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WD 2004/ 025266 PCT/ US2003/ 029198 METHOD AND APPARATUS
FOR SORTI NG PARTI CLES Rel ated Applications The

w@e@smei2e@ppl i cation clainms priority to U S. PCT/US2003/029198

Provi sional Patent Application 5 Serial Nunmber

60/ 411, 143 fil ed Septenber 16, 2002, and U. S.

Provi si onaNMEREE@DIANBRIPPARATIS BOR SORYING: PARTICLES

60/ 411,058, filed Septenber 16, 2002,. the contents of

both of applications are herein incorporated by

I eRELRRACLppI K -ogg esent application also clains

priority P , and is a continuation-in-part of, U S.

Pat ent Tpppriesat applichiiorbelpinisQirB20y 60Y,S. ProigdnddeetenbApplication

23, 2 , . Whi ' i puati op-jn-part..of _U. S.

P st Nt 66 ka8 seenpetien 86 20D Dy S Py Rioggp Batent

t hgpSIRRtien B erif NuMb& BOAI §,058CRIER SepeRBeNBS, 2002, i contents of both
reference. Field of the invention The invention

r edfzapelcations arederainl ingatpospphbutaferenes. Theprewnt anpdicatfon also claims

D40 515 RSP B S Ayt 0525005,

O Ufilel D e Brap&el3s 2008 fnthidheik tal Cutidtiatidnbig-paftveEl. SOPatent Application
relates to a£art| cle sorti n% systemin which a

pl LY HT9.488, Siedslune PAg2008 dbe eonlenieol whish arsinecpeigieddiergin by
yi&%%mﬁg i ncreased particle throughput. 20 Background
of e Invention In the fields of biotechnol ogy, and
especially cytology and drug screening, there is a
neprld 6F theligvenitiohoughput sorting of particles.

Exanpl es of particles that require sortintg are ) )
var i ousTes/ saentiom relafes o a sigthpdandppgatys fag Be eprding @ pargicles in a
bl ell ' .
[ RBberl ol P PHE ol Bl or SRR Eor e G k0 Sovera
t heutputedhdnizds. d¥lorypanticudar, thetilmentipardtates wsa garéclé sarting pystem in
nol ecul ar, speci es such proteins, enzynes . and . .
bV aImbE et SorinEdnodilles e perpRHer las 19 welgran increased particle
Paftdb@ interest in the field of drug screening
duri n%ﬂ he devel opnent of new drugs. Methods and
apparatus for particle sorting are known, and the

jority descgrihed 30 in the prior art work in the
co a?lfg%““‘iﬂgﬁ’é“flﬁ‘g‘tk?é'rti cles are suspended in a

l'i qui d 1nfthe el of BiotdedholB g, hanReY el Wt dlodiaatidtBu@bcreening, there

| east a branch point downstream and_are oper ated .
acisarnged fortigh theoushpeicorténgceiertindes. Exemples aEpastieles thakrequire
nmoy| rri.cle | i r f L

T AP S e RS Rt oo

f | el paaBybnic REBNGId e liksi These particRapenelipagaldyof Meerest in the field

out cone of this detection phase, it is decided how.the
- 10f cytology. Other particles are (macro) molecular species such as proteins, enzymes

and polynucleotides. This family of particles is of particular interest in the field of drug

screening during the development of new drugs.

Methods and apparatus for particle sorting are known, and the majority described
in the prior art work in the condition where the particles are suspended in a liquid
flowing through a channel network having at least a branch point downstream and are
operated according to the detect-decide-deflect principle. The moving particle is first
analyzed for a specific characteristic, such as optical absorption, fluorescent intensity,

size etc. Depending on the outcome of this detection phase, it is decided how the
-1-
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WO 2004/ 025266 PCT/ US2003/029198 particle will be
handl ed further downstream The outcone of the

waelewiudrane i s then applied to deflect the direRCT/082003/029198

specific particle towards a predeterm ned branch of
the channel network. 5 O inportance is the

t pedisdhywill beoiandled fagherideynatsesar. ibgoutqome offibgdepisign is then applied
Pag ?éﬁ:éc?ﬁw d?l%@?&?ne of>s re%fia’lg gQﬁfole]utg{VSrd%fa Htrlecig?e Hel b%gr%ch qf the
sorting rates for sorters enploying flows o particle
suipersh@worl) cl osed channels are in the range froma

