WO 03/ 083444 PCT/ US03/ 04160 MJLTI - CHAMBERED PUMP- VALVE DEVI CE Backgr ound
of the Invention Mddern chem cal (including biochemcal) practice includes
numer ous weobmsxgues 5 for treating a liquid sanple: m xi RgT/USeRECLIGEN],
filtering, dialyzing, synthesizing, fractionating, detecting, catalyzing
(i ncluding enzymatically catal yzing) reactions, performng various

separations, and the iy ETI@HAME%R'E‘?)PUMWAWE%EW@E' e to renove

sol vent from a liquid sanple In order to concentrate one or nore sol utes
so that they may be anal yzed, detected, further treated, 10 etc. It also

may be desirable to renove sobut!es Ectﬂdi!{'}g macr onol ecul ar solutes or | ow
mol ecul ar wei ght ions, each of2 L with anal ysis, detection
or further t rM%Elél%r&hcﬁfca?(lﬁcl@dlmgﬁf&h&ﬁicﬁl) @pachite lrﬁl&i‘é?ﬁﬁmeﬂ;hé ﬁ:cHﬁ}z[ué%e
particularly so in biochemcal practice, where conplex m xtures of

bi ol 8gi cafor freating laguid sample: wixing, Heagting, dtteringi dglyzioggumiteaigingespeci al | y
when t he artigcul ar mca interfere 15 with

t he det ec r?cg%n&glﬁaﬁvgalrpgofatfd& ing émc{] ingenz AR§ c%allXtCH{gF}&m&) 1y acLonsn t he

m xture. &rﬁjﬂﬂmgdvg@bngg@hmﬁoapmh@tﬁeqmm ques may be useful for performng
many types of _chemi cal separations. In addition, nodified chronatographic
met hods i n whi Ee¥ examplepitimay beglesirable tq ipmone aplpatif gore adiquidsapplecia order g

Struct ur e slighy te%n@'o??&qtr@sélh s U5'ha ﬁ’legﬁf‘a?/ te%n ) &%géﬁ%ﬁﬁér (RGRYT ati ons

on mcrollter vo ume sa n con sta chromat ographi c
met h0ds, &cich aivodndy lmjdesrrnlmle od rdnmvmsollutmanclludmganmamplebmianmﬂMem lowan
|ncludeadeV|ceth permts_a sanple to be subj ecte to. multiple passes

t hr ough t™8 ecglameggfeiom eachyeh Whish mayiptayTereanppl sy, deteerprar fhrthare

oppor t uni g l@dedid ohb6r ﬁlB?er@oq:@tles ofSRRAsAL TRY nla b@rpgﬁfcﬁﬁﬁlfg ih begh@}ﬁlcﬁlhe _
sanpl e does not saturate the sorptive or reaCtive capacity of the nedium

However , mucttcedemrceemlph:} mixturbeofdnoloewalenclefwes cindrei abédine@bfrere piaingt | ons i n
sanplesof ar ger vol unme e.g., mlliliter nultlplemllllltrvolunes.
TP Lre SretRtS oni S Pendndbrestictiabe huouRbs FatiRb R oy inhdrfe

sol yent tWith theRlettcBbn tanalghis G FierRE aeitﬁiéhyomwrmﬁuesﬁam mikiRe! NCl udes a
chanber with a novable piston, an inflow val ve and an outfl ow val ve.

W t hdr awi ng t htapdasd ghronatagranhiicehrarss may hyaisefuh fapesorning wanyyRres o -
chanber gl SRS I GLADIAR LRI BN RS il
each chagdredctive hedfins isaast mqyadeen pystedreBackkad mpltpetttdnep ﬁh&rliaeuséd tot her eby
forcing the solvent _through the outflow valve and_into the chromatography
col um. TPf& Oﬁnscp%lﬁscahwa@gons on microliter-volume samples. In contrast to standard
20 chromatographic methods, such modified, microliter-volume chromatographic methods
can include a device that permits a sample to be subjected to multiple passes through the
sorptive or reactive medium, thereby allowing multiple opportunities for the chemical
separation to progress so long as the sample does not saturate the sorptive or reactive
capacity of the medium. However, such devices may not be convenient for chemical
25 separations in samples of larger volumes, e.g., milliliter or multiple-milliliter volumes.
Certain chromatography systems include a plurality of pumps to supply solvent to
a plurality of chromatography columns. Each pump includes a chamber with a movable
piston, an inflow valve and an outflow valve. Withdrawing the pistons from the chambers
generates a vacuum in each chamber that draws solvent through the inflow valve and into
30 the chamber. When the desired delivery volume of solvent has been drawn into each

chamber, the pistons may be pushed back into the chambers, thereby forcing the solvent

through the outflow valve and into the chromatography column. The pistons may be
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-1 WO 03/083444 PCT/ US03/ 04160 driven in concert using a pneunmatic or
hydraul i ¢ system Sone devi ces designed for continuous chromatography have
been adapveasmss4be useful for the purpose of treating a Iprcaaisds/eanapl e by
depleting one or nore undesirable chenmi cal species. In such adaptations,
t he chromat ography colum is replaced by an 5 el enment containing a

subst anceg$rinaaeaketQsh  Heltdale of Bpdrifift J6Rhet i on treatnment, such as a
functionalized solid support. The sanples requiring treatnment may be

i ntroduced i nt Bom¢ Hevigrsfdesignest fog gomtinuins eivgmatogephy havdbeentrdaptedio lepeci es
that are to depleted from.the.. s le.to interact with the depletion
el enent . _ﬁﬁglﬁ%ﬁreﬁggg?ofﬁa raee gllqu]@ggjgfnpgw derpieggllg\;)&a °5 ,mo(S?.'gnc}e&rEbé%r ryi ng
the i qui ghesadmlspecidNdn %&%@g@tia&ﬁ tHeRedRAtbHephneol&ah Yeplabéd BPasuch

devi ces, a second buffer can be used to elute ?he separated species from
t he 8lepl ealpweant continsng a substdnge selersedyiopiesiorn thedasired depletjorecatent, susht r eat

one or nore e . €s. t] . j esses are
enown f ors S eREEE solRGTRIGTE T SRRk s uERIER, Py BL LGRS, 2
I n such pthe®affeCScam, &HEbdbly atibaivpethe dRemichlpucies thitarako be dépldted fibattheont ai ns

a depletion substance selected to performthe desired depletion, i.e.,
removal ofamle fodgterach withthe deplesionglemgide Sietndsvices mayihaxe aklset f¥e from t he

liquid s aﬁ@ér@oirf‘ogé mlaﬁ?/l?g%@ﬁ%lﬁb %Hﬁlg, &nlaraoslég&ldt f3¢ ér 5 the! éé)lﬂ{glﬁl. fh? r

exanpl e, T ow speed centr gati or  syringe plung ressure, er eby
al | o ng dueb ddeipéshiserond bbffeacundetsed endute thdepanatedapeciedfremehedepiation

species fromthe sanple. For conplete depletion, it may be 20 necessary to
pass the %lﬁlﬁﬁ‘i“éottmtg'%g‘%pfeﬁ‘ém&&ﬂ e b§l5‘5%‘fté’ﬁf?@t?r‘?fr‘§q1 5ifuBaRentt hus
requiri ngsah{ﬁesoper ator to collect the partially depleted sanple and recycle
it through the process. Certain other devices are designed for extraction
of nucl ei ¢ aci 4¥emptavaln cermplbatchwpiredesies apsi kyowmni fagdepidtngsanpidesicabte a | ysi s

buffer ar rredi spensed in vessel uch .as 25 syringes,that are

ht er connderlt eREcgr » RS ple Gl Rrab e B B R B e g can
be n%xed hyartitienEdt @bkitaidg aldapletianpltRtanbslsditidders patfsinl b RRirkd ddpletioar t.d, from
one vessel to the other. One of the vessels can contain, for exanple, an

ext ract i oifmexekoehat fegpt 2 Rogtiomel anmendsticabls eheauiead speciesritarn éhedigwd wmmlel Buf f er
e IR s ERRRAo o PSP 10, HSASRL I SO A bBATS
t he m Xt usresyhiyigd plengatptésxure, thereby allowing the depletion substance to remove the
undesirable chemical species from the sample. For complete depletion, it may be
20 necessary to pass the sample through the depletion substance more than once, thus
requiring the operator to collect the partially depleted sample and recycle it through the
process.
Certain other devices are designed for extraction of nucleic acids from a sample
without pipetting. The sample and a lysis buffer are predispensed in vessels such as
25 syringes that are interconnected through a narrow passage. The sample and lysis buffer
can be mixed by transferring the sample and buffer mixture back and forth from one vessel
to the other. One of the vessels can contain, for example, an extraction matrix for
extracting nucleic acids from the sample and buffer mixture. Repeated transfer of the
mixture ensures thorough mixing and offers multiple opportunities for nucleic acids to be
30 extracted from the mixture by the matrix.
The utility of many chromatography-based devices and procedures may be limited;

such devices may not be suitable for performing chemical syntheses, high-throughput
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The utility of many chromat ography-based devi ces and procedures may be
limted; such devices may not be suitable for perform ng chem cal

synt heseswohBgss4tsdr oughput -2 WO 03/ 083444 PCT/ US03/ 04160 PCanshyeds) or
processi ng sequences involving nultiple buffers, solutions and/or reagent
in an automated manner, and the separated chem cal species may be eluted
in relati d,df ﬂlguﬁﬁt?en@é i%lvylwrfgﬁnm [eBuffeRE SHRAASAE réhgent
concentraf%ﬁ%o))r%estegﬁmﬁ%é t he eS | uted chem fga " sepem es nay erusggn 1Por
subsequenan anehyted maonert anct tﬂne separated dmmmcalfspﬁmsﬂnsy hmdated iprajgeely begeexi st
for detection an one.or_ nore . part C ies in a
i qui d saYPd\‘“B ¢hFl (HS/B §er§ecesgﬁ%tﬁlgpq'%°@8§r§t 10p& B:f)leg) lmf’(ﬂ%h §1§ﬁ‘%l e be
subj ect edsge6ies Rial Bk Ms& PP JREQIN SiaBRss ¢ fufherttathéntact ual detection or
anal ytical steps. In sone cases, the sanple preparation nay be

| abo?- i nt ensi vanybtandari procedures exigder dqtmoganéla@alwégmrmqrmprﬁay be

i nconpat i bI e th the dete t of
bur for o ety e ES 1 QB BBl ith Sy biheTo P R Rincfsh rea e

di f f er entthasgnple®e @‘ﬁ@bubdi & Cdrﬂﬁlrﬁpr@ﬂfar@taﬁ}eﬁepsl priov&y thecac@sésdion ok 0 manual |y
adj ust one or nore chem cal properties of the prepared sanple (e.g., pH,
concent r adabicalestepsy I prae cases, thietamplgpisparatien may be dapogiterstyco Alse, In

anal ytic f y be
redused, oS, FRASEHREaud i FHERCUmBLb R MRS B torollof SRTPUERY 00

15 becorremuuhsdu d.epthe q»H &fi tgptfifet shused ghsp:mplapmbyxansn afd thh analgtigl etetho‘ﬂhaa)ef or e,

a need ex for a device._th e oyed in order to ect a
li quid sal?Fp‘g Heregt %ﬂ?emfﬁmﬂ%}bie 351 Sﬂ%&% ltﬁ 6?%&%%%%3?%9%35

Fur t her nm, h 1 Hr@gx%l 8.gt FRnBRIGUER! ris
ot herw seérgﬁ?rtagb&gﬁfqoﬁgc?gg? Ir)l%ef’gé% y rsougr?gut gﬁ-racyseg 50 Suﬁ%rraostcgf t he

| nvent i onpeTfmelnpr%hedesmed\dem:n@nomlmtldéstesi fovsagoenthyattficseny gﬁth;t overaflat i | e

and may be use C uid sanml e, to one or

vari oty drotnsrede T seRs b el AR s S Re B br St S devi ce
accsdi ngbek@m%masmfeaﬁ&nﬁlghmh&@ﬂgupaﬂamys#&tﬂé@amlsissthe ability to perform

hi gh-t hroughput chem cal processing, nulti-step chem cal processing,

anal yte det ectTléﬁﬁ%fOY%arli‘ﬁqi existe fraraagleviss th%mﬁhﬁ’eﬁm@@ﬁ&ﬂapr@ﬁ@ wbiect de | ke,
as well ?ﬂ%ﬂ;l@% br?en(Zr r%re ofQ b?cyadq?r% %q 91?}’ anre&tngntfsofzﬁrQl?én%gre Jhus, the

present in n- provi devi ce uid
need exists for such a dev1ce that may be automated or is otherw1se suitable for use in

high-throughput analyses.
20

Summary of the Invention

The present invention provides a device that is highly versatile and may be used to
subject a liquid sample to one or more of a wide variety of chemical processing
operations. Various embodiments of a device according to the present inventton may

25 provide the ability to perform high-throughput chemical processing, multi-step chemical
processing, analyte detections, sample preparation, chemical separations and the like, as
well as combinations of two or more of any of the foregoing.

Thus, the present invention provides a device for treating a liquid sample
including: a first chamber having a variable volume; a second chamber having a variable

30 volume; a third chamber having a variable volume; an interconnect comprising one or
more passageways, each passageway engaged with one or more chambers so that the

interconnect provides fluid communication between the first chamber, second chamber
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including: a first chanber having a variable volune; a second chanber
having a variable 30 volunme; a third chanber having a variable vol une; an
i nt er conrwOt03083FPL | Si Ng one or nDre passageways, each paseagasayoangaged
with one or nore chanbers so that the interconnect provides fluid

conmmuni cation between the first chanber, second chanmber -3 WO 03/083444
PCT/ US03/ 60 hj QEibstaHg it1ldeB3h biGast Bird in at
| east one of t%gEQﬂ?§th%ﬁ%ﬁ er, t%e sécong gﬁag%%rgpghg&%h¥$§ﬁ%ﬂgﬁger, or
at | east thaeeqoad shgraberythefthirdehamitegrorahleesitone patsegevay dfhize nhevcarmects
configured. so. that noveneni of the |iquid sanple. throu he device. is
control | e\‘ih‘ifﬁfnéﬂ%lﬂ@‘flff‘glstcﬁghg’ﬁ?‘il %ﬂ)ﬁ%@t ngﬂ%@ Ogﬂ"etelmf‘{)?a ‘?é‘r@’rgglr%%g%‘f‘c% I n
certain eghegtRALY chakfihpaRSv2hble VAR Df Y oPffdYd dfinites. var i abl e-vol une
chanbers. The devi ce may I'ncl ude additional elenments such as one or nore
dete8tion el elmmettgin enepplgmenttsyrsgringeg ok hltadders srayrpravide the vadablatvotsnd or

regul ating the valunes. of one r e anbers. .Such additional. el enments
mmy be. cOMEPBERed yeyieE aubrior it Rl bRt e iteds ainrhgfigtoR

M Cropr oc&emerits, tdMpéranadelgiition SRekhts drRetulfoeS RN redulRB heOVOIIBY bite an
apparatus for substantially sinmultaneously treatlgﬁ?a plurality of liquid
sanpl es, @mHBogsPamberss Shefeaddiiong! elampnts imay; heycoptrolledhhyt & consigdling M¢ment

i ncludin fir . j vari abl e vol ume, a second chanber

havi ng aq$gpféﬁf'aégﬁﬁgéﬁmgﬁ¥k¥gﬁéchanber having a variabl e vol une, an

i nt @¢oconnect maMPthes hepgcOtie pRésebifeerlidg pagdileys, appaatus fassidgenwylyengaged
with one or nore 15 chanbers so that .the interconnect provides fluid
comuni catiMyhansepsly datinge? Bhgiepkliquid samples, theinpagtuseuding e PlHetligiel i n
at |east gpg chtuEﬁ i&dlﬁcﬁh%ﬁtﬂﬁé' {Qﬁémbérhl%vﬁg%%ﬁaﬁﬂa%ﬁﬁﬁe, skd¥id Chidpkchamber
or a portion of the Interconnect; an acttator connected to two or nore
first chamyargsa Yaytableequbirat, athirt kearmpbanhaling y vafiable veluneh ambeercaolectnes; an
actuator connected to two or nore second chanbers for, r@gulating t he

plural i t y*OSTPTEEESHYE L AAMB BRSSO IR-SACH BASSRRF V4 CRETETATEIR U QEd to two or

nor @5t hi r chagibeRe iRatlthY int@&dHndéipp@vildiernipd ebbhduhica@bn bdtWeé g RAAMBErs Vol umes.
Various other features and advantages of the present invention should

becone raedi trspting pabstance wicluded éf atrleast enqg of the éirgt shdmobgrndie decoad ichamber,
description,,.e I cl ai. d. .appended draw ngs. | everal pl aces
t hr oughoufi PHET SREIEF prLpdthiaR ofiE ingelRBEet, ap a6 balon Suncefa 30 40 P wpre’ o
exanpl es. fiksticle@biers fos teiReing theplimbiiyt ddirkd chhm$er weemed] layl aésatdr connected

e Yo i e Pk SLELE S Bt Ve 5"
20 and an actuator connected to two or more third chambers for regulating the plurality of
third chamber volumes.
Various other features and advantages of the present invention should become
readily apparent with reference to the following detailed description, examples, claims and
appended drawings. In several places throughout the specification, guidance is provided

25 through lists of examples. In each instance, the recited list serves only as a representative

group and should not be interpreted as an exclusive list.

Brief Description of the Drawings

Fig. 1 is a plan view of a cartridge having a variable-volume chamber according to
30 the present invention;
Figs. 2A, 2B, and 2C are schematic drawings illustrating a single treatment

operation sequence utilizing a device having four chambers;
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Brief Description of the Drawings Fig. 1 is a plan view of a cartridge

havi ng a vari abl e-vol unme chanber according to 30 the present invention;

Fi gs. 2A,wdB3/osaasd 2C are schematic drawi ngs illustrating &c3iusgd/etsbe eat ment
operation sequence utilizing a device having four chanbers; -4 WO 03/083444
PCI/ US03/ 04160 Fig. 3 is a schematic drawing illustrating an optional step
t hat enpl oys reyetsi \é‘r@‘(\b f

enbodi nent of gl\é fé\flsl %%ﬂgrg%(l)ér)wla%ﬁénuﬁrdetﬁlg%? e?gﬁﬁﬁﬁﬁl&\?\e{ﬁ%ﬂ )‘ér?:\l%ﬁble is a
pl an cros8esection view of a portion of the device depicted in FI g. 4; and

Fig. 6 is a perspective view of one enb f . an aratsfor
supporting andﬁlga&wqrﬂ&cﬁm YIFBI < SOP? Sggﬂ‘ément?ﬁoat gev“fﬁe%)g?ﬁd E)él%ecrl ption of
|11 ustrat ppsgenEiiegtigent s of the Invention 10 The fields of genom cs and
proteonmi cs present challenges to nodern chenical and biocheni cal

procéssi ng sysFlenfsls arplgmcmom -sesgiapiew ofid partien epthgdevies depigtedinyFiged cradi r abl e
for detection nal eponi_c
proteins, int & &saas%er%qex Ar % ¥1§\gﬁ'}§§é rﬁho&éﬁl nt &na ;{f)%mtg"ﬁ%%ﬂugg Etmigr?géntl on
provi des @ctﬁmi\ﬁ'gqmuﬁp;btt@bdn&nigﬁus, performng a w de range of chem cal
processes on a liquid sanple. As used herein, liquid 15 sanple may refer to
an untreated liquid sanple, such as a liquid sanple as it is initially

| oaded into the Heuhe neblrhidtpby NfkikartdRmSaiThbh@E therfBhfogy | ncl ude

any partially BT LIEr aj & sanpr e tiat nmas peen subj ect ed
to gonet hi ng I*ébesﬁélﬂanf ganomidst amd peateqahics atesént chhlldngeatomaoders tiepsicalrand

mul ti-step treatnent sequence, ortion of a sanp t hat has
been trea leehqmlcﬂe wceé&%wseemsorﬂlﬁgé}lrwé&l’Fdﬁulsfstqmomlagn?a cgmzeé’ 1§ 0l ume

i's subj eCfo‘?@e&aQﬂcﬁl BV dr Rl &E of h&AEITRBE, iNHel Bsd 'O ghnBRidsNér fr6fRisNdghe Of the
sanple in either temporafy or permanént reserve. In another aspect, the

present iensenf poteopriovildese asys themprésent 1p&¢rftmnmragdmﬂ dévpdessuitathie fiorc al

processes a.liqui suc as_mul t| a repa t| on cess,
Rereet orpstfosdinda e oo Bl ndEe T, SRR ERRE, AsiRE! i iigore
suchs5pr ocassRs may eefbitoy@tundBftd GhuidSRBple, suchs RNRERMNaniplky &Nt lsQﬁhtlﬁH?V' des a
systemin which a plurality of liquid sanples nmay be subjected to one or

nmor e chenfoaddd iptoghedevien Alemativelnhitlgern tiguigisppple may include any partially-

treated sample: either a) a sample that has been subjected to something less than an

intended plurality of treatment steps in a multi-step treatment sequence, or b) that portion
of a sample that has been treated if, for example, only a fraction of the total sample

20 volume is subjected to a particular treatment while holding the remainder of the sample in
either temporary or permanent reserve.

In another aspect, the present invention provides a system for performing multiple
chemical processes on a liquid sample, such as multiple sample preparation process,
detection process, analytical process, or any combination of two or more such processes.

25 In yet another aspect, the present invention provides a system in which a plurality of liquid
samples may be subjected to one or more chemical process to achieve high-throughput
utility. The samples may be treated in parallel, substantially simultaneously, or both.

