column manifold 50 and the columns 1410 to and
from, i.e., between the two stations. In the embodiment shown, the manifold 50 may

include handles 50h, wings or other features that interface with corresponding features
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[0158] I n one enbodi ment, the processing system 10 uses a techni que of
eluting frombinding colums for tunor total RNA isolation, cDNA
purification and I VT RNA purification. The binding colum 1410 (Figure 14)
can contain a silica nenbrane. A vacuum el ution protocol can be integrated
into the isolation container design. In other enbodi nents, a magnetic

el ution protocol can be integrated into the container. [ 0159] One or
nore types/sizes of binding colums may be used. For exanple, in sone
enbodi ments, binding colums (e.g., Q agen RNeasyTM col unims) are used as

t hey have a bi Riontheowpitedicad228,12hd @b hsed fogrmplihethapnagagerient E%Wféfl thRFMPt cDNA and

| VT RNA t hat afuem@ﬁlgg%lﬁ%gamﬁmsgddl tional, smaller Qagen "Mni" colum can
be included to provide the ability to concentrate the RNA [10160]To i nhi bit
the waste fluid frdHf¥onttah mpdﬂttﬁovngldtpﬁéﬁ@vmmsPﬁse@éé@dgffer%rﬁée Hast e and
elution stati om&Zhe fretle helé@@p&@rtayu&hsyd toG@Bsxm QR BY & e down for
exanple in Figure 6. In sone eHsPnﬁ ds mani f ol d fg({jvg{g %edto hol d t he
bi ndi ng col um¥P{eRRAke 5} Yypused op “cefﬁémWﬁ‘ﬁFeFB‘Fd" BRPE R confi gur ed
to hold one ormmior SbjdIldWxﬂgthé:plmh’mgerﬁlfate\aaﬁﬂﬁﬁlbtﬁlyﬂilgﬁQ&in]inyrhﬁﬁlgtfe g., Q agen
maxi-, mdi- ni.fol d, 50 may include
welI's 50w for cganﬁnB“IE/O&IPWE%{C&OPH%CCSSW% %tetplS 110 regln%(é)lg ey andlm ogtThor mng lift
menbers 50h f opindidpojumpet4l@ aftve stefil2&Bn{the dOIum:m 1410 manigk loﬂded o theore slidably

novabl e |ids ton a edi ; : f¢j ng col ums.
The lids 14301%%%()?%?1 ugg@a adglksd%% (}1?1?8{’18;{% &Hg n%q.fr‘ci ow t% %gg{d 220 to
slide the |id thesenifold 3. deise Wé‘%i(’fd‘?afi’@éth?éfﬁla“an?o'éﬂ‘ﬁf‘éPt sgipsdionssmdly a mani f ol d

50 may be conffagu@%@cmmmudab%tm rom?%orsarat& BRSEHAL B8 pREagfiR\HomES tO be
used during a desi re%ﬁrocess t menpers 50h can be configured as

any suitable |Pfpanif &6‘1%38%0 B Vi R vélgmvetégermeﬂﬂgfordarffé‘d) wi ngs,

fl anges, or ot}khﬁdleﬂleaﬁawlhgé‘olmsfam litate rmverrent of the manifold 50

bet ween st ations. e of ni sm and

met hod for noving iloqg’r;gmf %Oanggsv\éﬁ%n?nconogrm nl%nrsé’a"s eg]tegglnsad(/)r area of the
contai ner 12, wmsalgbls. Blwtm@e”vidﬁﬂmsmw@ememuglno@hovsm@pbﬂ@mmoea@to 630,
respectively. J0& opLREkh R Dyt R0k A QlliBY, BendisRth b Ove the

bi ndi ng col urm’ nar??:‘“gﬁ(f 0] %gw%ﬁ ' col i3 1410 to ang alfﬂ?omt (|9 e., between
the two stati owglbmptrpntOﬁ@wém&eh%mm-§h1mﬁs14ﬂ‘he mani fol d 50 may, include

handl es 50h, wi ngs [Qg4j0t h@'ferrfn%%w&ﬂs ireats dhd i tht GSonMatith B0kdnespondi ng
features $20 on the pipette 6 and are used to sinplify the

engagenent bet Reluds ap ﬁ]é“‘?“dﬁbtlmfﬁoréfﬁﬁfe? i‘?éa%‘l"ﬁﬁ’te HER! pHt Plghebistre 101621Each
i solation and gutiink (B fluldrtoNFiNGEDNALRNA LSS, do thhibft &fdein pregadt posdibleol ums;  t he

pipette head r Or(l))sgtontmx}{nage u %gn blgAraLI.cﬁlQI%A ea% n¥d¥}1% ccl)lhgglﬁﬂgz% hta\% 1}%' 0s€ the
appropriate se tused I'S zeS the airflow

t hrough t he nmwrfrmedtaﬁolﬂabetl@wt mghd dhaiop trappl 61 Ige(nmeafoednaers&,lfhﬁ lofient | y hi gh
vacuum during fh&.de ?ﬁ%loﬁédlﬁéh @Hﬂ&o&hl%ﬂ geﬁé&é QQ%n‘?fchrﬁ%ﬁ%MoﬁéhQPé To reduce

operat or handlin br ndi ng col ums ter sterilization, the
col utms 1410 niiydugeolugagetifnths etUH@ rﬁﬁm@?l@ﬂléuaeay bg shapedreallowsalatied seal ed

into suitabl e pagkagiyN@ r@f@fﬁamm&tcendchénz\@gewm& hgleqmpint ok drel@. At the
time of Ioadln%m'?elsol taln?Fr at a use and/ or. serﬁba(lfamllty
(such as in a r&'BIﬂ?p@?é o‘ﬁﬁf"mﬁ AYI5E Ay 6PUCE FrPBYAI oS T HeMHackagi ng
fromthe mani fpzlssésﬁé}nandecpﬂ;taﬂﬁvm{canmmromﬂmer divaeskien &ttt tta@ 61031 beM t hout ever
needing to directhy HANLS: & Bl Bl 95 ool ums.

[0165]  Waste station 632 may include a waste tray 1630 and waste tray cover

1640. A waste tray cover 1640 may be incorporated into waste tray 1630 to minimize
the evaporation of the waste fluid contained in the waste station 632. The waste tray
cover 1640 may be shaped to direct all waste fluid to flow down into one or more (shown
as a central) drain hole 1641 where it is protected from the main airflow below the cover

1640 inside the waste station 632. Figures 30A and 30B illustrate another embodiment
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[0163] The waste and el ution station configurations can be flexible and/or
scal able. The manifold 50 design can be | arge enough to all ow nodification
or use to suit a 96-well format, or any other type of plate, well or
columms, or changes in the conbination of maxi-, mdi- and mni- colums
1410. [Ol64] Referring now to Figures 16 and 17, the elution station 630 can
include an elution tray 1610 configured to capture the final output of the
bi ndi ng colums (e.g., fluid containing DNA, RNA, etc.). To inhibit and/or
prevent possible cross contam nati on between DNA and RNA, each bi nding
colum 1410 cadsftllmamaeteirhﬁco@M640®ﬂﬁmteaﬁlbg alpbiinjadvame drein halestllddl wingti on tray

1610 1 sore_eghod BEAL Sund N S SIPLARSATAEIR)BNS iRubldliyacuum whi ch

may generate a I can rought s) 1410. The
el ution receptmirwem@mwmabetrmméi640dh¢a¢ul dngetlypbars Heovasid fiiidlean i f any, to

run of f and porﬂlunthlﬂ aﬂ%gﬁ ﬂlluln@‘t‘} @ edifemp ﬂnh&@bdp&at‘i’cﬁf bkl AQudiBfofhd Stream

away fromthe pool ed Addi tional features may reduce or mnimnze the
ai rflow t hat ptaasy§e‘seri¢48pﬁn§w@6¢ wileistrae raigrey304med #H% . Furt her di scussi on of

the tray 1610 will [des Jpr Q¥ kRARAMBbdiRentsCHREGIN & QeI @ULRS1aRDAr BRGgh [ 01651Vast e
station 632 may include a waste tray 0 and waste tray coyer 1640. A

16
waste tray covePape4a: H’a%?mf)%ml?"ﬁ%?‘frd}l‘edio on SPPBInGaTET SRR Y856 t o ni ni ni ze
t he evapor at i ogonfigurddi€elinitdicahd deed fdr Rl@et ahmduuanyitmcawa@ﬁIﬁ]sesmahg on 632. The

waste tray cov 640 direct al |.ui d 4o fl ow down
into one or F6r g[%?rl%v% %ébpe%bén &’r“%tcgegf?"éf‘ﬁmﬁpolfeaé héggfuc 2F82 PPN s prot ect ed
fromthe nmain ailweﬁBQ)ngyeé Bivid theweste\68? anti@ih@on 639 isdeons. hhe peilet of thetpampon 632.

Fi gures 30A an%agggrds }ie%%@&%l% 16K & Eﬂgﬁj&o r120f the waste tray cover

1640 which enploys a plura g wast e dral n es 1641 using a tray cover
that is shaped sub&t&fiti diiguye W%hws@?rmrftéattoﬁeaﬂeqtcmriilawoweaimb%mem fn the

shi el ded envi r @QOURMm %lalﬁ%dohﬁ]ms&l&)dtnreaﬁ/m@&mg 165048 dlstphﬁbl@-bl[m;m rectly
above the waste fluid can thus_re u‘%ngfurther

evaporation. Fee H mgy E%Wé%‘&‘i%f‘”%@‘ ‘gPté’S}eré’BX’/é“r%TWanf“?“brFo %ed with
respect to Fi g@hesst@rﬂléecﬂilﬁds}ﬁ;ﬁb&cﬁas pB@ﬂf@l&]ahd&mB@ﬁBo@dﬁéﬂOdﬂhmfﬁﬁio&nora vacuum system
1600 circulates air .th u(gﬁ contlaeH ner nents, the

u

contaiper tra ce an 1 o oi «éctr)l&mer 12 1S lo?&) ed and s%?e(a qh acuum

i sol ati on contai ner vacu I's con red To elfmMhate the need
for filters. Téyetergd6Nhean systxelmedawuemrpm s of uhbprngrsqr@SDumtgyma@aIOhy flexible

t ubi ng, Conne§5f%9ﬁ&w&pc@n@m&ﬁ@&o&@%,sys&ulcﬂ BSvahinih t@blpgrﬁ@@camkve 330

(Figure 17) tron stations he outlet of the
punp head r et unsrged iR thepiich wlved3Gand thelisrospie prmprhead 1607 iaeqnaseted énPai ner 12.

[0167] Fi gure 1vacShOMEnpa26: i Th Séthehibodim@ad the BEHON00LAY ofpethid MBerBIRGI igrENt  Of
required. The pinch valves 330 may be used to direct the vacuum to the appropriate
station. When processing is completed, the tubing 1650 may be extracted from the valve
330 and the pump head 1602 is disconnected from the pump 320. The tubing 1650 and
pump head 1602 can be single-use disposable, along with the rest of the isolation
container 12.

[0168]  Figure 18 shows a cutaway view of a tray 14 in place on the work
surface 200 of a processing system 10, showing exemplary locations of the pinch valve
330 and disposable pump head 1602. Peltier plates 370 and 372 may provide cooling for
a segment of the rear wall 14p of the tray 14 and for the waste station catchment in the
base of the tray 14, respectively. The wall segment 14p méy be substantially planar
(typically substantially vertical, but may be angled) and project inward to define a
receiving space for the plate 372. The wall 14p may be configured to cooperate with the
plate 372 to define a condensation wall. It is noted that in Figure 18, the thermal cycler

lid drive system 310 is shown with the lid extended into container, without the seat 430
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t he vacuum system 1600. In this enbodi nent, the tubing 1650 and di sposabl e
punp head 1602 may be attached to the isolation container tray 14 during
manuf acture. These can be sterilized and shipped as part of the assenbly
associated with the isolation container tray 14. Once an isolation
container 12 is | oaded and seal ed, the vacuum system 1600 can remai n cl osed
t hroughout the rest of the processing. During installation of an isolation
container into the processing system 10, the vacuum tubi ng 1650 can be
inserted into the pinch valve 330 and the disposable punp head 1602 is
connected to t nelageand thadispespplamo hpad 16Breshevib géthere the SexitihwcBmpe20 onl y
operates when y\gslvgdisph&dui red. The pinch valves 330 may be used to
direct the vacuumto the appropriate station. Wen processing is conpleted,
the tubing 1650 may be extracted fromthe valve 330 and the punp head 1602
i's disconnected from t ERerplify PPelss Chhtoltatilb il s@adendBygeenitead 1602 can
be singl e-use disposable, along with the rest of the isolation container
12. [0168] Fi gur e 181§¥iows semcentbatiaynty idiepwsabfe cavettesshp0, 2460 can bl wekfoon t he wor k
sin-face 200 of..a_pr [ i ions of the
pi nch val ve 33%”%8@“§?§%§§Q%P§¥§%§%bﬁg%ﬁ§?§%%ﬂgggﬁ$?§§ 6?%?2§B§70 and 372
may provi de co®hy bedixpdy orgelepsaphiemrunied totijelatipnecaptaipgi(tiay i pgofuchthet tray 14 and
for the waste ghalel 6dd, £03b CATRRLriLANy L& RASK ok BErk iRy 14, respectively.
The wal | segnent be substantially planar (typically substantially

14p may \

vertical, but may b‘gl'@hgl Baymeepopimspte e cosiiirirriapd/erapitiaf amplet ei vi ng space
ff)r t he pl at‘edBZ%ucthﬁidéB}}irot&iﬂspcd'ﬂi&ymb?rﬁ@xﬁkfﬂggulbeeﬂ)phgorﬁﬂ@p%oate with the )

ate 372 to . ne . a ndensat i I okt .S noted that . in Figure 18, the
Phermal *oycter digged: 18 My erah Slg P apduakior bl Phes iesha”: oo
cont ai ner, W t frotdntrithe mssalemdde.gi finophhaes cartd sintilerydhepgosadlircthpunp head 1602
is shown, w thgut the flexible vacuum punp tubing 1650, in place. Exenplary
Process Control” and/or Yield Measurenent Systens 10169] In sone
embodi ments, di spod¥Blle davemceadodisents, ZEBOVCARIZHE 104 cufe orfere exanpl e, as

shown in Fi gur gsb@MeaRtedtialidt Bvetit60 £8 Seably MRGRedGb M trhyel VRO (exiBR60 nay be
fixedly or releasably nmounted to isolation container tray 14, e.g., such

that cuvettes &8 msmbe 1818 819k asierikrieaPripedbiriray tbfledre ™BsitSdm of tray 14.
10170] I n sone meheed RS enghdte cR:aPASLS Rdld Bacaae/ 660 gy bdalhstalie sanpl es, e. g.

nucl ei ¢ acids or.. protei an he asure sin spectrophot onet er 1900s
(Figures 3, 19§f"’§ﬂ&m383§{%’§‘ S ¥BHe E@f&vﬁ?ee‘%"%’dh’? ‘932(3[&)" dd?”%ﬁ“ﬁ%%t Ative optical
met hods for cosglehprpa@tsingrnvi@asent asethsisol@iog contafrleti oxsohmtnethe cwvetre 66& sini |l arly
i ncorporated ip.t S 7 . Gi. et wn in Figure
19A, one or rr[)'?délii ﬁgi%*gé%@%@%g%%ﬁg? ?ﬁ?‘“ﬁ%é}t*{é’gﬁ ) G%SCI%rﬁ%gggal ably nounted
to the tray 14ingiidesan inpespsipdingasa(1PHdharspitiRsrealglBe lisif@handgn autgasket or
0-ring. The trﬂéZMtén%E%&g@ﬁo %én&%lﬂﬁﬂ@%&tﬁe‘kﬂ%&@@dﬂ%ﬂ&@ﬁ@&% clamp 1920
nme

to hold the cuvette 6 ightly against the sealin er 1918, thus

seal i ng the culbthecwpity $68mnedes p pogtemeasraneRy AToR %MQYPE%Y dalgvwsy

processi ng envpdridaeidof.i NSi de the isolation container. As shown, the

Guyette 660 can in e ap, . oute dge th is far as.a rigid upper lip
561 The ol amp 1028 Hlc1 dosaEly B aFdD B drgois b Pl T8t bl MebtP e
agai nst the |i fhe ¥90dveamddedrmegbrngnllyatampd® veptiatdedndlegedy tftheednaytiet i ng nenber

1am to force bk, GH/ELAEABRRAORIARFELAS) LEY mbihrea N CHELAE, 660 | nc! udes

a cuvette measuremnmen ow 660w, ica at a | ortion thereof
101721Al t er nat & erybeneafetheiseletion exnta@g0l2( dhe pespephotsezoblYs c@abe be nol ded into

configured to make absorbance measurements through cuvettes 660 (Figure 20F) while
remaining outside the isolation container.

