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RELATED APPLICATION

[0001]  This application claims the benefit of priority to U.S. Provisional
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 amplification
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 cycling 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



research and clinical |aboratories to aid in the diagnosis of disease
and/or identification of pathogenic organisns in a test sanple. Such
anplification reactions may al so be used for devel opnent of vacci nes,

i ncluding, for exanple, autologous vaccines derived froma patient's own
tunmor cells. Amplification of nucleic acids isolated fromtunor tissue
al l ows for autol ogous vacci ne production even fromsmall tunors, and

ther ef or e SEFRIAShERNrABRNE fnUIbletulaP BIJI6A), zm’@dlﬁm o ObhPenBiity Bpl t unor
burden. 10004] Géneral |y stated, the curréntly known anplification schenes

can be br d&dﬁydgﬁw@drqnnf’ootvmsmMQ@@ElabMngolﬁEdmémh@bel ehad..dolrymat i ¢
anplifi caty ctl nuoL cling,of the tenperature
bet ween th@ﬁ%ﬁ‘a F‘Hrfrgn@edﬁlfﬂﬁpgé B} %198%1 rf%h terrperature and
the anpli Qﬁﬁihs&rﬁitmltﬁédlétfad emplfiBition (&M&) fnh@laicla@m Rfudtieelbaied aci d) synthesis
tenperature, or whether the tenperature is kept constant throughout t he

enzymati c @Pﬁhﬁoﬁil@fam/bﬁBéﬁ c?@é§§a1€d displaearnent ambﬁpartm@ziﬁ . Typical cycling
| d
nucl ei ¢ aci ¢ a’i?b)@') Caﬁhgl@1c. a%ﬁfﬁﬁé 1880 64 mﬁdg%ld(lﬁ&% E)E%?lppé Sp9]aty Merase

chain reaction ase | n reac I ¢ protocols

for such rre@cmas&,s%,r%&ia 3@2;5&60 2138 48% 18&)6&39157 $J399t49Pr524@9;8)1$ in
Mbl ecul ar Bi ol ds from Current

Prot ocol s 348 é&pgﬁlg %ﬁfg@” (SEG”Q 99@@%@&?54&16&" 1s wolkkRowp thay & Sons,
New York, 198ads S&Plgt%é gx%seléﬁscx}lﬁézlt Hghds! F%Mé%hgg ?}(li‘él dgﬁ;glgfftﬁtmn and

transcri pt| on- ne I cation sequence- based
anpl i fi catdetoti¢iNOSBA)gic acnds sithantdeqliisipg alvemgnendarp Irésbbnabllecﬁor (SDA) .
[ 0005] Nucl ei¢c.acid a |Ifﬁcatl n is disgussed in, U.S. Pat.

Nos. 4, 685eAuEve 9psgEIonpyiricigacid sequences, Haygvargif is %‘1"6 15 C%“?@é 491,
>, 409 818118, él&'i’g Jvﬁﬂ,théseﬂ%vﬁyl@f dRerfh ﬁ%ﬁbleimﬁﬁﬂu&e?@a@lﬂ%éhﬁ%loﬁ% It is

wel | -known that mret hods such as those described in these patents permt the
anpl i fi catthonskelcottngoaticarbyohimitcaomtact devantedrexogenaguurleirges oni ng, and

are responsi bl e f.or sensitiv nucleic acid se nces. However,
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m nut e anmounts of unwanted exogenous nucl eic acid sequences is extrenely

great . Th@cndwndpsliemorﬁmnrmﬁ%atu on reactions may be enhanced by nethods to

contr ol the I C RS98Il o 2R O et

cont am nants. ]In | cut ar ocess sarrpl es,

i ncl udi ng ek@rhpl%xﬁapdoauétim ditasbsdutio agadts, ke napsidsi for agelogsus thedspyyacci nes
for autol ogous ther apy, current good manufacturing practice (GW) typically
requires RHHERECG m@wﬁcaﬁmaﬁ?ﬁm@ (MR tprieal it requosomguadectigiimat y . t here
remains a Qe,ﬁ)%eh%r&ﬂﬁexg” to provide automated systens and net hods for
processi ng clei'c acrds and ot her sanples

[0007]  Accordingly, there remains a need in the art to provide

automated systems and methods for processing nucleic acids and other samples.

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,



SUMVARY OF EMBODI MENTS OF THE | NVENTI ON [ 0008] Enbodi nents of the present
invention are directed to systens, apparatus and nethods for automated
processi ng of one or nore sanples. The systens can be used to nanipul ate
itens in a closed environnent, and nmay be particularly useful in the fields
of nedici ne, diagnostics, biotechnology, electronics and nanot echnol ogy.
Enbodi nents of the invention may be particularly rel evant for processing

bi ol ogi Calblé&ﬂfﬁj_o@éots,!nﬂ@lleiédicm’(e.%lftRl\mRtDNiA'ﬂ preRidsOcell éui@iBSandtheod, bl ood
products, nucleic acids (e.g., RNA DNA), proteins, cell cultures, and the

| i ke. [00d&eEnbodi ments of the present invention provide an apparatus for
mani pul ati ng o noLe,i t.ens. | closed container. The container, also
feferred to hendMflas Eiborigirindtsfl Bsranmenton e dbrddi 3o det i ni ng
an interi Qharfip\ABRES oneViinidte itemS @ik cHdéPebritain&i0 | TheaBitatieR o eferieiens to be
mani pul ated, and a flexible barrier configured and di mensjioned to cover the

interior &pagredne aneatolationtsontainer's gpmarisrsra traydefinme anonterigr chagmhopul at i ng

the 11 ex oy 0cth Rohbel B g S B ATHR b Be Haplithtel 3G e 0F ) M
accessi bl éafricervafige¥d aid ditnedsidgedio doher thalnteridr dréodndi ssalowifii thgur ed to

attach to a robotic device. The tool can al so _include a second | nterface
that can ERREHYT HapnPdAcldspBenpalating dews withan hepteppr arsg isatiaghad oy j s

di sposed vgrthggé} {?H%Vijt Shiah 1 S&iNBeddee flexible barrier is sealed with
t he cont ai ner. ) e tool can be configured to mani pulate itens within the
cont ai ner when [00)]r obbhd olean lmee hirsttintecthedthtiois bbees§ibledftom ab er f ace. I n

sonme enbodi nents, t ne.or. nore ite in the closed container conprise,
for exarrpleét,er‘élﬁ?d‘épp thedpaics that eRonfighiogto 23R @ robetislaice, THLPPIF | i s,

Pi pette tichs als¥ BRt@leS seRbitPintrR0S XA S AR GHh aﬂ%PGé?t’EQid%%ﬂtﬁ’é‘ t her eof .

Q her tools or devices may al so be disposed within the container, for
exanpl e t detreromuch ghat gasdisposep vothes thengteriomarepwhen thedlextdabarieniy,

anal et 0. SaFRLAT SAGRL, SHERLTNLERTEL SRRt BLASTOLARTRAIING, e
the container when the robotic device is attached to the first interface. In some
embodiments, the one or more items in the closed container comprise, for example,
any of nucleic acids, other samples, reagents, wash fluids, pipette tips, vessels,
other consumables and/or any combination thereof. Other tools or devices may
also be disposed within the container, for example tools or devices for processing,
manipulating, measuring, analyzing, sampling and/or storing samples or other items
within the container.

[0011] In some embodiments, systems and methods for automated
processing of nucleic acids and other samples include a single-use disposable
isolation container assembly with a tray and a flexible barrier configured to seal
with the tray, thereby providing a closed work area within the sealed tray. The
closed work area may be aseptic.

[0012] A pipette head and/or other sample manipulation device can be
attached to the inside of the barrier, and the barrier can include an interface for a
robotic arm or other device that is used to manipulate items within the sealed work
area. When the barrier is sealed over the tray, the barrier separates the contents of

the tray from the robot or other manipulation device. The barrier is flexible, and

allows the robotic arm to move the pipette head or other sample manipulation
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processi ng of nucleic acids and ot her sanples include a single-use

di sposabl e isol ation 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. [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 arguyQles %Q%hoq?ﬂ:%rf(ﬁ%oif%e%?&d ll‘l)sa[fﬁ;ﬂb@,lﬂéa%‘éﬁtsj Isigéf& tistdabn the

seal ed work area. en the barrier is Sealed over the tray, the barrier

separ at es dathe coosuneatiss, tools drelevicayfok poreessieg mestic agd samhkes magini pul at i on
device. The barrier is flexible, and allo he. r.obotic . armio nove the
pi pette hergxalaglrwgﬁﬂéﬂ)e <9560 SompaHMSH %fpylgﬁ%ﬁikﬁ lé%lgg?lh?%@ﬂ% ""PRe work area
of the trayocedbihgsanpl es, reagents, pipette tips and other consumabl es,

tools or devices for processing nucleic acid sanples may remain within the
cl osed conpar t n8B13lpr ol anethaspmbpdiniens magtherds of Precgpyies neleir agidpr ocessi ng.

[0013] I n ot hak i T eSShE | ej c. acids, (e.g.,
RA and) orCaR AL DRG0 el BE A PR le RRECRR MR BHEIRE L. LG %
reduce t haeticekh®fisicofdontintiaatingGsubjebi @ateriabiih uAdesived biolupies nfaedr, bi ol ogi cal
matter, e.g., _froman operator, another subject or the external

envi r onnerfg. rpmanapegs oRnotess sublestios thesetarpalsnvengitn dR S9rae desi gned f or
RNA i sol atj ' i . 1847 ol ?b'gg- . jmted to one or
nore of t hég%#b g}@%ﬁg@k?ﬂ&ﬁgﬂ} Sﬁ%@%}g? dgil%%ég%g oodlsgtr%gﬂgogl,é cells,

pat hogens,biabgical sampé, inctuding betmoo inited ts ond drembiealfolgs folbwaggmplneorconpri ses

a tunor hopogenate,. and the system provides all the, features an
funct i o_naltlsﬁlgea B&"go‘wg pr %:[Is1y ‘feﬁlévd’ S, ﬁ@nﬁﬁ@ﬁ%‘f@l"‘f ﬁ‘?’%o‘glﬁlemst 8’6 _
transcri begybhi¥ds cohQsdd d iﬁﬁh&q{olrﬁogeﬁﬁé,%’anﬁhﬁe §REntIBrofidet BB thesol at i on

container i's exposed to the subject nmaterial, thereby preventing possible
cont ami natfeanresfind fimciomadits &i cvpvery skasified hamordwnwigeyate liga i wigror equi r enent s

bet ween caqnsecuyti,v é@g ct sanpl es processed by the system In sone
enbodi rrenttga,ns"‘trﬁ’gdﬁf%ﬁ) ?\ng syst em processes sanples in one isolation

contai ner at a [hong- | PystdIR,, oBRRREINIRIBIOT thd B61aBYS EQTBNEAR elYfOs6@RS | gured to
process sanples in two or nore isolation containers substantially

concur r entthg/subj@ nGidrial, sherebyeprsuetitimg possible isentemérasion of thearp¢assingr ovi des an

apparatus faor the transfer of fluid ¢ risin r ki ng Jf.L yi a wor ki ng
P Or o pumsY g r Bl il iSRS WPl ' 1T e
a sanpl e grodbdtdbyfthe bty @l a@xbbdimbms Ghe prpedsiptybearprbbassanpl e
device by a change in pressure which is transmtted across the di aphragm

e.g., by reuplesin ousisolatoripaitinaptadiien Innghersmbodinantuithe systepscARnges
b1 pot et it conigRLY Recss Huttoich b QR TR IR el O TRBlEN) (70 51 0
sanpl es, aofé@fentlor transferring a sanple, reagent or other fluid fromone
| ocation to anather |ocation. The pipette tip. or tube nmpy be of any
sui t abl e shape [484P]si zk some embodiments, the present invention provides an

apparatus for the transfer of fluid comprising working fluid and a working fluid

pump that are separated from a sample device by a diaphragm. In use, a sample or

other fluid may be drawn into or expelled from the sample device by a change in

pressure which is transmitted across the diaphragm, e.g., by movement of the

diaphragm when the working fluid pump changes pressure of the working fluid. In

one embodiment, the sample device is a pipette tip or other tube for uptaking,

dispensing and/or mixing fluidic samples, and/or for transferring a sample, reagent

or other fluid from one location to another location. The pipette tip or tube may be

of any suitable shape and size.



[0016] I n yet other enbodi nents, the present invention provides an apparatus
for measuring the volunme of a fluid conprising: at |east one |light source
or emitter and at | east one receiver; a cuvette configured with a |ight
pat h through which the receiver can detect a change in the light path
associ ated with whether the cuvette contains fluid or is enpty; and a fluid
transfer device in conmunication with the receiver to determ ne the vol une
of fluid that hggidjeenid RABURH cibOMnicRR, fid\pRdseRt intQRbALRNAEs ATbodi ment s
are directed to biological sanple proceSsing containers. The containers

i ncl ude a appaghesfosweabugpg thetiodume affa Auidi compaisingbat laast oa¢ lightrsogicd body with
a first vvorkst.&lti 0 gf)nf it?gured.to. hol dtta vessel f%ﬁ '.nﬁtub?l'i)' Qn ihn a thernmal
bl ock (e. ¢’ STHUE; 3G CETHFRS YD VP PR UE F‘%@, S Bate, etc.),
a second WoKiks tRlrbvives 0Bl Havétetbhhngdialthe igaGRMH Ssodied withRiicthemid st at i on
configured to hold pipettes. [0018] Sone enbodi nents are directed to

f1 exi bl e aveiesontansilyg onis Suptsr andgylluid drensfendeviss ingomenctieBal to a tray
to define | ed. j ' . [ ' i ncl udes
an el ast ottt SRS B2 flpinlhe Heoh P PR nbio ol bRl B ButBlibnifhe 07

medi al porduvette.of the barrier. [0019] Yet other enbodinments are directed to
an automated pipette tip di sengagenent system .The systemincludes: (a) a
tray having a s{Bﬁ]eU/al IQ@ﬁS“@B&“&nF%%Qir@t%%WP&C AGPIRCEFEREpul at | on

t ool havi tyar : j ] i .coptact the tray

si dewal | , %\%R%?lg y %}%nét%g%‘tl&é\% t @ﬂftdﬁg Skslfgyevvsaeﬁﬁégdg)%géegg%'&gwﬁgeer to pivot and
rel ease a snbspeellyvgidibety withe firs warkstatedncconigtted torholidputeasel dor t ool . I n

sone enbodi nent.s,.the tr has, an angl ed. sidewal | . that contacts.the

rant pul at RBACGRH i peinal PIRSEF ot DU BNVl o ¢ SBtRs PhRsyst ems 1 or
processi ngldté,%.?%-se&l?ﬁ M&tﬁﬁ'&aéd?ﬁigﬁ%%oh@])dx@a%eﬂ&?hﬁ&aﬁﬁf& and (b) a

mani pul ation tool that cooperates with the robotic arm the tool configured

to rel easairkstatiyeepafigursid pehold ripgiteand aut omatically translate to pierce a
cover on a ves plyralit f times.in djifferent.spaced apart |ocations
bef or e wi ¢ har s | erny e Bimen baES kst Rl P BRS R AR cea

openi ngs ioiter B@gCHMEDn chifibttddohies] 16 AR itoasife Déledidleel adetier €l ution

trays. The trays are )
chamber. The flexible barrier includes an elastomer and is sealably attached to a

robotic arm interface at a medial portion of the barrier.

[0019]  Yet other embodiments are directed to an automated pipette tip
disengagement system. The system includes: (a) a tray having a sidewall; and (b) a
robotic arm merging into a manipulation tool having an outwardly extending lever
configured to contact the tray sidewall, whereby contact with the sidewall forces
the lever to pivot and release a respective used pipette tip held by the manipulation
tool. In some embodiments, the tray has an angled sidewall that contacts the
manipulation tool lever.

[0020] Some embodiments are directed to systems for processing
liquids. The systems include: (a) a robotic arm; and (b) a manipulation tool that
cooperates with the robotic arm, the tool configured to releasably engage a pipette
tip and automatically translate to pierce a cover on a 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.

[0021]  Other embodiments are directed to elution trays. The trays are

sterile biocompatible elution trays having a plurality of spaced apart receptacles, a
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sterile bioconpatible elution trays having a plurality of spaced apart
receptacles, a plurality on a first side of an upwardly extending barrier
and a plurality on an opposing side of the barrier. The receptacl es have a
channel that extends on each side of and tapers down in the direction of a
primary tubul ar portion. 100221sStill other enbodi ments are directed
to kits for use wth an automated processing system The kits include: (a)

a single- ;m&raﬁi &fé@@t@ide%a@h SrdBPOREA S Barfier 4ridda ARFALRy & &1 bl e barrier
configured to sealably attach theréto; (b) a single-use disposabl e reagent

rack conf iapposidg sulerof thedwmriier. {The rewptaslenbavea chanhelrthat extands pacadn; (c) a

si ngl e-use.di sposabl e bi ndi n ol um nifold configured to reside in the
contai ner ;Sl‘gen‘bipa(“g%a%?rssﬁ?%‘gf 8’-%5@“8&%0%%@%“%’8@9@% pgﬁ_&ﬂ?'confi gured to
reside in the codzy nektililogf22 3mbedinrlad iiFenéStodie ot iRGliidart 0 et hods  of
transferring liquids. The nethods include: (a) programmatically directing a

robot i c arawamatadprocessingriysiefna ckhetlais|ingledes &dainglerypaidisppsablsi pette tip; (b)

oi'urali 1y e Rtpifng « 168 s Rt BERRF Lok Pl Blhgn Lo € @
Wi t hdr awi nferetoy ) diigleubd@ispesablelreadehirath eonfigiraid régdd mnthe usi ng t he
pi pette tip. 100241Sone enbodi nents_ are directed to nethods of releasing

|i qui ds f reontabnesat @ 855t wpRkstahonh o & singls-ussedisnosable puding Ao MR al |y directi ng
a robotic ink . L B i pette to
i ent t ndBEA® BT g BLEE RS b B e oo Poi th the
tip proxi rpipattetraclacordpated to gesider ihabecomtaiaercl osed cont ai ner; (b) then

automatical ly ing the down dly oriented angle ipetfte.in a
substantial l'y m‘%ﬂght QPWHSH@\S@IW&% e dpecte IPgtlh_Pg% 408 | ovabl e
subst ance ﬁcgl?dy. e RiRdstificluld QD rSSlanfii iR 411 FROYINERIHBotR! Snfiior ect ed to

nmet hods of aspirating |1qui gs into pipettes.” The nethods include: (a)
pr ogr ammatraead dryinthrfaee toohgeleasaldip bbldingaa pipette tip®) automatieal fyquercingal

rel easably hol ding a pi .te to a vessel .holdi.ng.a target fluid in a
cl osed cor?FQ?We‘?n, gYﬁéﬁ_@@%ﬁﬁ%ﬁ?ﬁBﬁﬁ 131“}1?3 RHHPRLUHR téx[etpépqﬂ%gﬁpde t he
vessel to {Hik(ch BBtoldafibdlf WithdrBRingSRfRd fromNBE vése] WisiPthedidrbél ddaRintn xed
liquid into the pipette. In some enbodi ments, the method can incl ude

aspi r at i ngistngdhelpipstieibng the liquid to mix the liquid (once or multiple
tines). [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) then automatically moving the downwardly
oriented angled pipette in a substantially straight line along a plane, while releasing
a flowable substance from the pipette.

[0025]  Yet other embodiments are directed to methods of aspirating
liquids into pipettes. The methods include: (a) programmatically directing a robotic
arm to move an interface tool releasably holding a pipette to engage a vessel
holding a target fluid in a closed container; then (b) automatically moving the
pipette inside the vessel to mix the liquid in the vessel; then (c) aspirating the mixed
liquid into the pipette.

In some embodiments, the method can include aspirating and dispensing the

liquid to mix the liquid (once or multiple times).



[0026] Still other enbodinents are directed to autonmated nethods of
processing a sanple in a closed system The nethods include: (a) providing
a sanple in a sealably closed container having a flexible barrier; and (b)
programmatically directing a robotic armto cooperate with the flexible
barrier to nove an interface tool inside the closed container through a
series of operations while the closed container remains sealed to process
the sanple. [ OO{%MJ he SRHBAM: ERSo@RIANAL ifedle® difihiibPnRiRAO6F MOr e of the
follow ng: (c) el ectronlca |y and automatically measuring vol une and
concent r atproeessing alsemplnplaelesed ayssror dhe methaids nnqlmc@ tprovydinge

anplification d t roni,cal | d.aut oring seal
integrity B Ef‘h’é‘ %ﬁ%@gg A SPR %ef)g Vd'?%a%ﬁ“&’ %d?"b‘f béuri ng use; and (e)
capturing @b ﬂaﬁﬁﬂ‘éﬂc@l d@éﬂ@lhgfalrﬁﬁot@%nﬁt@rmgﬁérht@ vﬁfh @b iflgkidle bupE&ab W t hout

di srupti ng t e seal ed status of the close @ﬁlrgtem 100281Still ot her

enbodi mentmost an interfagy tael insidedheclasadeeomiainer shrapghan series of eperatienspul at i ng.
Itens in a6l osed Gont ﬁéreraxL?%s%Q t%tl%% césgﬁlle%gx% da) a container having

an interior regi on COI’lcﬁﬁt?H ura ‘items to be

mani pul at ed; ando21]) aThemeﬂmdhﬁéy mldﬁanjaum wmdemne@ﬂhiogubmet o circulate
air sealed V\Athl n the interior region of the container in a closed | oop.
[ 0029] Al t HBUgWinge &y elesemipaL k@ﬁieavgrm@ma}%ﬁ FeasyEmeaiolng and ¢ouepriEationy net hod

aspect s ofoglles B pLAEPSY s Al bt aRBTHIAELALBRLNPr esen

i nvention may a as systens a r program products.
Al so, it isstanodtedlly hehiteriyg sdal idn@rftﬁaf theedosed amrmaden/bdfdsrer ﬁ“wamd/ctro one type

of claim such as a_ system. apparat us h uter ram my be
cl ai ned ordsuélégr“?%c?n%%/ ) captusing 2 ggaftt?é‘e&fng’z‘&ieg%ﬁésﬁp & Iy phala ‘lﬁ’ger ations or
features. %Q&@Q}%ﬁe&ls@?{@ﬁgﬁﬁsgﬂnﬁg%gofgﬁ%q(%gagﬁqg;ﬁments and/ or conput er

program products accordin Iments of the invention will be or
becorme appar ent[0828]oneStail Dthesk;linbbdlmntshéthﬁmvupmm aredirentedoto apparafus| | owi ng

dr awi ngs d deta |.ed. descri lt? . ntended t hat akﬁ such. addi ti onal
systens, nEtHeYRY a&ﬂ%l}tB‘F‘S Hb?wg %fc%%ﬁ hBPBHEHé% ngliden @ 3Rl hin this
descri pti QRvinB&nWhicAbirekd® RBARGA%o hi18 aI@ABHLoNiRURMS beManfiitht&® Pr ot ect ed

by the acconpanying clains.
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. |

[0030]  Other systems, methods, system components and/or computer
program products according to embodiments of the invention will be or become
apparent to one with skill in the art upon review of the following drawings and
detailed description. It is intended that all such additional systems, methods, and/or
computer program products be included within this description, be within the scope

of the present invention, and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS



BRI EF DESCRI PTI ON OF THE DRAW NGS [0031] O her features of the present
i nvention will be nore readily understood fromthe foll ow ng detail ed
description of exenplary enbodi ments thereof when read in conjunction with
t he acconpanyi ng draw ngs, wherein |like references nunerals represent |ike
el ements. The drawings are nerely exenplary to illustrate certain features
that nay be used singularly or in conbination wwth other features and the

present inventi[@mﬂhoug)(r{:heelgg%@gs Bfﬂﬁ%%?éiex}tﬂn&é?ﬁoﬁ%ﬁ%%%?eaﬁh wn. Features

shown with respect to I ment "or figure my be used wth other
enmbodi mentwderstdoddome the HOBRigMetpiled désdriptian pfexspadany\embpdonents a

processi ng, system accordi ng ta enbodj nents of th r.esent invention;

10033 i o here! VEMErRE reeqhutstiR eiidbe psamrBY b Grunes M=t /i o Fi gure
1, includiBgréfied RherhisQBpreQnt ﬁk@@l&m@ﬂtsam@ai@vﬁﬁgm@%erélgeﬁ&ﬁﬁh@ur e3isa
perspective view of one enbodi nent of the work surface of the system of

Fi gure 1, tplillustrateagetdineathirss that vayibsoised sioguledy paineembination witlf 0035] Fi gur e
41s a pero%l?eef\%aim\l/r%s \érlu? %e%cres%gt ikl%grlt%tnisg(r)]ul ot gé Rffied §osﬁggln¥mdiments

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;



with the flexible barrier not yet attached according to enbodi nents of the

present invention; [0036JFigure 5 is a cutaway perspective illustration of
an isolation container assenbly according to enbodi nents of the present
i nventi on; [0037]Figure 6 is a cutaway perspective view of the

I sol ation container assenbly of Figure 5; [0038]Figures 7A and 7B are side
views of a syringe punp system according to enbodi nents of the present

I nvention; [Ooﬁ%fzeggur Fizures 9&%n§3B%ﬁp&fs€ei%ﬁ_‘v§§E& £R8akechbAS vidws of a
pi pette head adapted to tooperate with a urd punp system according to
enbodi nentrssettivdle, qfadhitile bavienadoonding @Ot0hddigants o§ Beipgesant op vi ew of a
flexible i.solati on di aphragm used in the pipette head of Figure 8A,
accordi ng P¥eUeBodi nent s of t he present invention; [0041]Figure 8D is a

cross-sectional [gg§RW oFidures §Caxl DDLark pOIsAdCHiB and cross-sectional side
views, respectively, of other embodiments of a flexible 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;
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di aphragm shown in Figure 8C, [0042]Figures 9A and 9B are perspective and
cross-sectional views, respectively, of a flexible barrier according to
enbodi ments of the present invention; [0043]Figures 9C and 9D are
perspective and cross-sectional side views, respectively, of other

enbodi ments of a flexible barrier; [0044]Figure 9E is a perspective view of
a flexible barrier with an integral coupler, the coupler in the barrier

shown in parti afonSacti filuivh 181is 2RGIRANTI Vi GrTROHiaIRDkHigiaderd nvent i on;

[ 0045] Figure 9F 1s ‘a perspective view of a portion of a robotic arm having
a coupl er daompiegpagethenowiehgagpetteliead &y moee theoumilifold bétwaen statidisgur e 9E
according to enbodi nents of t resent invention; [0046]Figure 9Gis a
e Spect PVASCURIE Gremoneimte i BiseSttayenton,

[0055]  Figure 16 is a schematic side view depicting a closed vacuum
system prior to use with an isolation container according to embodiments of the
present invention;

[0056]  Figure 17 is a schematic side view of the vacuum system of
Figure 16 during use with the isolation container according to embodiments of the
present invention;

[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;
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conponents shown in Figures 9E and 9F (wi thout the flexible barrier) and
with the outer housing over the internal conponents shown transparent and

i n broken line; [0047] Figure 9H is a perspective view of the
assenbly shown in Figure 9Gwith the flexible barrier attached according to
enbodi ments of the present invention; [0048] Figure 10 is a cross-sectional
view of a PCR plate and thermal cycler lid assenbly according to

enbodi ment s of (‘ghg?]pr e?ﬁgﬁr%?ﬂ?@& :sé}ﬁ'matic top }I)e{r%ég‘%']e ﬁEWf@hé—r%aééiﬁ?

per spective vie a cycler assenbly with a thermal cycler Iid
drive systrack stovor idi Figute® 1dniblodiratingt aspiefcing techmiguseascondingdat i on;

100501Fi gureté]]j!ﬂz I s a.perspect.ive view of the thermal cycler lid drive
syst em of GEdigents of the PLSCR YO oxi bl e thermal cycler |id seal of a

contai ner accor@p§s] t oFRiuRedR iPNEcics bf tdMRniakie FIARtratichssRbivaIy ofeRitfoh] Fi gur es
13A and 13B are cross-sectional views of the |id seal of Figure 12 during

movenent  off anfadiquotdnbramethagisimacsording wuambsidiments abtr Psgsarian¥IntioRe cont ai ner
sccor 99 1o, STRGRHE kRt 23R RSP THEHMERARARI RS 5 5,
i n Fi gur eqoddda igtdchnligdation container tray according to embodiments of the present

invention;

[0067]  Figure 23B is a top perspective view of a partially assembled
container using the kit components shown in Figure 23A according to
embodiments of the present invention;

[0068]  Figure 23C is a bottom view of the partially assembled kit
shown in Figure 23B;

[0069]  Figure 23D is a top view of the container in the kit shown in
Figure 23A 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 23A 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 perspective 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;

11



[0053]Figure 14 is a perspective view of a manifold for housing DNA and RNA
bi ndi ng col ums accordi ng to enbodi nents of the present invention;

[ 0054] Figure 15 is a perspective view of the manifold of Figure 14 during
engagenent with a pipette head to nove the manifold between stations
according to enbodi nents of the present invention; [0055]Figure 16 is a
schematic side view depicting a closed vacuum system prior to use with an

i sol ation cont gpgrey] acpiyutié P98 10, BIRAIHEBALCHVEickNEr DFREENSE the ki on;
[ 0056] Fi gure 13 is]a sc%@natic si de viQM/%%ﬁfheKbacJﬁ%1systen1of Figure 16

during useurfaceshoive in Figurei28A iositating erspring usadi tadonce thergopinmsi 8 of t he
Syat om work gt PrsioRPrdne bt Sneisid o e SRRl chow ng cool i ng
units for contredtiing PigkirelR9A iPNEdPMAES bf 60 BIRETH tra§ hedesdiageor ding to
enbodi nents of the present invention;
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;
[0081]  Figure 30B is a bottom perspective view of the tray cover shown
in Figure 30A;
[0082] Figure 31 is a block diagram of a circuit used in automated
systems contemplated by the present invention; and

[0083]  Figure 32 is a block diagram of a data processing system

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

i nventi on; [0059] Figure 19B is a side perspective view of cooperating
conponents of a spectrophotoneter cuvette measuring system according to
enbodi nents of the present invention. [0060] Fi gures 20A - 20D are exanpl es
of operations of a systemto neasure volune in a volunetric cuvette

accor di ng js04 RGBRANIHTRIRIR ol "7 e5LRKd MR¥ERel iRRnd&AB Indlh@iihg being a
section view of the volumetric cuvette neasuring system [0061] Fi gure 20E

is a top, mHudkfopmsspwellj wdessitkacantexs cleatly indiaatestatherwiseubiewilees ur enent
systemth an er at described wth respect to Figures 20A-2011
accor di ng%ﬁgﬁﬂggﬁs{?gﬂt a%glre tteﬂgs i TR ﬁfldffa’bo%)ﬁ“ﬁs&ﬁ’ e%gf)t}:usfe "% bottom
per spect i \Ris\sh&iiGHioh bl pieen s iWitedfeliudds] BlegbrsBEpS opbklatisig; at i ng
cuvettes extendi ng bel ow the bounds of the container according to

enbodi mentedenadnts, gad/pr eerapenentsy bitdooiet Pleghgs i praseace emaddition PEctive

view of a nrlgr%%%tr féa"f’lfrlés,allﬁt(égérg,i s'?e%s,t(%erations, 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."