few hundred particles per second to thousands of

particles per second, for a single sorting unit. 10 An

exanpl t:] ' [ ' i : :
pat ont aregrdfE it 08 BEKLARL bPUERERIe Bipalle L S pow many partcles
heaeba sertetigrop aniabétimsy Tiypicel sonttes rates fed soatetsemmplefieg flews of

pRP I BSpensknt s Cfosed Aongi e mhoipaet RS idted particles per
CBEN 18 thoRsids B Girticel BANRtondMdrkikg18 96‘1’_&%? uhfit 0 two

per pendi cul ar channels at a branching poin

downstream (T-branch). The entering particles are

surrounded by.a 15 sheath.of. co t i bl Woll]l

eep ngut Hepls of St isdoRERbAE B Panbyo 475 62, the
C RaARAls of whith ik RBleirtiabtpblatdshy fefigerice PMertiabt€ refeied gas the
the two branches is adjusted so that the articles

aubGhpatenthl Inthe [ G natbuditovoaepasticlen sy rfbisesse, flgwa through the

S of, &t . . )

S SEEE POl 05 SAPAN Sy, ERBCERUE LS bRl Bnamo

amraehingadloint pshetieand €I-brintion Theaae)ing pagicistagcsudrounded by a
enerates a siggal when the detector det

. t 20
8&%1@4% PEcsmiblssliggd.deppiag e e confiar £ tBp Patprcofithe channel.
t STPOSS _ ! .
d 2? lngign?él%bﬂﬂltlgﬁ]sai‘l% f15H F"?}S’?hﬁ’g‘%\t‘ e o Bréﬁz‘ill%& f%caﬁfﬂfed%o that the

or I's activated ecting the particle In
a pdefdlescionmtishiy Bowlthrough bse ctibe brankbkesd dh lasettmm of the channel a

conpri ses. an. el ect.r ode ir, positioned in the branch .
o BB BHEFHBY DOFIEI?S 11 Feer AR BT ORIl PApeRy oG, optical
E E&&Hﬂr(dét@cﬂdﬁepﬂagﬁp tin¥ AbREkos bt a §iBRal Vﬂ%ﬁltﬁé:&é%otorgbétects a

e application current pul ses, thé aqueous |iqui _
i pagicdepossésyingd, predetsrimshedi abgragtegiaic bbb decision phdsag Once a particle

e padad 4 egbL BCTHIE fop ¢ P il® s BIHE N detietipppse: T

| Shis@edec 81d dEEHBOcIs ey oh Viettodeagepodifidia i B branch of the
currentwgulse |s,a@plled, t he bubbl e %romﬁh_stops and
t vhagngt wheatsghe paréickea peimeadlyfloyn roughnin tagimastivaipd stede af the

r cifli Ch:

Stk ond N BRSEHL BT oot
chae¢ldging apak bebiladvdlvogdetosn thdeleatddepalrr asahe g@bubble increases
device of the 662 patent is effective . for sortin

[ g
pdf ize1 tas flowgpistrough his brepehyisaedicsdauing the cvplyinggphase. After the
byl e i g?ﬁhﬁ il 1&%% s :
at cglﬁ)tlgslreﬁs g [ %?’sglg:‘mltjﬂg ul g ng g ral1 {é?\%/o r S @'%ﬁtlﬂg}g bub bldealOIlg with
geheflawi Ap acamltcthe dlowshibrdugbwhespenifie/bsanch is momentarily reduced and

the particle of interest changes paths and flows down the other branch.

The device of the ‘662 patent is effective for sorting particles. However one
serious drawback is that gas bubbles are created which potentially can accumulate at

certain points of the fluidic network. This bubble generation can clog the flow channels,
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-2 WD 2004/ 025266 PCT/ US2003/ 029198 vyi el ding
erroneous sorting. Another drawback is that the

w@emenz2edd gasses (nostly oxygen and hydr ogendCEOBS2003/029198

ionic species (nostly Of and H) influence the
particles flow ng through the branch with the
el geldimgrrerapadys, sormg daiatherdrawlsick 3s thatithd genaratied gasses (mostly