[0173]  In some embodiments, there is a cuvette 660, 2060 for each
measurement, such that no cuvette need be reused. The processing system 10 can be

configured to move a spectrophotometer cuvette holder 360 (see, e.g., Figure 3, 19B)



the tray, overnol ded, nechanically clanped, solvent bonded, adhesively
affixed, or the lIike. The spectrophotoneter 1900s (Figure 3) can be nounted
on the processing system 10, e.g., beneath the isolation container 12. The
spectrophot onet er 1900s can be configured to nake absorbance neasurenents

t hrough cuvettes 660 (Figure 20F) while remaining outside the isolation
container. 101731l n sonme enbodi ments, there is a cuvette 660, 2060 for each
measur enent, such that no cuvette need be reused. The processing system 10
can be configured to nove a spectrophotoneter cuvette hol der 360 (see,

e.g., Figure BﬁMQQBWw$50mﬁﬁ%ﬁwcuhe@ﬁemﬁﬁﬂwm@w@@bhﬂ@me@ahﬁhwnasurenent as
required. In Mﬁteg mﬂ&oﬁmy%we%ne%sﬁoﬁﬁ@et ?cié%srggmrs@ydlpe renoved from
the tray 14, ed and reused’in subsequent frays 14. In other

embodi nent's, r 8hseuEpl wychiy dtates ere@élme@%emaﬁfée %&Vfﬁ&jf €60, 2080 g pigelg-psee |

si ngl e-use di sppp@b] $gle-ulOdifhlaMay i ous types of spectrophotoneters are known
and nmay be utlllzed for nucl ei ¢ acid concentrati on and ur|t asurenents
The spect r ophot onet®7411900E Y HEXPeLRE SRERFPhMETHATLNOWR A7 T3V 0R Vil

controll ed by ﬁrﬁmmkmahh@maﬁs&ﬂ@maﬁﬁdeh@hmkhe'nﬁ@mfﬁﬁmmgnsgsmm§1lo. For

exanpl e, the proces st.em 1 t he ect r.ophot.onet er 1900s
to take a neaslit* th‘?éiﬁ logcﬁlax‘f“ﬁ%ate “”g‘caf’?l 20 °(l)rere e tg)glgrsassc?gﬁt (Bvé&hat Te to return
t he absorbanceprnceasmgrswmrmOsFoxteymmmhleyroeﬁtssmﬂstystalvl(bdaetsomméﬂengt hs, such as

for exanple, . Meuekengt h of
i nterest. Addi tp &ngon%@phﬁ&qé%{(rree%ggasgg&en%[éldgké%? ?‘gﬂﬁ%ﬁ%ﬁet er t?%9005 and
particul arly t#hgto @Funathéﬁb?@bitnéﬁ IH@F‘H@WHQGW@Ma‘b‘éra}’lﬁl@b‘@"ﬁ?’@ﬂls’\&i“thws ot her

conponents of fhgaRN¥E Rdbbut YL 280 nm, or ol &;Z&&Fwagué@thl&&tarés! ustrates a
spectrophotorret er head mechanismthat is uSed to npve lgag fga6det ect or

head between a’flifAsal: B scomeiat ¢t dhe sestrhepaiis 13W0s popatigyup 0in Figure

20F. A roboti cc@a@mamrca&ian pd-, ategx@femwmamh&aeom@emsto@thpmmusgment he
spect r ophot onet er ai.se nd traverse

bet ween cuvettes 6%\; Th '%“5" gﬁr ’8"5?{?}%5aﬁﬁgh?pbiﬁﬁﬁerheadd“ PICQ hsfn ot ce may be
nmounted in an %@totrrrowcaémgbaimectathemfbet\hel sygtberpf cuyettys 6600$hoan bt or right

Sae Of the SYSLEM sl kbl 20t DEFBoSerndl SRMlorrInd ok Al )BifdfMEL L € hol der

360 to nove whi e spéct r ophot onet i ght source remain
stationary. Th@@ctﬁoshot%tes%m hplderppy 4 Leto1GR; logergpd beBphrovSHEIEtesdri ve

nmechani smcan &g qrﬁ&laec&reph%m@telawmsrag& Beht RLRE MY beeAded RARBleduiaseri al Iy hol d
each of the different cuvettes . The detector in the det ector head 1900h

can be coupl ed®gehde ?ﬁ@@t%&?ﬁﬂ&t’%f‘%}}‘ siqRf e syste- LRYFA BT PYY Yt ypi cal |y
two) optical fusbenrosuov& me aiviiemored360 torive shﬂeembemupmtometeﬁﬁmsml d be

| ocated in an cuvett e, hol der, 360 ur.ce swtched
bet ween t he op{%r?l(Ei f“c? fe 3’P§tat(1:°3 el ?’r?gasfkf?wn mﬁﬁ‘fresouas%eg&r%h?tﬁ &l tipl e
cuvet t e hol der &ive methaghoyan)pe tssd tromave A biogt réetﬂmofc lread H90k veseriallphadd each f or
nmeasur enents. JfQﬂJd@f}eVé?xl 4B T8RS HhETRALLS Ihe Qltedfor RATRY L TaYbeREuptEERA 1 N

conmbi nation wth the concentration nmeasurenent(s) to determ ne yields. In
some enmbodi menthe spegiroplotameisr M98s i epke@lty (trieallpboporied ibgedn PRE pi petti ng

system and a f{dodin3RNIRh chRitde6d6liICRIIQG Y B8 RldividalGuverr@Bol &P N Fi gur es
20A- 20E. For exa e:
the light source switched between the optical fibers connecting the light source to the
multiple cuvette holders (not shown) to communicate with the spectrometer for
measurements.
[0176]  Volume measurement(s) of a sample may be used in combination with
the concentration measurement(s) to determine yields. In some embodiments, a volume

measurement unit 2000 utilizes the pipetting system and a fluid sensor in a dedicated

vessel; e.g., as shown in Figures 20A-20E. For example:
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Fi gure 20A shows an enpty cuvette 2060 in a detector head 2002, wherein
light fromtw IR emtters 2010 does not pass through the cuvette 2060, and
is received by two IR receivers 2020 for reflected light Wen a fluid 2040
to be neasured is pooled in the volunetric cuvette 2060, e.g., as shown in
Figure 20B, light fromthe two IR emtters 2010 is transmtted through the
cuvette 2060 and the fluid 2040 and is not received by the two IR receivers
2020 for reflected light. Wile a control systemnonitors the presence of
the fluid detected by the system 2000 at the bottom of the neasurenent
vessel 2060, the pbrpdiguee Waztovd20 ey cryelts 2060 ingdeteaardead 38025 ahgtie 2040 into
a pipette tip 651 as hgmmthRFen%sezom&esnd%;as§m\a@1m@cﬁag%@ 20, when the
sensor system 2000 reports absent syringe punp 350 (Figure 3)
can be stopped and tH@“WHWU%@W&§bﬁ%ﬁ@@&°%ﬁh”ﬁ@%§ﬁégﬁron|calIy det er ni ned

and recorded. Thus, tmnsnmetzm#&%aﬁ?ea ifpoBkd AR RBRC tivelid¥dedOt t OM
Using a light source with detectors instrunent can determ ne the

presence or absence 68 F‘ﬁ%W“FW“f%Béw%ff%th?WdRB’%@H29)“"f he reflection.
This, in conbinati on tskittel heoupt metdvbr&godmﬁuaﬁ fidatesond 8ot rbRivvdyune by
nmeasuring the Iiquid enov unt iving the signal that no
liquid is present. “6&?’%&2‘ ‘Ewerlsiz%tf?ré?%?e{‘f‘é‘? the system 2000 can enploy a
plurality of spaced amﬁlﬁhcdﬂblesgzsttMmh{memp%ﬁﬁeofemmldmwtagbyiths own pair of

transmtter 2010. Each blp 0 be configure nd ;cooperate
with a respective cuvette E‘Eﬂéﬁx %or "ob tthaelnhefsr'ilremegweslsgzbéb agglﬁet?r}?gaﬁlt usi ng the

vol ume measur enent s%ﬂ!emeQMIra[e(ﬂfﬂaf]lm@%hmplwttFtllgéﬁrlesQ@ermt he tray 14
can include a plural igy,.ofocboth the volune cuvettes 2060 (e.g., volune
measur enent cuvette) and a pI urality of spectrophotoneter cuvettes 660 (the
cuvettes 660 can be dsebwhir Figundhihan hosensoeasiameAtrensyts fiqi ebsent,

spectrophotoneter c U%%&&g@?ﬁxp%@ (Ffure3)thdd pg_edu}'{d e wmeeasma@a kdnC

di sposabl e such as Bi oRa UVi ew. cuvettes™ devi ce can incl ude
spect r ophot onet er cokpeFfEAtically determingd ardasrandpd Thag, fhe sprete @B%‘Ff“ophot omet er

conponents can be obtpmnm@e@lgﬁm}ﬁﬂb@&@ﬁmmtalligﬁt,solktae\/thhgieﬁct&’saﬁe of busi ness at
Dunedi n, Flori da. Exean ary gcess hConstl tuth St prage e t¥§&v§t?s [0178]In
sone enbodi ments, reAYEHPCNYRA SATTRING (S PIREAEF ¥ EORUR O N hES FS ent s, the
sanpl e and m xi ng voIZQﬁMBsecbbn the weflettion rithisniatcprobisation Mhh tthe pibetingslotieet i on
container 12. Reage”‘aet&%%%ﬁhng dJ\)y 'ééugHgthgiu{ﬁﬁ{ @%o@ﬂ%@lﬁh feb&sind0y Dbe_used

to accommodate the range o unes” use urin rocess. [0179] To
reduce the risk of réggiem! theoetigwi isardasenn Figwra gk 'éltlﬁt’@ﬁs Bt ﬂseﬁiyfltqﬂage

2000 can employ a plurality of spaced apart detector blocks 2002, each
having its own pair of transmitters 2010. Each block 2002 can be configured
to hold and cdoperate with a respective cuvette 2060 for obtaining a volume
measurement using the volume measurement system 2000.

[0177)  Asshown in Figure 20F, the tray 14 can include a plurality of both
the volume cuvettes 2060 (e.g., volume measurement cuvette) and a plurality of
spectrophotometer cuvettes 660 (the cuvettes 660 can be used for concentration
measurements). The spectrophotometer cuvette 660 can be a standard UV visible plastic
disposable such as BioRad "trUView cuvettes". The device 10 can include
spectrophotometer components for measurements. Suitable spectrophotometer
components can be obtained from Ocean Optics, having a place of business at Dunedin,
Florida.

Exemplary Process Constituent Storage Systems
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each vessel that contains reagent can be sealed, typically over a top
surface, such as with pol ypropylene-lined foil, prior to loading into the
tray 14. The seal can be configured to be pierced by a pipette tip 651. The
seal allows reagents to be | oaded and sealed into the appropriate reagent
vessel and stored without the risk of contam nation, spillage or
evaporation. [0180] An exanple of a reagent rack 620 is shown in Figure 21A
Rack 620 may have any desired | ayout, can acconmpdate any reagent vessel
size, and can be adapted for any process. In the exanple shown, the reagent
tray or rack 620 i Wd78ldedn spniggmboddn@y, fegentiyergals pgusad lagptidn thef vessel s 2110,

2112, 2114, typikdl ki skhesd n@stmngofut&g §HuidtbAEiSatloRAbitiRNe iSHori N for
exarrpl e sanple and reagents, as |1 ~as m xing vessels. Each of the vessels

can be suppor t@aiRER eaﬁﬁ’é"?ﬁ%&é‘é"@f@(’}’usﬁlﬁﬁe’&"@é?}%ersmﬂ%usﬁda? be clipped or
ot herw se att%Wﬂd@ﬁl&ﬂneidﬂ@ed’f&ll(iiﬂvﬁlaﬁeit@ecﬁlﬂﬁhg’tﬁeﬁr&essvessa s are kept

securely in place. cqver, 21 | udes apertures to.allow the pipette
tip to access the {P&bjel Ofees t%anrés“g ﬁ'ﬂ;&?‘ Cor[tzg‘fﬁai‘f’? ﬁve‘é’?)rﬁ‘éoné)ﬁi?\éy{??eﬁe n!to sp
reagents, s aﬁrﬂaﬂﬁ\;essell’thabbdhﬂiinsfrdagﬂnd&n basealbd tipealtyedter anb;osutﬂme suehck w20 as a
sub- assenbl vy, n sone

; y }ﬁ) gp d)g\glene lme(r fo? onr tg loa(ﬂgﬁ in o%qr%g &% rllt;h(é:) sea ceaﬁ%{ %}4{1 (!

enbodi nent s, t can only be
placed into t H@meg@ﬂbxampﬁﬂebnﬁﬁl ﬁéfrseelraéwﬂrwgmtﬁewbﬂomﬂ andjseated HAP ther nati vel y,

the r eagent r aa%hro?r?al ¥ntb&sﬁ%d@%¢ed%ﬁh9}llﬂﬁ 1‘5‘1 &%Omﬁlﬁan@ﬁ‘ si)lngg@glr al part of

the isolation con ner tray 14. Reagents may be |oaded directly into an
i ntegral reageifePofatigy or tubes or other vessels cont aining a reagent may be

placed in the reag}motr%ex&ﬁﬁe&Iaa&géﬁemkabxstsh@wm&ﬁge}esnalkaokezdlZ 2114
at a defined rack | ocation éa dr ess ows the robotlc interface to

aut omat i cal |y BHJAGAY ASIrEdiiolt fan gerauprdaie By irasrhy vese! tReCHPPEct time in
the process. adapted Ol protess. Iotie eamprdhdv@nthseagehiaray baryickl 629 dulideakl ows access

to all the VesbseI O(W’o; pgxg%%;[ xt]u?nbgr é[sge?s %i(p 2 "’Ml’ig )}_p(i)cafgfrﬁ&s o\fg]rffer%ther

dissim |l ar reagents, us re uces t ahce” Cross
cont am nat i on. siZ@f thd@mwseﬂtalmﬁoheqammesﬁmpgwnétemnts, aprgrgll @enl&szetbsseﬁoﬁa@xarrpl e,

dependi ng UpON & HESiah 8LsBPRESIRGS tht BasP S1008hE QETRD 124 ALSR LI BYES 21B
illustrates that a nulti-point (shown as a three-point) |erC| ng sequence

can be used t oPUspEise AtRbed i theiickeb2) dscagire tkimselszfﬁpt sgyrely in pPlpcsspect i vel y,

before w t hdr anfeRgvet 1120 (ncRAF 8pYthrel loQUbWthe Fifate tib %o actREhPidpRIshed651 can be
directed to pi ﬁrce a seal covering at two outer |ocations before noving to

the actual wi tAYFE pi ercing (typically at a center location) to facilitate
pi petting accuracy[0181] Insome embodiments, reagents, samples, or other fluids can be loaded

into the rack 620 as a sub-assembly, and the rack 620 is then loaded into the tray 14. In
some embodiments, the design of the reagent rack 620 is such that it can only be placed
into the isolation container tray in one orientation. Alternatively, the reagent rack 620
may be molded or otherwise made an integral part of the isolation container tray 14.
Reagents may be loaded directly into an integral reagent tray or tubes or other vessels
containing a reagent may be placed in the reagent tray. The placement of the vessels
2110, 2112, 2114 at a defined rack location (address) allows the robotic interface to
automatically engage the correct vessel (reagent) at the correct time in the process.

[0182] " In some embodiments, the tray layout allows access to all the vessels
without the pipette tip having to pass over other dissimilar reagents, and thus reduces the
chance of reagent cross contamination. Of course, other configurations may be used, for
example, depending upon the desired processes to be performed.