A device according to the present invention may be suitable for treating one or
more liquid samples by performing one or more chemical processes on the one or more

30 liquid samples. Suitable chemical processes include, but are not limited to, mixing,

reacting, filtering, dialyzing, synthesizing, fractionating, detecting, catalyzing (including



utility. The sanples may be treated in parallel, substantially

si mul taneously, or both. A device according to the present invention may be
sui t abl e Wwonsbs®aati ng one or nore |iquid sanples by perf ecmusgs/one or nore
chem cal processes on the one or nore 30 liquid sanples. Suitable chem cal
processes include, but are not limted to, mxing, reacting, filtering,

di al Y21 NGen SHOYBGRI Al dithin ) BEkioRY HolfDfining S BParafai Ak dibibhutnt udi ng
-5 WD 03/ 083444 PCT/ U 3? 4160 enzymatically catal yzing) reactions,

per f or m nthexeaf.i ous separations, and conbinations thereof. The device

enerally includes a plurality.of chanbers havi ar.i abl e vol ynes. As
Deed her i nt KB Fefor bRt inchips ARURTY ST ARyRaets HRYIDE RprTanls VRS ARt
partial | yugafheri$hSrefifl chithBérmady et dBny MARRIrMTBEM lahlehdtiparta@®y defifiggt €r m
chanber includes the structure, such as a syringe or a bl adder, that at

| eas® par an itdryal gefumre sWhpe usedtia this way dheifrem chamber iapkydpsethe senetwentuchf t he
devi ce ma soé)?yﬁ@tgé %PQ%ﬁap&é’r EﬁaPQtﬁE s?e%rﬁ%lrl])gdegfpm,%s %rinte%?@?@fmeg' S%s,%%h%? used

to refer varitabl e i nterna or exanp yri‘nge,

bl adder, ¢aimtifit di@ifs devidle thiyebd htkhedl© d forGOH1Sf Lef@beABTHattRt alkbtnagidni ce of
the present invention, chanbers nmay be reversibly renovable fromthe
devi ce. TH§E to rdendp shaywiable iptsrmal yplumeod, fobatampleisivyinge, hhpldee gamydge,

repl aci ng,aLu5gd sanple chanber, enptied to any desired extent, with a
repl acenent ‘sanpl e chanber that has been filled to a desired extent while
t he 10epl acenmenkn soateantieximass of theldeviee oflthe Prasentemxmtionpehiamberds rhdyebepr esent
i nvention may. i nclude di sposab] e, el nts such as dispgsabl e syringes as
var i abl o- PRI EREYBRE SrompRpiteRisehd i §ATERIE 3 tgepfae%rieswawralsp%wo| une
chanbers Wlié@gy%lz{chﬁ oY s%pl@%}xﬁrﬁﬁéﬂ é}ﬁpﬁ’edcte%ﬂy Rdird Qe SHifldla Sequence
that can enpl oy such inexpensive disposable el ements. The chanbers are in
flui d conephiceatntsampletchamher thaidtas deent hllasitgla denir@bextenttorileriherplacéraent
provi de fl.uid conmuni.cati on between the chanbers through one or nore
passagewayE™ ﬁga§ﬂ$éF%bnnect may be constructed of any suitable nmateria

thatjscan prov§sife BMBodmeiRIF tiOfidient MvertiodaESPBNAY HisPeibradlerhéifts Gltanber s.
The interconnect may be constructed of inexpensive material that allows

t he i nt er #oHmoseble syrwesipsyshisrwlumgghambeary Revibsshuyingrsueh dispeiablsosabl e

var | abl e'%?laﬂfé‘?vo%}ﬁg@ﬁ@?ér%‘%g%édu Lie cggtv(%fg)grf?;migg atclﬂg RLF I%E‘éssf[n”"e”t ton
may include a series of nodular, 3|sposab cPenent's that. permt cone
sequence that can employ such inexpensive disposable elements.

The chambers are in fluid communication with one another through an

20 interconnect that provide fluid communication between the chambers through one or more
passageways. The interconnect may be constructed of any suitable material that can
provide one or more conduits or passageways between the chambers. The interconnect
may be constructed of inexpensive material that allows the interconnect to be disposable.
Thus, in combination with disposable variable-volume chamber elements, the device of

25 the present invention may include a series of modular, disposable elements that permit one
to rapidly reconfigure the device to perform a different chemical process treatment.

The interconnect may include a single central bore through its center as a
passageway. Alternatively, the interconnect may include a plurality of passageways. For
example, an interconnect having two ends may include two distinct end-to-end

30 passageways with the passageways in fluid communication at a first end, but being in fluid

isolation from one another along their length and each passageway being in fluid

communication with a different chamber at the second end. If a plurality of chambers are
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to rapidly reconfigure the device to performa different chem cal process
treatnent. The interconnect may include a single central bore through its
center aswaospsasageway. Alternatively, the interconnect mray/usnxoauaee a
plurality of passageways. For exanple, an interconnect having two ends may
i nclude two distinct end-to-end 30 passageways with the passageways in
fluid co J i f i K i I i £ rom one
anot her o ipey e g héyty BaRcheldh ubfaitheltin idsh f prpl 3hy Bkl
comuni cakevdffiuidcanmdudit &toartetvwdearhepluatlity hEclwethersd end. |f a plurality of
chanmbers are -6 WO 03/.083444 PCT/ US03/.04160 .Hnﬁsent t he i nterconnect may
be branched or ! RfPrsAiURERS the PESSEU nYegUnR G arguded,gn gk iyegleci @i a of £ ui d
communi C_atfréaﬂﬂ§ Reoneel hbasdd Heréh) 4 itefing GHBTRRESs anl@bMeh@ahat frémoRt t he
present invention is provided, in part, by selectiion of a treating

subs? ancechemical prgessirgifra lignid sample.rre. shibenesergrore of theychemiead prosessehat

Phe chem 8enTRAmee SURRETR:PTe Bloloot Meflop AP u pobufing W rfidfull oo™ ©

incl ude, RifferFtetQinehibiines hehd, siz€agdlagibs medAUfunElicGhalibéd §idsuppatshr anes,
beads, size exclusion nedia, functionalized solid supports, catalysts

(i ncl udi rgtdyss Gedydingapayares), markerp affinif\egaents and gembipationsdbereels A her eof .
A treati . Vi i . ui r exanple, a
freating 10U DSTREREE niT beBoBISNh RS sheBWorhy P el PLECP' 2
por td on ofubsahcemasy bepdvidedas adiden ycalpyingeh deubes porbii of ahtmancihya, certain
treating substances nmay be provided as a coating on a surface of a
passagewdASHECY RN AbR Fhamber . AHEmaRvelyrertaidecatag SHstaneesanaybe Aroxided 3sat i on
of the deyj,afe bhatuREBrhsa s%gall%ﬁéréﬂaﬁllﬂe@t l east a portion of the liquid
sanple, t ere%y prOV|§|ng t%e opportunity for 15 the treating substance to
performthe deAitreting subsihnennay Buldacatetl én hmcpariiomef the devibe that parriitsg

substance include, put are.not.|imted to ny,chanber, .any portion of the
o aomeraet R ot Aoy he Bl SabBle B0 g Py iiog i SR s
thengof . BeaauRy fubGaslR\b perfbimeIHedRSIra Wahatil SYiitatle RGOS Bl tHeeatin®ns f or
pl acenment of the treating substance, it may be possible to design a device

t hat pr owulisigngeonelude dut apaotldmited b, pryChamber.any @ortighet theyataseonreete
treating .substance r rOVi th he.ca; | ocalized within the
devi ce oH?gﬁﬁ¥§fﬁsﬁf§€‘V&“%%ﬁgﬁg%én%?XXa%x%gg%%ﬁEmFgﬁations wi thin the
devi ce. | n oneB&yabedhé&ddtice inoludesx@piadity af potertial yealioriedr pldgdmdnt of the
provided in the interconnect and an_elution buffer is provided in one of
t he chanb&ating T\“R?S‘{“C?’Hbma)éb‘? pessiye to design a device that provides more than one

20 treating substance. When two or more treating substances are provided, they may be co-

localized within the device or, alternatively, provided at two or more locations within the
device. In one embodiment, for example, a functionalized support is provided in the
interconnect and an elution buffer is provided in one of the chambers. Thus, the device of
the present invention may be designed to perform a plurality of chemical treatments on a
25 single liquid sample.
In another example, one treating substance may be provided as a coating on the
lumen surface of a passageway and a second treating substance may be provided as a
filler, occupying a portion of the volume of the passageway. Alternatively, a passageway
may be filled or coated with a mixture of two treating substances. Thus, a single sample
30 may be treated by each of the two treating substances substantially simultaneously. In yet
another example, a device having an interconnect with dual passageways may include

different treating substances in each passageway. In this way, one can perform two
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the present invention may be designed to performa plurality of chem cal
treatnents on a 25 single liquid sanple. In another exanple, one treating
subst ancewowy/osa44r ovi ded as a coating on the |unen surf &Ce/ushs/a 160
passageway and a second treating substance may be provided as a filler,
occupying a portion of the volume of the passageway. Alternatively, a

pasSagewiffefaglvc%mw!&eﬁﬁaﬁs &pggﬁg%vgﬁan%]gleﬁ ﬁe@vurn%ge,féen&ma% Bg?&ﬂf&ﬂmd

substances. Thus, a single sanple e treate y eac the two
tr eat i ng mysilkehcebstaulally aimbulanequsty, oubothneously. I n yet anot her exanpl e,

devi havi i.nt t with. dual i ncl ud
i fferent tr ealh geRSPeH B0 presaCinvER g ST i dreRPEnsgE SomBikes 2an
per form t ¥M@ralify meﬁ%{ 145 BEELibEPA NG 1bbh Bﬁgsﬁge@’a@'%a}f:ﬂﬂ@ﬁh@ aldiftdregt ment s

on a single sanpl'e. The two treatnents nmay be perforned in parallel,
subs$ ant i @¢dtipng sibatdrica theowsiother of thp glusality of aassagavadsnEor exemplhh@npr esent
invention in which the interconnect c i.ses..a_.pluralj f passageways,
s descr  Biie s B O R BEOORE-RAVRIHER T vttt Parlio s R RREET NG

subst ancecdri@dinidBnea fRét nd bt lotticadist Yeiaf i ASRIAGSWEYBiromPne QGBI #hd an

i nterconnect having two distinct end-to-end pas%%geways with the
passagewalisluih compiugicaiemyyith idifigrensshambers af thesecond end aydpeladediseransi ng in
fluid iso j I i Wkl ui ni, ¢at.i i .dj fferent
chanber o SerrRaubEAREERERGD HRkoRiays b dhel PRBYRL FALIA Rt T2
thelowo pagbktagiveegsnd ite sudhsndnieyconmedt neryl allgui ehefto dimiddesdmpls tnd proeidd t o

t he second en such an i nterconnect _npy .all ow e to divide.a sanple and
provi de tRAHerenEshemica] treaiments tf’r‘%%?‘?fﬁ%ff’éa‘flﬂlet &tha’i ‘ngﬂ moyiRg kuidhen used

by movi nggbinGhd tbcohd &M tohBe BREONE sB&Fad ﬁitetr&ﬁlnlfe&trﬁéy Ak ox%lrjlt%r&o%ine two

interconnect may allow one to conmbine two solutions, such as reagents,
t hat havescepans atueh ys reagaits; dlht dinvd seperately resmivedlliffergnchenicsl treatments.

Al ternatiyel .the sane treatin ubst ance nay be. provided in each
passageved CHAVEY. HE IR g TRTAICE 1RY 6 Phonr o th Bt RarraY SB I at el y
recgsved gididi@dion§ BSTbEXMmbinERIAERIVE sepdriteBtrB& v @R InScal tB&ments.

i nterconnect may include three or nore passageways. Another feature of the

present i ahariesrbodimengs, the igtereonpeetimpdnélnderbyes fenefic/Pass@EOWAYS. i s that a

l'iquid, such a ﬁt‘gﬁ’l [,k -ant . fion,

directed thr 056%@ e ggev?tggépﬁfc’%nﬁéﬁ%ﬁh%n%gﬁf Péﬁg’?@aﬁ%ﬁ}fgﬁf@ dc?@%/%eg&\v/’ol umes
of one orisnedta 1iflid; badigasampie, bafftecbatpas ot washvlutiorgmay bbudiectede fl ow of
liquid may be directed through the device_ in a particularized sequence

merely by eh b qiqv,i,qj through dhe gpeedipgted egrgrol gfjthe volumes of one or more

20 chambers, so-called “passive valving.” Thus, the flow of liquid may be directed through
the device in a particularized sequence merely by controlling the volumes of selected
chambers. In a device in which a plurality of treating substances has been provided, a
sample may be subjected to multiple, sequential treatments by selectively directing liquid
through the device in a desired sequence. A device according to the present invention may

25 include one or more check valves or other mechanically or electronically controlled
valves. However, passive valving is inexpensive and may prove less prone to failure.

Either the sample or the treating substance, if suitably liquid, may be the liquid
directed through device in order to perform multiple chemical treatments. That is, if a
treating substance is liquid, it may be directed to contact the sample at the appropriate time

30 during the treatment process. Alternatively, the sample may be directed to contact the
desired treating substance at the appropriate time during the treatment process. A multi-

step treatment sequence may use any suitable combination of directing liquid sample,
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chanbers. In a device in which a plurality of treating substances has been
provided, a sanple may be subjected to nultiple, sequential treatnents by
selecti vewpodiosmeting liquid through the device in a desipcedssgeguence. A

devi ce according to the present invention may 25 include one or nore check
val ves or other mechanically or electronically controlled valves. However,

passive V@éaYihQQgﬁs%aché?%xBﬁR&és"t erBOd o BYy, &fn%ﬁatgogllscflft X ﬂ;’i‘?gg‘i&ni&?r dig. Either

the sanple or~the treating substance, “if suit I qu e the liquid
di rect ed pdrfosmghe desvied ehemical precessiog pér ganrenalnthe vershtility ipeaviideall byt the abibnt s .

That is, if a treating substance iis |iqui it may, be directed to contact
Che. sanpt & caftrobe B iR eRiprentod dsvf allhgb brttdesEn i il

Al ternat i ¥Rlr¥d plddsssifRhgendBy be directed to contact the desired treating
subst ance at tﬂe appropriate tinme during the treatnment process. A nulti-

st epSt r eat nent Asethercieswraefithe prssent ynveniiomis| thatgherdd vieet inayiingiudel ian owinhes

i quid sanpl e - 8. 03/ 083444 P 03/.04160 _tireating substanc

it ur e TRBRBBES SpOIRo gy riteld o B epiedRiket R, PP B B PREE L ¢ or m
the desi rigelu@b aiilgsé rcQaRsbifgs, wa3h&e ARl tk likk eayer feafoithéd wsifg dei ded by
the ability to control the flow of |iquids through the device allows one

t o desi gnPTasfat BYVeRlEQTe srerelp Py deusnipg thegleyice 4@ prryidecadiinmal chombgestthelr f eat ur e
of the pr i Lon.: | i j .. of
chaner & T eurrhREEALS i ke ARed R 6 cdIck BEMHRR: AHAThEhis

t r ead ment way, hadlti-stepadhehécalrpidceping seqaaitesvhay bb péfensed widmhesaviegwd t he | i ke
may be perfornmed using the present invention, nerely by desjgning the

devi ce t 0BIOYS AUEICRIASE ChYRBETS EHAABP PIRYIdE treiingsubrtanceh fas suaaenhseRs

et eri al sidesifieded octfeCAIRhEX e BBRCAPYREaBYicd B hPhitscrh0 VaY.,

mul ti-step em c processi ng sequences may be perforne thout having to
renove andverdjpnacay hparbaraly suited tdeperfampnpaitamated gagh-thyosghpst areossalf or

subsequent steps in a | ti-step progcessing sequence. Thi s .enbodi ment of
the devi cRIOFSs beepres st as tiselebirahie ALy BERRAFRY RN dPT SO 85 ¢ o
per figr m ngobtRdRiabrtes hi gh- t hroughput chem cal process sequences such as

those desirable for” sanple preparation for genomc or 15 proteomc
anal yses. | n sorsememrivawdireents howevasyide chatnbers mayiherevarsylyaterchgegesbls| y

i nterchangeable. in.the vice That i he.. devi i hel ude r.eversi bly
cont nol o BEBYuSvice, Mrb R, R defRe mEYSheilde el DS ES TN BRSSO S D Y
t he renai Mgarcopininitatide vewees afie dambes hibihe sérasindditvfshe ddvicexanbent s of a

chanber, e.%“, a wash buffer, may be dispensed from

established. Thus, the contents of a chamber, e.g., a wash buffer, may be dispensed from

20 the chamber into the remainder of the device to the desired extent. The used chamber may
be removed and replaced with another chamber containing contents desired for a
subsequent step in the process sequence, €.g., a reactant or another wash buffer.

A device according to the present invention also may include one or more

additional elements selected to facilitate particular steps in a chemical treatment process.

25 For example, a device may include one or more detection elements designed to detect at
least a portion of a treated or untreated sample. Suitable detection elements include, but
are not limited to, spectrophotometric detectors, fluorescence detectors, pH detectors,
electrical conductivity detectors or refractive index detectors. Such detector elements may
be integrally incorporated into the device or may be an element external to the device

30 itself, but adapted for use with the device. Detector elements may be adapted to detect one

or more chemical specties in the interconnect or one or more chambers.



20 the chanber into the remainder of the device to the desired extent. The
used chanber nmay be renoved and replaced with another chanber containing
cont ent s wesBn&d4d or a subsequent step in the process seguEmse3/046y., a
reactant or another wash buffer. A device according to the present
invention also may include one or nore additional elements selected to

facilitate par Mn%me%xa%ﬁn;ggaf b2 PGS e Hent theBhEHE ugélaq& ESmhectiGPwiiR’a

exanpl e, a device nay | ude one or nore detectlon elenents designed to
det ect atddviazsiccardpgrto itterprefentinvemaingd ademperatueategdlagagplemenSiuchhe

detection . elenents include, but are nat limted to, spectrophotonetric
ot ot or elSrilaceaats ettt i it Or S R ChRTEBRHot | vi ty

det ect or Sor@ér tb&f [eaijarfallyRefoldRE PLeRisS of PPSMicHIGE f6P B a EleATBA pPoddBing be
integrally incorporated into the device or nay be an el enent external to

t he Zevi cieqacet Fef ¢xaniple, thalkipetiog of gertais &ypa phrepptiondev pther cimamiedt or
el ement s . e adapted t.o tegt one o1 nor.e.chem cal species..n the
it or conriBfacln iRl bF Sofou & TtasP Barg by RSy T hedtREE S ulichy

Anot her qmgﬁgkgsgﬁp@ﬁbﬁﬂaitional el enent that may be used in connection
with a device according to the present invention is a

t enper at ur e- r eQydditionally. aqtedpitmaydeecaitaghed t@|tenehmbers foF eirodiing thpe
tenper at LUa?iaF \;oﬂﬁn S ol%etc e%%l:s oy Wﬁpﬁe% Qe{ascfgy&ﬁngg Qfefaillﬂ%lo& rder to at

| east partially contr progress o arti ar step In a chenica
prot@ssi ng 5 s@guericrelementscicmpplaeyre bl dtingelldmantoindcaeniasors nfay pes of
reactions or Qther chemcal _ interactions may be controlled, at |east in

part, by SBHeHed Py AgontrlingFIEmrHt fre 2ROMANERD RIS 2 ConEingr ned.
Addi ti Onaéuk?{ eleﬁfem%m% £ cOYoIRE: él&ﬁ@x‘r‘t%&l? %15021 féx%gra%ﬁmgg gﬁgrgﬁfocese&t ARkl Ng the

vari abl e volunmes of the chanbers, as w be descri In greater detai
bel ow. 10orRab detigmporeplerserusnces efipkemicalrmrocessjng stepsdoasl therdesied amuplast uat or s

may be ontrolled b optrol ling, el enent. . g.,.a  arogranmmabl e

o opr odBLE bR ke, S seRralig Fsnt BlaSt IRge dreient such
as @5 ProgiHomb _@mmxﬁfi@mypﬁ@&wrecaich%vm_e nfA8allcstdE pedbrmiafcEheifUences of
chem cal processing steps, |load the desired sanples, buffers, reactants

and t he |nrResssiagsequgnes.t he control ling el ement and have the sequence 15

per formed aut Oﬁ%tz;p }ah}g acé@r@fn%qgf.ﬁ%e%g%inp glvgxt}?onqﬁaﬂgn%sncgﬁ%%egfha@i%r f,ormng the

chem cal processiting seau nce. aratus accor t he pggsent
i nvent i onvariableu@dafing i s volame tfambers atdydial pRovioédliany Vaitaldd hecvididare

chanber s fr(;arr% irtljcei‘u irrlg,vbiu(tjggt liinrllitgint%, zf giis;[o%?llik% drg\a/i%g %Qcihcz?sl a syringe, a container with a
20 flexible wall such as a bladder, an enclosure having an elastic element such as a bellows,
and a rolling diaphragm device. Some embodiments of the present invention can be
constructed so that the variable-volume chambers are provided by commercially available
disposable syringes. Alternatively, a variable-volume chamber may be provided by a
cartridge having an open end and a chamber defined, in part, by a chamber wall. The
25 cartridge can serve as a syringe when equipped with a moveable plug fitted to form a
slidable fluid-tight seal with the chamber wall when the plug is inserted into the cartridge
through the open end.
Fig. 1 shows a plan view of a cartridge 20 suitable for providing a variable-volume
chamber in connection with the present invention. The cartridge 20 may include a
30 cartridge body 24 that includes an open end 26 and a septum 22 at the end of the cartridge
body 24 generally opposed to the open end 26. A movable plug 28 may be disposed
within the cartridge 20, thereby at least partially defining the variable-volume chamber 30.
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formincluding, but not limted to, a piston-like device such as a syringe,
a container with a 20 flexible wall such as a bl adder, an encl osure havi ng
an el astiwoeBesmamt such as a bellows, and a rolling di apecagrsosiemsce. Sone
enbodi ments of the present invention can be constructed so that the

vari abl e-vol une chanbers are provided by commercially avail able disposable
syringes. = : a
A R A b R A S S
wal | . ThesubStagpaalty stalipmacawhdethederise & is ysé.nkpesuah embedjmeppse thewiatitbla noveabl e
plug fitted to forma slidable fluid-tight seal with the chanber | I when
Phe i ug auienta Rattplecvobme Bamier st sbPian i ocPradesh Broemton o 154 shove
a plan vigmw&%kﬁﬂggqgMhd&gﬁngﬁgagéwde for providing a variabl e-vol une
chanmber in connection with the present invention. The cartridge 20 na

ncl 8de a 30 cEhe movgde phig28amay ialude petlguieblesanegssinn 33 duccasahadedsepd um 22
at the en the cartridge body 24 r al 0s to the open,end 26.
A novabl ety e st ioBa ool E e neBRAR e S BieaRERR o

| east par didtieyefeRf theivoBurhd6f thavhddble vylamershambardoerAsfist onk@x¥ibpR34 083444
PCT/ US03/ 04160 In certain enbodi nents, the walls of the cartridge body 24
and the selyngenrodmaypecenrscted (e tissnayaable nlye 28.4hsrebiardaping fhe ceredgrelpr ce i s
in use. | i i e ri -vol ume
chanber 30T ; SIRMTERNGol frife LA ine RBLUER g bBE ARTAN K5'C' L1
28 W0t hi ncdnwellagrthe pokigor?6f the mbiveabl® phlg 128 maylg: 2 abieyor uselinde presead easabl e
connection 32 such as threaded stud for convenient connection to nmeans for
control | i IRYeRRD BO¥EYSFon of the noveable plug 28 and, therefore, the

vol une of the Tﬁéézﬁ‘@lc@é‘@@l WhE ER3TPBIovRI théParl bRl vAlRc S AR alsPmaP! UNger
rod may be connected to the noveabl e plug 28, thereby adapting the

cartri dgeinthude adwhricaht torfaclitanmo exinano nf theiImafablelpdupHS agaimsn thefintehier waN eabl e

| ug 28. means for ntrol ling the position of the.noveable plug 28
ey bo s Pt P e e 20, TRR LR catedey o8 w Bl RomRbuael 8 ST HACL By oo
20, 18hen pgegdt i PoddioR o B thbeaBRIPIADLE 2V RhstEp deficiBfhe catifdzeMiy 21l ude a
| ubricant to facilitate novenent of the novable plug 28 agai nst the

i nterior beth] Suisgble hbrieants may §e seleetgd tvbe imprg Withigesneaifo mesgrideintandpditaegr al
conponent, o . on. i . veabl e plu
ot 1 o PR e Uit the 368P{ne TaRE0S A SuhRTFRUGRD, & P 19

| ubri cant mchiy, bue aaloe titrédd t@ siiRoherxesilanes hid higBeeEbons Olnndirerentodimentgnded
to

the septum 22 may be fixed to the cartridge body 24 by a cap such as an aluminum cap 34.