[0087]  Unless otherwise defined, all terms (including technical and
scientific terms) used herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this invention belongs. It will be further
understood that terms, 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,
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enbodi nents of the present invention; [0064]Figure 21Bis a schematic top
perspective view of the reagent rack shown in Figure 21A illustrating a

pi erci ng techni que according to enbodi nents of the present invention.

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

I nventi on; [ 0066] Figure 23A is an illustration show ng conponents

that may bi?nb%e@g 4188 AhrieSR) l%fb%r@pévem e !im;ddaxuap&wx@gé}gmg or
enbodi nents of present Invention; [0067] Figure 23B is a top perspective

view of a epfaermalahzhtyn&ls mbiremt oDrihasystem qtsaqmgﬁlmdﬂeiumng posapdrgeriths shown in

U e 23S0 L0 P ETRRL R0 L LTSS 10id 00051 FT 011
embodlments, 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 containers may be adapted for fluid transfers of target fluid samples in
or out while maintaining asepsis, and/or can be connectable to other closed systems
while maintaining the integrity of the closed systems. Filters may optionally be
used in a flow path that may be open to atmosphere or other components during
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
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shown in Figure 23B; [0069] Figure 23D is a top view of the container in the
kit shown in Figure 23A before kit conponents are attached at a use site
according to enbodi nents of the invention; [0070] Figure 24 is an expl oded
view of the isolation container tray of Figure 23A illustrating sealing of
the tray with a flexible barrier according to enbodi nents of the present

I nvention; [0071]Figure 25 is a flow chart of operations that can be

carried oyf, %ﬁg&rsgﬂn &&rgmﬁgmql iTRMUiShoREd 5 eriYiSSI8idn dIRYARricaR be
[0072] Fi gures 26A a 26B are enl arged side perspective views of the

pi pett e henglenisenlidpesable God mam hwdababe@amdhhsmlﬁhatfth‘t iselagior senteinenvent i on;
REE TRR ARV IS TN OIS
rel ease ajfbmel é&lﬁdﬂ@ﬁt@‘h@l@rtﬂéreﬁl, toOinBIBRGA TR4dvert&ft ckiRthaP&RBbLr i Nventi on;
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 may 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, typically 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.
[0094]  The term "pipette tip" refers to a tube open at both ends to be
able to intake and/or discharge fluid, typically liquids in small volumes, and
typically in amounts between about 0.1 pL to about 1000 pL. The tube 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 (GUI)" that programmatically provides information to and

accepts control instructions from an operator.
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[0074] Figure 27 is a top perspective viewof a trolley that can be used to
| 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 2813 is a bottom perspective view of a

portion of the Jwgé} SUPf A fefmSHQMIC Ride %@c%@ﬁgicbh&iﬁsﬁsaﬂlhmhﬁitwi ng used
to force the container In a desired direction according to enbodi nents of

t he presemprevenvemtimmati¢rO07v{aFiet saneple dnan interiar gpoogssing sfacanf @1 uti on tray
according to enb di6m§nt otL t h? r ?sent . nvent ony g.o 7§(]0Fi ure 2913 is a
bot t om per*SPBEYT 8% % g\ﬁfB‘f P Ct‘?‘&@/o%rﬁwﬂnf’ A4t e 15'81& P ] Fi gure 29C
s a top RENSRASLhiRT W BNLH ortpiévchf edhtahidwion &f 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
processing steps or operations. The term "robot" is used broadly and includes a
stationary mounted robotic arm with a multi-axis translation as well as a fully
mobile robot and other appropriate robotic devices.

[0101] The present invention may be embodied as systems, methods,
and/or computer program products. Accordingly, the present invention may be
embodied in hardware and/or in software (including firmware, resident software,
micro-code, efc.). Furthermore, the present invention may take the form of a
computer program product on 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
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Figure 29A; [0080]Figure 30A is a top perspective view of a waste tray
cover; [0081] Figure 30B is a bottom perspective view of the tray cover
shown in Figure 30A; [0082]Figure 31 is a block diagramof a circuit used
in automat ed systens contenpl ated by the present invention; and

[0083] Figure 32 is a block diagram of a data processing system according to
enbodi nents of the present i nvention. DETAILED DESCRI PTI ON [ 0084] Wi | e the

i nventi on t;}?@%fﬁ#a f*gs%%ry Qﬂntecgsln aand tl?é ﬂt@ﬁﬁ@foh\éﬁeét@foﬁ%ystérﬁec' fic

enbodi nent's way of exanple In the drawi ngs and will be
descr i bed appardtsairldevice. should be understood, however, that there is no

rtent 0T gl | YA Q0.8 LR PR LB LR el sedn U on (e
al ternatiyg ngﬁ'ﬂu't A&k l%ftéli 10, &b@le@tﬂiﬂié imAREE %ﬁ@aloéleétﬂﬂndgﬂ!é@@t ion. Like
reference nunpbers sig |'i ke el ements throughout t he description of the
figures. infrared, or semlconductor 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 restrictive. Various other

applications are intended within the scope of the present invention, including, for

example, systems and methods for fabricating, assembling, processing or otherwise

manipulating any items in a closed container.

Overview of Exemplary Automated Systems

[0104] In overview, referring to Figure 1, the system 10 can be

configured with a robotic arm 20 that manipulates one or more items within a
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[0085]1In the figures, the thickness of certain lines, |ayers, conponents,

el ements or features may be exaggerated for clarity. Broken |lines
illustrate optional features or operations or hidden conponents unl ess
specified otherwise. In the clains, the clainmed nethods are not limted to
the order of any steps recited unless so stated thereat. [0086] The
term nol ogy used herein is for the purpose of describing particul ar

embodi MenfosekanAtt dsSerhly 1DWPMidrfor BRarhbdFl(hisd efibbdfs Atk on. As
used herein, the singular forns "a", "an” and "the" are intended to include
t he pl ur alwdrbarm casegien, wheonthe sgord Herea'bistused brohdlairaing nphigli actaioes ot her wi se.

It will be.further upderstqod that the terns ."conppises'. and/ or

"conpri si ﬁé‘?enw_{lmﬁ@@ﬁlaﬁﬁﬁtrﬂ?@e pdR FE %ggﬂweggzﬁ’lefcyn’taﬁ’&r BETthce of
stated feqbuagan itéHd?364ion 18 CERSzur&PRY RI1d @ PRuraldty OTRBHS to BOPYoREsse@NPONent s,
but do not preclude the presence or addition of one or nore other features,

i nt eger s, asd/epsthevpies manipukatede| 4 fhenible basverpkdreantbs, confignred agd oups t her eof .

As used hetein, t term, and/or" .| | + goRki [ons of one
or nore o IT?@i%gg%F%‘fegg‘ 1%1%{1880%&621%: gp‘i‘th ﬁgéggﬁ’e? g%%,l&pﬁ?g@gﬁg} such as

" bet ween &@gﬁméﬁn ditehs WighineRnctalst ivatacibdYo os hoedratet evithiv thiepr et ed to

i nclude X and Y. Es used herein, phrases such_as "between, abouyt X and Y"

mean " bet Wssiblabatier 36 andoransstand ynto thesintesion repdershen Prerbatdss 180¢h as "from
about Xt %Ft?c;l}eﬁ?@{hentia#?]qlu ?ﬁl%gg?légh%a@%y%dﬁﬁter ok G88¢ %nltg}ka%é hfRfer wi se

defined, a ernms (1 nica scientific ternms) used herein
have t he saassssibledromgn astetionsideabiythd bderics,tsnokl thay therteolahaybai nary skill in

the art to whi¢ch is invention belongs. |t will.be further understood that
ter s, suémﬁnagﬁet%giéaa@?qﬁﬁ&&mﬁ frogragads of e goptainer gynsp iﬂé%e‘?are?fdal d be

i nterpret @&1@@%& B&eﬁzvi??ﬁi’i‘édﬁgd 1@k chitam@PEhy U R trdY (Hndah@er MEANi ng in

the context o e specification and relevant” art and shoul d not be

i nt er pr et ednfiguredito idelatie aeclonmomneodkypdces, ardas,stativas.uatkssboldsmsy essly so

defined herein. Wll-kno functiiion at constructions na be descri bed
of ol

not
in det ai | "$GPEgles el oL oies devpey Ing One or TN AL oﬁp?lqcesbge under st ood

that, altREMgBndiaCor MEidPinfthé Slose&ARker, ©ther toBIY oPBeH8AUnAeLAISH Be t 0 descri be
vari ous elenments, conponents, regions, |ayers and/or sections, these

el emrent s, dispagedrmeotherwise gcenssiblel fzgn vdthim thesontinst; fonexantlel tdolsor be |imit ed
by these terns..These terns are only used to distingui.sh o el enent,
conponent EHEE BRPICESS ML B}angpélie}qngn%p?sgﬁlpghag@ﬁg}ng, %%#%1 e a}ngg"é r or section.
Thus, a fisfosing ShBPRE br otheMENSHtay résidll Within!tRy éantber S£theicontatliescussed bel ow
could be ternmed a second el ement, conponent, region, |ayer _ or section

wi t hout depar t ilWPS] r onTurhingneaicte the figares.tlfigurg b S g RKSMPIBY. The sequence
of operati_ons i

clains or? Eogn ire ;nuff%e?(g%}sld IE f)oec (@:?sﬁqgl:%}lﬁeéne??é?%sgﬁé G(rglgaﬁ;ei Pg\nhgig e{)rgtglé%{] Tﬁlget erns

"cl osed sygdesibly 02. Tlkd eesn&RsaBleN2 nfif 8y # iclation container 12. The
system 10 also includes a robot 20 (typically a robotic arm) or other automated or
manually directable device for manipulating items within and/or associated with the
container assembly 12. The container assembly 12 comprises the tray 14 and the
flexible barrier 16. The barrier 16 is configured to seal with or otherwise attach to
the tray 14. An outer perimeter edge portion 16p of the barrier 16 can sealably
engage the container tray 14, providing a closed, aseptic work area 18 within the
container assembly 12. In some embodiments, the container assembly 12, or any
portion thereof, is single-use disposable. In particular embodiments, the sample can
be discharged, collected or captured outside of the container without opening the

sealed container, and the sealed container 12 can be disposed of "intact" with the

remainder internal contents.
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systens and containers, respectively, that are sealed and operate in a
substantial ly, if not totally, closed manner to inhibit or prevent the

i ntroduction of exogenous or external materials into (or out of) the system
or container during processing. The closed systens can be configured to
inhibit or prevent contam nation. In sone enbodi nents, conponents of the

cl osed systens or containers can be pre-sterilized prior to use at a

manuf acture sit teridd %H%F : hQr. i hoged after a
respective cl oég%iﬂ yst)le‘}lrl%%%ﬁ%féae&n%esgg an lg'{réégggn%ﬁagrbgtaolﬁﬂgé#H')I'(ﬁﬁé cl osed
syst ens orlnsant ainhedimentinthodrayrldsompriseos medicalgmdd gheh a0USB#assar get or

redefinedq.l eak rate at certai t nospherj c, conditions,, The | eak rate na
Ee det ect ce{g QP SF‘Fﬁbier W&&e)e{ﬂ‘all;%‘?p&‘)‘}f’gf‘ny‘e g%‘ﬁ's%]rtﬁﬁg?%b“ Bay SOMPH B r g
pressure @ %Ph&@ﬁbsﬁﬁtiﬂi}*@%ar! ﬁé:’d"sh_fc@ﬂ@& tﬁah?rﬁ&éﬂt%ﬁsﬁeﬁ%éibﬁ@for 'BBﬁc typi cal

at nospheric conditions may change with location of the apparatus, from sea
| evel to higbibity thbt providesfor Hoomakyiewabilitys| dbettay §4 cambe potdediphat ed by

enbodi ments of the invention nmay bhe used in..nari.ne.(s r f. deep sea),
Flroht - atan ot Al £fldioo R e tOTle PR ENERY Bl (TP o o

t o subst amidbakden di@ipattRiulhtdsh rhearaged hpke statilezedtprioh @s6r dAtcrosdingr i C
conditions. The closed systens or containers can be utilized faor their
respect i véhg Rexdblgdarrisndpoeusing ernyentinmah siritizationdechpiqugsisich &% farthe ¢l osed
system ng?rﬁ*)%sﬁﬁifa%%( aéc%%rﬁﬁat?oﬁw NP ‘H?groﬁg h?cﬂ‘ggénggergﬁae)f luid transfers
of target urd’sanples i'n or ou ileg’r'antaln ng-asepsi's,” and/ or can be
connect ablgaminta iplabiiation boshgl ey skidawapdriydrogen pt@ikidendot siepmehiedrei ty of the
cl osed systens. Filters may optionally be used in a flow path that nay be
open to atitpdfmepebemmciasein %w&oaéﬁ?@ewww& naeigeangsmateral, pighiasr s may be
configure fd r i : -l.evel or class, to facilitate the
cl osed stg?ée}?assggéﬁgggﬁtgfglsagﬁi%ﬁg)ggﬁ/ﬁ%%dé 10, 000, class 1000 filters or
even cl ass 100 [0107 er sThe 086 hentterconfipgwet & albow terbbotr2dtd mafeer s to a

2nd the pioduif e Grorbaea dF of SReseha senBIeb aTERED e EHLREEh T Fom
and the p rom
exter nal paYHEE Yericill LAPHGRRIHIY A6hst Adut iHeSyiadiRlofiher gy al s that

may exist in an external environnent. The i sol ation contai ner nay be a
si ngl e- usd4dwishagabstewyingthaisealed integrisy nfthecbo@ineeatssmblyn2. skingsiness i n t he

i sol ation contai ner .are or,.conpsise nucleic acid e.g. . for ocessi ng
nucl i ¢ aEPRRIRRFEs, U 8ot 20 G iteP et fniBBicTo mByhar e oo Tvr Ra
[ 0091] The jfBedvf wdriiet] froveReti HRIRS 3l cohffi asdembly EPMMBBEdeskbdhgi S not
reused. That is, after conpleting its intended use, i.e., processing or

product i otthe sshled intggrifstof therqshle The baames! 1(aan beisizefl gndjreftmerd wlativehe
i sol ati t ai : i . i | | ed
suchy. uddh R e SREIRET s I FaflhRRE A B A TG R, 1,

di sposed @fovemeht¢f tht AHOE26 @athetk Gledly R oiipkdising Sr dedopipredsinpaiponent s hel d
therein, to inhibit any inadvertent external rel ease or exposure of its

i nternal ései@olune of the copfpinebdZi ng/ producti on of the target product.

[ 0092] The ter mpaaleh quat.” f i rget fluid; the
anount of fl ui &Oﬁrrg;;l/ bgﬁhisﬂ{ng eﬁ@&@ﬁ%‘?ﬁﬁ%ﬁ&g“ﬁb% q{s%]%%gﬁfiag&?ange. The term
"al i quot bidbegicdlehmples tincladingisut nbalimited 0 tisues bivod| blodd ardduaisd al i quot
fromthe container. Typically, the termali qajotﬁ? t ube’ referg tgo a tube
that is i AudsiigidscRieled ohlt hlivees. pad eilike ipwde the cpniaingt 25AMENkZai ner to
receive a G ol leUitbakicauQt w t hout
br eachi ngrﬁtl %]%ﬁc o@ggné@%%iyﬁagéeﬂaﬁyze@dﬁkﬁ rélef g"r%@‘?&g’% so?aatclﬂon cont ai ner.
The al i qublolégite saraplehaeddents, bhash fAnids giipstickepipettt tiymy vessetpratbe an el ast oner,
such as PVC.

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 robot 20, a thermal block 30 (e.g., a heat block and/or cooling
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[ 0093] The term "cuvette"” refers to a vessel configured to permt

mechani cal, electrical or optical neasurenent(s) of a substance, typically
a fluid, and typically concentration or volunme neasurenents, contai ned
within that vessel. The cuvette nmay be sized to hold a relatively snal
anount of fluid, typically, in the range between about 0.001 niL to about
5.0 nL [0094] The term "pipette tip" refers to a tube open at both ends to

be abl e t g)4drt ake. )aaysiém{uo@fe%ﬁé\m %eﬁlbwmaﬂdyrela@e%l rhycﬂahfamsq*& in snall
vol unes, and typically in amunts between about O. to about 1000 pt.

The t ube walledimgpregessedsegpleara uﬂer eréca 60, ?p@rvmuepﬁ@hampwn@l ze,
typically taperjing down, at an e" can be
doFt mad bynd BeLRETY 3 eriRein % wolidhsbtel o, dBe terma ShdM o oo

i ncl ude anﬁdy&dé@é&te&%ﬂ@ﬁlﬁw@mﬂlﬂﬁ@cl@@"sémﬂg 1000 as bigseh, Bor dxaiplec an be defined
on a mani pul'ation tool attached to a robotic device (indirectly) that

rel easabl YFiguneadfell.t o di fferent p| pette ti ps during processing. Pipettes

of different v tri [.processi ng
system [0095] Emﬁﬁer mﬁ1 %}ﬁsegfggmc SCE %&%ﬁ&%gﬁ%& gown to
those in thgntalner mag oﬁB'fr&éé td ar,oags the frenf eftke Wiiteah 18 lfbrawsmalopepsioat or t o

I nput, direct, I nteract with or machines, and typically | ncl udes an

el ect r oni Ashhepnay Figurg 1gonegprappreacesss dopraddP meyeoner 445 by Hiing

progr amatjcal | | t ﬁiﬁc(g nstructions
from an otS{érat 3%119Q%18g&;%@69f mB'agghgpc?ﬂ@gg?te %Eﬁgﬁgghiogsse: ng conditions
t hat i nhi lacdessibilipy eMde instablivigaon rambving anflscﬁaticmcgmtalmrml e in an interior

processing spa a contain external. pat i ¢ nicroo i SnB
and/ or undesi rggueliogelﬁ‘éﬁg‘er?ﬁ‘%ei@m’é‘?%s dyp ) e ap n?ﬁ%‘?f{]‘fff}t’t‘re S}Ssrt%"ggﬁ
cont am nafhOdho? 116 BRyRIQEETRE ofeth®f KBM ﬁ@%hé%ﬂﬁ?@fth%§'ﬁerﬁlaﬁrlﬁ ntents of the

container. [0097] The term "binding colum" refers to a filtration/elution
col um t haperation. bEhaisystint b meg penoaparatg aoehqstmeically odntmwllsd inserdoakror

EARGARE MM TR N ST R AT R

enbodi menfg sy%i&m RiiNgprsticiP! Al RhniEYoveRMcahsly Be flovided t&BIAMN @Péning 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] In some 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
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[0098] The term"tray" refers to a substrate having sufficient rigidity to
hol d one or nore conponents. The tray may be substantially fiat or may have
a bow -like shape. The tray may al so have ot her shapes and confi gurations.
The tray can be configured to define integral wells or holding regions or
may be configured to sealably mate with and/ or hol d devices or containers,
typically those conponents associated with at | east one processing

wor kst at i QfarsohfA 99 Jdimit& GP re BRI to lafcels BRMGASG Irehett bRCIo@ReOPRICAL OF ,
programer, and/ or I ntainer. [0100] The term "robot” refers to an

aut omat ed sdpidecascess panedamaper praygrod hertntértowked; foli exaotpde) to allaw ansl ate in
desired dB{ie tionps t? Cg‘);?rﬁ/ out defi qed.tgrt cessi nrg steps or operations. The
term " r obdtSAIPY R BFIGR ELAINLR P 9ReEFte FEE the RISt HRRYY  nount ed robotic arm
with a multi-axps13|r anpigaré 2Rhéws Weedlarded sidb widw of@bippRr pevlieh ognd ot her
appropriate robotic devices. [0101] The present invention nmay be enbodi ed as

systens, rissthadd, inghuing iselefipn centaipeoldr ame pedasktase 208.c Ardpdiigihgad t he
resent i ' . ' | A ' i ncl udi
P Foar e, PRERYR pRY piAfipSRORE Gt Dl SBh6 BN gl RaRAIRT O L 02 HEI O

i nvent i on vighin tiaKkertidid 6f forekahpR, aehipkit @t lepstaPoridmo Oopipttiohead 220
conput er -usabl e, or caonput er-readabl e _storage nedi um havi ng conput er -usabl e

or conput éxiendaminihe iptesgr wm%%l%ﬁ%mwrim Whes the Brmer SGttaghed By or in
T e e A
that can ciftedibarries 16tieat icamfigniedad eglegsablyagateet with dnradastpo210 ehan  program
appar at Us P POHGH G 8 290 SPIoRAUC Bt by IS MK BB A BPEYSiEaDI ¢ medi um
may be, f@hg or other manipulation device does not physically pass through the barrier 16,

and may not necessarily couple to a robot or other device through an adapter.

Rather, such a pipette head may attach to or otherwise integrate with the inside of

the barrier, and may be operated or manipulated from the opposite side of the

barrier 16, for example, using the robotic arm 230 attached to the opposite side of

the barrier. In other embodiments, a pipette head or other sample manipulation

device integrated with the barrier 16 (which can be substantially impermeable) may

be operated by a magnet or other device that supports and/or communicates with

the manipulation device through the barrier 16.

[0114]  When the barrier 16 is sealed over the tray 14, the barrier 16

separates the contents of the tray 14 from the robot 20 or other device that

manipulates the pipette head 220. The seal between barrier 16 and tray 14 can be

airtight, thereby providing a closed environment within the container 12. In some

embodiments, the barrier 16 is flexible and allows the robotic arm 230 to move the

pipette head 220 throughout the work area 18 within tray 14. All items or materials

involved in processing the nucleic acid samples, including for example biological

samples, reagents, pipette tips, or other consumables, and other tools or devices for

processing the samples, can remain within the closed work area 18 during

processing. The tray 14 may include a number of features or stations 242 which

may be molded, formed, attached or otherwise integrated with base 240 of the tray

14, or another portion of the tray 14, to accommodate such items.
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exanple but not Iimted to, an electronic, magnetic, optical,

el ectromagnetic, infrared, or sem conductor system apparatus, device, or
propagati on nmedium More specific exanples (a non-exhaustive list) of the
conput er -r eadabl e nmedi um woul d include the follow ng: an electrical
connection having one or nore wires, a portable conputer diskette, a random
access nenory (RAM, a read-only nenory (ROM, an erasabl e programmbl e
read-only nemorpg {FPRON Ghovim, 28BbtIFRIERN )20 iy B¥P4tiaeRdd iRl o @ portable
conpact di sc read-only nenor CD- . Noté that the conputer-usable or
conput er - rcbassisblle Ineittien smbodineengs, eobobie dpripe R0 oray anoiphiee as aim,gahey nedi um

upon which_t.h rogram.js i nt ed, t rogr can be electronically

capt ured, _O\ﬂthg‘?aé_éo eﬂlsat&&ﬁ%egto%qr égﬁq’gc_sec@ﬁr?? ﬁ%gbqqﬁn?ﬁgp%(ggg _Cg ®ot her medi um
t hen conpiduidbleirbb@iciieeiceslareXho@hhie (e H€ NoRhLsERdeiahlesSHilb@d! € manner, if
necessary, and then stored in conputer (electronic) nmenory. [0103] Appar at us

and et hodaubdy TX wibat Epsen Bl Ssaagohal Kawasekidd Seres robptreYamalice di scussed
bel ow. Theﬂél!%E%%o&&,rs?%oﬂ&?é’sﬁﬁoﬁo@%' fiv soh® e{?ﬂl?o 2nts ftﬁ@fdb%ﬁ%e’ and i s

assenbl e or otherw se” mani pul ate any na closed environnmen

parti cul ardeyice20fivd FANUGERf M TUS20(iB 56 b aixivaobdtawretdsir esitabld@uitpeut i cs,

di agnosti cs, bLote hpol ogy, el ectronics ﬁ;d nanot echnol ogy.. For conveni ence
of descri gEisdAt Otvaffqvmsaléglﬁé&dstoafﬁamélgﬁ REfym the desirpdapanipyations descri bed
herein in;th riLxd iAe SR 40for RL |sBFak i I e skilled
in the art Q\?\ﬁffﬁ appr e%(?gatue, %6\%\/eve%53 O{Ea%ﬁﬁg’zdspo?%&?g g%(%:??gltl%ns are

i nt ended tusinggipattedipy and sliding at liftiagafbindieg columntmanfodddunigg restricti ve.
Various other a I'catp%ons are intended within the scope of the present

i nvent i on ProeY! ?#ﬁ@‘,“ ©Or exanple, systems and methods for fabricating,
assenbling, prqgess}i NOTIRYY mEkDSHVMcHRHERAH BAH BE 128 18 Bbve b8 Titeifiedosll 0Sed
contai ner. Overview of Exenplary Automated Systenms 1010411 n overview,

r ef er ri ngreleasebkyhodding a pipstte yasoment 1ige pipettenio agumitiey of didifevdnt Hirectiombot i ¢ arm
20 t hat nj gul_at one.or nore j.tens,.Wthin cl osed cont ai ner assenbly
T2 wi th al PIPERERe g BRod aationdtdiharsngaBor sramiie O PoRT e ea or
regi on, Wagbficht@ it WaSnRAIRE exténdisEshdOREnYatRAGVIl et RotiMatkomensi onal
mat hemati cal manner). | n sonme enbodi ments, the contai ner asserybl?/ 12 has an
interior P&gfedying SurEsain gircetyingvesstldn theplleped icpnipingt, thene patometiedlypr ocessed
and/ or ot herw i |l exiDbl arrier 1 e figured and
di nensi onglcf (%%Ig%l g%a\g@? O?Ilélé%?%ﬁ%lre L Cgrh el?’é’g?d%%%u%g{:a%gﬁgﬁtﬁagg%t ray 14. A
tool for mBOklupatplag (sibBlas o typidally heyesing obekpéiingt dfanivedd), avidle | nt egr at ed
within the flexible barrier 16 and can extend into the interiaor region when
the barri &leasing astloyable puhstapge fram the pipette, Inmpfhen gahodimentpdherehetisdapt er or
ot her int by i 0 rl i f e barrier,
such t hat Sy SnpARiCARARAAE PloSint LB Phe RELEh the sk glr K™ st de of

t he cont aaspiratiohehert dspirbierthé arixdddiqadinesltheipipetter Adtcheitinelyerat t ached to the
container tray. .The tray 14 may be cqonfigured to include one or nore

wor ks pace%‘,sc{l%lg’%?é. » YOS %‘g}é‘{dllp%fb@e ﬁ‘lueéﬁ%ge ?%’é‘@ﬁﬁdéé’ﬁé}éﬁpeﬂﬁl‘ilaé or ot her
devices f fasiid g HOmE 13fid i Soink EfboRim AL AR RCAMHBOR AhthAIveldhi ds 11

t he cl osed cont ail ner. er tools or devices may als e di sposed or

ot her wi sehacxkp sinbitie fobotic avint 1si confipered cndiacat ére; pipette tixonpbes arbwal s or

devi ces fqgr pr.ocessi r}% . mani pul ati ng, neasuring, analyzing, sanpling and/or
storing s cEmefsr obtHrdip- tens may reside within the chanber of the

contai ner. [0113P 10 TioRnNE el e orfzbHl ®rk urBUE S00L wihQys an

exenpl ary autonmated nucl ei c aci d processing system 10. System 10 may

i ncl ude amepbtddcated insideobfrgntizcesTdeocbit forrsamples sufpoyts Y&riomy be an

i solation contaiper .12. . The system 10 al.so | .udes a. ropot. 20 pically a
Fobot | ¢ a T PURRB A ST L GRerR 1 SRR EaRee oL T Y

nani pul at iihck RO0BaninkdB 088 8t RorSHAS 0Sthainb iddiRiCidAdIfgR9assenbl y 12.