roteins ch as.enzynes are very. f il nd.can he .
s dat htteRd R B MM QA s I JRn s R particies
W fiwinBeh@ash MHelpheh vAROIhE lecBd @NRAE Kini 29dftida, cells and delicate
conplexity of the overall sorting apparatus. In )
pabmoteins sieh ag eneypics ees e Begiborndcgndedgettqysa by she/fopling
conpl . Pt .
¢ rEtsehs O A3 RS B b, G RO B FER RS Sorlexiey of
I sthe ebatll éetinglappgetus 10 pAnviherthe xadomleecabdacastrietidngs very

sorting systemof the prior art_is disclogsed in U S
3, GEpIsptp M apd aesemble grthewmalhchanaels of diegystem. As aresult, the

o B s B Bk L P ol 65 aro

fl ow ng, confined by a flowi ng sheath [|iquid, through

the center_ of a chanpel. After. passin det ect or .. .
sect | onAIeHE" SRERIRY! A RiFtFlE REtng SYEem g iapi artas disclosed in ULS.
f 05 BRNYoAMALIH &t PHONRCch BRRREE MR8 fedby re\feﬂ%ﬁ@e”(lﬁ&)einaﬂer the
Just 15 before the branching point,” an electrically

act307 pptedt)t Iathed 302 pateny, the pattistesiare flowingheanfimied by @flowing sheath

or At d PR AR il o PRAHE. Anchbéoeife R RRR} SRELE e channel

desahidHee thtb Swé cRArRER faghiahe holE atld]E fiasébetween (e.g., Y-branch). Just
transducer, vyi el dligg upon electrical activation a

prleafergriae Weanehing poinb 2pielashiselly Ty aipsriematiecsr jrleedest ia the channel
Ve dc R BRI DDA, RSB AIET ol filfrisic

br@necthanstiicer desotfided &ea gitzd dveuat@be utedsenic,traasducer, tyfebding upon

previ qus di scussed device, the defl?ct rois

| nNEFPEH AFREAURPARTASSEIRSY & RaR i Chea% orHe epasipted PlySuRe wave

r . . I d :

of MPIeHRH AR GPREW B BinclF Bk Ao ARak M ptghgRerest into
gethe piteetiradbh.pr essure waves are not confined to the

branchi ng point, but rather propagate upstream into

the detector section, as well as down both branches.

Thi's i nfl 4eaeAse bh@e ONET pkdnt, &liPWelgREANEdENRsGNRIRS] the deflector
This is particularly a drawback if sorters of this )

t yisencargoraled nvidhin the chimnsbsysiam, gequlleng iorrelativedslaige edustruction

as_is. typically.dgne.to construct hi_gh. t hr oughput
2ot HBE eGP RS LG befhrdlinelptt RECHH oo
C apretduedwh sl dvensteonfindd® thd wasclandpeiaf, bactati@n pffpagate upstream
particles in neighboring sorter units. -3 W

200k e sisgtopsotiompases] both branches. This influences the overall

flow through the channel. This is particularly a drawback if sorters of this type are

connected either in series or in parallel, as is typically done to construct a high
throughput sorting system. Pressure waves generated in one sorter can then influence

the flows and deflection of particles in neighboring sorter units.
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Anot her sorter is described in U S. Patent No.
4,756,427, the contents of which are herein

w0 pwenpas@t ed by reference. This sorter is anaP@yUsz03/@9198

the sorter in the 662 patent. In this case, however,
the flow in one branch is disturbed by nonmentarily
changi mnotles sovsiis tiesecibedin U SePaeadd .4, Ted X 7e thespaigne of which

is changed by ch ing the height 5 of .the branch, . .
A PTG oRbPTBIER B9 <t Lt ottgr s FlOgiis e i sgrir n the 662
erRedl. Binhis chdl, Bows¥d:SthB fowaa bHabRinch & dstRiRAByGhdifentarily
gl'lued on top of the channel, causing it to nove

d ohangingitheupisiametaf vl hramch. AlhelresigfAnaetie changsd byichanging the height

SO Sk . RGP Sl s

Steiktighdl b€Ratot s d Fiesd diké glREOBh BPRIfitEe EidnGelYPhRing it to move
mul ti ple sorter nodul es of the described type together

t clowmavardsswonetiwdioni ng rate. This is, as in the

sorter described in the 307 patent because of the
generated pressure waves causing interference with

ot her sMltHoRigh MRddoneBuctibh ofttetdoeer ductibal ia tho 427 pgtent is less
device is described. in U.S. Patent Nunber. 5,837 %00,.