[0183] Figure 21B illustrates that a multi-point (shown as a three-point)

piercing sequence can be used to open the seal on a vessel 2110, 2112, 2114,
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Exenpl ary Aliquot Renoval Systens [0184] Duri ng automated processing in
system 10, one or nore aliquots of a sanple and/or products may be used for
process evaluation, control, quality testing and/or storage for further
processing (e.g., see aliquots tubes 440 in Figures 4 and 5).
[0185] I n sonme enbodi nents, the isolation container 12 and processing system
10 all ow aliquot renoval during processing w thout conprom sing the seal ed
nature of the isolation container 12. A plurality of flexible tubes can be
in fluid communication with an interior sanple capture region of the
cont ai ner 12 aRWedxtiBhaforMihiptias §‘9§F9§ﬁﬁ‘)ﬂ{§l“{doT¥?é‘se‘?i@PW&F%}F%%%M bl e by
an operator. Eaghedb@xicbhgealdslging & 108 &ﬁ@@dc&@n%efdﬂtﬁrﬁo@g&d) @8 edaNd porti on.
Each aliquot may be as |rateg into & |nd|V| %@ é | abel ed cont ai ner 440,

1 8 BHEIRE

for exanple a YHUHEY R e YPIREYAHRTRFHEFIID 19 PAIELEH NN oper at or or

an automated sealer may seal the aliquot into the tube 440, e.g., upstream

of the captured aliquot of flu an RE tube sealer, or
ot her seal closure nmechanism Eé"é" %"88"‘%’ lg’% 8 tube can be detached

fromthe isolationy (ﬁ@dgt aifitihe %%%a&@ﬁ%@esé}}{@{sjsféﬁx 1§to% Biore DifgEdd 419, OF

further processing. 1861l n" some enbodi ment’s, an aliquot assenbly 40 is
used for aspi rafpiAgY e arodictsgupyie Pﬁe@lfodplioﬁﬂsiﬁvtﬂhfélo’@ POl gligriesting i | i zes a

cl anpi ng nenb%d@ﬂﬂoraga%re&@sﬂﬁr&bgsmg efg., alzelaqmts t&UébmglﬁQ&}e; Parfdrsaw the fluid
frominside the cont ner 12 into.the i s.mechani sm ¢can be aut onat ed

to facilitate the tUHng HEMEGTRIUREE a‘? Bﬁaté’ngﬂ‘&‘%‘er 14498 POEHYE 1 educi ng t he
| i kel i hood of wsnym thahgeliquot fhevabdigiag pxmebsymgohthbdneorﬁpndammm wawsled] by cl anping

def ormat i on. [Sggr%l%?c]f g oYa?on Gcontﬁmerlﬁt Aahra?xté/ o ﬂ?xxber\e?glljes c%ufbe iyl cg 2200 of using

an aliquot as eft to right and
top to bott on)comhemlcammwmearus@abrtsmnlmptumeIn@oaIOf muwtatn@tiésnwnw th an

al | quot. f1ui d ke 85icANWbe oAl QG AR LD a8yl ABEG end 441 15

seal ably attached to t under I's exanple, a

cl anpi ng rrerrbérreseétlﬁa!t?éh?éﬁﬁbéf%ﬁ%l)OﬂMléaqh@hw%@éa agiEurhise apindivigpallior e

al i quot tubes 4utRatehBrepfdo, ﬁféxaﬁq@@m@avhwlae&m(a&& 1ahmslewsédhﬁnsecond and
third figures). After or while air gﬁ%charn?%ﬂ {esponsetothetube
bei ng conpl et e‘lpﬁra@b?fﬁf‘é'g%aéedﬁ?al%f“éﬁf‘fa]? APQRF e t0RA0 180 MR Sferber 2211
forced down aght qapfiret hle]ubmblf)ﬁma,rxdchcats hﬁﬂismg@h RFerbS H:Ialfera&e))her ehieloalié quot

substance 445 i s Bxl ac%?lceosrealg arpa(? gube caTn ﬁetz},\ﬁﬁd fromlmel: 1sc$atnon con aﬂllercat on with

t he tube 440. r[’fpon subse uen ease e, an aliquot of
fluid 445 is chmavmenatwlqurBteagmbemmﬁmyeraron@gm| ve pressure within the

el astic tube. A tUPﬁ‘s ealll?gom%%%Qod(rﬁéﬁ?shanaaﬁq@pasgﬁlbmlﬁ%q{sédfﬂpa\ﬁplgﬁné'jsed to seal
(at 442) and o a!g‘i)élrona” cut the aliquot tube upstream of the seal to

i sol ate the safptliguatdisidigte e b 448 apd gsidizes eclwping Bemehindikectalifitsps may al so
be used. Exenpligdoy il Bads d@fv tAIREITRIN iAgdean<Comthiadr A8 nto the tube. This

mechanism can be automated to facilitate the tubing being clamped for a short time, thus
reducing the likelihood of any change in the elasticity of the tubing caused by clamping
defofmation.

[0187]  Figure 22 illustrates an exemplary method 2200 of using an aliquot
assembly 40, and shows a series of steps (from left to right and top to bottom) that can be
used to load the aliquot tubes 440 with an aliquot fluid 445. As shown, an aliquot tube
440 with a closed end 441 is sealably attached to the tray 14 under a well 14w. In this
example, a clamping member (tube expressor) 2210 is pressed against one or more
aliquot tubes 440 to expel air from the tubes (as shown by the second and third figures).
After or while air is discharged in response to the tube being completely compressed by

clamp 2210 (with upper clamping member 2211 forced down against the tube and other
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[0188] Figure 23A is an exploded representation of a kit 2500 that can be
provided to allow an operator to prepare a closed system for processing.
The kit 2500 can include the tray 14, the binding manifold 50, the pipette
tip rack 650 (and pipette tips 651), and cuvettes 2060, 660. The tray 14
can be packaged and shipped to a use site with the aliquot tubes 440
attached and/or the vacuum head and associ ated tubing attached. The
conponents can be sterilized and packaged (or packaged, then sterilized) in

a sterile package for shipnent and handllg%. The conponents may be surface
sterilized at HappivHpcehfhegiquotsnestapirdddsolaragiopdispensedia et dMEHt s may be in a
Cl ass 10, 000, ddadthnicatlon ¥R the 180440l €pon fubRflent TR sCAMRRNARPInG foi@yanal SO0 be

rovi ded separ at el I aded i,n ot conbi.nati ons. 0 891 Figure 23B is
ol TP dle i M S fe o B SR R b s 3550t b
bott om vi ew of mbdier maeriealanlzgo (a8’ exvp[REveldet) mafbawused skl (guid2) a88B.  Fi gure 23D
Is a top view 8 tlo;[xanenlf (}uotetutz:f{' str% X\ﬂhé Jgalt gtiﬂtgtlpggéé @r‘ihé)\;/)tﬁl thé’ralssenbI y of

the discrete cdﬁpon or separate he contal ner or tray
14. ,. [019@]>€F|Cghnreea@wrmelcltaulsmla@}eaésozlmmé&errpl ary nethod of sealing,
respectively, an isolation container 12 according to enbodinents of the
invention (for exanple, for aseptic processing nucleic acids fromone or
nore biol ogi cal sanpl es). F&xenplam Methods pleAs 83 PR2intthe barrier 16 and

tray 14 sections of ol afj.on cont ai her asse i'ndi vi dual
preypackaged and sﬂgﬁg||£§ﬁ"e%¥%ﬁa%%@m‘?6@%??%W°W§ﬁ¥5%§@ 2%§m needed fory
pr ?C 1(_'as Si ng t [mromdeayo dibwan d;;ebmlr kd fe¢park @ clused sipent fhgnetsing. dile kmz&tm bi %28 Ili: ils
saf ety cabi net or u .

y %ge {h?\{'f;rliytelgat)}}ecbi%ﬁlr%fma%qa& 5@ hc?%et% g?ac 850 a&&fﬂfﬂ%épy

shown in Flgure an 1sdlatron al ner be | oaded
with one or noéd), rehbayesites 206&p60. GG tresol#sen ki pagkaged apl shippedriela vse siggeviths t o be

used in the de&&mﬁﬁmg&ﬁﬁﬁﬁ%mmmﬁ%mﬁ§%%WQ&Mm%&Q&H{mhﬁﬁéhHQm fuabing tray 14 can
take place with the tray 14 on the trol ure 27) as discussed

above. One or Pﬁrcemmnﬁré% fap be %tirwzqdée%gm@g@y (amclﬁsﬁdgwteemeém aggiie f ol ds 50
may al so be | ogdede fob sipnichanivRinKiingd TRY ®apdBnt®faf KiQuifdcateriided ok ApHANE

enbodi nents, o or re cyvettes 660, 2060 .ar to th ase of
tray, for exan%ﬁ@?mggg§ﬁ8ﬂﬁy?émﬁmﬂﬂyﬁmiﬁﬁ'eﬂ%%gﬁﬁ hg% §%ﬂ‘¥ﬁ@ g(glred assay
or process to denpenf dhgeohposinteray slanelpesjdedrepdrattiesr, pral@dglentdsr vessel s,

ot her consunab%?%mmﬁgglces tools and/or other itenms may be | oaded into

tray 14. [0192 sone enbodi nents, after all of the desired itens are
pl aced within [0189]  Figure23Bisa partially assembled view of the kit shown in Figure

23A. Figure 23C is a bottom view of the partially assembled kit shown in Figure 23B.
Figure 23D is a top view of the container 14 shown in Figure 23A prior to assembly of
the discrete components shipped with or separate from the container or tray 14.

[0190)  Figure 24 illustrates an exemplary method of sealing, respectively, an
isolation container 12 according to embodiments of the invention (for example, for
aseptic processing nucleic acids from one or more biological samples). For such aseptic
processing, the barrier 16 and tray 14 sections of the isolation container assembly 12 may
be individually pre-packaged and sterilized. When the isolation container 12 is needed
for processing, the tray 14 and barrier 16 may be transferred to a biological safety cabinet
or equivalent clean, controlled area for loading.

[0191]  Asshown in Figure 23A, the tray 14 of an isolation container 12 may
be loaded with one or more reagent trays 620 comprising samples and reagents to be
used in the desired process. The assembly and/or loading of the tray 14 can take place

with the tray 14 on the trolley 399 (Figure 27) as discussed above. One or more pipette
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or attached to the tray 14, the barrier 16 can be attached to the tray 14
to seal the assenbled isolation container 12, for exanple as shown in
Figure 24. In sone enbodiments, an 0-ring 2400 may be used to seal the
flexible barrier 16 to the tray 14. The O-ring can be forced snugly over
the barrier 16 and into the perineter slot on the tray 14. In other

enbodi nents, one or nore gaskets, clips, clanps, fasteners, adhesives,
and/ or other attachnent neans may be used. [0193] As shown in Figure 27, the
tray 14 can be | ocked to a holding surface on a trolley during transport.
After the tr aytiPiracks 850 ad Hadinanelrms awniéddsf may elprebetodsd;iap the grorkigarep sol at i on

contai ner 12 nmayortRedy De 1 ol ShefdinReis! de bitRorv@IvkiteS 6H0f 6@ ad B ciRfi 1d he

processi ng system 10 AIterna i on_ cont aj an be
assenbl ed and é‘?g%‘? Pljtp dor x4 asﬁé‘éﬂé%?@“réﬁgiﬂaé d@@uﬁ‘ﬁ‘ﬁf"b‘gs'f‘* troduced into

a seal ed i sol aissagior pracmksao bnaferfmd)gthatsaﬁ}desrﬂlaa&epetag@tsi\reaalsfoﬂfer met hods or by
ot her cl osed neans al.so the tray 14 during
assenbly. Al t efnat ableﬁ’ gewces !OOIS é"rdg’f ch% ltems may ‘132‘%%‘?%‘&"3?@ gl | ey-assenbly cart
may be used when aﬂlsl%bl |Img>rrtehmbodsmdnataf@rall®(ﬁrhta¢sn@1rltem2ar€:nbcteds%mbwm) Such a
barrier isolat Fhalil 8y R aggggt' 5 R dgy ALl 8hei SOl ator itself
and can mate V\A&tﬁc %t tl’g port troﬁg{ acrgscdseseé above. e[0194] The

i sol ation contaéﬁeﬁ@}edég@%wanlezlw e@@pleﬁg@hawn adfiguie - thhgomgy st em 10 and
connected to ealooladlmeﬁ;«angfrmgwom?eéusbtﬁ@geamgﬂmmﬂ o thRGasATPl es. To
ensure correct,_alignnent 14 may be cl anped onto the work

ra
surface 200. TH¥ Q‘T‘W‘b‘i’eefo“ﬁ%ﬂ@?g&“iréh?awebﬁfé‘f‘f’%" HeRsmosFlg e the onnect t o

t he robotic pigstigehhertkrddiptas, o&lﬁm@ﬁ%ﬁskas @lips, dRingpelf@teRdrs, adi@si®own f or
exanple, in Fi 2 t her mal cy cl er. vaporative seal 430 may connect to

t he t her mal cy%’w@mt% E“ailﬁrleﬁtmeeans ay bg 4 ﬁg vacuum cups 1140 or ot her
fasteners or attaciigdit msamsn xxahdumatmh;mawmcbcamgeaciddtot’aémdlngpurgaéal e punp
head for the vas!gna/idifl HhiRR. 32108518 Radd LRl Lyl ORI REPONI NG

val ves and ung To reno n i sol ati on contal ner, reverse procedure
may be used. elSOlathP@@é%]efﬁfgﬁXr‘@n betrqngfersedstp @Wwéll*févrfac‘b?f“"@f)@fﬂ ations that can

be carried outpra&ssaqg@ﬁ&uifmcw&hdﬁgelfItﬁeeso&ﬁ&pcroﬂdalag chifpe@baetedmat s of the
i nvention. As sh n i nput sanple 3000 is provided &eyglcallyfroma

patient coll eci“?"gﬁedy & ‘8?8“35%"65‘}’@&6? cqn be fptroflycpintoasested Gt ceytaingipen
time-sensiti veysig btemﬁmeﬁdpmngfannebﬁdgsdabpaed cfosdd nfeRB e TRt troflky &ahelso
manuf act uri ng Slt 8 hours, (s s overn
manuf act uri ng i t(wt’#;ghf tSHB’I at ?rbn as(’:S(e)rﬁlflgl ‘!rgll]germa y’aseﬁ?”ét%garn)ée 1S’lorzl‘toé barrl er
i sol ator (bl octkollsﬁa_ssgmbmmnmm’pﬂ wedwehen adkseblibethp iselgan echtdilsk Brkot3000p) pri or
to placenent 'ﬁomes&ﬂg%%g}q{ola(&trate mQﬁB‘éQQt@é}'[né@% t]{ybél%gr i6H1 !ﬁi&qgelf
centrifuged). The outer packagi ng ¥ e 1solation contal ner conponents,
e.g., the traya“i&a“f%f’i‘F‘eWIBIéPf’rtfaé?P(’*lBOl&hasQIWESS@G’H?‘& ner contents can be
sterilized (bl Ock Eﬁﬁléi) ﬁb@olaﬁ)ﬁemm]&ﬂasmlysﬁa«la?de haflealhoRe Saphai ner can
be assenbl ed ( 30031151 |nte r|t e@ged (bl ock 3096) to confirma
seal ed state. GT B f@ PFeaYs HusPS 9T BIPTeE e St aR e M0 €5Wbe noved
to the instrun®eetct iliphmpnoba s tﬂig 1( hhmklaﬁﬁa&)mo tAswak Qitface mmeTHRNA fromthe
patient sanpleg & ol at.e k 3022 sin ne col ums
and appropri at's %%&Q%w aﬂfl] nd eij%lma CP%‘)ﬁmg %‘sgb%oﬁlé’etﬁethrea oDnerand vol unme
det er m nat i ons218fsee perFigradd Asshowndoreadnpld, at@wti@l,dimmcltme concentration
i's normalized {BloGk 30390 mayldfn &M{h Y El@ﬁ%‘lﬁfﬁj

V%? N anp I epy‘éfﬂ’gl}%:(‘@'%ﬁ’ (bl ock

transcription ( reaction, anplified through S
3026) using sﬂlr*%f%h%%ﬁ@%wwnm @Bpmwrua%m@mﬁ iHpsaiE ng and

el ution reagenfusp hbAATEb Wadik thlrbhﬁ&dsté{i@hth@anﬁéﬂoH&%Ma&@ val@aer formed to
calculate yield anﬁ%t he concentration js normalized EI ock 3028). IVT RNA

i s produced fridMPt hRPRE ARG CORBNers PE5YeEy PIHF e PRE R Ehd purified (bl ock
3030) using SI|ICaHMEﬂbr&n@nGBhMﬂMSummdoﬁpaﬁmﬁﬁmaEQHEN&nbi@ﬂmmg and el ution
reagent s, ConCRILEALIRTERL Bl IR ASLALTE RELLANS, ARl KARTES. €O
cal cul ate ylel% and tie " concerm T At TOR" TS noF el f% "ock resul ting
in the final awpbleBe0dds fRNAe( bmmky Bmwa.neﬂfhelleﬁtmsmhcsp@@wbtl'sepqmwnbe
integrity-checked (bl ock 3036) to confirmthat the systemis still sealed
and isolated fromthe environnent to #thereby ensure that there was no
contam nation during the process. Internediate and/or final products can be
out put as one or nore aliquot amounts (bl ock 3050). [0197] Fi gures 29A-29C
show an exenplary elution tray 1610. As shown, the receptacles 1612 are
spaced apart and angled to inhibit splash-over during use of a respective
receptacle 1612. Two or nore receptacles 1612 reside on each side of an
upwardly extending barrier 1614 and the primary tubul ar receiving portion
1615 nerges into a shall ow channel 1616 that tapers domnmardly and becones
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[0198] Figures 30A-30B illustrate a simlar configuration for the waste tray
cover 1640 but the tips 1632 of the receptacles are open or have apertures
for draining the waste to the waste station 632 (Figure 16). [0199] Figure
31 is a schematic illustration of a control circuit 4000 that is in
conmuni cation with sensors 4010, 4020, 4030 that can be used to nonitor the
status of the inside of the container or provide desired feedback to all ow
the automatic control of conponents (heaters, coolers, robotic arm novenent
and the like). As shown, the control circuit 4000 can be in conmunication
with the user .97 siehcWhentimepensiiive beppecimi caadp shirred PRFCGMA fide a | oad
sensor 4010, amtneﬁ&aﬁ@tsw\emﬁxemrho&%ﬁhh aaMmaghpr ashemenutensnysitd030. The
| oad sensor 4010. %an be i anmuni atl on. Wlth Q X gﬁr)rgm{)ettle rack to
provi de | oadi ntéells ?‘tif’gc?:f‘éaf’ﬁr s%?fqiaf)e R ST Sy @RS ag SAPBF 88 appl i ed by
the robotic arahsotbepxep’egaigwoa 30e0) mqo@tpﬂaeemeihetlteenrpmea(etgr,éors@smd 4020 can
provi de terrper eyl {1 cer"ﬁn{élgegiz ’ﬁ'l %gterpg %Hé }Q"ﬂo a8 Véoktgﬂm%%o%'éntg particul ar
e ¢l 0Se ainer en onnen e or nore of

| ocation within t
t he wor kst at i ons;)the @4, pirecdarsion & as@hswtawmmefaﬁﬁ:abbe mléléhdt(biocrkéﬂi’%)or t he

seal ed integrify a§£xﬁ‘l§l&i§an9£eafe5‘ﬁol§tl09%ﬁﬁialrﬁpééh lb%mied@m%(@mm{auum during
isolation or purification procedures. Miltiple sensors of each or sone of

t he sensors ca‘ﬁ‘%’éyE?@‘%‘Hb@H@OBf)H‘éan@?ﬁé?lgd%‘P&’y al so be used. The control

ci rcui|t|4000 hmay rﬁﬁbfqlﬁ \Mﬂ@&lbsyd@Eenmahsba%d%gﬁtmn&hz_ellblsys%b@m{h@ or whgl |b y or
partially with or on_.the cant e e appreci ated by one
of skill in tHBSHPENt fO RIOEG G g‘@?&)t Ae q"Wé’ler%)'}leBg’eg%ﬁﬁéf € as a

met hod, syst enbe igbbated (took GBS iy sslymamnranebolmmmnu apropiiadgiiddrbipdiogluct .

