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DEVI CE Background of the Invention Mddern chem cal (including bi g&hgit 18 )
practice i\pﬁl')%%m?unerous techniques 5 for treating a |i QyGy§3IplE:

m xi ng, reacting, tiltering, dialyzing, synthesizing, fractionating,
detecting, catalyzing (including enzynatically catal yzing) reactions,

perform ng various separatiqn ke e, it may be
desirable to renove soIMQﬁ{TIfé%%Fmﬁ?hbé\gﬁp;giivr%ﬁ@elp]gto concentrate
one or nore solutes so that they may be anal yzed, detected, further treated,
10 etc. It also may be desirable to remove sol utes, including macronol ecul ar

sol utes or | ow nol ecul ar wei ghBaj un n 1 may interfere with
| ysi s, det ' f t t t of | ut f
e R L AT e R e T e S e

conpl ex i ok weaseQf 1idUi@kAApIeaniATRE 86atkiAE, MaRMin2e dRBLaiNeshhds@imngd i Vi ng

organi sns, especially when the presence of a particular chem cal species may
i nterfere fragioppting, délecting, eatlyamg (snshidyng enzymafigaliyratalysiegitraeationsf ot her
solutes in tﬂoe m xture. St aqdard Qreoni(at ogr aphi c techni ques may be usef ul
for perfor PRI HEA YR P OB K e par at i ons. In addition, nodified

chromat ogr aphi cFérRkhagR, itinWhbLdesgaieiPiente sBlvehe@éihiaRuisiniR inSordast
in-place in a structure such as a pipette tip may be used to perform

cheri cal s@FARLANTIBONGIPT M sPIuTES RO VK the naanks anslyzed, dedstadabirtheptreatethdar d
20 chy omat agr ﬂ%ﬂ}aﬁﬁgﬁgé‘é’ %ﬁabl%‘f§ Ee;{?&%g‘;olu? ’ in@ﬁ%@é&@‘égégtﬂgg séi DO URkRE" aphi ¢

met hods can 1 nc evi ce at permts a sa jected to

nul tiple paskeslat Weighgiont kach sDwhich weayahterfeRCitl @nadpdls, Wanectibeoefiythad | owi ng
mul tiple opportunities for the chem cal _separation toQ progress _so. long as
the sanpl el'efBENRELNG gF TNOKR wolvige okiprgEest v N M avehecharyelardaipai®; igehgmigah e
medi um Hoygver., wﬁé}%*}ogﬁé Gk uiigy oﬂﬁﬁlﬁgﬁaf?%}é%ﬂle%{a Baf’&btﬁi*ﬂ%”fr%ﬁu' liig
separations In sanples xlarger vol unes, e.g., m 1P Ter or

mul ti pl e- nbrdghnibmt,espachdllineisen th€prdsande of Ampaniiutigchghicabypitiesrmaly itbiiele a

plurality of punps to supply saolvent to a plurality of chromatography
col ubfs. " EXER “ﬁﬁr}%&q‘ﬁ&l %B@‘Sé’réﬁ'é%érrem\mef‘ho OREUMES Indhe PRH R i nf | ow

val ve and an ougkl g\ ¥RIoVEo s HIE EaMhiRGestBS) B S4B Tof FRD hﬂgﬁ]ﬁﬁ?y"%éé f
generates a vacu[um in egchi%%gémer %gt Scﬁgyws sol ve(r)ltlsthrroﬂ the i nfl ow
val ve and ¢hetocdd6epansionha lrbadditi o ewpdifivel deshatedrapbicimehgdsviolwhieh oforptoves ent
has been drawn into each chanher shed bachéi nto the

,. the pistons may.be pu

chanber s, PHERSDG TeoRET iyehE doreanc b IGUSH % RESTIE APIIFKES $Eihd 1 nt o

the chr omap Qe RRAYMEQN SeParatibig oR nfit@N&r VBN inREsadples. 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 opportuntties 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 chambér 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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pneumati c or }/draul ic system Sone devices designed for continu é u

chromat ogr¥PRY"Hdle been adapted to be wuseful for the pur gdsUP¥t8ating a
|l i quid sanpl e by depleting one or nore undesirable chem cal species. In :
such adaptations, the chromatography colum is replaced by an 5 el enent

cont ai ni ngira/esumsbmﬁelsmglzqmeematigOpbydr@ulm femlesi r ed depI etion treatnent,

bo i nt roduced LTS rirseisr phed oF PR o NGRS G ke Rffeld 3R %”‘;’BLCFE‘Z |
that are tgehe folapt phipdsd cEfQFEahh g a IR aglOby BERERSE ot éxhnér'é&md@ﬂfaﬁld on

el ement. Such devices nmay have at least two reservoirs, one for carrying
the |i qU| d:hsamzﬂl épecimid Im surdaagdaptations, @}Lﬁrrénr%mtﬁgraphbcei@mm renlaFesicbysauch

devi c secq uf.f er Ga romthe
depl ion e]e %rhé:ﬁ?a%"é“%%é? P%‘&cae qg?{oop In[nﬁr%%\pgs %S%%%Ph GI%F[ ?h one or
nore subs &Gtaemhcucﬁmanm%hciéhp@fm arlne/ﬁmplescreqmah ? tﬂ@ﬁlﬁnﬁ‘diht ﬂ{atmfess@@d@e@ldta own
for depleting an undesirable chemi cal species froma liquid sagpl e. In such
pr ocesses,the butien qtregmathiseaby rﬂywarrgcqheééem@sl wicigh that pres toRatdeplsied

depl et | on SRR ANGRLRPLAR AT e R L0 BECHISERdnAPRLRL Rt ,r.ermva'

of at Ieast an u eS|ra from qui d

sanpl e. Are&avmkseoﬂasorlaerrjulngsllfeenlqmbrsmuglla irfiiea s‘e}aaﬂd)ﬁfr gafiéradng frﬁrcoﬁmnplne, | ow
speed centrifugation or syringe plun pressure, thereby allow ng the

depl Hti on sgﬁlbéﬁ‘éﬁ%sea%(m@hﬁf)‘ér ¢Ae L&ﬁ%éﬁlrl%h%S%ﬂ%awcbaqecsepé'@iﬂwefdﬁalﬁwe
sanpl e. Foeﬁe QIR & ufl& L@g?én'oﬂ%aerhém H&seP1d\CER DRADY mofe Hﬁﬁ utepﬁesa”p' e

t hr ough the epletion substance nore than once, thus requlri oper at or
to coll eCtsafrf]Dd}aspartl ally depleted sanple and recycle it thr ough t he

process. Certain other devi ce% are desi gned for Fxtractl on of nucleic acids
froma sanple WSERYNCHICHRYRPALD PraesEanf agvhios deplsting gh prdssirable

predi spensgg iy ¥|§'e%§e‘§|f§)n§ H%Qu@ssaa&xéym sﬂ@lf?rotc&%& %&ﬁm‘ll@h%é‘ﬁ;@%@ﬁ?ﬁﬁ:‘ﬂj hrough

a narrow passage. The sanpl 'ysi s can be m x ransferring
t he Banpl exnamdclb w4t eontaing b ylepleban kutstmhct eeledied rooparfmmea th_egamdcd depletibe, i@t,her .

One of the vessels can contain, for.ex | e, extractio trix f

ext ract | nd RO IR st dParieh Pt #eindeyattle shrmitlrsperichammipe dpd sampley A
transfer Ckfalripllkemaffrb?.(hU(@dQH{%\J%E%é@ﬁH@J@QE‘S[ﬁE $bika %»fv%FéedmeHrlfﬁéﬁmn
opportunltles for nucleic acids to be 30 extracted fromthe m xture by the

matri x. Thg sutlngq lt)ly"&ﬁff pn@ﬁyecﬂhp@hwaﬁgwamize Herdeloroapsi@ase @rrdn’plvoﬁ@dur es may

be limted; evi.c be suitabl e for rformn m cal
synt heses, Lil’]ﬁlf:‘%l ﬁ Olrjnd%ag sPcm S fnom the sample. alpor completgﬁepleuon ugmay 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
withoul pipetting. The sample and a lysis buffer are predispensed in vessels such as

25 syringes that arc 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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sequences involving nultiple buffers, solutions and/or reagent i 5 A 2006

aut omat edwipdasagtygqand t he separated chem cal species may bgcegéRdién
relatively large volunes of elution buffer, necessitating a concentration
step before the eluted chem cal species may be used for subsequent analysis
or furthe t . n r 1 X] far I and
anal ysi o SYIERS thessanl SR SR g AR TER: B bl apllR RO | |
many casesn astoahatqdriosess.eandtiegepiatddatmidah epesiyphey ikeclstel jiecd @thelyoager t ai n

preparatory, step rior to the actual detecti.on or nal ytical steps. In
sone case¥?!ufis 02 5‘2’{1% bﬁﬁférpQ?CSFEEIHH"%)?OB@“F&BB'? 5‘FHP%§’§‘? Vi .el%?%‘ip,e”f’gﬁ some

cases, the,Sanphg B GRATALLBRIBY N8Iy RGP FRald Bleipint h the detection or
anal yti calgp 10 nefyhod',?s@e. g. ,u tﬁe plfll ofy buffersruged inn sanpl e preparation and

t he @nal yti cal Mmetyhsoohdamlyprotealudisfekst Emtdetendon anbapdysiddfanelonmeuech cases, it
may be necessary to .nmgnual |y adj ust on r nore chemcal properties of the
o wpar ed SENEREY plema Sperictipading s, Toreny SHEn otk GocBsRT e g he

desired defeaQiipRbsubftdth cein bRhrardYRepd veibt {ovthe aéhhicdetReYn 8f t he
overall process may be reduced, even t0 the point that the devices and

pr ocesses aidying! stspd  ImmpmekBsdseiho senplequepasaidnonah bglebbhmeergivyoutAlsman ysi s of
t he sanpl es. ThereLore a _need .exi sts, for a ﬁ?@yl ce tlha%;llma.é be e loyed in
order to SUBfEXFSANC 1AMRIF ATDARHPR MAY BEHBRCUPPINBIEVEP U d5LEn PRAGDY IR
chenigcal  tfcBRIITERE She FHHILE BEMER S iR saMPRDEXIrSich £Nthd Beily@atigikitea hfiat may
be automated or i's otherwi se suitable for use in high-throughput anal yses.

20 hSurmar e gifferers ahdvneotmipabIEhdn prcbgesss, it meyrite paepaovip desualldedjitgenehat i s
hi ghly versatile and may be used to subject a liguid s |l e to,one or nore
of " wi de U EPIeEIBr PR e O e ERAPA F B & &r PHR SO BRI R EMBBAT Font s of
a devi ce aegomdhpehe RsirEPINEQRRAR ahAYEEH k3 OBYsedBeiyOMfdRNENSF @BiokédM tO

per f orm hi gh-t hroughput chem cal processing, multi-step chem cal
processi ngrocassanyy be gdueat puso theaprinethpt thp deveesornd Represies Aeingased mayons and

the 15 ke, o8Bl 88 AL ARLL00S SN OFe SRS 0f any of the foregoi ng

Thus,” the present 1 nvent evi ce rtreating a liquid sanple
i ncl uding: a fThsfefarbadea: eRaw foga devia¢ ihablray beletptoyed is eaent subpaber havi ng
a variable 30 volune; a third chanber having a variabl e vol une; an

i nt er conn&Beidcamplq 18iatg o6 MOrHP! Heroad Fangs & elrys! EatRePasEudERgTeAgaged
Wi th one QL. W& fRATOELE §e il tthg%a} B€ automated or is otherwise suitabie 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 invention 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 comnprising 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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i nter connect pr ovides fluid comunication between the first chantﬁ ggond
chanber - 5 AUG 1006 WO 03/083444 PCT/ US03/04160 and third an‘g ; and
a treating QJBQ’E‘%#dée included in at |east one of the first EEHHE%V"“G"L he
second chanber, the third chanber, or at |east one passageway of the

i nterconnect; wherein the device is configured so that novenent of the

| i qui d sanpidethirdrcbanghert; lapd dérehigmg swbstamaukib@dl fyeshamgoige fike chanbabl e

vol unes of ,two_or re chanmbers. 5 1n rta n_enbodi ment es_or

bl adder s n&i‘ﬁ%@d\?ﬁ&'&”@ﬁ%hﬁfﬁ?ﬁﬁf’eﬂ% 143} Qo BSEeTRY Of K BisT cﬁ’g\‘?e?tncl ude
addi ti onal watRTeiht Hebidt s @hRNRAIRD KR MeoVARIACHT BB ligRldeARMSthrough the device
tenperature-regul ati on el ements or actuators for regul ating the vol unes of
one or no¥&oatakisthschasgilg taclelamqbéﬂmﬂluemeﬁfam%orniayretféawbnrtsr olled by a
contrlling ele suc or opr anpt her
copect. the prebsrriTeEHefaRn SR LRI R oML BESFE e gl P

si mul t aneogtsimbeks. EBid M ik rﬂh)ldrn%hidb Yid@itiohdl Glérgergap0zhes ont bemappdiiédiss
including: a plurality of units, each unit including a first chamber having
a vari abl eCloBEDEEle MBI TELWAUARRISMEHR 0T HEUHOBAPT EBRtIDS thsnoluraes of ang
chanber ha bl e
passageunyd MEANALER, <o Qb Ao ThaP B EEh ok B SplSBRIBhe T

t he intercmn%qiroglfaﬁﬂmdﬁsﬁdruprdc&@@ﬂmm cation between the chanmbers, and a
treating substance included in at | east one of the first chanber, the second
chamBr, the tHi#npthcianpsst. thy P&sesb IVEBHODPIOVKIES 2R RBPEHHR &Y SUbSI ey uat or

CpnneCt edﬂ%%u‘it\!\lﬁe[ogg aﬁngfa 1?1‘21 1(3%‘?”39&1353. f sr &Q%ﬁ)%ﬂa&g llIlé}I?le% Léc@lrl]@ﬁ%%anber

first chanber vo an a nnect nor e

for regul aﬁmrsge;tdhenml mclatilntg)a fﬁxfst dﬁﬂfbﬂdha}h@gmearmtcié uotese, 26:cand clkamisgt uat or
connected to two or nore third chanbers for gr ulating the plurality of
third chanb&ingspiriie V\’)&F’}eoﬂléhlESthéF“bF’e]a%"u’P?eév nﬂ)%waﬁlﬁaﬂb@[%ﬁ‘o‘lﬂﬁ%‘ present
i nvention t | I owi ng
ot ai | ed o B e Bl e B B e ol ever a
pl acd$§ t hrdmylrtmrﬁsct thet thp eueicbomdct pnmwdgslﬂdafrmnnmempatmzi lbeate@btht bhapalgdrs,| i st s
of exanpl es n each nstancgtnjfa{] C|ted |.ist_.se

represent at“?%"eﬁ'r“&fb' E((omest ét g s gf%%ﬂ%?’%ﬁ"é%%ﬁﬁ@?%“‘?qrst .