The contai ner assenbly 12 conprises the tray 14 and the flexible barrier
16. The bthet ¢ngagg eomponegisfanguy assernlely supporiirelieycd9dFiguei2d ptoaaligach to the

tray 14. An outer per er..edge portion 16p of th arrier, 16 can seal ably
engage. t nie BieierF oY RSt RaghR fichar SRy Sea’ M dipbeSTasric area 15
wi t hi n t higolaibh BbrtgiePES@ID] 19 bhss 2400 TgRrEN NI PRd@ssihgle cont ai ner
assenbly 12, or any portion thereof, is single-use disposable. In
particul ar enbodi nents, the sanple cagn be discharged, collected or captured
outside of the container without opening the sealed container, and the

seal ed container 12 can be disposed of "intact" wth the remai nder internal
contents.



[0106] The tray 14 can be substantially rigid and may be a nol ded body. In
sone enbodi nents, the tray 14 conprises a nedical grade (such as USP O ass
VI or other suitable grade) nol ded polyner. The body of the tray 14 may
conprise one or nore substantially clear, translucent or transparent
polished regions for optic visibility that provides for internal
viewability. The tray 14 can be nolded in a clean roomnold and in a clean

room ol di ng f1alﬁiis]ty AQSIHWf?x'lhgﬁﬂ%’ﬂradghﬁh{&éfsei?ﬂbgbﬁéﬂb
particul ates. The tray 14 may be sterilized prior to or after seallng t he

flexi bl e maratrdleyB9 tln;t cmdwgc with therystomal 0. sTlartrdllezawP@an tr@bmmstpjeS such
as, for e sur t| on VHP drogen
per oxi de) @ggm ‘é(@ﬁg'f’fj?% d%\i&(‘f d@l%ﬁlﬂ%f’% M?)er oxi de. For

shi pment, syfemtroayrolifanirey tm&wﬁ&%%mmy 1D tihe spdtan tion®|l d);fera&bﬁéanl e
packagi ng material, such as such as seal ed double lastic wa p| ng/ baggi ng.

[0107] The rofh thej teglley adingent e theswsteguile co that theltealley BR9 issligned withdhepve a t ool
i nsi de the ’ f seal e bout
17 h°, ot 5%a S8Rl PR SO A BT SR (4 aBEHAR " o

| engt h of oflie dys@yh Mintopropeitpetitivt poYitiog witheusreqhicidg kst @g@opérgtopf t he

contai ner assenbly, 12. In sone enbodi nents, the robot 20 can direct an

i nt er nal il @ cartainepasseblyd2 ween 6- 12 i nches of vertl cal novenent in the
seal ed contain se Wy grity of the
seal . The barrﬁer 6 g’%\ Oiygnswzﬁelgeggrs\gg |gu1’gl(§: Zstﬁ%(gedztdo taﬁe tray 14 to
provi de f dcladestofléd @ndaaa;t.’,s\lp:BMaodonaact tltedowéﬂ pmmbfnef e somtether Bhge of

novenent of the robot K 20 e npre53|n .or. deconpressing the
interior VEIEHAES & PRFEoR: o eaﬂo %‘rgui‘geg’% gﬂellﬂcg BYPRE RPN he syst em

10 is usedggenfp E:Qﬁ:ﬁi%§ tHi BhQfer 25 1%1}’93% asitO 6it SflichGagaitit tHECiﬁnérh}%tt ed to

ti ssues, blood, blood products, nuclerc acids, protelns cell cultures, and
the |ike ishsiwal 390do boit the demredsishgmmleyt wizh tHerrobotixtererfoo cighstration of he

cont ai ner onprise, for exanple, itens such as biol ogical sanples,
reagents, %ﬁquﬁpg%mnﬁl pettes, pipette tips, vessels, other consumables
or any conbi nat[amijt heg &efrirlg Qﬁ.]t&%%n thet\b@rk%ﬁﬁh&raomng PSuppertd

sel f -standi ng, sel f-cont ai ned uni t e syst em 10 can incl ude housi ng or
chassi s 7erhpsratyrgsaiol d@l@nsuwsanllmub@mn dnwmfoah%mslapd/pg C@Lﬂdlgot her
corrponents of the aut 9 such.as. for t he robot 20,
a ther mal "B %I},Skv?ssﬁe gglrget 0‘%%3%0 ?P%%i?naﬁ‘a% %888?&11?& Cgcq?wcﬁ C. , an
al i quot r aidlirRvwa toamer@phmuz}ﬂ ti v, I Il ol @E bFaIhEHA thEBystedh 10 dAdl@dk| Iang
processed sanples, a user interface 60, and various other conponents and

mechani s mihesmakessler 38 der sontroHingdempersiise ehmPCRalate @10 thigure @ oral bl ock 30

glaéu(r:ggpiéﬁ} gxggsélhor%ohllﬁgﬁém lduﬁhé) g&ngﬁﬁag@la¥1d]agx%391fﬁ§tlc§rpr%\ﬂ@tmns%9 oftkgmple, in

reactions or processes, for example, and a thermal cycler lid mechanism 310 for

selectively covering the thermal cycler 30 during such reactions. In one
embodiment, a vacuum pump assembly 320 and a pinch valve assembly 330
provide for control of vacuum and circulation of air within the isolation container
12 during processing. The vacuum pump assembly 320 can releasably engage a
single-use disposable vacuum head 1602 and associated tubing 1650 (Figure 23B).
The work surface 200 can also hold the container assembly 12 so as to allow a
spectrophotometer 1900s to communicate with components held by the container
assembly 12 as will be discussed further herein.

[0121] One or more syringe pumps 350 (shown, for example, as two
pumps) may be used to drive aspiration and dispense actions of pipette head 220

(Figure 2). In some embodiments, syringe pumps 350 may be used to pump a
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[0110] I n sone enbodi nents of a processing system 10, an operator or

mai ntai ner may only need to access the front of the system 10 for nornal
operation. As shown in Figure 1, one or nore access doors 110 nmay open,
e.g., by lifting substantially vertically or opening to a side or in

anot her direction, to provide accessibility while installing or renoving an
i solation container 12. [0111] I n sone enbodi nents, due to the autonmated

nat ur e of , m novi ng

nat e o USRS NRoH90Locr STV RBUEGH hh; SR8 Baplr BT VI 1

el ect r oni chbwy it Bigure Rte gravidesracwak aod pusshige foraxperatios of pipeftahedsi t  or

t t t i h 110 j | h {
bpor at i on 228 Tk erciog S 8 e hstzngely PuRPisale 5 Be i RETOPIE he.
i nterl ockednipwas %ac?lﬁﬂds S1GHbIEST MDY EI I0% thaR)). @h@*ﬂlli@%/ eden digmB{pwyl e, if
e

no power is avail ab The user interface 60, also referred to as an HM
(Human Mactieh eAdchtleneflai@@)ls ofamexssplanienpordinent of aphow meshapenandr t o

, d
b mount oS BRCTRET FEHE Sariond T flsal B8 REy AR bbb RBABRR " 57 17

one enbodigag8t , the di splay screen 61 and controls (touchscreen, keypad or
other input) of the HM may b%r*posmloned to allow the user to view and

operate them V\/r{pli’ez]staR@FPﬁgngﬁ igure3 ayyeiieolder 360{seqalser and sides of the
system 10 I quently
The. syst efr P ho B R B o e B T L oy
sone enbod'sﬂﬁmtty191caﬁy tesudig Beclivenpardtion lof thehvhassis70] fo p@rideantamaticel ect r oni ¢

control systens, ,power supplies and other c onent s, . whi ch not require
oper at or CARSRERHIDRCsHRIREI FiseiEehareraions duthgpssssing. drtiosated

encl osur egnd {3 REALES) 0ﬁaﬁgnfc‘ﬂmé%%}%cﬁé%ﬁlﬁa‘g%ﬁﬁx%aé gidtitd ingress and
protect the operator ossi bl e el ectrical "hazards Renovabl e panel s 120,
130, 140 wreghaoger such asle dhiller prRelticteoakiueplstes 370 had 372ae positibngbioponent s

and/ or ot her conmponents inside the enclasures. In. so odi. ments, only

r ol ned sERALECRER oM ChE TSURR B 12 Pt o LEBRLYERE ] ol des
of these ¢ &%Hé&ﬁratﬂﬁkewﬁﬁih\fh&%a&‘afc%ﬁfalﬂé@%' A 160 380 0FBtheR Ot be

i nterl ocke for exanple, to allow or disallow the systemto continue to
oper at e \Amehhmnsnpade‘hse mejrbe vskd PGEA8E Hiegsolation emtaiserantogidcgragettie si de vi ew
of an upper gao%) f system 10, including isolation container 12 on a
wor k sur f 3C& 5‘5 §1 pette head 220 and/ or other mani pul ati on devi ce can
be attached t o [@r23]nt eRrsehREMMolinéts, WntRNA pdiRsdidg §yis@in Ay operateexanpl e,

such that at |east a portion of a pi ggtte head 220 extends into the
interior WoRaad-elenggashionderleted Aom a farggremodustion syshen and amy dafehed to t he

opposi te Sracapens KTy Bl SHE, AR of BRckBR bR aBhBhef 0 D0et i th

an adapt ecomtidl aﬁ&/oﬁﬁloﬁﬁdr e atioaiatell coriptn@e ofthersabgistegn. desere mag0. | n sone
enbodi nents, a pette head 220 or other mani pul ati on devi ce does not
physi cal | }‘“ﬁf&%“swﬂml@dgﬁrfﬁ%abzf?rrqxémples to gpraatgdhe %tenh@@églg%ﬁqnsw%um e to a

robot or e, tte head may
attach toﬂﬁ){;ﬁéliﬂﬁ&\gffnﬁ@é?h@gggéﬁ lg\n%?ﬁ% ﬁe |ns%§gﬂ%?m%ﬂﬁ arsf(lﬁer and may be
oper at ed aionitering stha«bxe(:lvmcbmayl’me impdifferes reoer efert ine d)ﬁ"elrenefacilﬁy) for

exanpl e, using.the robo ﬁ] ?I é\ﬁached to the opposite, side of the
barrier. In ot E24knb al detgl Pg vanpuscpmgonghts apd asspmblesad pul at i on
device in gg,qg substantial ly

i nper m&*ablE ?ﬁﬂay émg%eéﬁe}tﬁg?%gégﬁ%%%éﬁﬂggﬁg?ﬁﬁgvi ce that supports
and/ or comruni cates with the mani pul ati on device through the barrier 16.
[0114] 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
that manipul ates the pipette gfiQafh %%Dlsoiﬁ%ns@(ﬁltaiﬁ%}s}"’ee” barrier 16 and tray
14 can be airtight, thereby providing a closed environnent wthin the
contai ner 12. [H2§pne léqumutgrmthesmlamm Gataingrrassedobily 124 tegyi Bl andand al | ows

t he roboti.c . 230 ¢ 220 hout. the work area
18 w ¢ nierle Seiier o an? peegbg il doeat Thef b RHERE L ulis e
nucl ei c a%ﬁ(&%Mﬁﬁﬁdnia@%bﬂ@h%aﬁﬁthbmie@tsbﬂe@és@@ gatks,oriRikes, reagents,
pi pette tips, or other consumabl es, and other tools or devices for

processi ng the sanples, can remain wdjshin the cl osed work area 18 during
processing. The tray 14 may include a nunber of features or stations 242
whi ch may be nol ded, forned, attached or otherw se integrated wth base 240
of the tray 14, or another portion of the tray 14, to acconmpdate such
itemns.



[ 0115] As shown, robotic device 20 may be attached to a wall of the chassis
70. In other enbodi nents, robotic device 20 may conprise an arm gantry or
| i nkage system attached to work surface 200 or to anot her support
structure. Suitable robotic devices are known in the art. Non-limting
exanpl es include Staubli TX90 robot, Epson E2L Scara robot, Kawasaki F
Series robots, Yamaha YKL Scara robot, ST Robotics R17 Robot, etc. In sone

enbodi mentgourilg fERRAL hitd/GENAFRs 392 it Iﬁ)l(ﬁﬁ@lgg}ng R/iﬁﬂ'}l-rgorgﬁ%raﬁggf g‘ axis

r obot or ot her_ suitable nulti -axis robotic device, and IS use |
aut omat i cahdlydipg vhoommpteerades mapidfoldani pliknhdolders fontwilding vessels) mpeste cont ai ner

12, such as, f.or. ex | e, aspitration and transfer flyids ing pipette
U s and QEFdTRGEFoIRIS oo bR hsaRs i craimeBles ou i B Beecs ng o
sanpl es. [dRdidkll abby dRPrbdes@XAH ifeRRAUUséE oot thelifattsfido h@etiRdde an interface
tool releasably holding a pipette to orient the pipette in a nunber of

di f f er ent finished statsrey nroduséran b held mathin aicantainen 14s pha conwnaldes WFspensi ng.
For_exanple, o6, PLASLLS: GANLRG 8110kl BoSOUNAL dlvy 8K AOGIQO_angl ed
orientation e t1ip proximate 1o a re VINg Surface 1n a receilving

vessel i n ofbentaiseitg Gihirioe bf the keitainat) tod t@picoaltlaysamiphefreiawnwar dl y
oriented angled pipette can be noved in a substantially straight |ine along

a pl ane (§pma{narpatipg the enyioament on usgla r Thepasrier ko3 Aave g gite ard), while

rel easing. a.fl %!]hge ' q. r.enbodi ments, the
robotic a rgnn%lgfr%\a@g}tt%ﬁgﬁ ngﬁh?gﬁé@hgp% e p@ﬁggﬁllteeatt?%é%@ﬁgrl iquid in the
vessel pr ipermdmentyg peal &tithcthe trap 4, fasgrangile abdue anaadar édga 482 ofitray 14e

pipette. Alternatiyely or_additionally,. in _sone enbodipments, the liquid can
be aspi r a#&dhoMY lgﬂ_%_geéﬁgp ﬂl‘%‘%?é”f‘%#c‘é S?%ecﬁwhtthﬁetrﬂ Al some _
enbodi m‘v‘”%?ni&hﬁgﬁgé?@'hﬁa@m@&%ﬁdﬁ%ﬂ&?séfﬁﬁ & Blanf}ABatfonl tb& ordR¢ick e robotic
armis configure o direct the pipette tip to nove around the perineter of
the |ip. etfthddfdemshobarienlé-imgouthe viorktatea #ori zont al wor k surface 200, which

be | ocated jnside of front 110 f | t
Var i ous. componSHE] and ok RN ettt crghes R TR at aRPBR cont ai ner
12. The vl aichacesP00g8Rs)! Nhkudenng Reinfts potitlnp A9, nidiat ey

i nclude guide slo 39 t hat engage conponents on an assenbly support
trol |l ey 390 ciuFagideagainyt the topl ¢dga 46 EFigune ). nBie topedga 482 mapbeat i on feat ures

to orient a r el easabl lanp. to, the isolation contaiyher 12 (e.g., to base
290 of Fi GuEnaSa G stasrped Bty o 2o s Tt PR of Chrg e 272

cont ai ner sesSRNRANpidches aghihe thY RRAEEIS 0Red the BArtieyaga@Bt tHeataygan dock with
the system 10. The trolley 399 can include slots 399s that align with slots

390s defined by0RRTl de Boeoreds axlexad spviem o epeanmsnt itheiselatipe gpntainerro

f J I . |1
the trol 1 g A3A04 BT 18RS bpdenbBed REmSh SRRt hBBEBlts 2 P e
w th the eguihitethd0ntafnet M2 and sttemmalldevicksemedhahBimzand pieeddl squipmaan sl i de

into the slots 390s of the system 10 | nto_proper operative position w thout
requi ri ngusddor BEoceisEIEdhe fters 11 thegantamgr. of oresxamples attleyiblothermal1 9] As shown

in Figur eéy&%cﬂ&l gﬁﬁn& Be i%@érgtea WiltAE & watl 45827 the tray 14 as shown in
Figure 4. Such a seal 430 may enclose and define a sleeve or closed channel that
receives the lid 1010 (Figure 11) and be used to allow the thermal cycler lid
mechanism 310 to extend the lid into an aperture 14a (Figure 5) in the sidewall of
the tray 14 to cover samples during heating by a thermal cycler block 30, while
providing a physical barrier between the lid mechanism 310 and items within the
interior area 18 of container 12.

[0128]  Also, cooling plates 370, 372 may engage portions of an external

surface of the tray 14 to impart changes in temperature within the container 12

while not contacting any items within the isolated work area. In some
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i nclude roller guides 381, 382 that contact the | ower portion of the
container 12 when it is in position. The roller guide 382 can be in
comuni cation with a spring 383 that can bias the container 12 inwardly so
as to fit snugly against the innernost slot wall 390 to be in the desired
alignment with the robotic armfor registration of workstation | ocations.
[0120] Referring again to Figure 3, the work surface 200 may support a

t enper at ULg Hoaithdnl, cgﬁﬁigcfﬁate%ﬁ? ﬂ?ag%ﬂm‘tﬁ‘ Stbighd @ﬂ%h@@%tbﬁﬁl §pfacBeft i ng and/ or
cool i ng regions véssel s, or targe s or locations within the

cont ai ner th@ma}hlﬁaui/wrwntau@rIlﬂmommlttgm)@mp@fattgkpf jftema(supeasrt. In one
enbodi nent, the te s, t ermal cycler 30 for controlling
temeratuf@%?tséﬁ%%@aég% d? BPGr ot her vessel or conponent
~during sone nuqbei9f acsichirRmp! ésfdh@ﬁ’hhﬁmlglﬂ'%gt h @etRholich 860 e4act i ons or
processes, for exanple, and a thermal cycler Iid mechanism 310 for

sel ect i velsslectinedy ¢nggee heuvdieGeI(Figner 6) edonding fram base B49 ebeay bhto 1 n one
nbodi t 330
orovi ot GOt ARAHRRUTR o SRRERHiaAZAaRI Coftull BECIHY RLIVE, SEPRIP 050 .

cont ai ner cdgtaéttinly M@m3 VAKES Somt@iner kR Tlafsuhmmmntaﬁlﬁﬁamh,wnwmecan rel easably
engage a singl e-use dlsposable vacuum head 1602 an SSOCIated gubln 1650

(Fi gure 23@gentsrrongypables ardifeels ppdevisss thptage F’R.‘IPHG‘% ESHY sPH@st thesenbl y 12
so as to c nents

el d by t Rangafe SREahEPRNBIAES Blasbl Hital-gr "G u”s’?%%ﬁ%a%% RO

[ 0121] One sexreratbenefity.r Fmg@mmpﬂlq:)a s3tPle( whdarprodesseden dnphvd,isdated wo punps) nay

be used to drive as on and di spense actions o ette he 220
(Figure ZFHVIFQP’%%@% %lelpmﬁsgng Iﬁ@%‘ rﬁﬂa‘ﬂ §E§I ﬁE§/ FigeWlt o punp a
wor ki ng flyyi ébntefct the: safn@m 088 BFot&idd BAR pobdibleshatieaidhPlite: head adapt er

210 shown in Figure 2 to provide vacuum and pressure for operation of
pi pett e heaut!@deh offfrecassing] adesiredndmbes/oftriquots snayrhd callegted neaiguoessi bl e,

and can, 0 e an.a o ol on_ of. ab t 50% et hanol .
Q her fl uf“ﬁ’? ﬁé@@‘ ferg) %E%Bv?fgferﬂ‘% g‘?‘f@l} uﬁ > G oY, 1ch an exenpl ary
embodi mentobroinibtABPhd Tedpaity 5%@@6116&&%&3)1&&&%@2@81&6@ cgsiaed, Bed in

greater detail below in connection with Figures 7 and 8 [0122éRet urning to

Fi gure 3, vall badiscussedbirthsr belew.- (Is semalesbodiseants; tte in

Figure 19A an be caou spectr 1]189 pically
resi di ng i‘ Oflcf\%'ia"}%?#’l g‘ﬁ H}Pﬁé é’%”s"é‘?@s%& E)neaper %ﬁn %tomau c
concent raiﬂa@éhdmﬁﬁ%éﬂmﬁkfdédaﬁeﬂeprbb@dn@ngbml ons during processing.
Optionally, the work surface 200 i nclude one or nore cooling_features,

e.g., a heat eiQ’r?’&hgerFlgHt% %@%W?@UWI detpils ef somsompgnentapbs 370 and
372 are pg%énx{ﬂ?lﬁ{}egolﬁﬁo gﬁ%tfﬁbfﬁd %g&eﬂ% fﬁ%ﬁa‘uBfl tFa?%'a%ﬁ'tﬁetfrl]éiﬁblgom ainer 12

and help vapor co atirons"within the seal ed
cont ai ner bartier 86! @herntéir&ﬁ v@trrkatdaars mey bamirsounded, cfexvexamprmyoybmem to

secure the isolation container into pI ace. on the wor lﬁgag ce 200. [0123]In

some enbodRdr@pg & mage walls 4500 ddis drripr 4§ o ickde apiRstia or other

device or tool, which is described in more detail in a separate section below. The

barrier 16 can be configured to cover and seal with the tray 14, for example at a seal
510 along an annular edge 452 of the tray 14, such that the work area 18 is a closed,
typically air-tight, compartment when the barrier 16 is sealed with the tray 14.

[0131]  The tray 14 can be substantially rigid and includes a number of
features and/or stations 242 which may be molded, formed, attached or otherwise
integrated with tray to accommodate. Some or all of the following components are
examples of features that may be integrated into the tray 14:

e clution 630 and waste 632 stations;
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in a stand-al one fashion isolated froma |arger production system and any
data managenent tools or systens. An internal or external conputer system
may control and/or nonitor the autonated conponents of the subsystem Users
may interact with the interface 60, for exanple, to operate the system and
nonitor status. In other enbodi nents, the system 10 can communicate with

ot her systens or a nonitoring station (which may be in a different room or

even in a diffgr e@écuﬁ%qmeitst%'autlew [0124] Addi tional details of the
various conponents and assenblies,’ and exenpl ary net hods of use, are

descri bed in sact speoophoedmdted (concentrution) carytids H6D fFigane CIA);ai ner s
[0125] Referring to the isolation container assenbly 12, tray 14 and
flexible barri @ abernyesseleecquveies: 78 yoBIMEMeEaRINt cyygites 14 incl udes

an interior wor. 3gand may conprise a nunber of inserts, recesses,
racks, or rack(iﬁlr%i}&%tazlor]{gﬁgatures and/or stations 242 for holding itens

Wi thin containaer dterfal®yclet RCRUsIABS10a8d/0F ofiier Subkatk or vesselithalmgy or ot her
hol ders for hol ding vessels, pipette tips, binding col ums, ot her
substrates andbshededand/eispoladawite 3 tgppaayreeatobdeviceiesi red assay or

process. Al ite ) ce material to a desired finished state
or product can'b?éﬁéefngg\e/ésglﬁfggeg ?%c?)(n a0i ner, i.e., the consumables for the

system can be sel pips@igy 681dnangcksesy;ed during processing to minimze the
risk of contamnating the interior of the container, or to prevent a sanple
f rom cont am nati nepetdranemwidisionalrip reeksueror othies dispesal epntaipes grg.Have an

out er nost peri net er. rtion,16p (Figure 5) that can be configured to
rel easably or b‘g‘?‘ﬁ@fﬁ%ﬁ%ﬁl@ﬁf’g@m with the tray 14, for exanpl e about an

annul ar edge 432 Qf)inﬁfr%%oﬂlﬂmﬁﬁlaﬁfffmm,a Flvgiiéiemay indheR onBer Baréi er 16 is
sealed with the tray 14, 0 Igl on of pipette head 220 and/ or

tr at least a
anot her sanpl ebmmlmﬁform@lblwug@valfﬁx ds fromthe barrier 16 into
the work area 18. [0126]1n,.s0 enbqgdiments, the barrier 16.,engages the
tray 14 along & r?%iY ¢ Bagﬂ‘éog‘%ﬁl?:eﬁ 4?§ifwr8c‘i§_)smgfﬁg’ugsuteeg"r%lécgelf)eri met er
portion 16p of 5tiag dask hd @ UIONAARN AL SLASr A4AIRISA ahBRr h@plifedtimdrdn (Fi gure
5). The top edge 452 may be conflgured as an upstanding lip with a gap

space that receitxegansaribedRING gndshe Ehowmicrppeganigingciells, medicaments.he barri er
16 to seal theepcarri er against the tray 14.

[0132] In some embodiments, the flexible barrier 16 seals 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 be able to transfer
the binding column manifold to and/or from the 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 releasably held and

interchanged for another manipulation tool inside the closed container. The
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[0127] To create a closed systemor environnent, the isolation container
tray 14 and bather 16 may be configured to forma physical barrier between
itenms within the container 12 and external devices, mechani sns and pi eces
of equi pnent used for processing the itens in the container. For exanple, a
flexible thermal cycler lid seal 430 may be integrated within a wall 450 of
the tray 14 as shown in Figure 4. Such a seal 430 nay enclose and define a
sl eeve or sslb@tf»&fiofqﬂaﬂﬂﬁm&m@m_srcsﬁ%naa_ﬁyh@.%d 160l QnGitemar e 11) and be used
to allow the thermal cycler |Iid nechanism 310 to extend the Iid into an
aperture bamigutatgurteolsack ot Hwvagi)dewal | of the tray 14 to cover sanples

bar i or betweedIUE | 18 MREiNL srateamey cetes v R PR itRel o area 1
of contai M6 tHPtrayl BIEK] Héﬁ@genmpédfa@t@bmtﬁmg&leﬁi?& predeseadigorl gror t i ons of

an external surface of the tray 14 to inpart changes in tenperature within
t he cont aistrapleisuchas fer examplemtbielorieg! semple oeetbernatarials endesizgd (Bdted wor k

area. In e ' : |4 ; WM i.ons of the
I R e L

t enper at uptaced id the fEck(6200h abandtieRdeuatidn. Tat ehikdrshalebd hwtatigllrbéd wor k

areal/ space., [0129]Sim | arl as shown in Figure 3, a cuvette hol der 360 can

Y, / .
sel ecti veWX@ngﬁﬁénﬁl“c@V@fP’”eab%(’%qﬁilﬁﬁﬁ@tﬁ?nE&’Egﬁdﬁeﬁﬁedfmétﬁflﬁlase 240 of tray
14 to perform neasurenents of concentration and/or volume, but the hol der
360 may not contact any itens within container 12. Thus, in sone
enbodi nents, only the reagents, consunables and tools or devices that are
required to directly contact the sanple are contained within the isolation
container. Such a configuration may have several benefits. For exanple, a

sanpl e can be processed in itg,Q lgﬁppﬁ,g%geg%itglggment and/ or the
processi ng equi pnent residing outside the container will not contact the

sanpl e and so i ot - fr R Rl t am i t he concl usi on
of processing, [glﬁlsi %%ﬂw%@ﬁ%ﬁi??qaﬁgf@%@é@tﬁ@ %%mz?%d in aliquot

t ubes 440 cémpgsing a$)pettndhesad22vad ddapter 2 ¢ assembhi may bd @sedao gperformn t hout
conprom sing the _ integrity. of the collected sanples or .the . solation

cont ai ner flugktragsfars psidgithciselation eontringy f%equlpg V@%’r?e"l@??gdﬁ‘iﬁﬂté?ﬁ s, for

exanpl e, k@ﬁp@@ﬁb&%{, ﬁfe'r@ét@meﬁ@ﬂi@k ¢ dfightddng mididtintdWari@PONENt S
contam nated by sample erial, can be discarded after a processing cycle.
[ 0130] Fi gbeteeeh tenftiid bsingwraasfdired amhthe gépediel psimyf meddapisoo gy dittent s  of

exenpl ary i spl at,i an, cant ai ne 12, inc i the isolatj.on tr 14 and t he
FronPore) gudpr Sheshc Bhutadts 2P0 65 oy e dhe A eomBnblioT atsidn  or
exanpl e, By RABEWRER tRNAeABEOhe @Bla%ioﬁ@bh@ixfé?vgiz g%@ﬁw%’idiél@r 16 can include

a pipette head 220 or other device or tool, is described in nore

detail in a sefek3dle dacbinernibetionentsTie ptawide ligh yalumgtridascamay.ithered to
cover and seagl with t tray 14, for. exanpl e at. a.seal 510 an annul ar
cdge 452 BiPeiine iy A My b o Hing e Enbl SuRE ppea SRt PCal | )
ai r-tightp £9MBAE foFrenk vehudie ﬁefiﬁfe@@(’e[% Setwberl Sbowe g,hl_eaﬁd%bm 30p) dnday 14.
[0131] The tray 14 can be substantially rigid and includes a nunber of

f eat ures anelfasitheshigheroipdumesye\ghibehvaempabpet ninll gediabgus L ARRUD). dntatldied or
t herwi se_j nt ith t . fol | owi
conponent SopEHl il hl@hefbef SRR rosc PR Oa it Rk, .°, o' "

14: 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 locations in the workspace. To reduce the potential

for reagent carryover during pipette transfers, disposable tips 651 may be used for
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elution 630 and waste 632 stations; vacuuminlets and outlets;
spectrophot oneter (concentration) cuvettes 660 (Figure 19A); other vessels
or cuvettes, e.g., volune nmeasurenment cuvettes 2060 (Figures 20A-E); a
thermal cycler PCR plate 610 and/or other substrate or vessel that nay be
heated and/or cooled wth a tenperature control device; reagent vessels
622 in a rack 620; pipette tips 651 in a rack 650; one or nore additional

tip racks fﬁé@h&fdllﬁ&h?haﬂh 5&9@? é‘éch(‘t%gﬁf B¢ usel-thh canRdidéafdePiREht € tips 653;
a binding colum n&nifold 50, e.g., which may include on€ or nore binding

col urms f dtrashlictesiptackes bypigatly Gletgglusgd raghoandgneevosterigrdefferentfippfromitbes 440 for
P00 Bk b oY B AP uRYER, BB B e, |
M cr oor ganyf sfexerfiflbtySembRiime E icSpip&tifig system 700 are shown in Figures 7A

and 7B.