t Frempl B heprevipisbndesrEbylsoBprsTUstBFh 8y ia sl prplemtic to couple
N _ The. . . . . _
 TRFERSEn R el PR LR R o SO fl e This
sdb,@stin fharsbited descriitzesiad theo307 hatient resguretof thepgenpratadi pressure waves
The ".200 ?tent f.g{}tt‘tﬂer descri hes processi ng and

sé‘ﬁ‘a\?“é%}nr‘i% SRRV IE AReTSorEr WPLUlEs r eans i n paral el . 20
Summary of the invention The present invention

provides a method and apparatus for sorting particles
nmovi ng Atthergiarticle sastingl deviemiadescasipsd ent/oY. Patept Npmbgr 5,837,200,

65l Ba BERbEF 1 RO RS, P lE Y 2 s

C OpitindtidvR e 4Rat REEVA fhbFiektia e A6t iohah RluleRNSassify 8Psdlécd Particles based
| arge anounts of particles per unit of tinme. The

paan their magpetia pigraiist kB0 paentgeher deperihes prgeessing and
cl . 44 ich are conbined to
fusgﬁﬁj%ér{ngc %gﬁ)é(gg%%%@%%f: %@%g’! ;fag%lgi The particle
sorting systemmy conprise a nmulti-stage sorting

device for serially sorting streans of particles, in
orEpmaEy ofjtheipyetiothe error rate. 30 The particle

2o oS ) ARGy BBl gy it

t hmovying fleough melesdd dwnnéllspstgmiof cadiBarysizei e paticle epnting system of

? gtggi%/lseﬁﬁﬂgpr(égo §e g §§%%g%}epléiufe}/tigtec@n %fe a(s:saeg‘lbllelzcﬁ it{ow ic%s% while
providing an accurate means of sorting large amounts of particles per unit of time. The
particle sorting system may include a plurality of closely coupled sorting modules which
are combined to further increase the sorting rate. The particle sorting system may
comprise a multi-stage sorting device for serially sorting streams of particles, in order to

decrease the error rate.

The particle sorting system implements an improved fluidic particle switching
method and switching device according to the present invention. The particle sorting

system comprises a closed channel system of capillary size for sorting particles. The
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WD 2004/ 025266 PCT/ US2003/ 029198 channel system
conprises a first supply duct for introducing a stream

woRoopmes€l es and a second supply duct for suppi/ysreg3/e29198

carrier liquid. The first supply duct forns a nozzle
to introduce a streamof particles into the flow of
c aharivel sylstequeainprides affirststpgy dpetyfodindtoducing astieans eEparticles and a

supply duct .are.in fluid conmuni cati.on.wth

bt sty ctidt Samiine sSEPEMRHEE 1Y 0% StheRe osy o novele
anglidrodBEONS REAEGIrEdleAinky 188 EldwRSH cafrier AiqHRIA S SR upply duct
region is defined in the neasurenent duct and is .
as8d tieseeandsupplylugbrredn ridtcomyppneatipn yieymeasuigagy duct, which
charagcterjstic. pf (tic ' eent Ar.egj
TBRBft Rl b B BR Y] 1Bl BropQEp ARG A Bhmment

C eaglbiisGRihedinvht ndahigemeasinc earRyit ashociatedwitios detector to sense a
spaced opposite each other. The bubbl e val ves

c owestrRsicd chptaplcrFic Hamstinlenia e BgRUreItP FigiRRyh Wo opposed
p‘%'u?l?lg fv}a@@? Qx%ﬁ)%sﬁi'oﬂgd ﬁac%ﬂﬂgﬁﬁcatfoh%{lfthb Sndblrowest &Rt and are
partly T11T these side passages to forma nmeniscus

t hpaced pppbiiteleatinbtbef. dileshubbke valres icemmnivnipatedwith the mémsurement duct

reservoir . of the buhble val ves. .An ternal act or .
i dhrenghya pris of ARRPsPER! seeﬁsﬁqsngl%ﬂ%lsaﬁ%&w BREBIFY ke side
v ?Jaé’ﬁ@es WIS & RenSXh efmRRtn @?&H%@ffaéé,tﬁ@ééﬂ@lﬁ%@c} gvhﬁ the reservoir