Brief DesCiteRkir®BhdMbel B¢ a PoAMIShdintbrednnkst; 8n RhdfoY EsWeOkd & G & hege
havi ng a vari abl e-vol une chanber according to 30 the present invention;

Figs. 2A, 08 chaebeCfareguaingnthe plurditawf figs chambertvwolitmasgamagiaigt eonneetad nent

to two or more second chambers for regulating the plurality of second chamber volumes;
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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operation sequence utilizing a device having four chanbers; -4 2 5 AUG 2006
WO 03/ 083444 PCT/ US03/04160 Fig. 3 is a schematic drawing illus§ngtimg an
optional syapshkéaty enpl oys reversible flow, Fig. 4 is a pgs@peshloyRovi ew of
one enbodi nent of a device according to the present invention; 5 Fig. 5 1is
a pl.an cross-section view of a porti on of the device depicted in Fig. 4, and
Fig. 6 is a per tive V|ew par at u

supporting and E&c 5t T ﬁﬂ‘fﬁ “i"ég flﬁiéng?tnegnzfmfpmp ]aStTQea'l%éﬁ ?@@Oﬁe'éeg?ﬁslﬁ’gq on of
I'I'lustratifewfErbodi ments of the Invention 10 The fields of genonics and

prot eom cs present chall enges to nodem chenical and biochem cal processing
systems. H gh- t higofighpberspastive viewt @fpng eatedisnaty ohafe pee aeordinglothes or

det ection ﬁr@sge[n? nv@m\&rym s of nucleotides, in the case of genomcs, or
proteins, 1n casé of proteomics. In one aspect, the present inventi on
provi fles a devi Eg. Sus 4 plh erdsosectipaniior of agomioniofl eher devipe depicedddniFigld; and
processes on a liquid sanple. As used hereln liguid 15 sapple may refer to
an untreated |i%i ﬁlss%ll’ﬁiﬂéec“%&'ﬁ“’a&f oge embeiinens Ak apparatys foé SPRROFfiRg qngd

| oaded i nt r vely, the termliquid sanple may include
any parti aszt&zl”'ﬁg?@}éhé@ tl‘seg{rrr'tlpﬁ%t Uﬁl{é%ther a) a sanple that has been subjected to
something less than an intended plurality of treatnent steps in a

mul ti-step treat ment,se uence,, Ie t hat has been
treated if, for exXeidedDeseniplio ve ' BERYENBAN, o) ye i s
subj ggted to a ’Pﬁéﬁél‘d‘yb enfohﬁ@stimrgroee@;n& &'em mlle@sﬁ@%ﬁa%memcamﬁ]
sanple in either tenporary or pernanent reserve. |In another aspect

pr esent |nbnecharmnalmmmcsdegs)a;tesmstlérglhftbrougbpmamnhngempioteqsirg maheniaahble

processes on a |i as, multiple s | e arat.i on rocess,
det ecti on &’88‘@5%0 a&% lé/é‘tgo P‘d gespt Sﬁq‘éBﬁg‘? P Bf°§b B enor e
such prOCeéa’i@%fpx%ﬁaohﬂcé’% o@a@%ﬁ'&%[ tl@éﬂ%é?ént 1ﬂv@ﬁt1&{&%$ﬂfcs h'&l\é@i@& kQnbRIfBYi des a
systemin which a plurality of liquid sanples nay be subjected to one or

more chemi pfaforpmmg:aesfsdetr@n@a:cbf ahgmidal grpctammlghﬂmtud samplq ws usel degampiqesl may

be t ted I t ant.i al |

agcmrl ?ng Tk’ghl'gg{agf%re%;‘?t LH\%I@%&@FI(B%”%V gu §\.’1‘%\n bz'lUJ L%I%Fa'??lggf ﬂr’nbmbth@yor nor e
liquid sanphes Ry Beutatsi Age@ABvAY, HOfEmARRIE &alplo MRGesaes 4 fangalgne or
more 30 liquid sanples. Suitable chem cal processes Include, but are not

limted totreatgdsample: cethend)mgampla that haseenisubisesadig, sompHirglehsihar an
fractionat 'n?&degsﬁj?eﬁ{ﬂ ngtrezﬁ% f’%ll %gﬂs 19 a(rﬁﬂﬁﬁspe%l ¥ tment 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 multipie
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
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reactions erfornlng various separations, and combinations

devi ce geﬁ’e‘gﬁfq’%}*f ncludes a plurality of chanbers having vd’qué‘bff(’é/"ﬁ’cf’Punes
As used herein, the termchanber may refer to any structural form at | east
partially defining 5 an internal volunme. When used in this way, the term
chanber irmllzmme'caﬂlbreasaﬂyznimg)uc@,tiosmquoasing valipunggpamtions, kind ddwbinabibrast  at

| east part aII defines the internal volune. Thus, another elenent of the
devi ce naf gttached to a portion of a chanber. Chanber also may be used
torefer to thel"h@dév?&'anéﬂM}?ﬁlﬁtﬂudéé@pllurmh@fofch@ﬁlb@%&:ﬂpin%,vaﬁaﬁﬁrvbm%s As

bl adder, cartridge, or the [ike. 10 In sonme enbodi nents of the device of
the preseniscql hergi, therterm Rhathsrananigidsdo amestaicaimsl fprmemrdﬁﬂabmceml}ydiﬁfmm

devi c Thys. MAy,be more LesSS | aci ng
2 Usen” samhoERTRBERE SyBEs Baa sy iSanr ROl QRRIEE) e R RY SRl ik

sanpl e chadttaeerynhg@br HBRdAECMhat bl lbsd pmaay defries ek xdredltvoiiné. eTmeanother
repl acenent chanber was off-line, 15 Sone enbodi ments of the present

i nvention %zyerméFhfdtevmegp@s%at@ce%wew@i%@ha chambprsGhambtralsypinkes as
vari abl e-v g‘ﬂﬁr ' S o b une
chanbers n%yhlrlagr duce e&(r:mé? g%ﬁ%lg g‘b%%rg M:Qx%h%@ E?Smr%obyﬁﬁae? Ja?m\ég'{lience
t hat can esmhelkesuch i nexpensi ve di sposabl e el enents. The chanbers are in

fluid conmunication with one another through an 20 interconnect that provide
f1 ui 80 conmmuni cafiseresetiduncrtnal g sspies of &hﬁrp&tf@ﬂt iBMentiom, ﬁb%reberﬁoeexagemys
The interc

provi de. ong ar Pty ag FRT VRS, Th e Bl b BB SRR sohliBboGl

i nt er connegipplisdlyy ﬂeplacmgsntusadEadpmfchhmempanpii@@tormiyeieisad:d elradt, @ithaws t he

i nterconnect, to be disgo abl e. Thu%, ig conblnatl n wth g ﬁ? bl e

vari abl e- V6P RN SHBB Bhehihat has heenyalistie 30“?552’5 EHENHY BUGIIE IeMIEHISDEN may
include a &%%eﬁwgomg‘gl ar, disposable elenents that permt one to rapidly
reconfigure the device to perforn1a different chem cal process treatnent.
The int er conneciomagmbadimeds o tsd prgtaet ownb i mlam@lmdercbsmiaali)le sleoentsesucls a

passageway. ter nativel the rcon E’ i ncl ude a LP al i t of
P sagonays diasrricisringeLis bl LTLOR AR DRy CEupranas I OB de o
di stinct engnbR-withSChARRIAHA cﬁleﬂeh:oE RADPRAGRMBN i PalfprétieSking

comuni cation at a first end, but being in fluid isolation"fromone another
al ong t hei yeqhangtiut aademplok Spdsmgmwetﬂmpngabﬂmclfsmm

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 matertal 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 1ts 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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comuni cation with a different chanber at the second end. If a plurality of
chanbers are -6 2 5 AUG 1006 WO 03/ 083444 PCT/ U 503/ 0-4160 predenalb 'ﬂ]ﬂé

i nt erconn e branched or unbranched in order to proyi Jesired

| evel of f uf]{am%f)}ranmni cation between the plurality of chan%lecsg{saﬁ;%e]g@
versatility of the present invention is provided, in part, by selection of a
treating substance. As used herein, a treating substance is_any substance
that promd¥esnt. hedpigrropasct mraydedupprdedor anw@a%]ca 13 gidsT & prevygle ahypdedired or

more of the,fBemhaah ﬂﬁéﬁi%ﬁ%eiv%'ﬂttﬁéfél‘%ﬁdﬁpgy&an@&st. able treating

substances include, but are not limted to, reactants, buffers, filters,

menbr anes, beadde wiszeligxd|tispresentetiication irmuovidedlin pad, tyoleiatisuppart s,

catal ysts (including enzynes), markers, affinity reagents nd conbi nati ons
Cherent . - Acafiie itsfes A Mg B Be Ut e DT BR PORIRS For
exanyy e, gnbhRal prdbestih VA ANCANPNY, e, B O SlafoDf hef dHehfidal pRfceliRYi Ng at

| east a portion of a lunmen in a passageway or a chanber. Alternatively,

certain tndentified abonss tSantable treating ubspnoss idelddepuhareqwatimigd ém reacsantd, ace of a
passagewa chanber , treati ng .substance may pe located i.n an ortion of
Phe " devi o Ngsmmpabrehth Phadb 7t PRt s e meias ep CTnELro b o

sanpl e, ther.eR% (Mt g yhiRe), AR, WAiAiYy fe@fentd 2nd BémbinaabhNBesbhsiance to
performthe desired treatient. Suitable l'ocations for the treating substance

i ncl ude, bsating sibaancd ingy be dravededanyeny keitabés formnyFopexampla, dfreating

i nt erconnec incl udi ng .qne_or re_passa and any, comnbi nati on

t herf(’acgf . §5%%m°5 r’i“?}['taheoper\g/‘l’@%fﬁ%Pﬂ%egc“é]pﬁfl%gag\l{\é%ga %?rﬂg%to g%%‘lmé Tfidcations for

pl acenent pafsapbRay b £etanib@r. SHhSIaNeAy, detraliByeabi@g PetsSinbé £mb @ bel pRividedasdevi ce

that provides nore than one 20 treating substance. Wien two or nore treating
subst ance$OaHRE Yr diuIERsE of a PasFagEyA chdmbeheal i zed within the device or,

alternatively, i de | | L hin, i i.ce. In one
oot mom ¥ orXESHRD Ak Ra0be IEAEOLEGE] 0050 1 B0 R0 BT

i nt er conneohtaanditiant lehdshiporidaudffiee ligsidpampledadrdby pporadiok thdeppohanherls. Thus,
the device of the present invention may be designed to performa plurality
of cheni cdhe teagiabitancsio performn dieklgpise ﬁf‘?ﬂﬁmﬁmsa';r%ﬂfl‘é‘? leqatighoton die Esalifg| e,

one {1 eat i 1g. 4R ANGE plIPoke RS AHAYA (20 Pon 0B 1B A i, BB Face of

a passageway a a second treating su ance nay°be provi as a iller,

occupyi ng iaclpding bofiooinotegassagk waps, afid hingcpasisagewhyreofl t ernati vely, a
passageway may_ be fi]Jled.or. cogted with a_m xture of t treating
subst ances. ThLE‘ica%scél’?l gvicesinlyres aplupily gEPQFRHA! i?f%?"%‘%&ﬁ[“ﬁ?m?ﬂé’ff%

treating sHlghRRtRENSHRSHENEE BbdsiblS tdadslANERN R Mhat |pRoY&Es more than one

20 treating substance. When two or more treating substances are provided, they may be co-
localized within the device or, altemnatively, provided at two or more locations within the
device. In one embodiment, for example, a functionalized support 1s 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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anot her exanple, a device having an interconnect with dual passageways may
include different treating substances in each passageway. In ths @gﬁ‘mgﬁone
can perf or MARRE8HAH WO 03/ 083444 PCT/ U43' NAYYo2@db di f f er enPCERSHYEHP
treatnments on a single sanple. The two treatnments may be perfornmed in
paral l el , substantially simultaneously, or both. In an enbodi nent of the
present i nddfuréramhemioahireimes onnt stiglo pareplt. dhepwo srestin@entgdingy bé perfoaied
passageways, as, described, above, each passageway may include a different 5
treating sUbE"’Félrlfges‘{bﬁ'éﬁ“gHo*t%@*‘a’lﬂo“flﬁeo’g?oﬁ'?'aI ity of passageways. For

exanpl e, an int gf gPPRGGAInTAAVHNEe bl’lé%en‘ii' iAbdotioh iR RidAhE MleRBRIROEYBYSselal h the
passageways in fluid comunication at a first end, but otherwi se being in
fluid isol phirdity fof passegravaynotsiiescribed abpye, ehali passagemapiinoat inolhdoe diffetedtf er ent

chanbers at the second end may include different treajing substances in the
t wo pgssagg\?ﬁw. S%‘éﬂcﬂg%arb‘iﬂ‘ﬁé{ﬁ]ﬁegp T ﬂte?zf‘bé‘?'ﬁetwﬁ_@s'f P LRl to the
second endjntSid6MeRNhdVIEFEODRGE efBYo-8hd PAYs SV dy9 wilihVthel Basda Sdils n A
provide two different chemcal treatnments to the divided sanpl’'e. Wien used

by novi ng kémuaivgicafipwat 2 fiest emk drvobanvisabaing irf lnidtisaaiton tomwnganptheearsbnnect
may al |l ow ong t.0 conbi.ne. two utions,. such. as reagents, .t hat have
Separat o v T HedRoBER s St RstibL SRt lof oS a ART by ibe10ls o sane
treating suybsime®stBEs BEHR IR fAesgbWaRAOHhORESAASWAY VIS li D frdiB theMirst

sol uti ons can be conbi ned that have separately received simlar chem cal

t r eatlBent send lotheserond endodr remimsreomnect magpdowmse fo feyds heimple andpewidsr
o PSSR R AORUARG LRRLUNE Ol R ERGAL. WHETLORy RS huib?

expl ai ned 'n nore a S d, such as’ a sa buf f er,

react ant, @onVheResRdehd anihemayt dpd, dicheatifdrcohhé@ugh dile srMbeembieauah t he
coordi nated control of the volunes of one or nore 20 chanbers, so-called
"passi ve vaPhiliprs, suchpigeagepls, thpighgvsfseparaglydrentiyedhd figrent ehaaicalireatigantst he
device in ioul ari n | troll i I s of
sel ected %}%fa%%tglrwé& ﬁs‘zgﬁ g\%l C %“%gwmﬂ?%ﬁd%bgfﬁ"ﬁg |tl§ eé‘%m}?arsé i""'\réll SSu ‘ét ances
has héen pewyisdadonscandarph®inedyhdeasebjpactdd réivedIsimithrehe Sl epitngints.
treatnents_by selectively directing liquid through the device in a desired
sequence. M AEGT EBOAHEERE; HE IHteropREEch FRY dhlude \EsstOr SROTR@YSSABCY S ude one or

more check val veg e AGE of Bl eGRInV YN, & 691 bOB fiahby iCRBld &hdiftiow,

val ves. However, passive valvirg 1S I nexpensive an%l may prove |ess prone to
failure. [ thherligihe, seampd &sanplt Heiffor gatdiag, substhaebeion| hag be tdabétgd | | qui d,
may be the lig i&] gii rected through device in o ger to performnultiple
cheni cal 't MEgHELRe devic dyopah the Foordingjedolrg! QLS L alBE L OPY §UMBIS 1 £ may be
di regped t enh&ARaGh-dallEd SPRRLVE vALinghe TBROHIRPHISRIE 1ihhdBma Bl SRE OOt AR
treatnment process. Alternatively, the sanple may be directed to contact the
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 controllied
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 suitabie combination of directing liquid sample,
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desired treating substance at the appropriate tinme during the treatnent
process. A multi- step treatnent sequence may use any suitable canbbatilbn

of direCtkﬁgokhﬂHhﬂ sanmple, -8 2 5 AUG 2006 WO 03/ 083444 R@ﬁﬁﬁ@@%ﬁgﬁlGO
treating substances, m xtures thereof, or any conbination of the foregoing

in order to performthe desired chem cal processing. In general, the
versatility F,r ovi ded by the ab'hl it to control thfe flow of | i@gi ds t hrough
the devi cd™&MPBARDSHIEST FYBETYHETERM PHAN % EITBRINALAR O the Lrraring FuedEsong
sequence. RRRtihelesiRatHER Al prus@smlrg.eqleg&ndrmy@,tawepgauu@ Batied B uaNBiIGe MY
i nclude any nunber of chanbers sinultaneously connectéd to the

i nt er conneetconTplube flowrdllmpidsitbaet gl Heglevigatallows one dedesignt dndf as seleetomant s,
buffers, slheé m%gs(g.thge Iilée may be perforned using the present invention,
merely by GREFHRIORG IS8 Ee to provide additional chambers that have

been prel oaded MhétherBh@fd & the fRSEM @8ben@bn INBaCOBREAY: fa@ MdIRR angeRUPREE. | N
this 10 way, nmulti-step chem cal processing sequences may be perforned

wi t hout harfichgmbers sirewianeowshycorapétad &0 dantbmoaneq. dhee compleyipairants theht i ng
subst ances_for_subsequenf st in | t,-.St,ep..processi ng,s nce. This
erbod, nontngipos ALRGESHElgR. GRTers fhelel ihd el RESFRUMRASERETRET,

suited to ;nesrehﬂmvbmgmau{eeﬂ%wesiFﬂnggtﬁdue@&@h@tptm\ab@mcménal phesRgsSthaequences
such as those desirable for sanple preparation for genomc or 15 proteomc
anal yses. haye beerepielosder withmraterdydaseed feribe soraplsd tgaimgnt praveesserlgithp y

i nterghan | e ,.in t aﬁy - ' ' ' versibly
seal :'iitgl e %gr sn?u l?ﬁ%’u‘%ﬁ |Pﬁ0%esrsl¥%?%q{é%ﬁ1%ﬁ'§¥g? :é(%ﬁg e \/\%Jéﬁocdéﬁémggg%ber and

t he remai ndgpovehnd hpladechetbaain frder @iralitie sBathg sUBbEnces fer LBMRBASIEGE a
chanber, e.g., a wash buffer, may be di spensed from 20 the chanber into the
remai nder 18R MAE-YPPOEEHESRBICARS| Tig caRpdiment phivedsrige ohHKESCRRY  be
renoved a 1 . Wl i for a
ubsequent Ly hdbdlte @iy itea 15 B g Bh 0N G AR ERHRR, Ol
buf fer. A mlesdseeecqesansdiclgad otciespitds éntsaimpleprepantial &0 gamymicrel ude one or
nore _additional elenents selected to facilitate particular steps in a
chenildal tRTEKPHENIN¥SEEess. 25 For exanple, a device may include one or

nore detection g| S%Hﬁ%daﬁﬁém%wfeoergﬁ{e%}am%&rslrﬁa_ﬁﬁc ﬁvae{bﬁ%fa&rmangeatnbgfat ed

or untreated sanple. Suitable detection elenents’include, ‘but ar
limted taptkpdoticeoplivt orterdegicd etayohards revenor g sedateporet, dobagtswhiphl

detectors,, .electrical. conducti vit d%;tec rs or.refr ﬁti ve |ndex detectors.
Such det eclf CEPUHSHRLORES 5B o eHagntar £ Hidomaikist s HPCs I Bevi ce or
nmay be an &lBNERd. @Husrthekohtentt BEa BRMAINE, c.g., a wash buffer, may be dispensed from
20 the chamber into the rematnder 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, e.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 deviéc
30 itself, but adapted for use with the device. Detector elements may be adapted to detect one