[0136]  In some embodiments, the pipetting system 700 is primed to
introduce liquid and remove air from the pipette line prior to initial use, and may be
primed prior to each time a different pipette head 220 is connected to the pipette
head adapter 210, such as at the beginning of processing 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.
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[0132] I n sonme enbodi nents, the flexible barrier 16 seals with and supports
a mani pul ation tool that interfaces with the robotic device 20 on one side
of the barrier and interfaces with internal conponents on the inside of the
barrier 16. The tool can include the pipette head 220 and addi ti onal
mani pul ati on features, such as handl es 520 or other features or nechani sm
for engaging internal conponents, such as, for exanple, handles 50h (Figure

5) on a bi ndi ngoryg} UNTR &FBRrly Ql'ngEtQFfi%IreI} mraﬁaw dRglab&etTitiol d bet ween
the waste and elution stations 632 respectively. The flexible barrier

16 can al diaphtage Mm”fetcg themrlgzg)alrdomwemlaﬂmdeﬁ thpdiaphragmatleans 3| |

d d I I
engage. t hih BeAdrens Eoran sty Siebe Tl 1 HARER AR B nGi ng

col um nﬁl('ﬂyf)iélaﬂy hféte’dm dr’n@ﬁnt% L Mylide Thasveral 3Rsacity ¢l thé p@ettﬁ@&yﬁémt i ons.
Al t hough not shown, the internal interface may be a plurality of serially

at t achabl @00 magrbealirestly miaied fosdispense asicpEacy e Iheomee @quqli@{ltssl Iﬁti\é“rm&ce can be

o as 2D it o 70k ELTRARGRLIR InAIBARE (BAIDUALIIGLO! | 18T e L ne

cl osed co al ner fon o can e hel d by tray

14 and/or an i fjoxs9pal Irsomeehtbodinmerits)od farcﬂﬂdne(t}tmbugfmwm)g of {0iid88] A mi xer
and/ or centrifuge may cooper at vmth or i @g‘ég) di tothetrayto m X,
honpgeni z &ithirsaget §e§§FISO%H?§ﬁIW é"%‘?@rﬂ‘"ﬁ‘f‘e% Pedgiaderratesh npl e,

such, as Q%lea?éf‘é’i nSe cit n%b%{ st @by I tRE roBbHE bR E Eé@ﬂ)esdl?e%téiﬁ‘ sired

(not shown I'n ot her e estartlng material may be pre-m xed,
and t hen pdmoedthem;tclsfethepmbttcﬁﬁﬂno}tl -ais aimsidten. | ocati on. The m xer may be a

rotating head netic .m xer or _a ni.z an mx the
desired materi fgﬁ)&x %Isgﬁ% epibodinpqnity, the teay, eﬂﬁaﬁdgq %é’fh@?&%%@m% Fi gures 7A
and B, a RidaRieldndDr 262¢ BRuFEO0GATR st Aifs 85PiolRikRobeRomaRe pipdttadapt er 210
assenbly may be used to performfluid transfers inside the isolation

cont ai ner tip2dapter Zé’@ariFIgglrwBBh Aschozeih Figurest362n260thapinstte dead 230 t he

pi pette head. 2 o nti edto rralnt nabarrler en the fluid
being trafi¥t ‘é’lcﬁlgﬁ aiﬁv&:r?g‘g%t suplgaﬁ.gntﬁ% E}hf‘?ﬂwoﬁoff %)r%?aéne/or a
f1exibl e dipRaRITNHE RS ipehE Ak @80 NS sREWS it FlgufOZ8@ Théédritaifer €Si st ant
barrier between the interior of the isolation container 12 and the outside.

[0135] I n sidawald Hbwair @emrsberthsldﬁh@r@pmearhbwm ribetrypen gertgetawish thene
tt t 350-1,
B50c " 5 "SofP LT RO VB 20 Bne MOerPT eyt ARKASAETRG SUEATEEGRETPS 00

about 50pbfftﬁ@ddapfeezfzoa aﬁchﬁn@agémervmg)dpaa@mther@ktssbems ahbat 5 1id and
about 1000111). In other embodi nents, chanber with different

reser voi r BingHe heag Z?QITBOYE‘@@@WGWd favaRd ﬁlen@%ggacbﬁﬂséh%}qm@nlh@rmq ng fluid
can be e %ﬁﬂml ¥f WF{)& upWaEld BRLAY oFRRERbER. L0 the

flexible ragn VI a (subgl?antl a igd | ng an
sol ution (ipwsBidognivatd d)pusH tie used f1punt6dimcb65(ha®t}ieereécaselbst antially or
total ly inconpressible hy U|ICf|UId can mnimze the

el asti ci t §oISUuaons maylo ﬂ&alésﬁgtg% KB erﬁi? 9%66%&%&5“%2% is used to
posi tion {hg &Q%%ﬁo;rﬁs ?%v&%@@nﬁ%eﬂ@ﬁt‘(ﬁ% }}319&% 653 iorblflhgué’lp(ﬁkSpace- To

reduce the p reagent carryover during pipette transfers,
di sposabl ethierwise firde omestrip theutiyefohdhe adapter 220a.
[0141]  The pipette head 220 and/or adapter 210 may attach to fluid lines
and load cell wiring which can be elevated to clear the flexible barrier 16, and a
flexible conduit back to the chassis 70. The load cell wiring communicates with a
load sensor in communication with the sterile or new pipette tips. The load cell
provides data used 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 50N to indicate the pipette tip 651 is properly
attached. Adapter 210 can also include a collar for locking and unlocking the
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fluid handling. That is, after each transfer, the used tip can be

di scharged into a "trash" receptacle, typically into a used rack, and a new
sterile different tip froma sterile rack or supply station nay be used for
the next transfer. Qther conponents of an exenplary enbodi ment of the

pi petting system 700 are shown in Figures 7A and 7B. 101361l n sone

enbodi nents, the pipetting system 700 is prined to introduce liquid and

remove ai rghseMil® thé Ppblehddd20Ps b0ks 4 Aoh-Ninlilidd alkgsativansaiey be primed

prior to each tine a different pipette head 220 is connected to the pipette
head adaptesgagei®leasaizndlesmeghanism. begi nni ng of processing of a new cl osed
container 12. For exanple, a bleed |line connects a bleed port in the

pi pette head to the working fluid reservoir via a solenoid valve 741. The

~ valve 741 may be opened duri ngEk&fpRiyFlagbBHreRee to allow air to be bled
fromthe punps 350, through the fluid lines 222,223 (Figure SA) and pipette
head 220, and (t][@m]t o F@%r&f@&-@m_ﬂtl&tkﬂt@eie@@&x;{r(‘ﬂe&ilﬁélgarrigﬁelﬂ obotic arm 230
can be directed to orient the fluid lines in fhe pipette head 220 so that
they are amgirdthgdoeinbgdinieatsofithe prgsenDircentione Ay switablkomatesalsaned, t he

bl eed val 1 b d. the pipette head 220 i dy t f
Flurd o rasedfe Ve dngRefoh G SeRuARERY Btttk Bfocy va be 741"
may be usggbhik@rdbad Bthhite vhpot. AHeibafser 18 a2k mbMdablepatHot foemg 220. Filling

the fluid lines with air nay prevent the possibili tg. of fluid spills during
di sconnectsiffivient flexibiligy peimpacting gerneabbiry.Hn gome smbadiments thehasiiera

cross-secti.onal Vi ew of i r chani sm 800
for t ransflgrcrO F élsf)sraeso S Ggéenqﬁﬁgg%ﬁ&h%g’ %{tﬁ&%gﬁ%@%\%ﬁ%&@ﬁ%&{%&?he pi pette
tips 651, r@i2 oflufctBaidamateiiglei Irepdraculadentbodihentt,ithe floxiklertgrdidris dr e. g., from
reservoir 340, actuates the flexible isqgﬁ ion diﬁ@&éﬂgﬁ]?loﬁésee al so

Fi gures Scompasgmn HRMORRIdEX mategal ayail &’fHH?iI% ef COmRARY-ai ni ng

physi cal i e working fluid and the fluids to be
aspiratedﬁﬁgﬁ%ﬁ%Ig?%%@%%§a§W%gServoir of working fluid can reside on one
side of the di gpm3gm THOformmhd shapeof deaflexiblt bamenwd6 kamgllaw suffivienhe ot her

side. The f]lexible diaphragm 710 resides in the head 220 between the
wor ki ng f Irﬂli’(ﬁ_%@m&ﬁﬂafic{l%"? : é’r‘??éﬁe%ﬁﬁfgg‘frtogetri"ﬁe%glﬁ‘feééw? gep|ig the pi pette
head) and iﬁt%ﬂb{@t"cfﬁﬂliosgia‘ﬁbﬂ coﬁh;gl;eg £2 Wbl st @S JthewaiaRh@fing2d0a Wi t hout

t he di aphragm an er assem 101381Referring again to Figures 8A and
8B, di spl aaehigtthofletihle tdiragyh Thgshapt®alid motded lewibiwbdiieml ta¢an beol unme 700a

under the dj aphragm 710 and in the pipette tip ter 220, thereby causing
the pi pet Féf’%tgﬁlaﬁg SelSuRROTERE &ic‘%a‘ﬁ&%gmﬁ P%?df‘\%&ﬁ%@?[?&f“&%tﬁme&) of 1i quid.
The over alghcefiRSidxfid YarBibr 168 LhRE S e Fra§NALBAMIAL P BYaki6n Eoritsiaed ¥ el ated

to di spense accuracy. |In sonme enbodi nentS, reducing the air volune 700a can
i nprove bd2h the pipetting accuracy and precision. [ 01391l n sone

vassel o spect 18Kt onkt e B Epalfa dptibf Pattel 1 B 3ROC™
aspi r at e/ didgReNELinftfdt@withrebive Il @ vatcipldmate Wil sealboith, sugpon, 230 can be

directed to nove the tip of the pipette in nulti-axis translation.
otherwise interact with a device for manipulating samples within the container,

such as, for example a pipette head 220, another fluid transfer device, and/or
another manipulation tool. The portion 910 can be a substantially medial portion.
The barrier 16 may include one or more folds, pleats or undulations described as
"convolutions" 920, some of which may be substantially concentric with others.
Figure 9B illustrates that the portion 910 may include at least one stepped portion
17, shown as a series of substantially vertically oriented stepped portions 174, 175,

17;.
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[0140] I n sone enbodi nents, the tray 14 and/or pipette head 220 may i ncl ude
one or nore features to allow used tips 653 to be renoved fromthe pipette
tip adapter 220a (Figure 8B). As shown in Figures 26A-26C, the pipette head
220 can include a | ever 221 that pivots upon contact with a portion of the
container proximate to the used pipette rack 650. As shown in Figure 26C,
the container sidewall 14w or a nenber held thereon can be angl ed so that
upon contact wifpiysjhe Riofke GMsbdRheithis!sBIRh G %kampldan Ky fes 3€landi Vot s and
pushes the used pipette tip 653 off the adapter 220a and into a receiving
space in t9b theburigsh man icluds ongor nieee pridipd corvaketions 930 kb tasdiadownwar d

toward the ed rack. 650, (the |ever .221.cont s.thewall 14 ich forces
one-end. of R PGEic Rk G R b A R A Fha e R e e
to push t hgpdigadad (d? othitk dntbiel magisulehion tdal haerfice), aas Gelpeohirgithat i ons may

al so be used. For exanple, the used rack 650 nmay be configured to restrict
upwar d no\Pefigishare dusiag gagyemeat of the pipstie begsly| A npPAY,; flapgeenthel se force or

strip the di.p..f da . 1. The,ni ..and/ or
adapt er Zf%Athrrgyrﬁ%I%gﬁet 0 Su:elrfc?? ?@%I&I{gg%%%éﬁx@%p@h\%ﬁg E’ggﬁf‘gﬁéc an be

el evat ed tattacHirg@thettamridrl16xb Heardyatser 16, and a flexible conduit back to
the chassis 70. The load cell w.ring c jcates with a lgad sensor in
conmmuni cat i on vw]c‘{]ﬂt heAéf‘]%‘}"l’l}’_é‘%g“%ﬁ(g%]bet%%ﬁéﬂwl?r&é&aeel | provides
data used chhpfO0R Lttarl Bcck BPﬂiaféQiaP{haﬁ%‘ég?dggﬁ beprfd! uodaislr220a. For

exanpl e, the'robotic arm can cause t ead 220 to advance down
with a forsobstioretallg eonatic foldy, pleatalooasnvelitions than darcaltoav fonghepdgsaede tip 651

is properly attached. Adapter 210 can al.so include a.collar fqr |ocking and
unt bek g Hemafaicad 28608t pramefep et aninse B38e w6G 168 hbFansRC | it i ng
al ternat i iererenaRicRGB YR LcBRP Fe iGN E TNREARPaftPulaE¥ABBHANtd| exi bl e
Barriers [0142] Figures 9A-9E illustrate exenplary flexible barriers 16
accor di ng dudng fidhsightiem thicker materiad cas bedravmdari torthe genfersiyring iyaeuumat er i al

can be used f.or the bather. The barrier 16 can.be substant.i.,al,l y.i nmperneabl e
Co air, morBHE G PR e magrs o ekt Pramet R B UE o W ¢ nout
| 0si ng sufshéetil6NThE kentblrebioh Y 6@ ndy TRAGEd 4 SerRBlofealRinnhied stepl 13L1IE;,

enbodi ments, the barrier 16 COTT%I’I ses a |lowdensity polyethylene, but other

al t er nat | werengesiAmalien o lavgst as tha hgwies 6 maven away Framethe 20sksppee Bhr ki cul ar
enbodi ment | ex| ier . | . LB material,
avai |l abl e ofl}ea%ﬁ%g%n%’ébsﬁ%a?lz%ﬁﬁb%n%ﬁm c%egggﬂﬁ% f‘g‘csuteh%{}}%‘, all\%/a%. [ 0143] The
formed shapg @nprize afplexlitlof chbasinedsealdd seamendslof tesainkioe idiffdresitobot  nmovenent
and give the pipette head (or_ other internal interface) access to the

i nterior epitablematesiplsi(netshewrd-ai ner 12 without restriction or otherwi se

pi nching or ca i-1g t k J : flexible
barrier 16 cant[gghiubs HH?PI@ Sgnelg E}géu%{)%?lg:%ﬁg&? gggea%?l% Qﬁ\ﬂﬁﬁhﬁg? col | apse
into the ilowdrgiortion efithé pipete heaol 228 fohsubistqenbémapandigto fie robotieabed to t he

tray 14 fqQrmn he isol ation contai ner 12,
4 C2)0. Agobotic alrm coupller 5'10c resi és outsi&e the barrier 16. Figure 9F

illustrates a cooperating coupler 210c that is configured to engage the coupler 910c.
As shown in Figure 9G, fingers 211 are configured to enter apertures in the coupler
body 910a to releasably engage the barrier 16. The assembly is shown in Figure
9H (without the lower container tray 14).

Exemplary Thermal Block Assemblies

[0148]  As shown in Figure 10, a nucleic acid processing system may
incorporate a thermal block assembly 1000 or any other temperature control device.

For example, a nucleic acid processing system can incorporate a thermal cycler for
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[0144] I n sone enbodi nents, a portion 910 of the barrier 16 may be adapted
to integrate with, receive, hold, attach to, mate with, seal w th, support,
or otherwise interact with a device for nmanipul ati ng sanples within the
cont ai ner, such as, for exanple a pipette head 220, another fluid transfer
devi ce, and/or another manipul ation tool. The portion 910 can be a
substantially nedial portion. The bather 16 may include one or nore folds,
pl eats or gngiekiatnoQnd afHHEFihPaccIGE aciONYRE tHetBAIHlod2serdVYa 006 mtki ch may be
substantially concentric with others. Figure 9B illustrates that "the

portion 91ioclyds fhiexampee, atth¢rawd theaise) Wockodb avhieh maphe enfigieshie as a series
of substantj al Vert] [.] oriented s d tions,,17i 172, 173.
Po1at1 1 astvd I Qb br BIACALR 8 8 PRROSERTN, hiPadiha ofdier S7OL

barrier ltheary lid0106¢chicimagbe ased BYliadld raedhaaishi 31016 c8¥&t-thd PERr adi al
and/ or concentric_convolutions may help facilitate a full range of novenent

of the pi petteélhelier piomnle e pomaembedimennths thamebsyolesgpsempleisiused) , and
hel p contrgl HhRg %ﬁﬂe?ﬁ,rcﬁlbﬁ%%gﬂ;ﬂfch@&l, gg’f%ﬂts]yﬁtfhegi?gnfb { fefadigRd: A rim

940, flange or ot eature provi a surface tor clanping, sealing,
fixing, adbepsiofithe pocess.h¥asibwsatypdstaftinrmgl bloekd@idioraherival tyrldriieviceay 14.

[ 0146] As shown.'g Figures 9C and 9D, the flexible barrier 16 can conprise a
unitary sr?é%?v%ffl laterial that is stretched or formed into a series of

substantial ly ntrj { | 1 ow for
t he desired rm\(i[g?re t o%gﬁfé%g%%%hg¥%rtﬂépg§?%‘?gr%9g{é?g;ﬁgﬁ%)frﬁ (?ﬁteeabarri er

sheet 16t inythdwektian dofithimertty 14i hkosesnibralmments.gh¢ perimetgi efithd 6e. I n sone

parti cul ar i ts, duri fabrication, thicker ter.ial. can.be drawn

own 1o ¢ ST Bl PTt iR begoaiad Thar sn i g eetaly tr SERMAT P ECE A 1 egi ons

and t hi ckehe PRkioTEcatay ROI MWerPortidh oP e f18E 610@8fend BowAWEdBERBA I €gi On

16c may include a series of columated st.egs 171-173, arranged smaller to
in

| ar ger as ththbaspaxf thedray1te engages typigaily resida inh e thasmiabeyntes heger binclodher

enmbodi nent.s.., r.at her .t han_a iL,tary shee f material,. the.flexible barrier
6y conmiefé ARt Rt B 3 e TGS 1€ e RESELE o e fiheL o 0%

di fferent sgaled atgineEI2E TR BCR plite 6100¢M) be deQlkd ) Hedsul@tidhontdingg tfagtt es t he
flexible barrier 16 sealably attached to a | ower portion of the pipette

head 220 fldsodhaideedemwardlyRxiending nostionseoivaist6ld can ke Indirest egyiesti ¢ ar m
coupler 9 i i rrli . Figure 9F illustrates a
cooperati %&c%lggl}eeralz%g:&togg?ﬁ&ga@%n{(ﬂhgélr%e ) engage the coupler 910c. As
shown in Figur q0p38] fingeht edbodanents,endongiliatigdsketeOtixig @aghdrur es in the
coupl er body, 910a_to, rel easably en%%ge the barrier 16. The assenbly is
shown i n Ffdjinganeshanisgy maybe useddo padthe BaRaplate61P teihe isplatiqn, e p| ary

Ther mal B'c8ﬁﬁéixé§§r§ﬂ2§.i Phic LA askBONAy bP aFABME Svithh her-BRESA! ¢ acid

processi ng system
clamping feature. In some embodiments, an over-molded thermoplastic elastomer

(TPE) seal 1030 is used for attaching and sealing the PCR plate 610 to the isolation
container tray 14 as shown in Figure 10. In other embodiments, PCR plate features
may be formed, such as molded and/or machined, into the isolation container tray
substrate. In other embodiments, a glue, tape and/or adhesive may be used to attach
the PCR plate 610 to the tray 14.

[0151] A lid, such as a heated thermal cycler lid 1010 may be used to
reduce the loss of reaction fluid via evaporation. The lid 1010 may be lined, for
example, with a flexible seal 430 to inhibit evaporated fluid escaping from some or
each PCR well 611 and/or for maintaining isolation of the interior of the container
12. The lid 1010 can be heated to inhibit vapor condensing on the lid or any

surface other than the reaction mixture. To provide access to all of the PCR wells,
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incorporate a thermal block assenbly 1000 or any other tenperature control
devi ce. For exanple, a nucleic acid processing systemcan incorporate a
thermal cycler for synthesizing and anplifying nucleic acids. The thermnal
bl ock assenbly 1000 may include, for exanple, a thermal (heater) block 30,
whi ch may be configured to receive a nultiwell strip or plate such as a PCR
plate 610, and a thermal cycler heated |id 1010 which may be actuated by a

l'i d mechanhs Meahal 6y@le‘i3 qmqmo H&y%@lﬁf&h%ﬁm@ﬁp to FeMas€HRTRAIhg ﬂr@ssﬁ&”e
enbodi ments, the thernal i/c ef assenbly is used for cDNA synthesis, cDNA

anpl i fi catthemretraged sabstanyially betizonially tEiing W\ethjv&le fiexéle lidseal H30pr ocess.

Vari ous types ermgl ; bl oc r the cl er .devices
available. [0 12@}%5] S H%V\%mfensyéﬂg ur éﬂfﬁf)mlﬁ? hrtgdge é};tg{rgu% Ry anﬁefe
i ncor por atthellid 1000 iag be IRduRdkddod thOWbik suefacé 260/ oflthe phdtessiripesystehord,nent s, the

perinmeter of the PCR plate 610 can bhe seal ed to an open ésubstantl ally
rect angul &8) ?‘é@i‘fbﬁl%? Aedn pther erabedimentss the fid drivgyystem 3 borti ons of

the plate GER&
(typicall ylﬁcr}%gigdééet I'n ﬁﬁg&uﬁwe&%g%r egbt%glrgs FaCE28% R%nﬁ@ I?(ﬂ’g openi ngs
of wells Gﬂlgurmllt,laaepd:mplar}ﬁlid)davesyatenesm ilslshmfvnmnhthshd&ow inthe seal ed

contai ner 12. The PCR ate 6 can be s aI to the isol ati on cont ai ner
tray 14 sdC¥aed POsEIQRy fﬂ%ﬁ Wﬁ@f hérw Brndgpmmupicites an he in
di rect CO%ﬁPho‘(&rtl'isé NRistREViOR fof ﬁleﬁ’trot{tﬁérf?@ﬁ@iﬁjfn?o SRNGY:QF devi ce.
[0150] I n sone enbodi nent a conpliant gasket, O-ring or other sealing
mechani s moontainse 12segl, thmomhtaamﬁle- ripeesPEResd meetuﬁelImt in thdwall obtray 1én

Clampi ng. (UiRR B spol (6D BrepdbwEed = ancora s SracuCoREFRIART e o

el ast oner AndMk inkeRk oft 8 Qohfinés 88sHoWn BIHigER 129 REVbtiS e601E BOmbMGI PCR plate
610 to the isolation container tray 14 as shown in Figure 10. In other

enbodi mentiBput P& alscelveevia dhet serk4d3bmy be forned, such as nol ded and/or

machi ned, into i soLatio er tra ubstr,
Cnoodi oont s o ' S R AR GERS b Sk ABHY S Reh S HH, (e por
plate 610 110Q01i1hmetcbatamb{4u bAd mkidd thé hansHee A3@Soxhb Gatsed 480 evhzal cycler lid
1010 may be used to reduce the loss of reaction fluid via evaporation. The

lid 1010 rexiended.| Figure 13Billusizatep the 1idyl @19 ontsidethiespetainernl2 yporetigciedhi bi t
evapor at ed, H-%ug“?capl ng fromsonme or each PCR well 611 and/or for

mai nt ai ni Ng 130 I'on of the interior of the container 12. The lid 1010 can
be heated to irjoisd]t vEoarne dIXdraibeGonfigirdé td diteodthedity1(H0Veaillpt her t han
the reaction mxture. To provide access to all__of the PCR wel]s, the

thermal cyéMeH asihgrizentel el the embedigentshopnda K lg;lllted Laadd2sthediveseal i ng
pressure, %@rﬁ 3&?9@%&&‘3 VHRR ARVERL mORLAZAT 1B Hat pRNViAR 9 th Tt the

flexible Md sea
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 sufficient to seal the lid 1010 with the plate 610 and/or
the block 30 (Figure 10), for example, using one or more biasing members 1152.
One or more motors 1150, actuators, gears, linkages or other electro-mechanical
devices may be used to drive horizontal and/or vertical movement. As shown in
Figure 12, the drive system 310 includes an upper plate 1123 with a slot 1123s.
The arm 1122 includes a keel 1122k that slides in the slot 1123s. The drive system
310 also includes a lower plate 1126 that is attached to the upper plate 1123 via
pivots 1127 and biasing members 1152. The vertical drive 1124 is attached to the
upper and lower plates 1123, 1126 and is configured to pull the upper plate 1123
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[0152] A drive system 310 for controlling the automatic novenent of the lid
1010 may be nounted to the work surface 200 of the processing system 10, as
shown in Figure 3. In other enbodinents, the |lid drive system 310 may be
nmounted at ot her | ocations above or bel ow the work surface 200. Referring
now to Figure 11, an exenplary lid drive system 310 is shown with the |lid
1010 in the retracted position. The arm 1122 is connected to the lid 1010
and commungat ®FoMk i IP1000 ddhaPondeths1i@1010 Has HdxtdHAee BbiTigu@dtidnhe | i d
1010 into and out of container 12, e.g., through a side-ingress/egress
aperture 1nsid¢ thetogstaimgr.l of tray 14 where a lid seal (which can be

descri bed as ah@&iﬁve)é%ﬁ&@s%ﬁ&gg ig%%fsﬂiee@é%{’ ganlgel% %{}gﬂ[& Q&acih?a%i or of the

container as s in s or nual” rnput nay al so be
vi a the seh¢ idgr shfdeffth@sieevelorAid sehluBortatiaslitae thx ssup430 shoetugf | gur ation
of the lid 1010 in the container 12 and inside the chanber 430c of the lid
seal 430 apprepeiRiebnyeh thelidy L. 14gshown, it Figuse 11,148 sping embodimenissi de t he
cont ai ner ' [ ' 3 be

confi gur edVl‘i %%ﬁrgicrﬂ%gcﬁdtb %ﬁi}?&d&%%(gg#éer I}tga ﬁl@@%@ﬂ&é{%ﬁgé@ %131;@%8%? I{H ly. In

t he enbodissaint303ndwnm cause HiegienledINtoaaelaihdn posidon dunieg syricadand10 i ncl udes a

verti cal venent mnechani 1124 that provides fqr vertical v nt of the
lid 1010, _r[@n@?r}tabmeﬁem?rﬁ 0?%6111?@ Bl leﬂ?ﬁh%ojept o Empegimspisy e_g wi thi n
t he cont ai@argshan,,Thean4ehdd ﬁ%th&%ﬁ%?hag%%@aﬁl&éﬂﬂ%%imvo Qnfyfle a

downward force surficient to seal the 010 wth the plate 610 and/ or
t he bl ock t8the(lid HakleandGhovefiorcororantbewithsi ng one or nore bi asi ng nenbers

1152. One or tors 1150, t uat or .gears, .linkages or ather
el ectro- mschagﬁ@% devfncsé’gleneé’ﬂ}b%ﬁmﬁ’gt Off%C‘gﬁa?WeHSﬂ’lFfﬁaﬁg’Sﬁweﬁﬂ %r vertical
novement . iﬁﬂatﬁﬂ%tdiiﬁbrE?%iélg?lelﬁrehx%l@@idds"eﬁlv@ﬂ?é{§ Pl ok BitleHEl@mpaiy upper

plate 1123 with a sl ot : e arm 1122 includes a keel 1122k that
sl i des i n mé¢mbeginay enxsd to qimepugss against/an edgeppotier efghe seal d3dbsueh dower pl at e