20 The present invention is hereafter described in terms of a device having variable-
volume chambers provided by cartridges such as the cartridge illustrated in Fig. 1 and
described above. However, other mechanical forms of providing a variable-volume
chamber (such as a bladder, bellows, alternative forms of syringes, etc.) may be equally
suitable for use in the present invention, unless otherwise specified.

25 Also, identification of particular chambers as intended for loading of a sample,
reagent, buffer or the like, or for use as a collection chamber, is for convenience and
illustrative purposes only. A feature of the device of the present invention is that the
particular function of any one chamber may be determined, in part, by the treatment
operation sequence being followed by the operator.

30 Figs. 2A, 2B, and 2C provide a schematic illustration of one example of a
treatment operation sequence using a device 100 that includes four cartridges 101, 102,

103 and 104, each cartridge serving as a chamber having a variable volume. Such a
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be contained within the variable volune 30 of the cartridge 20. Suitable

| ubricants include, but are not |limted to, silicones, silanes and

hydr ocar bwo93/083a4s0me enbodi ments, the septum 22 nmay be Pryagol/eithe
cartridge body 24 by a cap such as an alum num cap 34. 20 The present
invention is hereafter described in ternms of a devi ce havi ng vari abl e-

vol une chaghge ¥ ERfi it bEgRS éﬁ%%daa% fs ficd prbtéebr ated in
Fig. 1 ang esco%g‘ lgq%g%d%c %\fever 0 er magha StSfSé(ﬁg 3 provi ding a
var i abl e- bezhuseahe h@mdtsmmp(esucmtasechwnh adicteting bé)lstlaowsonlybnw, net m/zesxflgicrrs of
syringes, C be e lly.,s it bl e far in th res i nvention,
unl ess ot H@Fvﬁgé‘l@%&i‘?‘? gﬁg ides O(%rﬂ't“?‘ﬁtif) q?eb‘ﬁee(?ftg?)g‘?rfrfd%ﬁ? trotganber s
as i nt endgflintedhal lp af)s(agagaﬂfnoasml Bach d2RRASE naybelehBige@with@e idté@onrict f O
use as a collection Charber, | or convenience and 1llustrative purposes
onlyS A f Hof sortbatgiich ﬂeldowmrovenmtlmw@tvmeegmhambstMtsmwntamed hat the
parti cul ar fun&tl on_of be det.erm ne

Pt ront opeRs b e it RESERAIRE teq TRl aGROTETIACSn) itk iaf3bte: DY

2B, and 2¢olpme¢halfber 13¢ 1og eRrtdidgel 10 usd grta:tﬂnwa With @ Niquidanplecandf tharefdreaa:t rrent
operation sequence using a device 100 that includes four cartridges 101,

102, 103desigpatedAhe sapme ebambar ddbe ¥aapienyelume ghamberddd of sitrdged 0danpayapl e
vol une. Sb'&mn@ k2 YR 81%%635 £l @9&0&(@41%&%@%%{&%&88@91@&
sequence m € cRaracteri zed @s” a singl e- pass sequence protoco "because
t he 10i qui bhg$1aniplpeotb601mm meirembv\ablterpl@stIHEahd A8, sumttamr)e positignanfoeyard. e.
in a single, pass. An interconnect 105 g}gow des fluid, co n| ca Qn bet ween
the cart r #dhe¥nt EsaY MInENZINg R YRIrMp 25 e dGRRFCH YrAhagk 48 lhec'r i dge
may be_engaaenidi0stieg oAk SHRRRHL B £60 sulipks é%hneﬁﬁlum rﬁaezm@' cation
bet ween the cha ers mail nt ai ned.” As one exanpl e of the single-pass
seguence ;rrl@teddo Imt(:ﬁcgwnb tiRA)quid mmam Eaﬂubéetemhcmwaz,hhﬂbby pro8tlinggf

cartri dge 101 %] ﬁgl V\Ath a | i quid sanpl e and, therefore, be
desi gnat e’ Wﬁfeé’ eh SHR'Sar i abl e- vol ume chanber 134 of cartridge

104 15my be flhl ﬁl‘imﬂfﬂls@a@@ﬁ@@ﬁb@meﬂﬁéfqm 1i§uifl sam@le%%h RuffgRipasart ri dge
102 and cartrld e 103 can 10 begin the(&rotoco Wth thelr m)vable pl ugs

117 and 1p®tocpks lvwwdsméel@m@fﬁé@tﬁ ewanay be yamohdikad tq lPFéY%y m ni m zi ng
t he volu S h Th ect 105
my cont argvae 8 ol TGS FnERRATE S elet e Uitk (o B gt SUEARR

sel ect ed 4l i13ta@¢ a@mowmzéu inleEig) 2B»u|me$>amgb1erddr11a moedleioaﬁmmd th@y, thereby

providing chemcal treatnent of the %w d sanmp
moveable plug 116 in cartridge 101, may be advanced, thereby decreasing the volume of -

by the

20 chamber 131. The plunger rod 111 may be completely advanced, as shown in Fig. 2B, or
only partially advanced, as desired. The rate and degree of plunger rod advancement may
be controlled manually or automatically.

As plunger rod 111 is advanced, the volume of chamber 131 is decreased, thereby
forcing liquid sample out of chamber 131, into the interconnect 105 and into contact with

25 the treating substance 160. At the same time, plunger rod 112 and moveable plug 117 are
displaced outward with respect to cartridge 102, thereby increasing the volume of chamber
132. Thus, the portion of the liquid sample that has been passed through the interconnect
105 and, therefore, has been chemically treated by the treating substance 160, is directed
toward chamber 132. Plunger rod 111 may be advanced until the desired amount of liquid

30 sample has been directed through the treating substance 160.

The outward movement of plunger rod 112 may be passive, i.e., it may be pushed

outward by the treated sample being directed toward chamber 132 as a result of decreasing
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15 Figure 2B illustrates the novenent of the liquid sanple during a

singl e-pass protocol. The plunger rods of selected cartridges may be

i mrobi | i 2&0 oBos3amevent novenent of liquid into the chanmbecs/usb3/o416o
selected cartridges (e.g., plunger rods 114 and 113 are inmobilized in
Fig. 2B). The plunger rod 111, shown connected to the noveable plug 116 in

cartri dgemé%}uns@af ggﬁa %@lle th@ﬁpuﬂgé/r HEC1 ERR A4 PR MA lﬁzedZO chanber

131. The plunger be co tely advanced, as shown in Fig. 2B,
or only @hcmata‘&dly, tlaajmawagidpomnmgf thegplunpeeradatld raar;db@laglrve,e eofthepl unger rod

advancenent na con roI a or..aut omat.i cal rod
111 is a Hﬂ%?éé()df ﬁo%ﬁﬁﬁbgﬁ%]ﬁ%we Oufiaard mave Eﬁéﬂ{ ﬁtPgBﬁmg?orm ng
liquid samalia2emdy &fcoﬁﬁél'mhaﬂiﬁjl or At niafi€aliynt er connect 105 and into
contact with 25 the treating sugstance 160. At the same tinme, plunger rod

112 &nd rmveablfeieptedgorleiqr rafvre Ocﬂit!pp\raal@b'@ \@lummlwmhemmmebpéewgrted teartri dge
102, thereb l.ncreasi 3 tion of
the Iiquid’ s%“nzﬁl agytr%m(ﬂgh eci|3§ n;?at(ﬁ{ rou lfe I%O\Ie Efeérpl%ﬁg 1{%81';

Peen asse nec 105 and,

t her ef or eadvhRcedeefipleidlgnB e 1|I1Yminﬁzﬁﬂg 6ﬂthb¥esﬁdiﬁl voleme Inﬁ@ ifteadeance 160, is
directed toward chanber 132. Pl unger rod 111 may be advanced until the
desired a?fﬁﬁlﬁﬂcbwlth“ﬁ%ﬁhdheheu@éﬁ*ap ihy&edpeen directed through the treating

bst 160.
e Ty B RO RN AR o R R Sl R IR FERHAE o

chamber 1 dispsnsad Ifle)ﬁud:ltarrmfer i3t roahs deegredei@ntl\ﬂ“l&f:’de@&aﬁm tRETOIUS081s04160 t he

vol unme of chanber 131 while th | ung rods 113 . and 114 renmi.n
i mobi | | ZEQYidedn Be Gaptextgfghe § “ﬁé‘f FH" DONERINESfeR bidng? AR 0d 112

may be aCIth\nger an§- sultﬁﬂ]@steﬂH’ﬁ‘gl?ermlﬁQcﬁré&gmgﬁﬁeﬁﬁleﬁﬂ{{ﬂeﬁ?ﬂloﬁl&wge eHCh

active outward novenent of  the plunger may be control | ed fanual |y
or autorrmlutmai :*.tgfp, n’z‘aylb‘e rdfermed, Acmedloglynmyesomtlomrseltaldc fabhedesgedne chanbers

may be degi (il mninze 8 é re iddu vol 135 that nmay exist when
Tha movedBlede Aty ers sy o B BB FOAREIE. Such i m 3 ng. of the

respgual vol unporra&yashrgee&)e@a@sﬂ Mtl&fﬁlhﬁb@ﬁﬁ)}hd@ﬂﬁﬂﬂtHMUaﬁBblEh@ldrhé%Ha@hb%ﬁ”p| e
is used. Figure 2Cillustrates a subsg%uent processi ng step executed after

the |i qui tB4sefieprtadgertP4. STheipdyness ead ¥ldarcaridasel01Bay boimmebibieed ed ext ent .
The desc rﬁrQ&en? rr"noR/hI%E:nt of llquﬁebacﬁ 1nt8 rhlgje?qﬂ nThg&ﬂélﬁg&trgé tll&) hnd %v? lf)li)es equent

chem cal ‘processing any sui € Step in
a chem caplupldv® e@s&ina@hc‘ed erﬁﬁ}nﬂlr@:}ﬁlﬁg afas solagcpuminc the itte@onnean105. As
described above for the advancement of plunger rod 111, advancement of plunger rod 114,
20 may be controlled manually or automatically. If plunger rod 113 remains immobilized
and plunger rod 112 remains moveable while plunger rod 114 is advanced, then the wash
solution entering the interconnect 105 from chamber 134 will direct additional treated
sample into chamber 132.
When the desired amount of treated sample is collected in chamber 132, plunger
25 rod 112 may be immobilized and plunger rod 113 may be released, thereby allowing
plunger rod 113 to be outwardly displaced with respect to cartridge 103 and increasing the
volume of chamber 133. Any subsequent advance of plunger rod 114 will cause treated
sample, wash solution, or a mixture of both to be directed into chamber 133. The outward
movement of the plunger rod 113 may be passive or active, as described above for the
30 control of the outward movement of plunger rod 112.
As indicated above, the solution loaded in chamber 134 may provide one or more

functions in addition to, or in lieu of, providing a wash. For example, the solution loaded
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elution step, nmay be perforned. Accordingly, any solution suitable for the
desired chem cal processing step may be provided in chanber 134. 15 For a
wash st epwoasmssiu sol uti on may be provided in the vari abl ecralsasreti6hanber
134 of cartridge 104. The plunger rod 111 of cartridge 101 nay be
imobilized to prevent novenent of |iquid back into chanber 131. The

plunger 1oe 4L RPF3IRYE Bt Exantit!Gedeheradd &e%@xmﬁﬂgg&éﬂmr gisteehi 9 wash

solution into the interctonnect 105.°As described a or the advancenent
of pl ungea subtsequehd sangde; an cadeasat compphem gt haobket TemoRd finey threliquadt r ol | ed

manual |y or gutomatically. 1f plunger rod 113 rengips. | ilize and

b unger  r SR BBk agespi BFF b8 asgEninigd odaie i et tkdte hen
the wash csiRpdHehOSt (BOLiGIiH BEmpIB Selbibe FRRNIR Glead s bk QM CTGUTRRY be Sdlestel!
direct additional treated sanple into chanber 132. Wen the desired anount

of tbheat et thapyiheon hacilly dhambar 133. clhdhdeatment opgratieg sequense Higstraadinmy be

o0 113 Bt bR hRlfardaaRcFinb G5 ISR FuRhL iyl %!

i ncr easi ngaskdibthrotgh ditercohinee h #08) @he d8Both A WhidhafSObemNefd dvesidseq@éntpl unger
rod 114 wll cause treated sanple, wash solution, or a mxture of both to
be direct &plysi detestippss furthes treatmenbyt ward  noverment of the plunger rod 113

may be passi VGF@T 3 ?F&g}id@@ a s@t?engagﬁﬂiéﬁfaﬁgﬁ‘?%fgéﬁﬁfggf fa%gtu?’é)oiﬁé)ﬁéitﬁk?t"f the

outward novenen unger r ove, the solution
| oaded i noghaidneseqdedde poch a9 tiot shievoireFigs. 22028 anl @Gt t Thisoptionadetittreon t o, or

inlieu of, providing a sh. Faqr. exanple, the solution | oade -13 WO
03/ 083444"‘le"|5/tt‘fSé%Y‘%‘f%%Fﬁtadn‘ﬁﬂé?%%?eqT%e RGOS &8 W@s@ﬁja? Eﬁlulaé@‘@%ﬂ%ﬂ e the
treating sihsianGfn irehfhig EJb@%ﬁ?@ﬁtmﬁ’lﬁpl@pﬁé&QﬁPfkyg@Bo@@-mﬂ{ fhe n¥vehRhease a

conmponent that has been renove romthe |'i qui sanpl e by, for exanple,
adsor pt i oof thelijhid betvesgh iany two blstmatreremaBde rdversitie The deviceciasiéystrated

conmponent of the liqui d,sanple relea omt he eati. subst ance 160 nay
be col | ecfcg‘am%tl?aﬂytlﬁglgsalaﬁw % St ?ncf?}?1 Moé'ﬁ%te?gtﬁ%gqmaglalpﬂlg%f%at ment
openat i oncr@ee IS dhbmbtr B8298ay Pe adcofiplisie as ABscABEd dboveGh ddxigld-Bdssand
chanber 133 contain processed solutions that have passed through

i nt er conngsgrenceProtoerd. ditersbe Hawe spmplerhaphgendiragtedtovarshambpski e the
LYo RPN LA U AR MOy B e L ASR dupleTel e
such as tthasughhbsmtdreonne@s0524hd BBk agweard Chanbdrd 30 p The aalersee @owr may be
accomplished by advancing the plunger rod 112 connected to the moveable plug 117 into
20 cartridge 102 while immobilizing the plunger rods 113 and 114 of cartridges 103 and 104,
respectively. Again, the advancement of plunger rod 112 may be controlled manually or
actively. Furthermore, the outward movement of moveable plug 116 may be controlled
passively or actively, either manually or automatically, as described above.
Reciprocating the flow between chambers 131 and 132 may provide certain
25 advantages over a single pass through the interconnect 105 and treating substance 160.
For example, a single pass sometimes may not be sufficient to treat the liquid sample to
the desired extent. The cycle illustrated in Fig. 3 can be performed multiple times until the
liquid sample has been treated to the desired extent.
Although illustrated and discussed with respect to chambers 131 and 132, flow
30 between any two chambers may be reversed if desired for a particular treatment operation
sequence. Also, treatment sequences may be designed that incorporate a plurality of such

reversible-flow steps, if desired.
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allows the device to performa multi-pass sequence protocol in which the
liquid sanple is contacted with the treating substance in multiple passes.
Fig. 3 shwoelswsmis t he novenent of the |iquid between anyPCEwSosierher s may
be reversible. The device is illustrated schematically in Fig. 3 as in
Figs. 2A and 2B. Movenent of the liquid sanple from 15 chanber 131 to
chanber 132 i i B EarlaBel i 5

sequence proﬁgﬁeﬂﬁ%ﬁgﬁ?%g%&g@%Iatg?ﬁlgs begargia }er\gg%lggel?éorﬁ\;\%e?gé%ﬁanber
132 t o t hehambes13Z dinesomersmbodireenss ithet treateds Jagplevamy be thealesirgbsibbtaneti. rlact i ng

flow fromchamber,. 132, through the interconnect 105, d back.toward
chanber _1o/5et STdEO. 08 °F P Ry Sosl rEHERAR<Topn S by Bt oo R e

pl unger r@dirdd sutkANBE CFGExhipld) @ dBRYEHAl Bobé Wath¥ddard B Be 2Righapdss i dge 102
while imobilizing the plunger rods 113 and 114 of cartridges 103 and 104,
respéct i vasyenca@adtacoltithestratbdam Earedh-26% asnbsgguent peagessing siepysush agamtasbl | ed
manual |y or _actively. Further t. . NV n f veabl e pl ug
116y bER oA O Fen il BE B0 Breadf e B i TRE VTRl lfpRg ok

aut omat i caich protésol 486 eslutielioabédia chiRgbér3daniy fegeabdiend dranoredesiean chanbers
131 and 132 may Provide certain 25 advantages over a single pass through

t he i nt er@glsades fromshe Heatingsybstansed B and he sollgted inpspitable ypiable-yolumey| e

pass sone fficient to treat the liquid sanple to the
desired e%ﬂ gﬁ?r%e&g{}lg [gl:fjlb'll ustrated in Fig. 3 can be perforned nultiple

tima® until thelord ¢compyplek saarmient dpesativeaaquenesstd moy bhiperttermied asingat ent .

Al t hough il lustrated and di scussed, w ta‘h respect to (ihanbsrgi 1%:‘]d and 132,
flow 30 DEREATCARIPEIQEITHETBERYCHIGP o7 FRYBPIS SPGBy PEAltPEsH by

particul aéasﬁhgﬁ{er%ﬂxgﬂé)@ﬁ{g?é'oPHml@-?Qéd?ﬂﬁ&xghAi SoctilE BREAMBR mRANRNGEES My be
designed that“incorporaté a plurality of 'such reversible-flow steps, if
desired. ucainy\Ent38in083x4g 4inRET INYSOBIN@dtl 80oneTheectiom at ledfikereg netemal/ mby be
collected in an ui tabl e vari abl e-vqgl une chanber. . ~nChappber 132. In
core enboileRE by Sihe SxidircDosind B o g elion "l ruhBORlREa T,

ot hgs enbagieARNbShotR Mayde JBUEAe b iflirkin alkatnic@flaRBINtS obUQRSIoNRY be desired
to obtain the desired substance. For exanple, as described above with
regard to the Alsagivathshe seastiqusquahkepgsfamee gpingajdguice ageadipg tathgpreser 2C, a
subsequen: essl .AS;: i p may be
perfor rredﬁlivﬁ{tg)?ldzzrsea%}gn% ibﬁﬁﬁéa%lelgio\rﬁg%pén u%s?}garr\rggee rsa#r‘ﬁ% (I‘?)%é’ S%gﬂi{%lepr ot ocol ,

t he sol utliquidd. Redednisimahsnirevidddhdivayuallgl o @embined with dariyaet et d

nol ecul es fromthe treating substance 160 and be collected in a suitable
vari abl e_g%qtmfefor example, in solution, in suspenston, in an emulsion, and the like. Moreover,

20 molecules may be synthesized using a multi-step syntheses by merely providing either
sufficient numbers of chambers to provide all of the required reactants or replacing used
chambers with chambers loaded for use in a subsequent step of the synthesis. Such a
complex synthetic pathway may include one or more clean-up steps such as filtration or
separation in order to separate reaction products. One or more temperature-regulating

25 elements may be employed to control the temperature at one or more steps in the synthetic
pathway.