Accor d| ngly, resent ent| m of rely

sof twar e errbodan gelg?oncg?agg]rtls cerc‘fra?mn %%)é%}%’ﬁ. nl‘c"m“%alt ? a\f\ea?eéfogﬁggﬁgér dwar e
aspects, all geleltalields ar@ftlezrcp@dmtaoomen@nﬂlzab(black'1924)(:fEthCDI‘Ifr is" nodul e. "

Fur t her nor e, tJ?ﬁth&fz@@mtre\legy@Qfsérfﬂﬂomfl() delish, arhalf%@{hmugh@i ahtf€ a conputer
program product on n’gu er-usabl e storage di um awlégbcorrput er-usabl e

progr am code eHHe @ddﬁ‘? Dhengin Wbrwowp%aéBP@r‘tPGﬁ‘ﬁ&@ indiggiadl e medi um
may be utili zegutioR fehgtdis NQord@iighidiliabdolunfeldeBlatio Rielpeidfdrmed O cagRatslevi ces, a

transm ssi on a such as thase s h rnet. or ntranet, or
magneti c or ot’ﬂ% ﬂE&P?“SﬁTaEO%fB%aEE%GF%é) %églﬁﬁo"r‘r‘iﬂﬂf 4 B‘rt%gr am code
for carrying CXHsiultm@elbm,ltﬂﬂSd@ﬁthNbBeqﬁfd@Bﬁﬂ‘tﬁ(blmeﬂﬁﬂl)ﬁnﬁlgmmyalbenlminetten in PLC

code such as G ﬁl% %Haa?})grcﬁ);]ﬁtf rRN%%Lx{d%né 'cu\lldE e}fﬁloh rea%cg ﬁgm(;ynttrgtx ncagcg§ l&n%n be

alternatively S5 ‘ progr amm ng
| anguage such detsrdipatigns aS’rmtfbmraﬂk)C@Pul@rweléﬁdi/tmcoe@mw@m isoeraklized ocedur al

programm ng | aRQUEd8S resihindR thll8mplified RNAYEBEI0BY. TRNEWAGS bl N 2
visual ly oriented programm ng envi ronrrent such as Vi sual Basi c.
can be mtegnty -checked %block 3036) to confirm that the system is still sealed and

isolated from the environment to thereby ensure that there was no contamination during
the process. Intermediate and/or final products can be output as one or more aliquot
amounts (block 3050).

[0197)  Figures 29A-29C show an exemplary elution tray 1610. As shown,
the receptacles 1612 are spaced apart and angled to inhibit splash-over during use of a
respective receptacle 1612. Two or more receptacles 1612 reside on each side of an
upwardly extending barrier 1614 and the primary tubular receiving portion 1615 merges
into a shallow channel 1616 that tapers downwardly and becomes deeper and narrower
as it moves toward the tubular body portion 1615. The forward portion of the channel
1616 is also tapered inwardly and downwardly to capture splash and to direct the liquid

to flow to the primary tubular portion 1615.
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102021Certain portions (or all) of the program code nmay execute entirely on
one or nore of the system s conputer(s), partly on the system conputer(s),
as a stand-al one software package, partly on the system conputer(s) and
partly on a renote conputer or entirely on the renote conputer. in the

| atter scenario, the renote conputer nmay be connected to the system
conputer through a | ocal area network (LAN) or a wide area network (WAN),
or the connection may be nade to an external conputer (for exanple, through
the Internet using an Internet Service Provider). In sone enbodi nents, sone
program code nay el0dWit e FigyresdeAPOR Bhfigtesripnilgranigmtiopiopls wmicdtde may
execute on oneotdr 1640Mbat thOgal 6RREMO FecdpiOE Re SRF ¥itlave apliRirG GAHMiEAL | Oon can be
done in real tjinme or near real %i > or _aff-line using a volunme data set
provi ded from PRESIEARGE AFGHIST #@g‘fﬁé 31The invention is described in
part with referencP199 f [Fipweddrita ichdmast illagtiatnsf andirdrcirbliciodo Watasgn ans  of

met h.OdS’ syst ecrgrshmu(:lgart]igrlil \tNl rse sroP qu&h,oﬂ tha?t cz?'n %u(sje%tc?' anrlltgn/‘ tgg steﬁ sso em .
architecture structures accordi ng’to enbodi ent’s o TRECT AVEREI DN, 1t will
be under st ood thhiatideadithh ciritairsk orgfovida desird fastback td abinw theandhgic coomwbéinat i ons of

bl ocks, can be glRIREAE] oRYerC ARNLEE mBAUEAM hORLS UK S neThese computer

programinstructions _maé)@be provided to a.groces_sor _gener al - pur pose
conput er, specioafol girmih6%8 cedipprutommunisitiop e the picoyiceirrgb(fisatla Processi ng
appar ﬁt us to %&dﬂd@? iacrl:magwamnsosmb, atté]ﬁﬁerattd?@sehiaﬁzwflb',%fld plgsssur%engﬁ execute
via the proces t he conputer or other pro mrabl e data processing
appar atus, cr e‘@&i—: 'ﬁ’éé[’ﬁgsef‘w ‘%ﬁﬁ?”&%‘hﬁ“ﬁb‘“?ﬁ&ﬁ%@? POWRPLE TR Opeci fi ed i n
t he bl ock or breddedoading et lddth eee tocomtlithe Engpgengiitdsred applied b the @dsticTay al so be

stored in a co t er-readabl ry or storage.that canp direct, a conputer
or other pr ogragTBmyrga HFE” aat a b 8‘2@126%%&&%{)663?58%%20 ¥6 p?oﬁﬁ%{gfntgﬁatfnﬁ 48 harti cul ar
manner, such trhgtdinghee intersdl eudtonens orsitpartiedarilgratidnevitbionipustosed-cotaidabl e menory

or storage pr AR AL hebGndlorIRUMTAGENEP ThGLUGL 0. BaTdiptd on means

whi ch i npl enent the function/act 'spec”?l edinth cks.
102051The conpiitdep menitgtha pralet ity stegnel thegosed eayropment gesdaytino a conput er

or other progrRmBERIRiosatparifa068sktdtks ANRADRE&Sort 6F RS SRt 081 €S Of
oper at i onal ste%s to be ger ormed on the go ‘lrJt glr or Iot her g{o r anmabl e
apparatus to pPEdHEEEY e SepiO YR aur% oCB sl 4R mEhe

i nstructions whdiceiwhelkes pireallyrin thbigyste@ A0pimwiily o padiaiewitioor of thaoengdidee appar at us

provi de steps f,or inplenenting the functions/acts specified in the block or
s

bl ocks. [02061As illustrated in Figure 32, enbodi nents of the invention may
be [0200]  Aswill be appreciated by one of skill in the art, embodiments of the

invention may be embodied as a method, system, data processing system, or computer
program product. Accordingly, the present invention may take the form of an entirely
software embodiment or an embodiment combining software and hardware aspects, all
generally referred to herein as a "circuit" or "module.” Furthermore, the present
invention may take the form of or use a computer program product on a computer-usable
storage medium having computér-usable program code embodied in the medium. Any
suitable computer readable medium may be utilized including hard disks, CD-ROMs,
optical storage devices, a transmission media such as those supporting the Internet or an
intranet, or magnetic or other electronic storage devices.

[0201] Computer program code for carrying out operations of the present
invention may be written in PLC code such as Graph, Ladder or SCL. However, the
computer code can be alternatively or additionally written inan object oriented

programming language such as Java, Smalltalk or C++ and/or conventional procedural
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configured as a data processing system 4116, which can be used to carry out
or direct operations of the rendering, and can include a processor circuit
4100, a nenory 4136 and input/output circuits 4146. The data processing
system may be incorporated in, for exanple, one or nore of a progranmabl e

|l ogic controller (PLC), personal conputer, workstation, server, router or
the like. The system 4116 can resi de on one nachine or between a plurality
of machi nes. The processor 4100 conmuni cates with the nenory 4136 via an
address/ data bus 4148 and communi cates with the input/output circuits 4146
via an addr essyrepsminipgiengyages sucligethy Hy'rqesmmpea langiiee of in § visualip ogesisdbe used to

t ransfer mforg;@gtrdngﬂng)@;vm@{amtmigwmamagdmmry and/ or storage medi a) 4136
and anot her conput @3?5 stemor a n&ef)\éﬁrk usin for exa n | nternet

protocol (IP) conn n CefiRRagtions Shthe PRgigkh fsle SN S5 ?%’H%y"é‘orrponents
such as those amseldmraoﬂmensysteﬁﬂmmntb@)@brﬂglah the Wsmme&ﬁpun@(s)sy@t ens, which may
be confi gured tto | esohwar gage pfmlbelgthe Y, fb coméu?erﬁ) art] CrHclm?'r the
processor 4100 caﬁ Be F sl y avar i3 1“ Pn n’fcroprocessor,

m crocont r ol | exompaergr t:rallrelysorghm‘empe cpgsorin ge ldthrescdnaroe the Tmotervemptyy 4136 nmay
i ncl ude any I I ftware and
data used to ﬁ%lb\écgﬁwt‘%ﬁith?%{eﬁ COI%IS % gﬁ%ﬁ?&?ﬁ&&@dr@%ﬁ%&éﬂﬁggg in
accordance W tqﬂ?a@ﬁﬁb@&(ﬁ@i‘ﬂ@r C?IWECUBIP @%bﬁqum?énﬂt@ﬁal corpratepiioror y 4136 can
i nclude, but igaBat trbdh ihe Ghidret udidpen 1RdhRWERE: E:¥H&S). A soffgVi ces: ROM  PROM
EPROM EEPROM flash memory, SRAM~ DRAM and magnetic disk. In some

embodi ment s of S PAEMBRS SRFPTIEFARESRAS BRY, SXEqie Oﬁ&?ﬂrcvnmeg%a"m%og&"bom ent

addr essabl e MesaBd Hay(ebkdse on one ormo{eO&@l&}a&SrrfaMte Rever. I'IfhEUéiﬁjﬁlﬁiﬁo@td)nicﬁh fei gure 32,

the nenory (and/or s orage rred 5‘% &g glﬁ Iud setvera(% g ories of
sof tware and dSPE"EEEH™S A RE IR L pY 08eY ﬁd(’g@% aéarﬁe R SPEPEf*hg system
4152; appl i catimegingnailitums 4154; input/output device drivers 4158; and data
1456. As will be a Ci he operating
system 4152 na beﬂgﬁﬁ %g?‘alv%ﬂﬁ%&lpﬁeigrga%igéﬁﬂvh }e@f&&q&gge&%a%h a data
processi ng sys @Ff?tlogu@ﬁ/oa'@ioqklﬁ%ﬁﬁyls Of(E’ﬂZJQS YRR ropmpter pOSRm)Prasipey &t i ng
systems or M Q:fa@%ﬁ’cf/&r(s{}slerﬂ/ﬂraﬂ@é(‘&é £n)u9t§nes M&@iﬁg\@%ﬁboﬂ&%\ﬁ&gﬂﬁ&now fpdowsXP or
W ndowsCE operati ng systens Li nuxTm 0S/ 2, ALX and zCS are

tradenar ks of W‘HP%PW&’P‘P%B‘F e@béloﬂégféhe%%mtﬁ@%a@@f EREOARHE Oof Blockh EanUni t ed

St at es, ot her swulmrﬁdn&ﬂby afmplatat ;hog/k&}h l@@t:mxm& oamwtad,ajmk of Linus

Tor val ds in the UQI'[ %F dtot er cou % oth fosoft and

W ndows are tradeniPre™o pf\?l“? 08 8FPICHY 8oarg§Pcir r‘?uﬁpﬂsec?‘fgpufjﬁlsl?eéﬁ States, other
countries, or fugble.colper arptity pregrqputabldduth pecasingeppsattsldgodugpa cal |y | ncI ude
sof twar e rout i BegnaGeesaa hRHAN kil BEE Ak BGLEXS! SThAbigube t he
application prograns to conmini cate wt Vi ces suc

i nput/ out put  citieerpgrammabiglamepcessing aiparaie MShly MaNS Br peniysAEstty.  The

appl ication prf@ﬂ;ﬁ@:ﬁﬁcté@p’éé}ﬁ@rﬁthbbl'o&lé&r'b%h&sve of the programs that inplenent
the various features of the circuits and nodul es according to sone

enbodi ment s of the["f)(i"‘éserﬂ‘esi3 FRIEET GRS {ngiLychigns mapalsabersiored 16 1 epresent s t he
static and dyrbammerdajda)lmeﬁbrjayr stobue &Btmaxh direkt a0BMPI@Gf @Nes pbadhmbfle oper ati ng

system 4152 t ut/out ut rivers 4158 a her t war e

o ooram that BAJPRSrE R RERERA PIEE: MBS0 e Ty

i ncl ude (substsomdiimihe yonupeaf-readahlemempwm sterdgegrodgteqn exiyle PY mawguBequence data
sets 4126 and/ioh, o866 SMMLLORIBNpRERA. h.RE eilith ftd@dc of'S further
illustrated in H g& ﬁ—gcél accor di nlgpto some en%p%géents of} %e 0pr esent

i nvention applblekti on prograns 4154 i nclude an Automated Process Sequence

and Monitoring l\/bdgo.lzm413‘éecomﬁeﬂp@rar&ﬁhh@ﬁbnpmgmmeﬁéﬂom%x be located in
a |l ocal server (or processor) /or dat abase or a renote server (or

processor) andtPBPUTAE AbE Srgrapmaile fai RIGREISHIE SPR3fAIYS dncapse A et Yot e dat abases
and/ or ser ver Soperht@®3diQeMb b@pefrfbﬁnepbﬁiﬁleBﬁm}iu&v&r&}ieﬂﬁogrﬁnrhdbldh@§d'raaﬁs@a W th

appr ol at ed by CHOAS Br T R PRE A e Mo e et s TRe Al | wi ¢ hi n
t he scope of the present invention. For exanple, rat her than being
application progranms 4154, these circuits and nodul es may al so be

i ncorporated into the operating system 4152 or other such | ogical division
of the data processing system Furthernore, while the application program
4154 is illustrated in a single data processing system as wll be

appreci ated by those of skill in the art, such functionality may be

di stributed across one or nore data processing systens in, for exanple, the
type of client/server arrangenent described above. Thus, the present

i nvention should not be construed as limted to the configurations
illustrated in Figure 32, as it may be provided by other arrangenents