1126 that i.s attached t.0 the r at 123 via.piyots 1127 and biasing
renber o 1 140R IS A tha g ROEHD18) Bh Betif bt B MRSk 9" Sver

plates 1138 trdyl 26 BIGthérSenstdiments aHe 1i@ sedl 4B0 hlye bepRer-npldddao tHeXday down to
force the Iid 1010 down once the lid 1010 is in the extended configuration

i Rsi de ltré4dtsmgaqu@?<ampm"§B]3As giseussethalygverwith rpspagh tosias PER B@‘@l 9n beI
i : i i ' 430
P Taci | 1 1uFinbE 0 el bl Bl BB or Ll Bk e oels e e

shown, i n t&pgvide thd sedldd codmectionsTdhdBd kel Y30 undniheuzy 141 4Gguieyl 326
incorporated onto . the lid 1010 to engag(ﬁthe flexible lid seal 430 and to

cause t he sBews thedisl mechapism 30 with g lid HH Opwd;theysepbA3Q exendgdantadhs zont al
t . i i lid |
790y bantehifrebbdfte FAC1SIn o Ehedbbibod iR FRIPP BN S b 1R 1€ Se

conf or m t d0Lfend ietrat@d Guathdoughvewalh of containgr kb eFiguie IBA [IDkGSES thesome

enbodi nents, to.facilitate a reliable seg| be en t he .
! lid 1018 in poslltl(l)n over a thermall cycler an?ia%-weﬁ plate. ll"lgure 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

[0157]  Various purification means can be used to process samples, such
as nucleic acids, proteins, cells, tissues, and the like. Such purification devices
include, but are not limited to, magnetic beads, size exclusion membranes, binding
plates, filters, and binding columns. Such devices are known to those of skill in the

art.
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i solation container 12 and the flexible Iid seal 430, a clanp plate or

ot her cl anpi ng nenber nay be used to conpress agai nst an edge portion of
the seal 430, such as via one or nore sealing ribs (not shown) on the lid
seal against the outside wall of the tray 14. In other enbodinents, the lid
seal 430 may be over-nolded to the tray 14 using, for exanple, TPE as

di scussed above with respect to the PCR plate 610. O-rings, gaskets,

adhesi ves, tapgg1s§nd [PsHtdnihddhefedk ipiste Sfsten MY ult8 aus@hidue dir ovi de
t he seal ed connection of the |lid seal 430 and the tray 14. Figure 13A shows

the lid meduing fsom dirgling ecclumhefaritemeniot] RNA isetationa¢DXNAPuekicaliried i nto t he
interior regqi thetra LD @an en iti0 i i qure 13B
shows t he aln?&g?c}%‘“é’ﬁ‘a‘ ﬁrC %t%(%lnag:[?‘ ggmobr%g ‘f‘%‘?‘%gﬂl‘gaﬁ‘/ﬁf’# i(;“f)wg%ﬁ rg!;fﬁlgdr 14. Figure
13A i | | ustsilgfagfiethbrand.i A vhOhin elutipAprdtow) cary B imedrited irab tizyisdlatiomnd 96- wel |
plate. Figure 13C illustrates a partial side perspective cutaway view of
the |id nEent@inesdesam Iy atherembodiments aonasbetin gbfon REosoh&an B eri or regi on
of the CO%@@%‘?&aﬁ%mﬁé@l{%&fy Waste and El ution Systens [0157] Vari ous
purification®neans can be used to process sanples, such as nucleic acids,
proteins, cell 0139]ssu@sae oamdrd typed/sikes. of Buatingeoliufne atay ba usedsi lbes i ncl ude,

but are not limted to, gneti ¢ .beads,. si ze excl.usi on nenpyanes, binding
pl ates, fiFeEP ;llhﬁ?gleoqrﬁgﬂ%ﬂﬁelgﬁlcmﬂ‘ﬁgg cafypps (g (4ae BRNR#¥wn to those of

skill 1n tcgﬁlngfs?jﬁendggc%éﬂhkgih% &ﬂgg%h%ﬁﬁi@it{y JulEbIR OGRS ghdifitiey f €m 10 uses a

techni que o rom bi ndi ng or tunor total RNA isolation,
cDNA pur i RMA} ¢cIONAzmd IV IRIRAAhanare piccassedn AnEdditionald smaflerédiagam 1410 (Fi gure

14) can cqpt.ai,n silica. rane, A vacuuym. el ution prot.o can be

i nt egr at ed "'t cfofur‘i’én? % ”?‘gﬁe@@r&ra‘ﬂﬂsfheoﬂi’émlﬂ@ 1o C?Weﬂﬁﬁgﬁheé%!édi nents, a
nmagnetic el uti qgéujot O‘P@_ﬁn}ﬁlﬁf‘tﬂéﬂwdsfktﬁﬂﬂ@foﬁ@céxﬂ&xﬁiﬁaﬂﬁ%ﬂfér&@idﬁWesseﬂQ159] One
or nore types/sizes of binding colums may be used. For exanple, in sone

enbodi nenttkes white didelution statiens(632q63WirespeeiiRNG £81 Pvserataiprasshoamdonsed as

t hey have a bi ndi ca ity suitahle for the i ti f , CDNA and
U e ¢ eaenafhn ARl dh Sk nririeni P Mol 8 g SR R 0N oM
be i ncl udeghdiflc B51@NInS Evet Fezaes L4 bid 15). CORGBA1ITAL S0 thebdDhfigured to [ 0160] To

inhibit the waste fluid fromcontam nating the elution vessels,, .
hold one or more binding columns of various sizes/types, e.g., Qiagen maxi-, midi-

and/or mini-binding columns 1410. The manifold 50 may include wells SOw for
each binding column, lifting members or arms forming lift members 50h for the
pipette head 220 to lift it, and one or more slidably movable lids 1430 that can be
used to close off the unused binding columns. The lids 1430 can include a handle
1430h that can allow the head 220 to slide the lid 1430 in a desired direction. In
other embodiments, a manifold 50 may be configured to hold other types of
substrates or devices to be used during a desired process. The lift members 50h can
be configured as any suitable lift, including one or more handles (as illustrated),
wings, flanges, or other features to facilitate movement of the manifold S0 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 S0 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
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the waste and elution stations 632, 630, respectively, can be separate as
shown for exanple in Figure 6. In sonme enbodi nents, a manifold 50 is used
to hold the binding colums (see Figures 14 and 15). The manifold 50 can be
configured to hold one or nore binding colums of various sizes/types,

e.g., Qagen maxi-, mdi-and/or mni-binding colums 1410. The manifold 50
may i nclude wells 50w for each binding colum, lifting nmenbers or arns
form ng | ijhierARNRER Sorp&Pohdihe FaGurd PR $rEthB Paskitd 28ad 220, lahd atetuse@ffl one or
nore slidably novable |ids 1%30 t hat can be used to close off the unused

bi ndi ng coimphfy therergagement heBreenake tobet 2bendthp bingling mawdidSfat can al | ow

the head 220 t ide the .li,d.1430 in..a desired directi ¢ne | t her

enbodi nment s, aciprgé%]f ol acg‘ds%ﬁtyl/orbaé%@é’ﬁ 106%?%@09 B8t 4°% %gfreretnggsjée{so tPof

subst r at egoRimreiHeGsetle e rdboethag BE uBE @ reesiti@thplias €430 to th®elthd t menber s
50h can be configured as any suitable Iift, including one or nore handl es
(as il | ustaPRIopHHE sgih ¢fgmused ¢ohgars. His mdhess araninimizes the aprfew thioxgd novenment

of the many e ﬂ; E gp&. j e nple of a
mechani smq%%%%cgggg’ %ﬂ(l)b?ﬁﬁ Vi g wﬁ%%&y %ﬂ@%@%ﬁeﬁﬁﬁ?ﬁm orarmr% stations
or area ofthd iRelatiomtuad/oepurifitatien processigweps. Toaedvstoperard hahdlingwof st ati ons
632, 630, respectively. Th i pette head 220 and_ robot 20 y.be used to
move the BRRIPAGECEIUGHAS llﬂﬁiag?ﬂ Hergeratpg tb%@IE@PﬁME&Tﬁigeg@%Hﬁ?rom i.e.,
bet ween t i i Wbold 50 may

i ncl ude hgﬁed‘f‘%@f‘%g%b %3% L‘%Fﬁ‘gfyh%rm? gﬁ?@%ﬁgﬁﬁhgﬁgﬁgr gllélgﬁw th

cor r espondienidjzédmt the emnBald 5n Atthe finpatfl i eadirexttic 2@0ticarvdntirer asadset 0

simplify the enga t. b th t. 20 t he bi ndi i fold 50.
0182] Exc HNSEFAERE R o SHANE SleB8 o0 ) Spouba R e cer of
col ums; fiepRiRhE frohPdd nilield SPshdiRatksethis e RSl LNihbES 1430 10

close the appropriate set of unused columms. This reduces or mnimzes the
ai rfl ow t kveoughkdingdo diaedtfydiandBohe bindipgicolpmnse punp to generate a

sufficiently hi acupm duri ng, t.he isol.ation and/ or rification
processing s_te[ggi_.k#o ?@a"u‘@%ﬂ% %ng nﬁsth%ﬂ? lgﬁaqkoﬁﬁcﬁ\u%edé%gﬁgol ums 1410
after stenhd/oZsdaldb. Thenzalfllsd dedibd cafYe RRgé OsiRd tb Allewt he mani fol d 50,
and the assenbly sealed into suitable packaging and gama-sterilized in the
mani f ol d B@difigatipher psente syit al awelhprmab or guy atheniype ohpkimaellar a use and/ or
assenbly facilit .ag | - S U le ¢l ot . r can
amove { neofad R e bbb e i AR i Ehn, ERRRCIRLE R0
station 632, w[oteajit eReferrigadivie Rigurbsecind 7hthedhioneation®30rgn col umMms.
[0163] The waste and_ el ution station configuratjons can be flexible and/or

scal abl e. indhederrarlytinndrayol ed<opHgwad theaptie dee Erl oyiput ot B IPBWIND i i cati on
or use to sl e .%)&ﬁ“t nfdhi NRrRIQMe@F)thQiEMﬂRagB/oP? ne Wel 1 or
colurms, or chang S$7In Ohe co I'nation’o maxi -, mdil - n m ni - col unms
1410. possitlé crbsfRedrearminatiom betwieen BINJAIasd RING\ ,@ach Bindinglvelumhmui4idh st ation
630 can

can have its own receptacle 1612 below it in the elution tray 1610. In some
embodiments, the elution process employs a high vacuum, which may generate a
significant airflow through the binding column(s) 1410. The elution receptacles
1612 may be shaped to allow splashed fluids, if any, to run off and pool in a
collection vessel while deflecting the air stream away from the pooled fluid.
Additional features may reduce or minimize the airflow that passes from one
receptacle over another. Further discussion of the tray 1610 will be provided with
respect to Figures 29A-29C.

[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
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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 can have its own receptacle 1612 below it in the elution tray
1610. In sone enbodi nents, the elution process enploys a high vacuum which
may generate a significant airflow through the binding colum(s) 1410. The
el ution resRpies @vel FUD MBY bdshapbdREdrdcPalpivasd MR ASIRA dbWhisls onef any, to
run off and pool in a collection vessel while deflecting the air stream
away fromormeorpGboed ap ageatralnduin halp 464k whergrtis pretgctedfomdho mai ni ni ze the

airflowt r r. 0 t hscussi on of
The tray. ETGRARIR gl QILONGOIRARRR Bl Hikureb JRANGH ABBPCHES) DAt
stati on 63Qustalk dnotHer e@badinaat 6f the stk canet MEBtvehith eniplogyar 1640. A

waste tray cover 1640 may be incorporated into waste tray 1630 to m ni nze
the evapoPhirplity dbmasteclrgigdiolesiliod] ysing admay caverithatuhghapgd sebstanbiallpn 632, The

waste tray; . h j g | LA fl ow down
into one %%Iﬁ?r%(r%e t%ﬁ%\l/\({wm gagbgl?'e%??{a%l %Peé?ééll %ghgﬁégkﬁt\g%mgr@sﬁ trr;lpys prot ect ed
from t he raver 1840 ftheairbiectly dtowe tclo eastd 8did dan shadetainhechigh dtimidityat i on 632.

Fi gures 30A and 30B.il|lustrate anqther enbodi nrent of the g tray cover
1640 whic ‘égrfﬁg‘ff%g PLEVAPPIalIoR EV&I"@IS&P%‘W ‘i’fgi’ﬁgalﬁﬂ‘fr\é\gﬁ@ a tray cover
that is s@m&m@ﬂ@g&&%k wed3d Q4nd Soghe elution tray 1610. In the

shi el ded environnent bel ow the waste tray cover 1640, the air directly
above the wast §0¥66lii d Insomesenrhodimends, fai vighutm sy stemyl 600 kirsulatesiaici ng f urt her

evaporatigon. FEurther di.scussion of the tray. cover 1640 is provided with
Feopect t SepeL a2 TH SS08 mpedieain IR st BB coum syst em
1600 ci r cylaéa9600 is donFgu@h t6 elifdiafethe héed fob fiterse THEFRABINHE Bstem LAE

i sol ation container vacuum system 1600 is configured to elim nate the need
for filtecemphibetubmglodfstypically Saxiblednpingseonnediechomenpump heradckiORy | exi bl e

tubi ng, cqnpected fr e 0 h V] i val ve 330
(Figure lﬂlc,rh%sow%ﬁgm% svglé’@é@ @‘r@%#@rf"&%‘%@‘ﬁ% %talnor?gl.t%?%aoutlet of the
punp head sfa€ibi¥. MBhel didletsPhe phs@ hrhd rdb@ak therdspirdtb@ air batladntdhecont ai ner 12.
[0167] Figure 17 shows a_circul ation path according to one enbodi ment of the

vacuum sy étodationeoptaineq12.hi s embodi nent, the tubing 1650 and di sposabl e punp
head 1602 may ta i L i r I.ng
manuf acture. T @3625 can ggrésﬁa%l %Yszazcg}cg%agggI??%;%gb@g{gparo?l ngn%f) e éggsenbl y
associ at edf thietvaciie systerh d60@nIrcthistemi bodimént athe tubingh630 anl digwisalile on

container 12 is | oaded and secg‘leid, t he vacuum system_ 1600 can renai n cl osed
t hr oughouPuBRdead 1e02may he atiached tasthg dsolation;cgtaines trgy 14[UBRE of an i sol ati on
cont ai ner | > i Wionkd s NAF LuRbjg 1650 can be

i nserted frirlatrﬁ{(%ﬁf: e p?lﬁlé(% %@g ?/gte%%%éd?r%g ta'ﬁ)g dlgss osabl e purrpgyhead 1602 is
connect ed associated wiicthaisopation @athiner tray dde Oswb anlisvatios, cohtamepdiZs 320 onl y

oper at es n.vacuum.is required. T i nch val ves 330 e used to
d!or ect thg]agﬁ‘é e@[}]dt v, Bystep gg@f%ﬁq ISWalwg?Fdﬁﬁ@(’fggéft%& 8t conpl et ed,

the tubingrd830,dRYnPEDENES AistBdHbN O BSIaNG ¥shiARE: iRRALE BRocBsMy head 1602
is disconnected fromthe punp 320. The tubing 1650 and punp head 1602 can

be si ngl esystam dfsthosabiug tubingkpS@ican be fnsertedintofhetpiech wivead30amddbnt ai ner
12.

disposable pump head 1602 is connected to the vacuum pump 320. In some
embodiments, the pump 320 only operates when vacuum is 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.

38



[0168] Figure 18 shows a cutaway view of a tray 14 in place on the work

surface 200 of a processing system 10, show ng exenplary | ocations of the
pi nch val ve 330 and di sposabl e punp head 1602. Peltier plates 370 and 372
may provide cooling for a segnent of the rear wall 14p of the tray 14 and
for the waste station catchnment in the base of the tray 14, respectively.
The wall segnment 14p may be substantially planar (typically substantially

vertical, but ggmt]e ap@u@élsawpéemteﬁaymwﬁ&@ HehipieednrtReei Vi ng space
for the pI ate 2. 'The wall 14p may be configured to cooperate with the

pl ate 372 warkgurfrees204 Qf@rmemang aystema L), showingexeomdary dorgtionsofithgure 18, the

thermal cy r ri SYS ) ed into
cont ai ner pn\l/vl(i’t alvetds%ahe\ésdeszﬁ) ﬁ%pmgip[})l %cg&g\‘rllvg) W&%‘?%S"gg’é’gﬂ?%ung’ head 1602
i's shown, pabiilleusol ?Qoié%k@n&oﬁ&@uwnﬂptdfbh@@a}lwﬁnd fon the wasee Exenpl ary

Pr ocess Control and/or Yield Measurenent S 0169] In sorre
enmbodi nentséatloﬂl%ﬁﬁb@ﬁbq ig the base véthegrry, 142 !%Decélé(ﬁIYbér heswall Seg&en

ekl F as gﬁaﬁaﬁ%‘)&h@g éﬁzp?cgﬁ \Fﬂlﬁnﬂﬁllﬁ%rﬁczﬁUﬁ’nﬁ%éﬁb@a?%iedzgﬁ@1 ”ay be

fixedly or tion contaiher t such
t hat cuvefptrﬁ;ectﬁﬁ@ard%ﬁ@ﬁﬁe(a exedivirgy dpacafdr yhedglawe 372 oifht Inallddptmay od tray 14.

0170] | di ment d/ ity of |
ol ol ¢ aEPRBEGRY B SOBPHEE WA AT ESaS i Geir Srgdanselst telip e SRBRer 10000
(Figures 3u,198) &@‘is%&!%{e}ﬁa%@ r (il 1 85stdrd 310 2060w with iRMRAt | ve opti cal

met hods for concentrailon measurenents, e g., fluoroneter, can be simlarly
i ncor por ategtknded inbecayastenwithodfzhé seal 43in Idaﬂmdnhmdsposablesmumhaad Fi gure

o ihe tr A90L5 oinsbiiheshifr BCRERarGim Bine ioa EsEaRnBhe 2 Gadkel or

O-ring. The tray 14 includes mounting nmenbers 14m t hat engage a clanmp 1920
to hold the cuvette 660 tightly against the sealing nenber 1918, thus

seal i ng the cuvet xesgdanydProgesstCentralangdior YigldhMeasuregnent Systemised
processi ng environnent inside the isolation container. As shown, the
cuvette 660 car[0169c}| ubtesoare anbetimentgalisgoasble su\femesrétii) 2060 carn bg wsedpper |ip

661. The r;p 20 i.ncl ud an J’r&ger st a rm 1921 t hat §SI des
agai nst t TXepPI% 6% Sy B IgHTe: 9&‘2“% t g%d%%retcﬂ‘éetf?ﬁéﬁ ing menber
ldmto fQ@G@n{aE}%eq}k\éﬁfytcﬁ r@l@é’saﬁ%@h@é{ted tbeisélﬁﬁ’dh écﬂltalf[é}ﬁra?tl\l!ek ke sB@D includes

a cuvette neasufenent W ndow 6 i cal at a | ower "portiron thereof.
[0172] Al t ¢hatatvares $60, Zﬂéﬂcamadwemcal@ﬁde fromﬁbeﬂsesomeﬁ@)ayddn be nol ded

[0170]  In some embodiments, the concentration and/or purity of
samples, e.g. nucleic acids or proteins, can be measured using a spectrophotometer
1900s (Figures 3, 19B) and cuvettes 660 (Figures 19A, 20F) or alternative optical
methods for concentration measurements, e.g., fluorometer, can be similarly
incorporated in the system.

[0171]  In some embodiments, as shown in Figure 19A, one or more
disposable concentration cuvettes 660 are sealably mounted to the tray 14 via a
flexible sealing member 1918, such as a gasket or O-ring. The tray 14 includes
mounting members 14m that engage a clamp 1920 to hold the cuvette 660 tightly
against the sealing member 1918, thus sealing the cuvette 660 to the tray 14 and
maintaining the sealed processing environment inside the isolation container. As
shown, the cuvette 660 can include an outer edge that is formed as a rigid upper lip
661. The clamp 1920 includes an inner upstanding arm 1921 that resides against

the lip 1901 and an outer arm 1922 that engages the mounting member 14m to
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into 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
cont ai ner. [0173] I n sonme enbodi nents, there is a cuvette 660, 2060
for each nBAsYREHRRite 660'8ihiAdHe the) T VELd @vBREC6IBchidbSLEuveltBe processi ng
system 10 can be configured to nove a spectrophotoneter cuvette hol der 360
(see, e.g.messpgmeat windou60m:, typieallyet adowamoriomsderepbr each measurenent as
required. In s nbodi . ved from
the tray 14, wdOhZl andtPgkdp it Ehisss BRH(7ables 2460) AR e pEoNI™

enbodi mentisto thetray, avkenslded; Meehaficdly dibpedasslivaitbohded)aéhedively (L e.

si ngl e-use di sposabl e). 01741Vari ous tig@; of spectrophotoneters are known
and may befiyxgd, pridg kg, The spestrephrto@eten t(Figure 3) eabesuewited easur enent s.
The spectr. PelolpansPlt| eyt h and be

control l eégﬁegggég%%t%?g%ﬁer ’S‘E?gg?%ﬂg e\?\nsc%lﬁlot%he pr oeggg's% system 10. For
exanpl e, tshectppbotessiand 98§sscanrbednfigured tcommekelatishebaspemtampdnadnosret er 1900s

to take a peasurenent .the ctrophotoneter .1900s can be able to return
the. absor tEEh hedder Sk dgere JB5 Sk e RetiE RhydcMetsdta nBIE, cuch as
for exanple, at[oﬁmUt RABRNAYAirAERs, THre N a AlvefB%601 2080 f¥yB4eh engt h of

interest. Additionally, the geormetry of the spectrophotoneter 1900s and
parti cul amheasuremeniofuch tiatymt quyetiohetdrbe36msed ahd pracasseng syseth 1) ¢dn ot her

conponent s of the erall syste 0175] Figure 19B 1] | ustrat.es

cpect r oph e neareREBie Rt oMaharer ENeBEHIGT filired St BT ect o
head bet waoB) &oftisiveite 660 66 fof SachbReastiitRoNt Arefdited UMBbIES 660 in Figure
20F. A robotic operati ona%ﬁ‘gl atformmay be used to position the

spect r ophstmbedinesnts gyeatics 66 prtior ZEH may be remoayed fiosethe tigydd, waghedr aver se
bet ween cuyy 6 Th Loph ter,.1 s._and .. gh e may be
mount ea. | ARSI PheeErdBR By ShRLeh G as A e BPBEER T

si de of t 12066 jirtsiple-G dritali d.) tls-us@dispablepd to all ow the cuvette hol der
360 to nove while the spectrophotoneter 1900s and |ight source remain

stationary. Thd®174} a¥arsousvypasof spestiophatometess arp kpeva grdigideer drive

mechani sm ¢ - ' Oh to serially hold
each of ?ﬁgﬁ%‘?(#)@éyﬁaﬁ c}:agl\(/iergta%{g%rﬁrgggﬂgﬁ‘ﬁ%&gg?%%:ag%rfﬂl?ﬁgt ﬁzlgdet ect or head 1900h
can be coupictrdphatombeer PRIzt Mapboiliest @mmhinioste with andHewoatrolied bt ¥ pi cal |y

two) optical fjbers., In other enbodi ments, each cuvette 660 coul d be
| ocat ed iﬁogfplieﬁai»%?p&t?élvvl&*u@'étpweﬁ%ngj@fst%éﬂ-aﬁer PREDIS, {1 PIOERIFIRE swi t ched

pet veen | BeuaR'1b:ah cbnRaha (RARBARIIBMHAS 19080 BRUA GRalRMOR ! LI Pl e

cuvette h ers (not shown) t ni cate he spectroneter for
nmeasur ene thesspedifdph6 tovicdterrid 0fie earubeeatdea to( sjuro theaabsarbphee meaguteencutsed i n

conbi nation.wiith the concentyatijon asurenent(s 0 ernn ields. In
come. enbo et Ry I HEFIEAER CHERES LA FRaBlS oA dbPY SR0GTHRE 8 pet £ 1 ng
system anﬁnﬁ‘of latudn9 othed? SiAvelefigth Aestkfeat E‘Aﬂdd{ﬁ&%ﬁ&; th@ggomeﬁ‘ﬁoﬁdﬁgvm In Figures
20A- 20E. For exanpl e:

spectrophotometer 1900s and particularly that of a cuvette holder 360 can be

integrated with other components of the overall system.

[0175]  Figure 19B illustrates a spectrophotometer head mechanism that
is used to move a single detector head between a number of cuvettes 660, shown as
(4) cuvettes 660 in Figure 20F. A robotic operational platform may be used to
position the spectrophotometer cuvette holder 360, e.g., to raise, lower and traverse
between cuvettes 660. The spectrophotometer 1900s and light source may be
mounted in an electrical cabinet of the system, e.g., on a left or right side of the

system. Optical fibers may be used to allow the cuvette holder 360 to move while
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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 IRemtters 2010 is transmtted

t hrough the cuvette 2060 and the fluid 2040 and is not received by the two

| R recei vgpg s;%éé?r@ A R6mERE 1 90 8dd ligBdource\Winh statiomBdy! athabisisyomani t ors t he
presence of the wa d detected by the system 2000 at the bottom of the

neasur enerin Rigered|9B206pectopbotpingter deiveagehaign can besesgd fomeypRsiiele t he

sanple 2040 . intq a,pibgtte tip 6 a . i ' shown in
Fi gure 20 ,et%o‘gﬁxe%ﬁ@ﬁnntg 3?“%15'51303%16 ﬁ%@lgﬁe & lt:F %ﬁgs é@ge'g}[léf\st he syringe
punp 350 (dekddttran He debdttddthesd DPBHcaaNE colisled @ theBpaspiphatoatter 4000

el ectronically determned and recorded. Thus, the cuvette 2060 has a prism
desi gn i n via Phuelitykypisaly two) ongicel faksay. cla akhriembhodingnty §a¢h@Velet r unent can
determ ne the LAYUL el fHYehiLuR@60 based on
the refl ec(i I ocr?m(ﬁ[ﬁeﬁg?ﬁ?d;{nc%ﬁglgﬁlgﬁag%ude\tt\ng%{ hﬂte tféh%%]giett t }i% sgevi ce determ nes
t he vol umswitche®baweemthetopeicdlifiherskanhedtmgrberiightsguneatd themadplei ng t he

signal that no Jiquid is present. Figure 2 illustrates that the system
2000 can ewyeiEs/holdess (ot sheym)gp Cgﬁlé%“é’gcaéf‘p‘é(%t%&‘e?%&”{?ﬂmﬁ‘i %Eks 2002, each
having it i f. of transmtters 2010. Each bl ock 2002 can be configured

to hold and cooperate with a respective cuvette 2060 for obtaining a volune
measur enent usij@g76lhe Volumempzsasuman@hof s sengen2gde usddibzpmidnaionwn i n

Figure 20F,. the tray 14 can inclu lurality. of both the v.olu cuvettes
5080 (o o with e shncthuation Bnamrontey fa et Voigh 1F fire bpBodifleHs”

spect r ophof QJ1hE nea st AunREED00 ilidizE K€ biRRIRGYsteMhna @ UEEdersoF in
concentration neasurenents). The spectrophotoneter cuvette 660 can be a

standar d dedicatedl vesssl,aesg.i as sipwpas Higures 40h-20E. BiosRsampler UVi ew cuvet tes”.
I, L8 10, ok Ui, SRS 2B Bl S aa R TPERGRIS G BB oS
having a place of WhdgidBSS FRim RO e emittdrs 20100does Byepark airbudhi eess
Constituent Storage Systens [01781lIn sone enbodi ments, reagent vessels are
used to contain thevette 2060, and is received by two IR receivers 2020 for reflected
light.
e When a fluid 2040 to be measured is pooled in the volumetric cuvette
2060, e.g., as shown in Figure 20B, light from the two IR emitters 2010
is transmitted through the cuvette 2060 and the fluid 2040 and is not
received by the two IR receivers 2020 for reflected light.
e While a control system monitors the presence of the fluid detected by
the system 2000 at the bottom of the measurement vessel 2060, the
pipette head 220 is used to aspirate the sample 2040 into a pipette tip
651 as shown in Figure 20C.
e As shown in Figure 20D, when the sensor system 2000 reports fluid
absent, the syringe pump 350 (Figure 3) can be stopped and the volume
aspirated can be electronically determined and recorded. Thus, the
cuvette 2060 has a prism design in the bottom. Using a light source
with detectors the instrument can determine the presence or absence of

liquid in the cuvette 2060 based on the reflection. This, in combination
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reagents, the sanple and m xi ng volunes of fluid conbinations within the

i solation container 12. Reagent vessels with various different capacities
may be used to accommobdate the range of fluid volunmes used during the
process. [01791To reduce the risk of reagent contam nation, evaporation or
spi | |l age, each vessel that contains reagent can be sealed, typically over a
top surface, such as with polypropylene-lined foil, prior to loading into

the tray 14. The {aflhCHpetifgdenité dote@SintPthb SoRINRS WekleiriAg BelRfui® tip 651.
The seal allows reagents' to %e | oaded and sealed into the appropriate

reagent vessel ant isteoroathguntiheeseivingtheisignalohataynliing renressat. Bignre age or

Rack 620 nmy have Sy EETF U Ple Db AR oah BERIRGopLALRISBal ™ 00CC

~size, and can be gshapdetsttdrdlocks2002,6a68 Bavihgits bén @sRPlanshices, the reagent
tray or rack 620 includes a base 2100 for_housing a nunber of vessels 2110,

2112, 2114, typi cé91ly Bachiblack 2002 gpn besarigussdiedioldand sopperaivith & for
exanpl e sanpl e angsi)%?%g?ﬁzmg%w\g(%o&%%iﬁgﬁlﬁmgﬁéggﬁ%ngﬁlggggf% he vessel s

can be supported w ase a cover may i pped or
ot herw se att achedolankendakeremenksys@th 2600ensur e t he vessel s are kept

securely in place. The cover 2120 in es a tures to allaqw the pipette
tip to access tAEWessdf shaya {IRRF dcéili‘e. tr gﬁ%‘?ﬂ‘! chaﬁ%ptﬁﬁagﬁloﬁents,
reagents, p3ai| ‘r?glt Rk r2(f6bl{llegs, vERtheRedsARARM: blﬁ's;e@ce“]ﬂd;/ Aeklie20 as a

sub-assenbly, a e rack 620 then |l oaded into the tray 14. "I n sone
enbodi mentof spechrepligsingter ofvetthe 66kabecnvettas 66D esusedifir coheentratiocan only be

pl aced into the iso i on container tray i ne .orient at | Al ternatively,
t he _reageﬁ':t‘eaﬁ‘éféﬂ’egtﬁi)ahwpﬁétr?l%ﬂoag’&etﬁrrc"‘&%ﬁ%gﬁg@ l??a%l%aréiﬁjd ﬁsf eghr* Fe part of
the i sol atyjQfc aRPpbAbRuch haBiokhd "REAUBR RvERes" DEh¢ aadadi (liangaélhle i Nt O an
integral reagent tray or tubes or other vessels containing a reagent may be

pl aced i n spéntropbetgmeter componcitefop meesirementsf Suitable spespghopameier 2112, 2114
at a defined rack | ocati.on dress |.0 the rqgbotig i.nterface to
aut omat i cﬁPWOE?{gsaﬁaél ehoé’?%g‘%(f&%?lﬁcg)gg gptlf %ﬁ&@%ta)pq%“te (if&l)gm(r:’%ssragct tine in

the procegameldlBRIidR. sone enbodi nents, the tray |layout allows access to
all the vessels without the pipette tip having to pass over other
dissimlar reagents, and thus reduces the chance of reagent cross

contam nation. O CourSEX%R%@C%P?(?&E;ggﬁ%rithgﬁ'tg§t'§?%%eg§’ys't'e§§sd’ for exanpl e,

dependi ng upon the desire esses e per

[0178] In some embodiments, reagent vessels are used to contain the
reagents, the sample and mixing volumes of fluid combinations within the isolation
container 12. Reagent vessels with various different capacities may be used to
accommodate the range of fluid volumes used during the process.