As another example, a device according to the present invention may be used to
fractionate a sample. If many fractions are desired, continuous fractionation may be
accomplished using a plurality of reversibly removable chambers for collecting the

30 fractions. For example, the sample may be fractionated continuously by alternating the
flow of the sample between two collection points while sequentially filling, removing and

replacing the collection chambers connected to the treatment unit at each collection point.
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chanber, e.g., chanber 133. 10 More conpl ex treatnment operation sequences
al so may be perforned using a device according to the present invention.
For exanpWwe,03asEaipl e nay be filtered by passing the sanple/usss/omgbe- or
mul ti-pass) through a selective filtration nmenbrane as a treating
substance, e.g., in the interconnect, in one direction. The filtered

mat eri al I % ﬂ%/ i te
directi onmbphl%%!y ﬁ]t%rflaot(-;%‘gz)1e I Fter e%sggbd#gotng(ri:ég?&t%ﬂg% %ﬂ)@d&%ﬂp{?ée}i% ed for
further tpaatuierdollectivalchanberds filled m:tlhedasuedlcxmnt symmaliawmgatatm@ns may be
perfornmed uysing a device @a t.he sent i nv actants may
Do e ovi et PR soBmroy B hs e <Ol cisaber dyfempteamnd [Plgr g i 3

React ant s,dypyolleerith QnsiRd i ndi vi dual l'y or conbined with at |east one ot her
reactant, for exanple, in solution, in suspension, in an enulsion, and the
likeS MNor eoverComplemhmhbsqmyeSJ@awmme@iezw Qrgnerg daffarmttknn@tcép

synt heses bg ner el rOVI ‘%&%&% ffl |ent nunber s . of g er %

provi de a"P“GFt sHgh ¢ ‘(5‘8?‘? ot QY 0y Pe Peipins RN Vighera g 1t
chanbers }reagdethvEMion Fairhermiors WE Ak 8ih £U&RcOhay Be coitiiee By 9-cod6ilin
conpl ex synthetic pathway may include one or nore clean- up steps such as

filtrati oflement, Sispap apreprammable deeropercsesearsacieconaplex seepeesduptte. One or
nor e tenEperfa(,)t E:guﬁ(?eg%%hla?&%gtrgf %t@’i@d may be enpl oyed to control the

t enper at one or nore he synthetic pathway. As anot her

exampl e, a devFige4 pﬁﬁ'ﬁi’edh@)@rsb@:tivhexplbé&l?wbwldf\()ﬁé\bmfbﬁdllﬁ’&m bfa diséct 100
fractionate a sanple. If many fractions are d cont i nuous

fracti onatuilahledorcapyingous mﬁmrpgq%em% dpggrRed| Eh%ﬂlwsvated emé%wnb@fyhe
renmovabl e;chaniegis AB&HS aﬁﬂﬁﬂaﬁ&tdfnﬁkﬁﬁig vafinld &%Hb@&sgroﬁﬁeg%ggl}tc%mh sanpl e

may be fractlonate cont’l nuously by alternating th he sanpl e
bet ween tud, mz 1163 tand 104 endfosr plange remqllblnﬂl&l 113 ahd [114.14n inteoendengl 69nd

replacing th | l.ection.chanbers cqnnect t r eat unit at each
CoPl et gnopgenuia SRS Dah Bebsra HBCH ERS BBt N diadyampRdE | o
of sanpl qnmnh@ctqostmr Rl th€chape of QaU” g@ ehat hvE ﬁﬁg)hhm%eﬂio\ﬂ@ Eﬁa%e%ﬁ@owed
particular collection chanber i's |l ed to the desired extént, thereby

al | owi ng frement side of diel dswiceofhe & b@hﬂmdMemnme@t 10fepdrimits ode mdséml on
aced. w ect i arrbe Conmpl ex

M v S R S e
pr ocessessigdd@i tiasSintehcsh@ed @ik 8E eabOVEp]GRYEr b@isﬂﬁhfr@lﬂlﬂg thdxadligeofdayi ce
accordi ngol;[pgse;[dhcef\lambers may be positioned side-by-side. This may be particularly advantageous
20 if the plunger rods are being controlled manually because the operator can control the
volumes of opposed chambers without reaching across the length of the device.
Cartridges 101 and 104 may be designed to fit within a housing 200 while
cartridges 102 and 103 may be designed to fit within a second housing 202. Plunger rods
111, 112, 113 and 114 may be sized and configured to be received in the open ends 126 of
25 cartridges 101, 102, 103 and 104, respectively. Each plunger rod may be equipped at one
end with threads 204 adapted to receive a thread stud 136 anchored in a movable plug 128,
as shown in Fig. 5. Each plunger rod also may have an end 206 adapted to engage an
automatic control device that will be described in more detail below. Alternatively, if the
device designed to be operated under manual control, then thumb plates may be provided
30 on the end of each plunger rod.
The device 100, as depicted in Fig. 4, may include retainers 208 and 210 that may

serve to protect and support the cartridges, particularly when the cartridges may be
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present invention. Furthernore, because such a device may be controlled by
a controlling elenent, such as a progranmabl e m croprocessor, such conpl ex
sequenceswowy/ofsa44 per f or med under autonmated control, if desirmsdsoa6n Fig. 4
provi des a perspective expl oded view of one enbodi nent of a device 100
suitable for carrying out the processes just described. The illustrated

enbodi ne néusQJ tﬁ)%(atg d%ﬁl‘é%@ QudtPR Wi éb%@t?u&e(pfr% 145 Yor theX g{e' L%Hl‘l@ kol ime

chanbers, our cartridges , 103 and 104 a d four
pl unger r &uiﬁm&dﬂly 1omga thdriltBe dodsings42004nd |2ﬂ2 elm additional 50pporpmay beldesirfablgi d

comruni ¢ on. bet vari abl e-vol u this exanple the 15
i nter conraltf& re%rmg@ﬂ“{] » 5P Breggntmay pe %C‘{mﬂ}i{ i’QP"?Cprtﬁ’fre‘fellu\éf’ BRI r ods
nmay be CofdrrfabéE drhef QRN 20SAd210 miyiaclieY bERhmEREmebhis P AR@GaHIt er connect
105 permts one to easily control the position of plunger rods ‘and,

t her &f or ecngtagneg Ve hoveing$ 200, almﬁb%% respeasiypbys i In @ne smbedimesht, ttheatiagh@ertonnect
because the ends of plu S QLT nes of t opposed
charber s %%/nst%e 5182‘112&%), 6ﬁl§8sa£) may reat?z{ch.fﬁeqregfjﬁr?ery go the oPsné%ﬁ li*ﬁ

advant ageRtine2Omhiaf, fohexaphple, g@hnéo@dsmameumgsrtg/ acpfratmd dr?ﬁltdi‘ﬁzﬂii@lyl ua\k@@mause
the operator can control the volunes of opposed chanbers w thout reaching

across t hextensing Hmp212 that lgehescever a ip2ddingyese proximaendof th?etgpuy@gaegl gned to
fit t hi dt
Fe i thin a ool ofo ALY BEPcARE R B30T DTS 0 e

si zeéd andwhhtheghoueihgican bﬁ:m&daﬁe&dplummyn of appeniges)dise ddXGled®20 2y iaelutle i dges

101, 102, 103 and_ 104, respectlv ly. Eac | unger rod be equi pped at
one end wh PRy abeprenigs Eaafa‘tagw éher%@a enf 1 W@&‘di@tﬁé“l‘%lug‘ﬁcﬁwored in a

movabl € pldigin é%ﬁat cafiSccORMGU A twd GirtridgesERAMh r@zﬂﬁ%@ th@%hadl v%)oﬁ%}hggéiﬁ an
end 206 adapted to engage an automatic control device that wl

descr i bedand2do Thisdeaybé sdeelvath mAtetmlrtnmlﬂaruyeliryqonnfecttdmmthi thei egbodaséngned t o

Dhe oo iy 1Rt Brp BR824 et DD s LR B 2R FerRE R ey 50 "

i nchgde rgiqi ners 208 and 210 that may serve to protect and support the
cartridges, particularly when the cartridges may be -16 WO 03/ 083444
PCT/ US03/ 04160Th@9§é@mp¢@|1@5t1@yda¢ﬂﬁ§%a figsy end a@apmééw@e@ aseqpad ead pdaprgl ass

or when t htcrohﬂgl?éd i gr%ga n%'z nte}ly otﬁ%@%%ﬁsrhga nrb%ﬁﬁjg%g ag 0_and

202 that a dl i ona esira retai ners 210,
when pr esefithe eﬂtaadaber§23llad1danm 1ﬁd5164m¢lia@e flenei23d adagied o ¢nyage cartrn dges.

TR T A e ermentary stips 236 and 238 Sdjhcent o nossls 330 However, any meansior = ¥
20 providing a fluid-tight seal between the interconnect 105 and the chambers may be
suitable.
Fig. 5 provides a cross-section plan view of a portion of one embodiment of the
device 100 according to the present invention. In this embodiment, the housing 200
includes a pair of piercers 240, each piercer configured to penetrate a septum 22 of a
25 cartridge, thereby providing fluid communication between the chamber within each
cartridge and the corresponding opening (222 or 224) of the nozzle. Each of the piercers
240 includes a hollow needle 246 anchored in a piercer body 242. The hollow needle 246
provides fluid communication between the chamber of a cartridge and a plenum 248.
Therefore, for example, chamber 131 is in fluid communication with the interconnect 105
30 via needle 246, plenum 248 and opening 222. An O-ring 256 may be seated around the
piercer bodies 242 to provide a fluid-tight seal for plenum 248. A finger flange 260 may

be provided to facilitate manual actuation of the device.
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5 engagi ng the housings 200 and 202, respectively. In one enbodinent, the
attachnent neans are nmanually rel easable and nay reattach the retainers to
t he housiwQ®3/083aes retainers may, for exanple, connect toPChaShowugsmngs by a
press fit or, alternatively, have an extending arm 212 that |atches over a
lip 214 near the proximal end of the housing 200. Each of the housings 200
and 202 may ingl4dde %c&f?&iﬁg?o e Preskht iR VO HRAY 5 de@'gnl@ JGhkhibe housing
can accommodate a pFura Ity of cartridges, th nozz1e 50 may I nclude a

pl ur al i t yAbérnetpeshy, mygtiplealeveranmpy de irtchgpozatbdas weatment ynits 4B ireallargerFi g. 4

includes a_housjng that can.acc date t cartridges d a nozzle 220
that "has SEGBcHtgRsmms TR T8 5o P prraich oo BR el s Frdrins dna

parti cul ajdniatink M @PIBfhinfht Whitd WG thetdByadlio chehlit i ptdct@sh dfiitigle S;
opening 222 | eads to chanmber 131 and opening 224 |eadS to chanber 15 134.
The Pnt er bondsunpleod msipgle apparetas 300 forbet pestogmed) ippastlle2 3The appasatee3Whd end
adapter 232 ach configured t. |l e end .of the ysing. In
one. enbodieht FRRE et Bt f g RBHEAL P5a0OR o7 sB0nE brrhrlE D e
flange 23gerRampd sebstmtiany sigeiltafunilye MiBtappara@s idppiciddtn Bipd 6p3&iddjfecart to
nozzl e 220. However, any neans for 20 providing a fluid-tight seal between
t he i nt er EReRtuNt9 308 iibe siprerietduhactyad, Bt ansapparaiis S00may beglesigaed tes a
Cross-sect| I i . ! odi nent of the device 100
according&?g&F%QQ%féggﬁ?g%H@Qﬁ?f%%Qa¥ﬁ£?ﬁ?@53 odi nent, the housing 200

i ncllades a pai Howdingsuppoe ibbock4 004 amg be piackatorn €baski3gRr &te houspeRsuppire a
septum 22 of 5 cartridge, thereby providing fluid co ni cati on between
t he chanb®PChsi Y0 mRYRRYR recares fpense ¢ binthy ae%%ee%%%@%%‘gﬁ Blogken ( 222 or
224) of t&&ﬁ&?%ﬁiﬁg 53%&n9&§bﬂéoPhB&ﬁ%%ﬁnm%4anQﬁbuﬁﬁ§mg?99%kﬁﬂk9&?@'e 246
anchored 1n a piercer body 242. The hol | ow needl e 246 ovides fluid
conmuni camayhe batsimeend Phanyatablersupforavemedipimigeludimg, butgloe huire@ 48 .
Therefore, .for exanple hanmber 131 is in fluid co ni catiqn with the

it er conrbttis e FohuT i fRRRRE oo eroli bl PO AR BHEATAG 325 ThR O 11 ng
256 1pRYy bRcsisataby B fitdd bhany Pf&é@@mtﬂﬂé F@h@gatit@admatisieusad {d foislthd ght
seal for plenum 248. A finger tlange 260 nmay e provided to facilitate
manual actupaeit blecks 39heFerexpmple, thezeopgyes Ipaydgnaldedqy mdlyd/in teosuppodevi ce
accordingbﬁﬁktjag present invention nay be designed to stand al one.

Al ternatively, nmultiple devices may be incorporated as treatnment units 400
in a larger If present, detection elements or temperature-regulating elements may be

incorporated into or attached to the support blocks 304.

20 During operation of the apparatus 300, the support blocks 304 may be secured by
any suitable means, e.g., a capture plate 306, as shown in Fig. 6, which may be bolted to
one or more structural members 310 with bolts 308.

In certain embodiments, multiple treatment units 400 may be supported within a

rack of support blocks 304 such that the treatment units 400 may be easily and quickly

25 engaged or disengaged from the rack. Also, the treatment units 400 may be designed so
that the element having the variable volume chamber, e.g., a syringe or bladder, may be
easily and quickly engaged or disengaged from the treatment unit 400. Alternatively, the
rack of support blocks may be easily and quickly engaged or disengaged from the base
302.

30 Embodiments in which at least a portion of the apparatus 300 may be easily and
quickly engaged or disengaged may be particularly useful for certain applications. For

example, such designs may permit one to collect fractions of a treated sample in separate
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apparatus 300, as shown in Fig. 6. The apparatus 300 may be desi gned for
supporting and actuating nultiple treatnment units 400, thereby allow ng
chem cal woosesaing of nultiple 5 liquid sanples in a singCe/tsppanat us 300
to be perfornmed in parallel. The apparatus 300 may be further designed to
permt the chem cal processing of nultiple sanples to be perforned

subst ant i I gyl tanenus] . EhecaRPaha: YS1AEBh Chadbd D RaRyi des for
si X trea?lr?e%egﬂn' t’%%g’t%mﬁgs suggorteﬁhané act uafrfel%é,rpgﬁat)g’aenaggp[%ar atus 300
may be de30Qyivedordtmuoas comardptel @hlgctitesofrntedtedsainple. of treat nent units 400.

10 Housi ng support bl ocks. 304 be stack on a bhase .302. The housi ngs
support bl ock&ﬂge@eﬁgﬁvoamtsr%ﬁ%ggg@ratgﬁ Wgtgepﬁé?rgi‘ﬂvetnﬂa?’ aal?ll%ragﬁ'a‘ﬁgd S0

that eachydph6r ntRibe Jr&ERE. VEnAHR et D RMch pr&eHT, Blay HRNRsiBhe Rk Bodtf 1 dF Ment

units 400. The support bl ocks 304 may be constructed of any suitable

suppdrt i velungatireds assasfiatet] wigh thnireatiment|units.t Eble aasuators ghaysheygomfigyred to

pol ytetrafl uoroet hyl.e ol ycar.bonat e Q r | ene, and the |ike. The 15
Pochsces TaYbaty diidd TorPat o Bag tour B R s R B ipt PPl “rat o1 a)
used to f@EdtintManitsUBRN dookdinfks cafifbl oFEFun%éﬁ&Bﬂﬁ RomtrAgltipRARAGRE TBiYs be
nolded or mlled into the support blocks 304. |If present, detection

el enent s ATt gpe ragantrel the grevgiieayoidiaid withingayltiple trqagagt poitasiadly by o or
att ached 04 in i . ratus
500 the Sublie AR boByE Tnitldne A3 IR A Bliph ARARL A 1S
captlor e ppratesidgBequaacsshhabmarntialllyisgnulGnesdsiych may be bolted to one or nore
structural nenbers 310 with bolts 308. In certain enbqodi nents. multiple

treatment unit SPEBPERCHleRIFIR s Gtk fqur %Wréﬁ?éﬁ?-&oﬁ?) Hdotdds 304
such that %&p%c&lat%ﬁaé@g}kglﬂ@%ﬁr&% Wm&eofe‘f?ﬁlolg&_@aﬁnﬂ)gfs(iﬁle){ %tge%gg&gaged or

di sengage romthe rack. so, the treatnent “units 400 matyC si gned so
t hat t he wiliehened withinrthe apparatay. | Bdaesevakcly reatofeanipet mag inglydeany ynimbgeofor

bl adder, nmay. pe .easily .and qui ckly.engaged or di sengaged fromthe

Pr oat ment VbR YabGRE s rart i e Bt T R ey be
easijfy anam%@t%{oyarﬁa&aagﬁ,darpépqum@melortimgrrb iteprb@neinvefiion My Fekedi ment s
in which at | east a portion of the apparatus 300 nmay be easily and quickly

engaged omydiuwsehegateauatery. be particul arly useful for certain applications.
o P SRS BT ool F MRt LB ARt (reated
desired, each actuator may be adapted to engage analogous plunger rods of each treatment
unit. For example, actuator 321 may be engaged with the plunger rod 111 of the sample
20 chamber of each treatment unit, the actuator 322 may be engaged with the plunger rod of a
first collection chamber of each device, and so on. As shown in Fig. 6, each actuator may
include multiple receptacles 326 for releasably connecting to plunger rods. The
receptacles 326 may include quick release fastener complementary to a fastening structure
on the plunger rod, e.g., a button end 206.
25 Each actuator is reversibly slidable, thereby capable of controlling the movement
and location of each plunger rod attached to the actuator. Because the location of the
moveable plug, which is attached to the plunger rod, at least partially determines the
volume of the variable volume chamber that at least in part directs the flow of liquid
within the treatment unit, the actuators may be used for parallel control the movement of
30 liquid in each of a plurality of treatment units.
During the reversible sliding motion, the actuators may be supported by slide rods

328 and driven by, for example, lead screws 330. Other methods of creating controlled

-19-



chanbers, e.g., syringes, and insert replacenent collection chanbers into
the apparatus 300 for continuous, uninterrupted collection of treated
sanpl e. Iwossnss4enbodi ments of the apparatus of the preserCTiusIBMIGON, a
plurality of actuators may be present. The actuators, when present, my be
designed for control of 5 plunger rods associated with the treatnent

uni ts. The,aetiae e O¢H§¥ibﬁ:‘? THRNEIOUISE 330 RLONd AdveaDY, HERk-hGHed S48l of

coordi nated contro the plunger rods of oOne or nore treatnent units.
Such coor dithit adiicomir3#0. diriys wnigi) alsodsay melwderalcongpdlentahasisment theni t s
permts ope.to ntrol the novenment of |iquid.wthin | tiple {reatnent
Gt 15 51 nRPE B Bt IRG e Fgree e pCite i térsah bocidhissagebbnt r ot he
progress gloviting aubrBateld 86 lof trﬂecbh_eﬁﬁxvaeﬁwcés@gng%egmesﬁeﬁg betfaddah eXch

si mul t aneousl y.” The enbodi ment depicted in Fig. i ncludes four actuators

321, 5322, rgpmenithiGHe of theaapparatusulo Sugk sutgmegdiconelmaybe pacwailyines of

anal ogous_ ¢ ers.in.eac r eat it h i.£ hin.the appar.at us.
ecause. CAERTRERF mumirHiRh MrEERPRE brogtRlrk PRHREE oh B BubiIE pRERGPh e

chanbers fuigegdfie oy prdtédthic anllyssse ThBaomes] m&Yiaismiyy iwoludea 15 connected to
an actuator, an apparatus 300 accordi ng@to the present invention may
i ncl ude BYSFOPIORgseer, athongh alerpptdve qontrebpeehapimsgsuch s cn follovwara At reldy

processin | 1] es in parallel is desired, each actuator may
be adapt e%rﬁ%llgﬁg%éghgﬁgﬁ%géws pl unger rods of each treatnment wunit. For

exanpl e, act uaEash d3fihtorayayie @ngegeatiothd bortiod mekhangen so ddit fhikoodrolt he sanpl e

20 chanmber of each treatpent unit, the actuator 322 nmay be engag with the
pl unger rBachpisim can;qogirolthe mavemght iivaphantuaser- Jadhs &é%@@,voiimfsggﬂ@n. As

shown i n Fiifhus BharfGe o ARG R HmeiBYnit hminqﬁgaﬁp&étwim £r€%8ﬁ’tfré}feh%§z_t§@6 for
rel easably connecting to plunger rods. The Teceptacles 326 may’ i ncl ude

qui ck rel eatwl freshasisen, thayelpy dpeenmrojlingghe nfoxementi v digeids dnnupee chambehim

pl unger ro e.g...a button end 206. 25 Eac ctuator |s reversibl

B oot o & st ot BBt 538in R sTRR DeABGHRURT ABRUREBERERIY of each
pl unger rQGuAblENBScdmdetBe ambHplOinaldBOGapISRdr #6dd, 86@tdIRRA: BF pb¥ifion BPVeabl e
plug, which is attached to the plunger rod, at |east partially determ nes

the vol umltiple anpdogeny mareable, plughends Hergiese, theyolumes| o aryltipls apalpgoudi r ect s

R e R T A i v

t r eat ment sitndtaseoufdyr i Ng the reversible sliding notion, the actuators may be
supported by slide rods 328 and driven by, for exanple, |ead screws 330.
O her met hods B$r Sérpgléqqyﬂgarmtf?aépqeéaf the présent invention have been described 1n

20 isolation. Such descriptions shall not be construed to limit the scope of the present
invention. One of the features of the present invention is the versatility of design provided
by the device and the broad variety of chemical treatments that may be performed
according to the present invention. Thus, the features of certain particular embodiments
may be combined with the features of other embodiments to obtain additional

25 embodiments of the present invention.