46 [0211] The foregoi ng exenplary system 10 was provided to illustrate
various aspects and features of the present invention, and is not intended
tolimt the scope of the present invention to systens, devices and net hods
for nucleic acid processing. Rather, one skilled in the art will appreciate
t hat various other applications fall wthin the scope of the present

i nvention, including, for exanple, systens and nethods for fabricating,
assenbl i ng, processing or otherw se nmanipulating any itens, typically in a
cl osed container. The follow ng sections provide addrtronal exanpl es of
appl i cati ons i fPrHECH othhrerregryarahlc arpagive PiridhBiers fop fmplgrentiedieent | nventi on

may be enpl oyegncibxarRlgsined in@ehetk Bivklegi cal and/ or Pharnaceuti cal
Applications 10212] 1 n other aspects, the present invention provides nethods

of transferring a 8y i s illysggteddn Kigpred2, "‘&’bf"ihﬁ‘F'BS ofthedrior Ba¥ ke to a tar get
in a closed enwnﬁgammahdatmﬁsreregmgsysmm@&edh&m\bhn@mmaxtrymoxdﬂfadtned as the

interior region or tﬂb d|n t he cog a’:’ll ner of an. g ar at us %§6described in
the present ap?ﬂefaff%ﬁsrg e repdepipg, angl ppinfaded PIGep ot sl 419002 BERey f or

exanpl e, a bi o:iuxdgnpot/oudmugrcuntsax4m ‘Th¢ dael padcessing sdiemingg bojpegrpovitedus forbact er i a;
eukaryotic cel !:x’am Xtolrléle gr n’lor%Jl &act Yog%{nml%lgloggIcgn%Jolle%Eﬁﬁ)ggrson%f'lc%hprﬂgr for

exanpl e, bl ood, pfasng, aci d , pfrotein;
f oodst uf f; andworh@atllon,léeverr rnu,trrwdthngkes dspeyrtsin dhkd camesida pneons m@hnje g0 on,

thereof . | 02139&9&% L 6ialiQdBmhBined Mfe hBRLBY106 YodiniRaBN TR AQsy can be

found, for exanp wher é contam nation of the naterial to be transferred
i nsi de the cl o‘é‘éﬁ"’éﬁ%i‘@&?ﬁﬁ@ﬁtb“?@‘@ ghdisemmynisatrs yith (he bppopRpCcELIthHent i al Iy in

the environnmentia madaﬂesiﬂra@fbumm athe Sbut/obputGatdita i 146 e dici R tSsfert he systens
and net hods can_be di ecte to prei aration of mat rs l,s for, or for
) 3

processing mat Bf9E{gn %Weea GBS lpeny gylior sigraeqn RFAOBF non-1initing
exanpl es, st er¢olrnpmyr asenyy nefworkansp,dorarahpls esinteoet meiedol IB) cenatibol assays,

for .ex arrpl €, rgege c%hg&%ﬁt%%r&a@e corwegtlog% pOH]QI}tSbS%%hLL% ﬁ{g%el ugedqxl: mgri cal

appl i cations. ¢anbe for the
prepar ati on or corgmtidrabdatppeocesbinglsysigss, a/htsih ppbargifteyred tn ppbrata gs desreibédnes, and
nucl ei c aci ds f&f, experinmental and/or clinical use. Various assays and
met hodol ogi es t hat _}/ be suitable for use in the systenms and net hods of
the present invent iBA7lar dnRHGWRths Praserses 4440 canby qommircipthpavaifable g5 descri bed,

for exanpl e, i gusthinti@Eprsdestb® mickRa R AGiabsignhlipkdcassbr of B¢ B&. Phar t nacopei a and
M Ser vi cos™ sl A5 PP HATRDPY AR TIARE g PP satt e B oduced by
Asepti c Processitngre Gurdagnsed tGopitmbimheffactionalit girdditam triodwes(uSeipt enber  2004) ,
&aﬁh g‘; ‘l’mhgt‘S%cg%!égﬂlge%ﬂheg@éﬁ%ﬁ&%f‘ihgfp%se‘?xpﬁ%nﬁ&{ er'hﬁmln{?orb hie %Q{&{r@% Y. 1g2 ;41' t

but is not hmlted to, the following types of devices: ROM, PROM, EPROM EEPROM,

flash memory, SRAM, DRAM and magnetic disk. In some embodiments of the present

invention, the memory 4136 may be a content addressable memory (CAM).

[0208]  As further illustrated in Figure 32, the memory (and/or stdrage media)

4136 may include several categories of software and data used in the data processing

system: an operating system 4152; application programs 4154; input/output device

drivers 4158; and data 1456. As will be appreciated by those of skill in the art, the -

operating system 4152 may be any operating system suitable for use with a data

processing system, such as IBM®, OS/2®, AIX® or zOS® operating systems or

Microsoft® Windows®95, Windows98, Windows2000, WindowsXP or WindowsCE

operating systems, Unix or Linux™. IBM, 0S/2, AIX and zOS are trademarks of

International Business Machines Corporation in the United States, other countries, or

both while Linux is a trademark of Linus Torvalds in the United States, other countries,
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fluid is transferred can be any receptacle, such as, for exanple, a tube,
vial, vessel, and the like, that is intended to hold the transferred fluid.
In some enbodi ments, the target is a substrate, such as a binding colum,

si ze excl usion colum, chronmatography nedia, or filter, or the liKke.
However, dependi ng upon the particular application in the nethods provided,
any flowthrough device, that is, any device intended to capture and/or
separate and/or concentrate one or nore conponents of the transferred fluid
from anot her conponent of the fluid, can be use 0215] Fi re 14 provi des
an exanpl e of & beBnMigerRaoNingvsar iadeays Q?W‘Cé’ﬁﬁ'a&%ﬁ"tﬁ“’w diNfebi ndi ng

col ums 1410 sihiab@e chihtrich@r sdtm%elmgmmbmmtdna&mlas tyg.eg@uncfueé
transferred fluid cont.ai nlgsg L{or exa | n ot her
wdprevsh

enbodi ment's, t PPEVAR FRUFRAS ACC PeiopeT inéﬁﬁs@mfigzc‘gﬁ}“’rf@%ﬁ&‘é?ﬁt ed to fit
filters or ot hpogteyvilces cdxhﬁxﬁﬁl&&@dthﬂbﬁbt@suc}ﬁ QZHeGMunom}ﬁmrcammm' dwent s

systens and net hOdiﬁg‘lf’)r?'%:l%ngB&l ts. efhe %ppgca%ngpg L&:Cz%an?s A&H Lllus?ratwe%

ti
preparation of CeRRn el ca i Si Ny ﬁtR st eps of
i sol ati ng RNA pogamstha éhpl ermnttha@tlowﬁ@tuensrpf th¢ glcmgiaadmemlleemorémg@ pr oduct

fromat |east gne .BiNGHB s%?{‘l')%:g refeh gmeﬁtﬂﬁ Flﬁeﬁfyath@&taa}lgﬁ reiﬁ’@s@ﬁt?!h@st&tﬂe I solating

and anplifying steps are in a closed environnent as defined as
the interior r@@dwnmda@waq%ﬁhe@pphswen pregienas Hét the pregfingpyper At sheas

described in tReuRLBRAMiccURMrE £88 1B ihel BRNLOWo@ERNR: GRY leddiheRar i ng the
anplified nucleic aC| d product. [0217]1In certaln enbodi nents for the

aseptic prepar EPIh 43f- an anplified nucleic acid product, the anplified
nucl ei ¢ aci d produggo9)s dm’eldmedlsﬁ hﬁmnauc[ee\&uhﬂgﬁmy rediHifie, aghivedon a vi r al

pat hogen. In certain e nucleic a ‘% roduct is
P{Oﬁ% eqm&e da setgl ?Ia?l é a osede v1ronmen Sensor 1ee a& dat

derived from hilfg nuclerc acrd product Trom a
human tunor RNA2GaAs faghan Skstyatefl o1 Fignadd h@ording tot same pniwdaneats piohe mése vacci ne

or i mmunot hera for the
sterilization @%ennon”&) llcral {l gjl%}o%%%{gqg?g& EWQQ&, /{‘[ﬁ‘% Elqg)r(lﬁgsggés?ﬁe 5 zlgﬁed under Title
21 of the Unit Mdnioriag Meduiasties. o?he%é?fﬂaﬂpr%gmﬁbﬁt‘ln@hée IOWG,FéI“e%‘écahm d, and/or

protein, and S&r\fep{(]ﬂ; ]k}ocebgeﬁa&d/&aﬁmagefar Q&&Gie'fsér%@&r plotds b8 ah )@ SiatRE ding the
preparation of such materials for clinical é?Fgllcatlons are described in,

e.g., U 'S. Dep¥rrnenttiontofigsaapdyenpiedaqbass M€¥s, Quidance for Industry:
Sterile Drug Pr oducpﬁzs()]Pr owthueeﬁt- paserfB@@ItibiCis H’ﬁlﬁl&&ﬂsuiltﬂgrfeﬁﬁbd’teﬂfe Good

Manuf act uri ngngp cCa %n ? ATIS %ﬁ?p}b%&u?e%94% Pivﬂl l[e apprec]u:[t'il‘!)y thobe bf S&M m%!le

enbodi nent s rovi de
art, other conﬁguratlons fall within the scope of the present invention. For example,

rather than being application programs 4154, these circuits and modules may also be
incorporated into the operating system 4152 or other such logical division of the data
processing system. Furthermore, while the application program 4154 is illustrated in a
single data processing system, as will be appreciated by those of skill in the art, such
functionality may be distributed across one or more data processing systems in, for
example, the type of client/server arrangement described above. Thus, the present
invention should not be construed as limited to the configurations illustrated in Figure
32, as it may be provided by other arrangements and/or divisions of functions between
data processing systems. For example, although Figure 32 is illustrated as having
various circuits and modules, one or more of these circuits or modules may be combined

or separated without departing from the scope of the present invention.

Other Embodiments
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sterilization of a material conprising transferring a fluid conprising the
material froma source to a filter and collecting the material after
passage through the filter into a receptacle, wherein the source, filter
and receptacle are contained in a closed environnment as defined as the
interior chanber or region in the container of an apparatus as described in
the present application. Filters for sterilization are comrercially

avail able, for exanple, from Watmn Inc. (Florham Park, NJ). [0220]1t will
al so be recogni zed that transferring material, for exanple, dispensing the
material into a vi Pl carThB@"qﬁ"a‘E%ﬁxﬂ‘BE}?y Y wanprayied o pRRE Yaieus o

pat hogen, suc hasﬁéétslaﬁd fedi@estdif Me piekeSinveationpdnh &mocieteidad o hmnclieo;@crpg afnthsns, or
materi al s | nt o raRanbist BTt Rr SRR AR FERRA A ReRad Bifenea Tn T
enbodi nent s of onekgllqdrnebent willppeeviatedmt gaiusngheuapplications falodd thetseoppot ent i al
exposure of th V. ng the
transfer. Thus&hﬁl ggggﬁ?’ﬁg{gh@%%&Qxa;ngﬁegtvﬁg{assahgﬁgl‘%irs %\??a lfIJE;§1ﬁ]\%r1ere| n a
hazar dous mat etseaPblingsprogeasingiopethesiis manultigny dems opigally gy gdesed n a cl osed

envi ronnent ascomram&rh@h&@mv@ﬁg@%oﬁ&fpr@memwe%np@@oﬂa%&aﬁmﬁl vinftht he present
application. These nmethods can _be applied to a variety of procedures and

assays where hB@PHHBLRdHEbdsef be HFEUINVEHOP BRY RBeFmpl¥seen a source and a
target, as will be known to those of skill in the art. [ 0221] The
apparatus of the present invention can be used for other applications
typical of protein pufiximpletd Other Bisdigerloindor Bhapmnéchticbtpwitatiand ot her

nol ecul ar bi ol ogy processes. Such applications include, but are not limted
to, cell lysing (eF‘@lz] e ¢tkan ppedts, thehramtﬂ@\ﬁn@npmhérzmthodmf enzymatic |ysing

of cells), rractr;z@mhmﬁerﬁmra fel Pid, B0l a sok@Ro £%50NPGosed€ad, nol ecul ar
wei ght cutoff), and recover |ca el ution, bead el ution, nenbrane

el ution). ExenfVagypett v E?{j‘r‘g\ep‘ii od qpp PRt deRagt ohe BIFHOTRSI®Od Appl i cat i ons
[ 0222] Enbodi medhtusibedfn thehv@ntine s Eaitappariaag deodibedin the @rebtsedpplicatian A fRiid uat i on
where cl ean rogm ¢ nfdrlretdl ons are. uesxgrgl or bl §o aC{ pxlnssqe; i red, tsuch as, for
exampl e, | it hografhy aidaLoaain Pl xErRe dQ0ke's qip LA Ufsh SFR8RPS  t he
appar at us of thas;presiersukarypiiesdl @nacs,amalm ylddaealcmqmetls@hss 6 a cl ass 1,
class 10, clas ] | 1 cl ean room
as set forth b?/(a%ﬁg k. ?;ﬁ%é%?a et%f %ﬁ«gne ngggdq’éﬁt&%@%&?gﬁﬁgg

cl assi ficati onlke, 'S“é‘éhnglsklfﬂ@ﬁla’lls BixEFdendisags. thgedB 1992, " C ean Room and Work
Station Requi r emento3i3) Conlppidhtidad flEmY trk@ml BRREns snddadiRds ARk ﬂour%ﬂrfor 1973, which
is hereby i ncorrﬁﬁé%ed by refer g\%e inits entir enbodi nment s

of the present®f P16 FOTEATHR B 9 S dpafeg! t@%ﬁ%ﬁ‘ﬁ”&ﬁ’@é"t?‘ﬁﬂ?%? processes t hat
use a cl ean ro«nmcmm«zmtﬁs(mbmbxdecﬁiy@,hbsmﬁ@cmemyumé efRornichtvagidaphy processes
?nl;(S:EI ﬁ‘; Blﬁf)t (r;ﬁ ;[talﬁ%)rmll‘naceﬁam embo\c/i\{amfe s t € 565 e?nrsre}rlxc?rgetlgf%ls &9 bg?l%\(/:Wd %St Egﬂ,rglma‘sm ng,
di ffusion, i orprmptuamf amem*ﬁ)for hlefa:tprtncp@eug metatialy ie, dipgnostibwssaprabuch pgbly at i on) .
Speci fic patt%J}'o@%nﬁfnﬁ&&%§%h§sQ?e"nh&%&aﬂefox%ﬁsrkga&l%s%go c{hal‘it?@onﬂ@lpar atus of the
present invention Includ are not resi st application
(positive or iyt fop eyample; tp Jesteumiy e{irelogies tqbe usgd l’tkﬁﬁltca pliciiogkili ty, scanni ng
proj ection, anghestmyppets, e ukbtaghn@mo%&u bEfoFRE gﬂé;sayano%rrn@x&fact@é ofE- bears;

i) i [ resi st mJJtIaer re lication of

(|||)|rrag|ng i ngle

antireflector (f"é@g‘?déb“ﬁ?ﬂg sé‘il’iaé ‘?CF P?frﬁnﬂé‘fcf'ebctf‘c‘df) °4 Fri‘“i%lfa H}O’ ‘E!‘Bﬁglr ast
enhancenent ; ane Vdrid)s a@s‘a@humi aetgodplogeizhmlﬂﬁyrbemmgbld fbr(l,lsltt d/théammsaﬁify, pl asma,
lift-off, ion mJl]i ion etc gal qd.; §at ment
processes i ncl g fpds %ﬁ%e péesee lr% n%?n m lfnogn Otgoq‘?’ums%ﬁ '%e an asoﬁs\%%e ion, rapi d

t hermal proc esfsmrnrge (rRed StatnﬁcPhamfap@FledfnthﬁtGedé?smarmwand Bdriopdlese

| i t hography pr 3 ' ' eletylh rication,
Fourth Editi on%@%gt?%?f@ Mﬁﬁ%gb% ; rbe}@ﬁf E‘%Eﬁgﬁvtw\%%{ \Ml%lgi Cﬁgl s her eby

i ncor por at ed b@“’?"éf‘fé?’e’h@é"ﬁ ﬁ’e’f’{eé)”érﬁ’??’“é‘ty)’/”Od[“@éQB/}ﬂelﬂwaDd‘lfFJtS’I"@nCt'rée”’
conventional |ithographic techniques, the apparatus of the present

i nvention can be used to house next-generation |ithographies such as
extreme ultraviolet |ithography, X-ray |ithography (e.g., LIGA),
charged-particle-beam|ithography (e.¢., electron-beam ion-beam, scanning
probe lithography (e.g., scanning tunneling mcroscope |ithography, atomc
force m croscope |ithography, scanning el ectrochem cal m croscope

| it hography), soft lithography (e.g., replica nold, mcro-contact printing,
mcro-nolding in capillaries, mcro-transfer nolding, solvent-assisted

m cronol di ng, near-field conformal photolithography using an el astoneric
phase-shifting mask) and three-di nmensional |ithography (e.g., hol ographic

| it hography, |ithography on non-planar substrates). Such technl ques are

P



[ 0224] Enbodi nents of the present invention can be used for protein
patterning mcrolithographic techni ques that address, for exanple, the
probl em of nonspecific protein absorption conpeting for detection sites in
i mmunosensors. See, for exanple, Cenenti at alL, Structure and Mti on:
Menbr anes, Nucl eic Acids, and Proteins, Adenine Press, Schenectady, New
York, 1985, which is hereby incorporated herein by reference inits
entirety. [0225JDevi ces, systens, apparatus and nethods of the present
invention can be used to performdry etching techni ques such as physi cal
et ching (e.g.,GqdMasyediring P ’%ﬁﬁﬁﬁ%e&eiﬂhﬁ 2094bﬁa°Bé§W‘i"?h ip ["pefRpratediyasma et chi ng
(e. 4, radical r@&@memg);mng&%gmgtgl / chem cal et ching, deep reactive ion