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



30 itself, but adapted for use with the device. Detector elenents n?%#ﬁfm
adapted to detect one or nore chem cal species in the i nt er connect %ﬁ
or nore ch¥RWé'$Hi9 2 5 AUG 2006 WD 03/ 083444 PCT/ US03/ 0416HYRH Y
exanpl e of an additional elenent that nay be used in connection with a

devi ce according to the present invention is a tenperature-regulating

el ement. Such amnogiee rentplomy an edditiatad efdmeernt ¢ engthensed in tdnacitntnewtibanect

or one or re chanbers jn order to at |east partially cqontrol .th rogress
of a par ti9UI%ACSHENE A e RRETH TuenBPd St SPGB L SHeAE SRR e SYRBPE. t he

kinetics offesehtt@hrelb¥REShO terh Rl ONThO MGt Hiftec CHEIHeGR Imork RhARBRGS iiPNS may
be controlled, at least in part, by controlling the tenperature at which

such st epsordectopé tefast pactaall yairol bin pirogressad taparenudarstap iha chemaeshprcessinge

chambers for controlling,t variahl e volunes .of the ch ers, .as wll be
escr bed TEHUGREnF oF ctabib ek SRR LT Peactifin FLORRRmi&d

t enper at urigidr &Gidhakiakl Be RoAHSIMAS uﬂe@ktaﬁgmtw@nﬁamrﬂgehe eierQbiead whycha
controlling elenent, "e.g., a programuabl e m croprocessor. Controlling such

el enent s wiuch sgpeewstpesiorinedy el enent such as a programmabl e ni croprocessor

| I f ' ' , |l oad
The desi red sanprabonafamufe-FRLECARue e ThaRbeR OaEPR IR RTe ™

control I'i ngirRbRMRINmMaN6 thaviganhtites, 26 QUR BE Aeskbibpe id greiRe darull ®ERM, cal |y,
t hereby reducing the manual cost of perform ng the chem cal processing
sequéhce. The a%wmcapmgiemtﬁs Hinpgratererigaulpiegs elgmenmasf afgatorhBrudes chanbers

having a variab val . Vari e-vao S rayi.d in any
cui tabl o relFL Sy Yol hing EURRL & & AT E IR e SP e Bl sty °"

devi ce sucducBeletnchly Wil e comréling alefirht Wichhs a p2épriineabl icneprbessatulias sa
bl adder, an encl osure having an el astic¢c elenent such as a bellows, and a
rol 1ing dipsHpaghsueomplex sagiraces GaFmER Brosessingesienseloan thy desued sasmplean be

const ruct &g, Qg tr%i%mlfd;aﬁwd‘éﬁé 1iR0!a ﬁ’iyzma W GIBITRG Fe ikt 2Rl ﬂ%{\i)r/éj&g sQYence

commercially availa I sposabl e syringes. ternative

vari apl e- vsdrformed havohericaiby theeetpyresideg tHeymanuatasst of peréorhang g chamajaen end
and a chanber defined, in part, by a chanber wall. The 25 cartridge can
serve as aPEFTHEECWTER-equi pped with a noveable plug fitted to forma

slidable flui d-*rhegéﬁptaﬁ@@éach'lidhthegtmh&p@ R atiby YRGS REak &9@%98526(’

into the cartridge roug open‘end. Fig. 1 shows a plan view o
cartri dge 20iablei vohbbhe Veariatpe-oviudiendhambear mapbeprooideden achanteble mectnomakct i on

with the ptro?‘riei\r%luailig\g/,%r:ltt ingtnlim}wc? to(,:grpﬁsrtci)rg-ﬁl?e gf(:)\f'icne}El Q/ucin ra]x:(s: lalg)qrei\n,&:, 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 inciude 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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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. ? rmgqgﬁﬁe
/Eu@@-rt' ally

plug 28 o b, gposed w thin the cartridge 20, thereby gi-1hed
defining the variabl e-vol unme chanber 30. -10 2 5 AUG 2006 WO (13/083444

PCT/ US03/ 04160 1In certain enbodiments, the walls of the cartridge body 24

and the septum 22 nay.renai sybst anti al. stationagry while_the device is
e T R st pahe vRLS SLAF shRatee S TR o P PR BT T e

chanber 3GubSastISts@dlidnaly WhilleRRWEdeRt i4peRe POSich @mbellichdies, tiMeablee pl ug 28
within the cartridge 20. '5 The novabl e plug 28 may include a rel easabl e

connect i orna@Re sfitte vasiablerwhang chamker 3005 substppipll eétpeodemapon pesitian efghes f or
controlling the pgsitipon of the veabl e plug 28 and, therefore, the volune
TR R B S e

of the var AS’just one exanple, a plunger rod may

be cognected tOTEJ‘IQOUM@EQFQS%%QinZ&dehhﬁé@ﬁéﬁle&@ﬂﬁ&dtﬂ&ﬂ Phack s thidad@esth@r
manual or automated control of the position of the noveable plug 28. Any

means for foocemmpient ¢onmgetidnetogaeans f@rroptroliing thopesdbineofhemorenblegiup a8
suitable for. use.in the pres LR t e tri 0, when
used to pr%‘\(/ii gretf & Vareat ce‘?{/“c?f: t‘j!r]rré%g‘%ﬁ%%@re,agﬁ@gﬁ%%ylp?uﬁg%ed% ag'%Feuéri cant

to facili tghsperpvemante ebnidedre iabhevdiblopleS 280hénebY addping MHeadaeidgsvedrl  of
the cartridge body 24. The lubricant may be an integral conponent of, or
coat ed ont®anupboputpasd cantselrafjtempesitian thoPeapie pluggdodinydreans faft o
portign of rri Qt 3. i I | S be

sel eé ed tcooth g“ﬁ‘ ed;"% b%g[?%rp(?%éﬁégdt\’e%e Rglf’eﬂr%i rg'[igb% %Fleaﬁl efgp{'%qggie %rg%%(l}ii ned

wi t hi n t heinvattioabh@varekune 30 of the cartridge 20. Suitable lubricants

incb’ude, but are not |imted to, silicones, silanes and hydrocarbons. In
sone embodi ment She cartides 2f¢ Whsosery PERYide; theyaridbla-Haluggahpmgefealsp Mpy24 by a

cap such a h.um - A Q0. reafter
doscri bed T5ope F MU T80 metkrlclR oPUEORRart MR 28 Sfuh S MERBROL SRl 1y
cartri dgesofshe bharagigeltede 2dt Mihd debrichhtusby bd edinteprdlicgmpbnendf, dessted bawd, above-

However, ot her nechani (Eal forml;) of nggvi ding a vari abl e-val une . chanber
(suchas adBfasbyeertiopd thsiaoveapledng £8 Ak lqagh qporgen 8f thergredecchady24ngly be

equal Iy  spih aRh@iOfubkiefnil fhalyBR sPEESERS bd RNt PRspddp l&%&e%l@%%:ﬁ@ L
specified. 25 Also, identification of particular chanbers as 1 ntended for

| oadi ng ofbfaccmampﬁdéwithineagema,bld)mIUBﬁ 38rof theecaktridgs 2@r Shigsblakbrieanta
collection ¢

hamger, is f.or. conveni ence. and illustrativ ur poses..only. A
Feature of "tHa dgy s Thrabents rhonerbm i aRns i n et
unction of ihaRypieRE 2cRATBETix B (BE cARtEEPoRgdd byn dBlheh BYant NemintGALAEIL

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 vaniable-volume
chamber {(such as a bladder, bellows, altemative 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, butter 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 scquence 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 cartrrdges 101, 102,

103 and 104, each cartridge serving as a chamber having a variable volume. Such a
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operation sequence being followed by the operator. 30 Figs. 2A fﬁ,;\ugm}‘!]ﬁZC
provi de a sishe tic illustration of one exanple of a treat /b 'og)er(%ti on
sequence QEP A Ydkvi ce 100 that includes four cartri dges 101, b H6%103 and
104, each cartridge serving as a chanber having a variable volune. Such a
-11 2 5 AUG 2006 WO 03/083444 PCT/ US0O3/ 04160 treatment operation sequence
m ght be clicatmentarperatidnasquense Aytit-beabaraslegirchesed pnglequed sequensgpsioctle

l'iquid le i acted W th i
ciml o pasesusiing ARG el Ty S0 pde-HERARERs SR aRRCe ohelinit tne

cartri dgespdshr aughtercdinédit165 padviaTRAGemaNubiRatios bawapn tHeaGhrigadstihiodga may
be engagedpvx,_i th the interconnect 5 105 so that such fluid conmmunication
bet ween  t han idframd @pssagewaninet shaver). Eash exeidegdnpy be eizaged withribg Blgseaect
sequepce p |, (. gure 2A) . viar i ahl .e- - cha 31 of cartridge
101 rrgy bei‘iislt ﬁ%lcigﬁl S\(/’\nct'%Médeﬁ”éad%ltc%gor?p%&%ﬁcf ﬁ%gﬁgsel{ﬁ%bqga%e esignated the
sanpl e chanber. ATbfe ¥ainm@bbetheaingi® pakaahencd rbtafol ¢Riptirel Xbge thbGAriasly- be
filled with a second solution, e.g., a V\%sq buffer. Cartridge_ 102 an
d%?rﬁl‘d@&fb if

: d
cartridge 198me shamberiddial c 1 WS igd snile gpdighergiore. dgqg
118, respegl.i , ! 0 r,d..1aS , 1.0 7 e
vol une of (ﬁ?gﬁ rgie?élééggehzﬁl%/g C agﬁbg\rﬂg Vggaﬂir\{gm%%hdﬁg T?yn?g&rdg{gwﬁéé?g% may
contai n a be Bidd wgh aubsindnomitibOe. g e lvaals bafifer. rotridge 208 and k acnidge 108elagct ed

tointeract with the liquid sanple in a Predeterrri ned way, thereby providing
chenmi@al tbegat e mrotgeolwith \reyuneablerpives 1lyand; 1§ eespastiveivypesiaansd Toppeard
novenment o | & gLk : i i) < : , ger
ods of seratngy e AR Bt LB UG EPRES RURMRE 032 ol Eab TaROS!

i qui d i nt mtdrbimnedtad@bansy afntdihe tselieg bibdtacar 160 sigbsis @e igmobfized gerleaudels 114

and 113 are impbilized ip Fig. 2B). The plunger rod 111, shown connected to
the novealflei s Qgnerst }”Hﬂé'éﬁ"?‘ﬂ‘i‘@éénﬂlﬁi?aﬁﬁée ETHE e EEYBY Y 08ecr easi ng

the vol ume ;2 (e br ddliquid@nihieinger rod 111 may be conpletely
advanced, as shown 1n Fig. 2§, or only partially advanced, as desired. The

rat el&nd degr eeFighrepl Ringsirates theadvaemmmtrehithe dmyid enplodenng 4 sdgiegnsal |y or

automati cal | qu anger r df’Ll‘l i§ adv ncedd t he V%Em of chanber 131 is

decr eased, PPHEPebY ' B8 %ﬁ'rﬁ%é)sl? qhieqted ARdeSs ddyde ! FediiePreyet o the

i nt er conneglovdildnt dAqLitiRoINOERGADM bfthe ledth® %&wgw%@%@s iep. Al
g

the same tine, plunger rod 112 and noveabl e plu are di spl aced outward
wi th respewtd 118 asaimmiclidiged 0Figt BRY. cbe nlnegee aed hbt, shewn gbnnestedfto Beanber

132, Thus,  10&pRTiE 976 O cdliige 101! Haf BURLGnE AP IndhEy RRRARITREDILMEGPON 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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105 and, therefore, has been chemcally treated by the treating substance
160, is directed toward chamber 132. Plunger rod 111 nay be advah&eddiGunbi |

the desir pt, of liquid 30 sanple has been directed § o tibe
treating g&ﬁ@?&ﬁd& 160. The outward novenent of plunger rodegﬁg n%; be

passive, i.e., it may be pushed outward by the treated sanple being

directed toward chanber 132 as.a result of decre sia% -12 2 S_Gﬁ 2006 WO
03/ 083444 tscriemoof eherar dRL WhiF theePlBrect nadipbh? apdd 1gpemaindgunofiitsder rods

113 and 1ldiLERRER, BB Arh 28 eme Q0O BLIngE! 3ha 11D EnRUREJe TRV GRENt Of the
pl unger rod 112 may be active, i.e., the plunger rod 112 may be pulled

out war d. Sligenrdi M@ roay wepudledovieyrsdt So¢h adtive phtwryd moveoetnd dxherpipnger
controll ed allé ortaqﬁanatic®%lg. 5 gfchsired, one or nore of the
vari abl e- V9 AR BR AP TR eF YHRRYE Y ni i ze any residual vol une
135 tshat may exf §dsitdh&he bb eor@yedbharidlegohag dRabersadyPpes ackigranbet el y.
Such mnim zing of the residual volume may increase the efficiency with

whi ch t he mipiguizel amarepideali voluse 435 tiagnar et when e mavgsblg phugkas dgemt

processing,step,executed after. the. ligyid s e. 10 is .di spensed from
chanber lgiwyﬁgqﬁ%“@EEﬁ?éﬁ“@f?@HP@”*Hg%g%gﬁgﬁ%ﬁYQ%gn HEVI?%Fgﬁq “is provided
in the CO@Hﬁ%ﬁmgﬂwﬂhﬁhﬁuh&gﬂyﬁ@tmﬁ@eﬂi@ﬁh_prOCGSSing step being a wash step.
However, any suitable step in a chem cal processing treatnment operation

sequence, e.g. Figme 2€]ilegtagies srsapseqnen) Miecepang sepratecumdadiedthediquid sample
sol uty on suj.t abl r th ny L cal prQcessing. st provi ded
T difnpert DA ELh Rl RLETRI B e QR ERa R MR UER RS R e

vari abl e- yedvidert iahaddgitext bBthe GlibeanérticHe@ichDfrocdmgpleptaaty 4 @dshlstdp. of
cartridge 101 may be immobilized to prevent novenent of |1quid back into
chamber ~13owerRe apy siible stepiiniche archl RERES SN Slre4SMER) OPEMLAN SCEHINEH Cell, an

t hereby di i Lon 4 - | nt 5. . descri bed
above for e{%%hgg}gaﬁ{glg%%%? Jf%egf lﬂl%é%lé%g Jﬂ' f?[ugﬁggﬁﬁéb%%ﬁ%r U(l) Pﬁ;frgﬁger rod
114, 20 melerheacgptdseingacpmeayusd prgvided auttenmicr ¢34.l y. [f plunger rod 113
remai ns i mmobilized and plunger rod 112 remaj ns_noveabl e whil e plunger rod
114 % advanced©T fREER F15R LN SOBBIMBNCERIOBIdES & theeanaklervebireehamiss fr om

chamber 1344w LA SlgeQl. 386 Dhn2EAd 11T 8ok AN Snd @'nﬁﬂ@ﬁh%d 32. \hen
t he desired annd%tg%f treatgdngangle IS coITecteé I ch% er 135% pl unger
25 rod 112raveyt ipevérnerobf liqud dhacinohtpéhamger 18bdThd Blunpsr rbé 114 hedsedeatiihier eby

2l lowing  pLAGer. Lod 108 e beyoutnetdly gl ARede MERhesPses K9
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 ountward 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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vol une of chanber 133. Any subsequent advance of plunger rod 114 gﬁlb ﬁﬁuse
treated sanple, wash solution, or a mxture of both to be direcz &U 3
chanber 1O &4t ward novenent of the plunger rod 113 rBGTBEO3HIG ve or
active, as described above for the 30 control of the outward novenent of

pl unger rod 112. As indicated above, the solution |oaded in chanber 134 may
provi de onmt@chamirce 134 gt foonsample aggendran theoreatingisnbdtaren 160 foprawmentng a
wash. For ex | e, the solution |oaded -13 25AUG2006 03/ 083444