[0179]  To reduce the risk of reagent contamination, evaporation or
spillage, each vessel that contains reagent can be sealed, typically over a top
surface, such as with polypropylene-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 loaded and sealed into the appropriate reagent vessel and stored
without the risk of contamination, spillage or evaporation.

[0180]  An example of a reagent rack 620 is shown in Figure 21A. Rack
620 may have any desired layout, can accommodate any reagent vessel size, and
can be adapted for any process. In the example shown, the reagent tray or rack 620

includes a base 2100 for housing a number of vessels 2110, 2112, 2114, typically
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[0183]Figure 21B illustrates that a nmulti-point (shown as a three-point)
pi erci ng sequence can be used to open the seal on a vessel 2110, 2112,
2114, respectively, before withdrawing the (reagent) liquid. That is, the
pi pette 651 can be directed to pierce a seal covering at two outer

| ocations before noving to the actual withdraw piercing (typically at a
center location) to facilitate pipetting accuracy. Exenplary Aliquot

Removal  Sygb&Nsf cﬁl%&ﬂ B sk Ak &mélﬁ%rFHxﬁﬁr@feSdaﬁﬁﬂé ihdneadcars, ddwepne or nore
aliquots of a sanple and/or products nmay be used for process eval uation,

control, csanixing vessels. r@ca@ﬁﬂ@rveﬁm@géwfsappmtﬂdm@mnﬁm‘@é@gl(mga(l ag., see
ALl auot s teS bl b UREES: S8R Clnach O BRD Y. SRPRAFRPALLITSAL S the

i sol ati on container processi ng 1 'quot rem)val

during proges 4i¢ kw@ttsb@uélyciﬁ@wcemrhd: Bgvek Iziezusmhﬁds Asdrtukes tohllowehd sol ation
container 12. A plurality of flexible tubes can be in fluid conmunication
with an i riestiedip ‘é’é’ﬁfﬁséﬂ@a‘ﬁﬁfﬂ%heﬁ@& HANdEr- t he contai ner 12 and extend from

the system 10 418 XA InoASHERS! bRl sBRIORSE B ufRck, bl oXi bl e

tube is presealed or has a ¢ adh uot na
aspi r at ed losded imo thewchck 6201 as hyuH adseﬂnbhy amhthalraxekr6M@1hehdoacbﬁaMpltlee a tube,

whil e the container 12 renai ns ed er at or tomat ed seal er
may seal W 14 ilgSeRe b8 ats, fsdlenien ofgxegf%ageab&ckéaﬂm%%wﬁﬁ@ t U8R ur ed

al i quot Ofong}]b@ ﬂac&i”iﬁﬂ) e 1§3Yatf6§'c@ﬁtaﬁf%r Rhy IO ciRatfion. NiteRldaeilyS@al cl osure
mechani sm ce sealed, an aliquot tube can be detached fromthe isolation

cont ai ner reagctntlaklem&my be anoldedboragbsrwisssnadegn iotegfal patiof tlpnsniamn ng.
[0186] I n sone. e n al 0 I. 40.i s used ra5|rat|ng
the ali quc?f’ntl%fri??g‘ hfﬁf?‘%e"? bﬁg’ é?fﬁ‘% i§t8§ndm<?g aﬁ‘a‘ W&¥%BEr and the
el asti ci t {yids oRlotts Qbsstld lebmamﬁégoa iedagéiftmyt%qﬂadewlﬂ e e enbfhfleThdre
container 12 into the tube. This nmechanism can be automated to facilitate

t he t ubi ngliseinegt of therpesdels an(a QM 211diahe sleﬁmnsﬁsra¢lehlq@ﬁlmg(ad¢lr985)| kel i hood of
O I T
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,
respectively, before withdrawing the (reagent) liquid. That is, the pipette 651 can
be directed to pierce a seal covering at two outer locations before moving to the
actual withdraw piercing (typically at a center location) to facilitate pipetting

accuracy.

Exemplary Aliquot Removal Systems

[0184]  During automated processing in system 10, one or more aliquots

of a sample and/or products may be used for process evaluation, control, quality
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al i quot assenbly 40, and shows a series of steps (fromleft to right and
top to bottom that can be used to |oad the aliquot tubes 440 with an
aliquot fluid 445. As shown, an aliquot tube 440 with a closed end 441 is
seal ably attached to the tray 14 under a well 14w. In this exanple, a

cl anpi ng nmenber (tube expressor) 2210 is pressed agai nst one or nore

al i quot tubes 440 to expel air fromthe tubes (as shown by the second and
third figysgmh andbt Storde Mme@rbcésﬁngl(ég.hgée%ﬁlubﬁ RS0 S Figarkhe tube
bei ng conpletely conpressed by clanp 2210 (wi th upper clanpi ng nmenber 2211
forced dowWembdinst the tube and other clanp surface), the aliquot

subst ance 445 i acefd or di spef i.n. the wel W. | ication with
t he tube 440. &[ﬁ)%)éng]subglestﬁ)ﬁneenmroeuzlglg% tg lsf)%gggféw%ﬁlﬁrgi?%@c)&gg%ﬁﬁl | i quot of
fluid 445_s'g§teﬂrmm10mlmubhﬁntdwbled1&§£g pRvce3sing gathbiEcqigemisig thet hi n t he

el astic tube. A tube sealer 2220 _ (such as an RE welder) may be used to
seal (at 423yd pafrenfithoisalation containgrel B A plwality of dlexihie fbansasrdetile seal to

isolate t -@ﬁm] > W thin - 24 i y al so
be used. @%@rp ar Mé?%mtﬂéﬁ "ksglg%ltrr I neg%%ﬁ%g%@&f%g?ﬁ giJ%ledTgBA is an
expl oded regfenddeni ticisgsteinf10etobetex2ntillytacedssibbrbyben gpevatod dehchdleaiblow an
operator to prepar cl oseq system for ocessing. The kit 2500 can

i ncl ude tﬁ'ébetlﬁagﬁSiai?f OFRASE aleRcH g aRRIOB) ool %%ﬁY%aﬁ@rﬁWcﬁmﬁ%& 650 (and
pi pette tipgynadly 12884 Eb&%&%&ﬁm@ mea&?ié a thBE, WhifYihd Sof@feP 2 Packaged and

shipped to a use site wth the aliquot Tubes 440 attached and/or the vacuum
head and aemains aloeet. t Aibbperatat baahadomFted scaepuoag siad theaatiqbet istogthe | | zed and

packaged r ckaged, then.sterilize i.n sterile package r shi pment
B hand! ks PR € 20 aRahEn LD Eptyied alverds Aot Shet SUBRRERER N *or Puee
and the asgRnRhiér, @ oftRe s&? CRNRHhShARYMP ©ric séaléd, a5 21idHotPd cah@R0, or even
100 cl ean room The conponents may al so be provi ded separately or prel oaded
i n ot her detabhethfromrike isolation cpgaigen Fidjaken B3 for staragar testaig 9r é’s@élhbl ed view
of the kit schown in Figure 23A. Figure 23C is a bottomview of the

parti al l ypé%gis:‘%'ed kit shown in Figure 23B. Figure 23D is a top view of
the contai ner }6188p0Wn sonfel c@biodlirdSifs, Rini aliguét@semsiyiabys @dedtfre di screte
conponents shipped with or separate fromthe contalner or tray 14.

[ 0190] Fi g@sriratiagithe dliquehfleid inte the Bibs 44 wndritilieng agiamping megber and
the elasticity of aliquot tubing 440 to draw the fluid from inside the container 12

0

into 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 deformation.

[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 clamp surface), the aliquot substance
445 is placed or dispensed in the well 14w in communication with the tube 440.
Upon subsequent release of the clamping force, an aliquot of fluid 445 is drawn

into the tube 440 by a negative pressure within the elastic tube. A tube sealer 2220
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respectively, an isolation container 12 according to enbodi nents of the
invention (for exanple, for aseptic processing nucleic acids fromone or
nore bi ol ogi cal sanples). For such aseptic processing, the barrier 16 and
tray 14 sections of the isolation container assenbly 12 may be individually
pre-packaged and sterilized. Wen the isolation container 12 is needed for
processing, the tray 14 and barrier 16 may be transferred to a bi ol ogi cal

saf ety caljtnfitas@h REGWEMaY) ity Kd el to &antat a4d)ehddpEandlBr cut grdiliaget [ 0191] As
shown in Figure 23A, the tray 14 of an Isolation container 12 may be | oaded

with one dvbannstresrngfthetsealtaysplae thesompla $4witkiaiy abeathar seddelit s to be
used in t@ﬁecﬂ?ﬁrﬁglﬁag%a?ra?s%%%jlseghe assenbly and/or |oading of the tray 14 can
etray )

take place W on the trolley 399 (Figure 27) as discussed
above. One or nore pipette tip racks 650 and bi ndi ng col um nmani fol ds 50
may al so be | oaded into_the working area 18 of the tray 14. In sone

embodi ments, one or nor ExemplaryMethods ob Astymblingn CoBtAdRLT: 0 t he base of
tray, for exanple, as shown in Figure 20F. Dependi ng upon the desired assay

or process to HB188dr f oFigaue 23A hiean eadededgeprasratafioa of ake2Pof that coessel s,

ot her consunabl.es,. devi ces ol nd/ or her jte dinto
Cray 14 TBPEOYR oSREN G nst S8 PP LB sleh I oYy, THRRES LT

pl aced wi 2800 caf inghidaefeaehyt Df, tiebihdiay ndzhifold 180, Bisy pipete thiPracR650 €arrdlt t ached to
the tray 14 to seal the assenbled isolation container 12, for exanple as

shown in PiRslie&ipe #51) Andeirstierdiflh At The tay b panler packreedepdiskireéd to seal
the T e 8 uboLld Giin 4R difubiindd @ ddchelifiafly ind Vhofitl] 18 bR Sed Snugly

over the barrier 1 e perineter slot on tray 14. In other
enbodi mentassociare tabingattechgd SKied scompmdnents can basgeslizédaidgaekped fohesi ves,

and/ or ot her attachnent  nmeans may be used. [0193] As sho in Figure 27, the
tray 14 ca?ﬁd@ée‘is’dh?bﬁe‘iﬂbzgg)’r‘i’cﬁﬁ?ﬁﬁ %Wﬁg‘ér %‘%P’%e’{tlaﬁqi F‘%‘}fm(g‘gr ::hl?ﬁ transport.
After the j aded : ' ) e isolation
cont ai ner C%%ﬁgr%%ﬁstfﬁ%%bge trgﬁs érﬁgtgg@%%&%ﬁég&ﬁgrgﬁ@%rdfs geg%blgggmgf t he

pr ocessi ngomypsbants thdy balirt 2Cless il 060D¢,, 100Reor evoh 400 oleaw covinai Bk can be

assenbl ed and sterilized, Then eagents and. s |l es, can be i.ntroduced into
el ed. COBPURILMEL ARG bR BTl EPR s Heloaaat ot SHEPHRART hods. or by

ot her closed negryy] TheightORIBYs £pdtiAlPLsORbIE kv Of thelkst shbdntih ay 14 during
assenbly. Alternatively, a separate barrier isolator trolley-assenbly cart

may be usd&igue@3Aadbiguty 33(gistheotiomnvigwi afithe partiallyagsembledrkattshowoun) . Such a

barrier isplat tralle be inte ted into e barrd.er i ator itself
ond can g p I 2R A Be T LGS Sent e A Momii g 5931 The
i sol ati on pgieFtoadsR@hbIfoF BElidcrdtd compoRkhtd ﬂﬁl%@dl\ﬁ@l bideParaftefrénishem 10 and

connected to each piece of equi pnment used for processing the sanples. To
ensure cocergmendstgginkht, the rigid tray 14 may be cl anped onto the work

he robotic pi A0 helafitlh I Fyigs Rl BT A ERERR R LY ST o1 °

exanpl e, irdspEdtiidlys ad oldiidacoRtaingy ¢2 atcordiap s ambydinkanlof f@lint@piononnect to
the thermal cycler |id 1010, e.g., using vacuum cups 1140 or. oqther
f ast ener s (6F examplenioe ATePHe RIpsessignucleic 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]  As shown 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
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vacuum t ubi ng and the di sposable punp head for the waste and el ution
stations are fitted to the correspondi ng val ves and punp. To renove an

i sol ati on container, the reverse procedure my be used. [0195]Figure 25 is
a flow chart of operations that can be carried out at a manufacturing site
according to enbodi nents of the invention. As shown, an input sanple 3000
is provided (typically froma patient collection site or a subject's

speci Nen $LIAKR Wit ka9l th8Bof&N399 (Rigurd 1T a5 BREUsIENalAE. Oheshi pped

for receipt at the manufacturing site within 12-48 hours (such as

over ni ght Jor mire pipettertin udcks 660 and biading, colunen mepifalds §A mayrlse bedpadegl | s
prepared i.n barri.er isolatar (Dbl . I so be prepared
(bl ock 300 ;%hep?vlog?ng %re%?gggﬁxgﬁfayilﬁ??ﬂggrég)ﬁ %Bglen?&?%)gé ?P%lgﬁéogeni zed, m xed

and/ or cenriétfdd®60)2060e atiched Atk Bgiend tal, foheximple adsishown dmFigurer
conponents, e.r%,é the tray 14, the barrier 16 and éoggl (iont ai ner, contents
can be st @0F} Depandipg ypen hgalsyiredmseayuptsselp arperioanedothar spmplesn

cont ai ner e ( -1 0Ot i | ock 3006)
to confir %ﬁglggeg’aﬁeg%%gﬁ%%%{%&g‘g‘?ﬁlﬁ%ﬁ@%ﬁggwg%éggﬁ &é%m%rg% eg?tieg% cont ai ner
can be nowes) bedlohded intostayulent for processing (bl ock 3020). As shown, the
RNA fromthe patient sanple can be isolate | ock 3022) usi ilica
menbr ane col unm@1%d a@pﬁogﬁrqrrgioélmsﬁﬁi‘?ﬂfiﬁnj@%’gﬁdice@ﬁ?tlfﬁ? %fsagagﬁfs.
concent ! alyin 8PGNXALIIRNGBLP 1 R bRPRP 16k PESIRNERH Bitral 24 43Law! at e

yi el ds and the concentration is normalized (bl ock 3024). e cDNA is

synt hesi zehk pperabled vsolamntcontager il B1 foo axaniply as deown imFigared4. flinsgmenr ough

oy opr | BB, A0 LRE M ARG PB AL sen BE TegREaF o BN ol ure
determ natmo%e@-ﬁng%ﬁ BE foRekd QBB Gt BHeari@! 16 Addntbhke p@inasidlad i on is
normal i zed (block 3028). IVT RNAi's produced fromthe resulting cDNA,

treat ed wionthOnay &4.ahdotherrdnihadimenss.cmk 080805 gaskietsgelints) ¢lampsdpgiensi® col umms
and appropr,jate RNA bi ndin nd elution r s. Concentration and vol une
det er mi natafih‘?féveﬁ’raél Oérqu?ﬁgﬁc%enggfegﬁﬁ%%ggiggﬁ% and the concentration is

normal i zed (bl qo}933032)s Elﬂﬁvﬁhﬂﬁgui’é\ﬂ,hﬁeﬁignm c&pg lobkedto AMdIdibg ock 3034) .

The RNA di sposabl e can be integrity-checke (lbl,ock 3036) to cqa_fi rmt hat
the syst esuifacesen 3 frodeydusingdransparb Afterthe tgmldasloaded %‘zﬁ‘?@ﬁﬂvﬂ Hfer eby

ensure t hf‘?tgrr&e%kethlé@éolﬂ%n cgﬁ&r{ae?]lf?ﬁa{ Wb e P BHRCESH sulfiker medi at e
and/or fi product’'s can be out pu s one or nore aliquot anounts (bl ock
3050) . [ 0298 bFilguiresesAgsPd6n 100 Wirmativelyptharisolatiorn donmitarayn b610. As shown,
the receptacles 1612 are spaced apart and angl ed to. inhibit splash-over
during us@ssmbled andterilized [1hens seagents ang samplegsanbe ingeduceddaioidic) es 1612

reside on £4360;31-48n 9{)111:%6#% Shya-ex Iaféﬁﬂb 'ﬁgnésfﬁr; @F@Bd GRS dihgapri mary

tubul ar recerving portion 1 nmer ges to a w charinel 1616 t hat
t apers dowmsas.dThe aolleypenaitsshbedesed e hald dhaniaay bhdurigsass¢émblyves t oward t he

tubul ar body portjon 1615. The forward portion . .of the channel ,1616 is al so
t apered i rﬁ%"@tve naSW&&MH%W@%&@V@S?&M%ﬁa%m?Yﬁ’S YFY WOt he 1 qui d

to flow tQslifbiiE thPisy¥latitiP UbRAinBCl 2 (oD shkR¥m): Such a barrier isolator trolley
may be integrated into the barrier isolator itself and can mate with the transport
trolley as discussed above.

[0194]  The isolation container assembly 12 may be installed into the
system 10 and connected to each piece of equipment used for processing the
samples. To ensure correct alignment, the rigid tray 14 may be clamped onto the
work surface 200. The flexible barrier 16 and pipette head 220 may connect to the
robotic pipette head adapter 210 (see e.g., Figure 2). As shown for example, in
Figure 12, thermal cycler evaporative seal 430 may connect to the thermal cycler

1id 1010, e.g., using vacuum cups 1140 or other fasteners or attachment means, and
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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 aut orr%aﬁmfp@lmrrg%dqﬁe gigpRrape Pusp(Heaad f&the waselafd SlutibR b@tibes 46 m novenent
and the like). As shown, the control circuit 4000 can _be in conmunication

with the figed ta thesprrespending vRivgnand mymp.The remenspsiselaiion epatainks, tel oad

sensor 4010 sor 4020, and a pressure sensor 4030. The
| oad sens%‘ervelfgf%g%gﬁ{e%é%%‘?:%ﬁmmr cation with the new pipette rack to

provi de | oadi ngo193] ce Kighre 2818a flow cltunt sfdpetdiidne tipagangndariial ea aappl i ed by
the robotic armto. engage a_nhew pi Bette The tenperature_ sensor 4020 can

provi de t 8mENERCHIFRESHE AcGuding &e prybedimentsiod thednverisny SPAYoRM a parti cul ar

| ocation A re of the
wor kst at i \(f)illr‘}"‘l){I kﬂqﬂgggﬁegﬁ%ﬁ%{e‘ﬁ& %0%‘%“ Jﬁ Bgﬁ‘tmgggﬁlcglomﬁgﬁ?tso {Iﬁe seal ed
i ntegrityssicahersstofage kite)c [Wbadimersensitiveptiic spedimen carabeishipghdrfong i sol ati on

or purlflcatjon rocedyres., Ml ti. le ors of .each or f the sensors
can be usEFCRhA BE MAUERSHEGE SIF] lsf)ﬁggo‘ﬂr@éﬂ‘m'f‘ﬁ@vmﬁhf IA(,IF‘?cuit 4000

nay resi d%aﬁﬁﬁl:ﬁﬁ‘m?sit@@ﬁé is@iah%n thtEi_lﬂ@r BY 2Rt i9fa B9 iYol2br @A6dK @l Iy with
or on the container 1Z. [0200]As wi ||l be appreciated by one of skill in

the art, 36HD)dndsanpleahaydiso baprepared (bloely30Wpe ptiodiogdacement mshéiod, system

or coont | FVRHEFLA Ardplogobi-Ehariey i SHCNEr Dol e cofF Repeelsiui mant or

an_enbodi fRNSol&@SHE dhtdiflr BiripdAEs, 1K, thétfrdy\@n ahabpeit $6 madihegener ally
referred to herein as a "circuit" or " ule." Furthernore, the pr esent

i nvent i oncmyln@mtqnlfﬁecan&erﬁ@ﬂlzed (hleck %ﬂ(’@dnﬁh‘t aysemblsgraadsepletiuct on a

conput er - us e starag ﬁgﬂ e enbodi ed
in the rrei?og%onﬂﬂmaglu 1% asg%%ﬂgé{gﬁg ea az%lgé mt{éﬁ%%?espedqgféﬁg?ﬁﬁr zed

i ncl udi ngtdwﬁnﬂlasgéalcdgatd?avs optical storage devices, a transm ssion

medi a such as those supporting the Internet or an intranet, or magnetic or

ot her el ect r oni®961 or Cél@@dé%m lasasalpamenntaipetsian he maveddetheor carryi ng

out oper aj {i t code such as
G aph, diggpr?xgﬁtffgkﬁx% %%QIOCkgﬁgﬁbcé%&ﬁ% Ehgc}ﬂ(l %aﬁr‘r&‘gtﬂe;ha? EIS% natively or
addi ti onabdm'plmaﬂ beisolaredabloekj3022) wingsiliednpmbghakoiungslhadguage such as

‘Java, Smalltalk or_ C++ nd/ or onventi onal pr ocedur al pr ogr anmi ng
I anguagesapfgﬂlélhat%@l‘{% 1 LORTERREIISa (giseRirationjapd Yolpmey o | y oriented

progr anm 8% ﬁrﬁﬁhﬁ&ﬂ%ﬁ&ﬁ%ﬁ ofdPto Caltd Bt BeR1ds and the conkEafieibirg¢ t ai n portions

(or all) o e prog may execute’ entirely on one or nore of the
system s nomalized (tddck J24).| YhocDNA4as syrsthesizeddiyputegerss )ranﬂsp‘aors (Rihd- al one

sof tware ckage SysS and, art on a renote
conput er PF‘QP?‘ ‘iﬂ%‘?‘?'ﬁ'g‘ é@ﬁv"f‘é %ﬁﬁﬁ?@?’% W@ g4l Cérm‘g%térﬁ’&? io, the
renote c Oealuﬁﬁg aﬂ@a%re@p&@@ BBNICEindRglahe eﬁm%h%ageﬁﬁp doBbediidfioyghg a | ocal
area network (LAN) or ‘a w de area network (WAN), or the connection may be
made to awolemeeaieteainimatiopudre pexfomedepaaisulate yialdoangithe bencenfrationds usi ng an

normalized (block 3028). IVT RNA is produced from the resulting cDNA, treated

with DNase and purified (block 3030) using silica membrane columns and

appropriate RNA binding and elution reagents. Concentration and volume

determinations are performed to calculate yield and the concentration is normalized

(block 3032) resulting in the final amplified RNA (block 3034). The RNA

disposable can be integrity-checked (block 3036) to confirm that the system is still

sealed and isolated from the environment to thereby ensure that there was no
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Internet Service Provider). In sone enbodi nents, sonme program code nmay
execute on | ocal conputers and sonme program code may execute on one or nore
| ocal and/or renpte server. The comuni cation can be done in real tine or
near real tinme or off-line using a volune data set provided fromthe
i magi ng nodality. [0203] The invention is described in part with
reference to flowhart illustrations and/or bl ock di agrans of nethods,
systens, GCoARHiflioRRGHE MdProgiis! InRAfedAL andBEfifil proy@ictaabelbutREt ur e
structures according to enbodinents of the invention. It will be understood
t hat each ablooe Rr wpre digupt ameuninftiletks3058hd/ or  conbi nati ons of bl ocks, can
be i npl enent ed o] ler tnstructli t program
mi@i/%?g or \gp&gﬁid@%&&@ sh % ah sk aeléﬁ&? fay POTOH AL

instructions a processor eneral - pur pose conputer,
speci al pYhPRBALE RIEBPtacies 1602 £t bpdced bpdt ammipled Wahkibipsplagssverg appar at us
to produce a machine, such that the instructions, which execute via the
processor dyfing Hee elpnisarastiverecepade 1012 gF wimen Blose tesepfaglep beldsesige 8hpar at us,
Create me : ' ' AC 1t i £l L& bl ock or
bl ocks. [%3%14{1%%%%30@5&& geﬁl?o %%Qi&nls ?3@??}533§ﬁ19ﬁa ug ug% r%ée%“;sl? red in a
conput er - mpeaktabl 6 SMdrpes/intra stativeghaidvh 6 bthatfapes downoarddyitied or ot her
programmabl e data processi ng apparatus to nctioQn . in a particuylar manner,
such that bEfME Pﬂ@ﬂé‘ﬁgoﬁ’ﬁbﬁ‘se‘amoﬁestW@’aff{)%ﬁﬁ‘ﬂtéﬁ@rr@gﬂé’ﬁﬁé’ Ty or
storage praygs, {oh O theXha IR Y686 841K tapGha diBdlyialdbGhaRieans which
i npl enent Tt?%e fuaﬁ(gpla%ln?act speci fi egglﬁ n theﬁégl ock orlybl ocks. [ozgg] The
conmput er pe ogrtarsplash antctol Grest thayiqaidsto flvev toghelpdmeryt wbalacperioner or ot her
prograrmaaltf data processing apparatus to cause a series of operational
steps to g fyerfor nmed on the conputer or other progranmabl e apparatus to
produce a compyppyg]i NPRRBURE!IUA-B0B ¢RStraUCHmilBRdoniaratin Forhé wase whi ch
execute on the conputer or other programmubl e apparatus provide steps for
i npl enent itray coher 1640 but bhadipad632 etthe irddepiaclen arcrnpeplopbkvempesinge k&r. [ 0206] As

illustrated.in Eigur 2, enbodi nent . the jnvention may be configured as
a data prglEaéglélgﬁlbe%’frsg?gon@ﬁ%t,e ]iogl?gégﬁ'gﬂée b@ed to carry out or direct
operations of EOIB)Q] endeiguf@31 ANtschaMatidBhustgion dIaQoaasDircbit4000 tha4 100, a
menory 4136 and input/output circuits 4146. The data processi ng system nmay
be i ncor pa¥ teemmynication vastniepsers 46HY 4920.4938 that can pe vepddpmaniter theyi c
controller,(PL 1 i I uter or the

i ke. The Stsaysstog)r%i%%%gg @gﬁlerc(gg?%%& §¥]p %)\r%gd’e%%%dnfeégg?a% é%f\%g%vr\’] l&% plurality of

machi nes. ahid@nafic @683610T chpOnansihenictat@slerd fobotih@mimienterd hab thd a an
address/data bus 4148 and comyunicates with the input/output circuits 4146
via an addikeksagshonmths copirol cinyi 408 Gan beinpammppiegianswith s WSt be used to
transfer inLos IRy @gln%tl. efhelSBfsoTE IR i 1bFE TR sgﬁgfyr qrmita]%ﬂg@raaﬁ@' a) 4136
and anot her conmputer-systemor a ne Wor kUS| ng, for exanple, an [nternet
prot ocol (éridpr 4620)and i pressurb easor 40800 rErtlsadisepsdretldOrvar bt imnal conponent s

such as those used in.m . . .
commun?cagon with tﬂg new pipette rack to provide loading force data used to

control the engagement force applied by the robotic arm to engage a new pipette.
The temperature sensor 4020 can provide temperature data regarding the internal
environment or a particular location within the closed container environment (e.g.,
one or more of the workstations). The pressure sensor 4030 can be used to monitor
the sealed integrity status of the closed environment and/or vacuum during isolation
or purification procedures. Multiple sensors of each or some of the sensors can be
used and other sensors may also be used. The control circuit 4000 may reside
wholly or partially in the system 10 or wholly or partially with or on the container
12.
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conventional data processing systens, which may be configured to operate as
descri bed herein. [0207]1n particular, the processor 4100 can be
comercially avail abl e or custom m croprocessor, mcrocontroller, digital
signal processor or the like. The nenory 4136 may include any nmenory

devi ces and/or storage nedia containing the software and data used to

i npl ement the functionality circuits or nodules used in accordance with

embodi nents of [3d] Pr eI bONKIREINB by BRe FEIEN ¥n the 36, 6@Podifehid@E, but is
not limted to, the followbpr;ig types of devices: ROM PROM EPROM EEPROM
flash membize/invarion mayrpR\srabatliethasrempdod; syktem, datg praceesoeisieBhtos of t he

present invention, the nmory, 413 Y s nory
(cang - [ o3uBrus? Pt PRy A ar bl Py S 8 b B SRR Kl o

st or age mp@h@ntidBGofyrrd difbidiMentedtehambodinggo combindig sffwavesml and data
used in the data processing system an operating system 4152; application
prograns hawlwarg aspects.cilk geoeraligyelemed o heseia ag aogircuh @r deduleds6. As will be
apprect at ¢ R oROSfe Bleschf inentich flf 1eltne foBE ARELS 4 OlinpME! S0 Adp2 MY be
any operating systemsuitable for use With a data processi ng system such

as | BM r) prddutféh a ddnfiarter-usablsGtapgs mbdiom Isayiitgsroenputerisablo poddrim)