et chi ng, vapor-phase etching wt out chi

single-crystal real#te é‘tvﬂﬁf’?\‘@‘dﬁg?‘éll ‘cSlﬁ ’(‘é@ﬁ% g§etd?¥%‘ﬂb%ed in
Chapter 2 of MagD trinsfRaarenbeadng reeefptaMecsnaxfaa,b“ﬁneeampla)m;ubﬁembm:%seEdnd| on, 2002,
CRC Press LLC Boca Ra ereby in a here| n by
reference in iFeslﬁ(éﬁﬁt}sé?éndeétO%OIQ%HﬁE em%qng)rm aetelTlgoag ShtrhG&lfggtslen |

i nvention can dmbstrste,dudh@s p@ndlugqtviupatsn@lexphtsroan@lﬁrerr, chupmidtogsaplly ltﬂf»dmot echni ques
such as sili Cofﬂteg rot% ]I;ke ﬁg\pév@x]gdeggndm g aR?é&]Qr%%ﬁlQ&hoﬂﬁn tﬁé A’nétﬁ(ﬂ@ physi cal
vapor diffusion ) r np sputterin nol ecul ar beam

epi taxy, | aserpr@\tmﬂ,tael‘ ﬂ@émgh depige, ﬂﬁb‘ﬁdﬁ @Nlcﬁéﬁé@ﬁﬁq @Pfufela@ﬂ"Prpl ating,
cluster beam ts%ﬁﬂ%@/gyaonceﬁtm&@m&@wpo%ﬁgsﬂﬁ frB¥errsdii flul- toomT /6MéNg (screen
printing), sol-gel deposition, plasma spraying, spray pyrolysis, and

pl asma- beam deﬁ%?@?t@ﬁthégméh"%‘bl?ed@%’d in Chapter 3 of Madou Fundanental s of
M crof abri cati on, @emynd F@dkd14%vx£9&%xan€ﬂ%f@kﬁ§§urbﬁo@o%{b&erﬂﬂirpn Fl ori da,
which is hereby | neor R A A e IS LA
[ 0227] Enbodi meRPEH ™ 6@8‘%8 P nvent Ton BE ? Siseful in
deposi tion andfoatrama"wen@umommsg,ﬁse)dmmh Ituhlelc Bh@in\@ei ﬁrelt»oalmevxﬂa,ltmh
enconpasses te&ﬁ%lﬁﬂ% rite@1n 1 9?4%!.9&%(19&&?[5'?%1{@%% Ethé'déléeg)&scfm@&“ cal and
bi ol ogi cal sensors, ten ar I'n sone type of array configuration.
Such techni que@o‘@an be used, for exanpl e, to nake organi c gas perneabl e

nmenbranes, ion sel ﬁ)@id]veIrm%ma%ﬁ%%nenﬂYQitQﬁL%h§metﬁ&c@%fb‘vn@ed@ﬂﬁb'1%@60% needed
f or roomtenperat ure gas sensors, |o0on sel ectjve el ectrodes zyrre sensors,

i Munosensor s, APV ORILsEHEPTREieR of 28 prRiied nuglsic apid P’E?d‘tcéé?fmrﬁ’lf}% in the
Bl OVEMS fi el d gdpabs isotfindNA ﬂpﬂnaﬁﬁmx&d:tchlahlblefyla@@alfc&iclh&d(pfodﬁdﬂﬁorﬁﬁtesent

invention are spin tin coa plastic spr stlng type
casting, glow 'afieg%‘ﬁ gﬁgénoe%fﬂ%g‘ﬂﬁ)mebsé’ A ﬁgﬁr“z”é eir%rht%e Qﬁtbr%u = @i 0gét t
processes, i nkstgpedrt panfgnnemncar despdintirngientan defimeioh dniigalor waion ofsp@mer ng, as

di scl osed in < o 4 b Ratio Edi tion, pp.
159- 167, ZOOZNE%%% rEr es Q glcggd Lz;élrg{‘lj%ﬁp%e&ﬁtt bﬂ\l}mtl ?qgé?‘ggher eby

i ncor por at ed h@é?PéFQHYBVPBfY’éﬂ@Fé‘ﬁE@e@ﬁucietcsa‘”émoid‘i*‘?éty [ 0228] Enbodi ments of the
present invention paiybe rygasn Eaboddi for @le@RPtid REpRBRRIf bcatgliaas, such as

packagi ng of smal | deV| es (e. Cj r.cui eci fic, packagi ng
techni ques t ha”t“dE‘éﬁc“ﬂ)’é‘O%’é F‘H@Hdeﬁg‘icﬁﬂj%f ﬁ@mg ﬁld%livﬁ‘iP%PFaP Roegh 8B nt

i nvention incl4ydem alvitil p&h@emoﬁu céﬂaﬂilehﬁﬁhnhéms maak;ag’nemrjpcmfc atif peducaised
circuits, di Clygi/)edg??{\{lg)tgé St%%or ? 9 nugélf acl ;Froductr}lro% BlaCkagl ng, and

partitioning as o Hdamen
tumor RNA can be used for example, in the preparation of a vaccine or immunotherapy.

[0218]  The instant methods can be used for the sterilization of a material, for
~ example, a biologic as defined under Title 21 of the United States Code of Federal
Regulations, nucleic acid, and/or protein, and so forth, under aseptic conditions.
Guidelines regarding the preparation of such materials for clinical applications are
described in, e.g., U.S. Department of Health and Human Services, Guidance for
Indﬁstry; Sterile Drug Products Produced by Aseptic Processing—Current Good
Manufacturing Practice (September 2004).
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M crofabricalion, Second Edition, pp. 478-508, 2002, CRC Press LLC Boca

Rat on, Florida, which is hereby incorporated herein by reference inits
entirety. [0229] Enbodi nents of the present invention can be used for
application of photoresists in |ithographic processes. For instance, the
apparatus of the present invention can be used to apply either positive or
negati ve photoresist to a substrate in a clean room environnent. As such,
steps such as resist spin coating, softhake, hardbake, devel opnent,

post - exposure bake, and nulti-Ilyaer resists processes can be perfornmed in
the apparatus of t#&1%r edBs nicripEsbesimenss, 'B%drslaﬁéd’vldﬁd@e% nson, Principles
of Lit hOgrath&terlﬁ;B\hEl Bfa%&na B&hﬁdsﬁl@hﬁﬁferﬂﬂéﬁ'ﬂhnﬂ@&ﬁ;ﬂwm@@x@hateﬁh&iﬁﬁm%l’ 3, which
i s hereby incor oratﬁj (L h EQI refer nee in |t}“£ nEi et. The appar at us
of the present IRREABIBACRIHRE hEBHeTLte prnstaph b HEbbi¢ses such as
optical lit hogécﬁﬁtbtye, weéraﬁtlfe@dsnrdaetamzlmdtrdae;gxc&pmcpnmﬂedayablbstemogr aphy, deep- WV
resi st appllcatl rlctlon 0 methods in
photol|thograpehymmne es%:egfq%é‘athfﬁl arpbefﬂ”@grwmﬁlheC‘i\?l%mref)?mc p%%éng, and

M cr of abri cat i @d¢scrdd ln%ﬂw@mmhwnyn FRrsHoiRteaif safioBat ¢omagghraahly  Washi ngt on,
2001, Chapters, Lrfe mﬁﬂ»lé Foll WiEYan TRC@RIPRMALEINAer ein by reference in its
entirety. The systens evices, apparatus and methods of the present

i nvention can furtWé?olbeIWEEFSQ‘??r?“ﬁﬁ]‘@ﬁﬁﬁ‘t“aﬁﬁ?rﬁwa@@e&“?w&br| cate

phot ovol tai ¢ c@phing tne GlatédhiRgo DUk, ARbe hdzdfidue d tHeOnaRRATHAMss di f fusi on,
edge isolation, ARC dep osl%ldﬁg front-contact printin back- cont act

printing, co- fRAMPERY, SUEheAs{sit iU BrdiehTaiR S REPFES §f SOMPEH Y book of
Phol ovol tai c Sﬁdl@’k@&oﬂﬂdr diﬁkﬁ&aﬁl&emhﬁgnceLmﬂhwermgdu&EemulsGﬁlSreceptiﬂJSkn Wley &

Sons, West Sussex , 5’% eb ncor por at ed
herein by refeF&RcE en]ro sdmesr‘l] |arséi‘ffpnlgd i'6 eff nl’tso rrefaeﬁ@@‘éen{’:?nt%rﬁéeher ein are

i ncor por at ed heedp rf:d!w thee)ﬁ@mteh@(eosum of tlhehazarémwengl td the infiwidedare extent as if
each indi vi due\ln %ﬁ aklnof %uso {cEiin aibﬁmnealeaglake%wog@wmn

specifically an i cate e i ncorporated by re?erence in
its entirety. h%@ve'iﬂateftah’é ‘fPf}ﬁf?ﬁﬁqo%fr“a% @arcw ar@ﬂ%l*fe%fdfée%&*m‘i@mfés Bre not to

be used to narhOWn@Rer RhLIpPLRlsAE LA HRE indhePr@bih ,?n@dﬁemtneie fefRdandi ng
application or, any, patent 1ssuin thereonrlfgl#[ﬁﬁi1 Wil e the foregoing

description arRf 2BHEWCAgael PESEHTES B1EEars 3Hop AR &%Ent i nvention, it
W | | be under staagélret batveenarouditSndisldigd a:mel,l bemmdwf; toamst amgillamtle atbst i t uti ons

may be made t herei i, t hqut de art.i.n r|t scope of the
present invention Q%w&ef ﬁ.ﬁ L mstchfthe%rese mven onc efused %“qﬁ“ particular, it
will be clear applicatirosepisi of fretein pwxftcat@namclelt:hcadpm!ﬁeaupm @ndather mnk%mri on may be

enbodi ed in OtMSgy%R)Q&EJs' &cﬁ%ﬂﬁm]o&tnﬁcﬁ{% Wae no@ﬁx’hi@é&%@@ﬂ g (PEOPOr ti ons,
and with other elénents, materials, and  conponents, out departing from

the spirit or rasbawiel %aOt@ﬁléf%Wélr?r§'ﬁ4YE‘§“°thr°e‘}gé’6Fe”ﬁh'€ac}5?"e‘%eéHFI y di scl osed

enbodi nent s ar@nﬁaadsrfa(@@r Rn bRhdige, beHAShEleuRwéight alibff) 28 RR6S, (@fical | | Ustrative
and not restri thﬁ q E’{ s?:%%e of the invention being indicated by the

appended cl ai nfe"O%AES e 445°Phe foregoi ng description. THAT WH CH
IS CLAIMED: 1. An apparatus for manipulating items in a closed container,

conpr i .Si ng. a cont ai rkemePIaV ngonranéydkchro aE)rlca%gn 4 ﬁgaﬂf(l gl%h%a mtn? hold a

plurality of itens t
[0222] Embodiments of the present invention can be used in any situation

where clean room conditions are used or isolation is desired, such as, for example,
lithography and assembly processes. In some embodiments, the apparatus of the present
invention satisfy the conditions of a class 1, class 10, class 100, class 1000, class 10,000,
or class 100,000 clean room as set forth by the U.S. Federal Standard 209b for clean
room classification..See, Federal Standard No. 209B 1992, “Clean Room and Work
Station Requirements, Controlled Environment,” dated April 24, 1973, which is hereby
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a flexible barrier configured to sealably attach to the container, wherein
the flexible barrier is sited and configured to enclose a workspace in the
interior region of the container and has a center portion that nmerges into
an outer perineter portion, and wherein the center portion of the flexible
bat her can nove relative to the outer perineter portion while maintaining a
sealed state of the interior region; and a tool attached to the
flexible barrier that is configured to be able to nove side-to-side and up
and down while attached to the flexible barrier w thout disrupting the

seal ed state ofcomeentqdiby exfsresce indigpmsietinf At 1veh. eBPrRIPIRISOT the PESCRIGBNRAVI ng a
first interfacgy %Qe@foﬁ@&@ﬂq dciuR bf ssesWﬁh@ﬁﬁlameﬁthorﬁ bvaﬂbnnieﬂtt sufhace i s
configured to attachto r tic device o % e of the barrier
out si de of t hePPHIEY DY e?@‘@? Y BTOCEHE SHD A Q‘itﬁ%trh"étﬁ (O We-r 8UETHE i nterface is
di sposed wit hi (Ialstb ki@ wh B golomaskingghaking bhdidlighogptyainioalithugrabdy), ddpngf | exi bl e
barrier and is i d.to man |nt rior region
when the flexi (ﬁlge Brgg F‘?‘gc?molnsw%l aﬂll agb{lons %f‘attt pre%me ?{T% e’énagtr)aﬁj it er . 2.
The appar at us $yfecifi¢ gitemihg pibresee that cmh@ cphdyeted in the apifaraius efithe mﬁmprl se nucleic
acid sanpl es, i i of the
flexible barri I\g%%{l& ch&d@eou{eﬁ’?ﬁot Lalt?]ltégﬁ%% %)g?atru?g sﬁswe g{arg ag‘lg) ((Hgt tached to
the contai ner epeshreses by edntsat PXIBILY.I5tanaing prejectiph apd %t%’éefbtéh‘tgb!areiﬁb‘?tl on of the

flexible barri ﬁércdry$ )@ilailseortg)betaﬁl@@ﬁ %ﬁné@lgt Bﬁ@@]a?’ér?@ﬁﬁh@lﬂﬁye@-%s@ hange in
Shape in response to novenent of he tO | e an, outer %erl et er portl on

of the flexibl ?é’pll‘f‘&?‘?nloéf‘m’l‘eé]ﬁ%{?rﬂ%}’e’?e“aﬁ %EIIV“H?%‘%HW?S’OP 15&"@Ynt ai ner to all ow

the robotic de%hﬁﬁenﬁe@t BRME/) etble(etgoo/kt ch@niftiyaiquidhepos &6 pleknianitfestf,ame Wi t hi n t he
interior region of the ont 4 inches in a

i ne
vertical directi'5® rﬁ?‘fﬂvea{?)’bﬁ %%eﬁéf ﬁeaé'ﬁ&&g’mo‘fr?\cesg?s ‘f“ﬁ‘éde f:h&l)% Hi%her . 3.
The appar at us Iirhited keahonplbie, sohecéinirapiti retrebproceing(REBsand infewpovient of a
pi petting devi c?e@(:nptlon of thes% hth-EQr%pl?Q)po%Es@ésut% dst rx&:ld"ﬁl WZamV‘MEFo%th the contai ner

further conprises a plura stations _%ﬂocesa ng the nucleic acid
sanpl es. Fabrzsanorrﬁemﬁxﬁﬁi&}oa{%pt@f‘* %qoall\ﬁq@;aw b MR Y okovdpeh isheyYa nmani f ol d

configured to ,ggy,ﬂra@gdbkegégncggqtseﬂgg@ c acid binding columm, the manl fold
configured to releasably engage the second interface of the tool

aut omati cal |y novel®Btlnedna t‘OFé’ﬁPveP%a I dighographyc 1 ‘rq‘éﬂs1ﬂfe3f‘pBaFat‘§t°5t| ons.