Examples

The following examples have been selected merely to further illustrate features,

advantages, and other details of the invention. It is to be expressly understood, however,

30 that while the examples serve this purpose, the particular materials and amounts used as
well as other conditions and details are not to be construed in a matter that would unduly

limit the scope of this invention.
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-19 WO 03/083444 PCT/ US03/04160 linear notion are possible. The | ead
screws 330 nmay be driven by notor-turned gears wthin a drive unit 340.
Drive uniwo340s8zakis0 may i nclude a control nechanism for treT/UsSosr4160 of t he
vari ous notions that are needed for the different procedures, thereby
provi di ng automated control of the chem cal processing sequence being

performed in eﬁﬁﬁcfi—’eie{rﬁﬁe N ¢ fl{lﬁe‘&%b ffm Ielﬂ thaa‘?iﬁa?rlﬂ%dgateﬁﬂa@dla% aut omat ed

control may be particu use for pertorm ng r oughput
processi nayagelja émueKlmbllthaslasdmi)J .pwpregped &t ¢amtain fiquidgelutioncommoligds,as eoni ¢
anal yses. The cont mechani, sm .inglude a m.crqpro al t hough
al t er nat i YPEYBHET ’fh%wgﬁpgﬁ%es e”ﬁﬁwc@g‘ ‘gg?no?%’l *‘r“&ﬁ&a ﬁ&;(iq:q%gen a.n
control | egpposétBit theoseh dndb e cAidRS WedCiiladRLirdhbed (360 SRANACEFRGH t 0 t he
control nechanismso that the control nmechanismcan control the novenent

of edch aavailableifrom BOWFE@HMyMldlh@ W) aaecsding te He manfacgurst’ ehanber s of each
treatnment_unit nt.rol |l ed b the ol
mechani s rﬁec?rﬁxémtegtga&ogﬁg 8rov6c§ef aﬂa f) 1ca'fc§d %}%pacg & facﬁ’ltz%te n er m F ‘3?7‘180 ntrh

chanber idurtridgéd.eat nent unit to ot her chanbers within the sarre t r eat ment
unit. Al so, because each 15 actuator may be connected to nulti pI e anal ogous
pl unger rods, @dnRveablpireper RBEHS S dimasr) h?r‘ﬂllg A fhreadsd apesy agst (Rraikakisl e

pl ugs andfrm#]ﬂ{b%ttoAﬁbo& P& V@‘)%%s%itegﬂt& S ARAd 899&‘5&@21%9?2%&} 3 St he

control ani snican contt e par ocessing o anpl es
si mibt aneBachl thireaffeal past wpd ateiched toveaplinges sb et tlfeqmsmrbntohd]emiegmﬂd baiventi on
have been described in, 20 isolation. Such descriptions shall not be

const r uedP¥grkxsantioHed-scope of the present invention. One of the features

of the presentgipy @:{Hrio%@s bv%retlbﬁieﬁ%ﬂ% k(hllltl(YIl &f soﬂ@sdsga?ﬁ H‘éﬂed%@lutm drhe
devi ce and the broad riety of chemcal treatnents be pertorned

accor di ngsalid wasentpodssedhintd mvepeningnat tidhusbed hed dthe garsdgef ”Rhem;l@bem plug

parti cul ar odi nent. may .be conbj ned wi.th t eat ur of, .ot her.

Dot meave gt g apriah af SIR wielat vt B¢ spSTigiihe SRl ahc  on.
Exanpl es (hdbgrudidlel OMe@ibBeddhal of $Sh@v@idRe 8as s8mpGe8idd DBhLh Yutierdived her
illustrate features, advant age and other details of the invention. It is

to be expremEIWN saPHER sEEYal omrWharon RearmagechSaliseursx M| es serve this
purpese: e PO eGP BIRIOA ool el gyl e
undul y  cartridges were assembled by advancing the plug to its most forward position in the
cartridge. The nubbed end of the cartridge was sealed using a rubber-lined aluminum
20 septum cap as described above.
In each of the following examples, a dual barrel syringe housing (described in
applicants’ copending International Publication No. WO 01/67961, filed March 10, 2000)
was fitted with two glass cartridges assembled as described above and attached to each
end of a glass column, thereby forming a closed system having four syringe chambers
25 (two on each side of the glass column). The glass column (100 mm length and 3 mm
internal diameter, available from Omnifit, Cambridge, England) was either packed with
packing materials or used empty as a fluid conduit. When filled with packing material the
column was sealed with end fittings containing 25um frits (also available from Omnifit).
Each end of the column was attached to a dual barrel syringe housing with Luer-lock
30 fittings.
In each example, cartridges (containing reagents, washes, buffers or empty, as

appropriate for the particular example) were loaded into the dual barrel syringe housings.
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limt the scope of this invention. -20 WO 03/083444 PCT/ US03/ 04160 1In each
exanpl e, glass cartridges (80 mmlength and 7 mminternal dianeter

avai | abl ewbrosnsidisrbl e, Vineland N. J.) were used to contai mClriusod/atis®l uti ons
or solids, as appropriate. The glass cartridges each included an open end
and a nubbed end generally opposed to the open end. The cartridges were

si | i cone- E;C%asfyﬁgge% ﬁ@%}%ﬂ{;@l@%a & i'ﬂ&%t ﬁarvgﬁ’c%i.v&&?éd anre%g%&?Qé"éag\%lgig?gier% | and,

M) according urer nmenddt 1on to pr i cated
surface tihefralshel-lihed sepplim ngsrof iy gawsrdartvid pdsi tn bt Higted drao the lhysing. Backioveabl e

rubber plu 7 mm dianeter) having a threaded netal. post (ayailahle from
Abbot 1, AAIOrPAAE & Foichiphe T ord G EnEE Ehepegpn GR-a CLBERVENGS
cartri dgehou%ﬁlﬁ.E%tah hid LR PR]ScINES nGlAGREM R0 RdR] HREROmIunid@bnt he
position of the plug could be externally controlled. Sone cartridges were

| oad®d wi bettweersotartridga leaded ol ihd honsingppt prcolime. Sol uti on or  solid was

i ntroduced int i t th bbed end t h tri.dge. Th bb
bl UG was. adveretmfinetdgoat B8 s P s S8R ey G ip e Ruped o ng
at the nUQMat@@@ithaﬂtﬁd%&Qhﬁ@&éré héleRr schlreestép Bedin@ishsf theleqedy Beinglge was

crinp-seal ed using a rubber-lined alumnumseptumcap (available from
Wheat on Finsfrateddh a pgaiculap step., Peaive pressare way placadgadthophageriodnlte f or

col l ection_of, treat es. . | i tri e ed by
R B e I R A e
nubbed englupdertrb®ofacdliccdgecararizlgs al. abe dsstingtich sfbdRGuitlt Beiflg ahnsférigdn 20
septum Cj‘? as descri bed above. In each of the follow n%.exarrpl es, a dual

barrel sydurHge pasticilagtoqpd wag passivgly; Hlowsd sp plidenvidhin dts sariadssy therbyr nat i onal

Publ i cati j rGhy: - ' ik h L WO

gl ass car@ﬁ“ﬁpg%tsh\égso gééngﬁgtgégg [%%egg? P%ecﬁHgég?/tg%g%gasgt%{\g%ﬁéﬁ%gGlg\épé)hﬁvend of

a gl ass cmessorg apphied ebthe Sourne caytralge Iphsedr e e binkeay othgrwieelimdgyted nlienid

chanmbers 25 (two op ea gfsi de of the gl ass col Lir’r'B).rBiTl'{he. gl ass colum (100

mm | engt h k fr ifit, Canbridge,
W Aot r‘%“ﬁﬁ ey PLeth 3 At T aBRFAFImAN Y O Bh{meyn

Englignd) was either packed with packing materials or used enpty as a fluid
conduit. \Wen filled with packing material the colum was sealed with end

fittings Exampledi nkpnolminobilizalion so avail able from Omifit). Each end of
the col um WasTl?et ;[y% err}le&iestcrci)be% a%%\a}el: wtc)léfjl {JSreﬁltO %qusitr% € anqgllff?:ii%%lo\giilgzgtilérllj g)ysfelrr? ck
that was used for each of two runs, a single-pass run and a multi-pass run. For each run,
the glass column was packed with 4% beaded agarose with immobilized iminodiacetic
20 acid (available from Pierce, Rockford, IL, copper ion binding capacity > 0.9 mg). The
column was equilibrated with distilled and deionized water to remove sodium azide
preservative. Copper sulfate was dissolved in distilled and deionized water to form a 165
mM solution. 1.5 mL of the solution was loaded into a first glass cartridge. 2.5 mL
distilled and deionized water was loaded into a second glass cartridge.
25 The first and second cartridges were inserted into one dual barrel syringe housing.
A third cartridge and fourth cartridge were inserted into another dual barrel syringe
housing attached to the other end of the glass column. The third and fourth cartridges
were empty when inserted into the housing.
In the single-pass run, positive pressure was applied to the plunger rod of the first
30 cartridge, thereby introducing the copper sulfate solution into the glass column and
contacting the copper sulfate solution with the beaded agarose packed therein. The

plunger rods of the second and fourth cartridges were immobilized, but the plunger rod of
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30 fittings. In each exanple, cartridges (containing reagents, washes,
buffers or enpty, as appropriate for the particul ar exanple) were | oaded

i nt o t he woaB/ioksans el syringe housings. -21 WO 03/083444 PCT/USBOE#1601160
Each syringe housing included an insert having two 16-gauge needl es capabl e
of piercing the rubber-lined septumcaps of the glass cartridges to be

fitted ing@ iRPcQUBE Mhs nEATRMoMBRM. erHAk Oified e&l@ctﬁ@r{ﬁﬁbéad@@hgﬁ%, fhe

cartridge and an opening in a nozzle of the syringe ousi ng. Each needl e
and its aseuel sumpde woy directerptomiardjandraviieetediinf thaichlarobenofi thecthird oartridgset ween a

cartridgey),0aded .in the housi.ng and. the um. Fl ui venent through the
Syt om valy HER M PRSP O R B RS e R Ayased 'l o B el it
cartri dgegaditheah imRidacaBintd@e cepuinces nor destinations of the |iquids being
transferred in a particular step. Positive pressure was placed on the

pl under rod of Thaeolumamtasivirghedy wxnetilizins thetplunges 6ot of the irst rajtridgetapdbe
t f tl t] | f d
car tr1 agetbbivibe Boffts (Rl igybErunddtod By e 40450 aRfall solnfiths BEHIEL,

parti cul awast RBadeddaIh&edhd CAritidie waisittrdducad intietheicoliinth, ithesetyavdshingge,
thereby allowing the vaolune of the chanber in the cartridge to increase in

response $nPoupdconper fony dronpthe selym Brsppssdhe plunger red of the thizgd eartridge Wisunger
rod(s). i i hdl Lyl i . system
a1 at e anoBHDRHC B el Bl wdtil o WSl GlfEttontel (a2 2
The 18yst ecnldesdin thedhiabcargidgas Thsg dlltod theambbunt topper ioan werd cohtedted irzdki on
system that was used for each of two runs, a single-pass run and a

mul ti - pasQUAGATIIE8S each run, the glass col um was packed with 4% beaded

agarose wi th | FIRDihidr BeksirhNACHRARITr6uT 1AeLeloh @Rl foaheaffiyis Rickt ce.

Rockford, 1L, copper ion binding capacity > 0.9 ng). The colum was

equi | i br aimgdolilizdd agiag the| Hegthningcbidld vingle dssvan desaribed ebavee Positiive preasiirele
preservative. Copper sulfate s dissol.ved.in djstilled and deigni zed water
6T or m awATae RS it i MRee R U e Birt eSS %) L2 1T
gl ags car ¢dppeigiifaid-solution ggﬁs:?ﬁlissleh‘bdcl@ﬂﬂ fdfth tbdgltheababssrpsckb@asiathni it a

second gl ass cartridge. =2 e first and second cartridges were inserted
i nto one '@y Whenever ResitivegueBigsyasPeingmpphied tp thaplungerged of ang ef the first

Car I e BB LS R U Mg o
allowed to be displaced outward with respect to the cartridge, thereby allowing the
solution to temporarily collect in the passive cartridge.

20 After nine passes through the column, the solution was collected in the third
cartridge. Thereafter, the column was washed as described in the single-pass run. Thus,
all of the unbound copper ions were collected in the third cartridge.

Approximately 3.8 mL of treated liquid was collected in the third cartridge in each
run. The amount of copper ion in the starting solution, collected in the single-pass run and

25 collected in the multi-pass run were analyzed spectrocolorometrically at 650 nm. The
starting solution in each run contained approximately 15.73 mg of copper ion, far in
excess of the binding capacity of the column.

The collected solution from the single-pass run contained 15.70 mg copper ions,
indicating that the column immobilized 0.03 mg of copper ion in the single-pass run. The

30 collected solution from the multi-pass run contained 15.43 mg of copper ions, indicating

that the column immobilized 1.3 mg of copper ion in the multi-pass run. Thus, the column
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were enpty when inserted into the housing. In the single-pass run, positive
pressure was applied to the plunger rod of the first 30 cartridge, thereby
i nt roduciwg oshgs4eppper sulfate solution into the gl ass colpamrusasiaico
contacting the copper sulfate solution with the beaded agarose packed
therein. The plunger rods of the second and fourth cartridges were

i mobi | i r §1%{Je4 60 the
third ca?lt%rﬂlln 332%%2% ﬁﬁ%@%ﬁ%aglﬁ?ggﬁapa%ﬁ/uzﬁ%ﬁegr asE?FZ{ Jr’lig@'fyhugﬂ]tjg:eaded

agar ose, ¢ohenn bpwat eppsaiopd ® swhstantial eatiration cmgdleandltlepﬂsis pot@®li n t he
chanber of the third cartridge. Wen the plunger rod of the first
cartridge was fully advanced, all of the copper sulfate had been

i ntroducegxdmhpr Z NerffityiimobiliZigow 0l um was washed by i mmobilizing the
plunger rod of the Trrst cartridge and applyi ng positive pressure to the
pl unger rod ofAnpHinydemepbilization siptens &vap penstiupied and vsad fereachf &Wo Ngwded i n
the second LLr d d ere hi ng
unbound col%@ %)Snlglg romnfLﬂ p(agﬁ%g "I‘hgs Sé%rggvagﬁémﬁtﬁhgr de&}ébx\?&t he third

cartri dgeExmsple mO\tmh mbnbwmdxcapmbﬁ;unnb glagspﬁﬂurh@n&s p@(ﬂd@&d\/lﬂlrmmléthﬁ‘ col um
were directed toward and 10 collected in the third cartridge Thus all of

t he unbouBlge SépReXL beas (awailabledrom Riad¥etrin Bipgeiences kigl..dales p Brjitight he

lti- t
e R S L S e s ere
Posil®i ve pmesssgren albasmiaviae tqadedinyo afipit glends tatridge; pidungash tubids caftaintng fir st

o 1§30 TR R B FORP RIS 2Rl e Pessec, eck

pressure was beidyhRRRehfd afolndfid Sol i dHNSS pepte @by QI},@oIQIn tHgahist®n or third
cartridges, the plunger rod of the other cartrldge ("th e passi ve

cartri dgeﬂlbumms(HSaﬂ haleble fronb8igdiaspheaniea (Gut Makeobigi ME) ire2peM sediumhe
cartridge er al t he ut i ote orarily collect in the
passi ve 15}? &ee@}lffeéopli}gdt anﬁoﬂ‘ée'%élég%gpgﬁ EPhe col um, the sol ution
wasisol | ect ed The fild€arid et shd Gatritipdsdgae 1ﬁEBﬂé&ﬁ1ftcB 6fie dial Bm@alsymﬂgmsm@s hed as
described in the single-pass run. Thus, all of the unbound copper Ions

were col | féélnléhcqrwdagﬁ énd furiy ceardgd vefe. ms&ﬁs@ 8%p peetbendual barrgl syyinger eat ed
liquid nt of
copper :Nca)tﬁ)ulggl %h%g er?rﬁ?er eF{ij? {ldtcl)l%%ﬁ&g (qugjt é? hg%l?%%ﬁdsjji%ﬁr@gﬂ gr un and
25 col | ecwead eimpty Wheﬂnﬂsértedpa&ﬁhe housivey. e anal yzed spect rocol oronetrically at
650 nm The

The single-pass run was performed in the same manner as the single-pass run of
20 Example 1. Thus, all of the unbound HSA was collected in the third cartridge.
The multi-pass run was performed in the same manner as the multi-pass run of
Example 1. Thus, all of the unbound HSA was collected in the third cartridge.
Approximately 4.3 mL of treated solution was collected in each run. The amount
of HSA loaded into each first cartridge and collected in each third cartridge was
25 determined using the biocinchoninic acid (BCA) protein assay (available from Pierce,
Rockford, IL). Approximately 16.9 mg HSA was loaded into each first cartridge. 3.6 mg
of unbound HSA was measured in the collected solution in the single-pass run, indicating
that approximately 13.3 mg of HSA was bound to the column in the single-pass run. 3.3
mg of HSA remained unbound in the multi-pass run, indicating that approximately 13.6

30 mg of HSA was bound to the column in the multi-pass run.

_24 -



starting solution in each run contained approximately 15.73 ng of copper
ion, far in excess of the binding capacity of the colum. The collected
sol uti on wooswsiaet si ngl e- pass run contai ned 15. 70 ng copp@CTiusnz04160

i ndicating that the colum imuobilized 0.03 ng of copper ion in the

singl e-pass run. The 30 collected solution fromthe nulti-pass run

cont ai nedE,laﬁngﬁ I Ol i8R 1o ADBitizh o 674 Bl at the col umm i mmobi| i zed
1.3 ng o 'T?‘pags—TUﬁ—'ThUS, the colum -23 WO

03/ 083444 PCT/ Al.‘h@@io@halﬁe imbobrizacgppsten wnscqn@trqu¢ andhased3os cath opaci t y
using the_sin ass protocol, .but the. col bound co i on

substant | B SRTHEPTO L EIES AL PGB raetmatehanfeseabed By ¢ ni ¢y
| mmobi | i zekdnle 2, #iih &ef fobiihg eXBERIOhb:Z2A¢ bR SN EhEWMa¥ackeansil dsdeed and used
for each of two runs, a single-pass run and a nulti-pass run. The system

was Zonstagacase davadable Ston S@dlal, At. LonknilQ and Wﬁsteﬁuﬂlheaw(bwnb\nh%@hé&cept i ons:
the gl as C t vV bI e
£ om pr o e ST BSE B 21 el fn g B ipltche PRE T AT

equi | i br aiesh Buffeh cahaifiig0s MlPRS asiti dt2ew i ibhdyd, inphh &cbud aridge. of 10 human
serum al bum n was Ioadeg into a first glass cartridge; and_a wash buffer

containing 2. Bheieptide plpdenivanPisAYSHREPECQiKFing 90‘6%6% SQ‘B‘é’cPéwmlﬁt BSA second
| )
G Sool vi riAISIE ol TS0 LRGL AR (B At oI B BREE eiBlcolysis

Louil8, Mdyasd afbnﬂﬁcteﬂ\/bysa@tlinlmbphgﬁm‘ﬁ’m@ypsm ¢aemlabﬂ:d—fr5m5>1eme LRaeiforé i) eiat on of-
8. 45 ng/rrL st. and second c rtrl es vver inserted into _one dual
barrel syWf sn% hWo‘ﬁ%%"h‘@d in W afqi ffgeeaqi%ﬁm@@ P VEu We&‘a{?ffﬁ‘ula@}% ffeie

i nserted ﬁdlﬁ@at%@@h?ﬁe gééﬁitmg%regﬁche s?ﬂ'ﬁtldﬁ%ntahﬁﬁ? ?Qdétat aebrdntridh& 3@]’4her
end of the glass colum. Th ird and fourth cartridges were enpty

i nserted mthHaecdhmoslsp@tro’ﬁhetomerrgi a:‘n-at;assat@%nms perforrred in the sarre
manner as the | e-pass run of 20 all of the unbound
HSA was col | ec bedrarkecend qaamég?stwragrésnﬁﬁrfﬁ@t%ﬁm ua&sgrgelrsemn%a@%gf or med
in ghe Samhlp@@ﬂﬁfdlgéﬁn@ Rfiritakthiapaserel iHR el mt@éﬁ&ﬁ&edu]al b Syrifdd Oof the
unbound HSA was collected in the third cartridge Approxi mately 4.3 nlL of
treated shiusingatiacked te diclattredd ofithea4ss colmmnT Heheahindiand fofurthisarttidgeded i nt o
each first cartrld e and. caol {?tﬁ ﬁd n each third cartridge was 25

det er mi nelf®aSRY V¥ %”B‘is?ﬂﬁdnlg FAPCMi d (BCA) protein assay (available

from Pierce, Thesingle-pass run was performed in the same manner as the single-pass run of