PCT US03/ 0% AGOEet HHHamlSser e e 4 SgponF Bl VAR SR PR ER&RaR B dHUL r eat i ng
subst ance Jkbié BY, fbF ainiREtaddrptién wmaeﬁum%t sUbRREE16(RNn R 18RG A, @RTponent

t hat has been renoved fromthe liquid sanple by, for exanple, adsorption to

t he treat i ¢aneisst efitbeliqwd sampletrpleapesh frem tegsrating isubstansed6Remay bsfcalleetefli qui d
sanpl g rel eased ,from.t treatin ubst an .be coll ec in the
sol it bon tHiape 7 e mORBEeinsP 93 PR R Buded PO e S il

i 11 ustrat eHigs 2 A PEJSnd ZA chdBbanIB24nd chambel33lcbhtan grarbaraeblulidts Gaitiaikn
processed sol utions that have gassed t hrough interconnect 105, one or both
of whi ch npassesethepsighantefcgpnest B8 U PF botrpf| Whirk may be aisefubforsubseanetier

treatment. _Fid; i d ﬁga;ic illustration of an optional feature
of a treat‘?rl{g11 nhﬁﬁgégéﬁgﬁﬁgﬁﬂzgguenéé such as that shown in Figs. 2A, 2B and

2C. This opti ongig. 8 pedvides a sehdpavic itleraifmi cfantoptipedl fedifed faLttdaimdns s
sequence protocol in which the liquid sanple is contacted with the treating
substfince PRETMHANSERNEICHaUdEs thatishows i Kigss2 4 nal apdh &Colieraptonabfeaimie | i qui d

bet ) 2 i ol i ARG .
schermti oat1y i€ EATEEt peRtm nbRFE S Aincss L e R TGS o
from 15 cheoriverted8ith the ihan eubstidi2e iepubiplapseap| Higlthoas tHatshe mbecmalxove i n

t he singl e-pass sequence protocol, After the |iquid sanple has been
directed t ®WAF daeHrbCn £EY tyg chafabery guiyhegewsesible Thelevisspsitiugiiated ow nay be

reversed b ' i f C hrl j ect 105,
ind back tSiardrchyIBEie P Hse ARG IR HpvcrhcH OF R i bbbyt ERRRCEY
advangi ng theentpl iherchaoded 132 mop be et a@onplshtdas dasomtadol abopt sgtht Sihgiaapas 20
cartridge 102 while i ilizing. the plunger rods 113 and 114 cartridges
105 and 1oFtdenteaperivaly: AR Sile BinRe Ered BB GRgRber A S ey be
control | edgdmaByiakieyt, e soRffoh YRMWY malbe tEREFR LS. difebfn PHEWEF Sin CRMEEERNB2 0

moveabl e plug 116 may be controlled passively or actively, either nmanually
or aut omat ihcalghythe méerdamert Kidd arbback, toRersd ghaobat 1y Thearev¢rsed Dev waerbe

RN A A e T
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 controlied manually or
actively. Furtherimore, 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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For exanple. a single pass sonetines nmay not be sufficient to treat the
lirquid sanple to the desired extent. The cycle illustrated in Fi g} ﬁgjﬁﬁ[@ be
16

per formed Wwylobo@lsgy times until the 1iquid sanple has been gdegdg
desired extent. Although illustrated and di scussed with respect to chanbers

131 and 132, flow 30 between any two chanbers nmay be reversed if desired for
a particular trﬁit nent . oper,ati on t se pees may be

desi gned t hat o[rr?)%fr"%i Bie B]al}j PﬁlcPﬁ%{%(Pm e ﬁua%eh\a’/é'r éﬂ%%"r 5 E"e(f)rse St
desired. -dAmder 087 OBIbA% RPN, W GOaieDsMiTe 20Gte tﬂ_@@esﬁrlé@@tﬁt&@an&aﬁm e may

be collected in any suitable variabl e-vol une chanber, &5 chanber 132. In
some enbod@therranehodiHents.raastos anose AT THORA jreplanantresteRs STk dasised iidainithe ot her

enbodi ”E”t&‘e’sgé)é‘fhb?{ nf®r B raeq(‘lhﬁaﬁ Onakedfif 5%%% gferggﬁdq@gxctﬁgnﬁ Bhdsed to

obtain the estred substancer For exanpl e ribe eFWi t h regard
to the singleerpapsotbed eliutened ipFiso2Al2d, lal suBierqaélﬁCbmd’tsﬁhg&ep Bufeh24s,a ash
subsequent processing step such as a wash an elution step nay be
per f or med &P O ASHUEQD HeR BIaM bFrE’éffﬁ'é%qdr‘@(Pr%tS%f’g the dgsigggsubINGE- B8 8BGOl |

the solutlonybfded he sGNABPHaadeh JHBHRECI £ARRY O1L ndIBY SofCRlIES

nol ecul es e trea I'ng su ance e coll'ected I1n a suitable
vari abl e- vebiowes frbmnthe treaténgOsubstaient®®rand 33.collecibd nen aiuapleesritlsle atohmng
operation sequences al so nm be performed using a device according to the
present i nfeALEDS. 8- FdrmdRbhpt e, a sanple may be filtered by passing the

sanphg (singl e-pgre mlgmx Hé&[ﬁ)e nf BicPHAR s%ﬂée%'cs&aawﬁ,ag'blc;géﬁaém TRy ane as a

treatlng subst ance, e. he interconnect, in o Irecti
filtered mvmzelzatordmg tbehe pxtakdnemveﬁlmhy Ehrre@empmgaaampls ngdeLfilteded by t he
oppbsme direction. The filtrate, filtered 15 rmateri or both may be

col | ect ed PBPPE 1B (sanglenanmultipas éli”gu%ﬂaé"é?‘ée’telf@‘ﬁ““oﬂl@ﬁ‘“b‘?%f‘ dtic
reactions t'f‘c?aYmE%u&%Jc@réTEdlmb Re@ofR%E, G oREGREGRY ﬁ]ﬁ il PR ARhRSEA tmay be

i nvention. Reactants nmay be provid ﬂﬁl n one or nore chanbers as gasses,
soI | ds or cdliecpad b3 dirRetareg awash Mguoblenphﬂz)wppﬂaenle dmeﬁtiwhdﬂ’ahlerm fdendd ned with
Qst one at.her ?t[zeact ant n sol u}l on, in suspension, in an

errul Er on, BAG"ERE" P énayl\}i’ﬁ'%’él\fi‘é‘red f(ﬁéa%?ré'éﬁﬂF‘B%“th Y5k %fﬁ?ﬁ‘é‘é’] zed using a

mul ti-step synt RRSesmeHIRERL¥NPMAY be bBFo@iddNRing §&|§v1decdc@(5}ﬁuﬁqm |§r69=,fnt
chanmbers to provi de al | of the required reactants or replacing used

chanber s winvéntshamsaeignts seaict frovidegm one & fBQIbsfbﬁbeﬂ‘S asg@pcsoﬁoltdwrsynt hesi s.
ude ong cl ean- E st eps
23

?ﬂgﬂ gs fi Ir?r“ixll?)ér%cor e ng’b atr[g):\/,vgd%d PH&{W (e\1 Y¢'o Cogéb?fr a"f”éh ? 5%9{ P8hOPFoduct s.
One or noreadeiPRIr @kathplel BGhAion g sdbpeabRABIR:S Jiisibe aaaphomad NMerceosH I ol
t he terrperature at one or nore steps in the synthetic
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. Sucha
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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pat hway. As anot her exanple, a device according to the present inzgp}édﬁom may
be used to fractionate a sanple. If many fractions are desired tin S
fracti onaYQHW+be acconplished using a plurality of reV&r<V¥PPH%8npvabl e
chanbers for collecting the 30 fractions. For exanple, the sanple may be

fractionated continuously by alternating the flow of the sanple between two
col | ect i onn pigis Atay, thaifloev segpapid inal by conirdlledgo thanby flog cante divepkdoibeg at he
coll ection chambers connected to the treat,magt unit at each.coll ection

point. - parucuir gofespgshappeiys fHgd i DeEETrpdrBATEESY BHOVHISS A" the f1ow
of sanple el N=re ] thewa ; MVI=1g PRRA

parti cul arcg%ﬁtﬁgctts ?gﬁmgjﬁa (laérslﬂf ?ﬁ!}?{? Icf)lltia‘% U'[BO t h@ﬁ%}égﬁrg%\)égxa{hgg? t he\ﬁla%?/

al | owi ng freacddllentiorcdiaidet.i on to continue while the filled collection

chamber is renpyed and repl aced wt . new col |l ection chanber. .5 npl ex
chomi‘bal | sequertcBePERaheT Rabeaurs tahiaapors et FareteRrniedgp
processes uchs@sutPASBoSeaGEIRAGHRDOUR YRR bR RES QR Bdetist RLoRdIHEYY G
according to the present invention. Fufthernore, because such a device my

be cont r olgrestnbipventomnthusiheimae, cauentch s deticamay bercoytraitatally &controlling

Cont ol . (HeFa; WD 35§ GNEr GmAC O R Ao BRTPAS SRR P of one

enbodi ment,eof e dBYder QuibRiteSldnirBPlifddsREd car ryi ng out the processes just
described.” The illustrated enbodi ment of the device 100 includes a
plurdlity of vdfigabpevideh arpersptraivbexplodpd sigMdelcorsyenftmdimentrof riddgies 10001,
102, 103 and 104 and four plunger rods 111 112, 113 and 114.. An

inter connéBftalilﬁgor Breiedeys %I‘q RI?%FS_E%M}ﬁ‘ieﬁ%{tbFén%Sfﬁﬁgﬁ‘egﬁg‘]f{?&rm%|°éﬂeﬁo| une
chambers. deRickNiod igAadmRIa16MABy 1T vaRhige GRNARE thaherd, Droviddd sy fhebsudgea "U'
so that all of the plunger rods nmay be controlled romone side of gthe

devi ce. THOL 192,903 ped 1{4aed twnpegerogs hbk.iilZs1bhend HdeAsiipigrcopoentd@f t he

position of pl.unger. rods and. therefore the valune, of champbers on gsite
7 des of PR B0 SRR on SEEIEN Bevarl S b G LR SR TR BT o SR B e

vol ues  ofinfeh®nnefN0s edinchasipe $f FaY” ke tRASIItf testufiid fodtymsy BeconthiliRdmay be
particul arly advantageous 20 if the Rl unger rods are being controlled

manual |y Heynesesidpet gisetexicsr TeanUcshtned|intefronned| 1ffpsmoits gpsgesetilschanber s
O et e e
may be desidpaed thedinferdonnedtitetaude grcmids ohpluapergodOonufdllipode voRatsbilhe 112,
L3 AN L potel hamber may e postioned Side by-side. THiS Sy b particulany sdvantageots 0
of Oppose ybep Y ybep y geous
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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25 cartridges 101, 102, 103 and 104, respectively. Each plunger rgd mah/ be
equi pped at one end with threads 204 adapted to receive a threa HbdllE36
anchor ed wp as/6@yabl e plug 128, as shown in Fig. 5. Each plungesonoed al so
may have an end 206 adapted to engage an automatic control device that wll
be described in nore detail below. Alternatively, if the device designed to

be operated tinder nual cgontrol, th pl; e..pravi 30 on
the end of “&ZBHCYIQ H%@?ger B‘éﬁ% alshwgh%lec\ﬂngtgu C&%Bﬁgrgsél%’té%? g’[ﬁgé dlpﬁ:nc‘]l;gﬁn{ga.gés%iﬁ ¢ may
i ncl ude r elafid@ns 1R rane 1R Boddnads 20Mand 202 vieat bodipbnilenppart thag bp desitablehe

cartridges, particularly when the cartridges may be - 16 2 5 AUG 2006 WO
03/ 083444 THETrEsEsy B0 219y vhehpiestis. 1Ay BaHagbnGHRRCh Y RARNKS e¥EITRUEL ed

from gl ass._qr.  when.t t4d r SUfLHLE Gf A gibe housi ngs
200 and 203 HEE AU e Rl 208 882M ey Aphis il HRAGRor PR 208 and
210, shen fpgrgepthe Hvayinpe260 2e1202)despbapety. tla ane caibvdinee, the atahment
cartridges. The retainers 208 and 210 may include attachnent neans for

r el easabl yneneAtaER Y Helepshis W mBOGa%E hoEtalpess frtheihperpes- T one
embodi ment, i soﬁgggsﬂ%%plﬁgsa%m fhe WBIMIRL] o & g.%egga&l S1aRGivIRY hh&dhd ach

the retainérs ousin retalne r éxanpl e, ¢onnect to
t he housi n@sendihgearfr H23hitilhtches, oval b dipriddingad tie phavmaleend e xhendising 280m 212
that |atches over a lip 214 near the proximal end of the housing 200, Each

of the housi ngsEEDEf trchopemesg0 patEQgmay inhuds senarzly 220 BAsRAdHESIIS N n - 10

whi th ' - [ ' 220
o Sl e MBS0 257 TR s BIRY Lt Y los ST ey Rk
i |l ustrat edplurility 6f opbningel Bdesxagpldohesémigodiiait itlastraat mnipdaineludeoa

cartridges and a nozzle 220 that has two openings 222 and 224. This._may be
seen wi t h RYEBE IR AR BICAMMBSAA GV Eder S RIFZENERIShBIHS MER OPENINgS L at ed

in Fig. 5; I ARG & -3 1 ng,: chanber
15 139, THEPRRePESRRaLEToR b SRRt ahy PR CoRREM TGN R, (R 2
second endlastapdcin Fi23R opeaal 222 idadgur @dmriber Ehlgagiofden gd2d2k alsemdhafiberhe

housi ng. In one enbodi ment, each of the end adapters 230 and 232 includes a

basel?] ang’e34234 adapted to engage conplementary grips 236 and 238 adj acent
to nozzle 220. TIRKSEonn@aN itnﬁfﬁﬁe ﬁ%ig%m@\ﬂh 13X :Inld.ud's(é%t?ﬂedgéﬁgiaggﬁgr

bet ween the interconnect 105 an e chambers y be suita
provi des a2Xk exh-coebpirot iptregagy tlemoatleangof tHedroueig o e owndrobadimatt, edcht he

devi oo 100 ARE ANt A5 PIR ISl MBE hOlke 440 SbRASTBOGh et the
complementary grips 236 and 238 adjacent to nozzle 220. However, any means for
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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includes a pair of piercers 240, each piercer configured to penet)@atgs a6

septum 22 of a 25 cartridge, thereby providing fluid conmunj i t ween
t he chanb&¥O ¥4t each cartridge and the corresponding o?mgds}@é% or

224) of the nozzle. Each of the piercers 240 includes a hollow needl e 246
anchored in a piercer body 242. The hollow needle 246 provides fluid
communi cat i on bk idweien atdvedio p deriierprofentingeintion e badesigned|te nignd 2lege.

It er conned i a0 Ry RARARE shg e ket s sEATRIEhFR 8D e T g 256

nmay be Seafipgﬁlraﬁfsmﬂgastéh%wnﬂhﬂgﬂ TiRdip@srald B300anpy b dckezird fbisugpbitightangeal
for plenum 248. A finger flange 260 may be provided to facilitate nanual

act uat i on asfuating midiple éreatment pnits Mcthendy ANOWOBE oBIRisal IPeTgstise of ouitade A
devi cge according to the .present | i Py . [ efaT=Te ™ oo) one.