6. The appar at 48 prédentGhvantioh Dan bM‘lth’d@d Koutehnextipattdtioh tkhegpdphies sesas axtiraiad! e, and
wherein the second, i onf i age the handle to nove the
mani fold to an trWOl%P%?ngp 55 'ra?' hﬁm%r?p h? ? (hé& eha% . aIPCée 5arat us for

mani pul ati ng i ktkepmphy(ed., db@@wemmacm;scmm@mbsm@apw (@@n&cammr havi ng an
interior regio 9,06 mani pul at ed
|nterl ot * bar%g&{% %‘ngcg% lh%gﬂgwat 19|f(1‘?£e%1l:xro%o%fhtﬁotglea 5Bl

Sea attac cont ai ner;
t ool i ntegrat edeofipehpmiss! mAFresseng llﬁ’ﬁéfalfhb’biqf‘ﬂ}‘@g@a‘i*yr@ér repltcﬁéloldo@lcmhaw ng a

first interf ac&nﬁa(gnﬁmé%%%dlcﬂﬁgﬂﬁ tRRsiesRIAaRsfér MR I dirg! Slvedtitspteiace 1s
configured to attach to a r&lcoggpmtaﬂew on a first side of the barrier

out si de of t he™i§iP8ldie. ‘}e%rgfie %f‘qli‘éfls“égnad‘ elapamIEPBRY i nterface is
di sposed wit hi mftnkgenaslﬁ)taﬁd iheze- dfn&@t:@ﬁl lmﬁogtabl@ (e.@nhadgn@hic Umdgsphy,he fl exible

barrier and colré}Lr%gaugyon rofglihg B@gtraqs)[e %Fh%]lglrl%o; er&estcn edm%edro' or reg| on when

the flexible b € contail ner;
Fundamentals of Mzcrofabrzcatzon Second Edition, 2002, CRC Press LLC Boca Raton

Florida, pp. 48-68, which is hereby incorporated herein by reference in its entirety.
[0224]  Embodiments of the present invention can be used for protein
patterning microlithographic techniques that address, for example, the problem of non-
specific protein absorption competing for detection sites in immunosensors. See, for
example, Clementi et al., Structure and Motion: Membranes, Nucleic Acids, and
Proteins, Adenine Press, Schenectady, New York, 1985, which is héreby incorporated

herein by reference in its entirety.



a single-well or nmulti-well vessel sealed to a base of said container and
designed to fit into a thermal bl ock, wherein the vessel is accessible from
the interior region of the container. 8. The apparatus of claim7,
wherein the container further conprises a flexible seal sealably coupled to
a sidewall of the container and extendi ng over an aperture in the sidewall
defining closed flexible side entry channel, the flexible side entry

channel dinensioned to allowa lid to reciprocate in and out of the
aperture in the sidewall inside the flexible ﬁgg%ﬁand to travel vertically

to close over and &80dr (HECFYSEPS SRPABIHEHY Me B PI5Teat IBWRYOAT ows t he
lid to travel beausandp@fstm ody efchi@g tectinRnésatich heghydenl athitg{eg ciométetinger whi | e

mai ntaining a ¢l osed environment wthin the cont %ihri‘ne§' ysical/chemic 1 N€.
appar at us of ciPai g, erern gt)’H’e contail rge‘g’ and ?feﬁ’lﬁi’e bar7i'ér define a

cl osed syst em etthire, deppaaciveisn Etotntdheporeap eicnggittmuyplasmaldivteichiog, and | quot

t ubes extendin 0 . - i ah i i i d

conmuni cati on %&%}%&%sﬁk?ﬁ%ﬁé&l&@r{gnt[}eghggzgt%ggfé}?%é\/'l )%g%€(g§%d§? C h{bﬁte&gﬁl urality of

al i quot tubes Medehifgudeeeralpofdéeefalecafirrptesensdditpn. 2P, SBABreesd-LC Bpoa The _
apparatus of CRAFRBridaMIREEE RerbdSncBipRald hefGn BlaVC R GORMISSS: @ pipette tip
adapter for rel easably engagi ng p;%qptette tips stored within the container;

a working fluid chdfB¥r 1O aRPawRw Al theRrSSFY INKFtiAR 0 PF BEYOBERfE™ 8HEY de of the
seal ed cl osed gassttamhaadtiali teBhiqued Bdh as silicon growth, dopingléfaiibdnaguidatién o filter for

isolating the working.fluid anber fromthe pipette. . tip adapter and for
transmitting pﬁcgg’t?pglcfﬂrvg?ﬁrfiﬁgs’?q G#d"g ev?pé’ra@ﬂ S‘B‘%gg‘tg’trgd‘fcf%ﬁtpbﬁ%pt er.
11. The appar atpitsxyolhsecspaitamd¢positidreabdition depesitoonogilaipg, chstapeases si dewal | s

that angle do"‘@crﬁu&?%?,t%ﬁé&al_ &1 a%BJliti%P il@#%%i%}é@eeﬁ#ﬁ%tﬁ@fsoﬁgmri Ses a

§ : .
spectrophot oneter 't quantiftying a sanp erel € contai ner conprises
a connect or f ofepestivh] RiRymasrEANgt PEY prolytie andpiemapeamilepasipon atidiselpsed waj d

cuvette confi guk8d: 3 & MRbSFDS,SRINY Blick PubPBardhdaldnl E&Hor Yook, iR C

spect r ophot onet er . 12. The apparatus of claim1, further conprising
a recircul at i nffeYALGRRrSATeRIPEGnTiIgUS kerdY Bepyeie hetel BirFerEsaindd wi t hin the
interior regi otity.t he container in a closed | oop when the flexible barrier
I's sealed to the C?&Eﬁl n%rribodimems of the present invention may be particularly useful in

deposition and arraying methods used in the BIOMEMS field, which encompasses

techniques for depositing organic materials for chemical and biological sensors, often

arranged in some type of array configuration. Such techniques can be used, for example,

to make organic gas permeable membranes, ion selective membranes, hydrogels, organic

monolayers needed for room-temperature gas sensors, ion selective electrodes, enzyme

sensors, immunosensors, and DNA and protein arrays. Specific techniques in the

BIOMEMS field that can Be implemented on the apparatus of the present invention are

spin coating, dip coating, plastic spraying, casting, type casting, glow discharge (plasma)

polymerization, Langmuir-Blogett processes, ink-jetting, microspotting, and mechanical

microspotting, as disclosed in Madou Fundamentals of Microfabrication, Second

Edition, pp. 159-167, 2002, CRC Press LLC Boca Raton, Florida, which is hereby

incorporated herein by reference in its entirety.

[0228]  Embodiments of the present invention can be used for other clean

room applications, such as packaging of small devices (e.g., integrated circuits). Specific

packaging techniques that can be performed using the apparatus of the present invention

include, but are not limited to, packaging of integrated circuits, dicing, cavity sealing and

bonding, multi-chip packaging, and partitioning as disclosed in Madou Fundamentals of

12
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13. The apparatus of claim 12, wherein the vacuum system conprises a

si ngl e-use di sposabl e vacuum head and fl exi bl e tubi ng. 14. The
apparatus of claim 13, further conprising at | east one heat exchange device
for controlling hum dity and/ or vapor concentration within the seal ed

cont ai ner. 15. The apparatus of claiml, wherein the container and
the barrier are single-use disposable, the apparatus further conprising a
robotic arm wherein the robotic armis the robotic device attached to the

first interface, and wherein the robotic armis confiqured to nove a
pipette tip helraspricsioniSesoag Edifieneps. 4808, r?Q??elgRFﬁé‘?s Bosa Ryt ai ner space
to take on a dpwmsaakidinys m&ﬂﬂomﬁtemfemméferarce RNtsaidran With a | ower

portion of the tip itione rratearecelw surface of recei ving
vessel in the cl osé@%éont%%ﬁgfng Ofighs present invention caigeq‘seﬁﬁéragﬂﬁé?oéft s of claim
9, wherein theplpromiexssﬂdhofgiamldpmﬁsseh §chmtagea;lthfe ppmatubief tegmésatitner whil e t he

cont ai ner renmmi ns npacting th sta of the cl osed
system and mhlélyeerlf'?ln(iaﬁgeué%gt?a?prreltherﬁcf“vgl?r|e atwer %r?g)feﬁlqtoafu graﬁﬁn? ng and

after use to dééamemenvioged- 8ystipntertissphesubitepin coating, softbakg, hafibeke,appar at us
of claiml, fUéJvQ@JmeﬁPBEE{ ¢ 6s'[lQ bBkePLnB AR IGacPRASOrodeRe COMPRIGALE QN W th the

cl osed cont ai ner a con circuit in communication wth the pressure
sensor confi gu?’ééPpﬂéwhﬁﬁh%Pﬁﬁe%Wé%maédfsﬁ”‘{eﬁé’IéY‘B%’é»dD’t’flﬂﬁlteh‘ifner to verify

seal integri tYthhography, SPIE‘-&essﬁk‘éﬂm@W%ﬁM&toﬁfmm @]15&613 WHibhtiRfebgoNnpri si ng a
system for measur vo une | east

at
one enitter coRFYRAAEHED DY fe ‘i“é’(‘f‘f ’“élts E‘T“&Wal WF%Q%T e PEIRE BYSHed positi on
of a sanpl e cohat med fohkthehrdphis ipfbeesiel Quclh asropiicar litbegebled elemiot Biamer ;

lithography, x-ray lithography, deep-UV resist application, photomask fabrication, as
well as metrology methods in photolithography as described in Microlithography,
Micromachining, and Microfabrication, ed. Rai-Choudhury, SPIE Press, Bellingham,
Washington, 2001, Chapters 1-6, which is hereby incorporated herein by reference in its
entirety. The systems, devices, apparatus and methods of the present invention can
further be used to implement methods used to fabricate photovoltaic cells, including but
not limited to phosphorous diffusion, edge isolation, ARC deposition, front-contact
printing, back-contact printing, co-firing, testing and sorting, as disclosed in Handbook
of Photovoltaic Science and Engineering, Luque and Gegedu eds., John Wiley & Sons,
West Sussex, England, 2003, pp. 271-279, which is hereby incorporated herein by
reference in its entirety.

[0230] All references cited herein are incorporated herein by reference in
their entirety to the same extent as if each individual publication or patent or patent
application was specifically and individually indicated to be incorporated by reference in
its entirety. However, the incorporated by reference documents are not to be used to
narrdw an interpretation of a claim element of the pending application or any patent
issuing thereon.

[0231]  While the foregoing description and drawings represent embodiments
of the present invention, it will be understood that various additions, modifications and
substitutions may be made therein without departing from the spirit and scope of the
present invention as defined in the accompanying claims. In particular, it will‘be clear to
those skilled in the art that the present invention may be embodied in other specific

forms, structures, arrangements, proportions, and with other elements, materials, and
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at | east one receiver configured to receive the signal after the signal
interacts with the sanple contai ner, wherein a change in the signa

recei ved by the receiver indicates when the fluid has dropped bel ow said
predeterm ned position; and a fluid transfer device in conmunication with
the receiver and sanpl e contai ner, wherein the fluid transfer
device determ nes the volune of fluid that it has renoved fromthe sanple
cont ai ner when the receiver detects that the fluid has dropped bel ow said
predet erm ned position. The apparatus of claim 18, wherein the
emitter is a |gRencaimvithet de&ﬁﬂ“&‘f‘fé"@? ST IoT EsestAl Fhopgteristigyfpereof. The 20. The

appar at us o; cll.raslemyh&cloge@aﬁ&umaemaefhuéfod: th baddsdi®@FedGheall rePedt@BPr i Ses at | east
a pOI’tI on O

ar at us of erein the
sanpl e cont ai g FS‘rgthﬁﬁ?‘{ '?b@“%cnc‘f‘fj\}ﬁtsioge It "%"“0“ ?ng W%ategg’ﬁmﬁé?iﬁg‘y\’gf claim
21, further codgpms,sadrgt limipH urthd foteyoigfdesappne contai ners held in the
barrier-sealed container that are serially in comunication with the
emtter.



23. The apparatus of claim1l, further conprising an apparatus for measuring
volume of a fluid, conprising: at |east one |ight source for emtting
light; at |east one receiver for receiving light fromthe |ight source;

a cuvette held by the container through which a change in the |light path
dependent upon whet her the cuvette contains fluid or is enpty can be
detected; and a fluid transfer device in comunication with the
recei ver to det erfTHAERWMHhEHVOCUABIEIS: fluid that has been renoved fromthe
cuvette when the receiver detects that the cuvette is enpty. 24. The
apparatus of claim 23, wherein the fluid transfer device conprises at |east
a portion of a pilpett &napparatus for 2BnipTinmgappainatclesedebntaing ¢pmprisipgier ei n t he

flexible b i i ially | :
exi € barrier 1s Sg?&%{f}{y }lla@lng){n [nfER Jr?%@rgéog%ﬂe&t(é?céld ggluraill_@%fﬁgpsar atus of

claim4, wherein one e stations ho , anot her of the
st ati ons hol dsbeangippletedie rack with pipette tips, and another of the

stations hol ds a tray.,aleal:ad L ARGeNt URRRShSA 1o the conaikl it @PPAr at us

of claim1, wherein the rrier outer perinmeter portion has an
outer edge pdietiblohardany siagd peitonfizused 4t encloservankspece ipiée infpsipeesipoefithon of an

upwar dly ext grgga'rm eﬁ'-ehqgé{\@elr\!ehgcingcfnhﬁqt &g@mm%ﬁ oltQ pI8HLaG R0 Sk GflerGh0sed

interior cha rein t exi bl'e barrier conprises an el astoner and
i 5 seal abl y #tetcettredrtivwofithefldxibledtarricneap nfogeslagive tp s opshreamelsopaiin of t he

Egﬂéifgés a BPH$%%??Ebgf@?ﬁ%ké%%?wgn$§%@kg%@§ndmherein the flexible barrier
I a ealts.
ya tool attached to the flexible barrier that is configured to be able to move

side-to-side and up and down while attached to the flexible barrier without disrupting the
sealed state of the interior region of the container, the tool having a first interface and a
second interface, wherein the first interface {is configured to attach to a robotic device on a
first side of the barrier outside of the interior region of the container and the second
interface is disposed within the interior region of the container under the flexible barrier and
is configured to manipulate the items in the interior region when the flexible barrier is

sealably attached to the container.

2. The apparatus of claim 1, wherein the plurality of items comprise nucleic
acid samples, wherein the tool is attached to the center portion of the flexible barrier, and
wherein the flexible barrier is sealably attached to the container with sufficient flexibility so
that the center portion of the flexible barrier is able to translate in three dimensions and
change in shape in response to movement of the tool while an outer perimeter portion of the
flexible barrier remains sealably attached to the container to allow the robotic device to
move the tool so that the second interface within the interior region of the container travels
between about 4-24 inches in a vertical direction and about a length and width of the

container.

3. The apparatus of claim 1, wherein the tool comprises a component of a

pipetting device.

4. The apparatus of claim 2, wherein the container further comprises a plurality

of stations for processing the nucleic acid samples.
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29. The apparatus of claim 27, wherein the flexible barrier conprises a

plurality of substantially vertically oriented stepped portions. 30.
The apparatus of claim1l, wherein the container has an upwardly extending
sidewal I, and wherein the tool inside the workspace has an outwardly
extending lever configured to contact the sidewall, whereby contact with
the sidewall forces the lever to pivot and rel ease a respective used
pipette tip held by the tool under the flexible barrier. 31. The

apparatus of clai ? ggh%%h%rgtﬁ%g%g@%ﬁ%%og}pﬁlsxE%E rtngni%oldpcorrﬂggkeﬁ rt1oet|10(iid in the

interior region or e contain as a base

whi ch hol ds tahleaspéneatidiec icidobiidgicolumnahsnbdfobinbnfiguted thelkhabp tedagathe ent at i on,
wherein the side |. angl e 0 t Q. the base and i pet t i ack

resi des bel O\RFC%‘Q{%J&H?CSSEW %Pﬁtg\é\@%né%ecélgsr?%&?éwén el Oggafl& ﬁlﬁrgi“gﬁfoar atus of
cl ai m 30, furtati@s. conprising a pipette tip rack held in the container
interior region and a | oad sensor in comunication wth the pipette tip
rack, wherein the tool is configured to advance to exert between about a
5N- 50N | oad agai n6t aTheapgebttupefphin & whepirtthe magagleompriesprotlered pi pette tip
held by the pipette tip.r " , r ' wher ein
the plurali t)}” hgr mitﬂ%ees%rscfgg 3@%3&5%%%“8%‘1%@3 %Egegtﬁﬁ%gaﬁ?%gﬁegﬁet[ﬁ%gmﬁnﬁ aéldi n the

i nterior regifom apfead bve stipsai ner, wherein the container interior region
holds a plurality of spaced apart vessels, wherein the tool second
interface is configured to rel easably engage a respective pipette tip and
automatical |y trahsl abe apwrapisﬁfwnb?ué@\gé}emm Feleseq eoptabgrs GapsiEing:a plural ity
of times in diffefgntisRAGRL.ARRY S tGALhIRRSRAM £pMalit) AF AMsN@Gbd | Ui d from
t he vessel through one of the pierced openings in tﬁe cover. 34. An
appar at us fomappiptedil ating itens in a closed container, conprising: a

contai ner havi ng afxivi tRfrlePlonfi8HEAD séaRbfyladith@skht onlitledl @ plurality of itens
to be nmani pul at ed, &hereln the plurali rise nucleic acid
1

i _ul ty of items conp
sanpl es, and wher&Pe intpgatedopithgr pathingth fenidle begivp fhedesd baving adirfiigriarg v of
stations in thea deBdn@hih@facd, RUERR tfeQlrst QRESS katFighB@tontisdhas £rodaticdieGadpl es
including an elutiqgn station and a maste_sta1|o€ and %%%%Q%Enanl old with a
[

handl e, the RBAIFHIE LHroryistutridesf i e repign et gt @MY bi ndi ng
colum, the nmattokdispRed Wiglik @ intdioneyien SRha®eRinatuniealst fickid bafriesatid
plurality of st tigns; a gleghble.b rrier configunﬁ%?tﬁ ealabl¥g§ftach to
the cont ai nerOnfighygd to manipulgtethejfems i the nierigriegipy Kienhe fexbiepaprigeis salabivy o
barri er, theattetdd tbarichgaisecfandst i nterface and a second interface, wherein

the first interface is gfnfigurqﬂ tolatﬁ@ght}% o PO&iCrgﬁ%&F%e N a first
side of the barri®t&utei & BEFTHEThERTT 8 FEG &1 of the*'Contarner and the
second i nt er fiate 4d therthildp@k oehewirt the vestehis acoatsebid form the gitasior Bfiot bighe ont ai ner
under the flexible barrier and configured to manipulate the itens in the

interior regi‘ON When the flexible barrier is sealably attached to the

container, wherein the second interface is configured to engage the

mani fol d handle to movg, [he (RN J8h9, bRdDle LntePfurh &8 hpddtOs Skl ONS;

seal sealably coupled to a sidewall of the container and extending over an aperture in the
sidewall defining closed flexible side entry channel, the flexible side entry channel
dimensioned to allow a lid to reciprocate in and out of the aperture in the sidewall inside the
flexible seal and to travel vertically to close over and cover the vessel, whereby the flexible
seal allows the lid to travel in and out of the interior region of the container while

maintaining a closed environment within the container.