Example 1. Thus all unbound peptide was collected in the third cartridge.
20 The multi-pass was performed in the same manner as the multi-pass run of
Example 1. Thus, all unbound peptide was collected in the third cartridge.
Approximately 3.5 mL of solution was collected in each run. The amount of BSA
peptides in the original sample solution and each collected solution was determined by
. spectrophotometric analysis at 214 nm. The starting solution in each run contained
25 approximately 456 mg (1.5 mL) of BSA peptides. 240 mg of unbound peptides were
collected in the flow-through of the single-pass run, indicating that 216 mg of BSA
peptides were immobilized by the column. 247 mg of unbound peptides were collected in
the flow-through of the multi-pass run, indicating that 209 mg of BSA peptides were
immobilized in the multi-pass experiment. Thus, there was no discernable increase in
30 hydrophobic immobilization of BSA peptides by increasing the number of passes through

the dodecyl agarose column.
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Rockford, IL). Approximately 16.9 ng HSA was | oaded into each first
cartridge. 3.6 ng of unbound HSA was neasured in the collected solution in
t he si nglwopasss4nun, indicating that approxi mately 13.3 mgTafSoitsAconas
bound to the colum in the single-pass run. 3.3 ng of HSA renmai ned unbound
in the nulti-pass run, indicating that approximately 13.6 30 ng of HSA was
bound to the c I 1 plggl S03/ 04160
Exanple 3 - wﬁ%ﬁgﬂlgﬁﬁéﬁmﬁﬁlpﬁgﬁﬁéﬁégggdéﬁ?%ﬁqﬁtﬁéaﬂ@phobléy

i mobi | i zealimn asoyﬂtesmul\ma;zaswnmqlmnm eboragadh gligidn ftbe fisshahd sdfcondvenrtridgas, a

I d
descr | boa e R and itaienne Min iR SRR A R BbEc S ot um

was packegkewnithildMaRE W/vPcongiatiag 6. 10a\ Hluoadtcerid ﬁ&dif‘a&rgﬂ&norsbufféfokﬂlﬁ) thO) and
was equilibrated with phosphate buffered saline (PBS), pH 7.2; a peptide

sol ubi on third apd feluth ¢amv@g@h@eﬂeur¢@l@ceéawm TR Copiion cavtaégﬁsumﬁfeeﬁh@mbu ni ng
2.5 nL P%ﬁﬁpﬁﬂ% | oaded into a second cartridge. The peptide

sol uti on was ﬁa prot eol yzi ng bovi ne serum al bum n (BSA avail abl e
from Si gna, StEadhhitton Whd pdrfoained arithbegime d‘iaﬁﬁéﬂdﬂ@lﬁh ixﬂglE’@Sss idof EXample
Proteolysis_ 10 was_ conducted by adding 1.6 ng T psin (available from
Pi erce, Rbckhsy i each plution: prgiedn #lutediropm thecobimyp iyas ﬁ(’l\‘ﬁﬁ%’érm therbirgr ot eol ysi s
sol ution g@ﬁ g LIowed to incubate for 72 hours at 37C. The resulting

pepti de sol utifon contai ned peptides at a concentration of 304 ngy/nL, based
uponOspect r ophbhovwdtme of auleladcyfsli eua¢ wad4.7mmh fdfmaclﬁ elusibn.aiibe srecwnof ekrtddr i dges

i | 15 At d trid
And four t FORAPRICRILRE &1 1edBird Bervidve 5t By RrortNa deetpigd byppegane ©0°
housi ng afnbaslRBhnce af f‘ﬁ #thhehe aRds QFBSN%eﬁtll@e%%hﬁéﬂ O th@hﬁgl@fﬂa%imﬁ%sf ourth

cartridges were enpty when inserted into the housing. The single-pass run
was per f ot Heagi(of tbhélémmblcaﬁy bdvmddod gl eolyrae én 2 &mgbfpaSSEx%ph@S 1. Thus
al I unboun tid t ed lnthethl cart d mul ti - pass
fas pert onrer PhA (s YRTE P Rk Pash R % T2, 5RO 0f 90 ki o1 Thoie

al | 1gnboupeptipepinirebings ©ahd &s1t@f in e lRi-paisehycar t ri dge. Appr oxi mat el y
3.5 nL of solution was collected in each run. The anount of BSA peptides in

the original sanple solution and each collected solution was determn ned by
Shect OoMBLHEIA a0 R UBbyndpdudl, T1° S aCL09 SoluLion, 1 cach run
unbound pept i dasizeexelusion separation system was constructed as described in Example 1,
with the following exceptions: the glass column was packed with Sephadex G-25
20 (available from Amersham Pharmacia Biotech AB, Uppsala, Sweden) and was
equilibrated with phosphate buffered saline (PBS), pH 7.2; 200 pL of a dye-labeled
protein solution was loaded into a first glass cartridge; and a wash buffer containing 2.5
mL PBS buffer solution at pH 7.2 was loaded into a second glass cartridge.
The dye-labeled protein solution was prepared by dissolving 4 mg of rhodamine-
25 labeled BSA (Albumin, bovine-sulforhodamine 101 acid chloride, available from Sigma,
St. Louis, MO) in 200 pLL PBS, pH 7.2.
The first and second cartridges were inserted into one dual barrel syringe housing.
A third cartridge and fourth cartridge were inserted into another dual barrel syringe
housing attached to the other end of the glass column. The third and fourth cartridges
30 were empty when inserted into the housing.
The plunger rods of the second and fourth cartridges were immobilized, but the

plunger rod of the third cartridge was not immobilized. Positive pressure was applied to
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collected in the flowthrough of the single-pass run, indicating that 216
ng of BSA peptides were imobilized by the colum. 247 ng of unbound

pepti des wlorog/ogxahd ected in the flowthrough of the mnulti Poaasos/eaco

i ndi cating that 209 ng of BSA peptides were inmmbilized in the nulti-pass
experinment. Thus, there was no discernable increase in 30 hydrophobic

i nmobi |1 zaki | : i i ] : rough
the_ dodecyl "ansr oog ShaRcis: SEEiOR BShOESS fechr TRl s R aREE e

i mobi | i zBaw patp thedeend wacledalobtreal atf  win ddchmif/mirh €Tl labdled Badssotutioncol um
and the | ti -gass r\un col Hn’gaﬁgbor each elution, the first and second
cartri dgeormgd p BUPkHfaxer AR e bGP i nge housing with cartridges contai ning
2.5 L of 70/ 3%he AaRELNOd b thémfcﬁx&ri&%/\ﬂs_ iﬁﬁﬂétﬁliiEd%thelﬁﬁ)B%érfrb&'Qf&écetl c
acid as an elution buffer. Also, the 5 third and fourth cartridges were
repl ced second earpidge svab kadesstd fromaimmotilizasionn Positivoplgesurelwas appb@g tethesyri nge
housi ng. Each elution was.perforned in the sa ner th i.ngl e- pass
Fan of et Fodbf §f o8B0 REmABR D b\ 8% TRARR wdtet s B 2ot
was col | egtaqdteiof Ot @1 fRint d cartridge. 10 The vol une of collected eluate
was 4.7 nmL for_each elution. The anmount_ of eluted BSA peptide collected in

the third cart?Psragioppof digdhodamine-dabelodBYb frompmesstesyrhadaBine g t he

absor banc i L . f 3 si ngl e- pass
un vae Lrg bt tat eGadRane fle (FRuRRAN. 18 Feih e fh 0 N9 B8

si ngbe passitaiddieinrEsst clailyRBAngmegai babes Hredced dyeamolehidesmdre icompamed inum was
128 ng (of the 209 .of BSA 15 peptides imopbhilized to the colum in he
mul ti - pas%allf%yl.earh&ﬁwﬁmég hand. gftys, @féwa@wﬁm%@p%waf FOFCiRdSP ke BIE| usi on
separ ati ofyiist CHHRINCARH FHEPREiRBatlFRRIIRR dollddicB TR gtr rod Wl L
foll ow ng exceptions: the glass colum was packed w th Sephadex G 25 20
(avai | abl thirfl cermidgeew sshamdhizzadend ahdBplonger hod\& theipetil Grtrigge denjeleased was
equi librated.with.phosphate buffered sali.ne (PBS) 7.2: 200 L of .a
o | aber G ISBUFATED B¢ Portivaermaiin s operppBid GG slBgsripfage; and
a Wash buht e&conaRhddidieNthe inreact¥l dBBamiWwhEol RO in B8 falrtPEArfidgeas | oaded
into a second glass cartridge. The dye-I|abel ed protein solution was
prepared by dissolving 4 ng of rhodam ne- 25 | abel ed BSA (Al bum n,

bovi ne- sul{ Gf BRAAENGritidd Rehfici RALLiGIF: 2val ! abl e from Sigma,

This example demonstrates the utility of the multiple cartridge design for

conducting chemical reactions. A system similar to that described in Example 1 was

20 employed, with the following exceptions: the glass column was replaced with plastic
tubing filled with 0.2 M sodium carbonate buffer, pH 9.97; the first cartridge was loaded
with 3.2 mg BSA solid; the second cartridge was loaded with FLORORLINK (Amersham
Pharamcia Biotech) CyS nonfunctional dye solid; and the third cartridge was loaded with
1.5 mL of 0.2M sodium carbonate buffer, pH 9.97.

25 Cys is a fluorescent dye that contains a functional group that can covalently attach
the dye to a protein such as BSA.

The first and second cartridges were inserted into one of the dual barrel syringe
housings. The third cartridge and a fourth cartridge were inserted into the other syringe
housing. The third and fourth cartridges were empty when inserted into the housing.

30 The plungers of second and fourth cartridges were immobilized. The plunger of
first cartridge was not immobilized. Positive pressure was applied to the plunger of the

third cartridge, thereby forcing sodium carbonate buffer that was loaded in the plastic
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St. Louis, MD) in 200 L PBS, pH 7.2. The first and second cartridges were
inserted into one dual barrel syringe housing. A third cartridge and
fourth cawvonBdgpaddvere inserted i nto anot her dual barrel sycirnges/osheusi ng
attached to the other end of the glass colum. The third and fourth
cartridges 30 were enpty when inserted into the housing. The plunger rods
of 1he seBng iflddnd A LhuRRE! WhlASSnE (IBBRIsbHE OPhe BYA dillBIveBlitifier . T O
of the third cartridge was “not % I ze ositive pressure was applied
to -26 VExfE:3450la8dH dntbXiig uiS(fBét(Mﬂtﬁﬂge ttllrmeetm fongmg aBSIAGblutibe. fi r st

cartridge, the eb causi t he dye el ed, protein solution t flowinto
t he bead- packelNCRIPRERSS %&%ﬁﬂ}‘&*@ydofpu’ﬁ Sarf'ﬁ‘_‘}% Were'r‘ﬁ‘gn?l&g %Aplélﬁg‘ﬂtl on

formed a puERhfR éa?t}{l@Fe @4s fs@eRImARERObTINALIBA. Upgﬁﬁvé ﬂéss‘ﬂfe %E&eﬂfp'hé@ to .
cartridge was I mMmopbiTized and the plunger rod of the 5 second cartridge
was b el eatheglingenofitherfitst Larradgeothereby siansfomingrthes BEAcsolwionap thei secondo t he

ni ot he GFgR 1o PHORGIRIINIC by e vt b epEfLn BiiR Ty Bl 11 v

r hodani neaddabe&idti &S irddd@ey BIue 2 The dlooskaialdiSeddSurt B SRk MBS telctish t he
colum during the flow through The dye-protein fraction was 10 contai ned

in a f| r stolwiagarThy solatipp sas alowehie. reagi feradt rminugsy ethaisby eanesatingsdys-lebalechi ned
in a gtékng clearly delineated band. Thus, the dye-protein band was
collected’in"the third cartridge. Wien the entire dye-protein band had
beemnocol | ect edDyé-hubelet BSFewas pakifidd H)I‘@paﬁaﬁbﬂi dsm@SépshadgermmDmobolbmed and
the plunger rod of the fourth cartridge was released m i pmobi | i zat i on.

As posi t i ¥ailable fom dmephamfisamica BiotethohB HpPpsgla; ﬁé’eﬂ‘m)n é\ewel,l -gefiggd 15 t he
second CaJeBEHaHQK?thW,@n e é@qéb%%d%’%% Bag qlﬁ:"@ﬁe&f&h'c@%kﬁﬁ obgkrwﬁ‘or[ @erth

cartridge em cal Reacti is exanple

denonst r atcdsmb Iwénlateldtnngywmfwatbe multiple cartridge design for conducting

chemi cal reactions. A systemsimlar to that described in Exanple 1 was 20
enpl oyed, with the foll ow ng exceptions: the glass colum was replaced with

pl agsic tﬂm.ﬂﬁlefdJinﬁﬂowz@d@hznmaima@mar bonate buffer, pH 9.97; the
first cartridge was I oade ng BSA solid; the second cartrldge was
| oaded wit h FLORORKdnNKe dmemsgmmthm@am@t B @Gmyalmtlmmfl@nctl onal dye
sol i d; and tkt}llé%e %%rlg%r@tfhltkgeganaMe is p%gs%ﬁqmough an 1mmogdhze(I trlx mul% lum

111
car bonat B¢
times. In this example, a protein solution was passed through a matrix containing

immobilized trypsin. The trypsin cleaves the protein in the solution, thereby generating
20 peptide fragments.

An immobilized chemical reaction system was constructed and used for each of
two runs, a single-pass run and a multi-pass run. The system was similar to that described
in Example 1, with the following exceptions: the glass column was packed with trypsin
(TPCK treated) immobilized on beaded agarose (available from Sigma, St. Louis, MO)

25 and was equilibrated with 100 mM Tris, pH 8.2; 1 mL of a BSA solution was loaded into a
first glass cartridge; and 2.5 mL 100 mM Tris, pH 8.2 was loaded into a second glass
cartridge.

The BSA solution was prepared by dissolving bovine serum albumin (BSA
available from Sigma Chemical Co., St. Louis, MO) in 100 mM Tris, pH 8.2 to an

30 approximate concentration of 5 mg/mL.
The first and second cartridges were inserted into one dual barrel syringe housing.

A third cartridge and fourth cartridge were inserted into another dual barrel syringe
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25 Cy5 is a fluorescent dye that contains a functional group that can
covalently attach the dye to a protein such as BSA. The first and second
cartri dgewowssesdsnserted into one of the dual barrel syri mge/ushpodgsngs. The
third cartridge and a fourth cartridge were inserted into the other syringe
housi ng. The third and fourth cartridges were enpty when inserted into the
housi nd. 30T RLIEAE e Ghe iRV hANEBHIAD PR thirh A& ot drdigEROl |1 zed.
The pl unger o Irst cartridge was hot | nmobi | zed. ‘Posltive preéssure was
appl i ed twetetempy whge insefted ingo thehiongingartri dge, thereby forcing sodi um

PCT/ US03/ 0416000 e BRI TRt BTk S YA soli WA iny@dichfhiets o e eked e Bsa
solid. Th&)l@%ﬁ\ff@ﬁﬁﬁ'ﬁfﬁ%ahﬂdé&é@rp\n@ﬁpﬁfﬁﬁoﬁ@f tHel phih g8 PERIS @ PrebRstiyl T St

cartridge, thereby formng a sofution. The plungers of the'third and
f our 6h cadasciibigle Haveevsr,itherBEA freteth sohittionheasllgwgd ito reaft widhe thedmanmbilizedge was

rel eased from i ilization. itiye pressure was applied.t he

bl unger _of VR bE S xR Rl 912 B, AT BT ERG B By PP Rl Bineds Bfon ¢
the BOA ool i D T Sl at Nt ur e doop b o The | iy or ever sed”
to furtheFhawash wes pestasmedas pssioysly dascribrd IBhuell o thedtypsinizsddt$A o react
bur i 11 ed BBl XHER BERENRH DL 50 5D 10 col umm ava labl e from
Areri®ham Phar nichea nkiltvpesiuiBhe BSpsalmionSvagasged baAckuald foctafthmoegh theepar at i on
bet ween the dye-| abel ed _BSA and the f|ugr;{geact ed dye was observed on the

col umm whpgad-nerkrd GRitmp £ tigaes @t 2 rafesofpprgs@atsly. 0.p mkdBiin TRGctwanas)

React i on ik, feAHRl 2 € 31ukiRg HRMNANEEIER e Ohe 31 HA&ET Glof HIRACT i ON
on an i rrlég]tr)lﬁll ze r?grtllﬁtﬁglﬁﬁgn@tﬁeualngl yt ealipag passgd tChrgugh ’anoi rrirlr%l?bi lized
mat ri x muirypsplized BS Awelutibm wiak collesseanp ithee, thard paidtidgen sol uti on was passed

through a matrix containi i biliz trypsin. The trypsin ¢l eaves the
brotern i the BBRAUTOHY T hal ey aunEra sA B e ey BeRr s an

i ki | zgﬂal‘;gl@mﬁﬁlexfeﬁa@ﬁp@&og/yﬁtmaw@&n;qgmd n$ies §ide adusisied for each of
two runs, a Single-pass run and a nulti-pass run. The systemwas simlar to

t hat descelirpaatographExSEp)- Pue toihe lack pka tlyomepherg e thespmiplen fractidnation ek s

col urm Wagro%%]c lér?cfi UI’WICEECPPCC{ ci})épf‘?z{cﬂons using SEC were accomplished by analogy to the

following standard.
In order to approximate the BSA solutions collected in the single-pass run and the
20 multi-pass run, above, but have a chromophore present, a solution of dye-labeled BSA was
prepared. It was assumed that all of the BSA from the original sample solution (5 mg)
was collected in the collected solutions (3.5 mL) of each run. Thus, 5 mg of dye-labeled
BSA (albumin, bovine-sulforhodamine 101 acid chloride, Sigma, St. Louis, MO) was
dissolved in 3.5 mL 100mM Tris, pH 8.2. The resulting dye-labeled BSA standard
25 solution approximated the SEC characteristics of the solutions collected in the single-pass
run and the multi-pass run.
The rhodamine-labeled BSA solution was applied to a Sephadex G-25 column
(PD-10 column; Amersham Pharmacia Biotech AB, Uppsala, Sweden). A well-defined
separation between the rhodamine-labeled BSA and unreacted dye was observed on the
30 column while eluting with 100mM Tris, pH 8.2. The leading band contained rhodamine-
labeled BSA and was collected in a volume of 7 mL. Elution of the unreacted dye

required a collection volume of 20 mL.
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(TPCK treated) inmobilized on beaded agarose (avail able from Sigma, St.
Louis, MDJ) 25 and was equilibrated with 100 MM Tris, pH 8.2; 1 nL of a BSA
sol uti on wesbsmded into a first glass cartridge; and 2. BCHUSAOGHHM Tri s,
pH 8.2 was | oaded into a second glass cartridge. The BSA sol uti on was

pr epar ed by di ssol vi ng bovine serum al bum n (BSA available from Si gna
Chem cal Bhsed loﬂ‘f?@ staM@rd' tﬁe 1006 cbilksted RHNS shglelpRAY run3AdARPHRAX|-TBL €
concentratl on of 5 ny first and second cartrl ges were inserted
into one phsaturbwcneehdlsrylualhg@pmmmﬁglg SEC t hioreck separdtivgea amul- fractront{the

T/ Usos) Pt 0 R Rt Pt AT SA A & AHBE GerEr G Pleolied prai TtroRh.  The

third andywiublibciefrtridges were enpty when inserted into the housing. In
t he single-pass run, the BSA solution was introduced into the bead-packed
col ubm from t hEhe fous fracsions (the gimglsypassaTqsein drarepn ¥1d peptde fraetipsy arrcb&hlg as

previ ousl descri l.ut d to
Feact i (RO FHESS BibER fras B Bilepulb Rl Welt SR h Rt ichul QUTE,
m nut es tél@ctﬁ@'théﬁls(ﬁﬁﬂlbtam&tlﬁgtH@@)rﬁﬁk bipé. erstaMemaﬁhddpp@@édmu on was washed

with the buffer solution fromthe second cartridge. . The wash was per f or med
as previ olpProxigatedy vhkha, cprgsponging thlO?TE’éOt?‘Plyf?él A.dar BeRrOEW fTAtighs was

col I ected ﬂd%ﬁs%sgfg'fﬁacﬁﬁéﬁt@eq&%uﬂﬂ& ﬁd)lﬁ:lr}lﬁﬁ% EH :Slhrerﬂﬁsgro{eﬂ e(i ﬁ AB@é

sol uti on was passe fort 31 tines
at aor at ehmfte(ammheprom'hén‘ayti@m 5 i/ m n The colum was maint a| ned at a
t enper at ure of

gurl t he_31 s, Afte thefj all of the
trypsini zed B ang #3519 lﬂ%%r Psiq té‘? nizﬁ“‘f"he iRF PH 1&%11933?53 BeCtrometrY
Appr oxi oGy 3 RO Plval EOHRRLH £O8, 38R 419148 BRGHy VBhs QRlslepeligdciap ofach run.

15 Analysis of the extent of proteolysis was acconplished using Size
excl usi oneaCbIchf drmspbguoaptqﬂe(t@ti@)e th@aetenbofttn@smankteolﬁ/sm of thedawshopéesi n t he

sanpl e, acti onati on, of rotein unr tio usi SEC
ver e acco plgyRgrespalyfred %‘g%?@ '?EH SP? %dﬁ (%yeﬁ‘é%fr Cthn Pogl[o ?ibg d
appnexi mege ofﬂﬁtr&%mmnt(‘alpﬁmymzi 18Ry dikhahti€ aGitl RMhRtdasiSe water,andwithe 20
mul ti-pass run, above, but have a chronophore present, a solution of

dye- | abel E% tpporpacetic geid) andoanalyzing g sa@@er@é@r@matto Hie|myrfaciEeBSA from t he
original sanmple solution (5 ng)

The analysis showed that more complete proteolysis of the BSA occurred in the
multi-pass run than in the single-pass run. The BSA molecular ion peak (~67 kDa)
20 obtained from the single-pass experiment was approximately twice the intensity as the
molecular ion peak obtained from the multi-pass experiment, indicating that more BSA

was proteolyzed in the latter experiment.