Al t erhat i éqm&, SHLR'ES W%Slg%leiag%%atﬁgéﬁgted L?eﬂ%or pgggt]’gggggaf ?%hgtdﬁé%?&gr%% s 400
in a |argahay BPRMHRE B&iaRA, 1o permsib ciarthtmidal grocBssinkhel rApibipledatple3q0 bemry be
desi gned for supquorti ng and actuating nultiple treatnment units 400, thereby
al | owi ng cieelvroed syhstansigBy pighwdfaneRiisty ?m apPRIagHs depicsaoindy e hpravisies fpreix
appar at us 30 b of. i | el ﬁﬁ% . f.urther
desi gned ttBC‘lgné%nﬁ‘iuf]ﬁf ﬁgé E:(h%m ggPH%cfgichs%'?dﬁ%d’-ép Ferlr'ufJl I pzﬁ%yg%(fr}%?\%ggﬁ%s'gn:ed t0

perf or med gubahahicahl estdhinitee 00 §tjtmedheniapy®®; at us depicted in Fig. 6
provides for six treatnment units 400 to be supported and actuated, but an

appat@tus 300 ndEguss BepPEhierks 404 gy davirgkedonapasredZ ctherfipypiags Bpport ]
treat nent ynj 0 ' : t
roatmen t—HQ&kts%oﬂQnaJ Ve % %eggﬁik%gé%gghgﬂ}é séagj‘éd@%a'?ga& &@&ﬁfﬁanon a base

302. The housings support ave'recesses torne erein that

are shapedesdivd frad suppoh sbdupely cbanr niopc BéAl@eANchi BUNNO Mhe SEFpUTEbIYciBDOr nore
treatment units 400. The support bl ocks 304 —may be constructed of any
sui tabl e sTPPLBE EPHUGEHOf ARY FH1agl swgPoTHYE Medtun inplydieg. byt notdumived 9y ene,

pol yte”a‘;ﬁg ARG RO SIS G carDBh AP dJS A he 1< Kfpe The 15
recesses Om {]o’?‘br?ég B%/ anye @i océgsﬁgﬂl ?aﬁgﬂyrr l?)ﬁ% parti c{i éairﬁr'fcat eri al
usedi$ o f okecastdsamays b figtried blyaak pr@d@4s sukiable duaitip lparticuhe mieaes aesl waymh ehe
nol ded or mlled intg the support bl ocks 304. If_present, detection
el enent s oWPPREBIICkE d04 - FFIREPIe ghedPestesttaanbs Meldedion sutled g BY SURPYT or
attached tg,thespgupport bl ocks 304. 20 During operation of the apparatus
300, the support blocks 304 may be secured by any suitable neans, e.g., a
capture pl ate 30@resast, detestion alerhergs obtemphratireragul engxdé tnests ey bene or nore
structural. nenbers 310 with bolts 308.
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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In certain enbodinents, nultiple treatnent units 400 may be supp,ggtﬁg Mthi n
a’ rack of support blocks 304 such that the treatnent units 400 )9 (Z

easi |y andygussidsys 25 engaged or di sengaged fromthe rack.pdremsittie
treatment units 400 may be designed so that the el enent having the variable
vol ume chanber, e.g., a syringe or bladder, nmay be easily and quickly
engaged or ,di sengaged_f.rom t he freatnent i . ernati rack
of supportc%@ogﬁgcﬁﬁfyﬁggeéa%q 19565{?132%;:@&1?{& OQE‘ég"glecéé%"trbe‘éi%{e"n‘é%%’é r#“?%m t he

base 302.3@PfoEabadiviantusidtemhiedtolriibeabteaepaniplen of the apparatus 300
may be easily and quickly engaged or di sengaged mag_ be particul arly useful
for certain appllincamesmrbodmpents gl hgaprarawy ohgdusBAs e e AW AERET t o

col lect fr i t i t : WO
031 053444 SO PRSP bfen Bh TRERES, bR FORR By b ddhdned VLT T e
col | esti onplohgeriredsassodisted Reéthappaeatnssr uBG0 Theracmarts magbs configunédror upt ed

collection of treated sanple. In sone enbodi nents of the apparatus of the
present i nRi@NideaRy desipnddevl iof gosfinaledicontrelrad thaplupgergedseline offPTsct uat or s,

wnen preselamBftydS. 4881 WedinkRL SRRLI Rl flecr %d@'fﬁb@rg?%mgﬁgﬁe ARACHAGEd W th

the treatnment uni he actuators nay I gure ovi de any desired
| evel of cpeatrdismat edcamnid rhel mofentdne opliguidevithidmltgile onatment amrsesimphydat nent

units. Such coordinated contro] of plunger rodﬁ frommulti ﬁ(l, e treatgent
units perfAQIYIg $1B8lE GRURON- ThYS: ABS BIRESPNEP! (D BLRsEEsOf MUutHRlE Fhanye

treatgent iSins RELR] didnh ijpgl e actuator. Thus, one may
cont rlgF thg&pr%g?esg@g%fcpynsﬁllbﬁ?p{leBJcrllemH%rgeI()ﬁé]?O processi ng sequences
sub?t antial |l y sThuémbodiogsl depicikindfigoflinehrdes fepiactuewrd 3215392, 3R3iand 3Rdes

four actuators 321, 322, 323 and 324, each actuator designed to control the
vol unes of CHRAFYGON deppraideconirel thayplupmes 8t FRAREOUS KM AYH ELEACRIIEAIMEN he

appar at us. lﬁ@@ﬁm& “ﬁ%hwtc@ggﬁhg@gt BE@;}Jse BRY, thdd e‘%&ﬁ%nﬁ’}b{aﬂ&lmﬂE alg,t %%Iﬁq{gio%b' e

vol une chanbers and eac e volunme cha may or my nho

connect ed tariable wdtmekbambar aappahatangbld @0lmecdrnadibegntag o heypoebent

inveq%i on % i ngl ude ang nunber of @ tuators. Ihf coordi nated control of
cheni'dal pFYPESET My HICWIPT APREPAAHD PRY 3G Rg K heProsgnt Igyd|tiog qnaygagide
actuator nmaw Aenedaphedadbn. engage anal ogous plunger rods of each treatnent
unit. For eXanple, actuator 321 may be engaged with the plunger rod 111 of
the sanpl e 20 cHawbelinastd ecntiol of darmedtprenssting eheubiplaisungyle3R parndlyl ise

:Rgaggd O\rll\li. &hs'}egﬁeggﬁa léla{:}ﬁz?tr‘gf 51?19 ggfag%éﬁé . L?Sntgggcgl Jaﬁ@&h??lu‘ﬁ@gﬁ%ﬁg of gacﬁ?‘l%gtnge%\t/i ce
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 receptacies 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 plu‘nger 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
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include nmultiple receptacles 326 for rel easably connecting to pl unger 6gds.
The receptacles 326 may include quick rel ease fastener co Ie&%% Uy 0y a
fast eni ng %@ MMB3dHe on the plunger rod, e.g., a button end 208328 ®ach
actuator is reversibly slidable, thereby capable of controlling the novenent .
and | ocation of each plunger rod attached to the actuator. Because the

| ocat i on dineshmotionwegmssiblel (Khe lodd ©hews3H may hedriven bhmopireinged geod,  at

| east partially determines the vo of the variable, volune c er that
teatt R it By N Y e R AR BT RE T | e
actuat or s ¢iaholft 1S efidu® mdidha tHae hreGRB8¢Dlor teeli rereanpratedires3therdtguii d in each
of a plurality of treatnent units. During the reversible sliding notion, the

act uat or s prayidirg awppaed eonthyl of thegeherieid Presinhgyetcpdisingperfosmed uapishe

| ead screws 330. O h t hods of i ontrplled, -19 25A 6 WO
03/ 083444 ‘ﬁ“é?‘?’ﬂéd’é‘f‘dﬁ‘r{’ thy ‘i‘RPé‘é”t?“ "fggn“ﬁ%«%&’p%aé%u%cl"gﬁ‘” ‘ﬂ%%\eé’ ‘l‘%ﬁa& ws 330
may be driysefullByr pPetobhidaiBRehgegi R pWick Bkl RqO¢ceesuohi ds sdmple gpariomi t 340

al so may include a control nechanismfor the timng of the various notions
that are nioegerpriigor preainicfanplypgs. pscodupkscchapspemyy igsiusigiadi ng aut onat ed

| of th hem i Y] i h
cont oL eSS BT, GUTREE LR Al LA b5,

parti cul ardoftrous®f mhy bokuip®id. or m ng hi gh-t hroughput processing sequences
such as sanple preparation for genom c or proteom c anal yses. The control
nmechbhi sm may i Redhuagiuagor maychognnaeaisd iy the sprtpel upgehanisarsedhatibe et of

mechani sns ch.as c follo I tfo be suitable. 10
Each act uat'of %HIB‘I’V 13 C%(I)mnrﬁfe){l:] e teﬁleﬁ L%fre%(%ﬁ%?%%%ﬁe%h@nsﬁg%’éoe %/cf%'é?lei ?lt‘elthgont r ol
mechani sm Gaivus ORdniedrs bheachonansdiil udit 40aahihaappahak 300 Ard dinsroVey by tie

vol umes of the various chanbers of each treatnment unit 400 in the apparatus
300 are coifmiigl meshampsm.Reereyplse sentplldpmiiicdngvemsat ebyaudsBowamechpmpeignt he
novenent o WelUF : -' I Nip L hanber s
W thin t he Sp il LAMAREFBAIRARA e ki Rah iR huitThbed, BebEEscED
connegt ed dcduand rhipbecamatiod ousmupipia gerlogoad plungeniods] dontrgllingehppssitidrosr of
mul ti pl e anal ogous noveabl e qlu s and, therefore, the volunes of nmultiple
anal ogous mEHﬁ’&\’@o@}a&goPﬁé’oc‘,’S‘?ﬂ ¢ Blugiraehabsreiore dif YRmeDLP! myBiDisnategeps

pr 0cessi NGl tflofy SATBLER oL ABEAU oo FiAbo SLIRIdr Ghlifple NALRYS

features e present 1nvention have been crib ol at
descri pti osimugladouslyot be construed to limt the scope of the present

Such

For simplicity, various features of the present invention have been described in
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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invention. One of the features of the present invention is the vzrs&}i“ty
of design provided by the device and the broad variety of chem 2 AUb 00
treat ment syphabsyzpy be performed according to the present Agwveswioorws Thus,
the features of certain particular enbodinments nmay be conbined with the
features of other enbodinents to obtain additional 25 enmbodi nents of the

present inventiﬁpe.afﬁus élgso]aspagmfﬂ%%q% Q.gl\_;g%%ﬁpg@% Hav&: gpﬁﬁg&@pt ed

nmerely to furthe rate featur ages, and ot talls of the
i nvent i on.avhilabls fiotn KémblepVaeking Nuhjeest wed to bawevdguid3@hitives onkdlids, ashe

exanpl es serve this _purpose, the particular materials and anounts used as

wel | as otWéF"FEB‘FFdiTl?eoﬂéssé:ﬁﬁn%qséﬁaém&ﬁ’ge&&f‘ opep e ihishyhbed epcﬁgg‘wﬁi& er

t hat woul Lot tih b SilicBYEent | J 2006 WO
%gg@;’é@ £ éy%g,g@él endN€rhg %9%‘?%@5 vk{?e §111'c81¥ee(}£dt9d1¥560%9ec§czﬁ PAYE

03/ 083444 0O In eac anple, glass cartridges (80 mmlength
and 75 mm iavegablalfroeh E)rmt(éasrnir@vhiidilai_ncﬂ,e\/li)mmrldinghbehe MamehengtrN. J.) were used

to contain liquid solutions or salids, as apptopriate. The gl ass. cartridges
each | ncl USERMERAGEER ‘B REPVIRR BOREEL TR 1§ HRUREe R EspREN e Rt HE tspen
end. The C&Eﬁiﬁ%@'&es were silicone-treated (560 Medical Fluid 5 avail able

[

from Dow Corning, Mdland, M) according to the manufacturer's .
recommendat i on Aongweabliedebtar pligr(7 cameliarseler) doeing @ theeaddd metnkbpgst (avgdable

novenment within the -cartridges A.noveable rubber pl 7 .nm dianet er)

navi g a ¢ detaphRt by B SuTRReR b b RBISO T AR BRI L) v
insefged i@lg hREIQPSI 828 aRiché@f BhAsS s6aRdithdSfichbRCPIukRbgRARI post
was attached to a plunger so that the position of the plug could be

ext er nal | yex¢eonaltytdremblle@one cartri dges were | oaded with a solution or solid,

as appropriate._Solution or soli i nt roduced.jnto an openj .at the
nubbed end of -t hEne g er Rt ¥R A SRS LS Sl $ 1o
sol ution of)aQkdsdnMeduck@YiRh albbdhih e RPRMBIA Al of hR arbled Rdn@bedpuf he
cartridge. The nubbed end of the cartridge was crinp-sealed using a

rubber - | i negs advaperdrintl Serolinion p s¢lad wias ivklewith i opteiae ehthehabhed eshof
carpies.  GBF PRk THeRPbRGRET T S e a0k R R o' ¢
most  f or wadldmpsh bépiimicap Railaarbhi Whatod Phaibdiad semntbupf, MDR cartridge was
seal ed using a rubber-1lined alum num 20 septum cap as described above.
Other cartridges were intended for collection of treated samples. Collection
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 cartrnidges 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 matertals 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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In each of the follow ng exanples, a dual barrel syringe housing ¢degrivied
in applicants' copendl ng I nternational Publication No. WO Q_I:llj'g% % f| | ed
March 10, %%‘3 Hilas fitted with two gl ass cartridges assendié $&scri bed
above and attached to each end of a glass colum, thereby formng a closed -
system havi ng four syringe chanbers 25 (two on each side of the glass

col um) . THeehgyrms wokingingddd ammmsesnbgvngiwd B-gangeineedlen adpableanfatescing o
available fro Canbr i cked WI packi ng
mater | al < tb RPbEas e e of B el atnecesins Thief Flg Gy Rt ey

mat erial  thaedle GRIVANI E@sndsR BkRekeWaldarteidge fid i HEHiORtEI Mz RO Amyingks (al so
available fromOmifit). Each end of the colum was attached to a dual
barrel symhiongieg hBa@I rrydig and itsussocisednamler openinggrovided Baihcasvanpration

cartrdj dge contal or enpty, as appropriate
for tin }FE T gn‘!ﬂag?fmtﬁeh '2%%’(}%?0 fﬂne ‘dual barrel syringe
housings. -21 fﬁmﬂ m@n@a@b}rom 1013 5 Bt 4vhs RO dIfI0 OkikhGbiBami phungengrls
housi ng i ncl uded an insert havi ng two 16- gauge needl es C{Efg[abl e of piercing

t he rubberassqcinsef ‘yebtcemﬁl@ﬁmhawer%e@eag@r%ﬁrrm gyatipns ofthe liggids beingo t he
hm%%%WWWMM%MW e LouPELAEERC& GRETAGIER: A3 OPEN! N

in a nozzle o usin need e an nozzl e

openi ng prc@t«thdylorfdamndgmmwmmmdqm@d hebeveaisfaredat b paAgaldroiagiedrtien t he
housi ng and the colum. Fluid nopvenent through the systemwas controlled by

i ol [ ziohepast tdoedra qoblgstiong@slsideatice the flfFﬁﬂeawrr pldfe iaviabeingianpisireder
sources n 0 rticul ar
st ep. Pos?{uflggs‘l rageﬁtsu?f?g% ad ]&Eceg orllﬁ'?vﬁg% P%%e %&ﬁ&ﬂq%e&?g?ﬁé héde ri dge or
cartri dgesllbhaig the nbhimvest thd: ctwnmbetrcm be d.lrtadgef e:rme:@la@tm aegpanid teuh@pomwm The
10 pl unger rod of g’?COI | ection cartri e destinatign of the

i qui ds bFRgUuRrARRLEBIOr 8] SOMER T dge g%%{‘ﬂdésr) éinées oflssviss dadicagsd,; lignidowed

to slide wihi faceeh%m%a%ﬁ (Hed9&emtd0qT e@efaaé W Y@hire of the chamber
in the cartrlollge to inCreasé In response 05|t|ve ‘pressure appl i ed
to tife source cartri dge pl unger rod(s). Unl ess ot herw se indicated, liquid

was dir ectEed t gr gug(h Be sgsﬁ em, at a rate of approximately 0.5 nL/mn. 15
Exanpl e | he system descri bed above was used to
construct an i offjeGyk@Ristdzalab80e 34SLEM (0 LhRA MRS MﬁﬁqrﬁrRBblﬁ%ﬁQn Pstteyl\p
runs, a single-passS run and a nmulti-pass run. For each run, ass
col um washpaeksededvfarisadveibwadeds, ag‘argbs-ea&wrtuhandmnmltll-lpzsscrunrﬂ:nochcm'em,i c
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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20 acid (available fromPi erce, Rockford, IL, copper ion bindi ng Ca@:}%hﬁ:y >
0.9 ng). The colum was equilibrated with distilled and dei oni &b to
renove sodicuiy@zide preservative. Copper sulfate was di sseCyvadoi/mtei still ed
and deioni zed water to forma 165 mMsolution. 1.5 nL of the solution was

| oaded into a first glass cartridge. 2.5 nL distilled and deioni zed wat er
was | oaded i . Fe . adid gee0d gartridges
wer e inse?’%ée@h?r??%ﬁg%g@gsu%tqﬁg?crﬁ@léegy?igﬁg{jed?[ﬁ{)gés}?%%i.nrgs% l?%??% cart P?ﬁge and

f ourt h canteniedgemplerveasi diseredadwimitand nbedet indbekchdubaroff tieythirdgatridgsusi ng