W ndows C95, . W ndows 98, an,owsz 00, ,V\'i{rdowsXP or W dOV%CEﬁ%F rating
systens, Cpdsembodisdinthqmeding. suitaglexcoqipyiter dradaple mediyfa of

I nternati I PG b [A=Vey! kb el 3 cbinigt s, other
countri es?ﬂg%e(ﬁgtahaﬁ%i%l e ng'l?\sggﬁl ggg\@étgro gg%ér?rgtrot&gfdeﬁlicﬁwﬁg tf}%?l\%slg{gg in the

Uni t ed St atedf suoh hethososuppoitog, thontéroetor anlictrartfor eagdetity orddber ar e
trademarks. of M crosoft Corporation in the United States, other countries,
or both. FIETPHESOrS ISV Hevi ce drivers 4158 typical |y include software

routines accesygxiy hr w@hpitbepd ddeFoSdeiyRIp ik Dpeliond\§F tAPP! i cation

prograns 4154 to conmunicate Wi th devices such as the input/output circuits

4146 and pemsentiinvention maybe3@ittaripdiéneale sTeleasBrsiphchaddsnopyClgr ans 4154 are

illustrative of the prograns that inpl nt t yvari.o eatures of the
circuits E%HV eﬁﬁ%l&}}eecgg?gge&cgﬁ%&ant o] %{é}n}%“‘%gﬁ'ﬁo"af‘?@ﬁ‘? galg?‘w'ﬁﬁéen lglra('%ﬁsent
i nvent i onobfeti@idnied programhating fehptadecntiesenive, ShglalkadriCraad/stynani ¢ dat a

used by the application prograns 4154 the operating system 4152 the
i nput / out perveatonal pragedwal rrogrgeniag dangu Grsegraminipat may

RgSS, 81§
reside ingt . !p‘ﬁg : Yl stantially
real -ti m}wgﬁ%ﬁﬁéxgﬁgﬁ%%%gﬁ% ess @g%ﬁg%(grgn%gt Séicgg% gqﬁi‘fg%dg%hd/ or
cl osed envi r onipe2eR] s erGataif patibacior di) of thd progras code nhgexdcuteust rated in
Figure 32, according to sone enbodinents of the present invention

appl i cat i BAIEROYr AeOr 4198 of i Systemer FORPUHE-GITHt OR BSSYS8uence and
om0 BB 20 T B SB SAERipaeged  2
pr ocessor andpattly ondatmbrsemputeroo phiireht oroths rarfiote comiputendlr thabdtter dat abases
?2? é?;nigg(%/eggxtslﬁégg rzez}gc!té/\cyslci)rlngutterh r%a{}) E)g cszgﬂ’]ntectie \t/g ‘thei s?/QterinscoinllplultJesftﬂgr%%ng(xj aWi th

local area network (LAN) or a wide area network (WAN), or the connection may

be made to an external computer (for example, through the Internet using an

Internet Service Provider). In some embodiments, some program code may execute

on local computers and some program code may execute on one or more local

and/or remote server. The communication can be done in real time or near real

time or off-line using a volume data set provided from the imaging modality.

[0203] The invention is described in part with reference to flowchart
illustrations and/or block diagrams of methods, systems, computer program

products and data and/or system architecture structures according to embodiments

of the invention. It will be understood that each block of the illustrations, and/or
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application prograns 4154 in Figure 32, as will be appreciated by those of
skill in the art, other configurations fall within the scope of the present
i nvention. For exanple, rather than being application prograns 4154, these
circuits and nodul es may al so be incorporated 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 proCegayitations bERbelRS M bd inkSterABREREY BbBPubYproBR&Lindfuciionk! 1n the
art, such functionality may be di'stributed across one or nore data

pr ocessi nglleys cemputemprogam imgawgsions madepypadest todd preeassyaf agengielangenent
descri bed above. Thu the present inventi houl d construed as
RN e e S et g R O i
provi ded pfo@dsKaE appdr@i9R molcceandadiing swdhstharthe dfstrhotivals) whishbet ween dat a
processing systens. For exanple, although Figure 32 is illustrated as
havi ng vargxeere ¥iarthe prosesatoiibE GPmputehoeother pipgrampable daPOresiig s or

nodul es o i : i . gcope of
he. pr eserpPravEnral Bitafit of SRR o e SRR Speincd BT Dok P ery

system 10 omdtodhsovi ded to illustrate various aspects and features of the
present inventign, and_js not intended to limt the (s%é:]g%)e of, .t he present

invention to sy92ls, §bRse COmPYIA PFASFHB RSIEHOTS TR#YA! farefiBeessi ng.

Rat her, o | i r 1 i golm; i ot her

applicati orbg)s grlrg%a%)ﬁir}rl\a?%lz ircsg)&pgéeéec} aﬁ\aggg)l?‘tétgdent iurtlé\fg):rlltoiﬁ%?\, i ncludi ng, for
exanpl e, gysgremenahieddatepiooesingappimtnsite fitrictign ires patibilanganyerowebsi ng or

ot herw se ipulating any itens, typically in a closed container. The

fol | owi ng ks Eﬁt{u‘ﬁ’r" seedigdhs ?%ﬂ%tﬁ?rés?a _"e’%le’alf’rya‘brpﬁ%?fé%‘i PSAEC ! whi ch t he
appar at us 2ide BBHARGR At iIhPRIRSA/AICLbAURRA] RRicHEMpRameafipeoyed. Exanpl es of
O her Biological and/or Pharnmaceutical Applications [0212]1In other aspects,
t he preserfinétionést spenifisdan theddodkeottdogksof transferring a material, for

exanple, a flui ro source to a target.in a ¢ envi ronment ,
wherein the cl Jg%%g]enﬁﬁ%ﬁ%mteli%mﬁrm hguckiony Hgyiakst%zor%ﬁg?&?é)a?oo%eor chanber
in the condgiphedr ofbtheRprRRRAIBABIE daG pieesdindSshatdiud focapieaseiies appl i cation. A
fluid to be transferred can contain, for exanple, a biologic; drug; toxin;

i sol ate; raparasiondtstaps o be performsdondhe gompuirreradhar progpmmable; r act :  anal yt e:

bi ol ogi cal i h . I ; VA, . s
Vet ne. RN 1 BrepteDs 5mpli® S RRFs pRLAG et R iRty Ot ©
suspensi oRghiclirexdcuteash, thé Bemp@eOdr othéigireghmmable appaffddli@pAdpktepafarons f or

the instant systens and nethods can_be, found, for exanple, where
cont am natimetenemting hefpetiqns(actssperafied wribe Block @r blogksie t he cl osed

environnent is e ayt : e : L -1 : Vi ronnent
out si de of cont[g??l(gr. g“@%ﬁ?%?ﬁﬁg%g?%%ﬁ?g&ﬁ@%ﬂsg%/{s}%éeﬂrlr%nrgﬁs t hods can
be direct &g coafipirepas atlataprafessing sysicah 4116 whidr candre ysed toessiyrmt at eri al s

in, diagnostic assays, .such as, by way.of pon-limting e | es, sterility
assays, f GHERSORET{IORP 9@%&“’ n&&%idt%‘xé%‘f&cﬁ prgggsag)/rsc,u%pg)ﬁ@darm e, to test
ourity of bi . _ g ) ¥ .

enbodi mnt@%ﬂéﬁgﬂlgﬁgﬁgh@%‘[&et g%%&gg%lug“e&%}# theb%?ge%aréa? thﬁrg{rl}hgrf%nuf acture

of drugs dnebrporateddn,der exangiie,ame vaooinels pmgrhnmable lagiaeingwlleor

experi nment nd/or clinical use, .Various assays.a hodol oqi t hat may
be suit abl(§£?grp‘°{?§§ali RRHETSYS Wgo%ﬁﬂwﬁétrﬂ'_ﬂ)ta‘égrotpe ?lg%mﬁ‘%?'eg ghfi ntion are
known t0 thR$&id orSdilel thadhihd d1beBhdenaSpIdRHES daRsbhided! T pratessor H10¢Ni t ed

States Pharmacopeia, United States Pharnacopei a and National Formulary (USP
29- NF 24) cpgdi@licatds. v@ith thepaernonyril36 iaHeedddress/datatusdhd8sendsi ces, Gui dance

for Industry:. Sterile Drug Products. Pr.o d.b epti.c Pro i ng- Current
Good I\/anufcﬁ%mml??_éesﬁ?"gb%g’ép'{t%é‘ﬁ}uiﬁ’ﬁ%‘?ts%ag)"fa %‘a@ﬁ’%?) d%ibgﬁﬁigii ncor por at ed
by ref er engg ilSuitRutput Birédifs 4196 ich®by used to transfer information between the

memory (memory and/or storage media) 4136 and another computer system or a

network using, for example, an Internet protocol (IP) connection. These

components may be conventional components such as those used in many
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[0214]1t will be understood by those skilled in the art that a target to
which a 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 enbodinents, the target is a substrate, such as a binding
colum, size exclusion colum, chromatography nedia, or filter, or the

li ke. However, depending upon the particular application in the methods

provi ded, c%ﬁ‘yerfn'oﬁéﬁ“ dabt RUERsIHE GV &8s, WiAéh indy bakYnfi@irtC® dpetnged to capture
and/ or separate and/or concentrate one or nore conponents of the

t r ansf er r elgsdribgil hefeirom anot her conponent of the fluid, can be used.

| C21o1 our e Li0REY oo ot PO BB AP 2y

are a tar geludtom rhicesppdREsoR dnicrétodtrolét] diigithlnggnal processanp the likeicThé ¢ aci ds.
I n other enbodinents, the manifold described in Figure 14 can be adapted to
fit filtemernerydklRe maydosludeany Remeselevinss ped/of ﬁ?rfs? MediasioptaiiB® di nent s,

systens angd, M@ﬁnﬂiﬁ%{l ertoplcifent {h\égﬂ% i gum?ren@blksoefy h@duléSRed | ¢

preparation of an a AucPeic ac conprising the steps of
i sol ati ng iRblécokdamae Wlﬁh&kﬂbodnhémbftha@raamlm‘#qmwg dheuehwiry 4536 chnpr oduct

fromat | east_ one RNA | e uIe mthelsol the i | ati
and anpl i fj§ Indg. §PE~'}§§10%1 ’@ltﬁ‘g OY"WgéyEffs&f V@?&w&ﬁbﬁg de::J i Inzg gsl "
the inter 'EiifRélﬁlgEEPR@fM CﬂPa%H‘Qﬁ , SREME DPRAM&Id 195%@1(: ARRATARLMEe S

described 1nt present a ca ion, thereby aseptically preparing the
anpl i fi ed emboldanentsof the prasctuanvenmﬁ Itﬁq: mempay ﬂk?mmeﬂb@dlcmtﬁms for the

aseptic prepar n lified nucleic acid product, the anplified
nucl eic a grﬁﬁ%kUB?nPgaﬁgﬁgged from a pathogen, such as froma viral
pat hogen. In cqpig§n eﬂ?ﬂg{HE?ﬂllﬁtra&H% Rigire B2 &le meﬁ{cﬁygmﬁsrdr@td@ageduct is

derived from human tunor RNA. An anplified nucleic aci duct froma
human t unonedi4136 maydnclsdelseviral C@ﬁm@fsq)ﬁ‘qwménéﬂ@fﬁalﬁ indhe d#taa vacci ne

g{ elr Irrmjg gtppgc%aggg (sj)[s?em 8 -Iz)rf)%ratlrrllgtsg QemrﬁBE p%h&ﬁ%n p?oélrﬁﬁlg 4f1§4{ the
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, or both. Microsoft and Windows are
trademarks of Microsoft Corporation in the United States, other countries, or both.
The input/output device drivers 4158 typically include software routines accessed
through the operating system 4152 by the application programs 4154 to
communicate with devices such as the input/output circuits 4146 and certain
memory 4136 components. The application programs 4154 are illustrative of the
programs that implement the various features of the circuits and modules according
to some embodiments of the present invention. Finally, the data 4156 represents
the static and dynamic data used by the application programs 4154 the operating
system 4152 the input/output device drivers 4158 and other software programs that

may reside in the memory 4136.
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material, for exanple, a biologic as defined under Title 21 of the United
States Code of Federal Regul ations, nucleic acid, and/or protein, and so
forth, under aseptic conditions. Cuidelines regarding the preparation of
such materials for clinical applications are described in, e.g., US.
Departnment of Health and Human Services, Guidance for Industry: Sterile
Drug Products Produced by Aseptic Processing-Current Good Manufacturing
Practice (Sept qghey] 209fd data 4156 mal Stk elRitSstantiall¢ eal filfe, SRRl BBNt S,

met hods are provided for the sterilization of a material conprising

t r ansf er r isteyed) Brocgsd Sequepee datagets H2handéer closefl cpvirenmsen sensox edbdck| t er and

|1 [ h i h.th ' ' | e,
wner oin ¢ BB oS Hhe b el IRRec P SRl i e a g G o ©

~envi ronnenhe p&s&ﬁﬁﬁmdoﬂs%ﬁlhatiérﬂp@gfdﬁis fi5a1beidodn Ae@hared Frotdse cont ai ner
of an apparatus as described in the Sgresent .application, Filters for

steri | i zatSeanengeand Menitosing Medule 4125 pihe, appligationapgram 4158 mahet man | nc.
(Fl or ham !:l)géalfed f[}pa) lncafl server (Jr%?&‘g%go}) agfdl’dr AP A BB VAR (&hat .
transferring material, for exanple,” dispensing the material "into a vial,
can be hazaoeests) add/éridatatatses or adbmbimatsrssEdoal pad feagandatshasés @asl/ors t he H V
virus, or other certain mcroorganisnms, or conprises a biological toxin or
a radi oact*M™subst ance. Transferring such materials into receptacles in a
cl osed envi ro”’{rﬁﬂiOJSUCWIﬁI% tﬂ@%ﬂe@&ﬁi invnBOPRAI1IRAkS Wi F&eRIA88RE T nventi on
can be used to reduce the potenti aIl exposure of the hazardous material to
t he i ndi viapphtationpdegramk #hsd inhEiguredd; fae will Phappreciated dytthosa of shiidhnent s,

net hods ar rovj ded erein hazardous naterial is.transferred froma
source to tge r‘?jfé‘?r cioﬂghur 1t etgu é‘ﬂé}lf} g‘r‘?ﬁﬁ‘?ﬁe Oafgfl‘? Hreﬁfﬂ'é "bv(‘?ﬂ{%%rf' ¥ of an
appar at us e@{amg@&&ﬁémbfﬂ BriddSpRe A8 BrogiaRlsi 4184, BBse cligRLadiBhb@dss can be

applied to a variety of procedures and assays Wwhere hazardous nmaterials are
t r ansf er r avaypdsmbeincorpotaletiataibd operating systerad152 ot other swablagicad t hose of

skill in the art. [0221] The appar.atus. of the present inQv i on n be used
For ot her APReLHRE HReRRRGEh: Tulhails Y RRIR: spicabt BReF, ¢

purifi catig84 idids@dtb®in 13thgle dh@prédcoding ¥y R SHitlbe appebiafdy cations

i nclude, but are not limted to, cell lysi ng_@@g@.ﬁﬁ mechani cal, chaotropic,

t her mal , dhossrofyhidliin ¢he grsisneh Bmcidenalisy mayke CEOSS9ME OF B¥ES on (e. g. ,

i on exchange, a i t .lica elution,
bead el uti‘6m, prgrrg%glp §%§t§rﬁgh’ g%;&a%?%ﬁ%%ﬁéé %ﬁ%@gﬁ%ﬁ%ﬁ%ﬁ% abrication
and Rel at idseNdeliiabed. OTtaus| (B2 prdsemttinctinmien sbowld nbhise qneswsdt asiliwigst oon can be

used in anz L Lo . .
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

[0211]  The foregoing exemplary system 10 was provided to illustrate
various aspects and features of the present invention, and is not intended to limit the
scope of the present invention to systems, devices and methods for nucleic acid
processing. Rather, one skilled in the art will appreciate that various other
applications fall within the scope of the present invention, including, for example,

systems and methods for fabricating, assembling, processing or otherwise
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situation where clean roomconditions are used or isolation is desired,
such as, for exanple, lithography and assenbly processes. In sone

enbodi ments, 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 cl ean roomas set forth by the U S. Federal Standard 209b for clean
room classification. See, Federal Standard No. 209B 1992, "C ean Room and
Vr k - St atrh SfipuResiny &SRS typtely iR blcReEBXithiASTEIe follSR i@ Gedins! 24, 1973,
whi ch is hereby incorporated by reference in its entirety. As such,

enbodi nermrevidé addidonnl examples ﬂﬂmm@iwn@am“fb@hdb@dpnamtuwm{matméqo@fct rum of
processes; that use a.clean.rao envi ronnent. Such processes incl ude
Iithograéﬂ?p%?%§g§§ggo%ﬁgﬁbgggg%a%&hot limted to, wafer patterning (al so
known as phot omaski ng, maski ng, photolithography, mcrolithography), doping
(e.g., thermal diffusion, ion inplantation), heat treatnent (e.g., thermal,

radi ation). Speqifdnple@bt OUrBioRzRaEaR&Sr PhaimaadutRal Agpﬂwhﬁﬁ in the
apparatus of the present invention include, but are not Timted to (i)

resi st appli cquhpi) (PRRithpOls IRIRLINEIelhidn pR¥RAS oo bY contact,

proximty, scanning projecti nd stepper) to high pressure nercury,
X-rays, dranEehramnsmaterial, for examiphey a fmidy fronsa glree toea/@rget esa slbsedmul ti | ayer
resist, g_gg] i cation, of. agti ref]ector |ayers off-ﬁxi S illumnation,

pl anar i z&PVBARMEnVReren tan AlasedsRYFOMSRS dpleddasdhe keripr regjan or

chem str yhhinBt ifANSBRHiaindof aan?a":rHﬁs ab HéscriBd in the PrefédtlabPibatibg 2@l | Ve 10N
etching. Specific heat treatnent processes include, but are not limted to,
hot pl at dluid tnivectcanséemedrcap containe forgkampplsce bvlogic; (ARIR)toxianidolatef r ar ed. More

description of these |Jjthograph rocesses are described.in Van Zant,
M or ochi SPaBPIoRE RE: bacsipe ROty ticctkTT S¥itst apalyte BlRdical oo 11, new
Yor k, whisgéh iss fdieikample, Bloel PslaghL dalba, ERS; #hedie® nubleid &id Prdteiat V-

[0223]In addition to conventional |ithographic techniques, the apparatus of
t he presdaedstuiliend itmlikea inchding suspensidisumixtuestang spepathpisal | i t hogr aphi es

such as Xt ety it Al Shiobl DA AN o el bl ORGLBTK. indl - LI A,

char ged-parti am ogr ap ctron-beam 1on-bean), scanning

probe | i tthogiaaphy wWiRrdcontBhiaatiomer thel Aaedriah @ b6 wadsaddandidé thegiapdy, atonic
force m croscope |ithograph scanni ng el ectrochem cal m croscope

| i t hogr aSRYIFORBH is 10; her?d@%dﬁéiw splastapces petgntially indhgienvigopmsnicIisidet printing,
m cr o- nol_di i 0. capl.ldard ) i I si sted

m cr onol g?ﬁgl?ca%lgrérl?lﬁe}et%@ cont 6‘?%‘%%q%‘lh%t@%ﬁst%ﬁ‘grg@éég%&%?’%g@%% astomeric
phase- shipkdparegionas kjataiads fonr@dodproesssingmadtedials hg diagpbstic(assays,, subbbl ogr aphi ¢

| 'i t hography, |ithography. on non-planar substrates). Such techpiques are
descri bedSity Wd%&on%&ﬁamﬁ%wkewﬂ%@W&%rfp@aflpaﬂﬁygéc%mla Bition, 2002,
CRC Pres l.Qrd : ~ J E by i ncorporated
her ei n béoﬁ?gr e c’eﬁﬁﬁ%%g’etﬁﬁsgg??@%ggg%?gm\é% %E%%@Clgﬁéa?he pr esent

i nvent i olapplivatibes. Usedhdrembodineits) tiesinstentmethods candiei fohthg ipagrarationechni ques

t hat address, %or ex&gﬁl e, fhe probl eﬂl of non-s cif'lc $r.%;t<§i n absorption
conpet i n§" FHAVHERETPE GHES LRI TR 88 SREHIS, AnSMClG3CidSdOhp| e, Ol ement |
et at, SkLhGiniRalaRd/oMelihiesl usMeVRFiBNEAsaNinl $h@hd¥olSiHes BAGEY BS €i ns,

Adeni ne Priess, Schenectady, New York, 1985, which is hereby ' ncorporated

her ei n byuitablefos meein the systemanand methods othe pRsentdewentiop stedemowngippar at us and

met hods gf th esent jnventi.o an_be used.t. rfo dry etching
echni qudiest AEHBLE e SRS 8 Bttt i RuBihveR B Eato i g,
i on- beamypideliiSR@ds PRIrA208pess G Natibkal FormhReY GESP 9 NF 1D)(2006), U.S. _
physical /chem cal etching, deep reactive ion etching, vapor- phase et chi ng
wi t hout PleasrmentdrfyHealth land flumandBesyiaes Guidapse Air Induséi Sisrida Piighg
metal lizgtign as. di.selosed in r f Rundapent al s of
Vi cr of abf FRRR(Gh oAaRnerlit P et Rt el e AT o Ga,
whi ch i s ($ept@tieri2009), bashadfeshibieisaheorpyrateditgrrefenck helelisintit dntigdty..

[0214] It will be understood by those skilled in the art that a target to

which a fluid is transferred can be any receptacle, such as, for example, a tube, vial,
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[ 0226] The apparatus of the present invention can be used to perform pattern
transfer with additive techni ques such as silicon growth, doping of

silicon, oxidation of silicon, physical vapor diffusion (e.g., thernal
evaporation, sputtering, nolecular beam epitaxy, |aser sputter deposition,
abl ati on deposition, ion plating, cluster beamtechnol ogy), chem cal vapor
deposition, silk-screening (screen printing), sol-gel deposition, plasm
spraying, eRieRYanRYAONRES kit ifintbnBéRRTRIPARTASRASH FuR IBSoflescl osed in
Chapter 3 of Madou Fundanentals of M crofabrication, Second Edition, 2002,
CRC Press amhodBoends,fthe wrget B asubgatessvick s & bindingtpjumnnsizerscisi®fl herei n by
reference in its,entirety. [Q227 odi_nent. the. p 0 i on may
be. part 1 ool B Sifhy g bR SrRE R, ik Ol R0 he bR, pe

Bl OVEMS f igktibulatapplicatiog dimrss@Bodsaebvided egy flok-teqpsi devieg, Badatng _
materials for chemcal and biol ogi cal sensors, often arranged in sone type
of array csKicediterdaddn capturerandiys sepagiie and/ahcenceRisae ong gf mateanpl e, to make
organi ¢ g3, pEhIRe bt fie FEANEABE fuid M SRLEE! dattod BRI RdIVATROe! S,
organi ¢ nonolayers needed for roont tenperature gas sensofs, 1on selective
el ectr odesyseénzyne sensors, inmmunosensors, and DNA and protein arrays.

Speci fic techni in the BIOVEM field that, can_be i.npl gnented on the

appar at us of tl‘lggﬁeseﬁ’cg“i"ﬁ éﬁ{qu@S&Pé?XglﬁpF? q,fé‘eFPPﬁé‘}raH{)T‘gog%ti ng, plastic
sprayi ng, i i : i ; | yneri zati on,

prayi ng eﬁg%g%a?ﬁa s G«ﬁ&fe%m@ndlﬁ% g&luﬁhéqmé GRudk ] ATABURY Y

Langmuir-B cesses, -] etting, mcrospotting, and nmechani cal
m cr ospot tenmgonraentdirse tangat doi tranvfeded fuhcanaining| for ekarvpley wickdie rads.i on,

Second Edi,tign, . .159-167, 20 Pre LL 0C ton, FlLorida, which
s hor eby 06 GEPAUEfe e AL S SFERRSLE THESTE LY Gt o adpgied o B

[ 0228] EnbafliepEst sih&fdet s B8 88 adoryent i on can be used for other clean room
applications, such as packaging of small devices (e.g., integrated

circuits). Spedf?214] pabksegermbakmentssystemisand owthasle ppeideskbyeieusi ng t he
appar at us .of %he rqfen% in%ﬁntion %qug%%, bqt ar e ngﬁmhinihq: to,

phckagi ng BYCIHAE S8t A0 For AP SPag i of 28 Rl e as R g g,

mul ti - chi Qoﬁ@eilsﬁxgiﬂmgst%w&mﬂaﬁﬂgtmm fien asceliesth@9ad ampliliaow nhtlsidanent al s
of Mcrofabrication, Second Edjition, pp. 478- 508, 2002, CRC Press LLC Boca
Rat on, Fl @eiddaodughifiom atdeast prpRNiAnmelesuie frame thedsalpted RN A.origreindbe i n i ts
entirety. . I t ] i for
applicati 6%09%& %E@?%ﬁ%@ gé gteg%]a{e!bt%ﬁ@éﬁ%%ﬁll acélgg{e?c%éggg%&gﬁggﬁfﬁé ansce, t he
appar at us thd intdtor pégieeoi ciambenin the ceminBeoldedpphanappldeseibed éx theosi ti ve or
negati ve photoresist to_a substrate in a_.clean rgogmenvironpent. As such,
steps sucPressntappligationpihsreby asentigally prepaungthepamibist auclgig\agioprent
post-expoz)kj&ﬁlcpake, and nmulti-lyaer resists processes can be perforned in

t he apparatus of the present invention as described in Levinson, Principles
of Lithography,[0BTF PrisertalBednhbadirhents foMdbdasegtio prep2@tidn oCmapt er 3, which

is hereby incarporated herein by reference .in its enticefy. e apparat us
of the pr @g@ﬁt tefl pyelriciaghl Rfaﬁu%éﬁaggaﬁ?leé} BYCIE IR GGt b}%&é@g SMtich as
opti cal lg)%@egé@eﬁ& s A1 BARGRA theGRARBbotimids, bid diaiimany, deep- UV

resi st application, photonas cation, as well as netrol ogy nethods in

phot ol i t hagclajshagidsrodest ds ddractdifronivheman funhadREAh\An Mhplifeedaoiclen agd and

M crofabricatiop, ed. Rai-Cho ry,, SPI ress, Belljngham .WAshi ngton,
2001, Chaptis om s e o Rorb 6 bttt StatP R hPBPRREPE bR Ca i n i t s
entirety. ihgnsS¥Shifiotkigylyces, apparatus and nethods of the present
invention can further be used to inplenent nethods used to fabricate

phot ovol t ai ¢ cd0218] i nEhainstagt methodsoean 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
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limted to phosphorous diffusion, edge isolation, ARC deposition,
front-contact printing, back-contact printing, co-firing, testing and
sorting, as disclosed i n Handbook of Photovoltaic Science and Engi neering,
Luque and Gegedu eds., John Wley & Sons, West Sussex, England, 2003, pp.
271-279, which is hereby incorporated herein by reference in its entirety.
[ 02301Al |l references cited herein are incorporated herein by reference in
their entige@bived Guidificé AFIn@XHSNS1efi%e DiuEPFIduLR Prydnitedby Plykriccat i on or
patent or patent application was specifically and individually indicated to
be i ncor pdiracesdingy-Gietar &rpod Mevifacsurdng Prastige (3epteather 2084e i ncor porated by
reference docunpalg ar #,00k Lo ReHREALA NALEOH: 20 L SLPEELA! i on of a

cl ai m el enment e pencﬁ’ng appl rcation ot any pat &RV ss Ul ng t hereon.