Example 7 - Affinity Immobilization of Two Components from One Sample

25 This example demonstrates the simultaneous removal of two human proteins,
albumin and IgG, from human serum using a single column containing a mixture of
immobilized affinity reagents. The system was constructed as described in Example 2,
with the following exceptions: the glass column was packed with a mixture of 600 pL
Mimetic Blue SA P6XL beads and 400 uL. Mabsorbent A2P beads (both available from

30 ProMetic BioSciences Ltd., Isle of Man, British Isles) and was equilibrated with 50mM
sodium phosphate buffer, pH 6.0 containing 0.9% NaCl; 1.0 mL of a human serum sample
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was collected in the collected solutions (3.5 nL) of each run. Thus, 5 ng
of dye-Ilabeled BSA (al bum n, bovine-sul forhodam ne 101 acid chloride,

Si gma, Stwoloswsass MO was dissolved in 3.5 nL 100mM Tri s pCpRIS83/@160The
resulting dye-| abel ed BSA standard 25 sol ution approxi mated the SEC
characteristics of the solutions collected in the single-pass run and the

lti- T LNe-d abel [ !
Sephadex LeySReq it { RLAMAGRRE FEE RIS Hly O JORA R bE Fpbihpe
Uppsal a, Wbviédepd] 6.0Averelldaddé into adecondpad dirdocartoiepevesspedtively: hodam ne- | abel ed

BSA and unreacted dye was observed on t 30 col um ile eluting with
100nM Tris, pH .@mwf‘}f@éﬁf‘ﬂ]@ "t?ér?&epéa%tetﬁﬁ WQHIHP&‘BaalwW&Ofﬁ‘HB@Pé BSA_ and
was col | eqhgathiFledic GREINy, Brdtklin BIAY iPR nfirofdde taWY 820 iind¥eat Ui red a
collection volume of 20 nL.”"-29 WD 03/ 083444 PCT/ US03/ 04160 Based on this

st anflar d, rpmhia astablatopexstrifegd @EWBNS diegntifincWestrighestepdds). r208 1dnef thhe nul ti pass

run were individually., separat Si C. ,For each s ratj.o a7 n
fraction S("tpﬁ%‘a{aﬁbw?i#‘b‘{‘%‘gwgéﬁgd‘b‘ﬁo‘}fglgﬂirs&é{“i“bﬁ‘}"saﬁ%fe ggéﬁr Htl 6?(? action (the
prot eol yzashddgag 098, Naat i &adr toWeie tHeHuhRatsefhm Sandfe tfa@Was 102864 intghe(t he

si ngl e-pass protein fraction and peptide fraction, and the nulti-pass

protei n fhutedradgand peptide fraction) were subjected to one-di mensi onal

gel electrop esi n i.he ] . i i and
appeared at _appionhafis e  PERe b HRHRTIn, Bhe St BT ISR B8R o
t he 10r ot eThe third@hd afsurttacgiridgs wahs@sdrteti aiitotanethpedial derrélrsgaihgeisisingonf i r m ng
t hat any non-proteolyzed BSA was 10 limted to the protein fraction.

Mat ri x As¥tasheddothethersnd i the glassicoMmmt Thgnfourtlricagtridge was ¢mrty nvsa

Spectrorreitngéﬁe&%,\pgltgﬁg[g: 5) was conducted (Voyager,. Applied Biosystens,
Foster Gity, on eaclt of the solutions to determ ne the extent of

trypsi n prot edPosstive ppésstirevdsapplishtopheplungsang betheiesteaaridge fedeton a gol d
matri x by spotting 2 gL of each fraction, folJowed by 1 15 gL of matfrix
ol ut on piPsine e s ns BTy ei ALHHE Hes Gol g gniichs BE agpar wih. 1
Wi ths 1% g infiktdRs OB%8Ed Conihid) nReh ﬁtﬂﬁ&ﬁiﬁié@l@affiﬂi@% §§éri:f£a§|ti%r AGGRNPAIE0 the

manufacturer's instructions. The anal ysis showe 1at nore conpl ete
pr ot eol ysThke pfingen eod39A thcseaendeand; third hartridagh wierepimynobilired, hainthé plunper rod

single- Pa33nd H)Ql'rth-gggriggSeAwgsD rllo?(i:rlrjllrn% ihizgg'. ’Pﬁl?sl,(ligﬁig%ohe[%%d in the fourth cartridge
as the plunger of the first cartridge was advanced. When the plunger rod of the first
cartridge was fully advanced, all of the starting human serum had been introduced into the
20 column.

Next, the plunger rods of the first and third cartridges were immobilized and the
plunger rod of the second cartridge was released from immobilization. Positive pressure
was applied to the plunger rod of the second cartridge so that the buffer solution loaded
into the second cartridge was introduced into the column, thereby washing the treated

25 serum from the column. Because the plunger rod in the fourth cartridge was not
immobilized, treated serum washed from the column was directed towards and collected in
the fourth cartridge.

Next, the plunger rods of the second and third cartridge were immobilized and the
plunger rod of the first cartridge was released from immobilization. Positive pressure was

30 alternately applied to the plunger rods of the fourth cartridge and first cartridge so that the
treated serum was passed back and forth through the bead-packed column eight more

times. Whenever positive pressure was being applied to the plunger rod of one of the first
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20 obtained fromthe single-pass experinent was approximately tw ce the
intensity as the nolecular ion peak obtained fromthe nulti-pass

experi merwQ odfsti4gat i ng that nore BSA was proteol yzed in trlg/usat/o€so
experinment. Exanple 7 - Affinity Immbilization of Two Conponents from One
Sampl e 25 This exanpl e denonstrates the sinultaneous renoval of two human

pr ot eins, ) i dgad “?& AHRqUS I+ 1 : J,j;m

cont ai ni n%r %L%H% u#(gg@(’)%hleq)lﬁnr%{)fblg}dz?e a??ﬁli tygfteg%e tsg&g%gl{ggst em was
const r uct @tbvas tdbs dispbeed putwaxhwih esspect taovherratthidgd, dhdrelwi ailbpweng thetticated: t he
gl ass col um was gacéﬁgﬁ\gfg@t@g a mxture of. 600 L Mnetic Blue SA P6XL beads

and 400 LSSUHBLY a4 Hsthe patsHe£28r g e from 30 ProMetic BioSciences
Ltd., Isle of NBBra Bidllof fihelpatss Inréiith thesolafid bR b tRdraMetiRe B HRdi UM
phosphate buffer, pH 6.0 containing 0.9% Nad,; 1.0 nL of a human serum
sanpbe - Gdlevied dByhegaudbicaeinge)SB¢ plunger roduef the fidyd @nd faustheaftiidges werass
cartridge; 2.5.m, a 1.5 M. o 0 nmv { hm.phasphate buffe H6.0
were | oaqmyroRliEAalng plindlrsds & e Rt HRIRABEERR Fore PlGAEA frofin ser um
sanpl e wagnsERadtRAE. b‘x)si@ieaFfekéuﬂ@bvagaﬁplﬁd - tHef p i HER FodSefTthéTthirdIcaRAlEe so

Predi ctive Oncol ogy, Franklin, MA) in a nmicrofuge tube for 10 minutes at

6, 000 5 thanthe Rubier spltiondpaded an Fhe?‘t@gécwmes&%é i intreducpd dpto theeeplwpn, pA) |
200 L of : ' ' ' hat
burtor . pEEOR WAL LR ertin i ftnith b Bl Dt MaOM WG OoPRA €

samDe t h&tumasd hastdbafférntae toldectediin stie seaorid ¢atgelge. The first and second
cartridges werg inserted intg one dual barrel syringe housing. 10 The
third and a folff4sh? A3 e SR YHeeIPORC Fhite TaE Fetidge and s Peindsyr i nge
housi ng  at#Agbeehd Codiblfis Of ELeBRA cAtrid2enal RS RufBc AR d ge e BRI 4
cartridge was“enpty when 1inserted into the housing. PoSitive pressure was
appl i ed tandtthe rgshlgag eplumedofdhe ¢dmebihéd weatehseruincgs 4.3 mér eby i ntroduci ng t he

starting human minto th | as I and contactin he serumw th
15 the i xt ur A aC BRI oty AP RIRgRATIeH: Tt RerBEaeart Pribdbe SGEHES T or

al bysi N afndroderunt REmPle WA Bie QB sefunt, 1B SREBINED adtikerdtDbf Ml BAFd dndde@sh Wer e

i mobi | i zed, but the plunger rod in the fourth cartridge was not

i nobi | i zeAdtridgessThel stajting hewpn erpmgamplerogataingdrt hl waof patedgeoteiss khge pl unger
of the fi ri . , I r .the first
cartri dge&%esdcﬁ%ar? ;99%%1\%?2 ggﬁ%{g{;‘f@%% P@‘gﬂs trggﬁefoﬁg@%‘énr%g@g?hﬁ; Wgsd been

i nt r oduc edtainéddn theecolumn.

The protein retained in the column was eluted by liquid chromatography (UPC-
20 900, Amersham Pharmacia Biotech, Uppsala, Sweden) using 0.1 M CAPS (3-
cyclohexylamino-1-propane sulfonic acid) buffer, pH 11.5. The resulting eluent contained
6.23 mg of total protein according to a BCA protein assay.
Samples of the starting human serum, treated serum and the column eluent were
analyzed by one dimensional gel electrophoresis using a 4-15% Tris-HCI Ready Gel
25 (available from BioRad, Hercules, CA) in a running buffer of Tris buffer containing
glycine and sodium dodecyl sulfate. The gel was also loaded with an HSA standard
(Sigma Chemical Co., St. Louis, MO ) and protein standards (Broadband Standards
available from BioRad, Hercules, CA). Each sample was denatured by mixing 20 uL of
sample with 40 pL cracking buffer (50 pL 2-mercaptoethanol and 950 ulL Laemmli sample
30 buffer (BioRad). 40 uL of each denatured sample was loaded into the well of a separate
lane of the Ready Gel. The gel was run at 120 V for approximately 1 hour.
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20 columm. Next, the plunger rods of the first and third cartridges were

i mobi lized and the plunger rod of the second cartridge was rel eased from
i robi | i 2s0ioens34Rpsi tive pressure was applied to the plurgerusnoaiief the
second cartridge so that the buffer solution | caded into the second
cartridge was introduced into the columm, thereby washing the treated 25
serum fromthe CAASEai I : ‘. th: i dge was
not i mmobili zgg%)}etgggg% gﬁ ser ur#lév-\hgfsoll?légﬂa?{fl?)srlr%ti ?ﬁgsggeltgﬁunlﬁ%g% (?gcﬁ?a?? éll(lj(gt owar ds
and col | ed¢stadnddnin dejoeizEd watdr ovamight.dbe mietxinfensdlp spined geoteins disthe fstaprtieg

second and third cartrid were immpbilized and the | unger .rod.qgf the
iret car SFPHEyE SupEle 30 S1F ST FRBLY FF £RET R YBgs e MRCHHESEATES was 30
al t er nat efgy PMQ'I%@dleﬁ@-éﬂlﬁh,Qh& NS NighCetildf The18nd QHitdiRingand EJIGER ey i 1 St
cartridge so that the treated serum was passed back and forth through the

bead5 packalse ewitained addifianahproteing. | eseveprbamensity o5 theistaen fardkssaddétionas bei ng

applied tg th | unger, . .r of. ane of the.f.ir - 3083444

e usos) BB Wi tRatine TRty drafbbbat e Ry IEP RS 189 1 age
("the pasBghtehgial Nd RGeehvMaRain dk [EEdht chabewal ddidaatid théllanaeehtwinidy r espect
to the cartridge, thereby allowing the treated serumto tenporarily

col | ect i ticatefesepimsy setatiyvalytlighgrdptensily ibapd of H§ AW asgletgstede passes through the
col um nost of n ! . .

cartri dge. - Thor ComabR Rl B DR parth L AERE thd Pubic Ll

i MBI | | zkdteiante inherpplatmigsy refevelreadh thefrensetpadif aach whideriddieaiutlly dges wer e
rel eased from | bilizatiopn. Positive pressure was applied to the plunger
rod of th@cwwm?m?me&géog ct, LRt RES TGOS GRalvdiB Opaibiens. Pk he t hi r d
cartridgecMgglt hen introduced into the colum, thereby washing the
remaining treated serumfromthe colum. The remaining treated 10 serum and
wash buffer weVerigolnhatfiedionsanhatgaonsd tay nvérdips, willthesoma hppapént tde

treated sgrum .callected in the fourth cartridge and the secon

cartr dgemoiSif e &P hfossdebiiBon §orte fRinsand Sirf RENO B ERREAM 11 dge
wer @5CcombiHdar beiidetshRdtRs whik Alendon 4Rt RiteddBe B BAdIBH]ifnite@be theSEr UM was
4.5 nL. A BCA protein assay (Pierce, Rockford, ILQ was perfornmed on both
t he st ar tillygiratvs embadiments and examples setrferth herety angtthe syelt exampleseandonbi ned
contents ] i f.Qur i . ; . serum
sanpl e con %.(I;J]I’llrgl tgfn%cll)rg%gtgfl %3' OVH}'I O%?é{hélleg&?ﬁwgmﬁfer%ggééf @g#%gggnnt ai ned
1.26 ng ointdndédito herlahieddonly be lef ddimsGeforththein @y follews. was
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retained in the colum. The protein retained in the colum was el uted by
| i qui d chromat ography (UPC- 20 900, Anersham Pharmaci a Bi otech, Uppsal a,
Sweden) usDrg/ofa4d4 M CAPS (3- cycl ohexyl am no- 1- propane sulpConises/edsd)
buffer, pH 11.5. The resulting eluent contained 6.23 ng of total protein
according to a BCA protein assay. Sanples of the starting human serum
treated serumand the columm eluent were analyzed by one di nensional gel
el ect r ophWhasislagiedds:a 4- 15% Tri s- HCl Ready Gel 25 (avail abl e from Bi oRad,
Her cul es, ; CA) | ' i fif Tr fer containing glycine and
sodi um do}iecyl Nsbﬁ?lf“é?%ma?ﬁréggé‘ﬂg{/‘\lasgkg}esééﬁﬂggglgd wi th an HSA standard
(Si gma Chem cai fifsochanf¥er hhvidp 9, vaivihle &6Kinfet ot ei n st andar ds ( Br oadband
St andards avail abl e from Bi gRad, Hercul es, CA). Each sanpl e was denatured
by mi xi ng 20 L2#condghamber {ayipg ayariakle ¥elMsy buffer (50 L 2- ner capt oet hanol
and 950 L Lae”ﬁhﬁrd%ﬂ%}yﬁ%@i@ﬁ%ﬁfabfe&o ). 40 L of each denatured sanple
0 S

was [oaded into the we epar at e dne of the Ready Gel. The gel was
run at 120 V farintp@anmazdtrathpriging one or mord@asViRe 33y <) 8 3chiphsBgevbipengdgdd 60 The
resul ting ﬁﬁl was stained for hl;?ﬁu'r usi ng Bi 0Saf e Cgurrassi e (Bi oRad% and
dest ai ned" _OH"eP‘b’HP?é‘@ PIErSOS h glsrco Prydges; fd fermpnicp ‘i"hB"dW_B bt ei ns
in the st@EidQhatibFafcsfd tHEnRRIRAPIRAAEhhMABeSRhIMM el uent were consi st ent

with the nolecular weights for HSA, 1gG heavy-chain, and 1gG |ight-chain.
The | ane cont ai weatipgtshlestansk umaludsidue at leBst ahs of tedirstichemberitlietseconal  pr ot ei ns.

Ho er, the.intensity of the staip for the additional roteins was mnuch
| o920t harcPPer AFCREF €hompers Pttt P eSras! & tReaulEhai n and | gG

l'i ght-chai n. Nehdreie theasiceeR @bhfiQired §63hhi ©bterfditoNthéauiPipliethrouzht he | ane
containing treated serum a relatively light-intensity band of A was
det ect ed. thfdeviepinsontrelled byc¢hssging sheovariahle viodimaest of twp o &jpre elperheent s and
publications cited 10 herein are incorporated by reference in their
entirety as if each were individually incorporated. In case of conflict,

t he present spEid devixetdfetaimi Inehdrdinnbe deftingistiboare complikes cilpdry 01 . Vari ous
nodifications and alterations to this invention will becone apparent to

t hode skiMFBEraNG & e Shctusignimesivmgs ferivatiae! sligrpPREt QdBREA 7R APRIEY t  of
this invepbiQn.orhlhysdp shoul d be understood that this invention is not
intended to be unduly limted by the illustrative enbodi nents and exanpl es
set forth herein and that such exanpl es and

3. The device of claim 1 further comprising a second treating substance provided in

the first chamber, the second chamber, the third chamber or at least a portion of the

20 interconnect.
4, The device of claim 1 wherein the interconnect comprises two or more
passageways.

25 5. . The device of claim 4 wherein the interconnect further comprises two or more

treating substances so that a first treating substance is provided in a first passageway that

is different than a second treating substance provided in a second passageway.

6. The device of claim 1 wherein at least one chamber comprises a syringe or a

30 bladder.
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enbodi nents are presented by way of exanple only with the scope of the
invention intended to be limted only by the clains set forth herein as
foll ows. wB33M€4@8/ 083444 PCT/ US03/ 04160 What is C ai medPc3iust3/nAetevi ce
for treating a liquid sanple conprising: a first chanber having a variable
vol une; a second chanber having a variable volume; 5 a third chanber
having a yari apheddpldiiRiaiAn fufthef SHPIRAe AUE bRt REaBNLoRhectBN B at least
passageways, each passageway engaged Wltgh one or nore chanbers so that the
i nt er connenstchamber the segulasing theoyahume ofing loast bae okserbert he first chanber,
second chanber and third chanber; and a treating substance included in at

| east one of the first chanber, the second 10 chanber, the third chanber,
or at | eagt oWh@@@s@gﬁw@d{m@fcd[misﬁﬂgt;erconnect; wherein the device is
configured so that novenent of the |li1quid sanple through the device is
cont?ol | ed by &Ffeshaetagior mne%tﬁdmhefwlctmﬁberggr rogBlagng rgmr\@rlelpiawﬁbm of2. The
devi ce ofthglfﬁgtrgh&mmerei n the treating substance conprises a filter, a 15
menbrane, a sl ze excfusion nmedium a derivatized solid support, a reactant,
an affinity resgend actadtobcdaédted to tBe sddoad deathiset forf reghlaiing thefvaribbler
conprising a second treating substance provided in the first chanber, the
second ch‘éﬂ%‘@?,"ffh‘?ée?q{idrcéa@ggnm or at least a portion of the 20

i nterconnect. 44 [ . ' e ri ses
tuo o mor e patilEuaRH cefcelodt Mcthiy kKL Tof Eu AhEIHELANTAL vGRAR

i nt &0 connefahe flurd dbambeonpri ses two or nore treating substances so that a
first treating substance is provided in a first passageway that 1is
different than a second treating substance provided in a second passageway.
6. The deyice Phe §dvadeBrliahier Ghdteidlonk @8hio REUTRATRE VartdIPVdISRSs 6F fYI 1 nge
or a 30 bladder. -34 WO 03/083444 PCT/US03/04160 7. The device of claiml
further cloagptweichanbars.| east one actuator connected to at |east

15 10. The device of claim 1 wherein at least one chamber is reversibly removable from
the device.
11. The device of claim | further comprising at least one detection element for

detecting at least a portion of the liquid sample.

20
12.  The device of claim 11 wherein the detection element comprises a pH detector, a
spectrophotometric detector, a fluorescence detector, a conductivity detector or a

refractive index detector.
25 13. The device of claim 1 further comprising at least one temperature-regulating
element for regulating the temperature of at least a portion of the interconnect or at least a

portion of at least one chamber.

14.  The device of claim 1 further comprising at least one controllable element

30 connected to at least one controller element.
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one chanber for regulating the volune of at |east one chanber. 8. The
device of claim7 conprising: 5 a first actuator connected to the first
chanber fwo osegpdhati ng the variable volunme of the first ebadses4160 second
actuator connected to the second chanber for regulating the variable
vol ume of the second chanber, and a third actuator connected to the third
chamber fpg T egyl @it hEmVan fRLiR HObHRRIadR efefmehh@mﬁ@geg aff Q&[m%f for9- The
device of claim7 mﬁereln one actuator regulates the vari able volunmes of at
| east t woreghlatibgthe.vafisblé @oluitieeofdieldasteonefchainbénra detetteometlementt, dremst one
chanber is reversibly r vable from the device. 11. The device of claim1l
further c%ﬁﬁ?V@Fﬁée mV@E@?“%%e detection el ement for detecting at |east a
portion of the liquid sanple 20 12. The device of claim 11 wherein the
detection el enent conprises a pH detector, a spectrophotonetric detector,
a fl dor estlenceTledavices clasmddrvhesein yha @n@dlémlgﬂemwmpﬂﬁ@f%H@giamﬂmﬂex
detector. 25 1 The device of claim1l further conprising at | east one
MICTOPIocessQr,
tenperature-regulating elenment for regulating the tenperature of at | east
a portion of the interconnect or at least a portion of at |east one
chanber. 14. The device of claim 1l further conprising at |east one

control | abl-e elksdsyice dglamrinfasherromprising & desst Jradddionplhpmbehaings . - 35
VO 03/ 083%#4ib13%&1§%§{ap%:}r@ﬁuldjt%mr;mrﬁcgﬁ)w\91 Afet 98%% o\f*’ﬂf‘erl fefeohfét
control | abl'e el enent conprises an actuator or ating t e variable
vol woe of at Ieast one chanber, a detection elenent, or a

tenperatule re ting 5 16. The device of claim 14 mhefeln t he

control | et®el e e"&?r?ﬁtcl slr}afuﬁ?%fgﬁogmﬁ’ﬁ’&lgém apfuatoy forgeadating the yolumeofyeyi ce

of clalwu%egpkgg%heg@mpémﬁhﬂgngg | east one additional chanmber having a
vari able volunme that is in fluid communication with at |east a portion of

t he |nterconnect.