attached t he ot her end .of fhe glass caol .. The thjrd and fourth
cartri dgeégh% 813&5"‘{?5?5/“\%‘?3#’? {:\ESEF%H%]%FM&B f‘bﬁﬂga Vc?ﬂger#'nél.] O?H’etcﬁ’gpesrisﬁgftg- pass
run, posi thhY 8ed BESHIRINES 1BPR)ILRE. t 0 the plunger rod of the first 30
cartridge, thereby introducing the copper sulfate solution into the gl ass

col urfn and corfihecpiump whewedsddry isudbalizng dleutungsr wd of thh Brsbeatielieagdr ose
packed therein. The. plunger rods of th cond and fourth cartridges were
o || 2 BB P Tie Breinga o e fier 3o Be REnBTaui S baps i
PCT/ US03/ Qéhd&Qoadel §n tHe seforfiPéarid@e & aVafirddated MPibe cbR@ish, theidby, wahingr
contacting the beaded agarose, the treated sanple was directed toward and

col | ect ed unhouttiecopherribes frem the eolppiny decause thagplangennpé af thdhigd cangsige vog of
the first cartridge s, fully advanced I.I of, the copper,.sul fate .had been
i oduced®! egopieed Bibind SrtirSRoF et tort s hBaTL YRR BEN o Fivg "B

pl unger redli&ed Mané thisltcat@idiE | BBEs, aNEf RRAbYLADcAPSH fonY el @FSLES it thet he

pl unger rod of the second cartridge so that the distilled water |oaded in

t he, secondhigheartidgge was i ntroduced into the col um, thereby washing

unb()und copper ;ions_from.th ol Be h lupger,,rod.of the third
cartridge was Iﬂo erfm]“_ ‘F’% f'gnég],]e ﬁ%ﬁrr\%c%(;%g?)?e)ee%ec?%%%nd\;'\g)élﬁtg&%grr@gr%st“ﬁeéecoI um

wer e di r eGingbbilgnaa ad aexhe biPina@k| o eheasingle-phdiauh tmlemib@@hwdedg%smwF;se,ss@fkI of
t he unbound copper ions were collected in the third cartridge. [n the

nul ti - passVas@Hemaledy pnkisd e thegdungss radsof dedystandiird saftidees af that dges wer e
pos 1 ve- gl sttt 481 REFLAR PR budBIT R HEORRE BTl CERRIREQ AR, |
and t hi rd tieeest Whgeserqmsithatprissere Mns bepgeppsed feathe pholget iodmf wasofme e back

and forth thr.%ggh ,tdhe‘ :#F:]ar ose- pacgk‘f:)‘ﬁ_lI colum nine  times. \Wenever positive
pressur e WAEMBET R EEDITeRIVEE e ODIE AT CHr a1 GR@IBI VA HErifes dtvasor thi rd
car tri dgesiiohes (PhdiofhcdddliRhrd i RABES I FAE LhhAGS, (Rl MRIHNEecar LY | doe)

was allowed to be displaced outward respect-to thé cartridge, thereby
al | owi ng tshition 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 n 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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solution to tenporarily collect in the passive cartridge. 20 Aft SrAiUG"?UUE
passes thr. colum, the solution was collected in the-4bEfHhiiee

cartri dge.\gql%gf})%%ﬁ er, the columm was washed as descri bed ihﬁctﬂg s'i n(gjl e- pass
run. Thus, all of the unbound copper ions were collected in the third
cartridge. Approximately 3.8 nL of treated |i %gﬁind s col | ecteg} i@] the third
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wer e anal ydfghﬁsggctrogﬁfo%oﬁét%éal I‘i/gatr658 nmgetii'ﬁe st r%singr(l}g sgl ution in
each run contai ned approximtely 15.73 ng of copper ion, far in excess of

t he bi ndi capagi t f, tpe col.um. The collected solution fromthe
si ngl e- pagﬂﬁ—%MMx €0 =2 g_ﬂﬁopper ions, indicating that the colum
i mobg | i zed 0. 08y, AFf iy iGBRRSLzA1RA shfterNPasTHoR R RBHRI UseA forldagh oBAvERInkect ed

solution fromthe multi-pass run contained 15.43 ng of copper ions,
i ndi cat i nge sihgle-pakrervocind mrmiltrgsss hinz dohesygemgves capsippaied podescnbadnia

mul ti-pass.run. Thus, the colum -23 2 5 AUG 2006 WO 03/083444 .. .
PCT/ Ush) At Dot tecipam tEoreen (i S8 e RaRO oY ket T OISt he
si ngl e- pasgiuRist PERL. behdit (al Db 1CHREH PRoIIRHIIB GSPRAEs 1AAS I UASH, BH1isal
saturation using the nulti-pass protocol. Exanple 2 - Affinity

| mrobi | i zdsieorans was afuflibriated witrddonM sesiyro phespdaerhubies, pdAst 2dombéfand used
for ch af two runs a_singl e-pass r, nd a | ti-pass N, The system
vas Wnot rthevlicrerdin albeain S foafel B a e e et and drToshioRestRutPgne
the gl ass ZolNPs W spdiGkeshosphidie, HBEIveas 16kded 190 FoXbndgagdscaliaivpé | abl e from
ProMetric Bi oSci ences Ltd., Isles of Man, British 1Isles) and was

equi | i brat ed wi The banspvesesialmnpnseiyHan &vapprapared ydissobving hgmas sgppm10 human

| bupi 2d, . i . h,. buf f
cont i ni ng Pl S SRRl Rkl Ehe B8P EarSL 1080 AR R Cona

gl ass car tglicdgitate Bltfe pHERS &ed tuficehBuidniof 804 SuhigehlWwas prepared by di ssol ving
human_serum al bumi.n (HSA avail able from Sigma Chemical Co., St. Louis, MO

in 255 M sodi und hphessprhicsordisarerdgepes: igsargdanioongsiyal barich ayirsedionsingy/ ni_.

15 The firgt,. I -i rted | r.rel
syringe ho’ﬁé?'ﬁ%&’ﬁft&?%ﬂ?g&%g{‘ta?[g@g%\(}%ﬁegm %?Jer 'h?oczg{roﬁe?gggleov;\]g}rég%frnggrted into
anot her dusdush@ratiathesiyto itlfegg@hehendif nige glhisaohedn.t The Herdainddbuendargidgebhe gl ass
colum. The third and touréfn cartridges were enpty when inserted into the

housi ng. THEFESIHYY dhpaysereminiade Jopfigged in the same manner as the

singl e-pass runrRf 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 [. 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 ing
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.
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20 Exanple 1. Thus, all of the unbound HSA was collected in the thé%dlﬂl]ﬁ
cartridge. The nulti-pass run was performed in the sane manner 335 e

mul ti - passva amwsefss Exanple 1. Thus, all of the unbound HSAPG@&ISe{1ected in
the third cartridge. Approximately 4.3 nL of treated solution was coll ected
in each run. The anount of HSA | oaded into each first cartridge and

collected ﬂﬁugggg _t!gt'drg!;ﬁ@&rlhq_g' %iﬁ?i&?an‘f’@i}lﬁftmrﬂed using the biocinchoninic
acid (BCA erce, Rockford, IL).

Appr oxi mat el y ¥6hgdmphdiSAimmsbiligaidwdsyisienowenemsfrieisd andutedifdgeachdfeveg  of
unbound HSA was. neasured in the collect eflhsol Pti on i.n er'_\le 3i ngé%}iggdslsﬁ run,

i ndi cat i ng""% RSB R hatded [PUkisPass i o f D RIS 4 SR UE 'S ARESSEEPTRE i n t he
si ngl e- pagafiphe 1,3vith th@o@éwi‘ﬁgc"ﬁxé?mhﬁ‘ﬂﬂe HRGOLIEh ok PEcK¥d | With @aRsylr un,

i ndi cating that approxi mately 13. 30 of HSA was bound to the colum in
t he rful ti -agasse fayailabl@from ng@@QmalSmrngdmmuml@B@Bh@M@@atﬁExarrpl e 3
- Hydrophqgbi.c |.mmpbi | jzati and _El.utign. A hydr ophobj c. i bili.zation system
was conat RuEEEd ane (0 pa7 Bdasobrt o BoBR0Rls Pl e a3

nul ti - pasSydsHBuffEN@nENEne D YRS, TR &L FHTiedadivadiesiald dedohdcarkiizgpl e 1, with
the follow ng exceptions: the glass colum was packed with dodecyl 5 agarose
(avai | abl e fromsipgpade Stlutidroyisspreparypd Br@roiend yeae bPyipe sgra alpyraingBS<phat e

car 11 age AT ORLkBL Y oo Rie B0y el PSR B

intol@ secaRdofdidtdd l@gﬁidiﬂ'@@.ép@%ﬁb@ﬁ SPdsit (a0 Hi 1S Trpmemaie Rk fEraoligehatzi ng
bovi ne serum al bum n (BSA available from Sigma, St. Louis, M) that had
bee[;_ di ssovasdepshly dusglvedip wager. Phepestq)giissolaionpyas dinvepdde dirubgtedadi g 1. 6
ng TCPK tr, [ ai l.e from. Pie i for . 1 e
di ssol ved ]%ﬁ%\/\zgggfd J‘thpeﬁﬁlct)’tnég)f:?}?iiessrog‘gfoﬁlt% ;%g%r%"\a%ﬂjeg{'#ég\/\%g%%@?\%E%%S@c%or 72
hours at %QmLT'B@seHQ@BhTs?élﬁro@ﬁ&bhﬁﬁi@é}{a%ls%2@@%@' ned peptides at a
concentration of 304 ng/nl, based upon spectrophotonetric analysis at 214
nm The first akg fyslcamddecend qartdigess wercendericé e @né dueal barrel yuiake bawsirng.
syripge housi-ng......15 A third cartridge .and fourth cartridge were inserted
it oMot o igtearbde fud RufihREbEL 38 A%l bR B¥ AT Rehaor  the
gl ass col uimasing AgadhBil kdlthardhdredd bhdeallissicdpam. TYe Bire apd Youidhesartiager t ed into
t he housi ng. The single-pass run was perforned in the same nanner as the
si ngl e- pas¥er? GRPBE Whiigngiesl into drafiguang. unbound peptide was col lected in the
m [ f'_ g :gtsr 'r Sge%r,fe?s%gﬂlﬁas’{%ﬁ WaP B80S iREhd QB daddir b e PR -PRINGS ofS the
Example I. Thus all unbound peptide was collected in the third cartnidge.

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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Exanpl e 1. Thus, aII unbound peptide was collected in the third cabtMbdys.
Approximately 3.5 nmL of solution was collected in each run._The anpunt of
BSA pept i (]‘@909"“83[4% original sanple solution and each col | R EISEEHY on was
determ ned by spectrophotonetric analysis at 214 nm The starting sol ution
in each run contained 25 approximately 456 ng (1.5 nlL) of BSA peptides. 240
my of unbound pprtl, desrrmtallzedcnepééﬁseﬁﬁrﬁnlw%frﬁm(ﬁnch At e ghn edd- Pﬂsﬁéun

si ngl e- pasg run, i ca tha 216 mere zed by
the col um® 1%9% efmﬂh pcéOﬁ?maegg{Agarcg eLsin ﬁ{%f‘argta"d Steﬁon F#rough
of the nul tverepasiacddin,onk rgglnﬁgt howginigheith 20Qidges %ntBﬁﬂngﬂB@hﬂﬁ@S’!Oﬂm e

i mmobilized in the nulti-pass experinent. Thus, there was no di scernabl e

i ncr ease i WEMIIHWWéi@héHNI:CQWEIq VatiibierarceBSACKepEnsagionbuficsr 859 HE t he

03/ 0adass PERPRSYMALEska R R IEREY RERHAPELGMAAIR st b QPG OPel
each of thbarsdl Bgtlipeptansingun  col umm and the nultl-pass run colum. For each

elution, the first and second cartridges were replaced in one syringe
housi ng with caFdsh elyeen wanpafaimsg ip ths same spanpgy sbtheéwﬂfomscsm E«iaftr@nﬁe(v/ V)

cont ai ni ng4 0 C @@H he 5 third
and fourthlcT&%%”{&gg%&ggﬁ E&%ﬁacegghﬁ q@%%?g CSP?2%®§§%d3Q%§9Prges in the
ot her dual carbbigeel syringe housing Each elution was perforned in the sane

manner as the sjingl e-pass run of 1. Thus, in_each elution, protein

elutdf fromt heT%vaﬂwwé@B%ﬂt?de@P@a “iaﬁ A heLoRr Feh slalin i thyeamoret eheluiggl urre
of coll ect BSA
pepti de coP?e?# g& ﬁM?%gﬁtﬁfgﬁhégrgﬁﬁg E%Egggﬁogpﬁ??gﬁH§ggegg§g#%§ﬂ% by
measuri ng thehesabseehadténat Thednasnof BB@\ mﬂﬂe@éluﬁﬂ/ﬁrqmma qﬂmge-@hsstrad vfasom

the single- ass run wa of the 216 drophob| al | und to the
colum in & %mﬁé?éhsééémgrﬁ@ Qﬁ?é’m&v%w@w FRliENEN 3 She ?PE‘) g mass

mul ti - pass of B8A YRS dA%15Bd €8 the & AQS &qugfwaﬁ%slfé Rid S&Fml rasrm'Allzedto
t he colunnofn hgﬁﬁul |-bass run) E%a 4 - SIZ%R%XC usi o Separatlon A
5|zeléxclupqnmeSEmaobﬂM@muswstehuwashcmmﬂﬂqmeieﬂ)as described in Example 1,
with the follow ng exceptions: the glass colum was packed wi th Sephadex

G 25 20 (avail abl e from Anersham Phar maci a Bi ot ech AB, Uppsal a, Sweden) and

was equi | gRhRbRM Waizb FRRRSMIES & Hfiber ed saline (PBS), pH 7.2; 200 L of a
dye- | abel ed

A size exclusion 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 Joaded into a first glass cariridge; 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. Lowis. MO) in 200 puLL 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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protein solution was |oaded into a first glass cartridge; and a vgg&@@ fer
containing 2.5 nil. PBS buffer solution at pH 7.2 was | oaded ith cond
gl ass car hwhdgeszsdhe dye-1abel ed protein solution was prepacadydayndicssol vi ng
4 nmg of rhodam ne- 25 | abel ed BSA (Al bum n, bovi ne-sul forhodam ne 101 acid
chloride, available fromSigma, St. Louis. MD in 200 pL PBS, pH 7.2. The
first and second cartrid i i I i.nge

nousi ng. . REOREH 0y S el BREbE ol ednOBe SBled BUER soRMIoR G0\,
dual bar r efiows yiitb Rgebeab Puskedgohirhmethechtd of 4. henlomiver Tendbeled B gllasm col um.
The third and fourth cartriquges 30 were enpty when inserted into the

housi ng. TREN aREPIE REHONGhe PRd R&cond and fourth cartri dges were

i rmobi lized, b I : ' '

| mmobi 11 sed. Polig I‘@%g%f%@%ﬁ@sﬁ’ﬁﬁégﬁsﬁ‘#‘f whftnifloBified e WABERAA Rl the 210
PCT/ Us03/ Q4iaf carta@gp mar geeased froof intrthebifizaten. dastive goasurt vers appliadosheng t he
dye-1 abel ed protein solution to, flow. into the bead- ackeqcli colu at arate
of 0.5 mi/Rtmger Tekof thearcend sarides therdy Caflwwasla“guﬁ?% ® %\wog?? Bead
bed. The plunger,rHo miphe first cartridge was i nmobilized and the plunger
rod of the 5 second cartridge was released fromimobilization. Positive
pressure was apPdpasdiot of theehogdruingdabelaidBHA ftdmeusesoediricdnminedyss, t her eby

causi ng wash solution tq flow.nto the col at a rate.of 0.1 nlL/mn.
Sapar ati orb WO aNE criprcayie SUBI B BEATPrE T bR FOMR e was
obsefyabl & amikd¥einGarstBle A delde B bil O VUABLR8N e bR H¥EwBFlBtdmddiagt | on
was 10 contained in a first clearly delineated band. Unreacted dye nol ecul es

wer g cont airnbuig claady delmapted bgnd | €y, thedbykipnetainddint ared colfbaisd intthe thisde- pr ot ei n
band was col |lected,. in the third cartridge . Wen the entire dye: tein band
had been Gt é?-eg’,hef‘ s %I‘ﬁﬁﬂ)é"r‘%%ﬂ“f?fm‘f b beepEpectceh g fyBesiAed bhiebi | zod
and the plyngenrn@st wis hlifodiRd MdGRE bluh8dg o8 e ThEAs EhriddeQMs released

i nmobi | ization. As positive pressure continued to be applied to the plunger

rod of 15 fréve imewdnerabent Ak ggetive pressme eendingdd thyle dpphidd wathephirigectodadfi n t he
f i.dge. 5 - id Chen cal, .R i Thi. I
AR I e A L T R R

chemi cal reactions. A systemsimlar to that described in Exanple | was 20

enpl oyed, with the follow ng exceptions: the glass colum was replaced with
pl astic tubxHBPkei { Cartykogs e ad diy tar bonate buffer, pH 9.97; the first

cartridge was | '?I?igggamplc demonstrates the utility of the multiple cartridge design for

Aok

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

20 cmployed, 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) Cy5 nonfunctional dye solid; and the third cartridge was loaded with
1.5 mL of 0.2M sodium carbonate buffer, pH 9.97.