9. The apparatus of claim 1, wherein the container and flexible barrier define a

closed system, the apparatus further comprising a plurality of aliquot tubes extending
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wherein the tool is attached to a center portion of the flexible barrier,
and wherein the flexible barrier is sealably attached to the container with
sufficient flexibility to allow the robotic device to nove the tool within
the interior region of the container between about 4-24 inches in a
vertical direction and about a length and wi dth of the container.

35. An apparatus for manipulating itens in a closed container, conprising:
a contai ner hawarigy ffoh thatakdiRF addeging i fuendhgluniedioh ovith dledhtaioptegivabf t y of
itens to be nani pul ated, wherein th lurality of itens prise nucleic
acid sanpl es,Pe£AYINHE "e‘i’lw\é\{‘]tﬁQF%HHTté‘i%ﬁg“romf’Wetdﬁérrec%%e ?cless?%dgt?ug&) Sﬁf“ﬁfr%%il ity of

stations in the interior region for processing the nucleic acid sanples,

wherein at | east gne the station onprjises.a reagent station; a
flexible barrier tonfi beu*?pgﬂatf’%o s?k’é{’f’ Z’b%peg}tb%%%eﬂf"& dﬂ%% COoRt S ner: and

a tool integrated w thpipetteniptaapter tfdveclfakabli dobapingaipeitetips stofed withiolthehavi ng a
first interfacq .and a second interface, wherein the first interface is
configured t 6%8t't%ch to a robotic device on a first side of the barrier
out si de of the interi omworkigifuil chfimbenércomhaiicatng witich fukpwecosde phher f ace is
di sposed within the jnterior.region of the container under the flexible

. sealed.c systein container; . ) . . :
barrier and conftigure 0 mani ﬁufate the itens in the interior region when

the flexible barrier ndiageadnaiiafilat baististhstie odengibnd diamber fromtiey ei n t he
second i nterf ﬁ%g’% tlxpsadgpg%}faixcgwf ﬁﬂxtséq\gtingtqyge%&?e ﬂ(ﬂ?th%@i‘dfpg\%gto éeﬁtee lip nove t he

manifold to & rom eas ations; rei ool is
attached to adapgnter portion of the flexible barrier, and wherein the
flexible barrier is sealably attached to the container with sufficient
flexibility to allow the robotic device to nove the tool within the
interior region ofl-t hdhewneainelcldat issreinbotantanepwniprses sdeyalfs hatyer t i cal

direction and,ab@ tda b&BGIHBNHe Wosthdls Bfthdr RénFRALALEGEphotometer for 36.  The
apparatus of claim 35, further conprising a reagent rack, d osed within

L1 ! ! g a ars
the reagent $ban{ifying asample,vdsKEYIhe PIRICHEMANTSE2 LB Sristangt cwelisdent s for

processi ng t hig var Bl Cobihed, s8i3 MRS configured to hald the Bipl@ PR G aintifeddy tikd ai m 8,
further conprisi n% a drive nenber with an automated drive system for

aut omati cal | yPSBAPAY™ERe 1id in and out of the sidewall aperture of the
container while held in the flexible seal. 38. The apparat us of

claim9, farther conprjsing an aliquot tube expressor for draw ng the
plurality of pr ocgsseak%%‘?%laté%"fﬁ]ﬂ‘%?t[%i@heﬁF?i?pé'IS{?’%re(SFc”éaI"i“%‘L%?u“? %tg?.
39. The apparaifigtre@fo Gikcalhtenid &aledhathi@itht ifithéor adgiof wbthe tartenee bprogssdvopconpr i ses

a tube seal erwhtegthgﬁgiiblggaerrigris sea E(Fto(t)]]:e c%rbtaem r! urality of aliquot tubes.

13.  The apparatus of claim 12, wherein the vacuum system comprises a single-

use disposable vacuum head and flexible tubing.

14.  The apparatus of claim 13, further comprising at least one heat exchange

device for controlling humidity and/or vapor concentration within the sealed container.

15.  The apparatus of claim 1, wherein the container and the barrier are single-use
disposable, the apparatus further comprising a robotic arm, wherein the robotic arm is the
robotic device attached to the first interface, and wherein the robotic arm is configured to
move a pipette tip held by the first interface inside the sealed container space to take on a
downwardly angled non-vertical orientation with a lower portion of the tip positioned

proximate a receiving surface of a receiving vessel in the closed container.

-56 -



40. The apparatus of claim 1, further conprising a housing with a work
surface having a container position guide, the apparatus further conprising
atrolley configured to hold a container with the flexible barrier, then
al l ow an operator to align the trolley with the housing to slidably
transfer the closed container to proper operative position on the work
surface using the contai ner position guide. 41. The apparatus of

cl ai m 40, wher ei nid he Theeppastis bidamOpnieadimie proasiet! floid iglischkeged dwprihs es
spaced apart slots nd wherein the trolley .conprises correspondi ng slots
that align vvic‘t”ﬁa’?el‘ig’hgﬁ tgf Bt rﬁ%‘a%‘?ﬁﬁle(gw}foé%'g’?%\ﬂﬂ%@%%?fse Ha"tT'd%ed cont ai ner
can be sl i dabloyedtsysons hed wigstkid the tontaver 4nd Ghrkienterhdin fchied wwoink aslaftaceto nt o
proper operatjive ppsition. .. 42. The apparatus of claim40, further
conpri si ng adg%];iaﬁg-seﬁjfségg’&d'ﬁ%oﬂ)béer that pushes agai nst the closed contai ner
on the work surface to force the closed container to a desired operative
position under a botjc arma ciated with .the rohotic Vi ce. 43.
The appar at us of f(’:7f‘)ai E]hi%pp?rﬁt}l Wﬁrzc%”ég’rrff)'g}e%cloﬁnﬁngn‘%%g? ‘l”%:geélsro(r?h% wherein the
roboti c ar m iceminivécatiobwit e deseil cantartet adhednttodcitchie intcommuficatisn witimther f ace,
wherein the L0BOL GBI LASHAER ! SklGe I ALOSEANRIKIPACC 44 AN
appar at us f of Prani pu at|ngg itenms 1n"a closed contalner, conprising: a

cont ai ner hawitsggtyan outer wall surrounding an interior region configured to
hold a plurality of itenms to be mani pul at ed; a flexible barrier
defining a cover having an outer perineter portion and a nedial portion,
wherein the flexi¥ e Bhyarpartupeficlarm puithepeampripog 2 $ysiamifey neaufipbyojungt t ached
to the contaipgf,;QUub8higl| to enclose a sealed closed container workspace
inthe interior region of the container; and ] a tool seal ably attached
to a nedial portion oftledeont priieidoaligyendrte Brpiectialsigns! govardariedstymaingd r st
interface ang,@imeeeRthpldtofhihated MM iRIbAitDRaltd éodlinkit er face is configured
to attach to a robotic device on a first side of the barrier outside of the
interior region of tha leasinaraeiver sppiizhmdtodessiynihesignad pites dhs sigaal ifteprdsed
within the i RLgiHeQEmPIEHnRheR ivhtBR aCRALAINIRY sigdNdekivEd8y th @ikl RdlaEs i er and
is configured to manipulate the itens in the interiaor regi on when the

f1exi bl e bar rhgpthe g"‘ég%?ldéfﬁ’lpiﬂ betoraeiamrdetermined redifater | wherein the
medi al portion of theahli@xake dbadelih &mnmicaldn&vithAhd re@n st @t €aniple t hr ee

di rensions and nove relative to the outer portion of the flexible barrier
while the out®¥&rtion of the flexible barrier remains seal ably attached
to the container to alWhavintheduidhaiftrederdeeemine owtuntehe fltiddat it hasa verti cal
direction and abo a.length and width of the container.. 5. The
appar at us of "C14F f%{thefﬁlﬁ%%@fﬂa@gf%’}ep Ag e 515t fh&t t{(;ﬁefﬁ/‘i‘%}éasgfof)%? hed to the
tool first i htlewkddpredomhingdipdioh.o nove the tool in three-dinmensions in the
interior region of the container, wherein the container conprises an upper
portion with a circular open space defined by a dowwardly extendi ng
concave sidewal | ¥hat Thespgastus sftctrim 18,ovbereinsptxstivmis adlghtenpltcanaithbase, and
wherein the fsil &2 icbnlleisbseHrEi er resides over the container upper portion and
is sealably APTREREESFo & he upper portion of the container. 46. An
apparatus substantially as herei nbefore described with reference to any one

of the draw ngs. 20.  The apparatus of claim 18, wherein the fluid transfer device comprises at

least a portion of a pipette.

21.  The apparatus of claim 18, wherein the sample container comprises a

cuvette.

22.  The apparatus of claim 21, further comprising a plurality of sample
containers held in the barrier-sealed container that are serially in communication with the

emitter.
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23.  The apparatus of claim 1, further comprising an apparatus for measuring

volume of a fluid, comprising:

at least one light source for emitting light;

at least one receiver for receiving light from the light source;

a cuvette held by the container through which a change in the light path
dependent upon whether the cuvette contains fluid or is empty can be detected; and

a fluid transfer device in communication with the receiver to determine the
volume of fluid that has been removed from the cuvette when the receiver detects that the

cuvette is empty.

24.  The apparatus of claim 23, wherein the fluid transfer device comprises at

least a portion of a pipette.

25.  The apparatus of claim 1, wherein the flexible barrier is substantially

impermeable.

26. The apparatus of claim 4, wherein one of the stations hold a PCR plate, another
of the stations holds a pipette rack with pipette tips, and another of the stations holds a tray

of sealed reagent vessels.

27. The apparatus of claim 1, wherein the flexible barrier outer perimeter portion has
an outer edge portion configured to seal to an upper perimeter portion of an upwardly
extending sidewall of the container to define a sealed closed interior chamber, wherein the
flexible barrier comprises an elastomer and is sealably attached to the first interface at the

center portion of the barrier.

28. The apparatus of claim 27, wherein the flexible barrier comprises a plurality of

radial pleats.

29. The apparatus of claim 27, wherein the flexible barrier comprises a plurality of

substantially vertically oriented stepped portions.

30. The apparatus of claim 1, wherein the container has an upwardly extending

sidewall, and wherein the tool inside the workspace has an outwardly extending lever
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configured to contact the sidewall, whereby contact with the sidewall forces the lever to

pivot and release a respective used pipette tip held by the tool under the flexible barrier.

31. The apparatus of claim 30, further comprising a pipette tip rack held in the
interior region of the container, and wherein the container has a base which holds the pipette
tip rack in a substantially horizontal orientation, wherein the sidewall angles down to the

base and the pipette tip rack resides below and adjacent the angled sidewall.

32. The apparatus of claim 30, further comprising a pipette tip rack held in the
container interior region and a load sensor in communication with the pipette tip rack,
wherein the tool is configured to advance to exert between about a SN-50N load against a

target pipette tip to engage a respective pipette tip held by the pipette tip rack.

33. The apparatus of claim 1, wherein the plurality of items to be manipulated
include pipette tips held in the interior region of the container, wherein the container interior
region holds a plurality of spaced apart vessels, wherein the tool second interface is
configured to releasably engage a respective pipette tip and automatically translate to pierce
a cover on a selected vessel a plurality of times in different spaced apart locations before

withdrawing fluid from the vessel through one of the pierced openings in the cover.

34. An apparatus for manipulating items in a closed container, comprising:

a container having an interior region configured to hold a plurality of items to be
manipulated, wherein the plurality of items comprise nucleic acid samples, and wherein the
container further comprises (i) a plurality of stations in the interior region for processing the
nucleic acid samples including an elution station and a waste station and (ii) a manifold with
a handle, the manifold configured to hold at least one nucleic acid binding column, the
manifold configured to move between at least two of said plurality of stations;

a flexible barrier configured to sealably attach to the container; and

a tool integrated with or within the flexible barrier, the tool having a first interface
and a second interface, wherein the first interface is configured to attach to a robotic device
on a first side of the barrier outside of the interior region of the container and the second
interface is disposed within the interior region of the container under the flexible barrier and
configured to manipulate the items in the interior region when the flexible barrier is sealably
attached to the container, wherein the second interface is configured to engage the manifold

handle to move the manifold to and from at least two stations;
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wherein the tool is attached to a center portion of the flexible barrier, and wherein
the flexible barrier is sealably attached to the container with sufficient flexibility to allow
the robotic device to move the tool within the interior region of the container between about

4-24 inches in a vertical direction and about a length and width of the container.

35. An apparatus for manipulating items in a closed container, comprising:

a container having an interior region configured to hold a plurality of items to be
manipulated, wherein the plurality of items comprise nucleic acid samples, and wherein the
container further comprises a plurality of stations in the interior region for processing the
nucleic acid samples, wherein at least one of the stations comprises a reagent station;

a flexible barrier configured to sealably attach to the container; and

a tool integrated with or within the flexible barrier, the tool having a first interface
and a second interface, wherein the first interface is configured to attach to a robotic device
on a first side of the barrier outside of the interior region of the container and the second
interface is disposed within the interior region of the container under the flexible barrier and
configured to manipulate the items in the interior region when the flexible barrier is sealably
attached to the container, wherein the second interface is configured to engage the manifold
handle to move the manifold to and from at least two stations;

wherein the tool is attached to a center portion of the flexible barrier, and wherein
the flexible barrier is sealably attached to the container with sufficient flexibility to allow
the robotic device to move the tool within the interior region of the container between about

4-24 inches in a vertical direction and about a length and width of the container.

36. The apparatus of claim 35, further comprising a reagent rack disposed within the
reagent station, the reagent rack holding a plurality of reagents for processing the nucleic

acid samples.
37. The apparatus of claim 8, further comprising a drive member with an automated
drive system for automatically moving the lid in and out of the sidewall aperture of the

container while held in the flexible seal.

38. The apparatus of claim 9, further comprising an aliquot tube expressor for

drawing the plurality of processed samples into the plurality of aliquot tubes.
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39. The apparatus of claim 38, wherein the aliquot tube expressor comprises a tube

sealer to seal one or more of the plurality of aliquot tubes.

40. The apparatus of claim 1, further comprising a housing with a work surface
having a container position guide, the apparatus further comprising a trolley configured to
hold a container with the flexible barrier, then allow an operator to align the trolley with the
housing to slidably transfer the closed container to proper operative position on the work

surface using the container position guide.

41. The apparatus of claim 40, wherein the work surface container position guide
comprises spaced apart slots, and wherein the trolley comprises corresponding slots that
align with the slots on the work surface, whereby the closed container can be slidably

transferred from the trolley to the work surface into proper operative position.

42. The apparatus of claim 40, further comprising a spring-biased member that
pushes against the closed container on the work surface to force the closed container to a

desired operative position under a robotic arm associated with the robotic device.

43. The apparatus of claim 1, further comprising a robotic arm, wherein the robotic
arm is the robotic device attached to the tool first interface, wherein the robotic arm resides

outside the closed workspace.

44. An apparatus for manipulating items in a closed container, comprising:

a container having an outer wall surrounding an interior region configured to hold a
plurality of items to be manipulated;

a flexible barrier defining a cover having an outer perimeter portion and a medial
portion, wherein the flexible barrier outer perimeter portion is sealably attached to the
container outer wall to enclose a sealed closed container workspace in the interior region of
the container; and

a tool sealably attached to a medial portion of the flexible barrier, the tool having a
first interface and a second interface, wherein the first interface is configured to attach to a
robotic device on a first side of the barrier outside of the interior region of the container and
the second interface is disposed within the interior region of the container under the flexible
barrier and is configured to manipulate the items in the interior region when the flexible

barrier is sealably attached to the container,
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wherein the medial portion of the flexible barrier is able to translate in three
dimensions and move relative to the outer portion of the flexible barrier while the outer
portion of the flexible barrier remains sealably attached to the container to allow the robotic

device to move the tool in a vertical direction and about a length and width of the container.

45. The apparatus of claim 44, further comprising a robotic device attached to the
tool first interface configured to move the tool in three-dimensions in the interior region of
the container, wherein the container comprises an upper portion with a circular open space
defined by a downwardly extending concave sidewall that merges into a lower substantially
planar base, and wherein the flexible barrier resides over the container upper portion and is

sealably attached to the upper portion of the container.

46. An apparatus substantially as hereinbefore described with reference to any one

of the drawings.
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