19. The device of claim 17 wherein the actuator regulates the volumes of two or more
15 chambers.
20.  The device of claim 1 wherein at least one interconnect comprises a U-shaped
tube.
20 21. A method of treating a liquid sample comprising:
a) providing an device that comprises:
1) a first chamber having a variable volume,
i) a second chamber having a variable volume,

111) a third chamber having a variable volume, and
25 iv) an interconnect comprising one or more passageways, each
passageway engaged with one or more chambers so that the interconnect provides
fluid communication between the first chamber, the second chamber and the third
chamber, and
V) a treating substance included in at least one of the first chamber, the

30 second chamber, the third chamber or a portion of the interconnect,
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10 18. The device of claim 17 further conprising an actuator for regul ating
the volune of the at |east one additional chanber. 19. The device of claim
17 wher eiwotobeszaes uat or regul ates the vol unes of two or mece/usiBo«abmnbers.
20. The device of claiml wherein at |east one interconnect conprises a
U-shaped tube. 20 21. A nethod of treating a liquid sanple conprising: a)

rovi di ng an device Vil i abl e
P g Chan@ Hpﬁbéﬁ%onﬁgurédéé Em%b?rgpn@ lof R ﬁ%ﬁgda s |§d

volume, ii) a second aving a var|a e VO 11

chanber havi ngthaoughrthabédcevislcomteolledrby chBnging thervariable vohmmnsof tweoopmoss ng one
or nore passagewa s _each passageway engaged with one or nore chanbers so
that the inter t% provides fluid conmunication between the first

chanmber, the sgc Ondpx%bﬁﬂb%ei ligind s&rhﬁletlﬁ"tlfechrslcd?ﬁm%f an@nd V) a treating

substance included Tn at 1east one of the first chamber, the 30 second
chanber, the t®ird ddvagrsing the velupoof therfirst chamber andeincoasieg the voBBNAALD at

03/083444 [ USQ3 erein.the device is.con ured so.that nopvement
oF tho 11 e ane Ser Shames HEDT kiR ST e A ey S L S S o Fest

vari abl e p(&helﬁfﬁﬁth@ftrehﬂ\ﬁ%ﬁfbsﬁﬁé@so BRaR® SinSple ) at PERVHHiANY RedtddBy Hesampl e in
the first chanber decreasing the volune of the first chanber and

i ncreasi ngeAting sylstanee. tbﬁfehlf alsp digsetingrfé legstcpori o abdie samplertegrddlmatact i ng at

| east a p i f nple with at least a portion of the treating
substanceg%% ﬁﬁaﬁm{%e g%%ple is at least partially treated by the treating

subg9ance, thereby al so dlrectlng at Ieast a portion of the sanple toward
the at | east one other chamber The nmethod of claim21 wherein the
treati ng Zubst Bhcmetbigrof plaia 23 “fher%léhe tecating fsEAREE COMRKISEs a AMeY. @si on

medi um  a,depipeld dadexlsich MERRAT & derivig8F LA supPbirt, ¥R or a buffer.

23. The method of claim 18 wherein the device further comprises a second treating
15 substance provided in the first chamber, the second chamber, the third chamber or at least

a portion of the interconnect.

24.  The method of claim 18 wherein the interconnect comprises two or more
passageways.

20
25. The method of claim 24 wherein the interconnect further comprises two or more
treating substances so that a first treating substance is provided in a first passageway that

is different than a second treating substance provided in a second passageway.

25 26. The method of claim 21 wherein the device further comprises a detection element
included in at least one of the second chamber, the third chamber or a portion of the
interconnect, the detection element designed to detect at least a portion of the sample, and
further wherein the method further comprises the step of detecting at least a portion of the
sample.

30
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23. The nethod of claim 18 wherein the device further conprises a second
treating 15 substance provided in the first chanber, the second chanber,

t he thirdwolvanksn4 or at | east a portion of the interconnect/usaso4idhe

met hod of claim 18 wherein the interconnect conprises two or nore
passageways. 20 25. The nmethod of claim24 wherein the interconnect further
conpri sesy1no Phe fRIifd of CAfth BGIRHIS IRNEER SR clofitht Sorhirlssd o pHARIICA, o
substance 1s provi in a first passageway that 1Is nt than a
second trmtﬁrm@omm@rladctecqor @\ﬂt@wmmeaie@etmmquds@ag@mwctozw 26. The

met hod of al. m wherein the device further conprises a detection el enent
i ncl uded ?ﬁagpﬁﬁi§ﬁd% i of the second chanmber, the third chanber or a
portion of the interconnect, the detection el enent designed to detect at

| east a portion of the sanple and further wherein the method further

conp?i ses28.he Ehe@eﬁiod@éplemﬁrhgvlmelm éwtepapfpimeasmgﬁtewhene efdhpliest 30 -37
VO 031 0834 RETL PR 84100 e ALisinll1he UBIR Ghe Sl upygherel n the

det ect i on” & €en conpr zﬁ et & spec otonetrlc det ect or

a fluorescence detector, a conduct|V|ty detector or a refractive i ndex
detector. 5 28. The nethod of claim 21 wherein the step of decreasing the
vol une of2%he The method efplgan M\fh@ff‘é?aéféﬁﬂséPge@nd%éhee%gxp%rglseﬁéct%mw of the
second ch Q{mnagmﬂEPG met hod of claim 21 wherein a treated portion of the
sanple is directed Into a collection chanmber. 10 30. The nethod of claim
29 flart her conprising removing at least a portion of the treated portion

of the sanple h ev| c 31. The nethod of clai m30 wherein renoving
the sanpl ~con{!35 @1ﬁ@ﬂﬁwﬁg%@wriememlpw%vr\n%ﬂjﬁ%? PPRBRMA HE devi ce.
32. The ngthQfpdfios bRinBsZhpMIRIneiR deickeasi ng the volunme of at |east one
ot her chanber” conprises increasing the volume of the second chanber,

thereby directing at |east a portion of the sanple toward the second
chanber .

31. The method of claim 30 wherein removing the sample comprises removing the
15 collection chamber from the device.
32. The method of claim 21 wherein increasing the volume of at least one other

chamber comprises increasing the volume of the second chamber, thereby directing at
least a portion of the sample toward the second chamber.

20
33.  The method of claim 32 wherein at least a portion of the sample directed toward

the second chamber comprises sample that has been treated by the treating substance.

34. The method of claim 33 further comprising the step of:

25 decreasing the volume of the second chamber and increasing the volume of the
first chamber, thereby directing at least a portion of the treated sample away from the
second chamber and toward the first chamber so that at least a portion of the treated
sample contacts at least a portion of the treating substance a second time so that at least a
portion of the sample is treated twice by the treating substance, and thereby also

30 completing a treatment cycle.

35.  The method of claim 34 comprising a plurality of treatment cycles.
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20 33. The method of claim 32 wherein at |east a portion of the sanple
directed toward the second chanber conprises sanple that has been treated
by the trwato3ngsssubst ance. 34. The nethod of claim 33 fuPChASI&eNPri Si ng
the step of: 25 decreasing the volunme of the second chanber and i ncreasing
the volune of the first chanber, thereby directing at |east a portion of
the treated sanple away fromthe second chanber and toward the first
chanber so that at |least a portion of the treated sanple contacts at |east
a portion3ef tTHhe mﬁélatiiotiglaimlaétfamhﬁe campssiog thet stereofgemphimg ahteabtegmirtien

portion of.th e | ated twi ce by the treating substance, and
t her eby a?fstbegﬁateg%ﬁj@? {f%5¢ment cycle. 35. The method of claim 34

conprising a plurality of treat ment cycles. -38 WO 03/083444
PCT/ US03/ 04160 36. The nethod of claim 34 further conprising the step of
remoVi ng &t | edbe mathedof righm 36fwherrin thesstapeef remaping af leashativationenfithe. 5 37.

The net ho rein the step of renoving at | east a portion of
t he trea&%agédsgar@hgl%g r\ﬁéfr‘llgses a) directing at |east a portion of the

treated sanpl eat o adigdetihgat le@dt agoaitiesf;the atdedani@erava fglektién enRet | on
chanber fromthe device. 10 38. The nethod of claim 34 wherein the device
further céﬂ?pri ses at |least one controllable elenent connected to at | east

one controller )el e”f?:ﬂ{ovh%%ez&?efg&? PRg: £ hﬂ'h@‘d@%hé{"“ere' n the controll able
t

el enment conpri ses nism regu atl ng e variabl e volune of at
| ead® one chanber a detection el errent or a tenperature-regulating

el enent . e ne d . of . cl ejn_the controller el enent
conpr i sesd g B‘?‘é‘ﬁﬂt}?ﬁgloé‘ﬂa‘rﬁ‘égé‘g’}e &&V’CQ@%r CHRBIRSAH S PC el ai m 40

wher ein aéon'u%ﬂﬁﬁle@le%hi ESMe@td 18 16RE &@cdn%oﬂéﬂé?&ﬁérﬁd and controlled by
t he progranmabl e m croprocessor. 42. The nethod of claim 32 wherein the

third chanber contains a liquid, and the

39.  The method of claim 38 wherein the controllable element comprises a mechanism
15 for regulating the variable volume of at least one chamber, a detection element, or a

temperature-regulating element.

40. The method of claim 38 wherein the controller element comprises a programmable
MmiCroprocessor.

20
41.  The method of claim 40 wherein at least a portion of the method is automated and

controlled by the programmable microprocessor.

42.  The method of claim 32 wherein the third chamber contains a liquid, and the
25 method further comprises the step of:
decreasing the volume of the third chamber and increasing the volume of the first
chamber, thereby directing at least a portion of the liquid from the third chamber toward

the first chamber.

30 43, The method of claim 42 wherein:

the treating substance comprises a filter or a membrane;
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25 nmethod further conprises the step of: decreasing the volune of the third
chanber and increasing the volune of the first chanber, thereby directing
at | east wopoengisen of the liquid fromthe third chanber teeauos/ehen first
chanber. 30 43. The method of claim42 wherein: the treating substance
conprises a filter or a nenbrane; -39 WO 03/083444 PCT/US03/04160 the
sanpl e conpri Sgg sAhplefAfprRBeatI&LA er@tafxﬁ@%é%'fﬁnthﬁﬂs r%i%jr{eﬁtbg'tﬁheﬁlté}y rt he
filter or nenbrane; and the step of decreasing the volune of the third
chanber amdmbrimegmsl ng the volume of the first chanber rel eases at |east a

ortion of the,at |east one retained reactant into the 5 lLiquid fromthe
!to hird chanber . Pg3tep CWS?%&SW Ogjin?;ﬁ %‘?ﬁ%ﬁ\kﬁeﬂhé e 4pd ingregsingtie ¥plumeat 5i negd
reactant psthé Bk apffibdritiRasch Belchdt d\poftion’dTMhd R8edshbicretaResctRY into the

di ssol ution, suspension or emnulsification. 10 45. The nethod of claim 42
furtBer cbapd fromigethied ehaspbent renoving at | east a portion of the treated
sanple fromthe device. 46. The nethod of claim45 wherein the step of
renoving at |least a portion of the treated sanple conprises: 15 a)

directingdat | ERSinethoff tiadh 49fwHeken tHe@@leash chaifplamell feartadblslreledse@mighanber ;
and b) renoving the collection chanber fromthe device. 47. The nethod of

cl ai m 42 RediAsidfram shefbird chambgribyedisselyfipn siierengion|os gBRlsifigationg control | abl e
el ement connected to at |east one controller elenent. 48. The nethod of
claim47 wherein the controllable el enment conprises a nechanism for
regubat i ngS.t heThanethbl ef vhaim#e fatheatompashg aratahairbmbying adihe atpostion
elenment, or. a tepperature-requlating elenent. 25 49. The nethod of claim
47 mhereiﬁ{WﬁEeﬁﬁﬂgmﬁPngnéﬂ@ Wf€-conpri ses a programrabl e nicroprocessor
50. The nethod of claim49 wherein at |east a portion of the nethod is

automated and 30 controlled by the programuabl e m croprocessor.
46.  The method of claim 45 wherein the step of removing at least a portion of the

treated sample comprises:
15 a) directing at least a portion of the treated sample to a collection chamber;
and

b) removing the collection chamber from the device.

47.  The method of claim 42 wherein the device further comprises at least one

20 controllable element connected to at least one controller element.

48.  The method of claim 47 wherein the controllable element comprises a mechanism
for regulating the variable volume of at least one chamber, a detection element, or a

temperature-regulating element.

25
49.  The method of claim 47 wherein the controller element comprises a programmable
MiCroprocessor.
50.  The method of claim 49 wherein at least a portion of the method is automated and
30 controlled by the programmable microprocessor.

51.  The method of claim 32 further comprising the step of:
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51. The nethod of claim 32 further conprising the step of: -40 WD

03/ 083444 PCT/ US03/ 04160 decreasing the volunme of the second chanber and

i ncr easi ngotobesMel unme of the third chanber, thereby direccmgsatodienst a
portion of the at l|east partially treated sanple toward the third chamnber.
5 52. The nethod of claimb51 wherein the device further conprises a second

treating SUbSH@c@%l QHA YolGthe ()o?tlﬂetseE@rﬂpéha%@r £d 15&%as‘i§ mt?ﬁéo@qo t he

third chanber, ortlon he i nterconnect. ? cl ai m
52 wher ei thmdtnbambapttmfebdehneem;g atdedsha pontion wé thefat ﬂdaet wenalkydreaml sahgphber and
i ncreasin L %EhOf the third chanber causes the at |east partially
treated s Hﬁ? ﬂFé iKbchameher at | east partially treated by the second
treati ng substance. 54. The nethod of claimb51 further conprising the step
of renoving at least a portion of the treated sanple fromthe device. 15
55. ¥he nd2-hodThe methedef §l4um,i5éw@wnem te devisp ferther samprisey seseconskiseatiagpor t i on

of the treated sa ses diregti ortlon of the
Crentod afisfeats BeRegin SHR SR soPbA Gy o InFBRnaRRBObEL BREh L 0°
chanber f sk idiercemecce. 56 The nmet hod of claim51 wherein the device

further conprises at |east one controllable elenent connected to at | east

one controller element. 25 57. The nethod of claim56 wherein the

cont 10l | abl e el ERlAQFPIRSS helBE NAUDr deflealifOHAl I bihe YalchdD! ©

vol une of "at one etectron e
tenperatuﬂ&mﬂmguMhhmngﬁﬂgdnﬁmmmn58fﬂQMMnn3mhﬁﬂraﬁmahabntBﬁﬂmbﬂmﬁyn t he

controller el nent conmp. progr bl e m Cr Qpr oces WO
03/ 08344415689 VRS %%“ﬁggat Al ot a&ﬁd‘bﬂ ?ﬁ?@égﬂﬁ%‘ﬂ‘& Sr‘l‘%ét?n‘?eeast a

portion of the nethod IS autonated and controlled by the programuable
m croprocessor. 60. An apparatus for substantially sinmultaneously treating
a plurali$4. of Thé pathddvbpkaine$] further comprising the step of removing at least a portion

of the treated sample from the device.
15
55.  The method of claim 54 wherein the step of removing at least a portion of the
treated sample comprises:
a) directing at least a portion of the treated sample to a collection chamber;
and

20 b) removing the collection chamber from the device.

56.  The method of claim 51 wherein the device further comprises at least one

controllable element connected to at least one controller element.
25 57. The method of claim 56 wherein the controllable element comprises a mechanism
for regulating the variable volume of at least one chamber, a detection element, or a

temperature-regulating element.

58. The method of claim 56 wherein the controller element comprises a programmable

30 MiCroprocessor.
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5 the apparatus conprising: a plurality of units, each unit conprising: i)
a first chanber having a variable volune, ii) a second chanber having a
vari abl e woloangs444iii) a third chanber having a vari abl e walrause3/o460iv) an
i nt erconnect conprising one or nore passageways, each passageway engaged
Wi th one or nore chanbers so that the interconnect provides fluid

conmuni cakgon . i i ded in
ot loast She ot HEAPFEIERSEAcRein Al et e T ARt B e
or a port canrobitd biehe progmaommbdcjcrdfmoeass@ct uat or connected to two or nore

first chanbers for regulating the plurality of first chanber vol unes; an
actuator connected to two or nore second chanbers for regulating the

pluralityeoof ARGHPMatbsIREbsetlARInuRREo@Ty RS LPluGARNGAIRH dppIN0 Or
nore thi rgl charrbergg ?or regu?tati ng%t h% pl ?Jrgl}llitymgfaq{%o t"hi ric(iﬁch;nbﬁler

vol ufres. @it.appiretvappmpasiog of clai m 60 wherein at |east one interconnect
conprises a U-shﬁggq ub§. 2% 6%i A net hod for substantially

si nul t aneous| y2P lYﬂEmESpﬁﬁ A TSPE 1% qui d sanpl es, the net hod
conprising: a) provjdi nga &ifst eRAABRHUSing RAariaBleRbiuses: i) a plurality of

units, each unit conprising: A) a first chanmber having a variable vol une,
30 B) a second chanibr hasgcend ghapabdr igyiagagatakle volgmea t hird chanber havi ng

a vari abl e vol une, ﬁ\f;)nd -gfaﬁmhgﬁ{bgﬁéﬁ,ﬁﬁ fgr{aU O\%/Ilg)rﬁ‘}GO D) an interconnect
nore p a(;%‘l pa

conpri sing one or assageways, e ssageway engaged with one or
mor gochanbers so thad then inteit@mecrvoagirising@ne demord pasdageoragsirhcat i on
bet ween the chanbers, and 5 E? a treating substance included in at |east
one of the firB#sagsH3penrgaged with one or more chambers so that the interconnect provides
fluid communication between the chambers, and
V) a treating substance included in at least one of the first chamber, the
second chamber, the third chamber or a portion of the interconnect,
15 an actuator connected to two or more first chambers for regulating the plurality of
first chamber volumes;
an actuator connected to two or more second chambers for regulating the plurality

of second chamber volumes; and

an actuator connected to two or more third chambers for regulating the plurality of

20 third chamber volumes.
61.  The apparatus of claim 60 wherein at least one interconnect comprises a U-shaped
tube.

25 62. A method for substantially simultaneously treating a plurality of liquid samples,

the method comprising:
a) providing an apparatus that comprises:
1) a plurality of units, each unit comprising:
A) a first chamber having a variable volume,
30 B) asecond chamber having a variable volume,

C) athird chamber having a variable volume, and
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t he second chanber, the third chanber or a portion of the interconnect, ii)
an actuator connected to two or nore first chanbers for regulating the

pl ural it ywofo3fo8a4gs chanber volunmes , iii) an actuator conmeTtusd3/o4a6d WO Or
nore second chanbers for 10 regulating the plurality of second chanber
volunes , iv) an actuator connected to two or nore third chanbers for

regulating the pluralit -t hi ggﬁﬁﬁg- R viding a
plurality of liquid sanp]?)egfl 1%{%{)6;11;5? one ﬁ"lyggéﬁl d ggmn%{ﬁgss?%evg%ghéag? t he
plurality of first chanhessigewaylergaged wathrone ol inongchdneessciouthstahe f or

regulating the plurality of first ch ., volunes . and control]ing the
actuator for regul ati ng 'gterqoageqt P%Vég%gﬁ’é‘il CONmUGICAEQN BRWEHLIMG ShamBSFunes,

t hereby decreasing the vgljunes of the first chanbers substantially

si mul t aneously and increasing the volunes of at |east one other plurality
of chanbers subst anti alE)ya seating sabstonss! ipcludébingit {cast ane @di¢le finsi ¢chagiper,
controlled: 20 i) contactin t | east. ortion of .the.sanple wth at |east
a portion of the ttggéqcpﬂgcgﬁ%’atﬁ%gm%dgc r ?%%p%‘g%f’gﬁ'leg&ﬁlico?ré%?gt
partially treated by thetdcaatdrREnnsetdasb aW6 Sr ndiélfitst PhasheeCtor P%uaetﬁngeast a
portion of the sanple toward the at | east one other chanber, 25 wherein

decr easi rife phiealitp pUfiess clfmhengoluimest chanbers substantial Iy simul taneously
and increasing t_he Yol uneﬁlsacﬁjatoar'tcohfe%&td tg O%E H’I%F? 56'08&%}} epsf fophanber S

. i
substantially si mut't ane0u’s y causes substanti a Si nmul t'aneous treat nent

of the pligahtidg/theplsaiplogsecon®3hanitee vokinesd of claim 62 further conprising
renmovi ng at | east a )portion of the at 30 least partially treated sanple
from the appar at us.1V) - 43NS Er Genueesiedpetyoigh BrosuthEd chahbery her REMIARE of

2 2 RPN By oS 8 programmble
vol unmes of a @ur al proyidofg agilenaber of. liquidsamples, at least one liquid sample in each of
the plurality of first chambers; and

15 c) controlling the actuator for regulating the plurality of first chamber

volumes and controlling the actuator for regulating at least one other plurality of chamber
volumes, thereby decreasing the volumes of the first chambers substantially
simultaneously and increasing the volumes of at least one other plurality of chambers
substantially simultaneously, thereby, in each unit so controlled:

20 i) contacting at least a portion of the sample with at least a portion of
the treating substance so that the sample is at least partially treated by the treating
substance, and

i1) directing at least a portion of the sample toward the at least one
other chamber,

25 wherein decreasing the volumes of the first chambers substantially simultaneously

and increasing the volumes of at least one other plurality of chambers substantially

simultaneously causes substantially simultaneous treatment of the plurality of samples.

63.  The method of claim 62 further comprising removing at least a portion of the at

30 least partially treated sample from the apparatus.
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64. The method of claim 62 wherein the apparatus further comprises a programmable

microprocessor connected to one or more actuators for regulating the volumes of a

plurality of chambers.
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