[ 0231] Wi |sgertlfretibooRpmagalestprisiig anstnting i @vid@snprisiigethe iatetddodi ment s of
the present invention, it will be understood that various additions,

modi f i cat ifEm8 2aaurce ina filtenandsiellesing the metrate] efemessentravgh thadider ting from
the spirit,and .SCoRS. Afneldiff (R SRl ﬁlté}Va%Btr{:&gta%ﬁ aﬁl@EbIﬁ%ﬁeiﬁl & E‘l‘éieq .
acconpanying clarnms. ’I'n particular, 1t wl e clear to those skilled in
the art t leavirbiraenrae defited asvhe inteiorchymber e@nbgion adthe conthiver oSgpeci fi c f or s,

structures, arrangenents,.proportions, and with other. el enments, materials,
and comporfBRVAMS & (RsTPedisar PrasentapBlisang. SHieT forsteriicaian s,

char act er icﬁgin;écifaw heRfable] i RESPRN b WhikhAIRE. @I02R%H PRAL Nigre therefore
to be considered in all respects as illustrative and not restrictive, the
scope of the irf022M]i onltlyéllradsoi bedecapnextd ithat thaesfappendadrial for esampled not
limted to,the .foregoing .descri.ption. . C aj ns. 1 apparatus for

mani pul at idt’ﬁj’_ef’?‘ e%ﬂat‘é’q?:lllﬁ@é’dwgloﬁ"lna W@%_&ﬁﬁﬁb%i“ﬁ@@“&%ﬁf%ﬁ fer having an
interior nafiogtn GAMH hGYHIRAHTY viiad, br dthet bérddin InfcrebrdahRiE, drolfhri¥Bda Pul at ed;

a flexible barrier configured to sealably attach to the container, wherein
t he fl exi idogigalrtoxin or g radipedivesubsaneti duansterting susbimaaferials ¢ kspace in the
interior reqgion, of the contaliner and, ha nter portion-th rges into
an out or gerpReiedin SisREHAigTlenf dichidh Sl oo B bgPhHE' P oui b

barrier cafveitee cireb@tidedao kelucd eheQPotitiaPiposBe & thetadzhidous Matérial to a tool
integrated with or within the flexible barrier, the tool having a first

i nt er f ace thnirdividuabomndertaking thecteansigie TPy it pertain pbodimeats; BERONS conf i gur ed
to attach &e&%v{d%ﬁ%{q??eiggﬁkfﬁd&{l rﬁ‘atIaﬁ{ﬁé ot oM G ﬁfcre'tc%t%géﬁhde of the
region o

interior e cont al ner an he second T nterface i1 s sposed

W t hi n t he dldsed ehdifornggit asinothe cbtaimend Pdnwppatandeds dekeitkel éxthielpeedeat ri er and
is configured to nmanipulate the iteng jn the interior regi gn when t he
f1exi bl e BRPHAIONS Thesg methgdsgan hegpnlishtoaaricbhelaraegdures and assays

where hazardous materials are transferred between 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 purification, nucleic acid purification, and other
molecular biology processes. Such applications include, but are not limited to, cell
lysing (e.g., mechanical, chaotropic, thermal, or enzymatic lysing of cells),
macromolecule purification (e.g., ion exchange, bead, molecular weight cutoff),

and recovery (silica elution, bead elution, membrane elution).

Exemplary Lithography, Microfabrication and Related Applications

[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
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2. The apparatus of claim1l, wherein the plurality of itens conprise

nucl ei ¢ acid sanples, wherein the tool is attached to a center portion of
the flexible bather, 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 dinensions and change in
shape while an outer perineter portion of the flexible barrier remins

seal ably %&M?l@?ﬂhb&aﬁlgﬁa&pﬁ%@hﬂl@rpr@&s@s.| Msdrheehbbdifnefits @ iapparbtas nove t he
tool so that the second interface within the interior region of the

cont ai ner of thevsessnbiavention sabigfiitheiconditions 9éa clags b, djasstlDcdpssdiOPedltsson and
about a | n Nl f ' tus of claim
1, wherei ﬁaﬁéig& 13%%%?%@’##%3%2%0@8%%%&%@ %Srseéfoﬁhp@{ttpg%s' evi cag. 4,
The appar Starglal 200bdbnelean 10bay @hssifidator 0fdeaF edaralfStaridart No 2098 ¥R, a
plurality of stations for grqcessi ng the nucl e{c acid sa

w |es. 5.
The appar afiggndtoos) andrVark piation Bequzsmants Gogtrg 1%%1‘“8?”&‘%&#?@& ed to hold
at | east 1 BUC] @i C ' Waell L fQlads fi to
I A R A <
bet ween atmbedmtentsnaf thé preadrd inplentioh cdnybeodsed tfartd omoad spectrum of6. The appar at us

of claim5, wherein the manifold conpris handl e, an erei,n the second
i nterface PF%CeESSﬁﬁ?abH?e&jCIP@ ORGP eﬂfa%"g W%eﬁ%ﬁé@ﬁﬁél P8 PIYd to and

from at | easlsdeWOuchiAL b 3pt limited fo, WilerpARBMM\@IsbUnoWakpUl ating itenms in a

cl osed container, comprising: a container having an interior region
conf i gur eghotontaskidg angkingaphotplithbgiapbyseniceoliskograptiypidopingd(e. g thermal bl e

barrier ¢ i gured to,seal abl ttach to t cont ai.ner; . a tool

nt eqr at od A Gin iR PRl SsetBr Gar el sRUAREY: SRedfing a1 st

i nt er f ace pafdingPRERREs ittt @4k BE EondBRE ¢h ﬂle_tdgﬁalfahfsiﬁ‘ thereschatifentsorconf i gur ed
to attach ' to a robotic device on a first side of the barrier outside of the

i nterior inaidenbefare het linsitedator{Brresistdtpphication dperitivaRraiegaitwe)i @) di sposed

nteri or insgidsabufare hel lgoiecioer stion @disposed
con | gur oarspBUfidsah b EHLE ol SPRLPSRIUBIL ik MEpba TR (0" 70, Thl e

barrier i greagataltrdural Xasyeor Ebebing; @Gidrihmipligr(e. galithgle layer rasis, ngl e-wel | or
mul ti-well vessel sealed to a base of said container and designed to fit

into a t harutaleyyireds; apphisatiomok angireflestos layess, ngb%‘é%mHFBnﬁtWBm the interior
regi on of pia%??%a?i%ha&ﬁr?rlgﬂ;alstseélgar(}icemeﬁt; a;{ﬁ'ﬁV?QtBHr(ég.‘ﬂ%vef’éhe?xld?ﬂ'ﬂ]i&uidMﬁBE' n the

cont ai ner er to
dry, plasma, lift-off, ion milling, reactive ion etching. Specific heat treatment

processes include, but are not limited to, hot plate, convection, rapid thermal
processing (RTP), and infrared. More description of these lithography processes
are described in Van Zant, Microchip Fabrication, Fourth Edition, Chapter 4, 2000,
McGraw-Hill, New York, which is hereby incorporated by reference in its entirety.
[0223]  In addition to conventional lithographic techniques, the apparatus
of the present invention can be used to house next-generation lithographies such as
extreme ultraviolet lithography, X-ray lithography (e.g., LIGA), charged-particle-
beam lithography (e.g., electron-beam, ion-beam), scanning probe lithography (e.g.,
scanning tunneling microscope lithography, atomic force microscope lithography,
scanning electrochemical microscope lithography), soft lithography (e.g., replica
mold, micro-contact printing, micro-molding in capillaries, micro-transfer molding,
solvent-assisted micromolding, near-field conformal photolithography using an
elastomeric phase-shifting mask) and three-dimensional lithography (e.g.,

holographic lithography, lithography on non-planar substrates). Such techniques
56



flexi ble 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 dinensioned to allowa 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

regi on of J4NgeeABBInNEIN IFLBIIBIMRbPMAG o bR BF&S SEEHTRRMIg)R0VLE hi n the
cont ai ner. 9. The apparatus of claim 1, wherein the container and

i : exi bl e HZRE iPegss 1410 BecasRatbmJBoriday ppe/Hi-68, vehielpischesabydngaparaed conpri sing a
plurality,of .ali t tubes extending outwardly fromthe container and bei ng
influid J{?Fﬁ%h}’géi%e{} e%‘fsﬁnflﬁezy’i nterior region of the container, the

plurality of aljpzagt tBR®sdiERAt Fuhestebdt feaiivecd Oess bt prbteid sanpl es
10. The apparatus of claim3, wherein the pipetting device conprises: a

pi pette t inptteminmmicrdlghographia tshniguesihaiciddesspifpeexamnle. phe rroblegtioii thin the
cont e gg-ppif g B0 B IS0 AL ERTTR o 2 11 I
or a filteSeeffor cxamilat@logetther MQSkiogré bud MothanidembfanesnNuvteipi pette tip
? ?Sp;g;p? 24(1'_ic];’s?£mc§’ E’?or;esi;rg,tAtclierI]lgnepl;rgsss,sgcrheenfeclz’tgég, %ﬂr]e%v loH(I, Q9§)§f nv&iéhoist he pipette
hereby incorporated herein by reference in its entirety.
[0225]  Devices, systems, apparatus and methods of the present
invention can be used to perform dry etching techniques such as physical etching
(e.g., ion etching, sputtering, ion-beam milling), plasma etching (e.g., radical
etching), physical/chemical etching, deep reactive ion etching, vapor-phase etching
without plasma, dry etching, and single-crystal reactive etching metallization
(SCREAM) as disclosed in Chapter 2 of Madou Fundamentals of Microfabrication,
Second Edition, 2002, CRC Press LLC Boca Raton, Florida, which is hereby
incorporated herein by reference in its entirety.
[0226]  The apparatus of the present invention can be used to perform
pattern transfer with additive techniques such as silicon growth, doping of silicon,
oxidation of silicon, physical vapor diffusion (e.g., thermal evaporation, sputtering,
molecular beam epitaxy, laser sputter deposition, ablation deposition, ion plating,
cluster beam technology), chemical vapor deposition, silk-screening (screen
printing), sol-gel deposition, plasma spraying, spray pyrolysis, and plasma-beam
deposition as disclosed in Chapter 3 of Madou Fundamentals of Microfabrication,
Second Edition, 2002, CRC Press LLC Boca Raton, Florida, which is hereby
incorporated herein by reference in its entirety.
[0227] Embodiments 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-
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11. The apparatus of claim 1, wherein the container conprises sidewalls
that angle down to a base, wherein the apparatus further conprises a
spectrophotoneter for quantifying a sanple, wherein the container conprises
a connector for sealing a cuvette to the base of the container, said
cuvette configured to hold the sanple to be quantified by the

spect rophot onet er . 12. The apparatus of claim1, further conprising

a reci rCU'té}ﬁﬂ)é?&uVea&dléBﬁs%YsSl&fﬁef&ﬂf/é aeéte&ieg ocnﬁj(ﬂh@ Wb, Ahmus@sh®ds,Wi t hin the
interior gl on of the container in a closed 1oop when the flexi ble barrier

i s seal ed and DiNYeandproggimerrays. Specificterhnippes iptha BAOYEMS ficldihat qan wher ei n
the yacuu?)lﬁ B%R% &8%% hé %Spfﬁatu nigth Br %ent%&e%ﬁ?ﬁl Q{‘e stYn (io%'ﬂgk Qﬁ d and

flexible aratus o her

conpri si ngoding, pRSfic Qﬂ@ylﬁ@%bstﬁfggfy@@@@stﬂlgvgl@ﬁf dischagger(plasibj ng humi dity
and/ or vapor concentration within the seal ed contailner. 15. The

appar at us Pelymsrizatiem LapgrapigiBlogeteproessses Mkreting. MiEowaFingetdr e si ngl e- use

di sposabl 1?:% arm wherein the
robotic ar?nmclfléillﬁ e rog%ﬁnééeyskgfeosaﬂ acl'ﬁ&dc}ptot e |°1r t interface, and
wher ei n tMcfogﬂﬂﬁidawoa,rSacbﬁd Edniohgpp. 4d94167,2002, GREI Presstlel.€ BochBhatdnby t he
first interface 1Inside the seal ed ontal ner %Gce fo take on a domwardly

angl ed noflorida; whieh iphereby WePmRTale lP’Fr%lmI DY AETETEGE 1 Bheiehe tip positioned
proximate a r eﬁ@zz\slgg %Eécﬁﬁﬁn@ f%éﬁ?&ht’in’&gnﬁ’d?&%ﬁ'be'dge&ﬂﬁo@ﬂe?sed

cont ai ner. e apparatus of claim9, wherein the processed fluid
i s di schachpend réanoappliveticon suhrespavkwging Qﬂsma&idwznem@rg y itegrated seal ed wi t hout

inpacting the clgsed.status of the clos ste . ein the container
and barri QFC‘PESSragPFC%%%Paé? AR08 {HTgGHES tﬁ"f‘ %é’gr%%&ﬁl%&ﬁ 2PPYEYY- syst em
di sposabl @f the present ih¥entibRGnARMA bt 4 n6f limttad 1, bacKagiesTinte@aREi Si ng a
pressure sensor in communi cation with the closed contai ner and a contr ol

circuit i eircatspdieingacavity seiling anddopdingsmuli-ehip peckagingt pedpastitieningoni t or

Bppar at us “DASEps R Mg en SR A TG Rpm e GHe Kiion v 4781 ure o a

fluid, coBspgiMonICRC Press [FC BoaSRaALFIBHNA tvﬂﬁcl@i?;ﬂferegiyﬁﬁ@brp@a&ﬁol ect a
Si gnal toward a predeterm ned position of a sanple container held inside

t he barri dereieby wikrenstinjtg entirety. at | east one receiver configured to

(ecelve L1, =1 gy T tud e 70k bSO SR AIECARIEL© comtaner,

fl uid has agplaates obshoavyesists tn ﬁflﬁ@ﬁpﬁi’crprﬂ@@seﬁoﬁf istanc@nik apparatus of
the present invention can be used to apply either positive or negative photoresist to
a substrate in a clean room environment. As such, steps such as resist spin coating,
softbake, hardbake, development, post-exposure bake, and multi-lyaer resists
processes can be performed in the apparatus of the present invention as described in
Levinson, Principles of Lithography, SPIE Press, Bellingham, Washington, 2001,
Chapter 3, which is hereby incorporated herein by reference in its entirety. The
apparatus of the present invention can be used for lithographic processes such as
optical lithography, electron beam 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
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a fluid transfer device in comunication with the receiver and sanple

cont ai ner, wherein the fluid transfer device determ nes the vol une
of fluid that it has renoved fromthe sanpl e container when the receiver
detects that the fluid has dropped bel ow sai d predeterm ned position.

19. The apparatus of claim 18, wherein the emtter is a light emtter and
the signal conprises light. 20. The apparatus of claim 18, wherein

the fluidihRasb§hoSihbraR &6, 288 aalah&asm@ dBpssiti) fidht-doriadeet t e.
21. The apparatus of claim 18, wheFein the sanpl e contai ner conprises a

cuvette. printing, beek- cilihf@cfampélrnat essfigng.desdingiand somting: dseliscdesapin si ng a

plurality hel d,i-n t he barle t er that
are seri a|1?‘§f’0€7’8‘q€%fer#@2 Z %’W?ﬁngﬁgglgﬁﬁzrf% uquéat?féégfgu%a‘ﬂéfoe}fgpar at us of
claimil, fwiltpPes SERMMekSSiigexd EngRRAS H008spg. Q7 1/M9aswhich@s kathyme of a fluid,
conprising: at least one light source for emtting light; at |east one

recei ver figorpeigisdieredn by gierenecomitsigatiratyyht source; a cuvette held by the
contai ner thr O%&dj’m CR113eRNAGE i Helin hxleqmorporated 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 narrow 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 components, without departing from the spirit
or essential characteristics thereof. The presently disclosed embodiments are
therefore to be considered in all respects as illustrative and not restrictive, the scope
of the invention being indicated by the appended claims, and not limited to the

foregoing description.
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pat h dependent upon whether the cuvette contains fluid or is enpty can be
det ected; and a fluid transfer device in communication with the
receiver to determne the volunme of 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 pipette. 25. The apparatus of claim1l, wherein the
fl exi bl e barri qaings substanti al ly i nperneabl e. 26. The apparat us of
claim4, wherein one of the stations hold a PCR plate, another of the
stations hol ds 1aA|ma@ealla'@18rf@chalwpulﬁtlm jpems élal‘Plp%ed CORMINERONETISHIE t he
stations holds a a ea e £ eagent v ar at us
of claiml1, V\héqrcé)fl{? ’{eﬁga‘flf’%%fﬂ%n%éggwléfo tﬁur?dstﬁehro |1 drr% lura%z% fﬂ%ﬂgﬁgs an
outer edge, Befdahpul#anfi gured to seal to an upper perineter portion of an
upwar dl'y ext endi ng si dewal | of the container to define a seal ed cl osed

i nterior chanberflexitHebairiar candightadytp Istadaty pitachrto é@wﬁ%@%’ whereingb¢ oner and

i s seal abl ched. to the fi terface at .the ce ortlon of the
barri er. flexfbre g%er ‘T’ﬁ@eiﬁw ?‘Eijsgblfedqpﬁ’?}] ¥R ﬁﬂ‘é?%ceﬁntt in exISI% barrier
conpri ses o@tlﬂ:l dé'h?allﬂetrﬁn@ﬁasr An®dr pBHRA that merges into2éh oﬁ&%eﬂ%{d‘cérer of claim 27,
wherein the flexible barrier conprises a Igura lity of 'substantially

verti cal | yogidnemdwhetppe denerporidensof the ﬂelelegmnéﬂ‘W@napp'arrdm‘se tof claim1,

wherein the container has.an upwardly extending sidewall, and wherein the
t ool insi @&?kﬁ%f%&m@éw@& (H’a§n‘£n outwardly extending | ever configured to

contact the si deyali t’e%%r\?m o WMthRGhe MbtiBle!dagrict! 8 \G1 |haf/1ﬁé‘é‘¥ﬁstt he | ever to
pivot and rel ease a respective used pipette tip hel'd by thé tool under the
f1 exi bl e Iaerfacerand 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 a 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 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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31. The systemof claim 30, further conprising a pipette tip rack held in
the interior region of the container, and wherein the contai ner has a base
whi ch holds the pipette tip rack in a substantially horizontal orientation,
wherein the sidewall angles down to the base and the pipette tip rack

resi des bel ow and adj acent the angl ed sidewall. 32. The system of
claim30, further conprising a pipette tip rack held in the container
interior region and a | oad sensor in comunication with the pipette tip
rack, wherein the tool is configured to advance to exert between about a

5N- 50N | oad agat-ride apparaiug ef clgimét fusther gomprisingmpandoldcopbgured o pi pette tip

held by the,pipette tip, rack.,.. .. 33. JThe a t f..clal wherein
he. b ur a1 aEEa: ParaBeiGR Bt hinding polfin 1S BRBRL AL RpRY My 10t he
interior r&%h%ékh@fseédﬂﬁ igeiTh dTehe toONRY Ritdindthallg altfvaibeRvech Bt RAdt@WoT €gi ON
holds a plurality of (praced apart vessels, wherein the tool second

i nt er face dfsaiannialjtyr efdtations.el easabl y engage a respective pipette tip and
automatically translate to pierce a cover on a selected vessel a plurality
of times in different spaced apart |ocations before withdrawing fluid from
the vessel throglgheQpBarfius bh6lafh 8! WA&-RNAE hddFoldtonl}Ris6PYRindle, and  34. An
apparatus for manipulating itens in a closed container, conprising: a
cont ai ner whareinghasecond intéréace iseepinfigursdriéd iewgedhethanldtﬂtdr@vglqﬁfr ality of items
to be mani pul. , rein the plurality of itens conprise nucleic acid
sanpl es, afﬁﬂf“gﬂﬁ?%ﬁm?% a&lf’ﬁ‘fté}"ﬁéva“f)ﬂh her comprises (i) a plurality of
stations in the interior region for processing the nucleic acid sanples
including an elution station and a waste station and (ii) a nmanifold with a
handl e, the mani.fAd appacatds fgumediputatinglitdmatin b ebsed congainercta@nprisieg:d bi ndi ng
colum, the manifold c%gfi ured t.o nove be wee& a,ﬂt1 | east two .of said
plurality of st&hfqngHRer hgvinganiipferopregioncontighred 1 hald apluraliyof femsat t ach t o
t he contai ﬁﬂgﬁ . atool integrated with or within the flexible
barrier, tt ?Ein(l)o l%t\?‘.l’ng a first interface and a second interface, wherein
the first interdfiedbledbanntonfineel tocealblyaktatiotoahe ottiner; devi ce on a first

side of the barrier, outside. of the interigr region of the container and the
second interfacaetopkméﬁg%?ﬁs%@ﬁ\ﬁf il "thﬁé{ei’“?ﬂl%éqrﬁlﬂa ﬂé“gtPB]rhaangt Stont ai ner

under the. j i ngﬁb{.' i L in the
interior rlé%?%%@%}ﬁe%&{cﬁ%&ﬁt%%%’l e rggﬁfleg?rsli g‘@ﬁ%k?ﬁ@%ﬁ%gﬁg gétﬂcs)tot he

cont ai ner ,a robbti¢ déviced drea 8¢ sidd of thedahri @utsidecainhe mtsrizd régioreofthge t he

mani fol d handle to nove the manifold to and fromat, |l east tw stations;

wher ei n t Ifentainst and therseepnddaterigeaisdispossd wishinithminggrior pegien e&ig| e barri er,
and wher ei i i i ) . tainer with
suffici entcr&f1 faéx%r]é)llkﬁ?l ttgé ﬁ%’gg{elﬂg\%ﬁ?ﬁgd r%%%%cﬁ%:? %:&/@%i&@éa? % tfrlre.tél\;%n?ﬁlgtﬂ ool within

t he i nteriipfericEfigin Whent the flegibleban@sr ibedaldbbnatedetied todthe dontaiabeand n a
vertical direction and about a | ength and width of the container.
a single-well or multi-well vessel sealed to a base of said container and

designed to fit into a thermal block, wherein the vessel is accessible from the

interior region of the container.

8. The apparatus of claim 7, wherein the container further comprises a
flexible 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
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35. An apparatus for manipulating itenms in a closed container, conprising:
a container having an interior region configured to hold a plurality of
itens to be mani pul ated, wherein the plurality of itens conprise nucleic
acid sanpl es, and wherein the container further conprises a plurality of
stations in the interior region for processing the nucleic acid sanples,
wherein at | east one of the stations conprises a reagent station; a
flexible baplon®f tedthtGhdr&chileansigalmiy ¥ cRbédalvidoamehewitintlad ner; and

a tool integrated with or within the flexible barrier, the tool having a
first intetoméiRerand 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
di sposed wi t hi no .t dppirafus @F clafflil oWhereirt the comaingt Ael flexible bairiee 1 exi bl e
barrier and configured to manipulate the itens in the interior region when
the fl exi blefinparclgsed systersche apipayatus fradiseepraprisinga phyaldy abaliquehBibes n t he

second interface is conflqured tq .engage the nifo e ve the
mani fol d (5 REE pEwey f‘g S ef%a@?‘gaﬂ%gtf ol in HAY 0 SRR ﬁ”}etﬁ_tt%%l i s
attached tiQtediof RIMEH oftRE EdRMnG tHePRuraligXdflliguitatibdsonfigidd vheceive t he
flexible barrier 1s sealably attached to the container wth sufficient

f 1 exi bi | i tiyrocessed flwd/saples.oboti ¢ 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. 36. The

apparat us of cl g M3 appdritut BEEIfR IPWhEEMAhSpipRABE Hevicd ebmetisRosed wi thin
t he reagent station, ?%e reagent rack holding a plurality of reagents for

processi ng the apipktts Gp addpterfanyeleasably engagingPipetiEhipsa withig th¢ cl ai m 8,
further conprising a drive nenber with an autonmated drive system for
aut omat i caﬂ%‘%vi ng the lid in and out of the sidewall aperture of the

contai ner whil & Rghdnd fluiiBahb&rfoPbémd®ficating with a fRfd pdff oBRRRIGH uS of
claim9, further conprising an aliquot tube expressor for draw ng the

plurality thé sgalatdesddysempoatinentandt he plurality of aliquot tubes.

39. The apparatus, of claim38, wherein the al.iquot, tube expressor conprises
a tube seal er t%g’é‘@gfiglaﬁ’éa Hiegfprdsqipti emoglpgg :ﬁﬂfi ?J?mz’ﬂ é’g’i‘i‘ttﬁ?ubes.

40. The a ! | i frb itﬂgﬂa-m}ﬁﬁg ROh¥pied vor K
surface hgc\g?éntget?%%ﬁ%eg%ﬁ%@ré?&gﬂ%ﬁggﬁgﬁ%? rtlale app%tr at us fuﬁ) er conpri sing
a trolley tioafapgured to hold a container with the flexible barrier, then

all 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 tfiegQ %ﬁdrgtﬁg PO il?\@hquf-nqﬁe container comprises sidewalls that

angle down to a base, wherein the apparatus further comprises a spectrophotometer
for quantifying a sample, wherein the container comprises a connector for sealing a
cuvette to the base of the container, said cuvette configured to hold the sample to be

quantified by the spectrophotometer.
12. The apparatus of claim 1, further comprising a recirculating vacuum
system configured to circulate air sealed within the interior region of the container

in a closed loop when the flexible barrier is sealed to the container.

13. The apparatus of claim 1, wherein the vacuum system comprises a

single-use disposable vacuum head and flexible tubing.
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41. The apparatus of claim40, wherein the work surface contai ner position
gui de conprises spaced apart slots, and wherein the trolley conprises
corresponding slots that align with the slots on the work surface, whereby
t he cl osed container can be slidably transferred fromthe trolley to the
wor k surface into proper operative position. 42. The appar at us of
claim40, further conprising a spring-biased nenber that pushes agai nst the
cl osed cont ai ner4. Qe bpgarkivs kf ldink 28 SFuttBerf RifRisingat tdagseld heaidxahage to a
desired operative position under a robotic arm associated with the robotic
device.  device for amitrofting hapdite eud/onvaper eaneeutrationrwithin theowplelsi ng a robotic
arm wherein the robotic armis the robotic device attached to the tool
first int ecrofl}fé “wherein the robotic armresides outside the closed

wor kspace. 44. An apparatus for manipulating itens in a closed

contai ner, conprising: a container having an outer wall surrounding an
interior regionlkdhe lag[uﬁrr@tds obclhion 8, whestinrthe canpainér dnddhgbargetare mani pul at ed;

fl ble.b t t d
LA T DR I S e S R e
seal ably ghbaed\h & Md 10BoGOBEAE R acRe 1%rthé’\’ﬁ}s|t 1&t&f&@%ﬂ?§@h@e1§&ﬁé ed cl osed

contai ner workspace in the interior region of the cont ai ner; and a

t ool seal abbgticartreisicenfigweditomdiad pipette tip heldfbytthe fifdt énterifdcs iheide fher | the
tool having a first interface and a sec rface erej thef

| nter Tace et Rt ot i GEe BbA CoyTEaRDomE BT e ed ARt ARP I oo
the barri ea{lowgf §6ﬂ§n§?t$nﬁ) pARtfInk@brdx&@hRn efeitilg sﬁx%UeQif AQEceiflg t he second
interface 1s disposed wwthin the interior region of the container under the
f1 exi bl e bessel arthactbsedcanahergured to manipulate the itens in the interior
region when the flexible barrier is sealably attached to the contai ner,
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with the pressure sensor configured to monitor pressure in the closed container to

verify seal integrity.

18. The apparatus of claim 1, further comprising a system for measuring
volume of a fluid, comprising:

at least one emitter configured to project a signal toward a predetermined
position of a sample container held inside the barrier-sealed container;

at least one receiver configured to receive the signal after the signal interacts
with the sample container, wherein a change in the signal received by the receiver
indicates when the fluid has dropped below said predetermined position; and

a fluid transfer device in communication with the receiver and sample

container,
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wherein the fluid transfer device determines the volume of fluid that it has
removed from the sample container when the receiver detects that the fluid has

dropped below said predetermined position.

19. The apparatus of claim 18, wherein the emitter is a light emitter and the

signal comprises light.

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.

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.
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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 barrier of claim 27, wherein the flexible barrier comprises a

plurality of radial pleats.

29. The barrier 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 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 system 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.
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32. The system 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,
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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.

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.
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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.

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.
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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,

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.
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