25 CyS5 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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with 3.2 ng BSA solid; the second cartridge was | oaded with FL I 6
(Amer sham__ Phar ancia Bi ot ech) Cy5 nonfunctional dye solid,; %ﬂﬂpé ”g IZQQ

cartridge a3 Pekd with 1.5 nL of 0.2M sodi um car bonat e

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
car t ri dgestubggsnionbe fitse daitmdgs, whehafontaneddbaBShasalel TheBSwydisstlvedimips. The

third cartridge and a faurth cartridge re i.nsertedJ.ntq the other syringe
housi g Tt apRHon SRk I et e LSRRy SOHERDE RN, Ced i nt o the
housi ng. 30 TheTpd PRASES oPTheIREP R RiMekhfc@HFiEResORért indGdSliAMaIad B EIPhddrzed.

The plunger of first cartridge was not immobilized. Positive pressure was
appl i ed t ooftsseons] eangidge vfas réleased fropyingaphilizeipa. Rasdpvemyesseiechasgpaber ttm

carbopate huffer th I ed . in the ast | 5 2 AUG, 2006 WO

031 089aae PER) Casnr Ol ¥BT colBTERG vietety rBTod e S5 PBat e SRl ai ne
the BSA sotdrlidgd NehBEAOKRGRLINIE € yisniyk Reas iufedivitels blubilnad epties BRY sbligiohi r st
cartridge, thereby formng a BSA solution. The plungers of the third and
fourth carand Wgeeluier mmgddssp biuee dlherfdpw Was piverrged to Iuthes aus tke reagtioni dge was
rel eased f i N i.0n. Iyt . | i t,}

pl unger ofgcﬁ‘ﬁmédnf%%tsozz%%br\%gﬁgs&? ?Itéér }éeg‘f/‘pf;"?g%‘g‘#‘\réﬁ%& ekﬁgﬁé@glﬁf Il'gl%’l?do t he
second cargsiadge. The FLORORLINK Cy5 dye was i medi ately sol ubilized by the
BSA solution and the solution turned deep blue, The flow was reversed to

furt h@r nix t heDyedabeledBSAgiagprghed nsersartionusewmephalexdied PH- Heerlvmpor 20
m nut es, thes rat i) p%,g-l hel. - I

purified bi}%glgg%rf ‘gﬁg‘ﬁ% Eéslﬂﬁlg ep aglg;ﬁigl%jﬁg%?yg})gﬂgé%r%ﬁ? g‘\%&ﬁ@%f(%ﬁf rom
Arer sham Rleptrkion deBicoh g#ahdydBabdippB8AaandSe deejicteAdyeivhs diefervidcn thepar at i on
bet ween the dye-| abel ed BSA and the unreacted dye was observed on the

col umm whi $AUBP WhISE RHnEV AL 15 Exanple 6 - | nmmobili zed Cheni cal
Reaction This exanpl e denponstrates the enhancenent of a chem cal reaction on
an inmmobilized matri x when the analyte is passed through an inmobilized
mat r 1% nul Exainele 6 § esobilivet (lendixalniRéartion protein sol uti on was passed

through a matri x, cont ai ni i nmobi lized trypsin. The trypsin cl eaves the
protein in the iB’FGﬁ‘?rBHl, d?ﬁ@f‘%‘b‘?“g@ﬁé?%ﬁ“f:ﬁ@emﬁ aﬁé‘ﬁf‘ﬁ“ﬂ’iﬁ%&ﬁ@%ﬁ‘]?%. An

I rrobi |7 zegh, GB6ITE &hhafk&AGdnARe SY3HERT PR LA ZhUnt ifHndbiHzis Rtk Shuifprh of

times. In this example, a protein sojution was passed through a matrix containing

9.97.

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 (avatlable from Sigma, St. Louts, MO)

25 and was equilibratéd with 100 mM Tris, pH 8.2; | 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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two runs, a single-pass run and a nmulti-pass run. The system was im’EI i to
that described in Exanple 1, with the follow ng exceptions: thezéll\é\J sz

col um waswpackediwi th trypsin (TPCK treated) inmobilized miw/bggdetddagar ose
(avail able from Sigma, St. Louis, M) 25 and was equilibrated with 100 niV
Tris, pH8.2; 1 nL of a BSA solution was |oaded into a first glass

cartridge; h%glgéé@\cﬁs%ﬁ e Gk TdraSor t%léﬁﬁn] PR afrd 4}@%% ERbeg! ass

cartridge. ution was pre I ssol ving bovine serum al bum n
(BSA avai watel eengty emesigeseCheaitedlougog, St. Louis, MO in 100 mM Tris, pH

8.2t 30 i mat tragion of 5 my/ni. The first d
cartr§dges wer oy RSP P Acb ahb LaaP e TRkt M ety Bhaeth ra

cartridge @fifmhargnt meqaéﬁdah@ﬂge hinigiseioh e the) 1qn%e?qéchseis gieabudpar r el
syringe -28 2 5 AUG 2006 WD 03/ 083444 PCT/ US03/ 04160 housing attached to

t he ofher dusdribfd. thewepeagbe BSlAUpMteiMimution was allvaddaredst wathithe deaebiliged e

enpty when inserted.,in t he hoysing,.ln.4he single-pass run. the

sol ution M%P%‘%{’?Z@a&%fe‘f?o‘?‘m%esﬁﬁg?Qa%ﬁ%‘a%sfé’e’a“ﬁ%%ﬁﬁc lpl_ ocr?fltjaﬁﬂemg pjresE&_S‘@
cartridge temge;me%mmnwastvr@hé& WH e BUFELS samitibh BhPME kyconrddessidgded.
However, the BSA protein solution was allowed to react with the i mobilized

trypsi n belbswher wabparfaed s arevgdly deperereds T hs.ralk afdhe wepsewredBS dont ai ni ng
the BSA protein/ peptide.sol.utjon s, washed with the buffer solution from
t he secondsog'é[r‘cf“r‘lv%gcgo&femfﬂé" %éh‘r%%\r%bdéﬁf ormed as previously described. Thus,

all qb the tryps it #R0iHBSA rus0h BSXs@sorcRhd at@TbdcR ahl fortthibishghand ri dge.
10 In the multi-pass run, the BSA solution was passed back and forth through

the, bead-pradkegkedbtalwmn3]l tmeses agate of ppprexigatedp frioxi4rate hpegoBmm was n.  The
col utMm was I.nt ai I r a . After
the 31 pasrsnéusn, a”é‘%qaét%ﬁ g?‘ﬁ%raﬁ‘}r% 5%%“3‘&%%@3@%%& glv'lédkr%:[1 e\?\éﬁseh@o% qjsseé(%t %‘ggﬁstrt\let he

third cartistigsizedPPASSIUTBhEY A c3ll&cidd inahe thipdsiktiidged BSA sol ution was
collected in each run. 15 Analysis of the extent of proteol ysis was

acconpl i shed usPRErosiBpaeEd gdi ftryrsHitsdel DYy salpton paEcyllectadanieach ha. | ack of
a chrenoph L _ i.gnat.l [ reacted dye
fractllgons 8@?‘%5‘@§E@%§?§Pg§€?§f{3’%§% ‘E)Cff&gﬁg%hggg{ S&g%'lﬁgéa’%@gﬁﬁow ng standard.
| n order tchrapprogxiphgt(BECheDBSA e llackicdashaohdokeh the sdrygle sfragiotatass run

and the 20 nultlibass [yl Bhove, but lave, 2 chrorophore present,
following standard.
In order to approximate the BSA solutions collected in the single-pass run and the
20 multi-pass nun, 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 BS A 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.



prepared. It was assuned that all of the BSA fromthe original sanzl AUG 2006
solution (5 ) was collected in the collected solutions (3.5 nL fﬁbefgczh
run. Thus, W83+ dye-1abel ed BSA (al bunin, bovi ne-sul f orffodd*d%001 acid
chloride, Sigma, St. Louis, M) was dissolved in 3.5 nL 100nM Tris, pH 8.2..
The resulting dye-I|abel ed BSA standard 25 sol ution approxi mated the SEC

char act eri st i csBakd bhehis slandirdntbe solutiens edlectedtim thessinglt -pagays and the mnkd-t he

mul ti-pass _run. The.rhodani ne-| abel ed BSA-sel ution was.applje Q.- hadex
G 25 col urfisS B9t %V%Hﬁ?y %ﬁ&‘fﬁg#aurﬁ'% ?loée‘f:ﬁ osfsg%rﬁml{g,a F)Uﬂg‘s%ch,%n i den) .
A vel | - defigaestotedpRad EHIQH rhetiypendtdm mhasrmon et @hﬂé@gﬁs@%paﬂd frdpgact ed

dye was observed on the 30 columm while eluting with 10 ris, pH 8.2. The
| eadi ng baweresoHecitched r hodani ne- | abel ed BSA and was collected in a vol une

oL |55 2 5 aucoget P OaTBESTRE Wor b0 bRheR ALbuR PROE 4B, )

t he sol utiQaRi-gak beEtiAdraciod Ml Eﬁéﬁﬂi@b €rapasd wat sabjecttd® ¢Ae-dimenpans gelin wer e
i ndi vidual ly seﬁar ated usi ng SEC. For each separation, a 7 nL fraction (the
non- pr ot ecllsciwphpiesis and singd tvign§oemapiabimg. M stpiped bansrrppedied gt ot eol yzed
peptide fraction ol | ; _four i,O | Rgl.e- pass
protein f r“é’?{‘?"g’ﬁl‘gﬁ\gggpgrﬁﬁ égg%géoglgmggﬁjmgﬁ&gt{éﬂg%&lnéﬁp T ﬂ%ééése%rwyf' gﬁ% ﬁt??rgacti on
and pept i dedfwacibsan fomme pegidej fetions, confmengitme asy anepraedlyz«dl BSA maghor esi s
and stained with Coomasie blue. A stained band appeared at approxi mately 68
kDa, !@or r dipbehiotfe PIBAAEH eol yzed BSA, for the protein fractions and
was absent for . - I L Af kb | : zed
e T L Sl o R B s
Desor pt i onMAhDI-AORMS} wis oendottel(VohigehbsisplBaaibsaratst FostéMRtDICAHMG) was

conducted (Voyager,. Applied Biosystens oster City, CA) on each of the
sol uti ons &% agﬂ'@ﬁm%@ng Hbdef‘é%{fr{é'i‘ﬁ 9"51&'*%@9 frYPsi 5&0&‘&){%(@ th¢ fqus samplgs.

sanpl es. _ eTo] I+ s ch
Fraction, T Menae e Eby 8 g dn pTRiEg i BY sRATHLLDS Buowed vpe

4- hy ¥ oxy gilnnfmiatixeol wioniapbatemid 4-hiydrowadisnamit:atidwh abetoditilerw ftd i driosiiet i C

acid) and gnalyzing the s e according tp the manufacturer's |
i nstructi oﬁ%.m @0%?&F9§Hdgg§41@ﬁiﬂ'?&1§? 5%‘6‘?@ EENIHRE 18 By BREYRGUL Sof t he BSA

occurred iifstfi@ongul ti-pass run than in the single-pass run. The BSA

nol ecul ar ion peak (-67 kDa)
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 sysiem 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 nL. 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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20 obtained fromthe single-pass experinent was approximately tw ce the
intensity as the nolecular ion peak obtained fromthe multi-pasg5 AUb 2006
experi mentwoiondsnat i ng that nmore BSA was proteol yzed in tRECIERBE#160
experinment. Exanple 7 - Affinity Immbilization of Two Conponents from One
Sanmpl e 25 This exanpl e denonstrates the sinultaneous renoval of two human

proteins, al BWRINn@NL0Basd ELIBETRE T eXdHT YSAINEE £ 56 nDdls84iwR] pHHphate
containing a mxture of TImmobiliZed affinity reagents. The system was

const r uct eehffes, e 66y wiredodded Exarpeeord andwhirhcartsige gbdpoviiivedy.-except i ons: t he
gl ass col um acked with a m xture of tE‘SOO Irr'fM rretbc B%{gt? SA P6XL beads
and 400 L Mabsof BePHMIbIS A SHEPEHEISPTERAT] RbT R 7 8 HEh0 BloRe I seE R ences
Ltd., Isl e%@x?atmedi&wetﬁlﬁ&lé@],ﬁz)nkﬁﬁ,dMW?Sn gablofbieatiBd foM 1D R0V §00H UM

u 0. 9% Nad ;

phosphat e fer, pH 6.0 containing 0. , 1.0 nL of a human serum
sanpl & - 3@nin3 tAbe opoe et OG) ¥ entcTMasoBhaer6BA) e wloatidd into a

fi I jdge;., 2.5 n d.1.5 ni, of 50 ' h
put for - privgegen 5% el s Lotk PR R BIPER ST ve .

The human sRiHiiths 8% NatRin SidePRIfBEM Mhe HiMinm defutg sngplk.tRatMas0badat B tiger UM
(I'npath Predictive Oncol ogy, Franklin, MA) in a mcrofuge tube for 10

m nut es atfist @O@IAEs. rpmin a tabletop centrifuge (VR Scientific, West

Chester, PA). - ) iyl ' o
sodi um phosphat e and AEpREERIRELE Rt Al b e Bhbahe PoltePhoradl e
humamno ser uthes@ilagd hiadrtvnestridpadede indétedib® adottes Husldiatrel dgimge hbasidgd r st and

second cartridges were inserted into one dual barrel syringe housing. 10
The ,t hi rd #Haha Pale phetend ofi thy slagerdumns the Byrthmapridas ReEMEYaY hevar r el

syringe hoysing im%tthaﬁ%% o the other end of the glass colum. The fourth
cartridge was enpty en 9 nserted into the housing. Positive pressure was

applied to the Pdsungegressact wis dppied to it phaper iodgd thd figt ebyidgenherebyci ng t he
starting human seruminto the glass colum and contacting the serumwith 15
the nixt ur@U8fugRids skl HnseRiRABOIthaEIBTS GolEEN apd FoNiagying dlsicsum pyith

al busn angle 'ngﬁureT Qﬁbogpy@&ﬁainrnggﬁixea i%ﬁ:@bi?i%&?%ngggfg&mis ké} PRIhih iaga?gcw e

i mobi |'i zed, but the unger r in the fourth ridge was no

i mobi | i zeThe Mhoger rodspfithe swbhe etdthiidratthdgdsovare bmgwbtlizedgat teplerger pddinger
AT I T RN M AT A R
i ntroduced,d (¢ PiuhB& of 46 iRk BiMidge 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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Next, the plunger rods of the first and third cartridges were i idized
and the PG5 f0d of the second cartridge was rel eased fgGmisisio1i6o

i mrobi |i zat'i on. f’osi tive pressure was applied to the plunger rod of the
second cartridge so that the buffer solution | caded into the second
cartridge was introduced into the calum, thereby washing the treated 25
serum f r off {HETLGFiReES. (he phigee o &f freyipeicargides ”E‘%%“""f”é’ﬁrcf“ﬁr.“&%ﬁ' { P¥ige was
not i mobihivggeh bd AALED SRR WS REFed: 1O Met Airiaipt UReMRRIIGH 8 thededaiar ds
and collected in the fourth cartridge. Next, the plunger rods of the second
and t hi r d semut toi tdoppomeil e colinebini the pasdivardrttidge. pl unger rod of the first
cartridge was rgleased fromimobilization., Positiv ressure wa 0
alternately ap gi[eéd"‘ Pl Pﬁ%lﬂﬁﬂ)ﬁ%?&%?“?“&ﬁ's‘ adail ?8ﬂr°?ﬁipect5?ﬁer({§§5€n§ﬁ%%?ﬂ st
cartrg dge cgfedibtfin thb fodrftea#gS ETHODNASC1a8S 8ERARY A8 dodit Ehuidpeoughe t he
bead- packed col utm ei ght nore” tines. enever positive pressure was being
appl i ed t ompinbiliedagd the plungsr redseof dlie sagend padthird Quride s wess releawd\iom

03/ 083444 .PCT/ US03/04160.. or fourth cartridge, .the plunger rod of.the other
car tr1 dge RTS8 CEVEN ey GELetLy e Pk OHRE e el far

Wi th respegd theobdfhig seRkibhISHIR it thetiaRy catddpeivig hfeinkloeadedniotBé Bohtm,

t enpor ar i Ié collect in the passive cartridge. After a total of nine passes

t hr ough t Weerely washing ¥ remaming treatest setis dognitsaglwernThereguinisg tregfedn t he

f our cartridge, T unger r.ods .of .the first fourth cartridges were
innn(?lizégngh%“{ﬁgﬂgrﬁhﬂerr?gﬂgﬁgpl?ﬁgE%%%E%%Hg%%gthird cartridges were

rel eased from THIEDA bf thatre@Bd sdtami wasv@llRERS St foASh afridgetinti@hd fiRopd UNger
rod of the third cartridge so that the buffer solution |oaded in the third
cartri dge caeBdghehhg santendueldlie pesond exEidas  apghihe fqundrcapyidgm yaragpminecd

remai ni ng (0} aaNe r . treated 10 serum and
wash buffgba;?\tg%rgglggﬁﬁ ggﬂ[ué{& @ﬁﬂ{ﬁoﬁgéﬁe ‘%J;?et"‘r‘ﬁ?‘g%iesm#ﬁ‘&s‘, all of the treated
serum was col | ex BE protdihasdag UPiefre cRo¢NIbAY E)awas pdreorfied @ndoticie stargige. The
contents of the second cartridge and the fourth cartridge were conbined and
the Fesul tARnveghEarprlc apd thedsiedsarum.dbt exmBBed Aoviaats 2f Bedhird angtonrr ot ei n

assay (P @hfifidel0aEQfthind Mim¥PRrBRLAPIERLNREND0S.8) HRSSEAI blofin, Fhe NN
serum sanpl e a%(i the trea edmserum t conbi ned contents of the third and
fourth carehreddgesn cdmaned d2bimmgohonhpraenufhsaifipk & oomp af pedeid vk ng of
total protein. The treated serumcontained 1.26 ng of total protein.
Thereforer%t.a%dﬁ‘bﬁﬁfco f-ein was retained in the colum. The protein

retained in thereqlbith aSndl iR Ymh Wil iefhi&dh @ B LA odiHFIS (UPC-
20 900, Amersham Pharmacia Biotech, Uppsala, Sweden) using 0.1 M CAPS (3-
cyclohexylamine- I-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-HCl1 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
(Stgma 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 uL Laemmli sample
30 buffer (BioRad). 40 pL 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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20 900, Anersham Pharnmaci a Bi otech, Uppsala, Sweden) using 0.1 205 S)0663-
cycl ohexyl am no-1-propane sulfonic acid) buffer, pH 11.5. The résulting

el uent conwveinegbisH6. 23 ng of total protein according to a BTA/PIGNEIN assay.
Sanmpl es of the starting human serum treated serum and the colum el uent
were analyzed by one di nensional gel electrophoresis using a 4-15% Tris-HCl
Ready Gel 25 (aygl &bk bEomBiinaRed forHeiqrbefg BidYafk Tofnfatid [ MER yfdhar of
Tris buffer contalining ~§lycine and sodi um doéecyl sul fate. The gel was al so
| oaded wi t testmnddSA deicairgd veater(oSegnght Cldrineesl-ingenselyStain¢dprioteingvpthastiartipe ot ei n
standards { Broadband St famd rﬁs avai | abI[e fr%ms.\%coﬁ%ﬂ [Her C!# @S ng}]s Each
sanpl e was YBHRITYEF2RY AN G CABm chient Fie oS RicihVAD e TP REWRL g5t er (50
L 2- mer capi®eianes 1Rady-89in Lankagtm dht-sBaR! TheMnbebh@initSiheRafinn d@erd: of
each denatured sanple was |oaded into the well of a separate |ane of the
Ready5Cel . alfheonjanedwadditional grotaiey Nowerverahpieigisigtad|the staindar the additiong AUG
2006 WO 03/083444 PCT/ US03/, 04160  The resultin e ai ned for our
isi ng. B oSBP Eot e ur e e mieha s BETH ningdd MG Be b Flpltina el
over ni ght . lidii&hBMS NG IHERRER Y haindir T80 IPhOLRIiAab Befeb@d i aellhmonfiTAR Sserum
sanpl e and the colum el uent were consistent with the nol ecul ar weights for
HSA, |gG heeasd smamna redgityellahtiipensihzang of Hheh wandelegpd.ai ni ng t he col um
eluent 5 also coptain it e .pr i.0nS., t i, At ity.,of the
Stain for the adl Fronglc tuBRRE L ghEl b hEUt Rens 18 aBlEREN, i)

st ai nong ofertirEdAorpbgftediepwfieenal in theltlerdi &y s iidich ahaé hdiNoudligG
heavy-chain or 1gG light-chain was detected in the | ane containi n% treat ed
sergm a rBcaovaed, Injcgsn of qon8iss, thg prsaer se¢ci iggtiongigcidingcdedmitionpeshaldnpl et e
di scl osureg, of ;the patents, patent documents and publications cited 10
herein are 1ncorporated by reference in their entirety as if each were

i ndividual ly i Nafopohadi€idatidmd agdaRemfiogonfthis ¢lventibe will Be@ime speehf focat i on,

i ncluding definitions, shall control. Various nodjfications and alterations
to this i ndwsg fkilieduin the pa dtheutgspartngrem the ssaRRandsAititeRf ths ipyatian t twi t hout
deparnki ng (70 RN o T A T B0} 1S . I T | d be
underlgt oodh'goglgat ﬁ%ﬁ?@@%@eﬁ? ﬁgﬁgh?n&]‘g’%} l? Fﬁ‘%}éﬁ[ }é(?}a\ﬁﬁgtblﬁgﬂ%%ﬂn;&% lﬁh’? gd by the

i Il ustratiumsenbedmediscreas dndcocanyllesses &irthf lard¢ih ahe rheit puchred atriples agdich

exanpl es and nbodi nents are present ed y .of exanple only with the
scope of tﬁ‘é‘b?‘ﬁm?ﬂ'rqiaé%pre?weéjn e¥eY 8 H&“WHQ%P’\é\@d”‘&h‘Ihﬁ SERPe HANCIYFRHORset fort h

herein as {fldde¥o be Brited only by the claims set forth herein as follows.
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2 5 AU6 2006 What is Clainmed is: 1. A device for treating a liquid sanple
conprising: a first chanber having a variable volume; a second chavlar 2006
having a variable volune; 5 a third chanber having a variable volune; an

i nterconnect conprising one or nore passageways, each passageway engaged

Wi th one or nore chanbers so that the interconnect provides fluid

communi cati on between the first chanber, second chanber and third chanber
and a treati ngVbatlxsGlamed it hat conprises a functionalized solid support or an
affinity 10 reage incl.ude ast .on of the first chanber, the
second chanber ‘%H“‘FB‘“?’ %mﬁﬁélq&ds‘%n %’ ‘? erlsfngone passageway of t he

i nterconnect; mhereﬁnnﬂhﬁﬁﬂﬁMwﬁgahﬁnﬂmmﬁﬂmwged so that novenent of the

liquid sanple t hrou evice is ¢ | | ed by changing the variable
vol umes of two or ?cgnigxgwggrrhgwmggvym Vé??"é‘ée\’/l ce of claim1 further

conpri sing a second yifd@RhhRS hadRsi wiaBle Roldeded in the first chanber, the
second chanber, the third chanber or at |east a portion of the
i nterconnect. 3. TARINGERINBSt pFMRFISHE PN OLAYP BRAZEHAYSs eAch ARFsagCWaY $ngsedubst ance

conprises a filhefe o?mo?e%h%l%@g %@ﬁau@lﬁee&sm% L34S @luﬁgtqw{ﬁhmﬁth&ﬂ{?h%@%' zed

solid support, "a reactant, a finity reagernt, or a evi ce
of claim3 mheheﬁmtdhhmbsrmeemd@hmmdm&hdtambomd ses two or nore treating

bst t hat f t b t i d
Passagouay thal 28 CRERgRHPRERba R BREr vt P SR Ay ovi ded

in a second p&é@éﬂ&ﬂﬂtﬂedﬁxatTel&@tﬁeuﬂﬁeﬁﬁfc}ﬁhﬂbﬂfthbs%ﬁ@iaﬂlbaﬁmbﬂﬁﬁl one
chanber conprises a syr%gge or a bl agder 30 6. The device of claiml

further conpr icBAARErAT af leask pregrassegeiyy cbthe NeteonEdirent  connected to at | east
onecont rol Ier el eqagkin teifbvibe SHEARNS thof moTifrdGHbE Rl bl dichgiher e n
the controllable el ement conprises an actuator regu atin vari abl e
vol une of at Itesadavicoisecontellet dy changug theoariahie wilenesrof twaer raore chambers.
tenperature-regulating elenent. 5 8. The device of claim®6 wherein the
controller elenent conprises a programmable m croprocessor.

15 2. 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

interconnect.

3. The device of claim 1 whercin the second treating substance comprises a filter, a
20 membrane, a size exclusion medium, a derivatized solid support, a reactant, an affinity

reagent, or a buffer.

4. The device of claim 3 wherein the interconnect further comprises two or more

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

25 is different than a second treating substance provided in a second passageway.
5. The device of claim 1 wherein at least one chamber comprises a syringe or a
bladder.

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

connected to at least one controller element.

-34-



9. The device of claim11 further conprising at | east one additional chanber
having a variable volune that is in fluid comunication wth at | 2&s8U6e006
portion of the interconnect. 10 10. A nmethod of treating a |iquid sanple
conprising: a) providing an device that conprises: i) a first chanber
having a variable volume, 1ii) a second chanber having a variable vol une,

15 iii) a third chepbasididykilih fwhékh c%nmiaumnmﬁmomg}iséguwa Gragnnect
conprising one or nore passageways, each passageway engaged wth one or
nmor e chanber s regwlating thetvanahilgvadwmoefraé east pnexhamber, a ddteckion dementireat i on bet ween
the first cha L h anber and the third chanber, and 20 v) a
treating subs'?%ﬁéeéd ﬁ'g‘%ﬁ’g%ﬁgfg‘f@g% a functionalized solid support or an
affinity reagent included in at | east one of the first chanber, the second
chanber, the third, chanber .or. a rtion of the interconpect, wherein the
devi ce isg conf¥ gur gﬁe “’Fr?g?lmﬁb@g’ ﬁ‘Pﬂ@fCOP‘ﬁ@RTFiﬁ'BF‘HC%Pﬁﬂe%aPrPWB’H&hﬁt he
device is contmiglob@deshdt, changi ng the variabl e volunmes of two or nmore 25
chanbers; b). providing a liquid sanple in the first chanber; and c)
decreasing the volune of the first chanber and increasing the volune of at

| east one ot hegr ch : s t : j : sanpl e
W ih at least a  partipiceSfAREEY RERE ARpifity Slentls dsdal defladavihd FIT
| east parti al lvriahleetiaoe thyt is efh@dcdmmatidation witlpattleasceportiduenf dimyintatcamedi r ect i ng
at | east @1 portion of the sanple toward the at |east one other chanber. -35
25 AUG% 06 11. An apparatus for substantially simultaneously treating a

plurality of liogui A ahgd Freatinfe [RpdAaAbleSoaeggt Si ng: a plurality of units,

each unit conprising: i) a,first c¢h er having a variable volune, 5ii) a
second chanber havi%ng Provfing pr devies A EOMPIISES ) a third chamber having a
variabl e volume, iv) amint Qrip@npgmier BAMY 4 Vatilkle P8l6m@r NDre passageways,
each passageway engaged with one or nore chanbers so that the interconnect
provi des if) a second chamber having a variable volume,

ot

15 iii)  a third chamber having a variable volume, and
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
20 v) a treating substance that comprises a functionalized solid support or
an affinity reagent included in at least one of the first chamber, the second
chamber, the third chamber or 2 portion of the interconnect,
wherein the device is configured so that movement of the liquid sample
through the device is controlled by changing the variable volumes of two or more
25 chambers;
b). providing a liquid sample in the first chamber; and
c) decreasing the volume of the first chamber and increasing the volume of at
least one other chamber, thereby contacting at least a portion of the samnple with at least 2
portion of the treating substance so that the sample is at least partially treated by the
30 treating substance, thereby also directing at least a portion of the sample toward the at

least one other chamber.

-35-



fluid conmuni cati on between the chanbers, and 10 v) a treating substance
that conprises a functionalized solid support or an affinity rezg}e 06
included in at |east one of the first chanber, the second chanbér,

third chanber or a portion of the interconnect, an actuator connected to two
or nore first chanbers for regulating the plurality of first chanber

I ; 15 d . d S |
{egulat i ng t ndpt ubRepEy e Shiamiat iR aieoh frlls AT s

connected to ttheappsiratipt@mprisingd chanmbers for regulating the plurality of
third chanber vol unes. A nethod for substantially simultaneously

20 12,
treating a plurali ??@‘W?f&ﬂ}tﬂeﬁﬁﬁ%g’fmrmﬂ% met hod conprising: a) providing

an apparatus that conprihses:, first cRaniMed hdVirlgldvaBhibleHibliie, €ach unit conprising:
A) a first chanber having a variable volune, 25 B) a second chanmber having

a variabl® volume, C) & t hiasecont shamber hnaingayarableyalums.e vol ume, slid. D) an

i nt erconnect conpri sing:.one _Qf: {%ﬁﬂ passageway engaged
wi th one or nore charrbgq#1 sé 1ﬁ§?ﬁ§:ﬁ§%?ﬁﬁ?§?@%ﬁﬁkﬁe\;§ ptovi des fluid
comuni cati on between tivg chamiercenect 30mpristhg-dA6 oPmbrepalGa@dags, eich a treating

bst t hat ' f ti.onalized | i.d t . ffinit
reagent i ncl uded | FESESHBASEReSavIEot AEmbre lemters Rl the ot Fropdehanber

the third chanber @gidRoRefhicion®etvebethe dhafeanaact, ii) an actuator
connected to two or nore first chanpers for regul atinqgl 5 the ‘El urality of

first chafiber volunes, Yii) adsatneasybtiesce batmoapnes afenchoralized sobd ampert e
chambers Tor  regulallng deiyRtapen ihdildcd in @ 600Me GHRATRRT HURIITER sedold 2N

actuator connected to two or nmore t nbers or regulating the
plurality of third chanthembeothethird chamibkr 002 portigey afWheditetponneet, ur al ity of

liquid sanpl es, at .| cagh, Q0g ety tho SPIHRlGrk AR 8 reglidogthd il borOf

first chanbers;
first chamber volumes;

15 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

third chamber volumes.

20 12. A method for substantially simﬁltaneously treating a plurality of liquid samples,
 the method comprising:
a) providing an apparatus that comprises:
i) a plurality of units, each unit comprising:
A) a first chamber having a variable volume,
25 B) asecond chamber having a variable volume,
C) athird chamber having a variable volume, and
D) an interconnect comprising one or more passageways, each
passageway engaged with one or more chambers so that the
interconnect provides fluid communication between the chambers,

30 and
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c) controlling the actuator for regulating the plurality of first chanber
vol unes and controlling the actuator for regulating at |east onel fhhl??ﬂﬂﬁ
plurality of chanber volunes, thereby decreasing the vol unes of g I'r st
chanbers substantially 15 sinmultaneously and increasing the volunmes of at

| east one other plurality of chanbers substantially sinultaneously,

thereby, in each unit so corgr - A&l pRGest : tion of the
sanple with at |east a port ilﬁc))naq%F&g%%ggt%n(regg{al ng Pglu s%tﬁéélc?gﬁ%%@dtﬁg? t he sanpl e
is at least partially tsuppdirest abgffinkty reagent irichuded inublstsh nmeof terfEtsiZBarmbey,

directing at |east a pogtiaon of the sapgpl.e, taogward the at..|east one other
chanber, wherein decrea ?ﬁeﬁm} °é‘a'€}‘ ‘Trutﬁ%gﬁgfchaf"ﬁb(fr ?ﬁaf%qmod]h%%éﬁtgmg%& antially
si mul taneously and i ncifeasiafigcthdiér cotnedit® fo o o inokefirst chanberofoh edgulating al i ty
of chanbers substantially sinul tgneousl y causes substantially sinultaneous

treat mentdof (PRl of fifsychgmbery » -37

iti)  an actvator connected to two or more second chambers for

0

regulating the plurality of second chamber volumes,
iv)  an actuator connected to two or more third chambers for regulating

the plurality of third chamber volumes, and

10 b) providing a plurality of liquid samples, at least one liquid sample in each of
the plurality of first chambers; and

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

15 simultaneously and increasing the volumes of at least one other plurality of chambers
substantially simultaneously, thereby, in each unit so controlled:

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

20 i) directing at least a portion of the sample toward the at least one
other chamber,
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.
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