pressure in the reservoir of the activated bubb
v aif diee hubblecrdess, Adedxternaliaatyatonds atemprovided derchctiatisg age af the

flow 15 di styrbance in the asur ement, duct_ to deflect .
LR R MR oA SBREn® FONAR R o P tne Bebervor of
MRS MtivaGd baBbleFabeRe@sases, MERERinethe Mefliscus and causing a flow
characteristic in a particle flow ng through the

netishubenasin thesgpasurenen deet e deflgst Hgdtwethegeinj gnal i n

response to the sensed characteristic. The external

actuator is responsive to 20 the sensor to cause a

pr essurwh@uh sshsbinlodated ipthe asaaningragibe seraks apfadetstmined

bubbl e valve to .deflect the ﬁarticle wth the

preba@eieripiTiad Rasa owingsthrugh dhe papyrenpat Lgigth thepensor produces
p . C .
DL Syl B U0 b BAEARE REEREh gl B
pah¢ samb@sioicandetadpragputehymlsedh asbepsessionphabetiofg fast bubble valve to -

. ... havi i nl d.g.b i ' _
TR he DG TE PGP 0 ST Gy S Al deuted parcl to
anghye @8N el R6or trhn@adicef fluid into the duct inlet

with a stream of particles suspended therein, such
that the particles normally flow through a first one

of the . branch ducts. and. provi di ng upstreamf.romt.he . .
br anc hilﬂé’nﬁ 87’3’?98 ?Q%V%g‘é’ﬁs"f’ﬂlané‘?s emg%g % 33%%51?%%&“3& mncluding the
MoyiepR o pidvidifle b heabirb@ehtRicShdvedaan ild: Bed 8 beinchifg hbins bt which

30 one of the side passages is hydraulically connected

t dhadud spirasaies wto BFrabreaeh dictsaand papductngmstecapphnid into the duct
VPGP oL AR AR e, SRR ey ormaty o
pasfoagks first oy @f éid bramhl ducsend pedvédingiupitraanbiubhehe branching point
chanber _of a second bubble valv or. absor bi n9
priEFOLRPEsIHE Filg PRAGSS f%@OW@{ﬂ%Lv (fﬁﬂem%%t e stream In the duct. A first

one of the side passages is hydraulically connected to a compression chamber of a first

bubble valve, which is acted upon by an external actuator for varying the pressure
therein. A second of the side passages is hydraulically connected with a buffer chamber

of a second bubble valve for absorbing pressure variations. The method further

-5-
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-5 WD 2004/ 025266 PCT/ US2003/ 029198 conpri ses
provi di ng a neasurenent station al ong the neasurenent

walomi/oeqed r eam of the side passages for sensiPOI/ES2003/029198

predeterm ned characteristic of particles in the
stream and for producing a signal when the
p rcem@ne@smrn@dlrxglwmmm pletiprs algngw thedneappsment ¢usd upstream of the

LIS SRR R3] RGOSR B o

e>ﬁr@dd&ﬁi @ﬂgﬂhﬂlhﬂfen fdwpr‘éd&@imﬂ@l dlafdcmﬂsdé §f dendrdn Gheintethod further
the duct between the side passage t hereb

dEPPPESFShe s8R opdn rc?SEP@eﬁg\?frns@gtt %p @a@wﬁﬂaﬁéwmsﬁc activating
c

{15 Ab TR RS BB AT MR R b P Bide
ofpat;slages theestlyi defflectinpethp pattticts lavigrthe patietersined characterlstlcs and
respecti vel creased _ 10 or the t of particles
sGPArEes theish cﬁea@a@&i@e ﬂoaxjd%%@é??%@% tting a
plurality of sorting nodules in parallel or serially
connecting a plurality of sorting nodules in a binary
tree | iIhé’um:‘tmnfaB}g:msaxf toninvédoog t]ierpgrttcdne someratesip eespedively increased
t he j nvent . ti.cle sort stemi.s provi.ded. :
e pt peiels Bty Shtit o] RRESG apuratity of
f %rtﬁfgriﬁ@qwé&n@aﬁdlm@rﬁeﬁm@ ssiReaath plaadlky 6f ®%ting modules in a
confined in a carrier liqguid, conprising an inlet, a
f ibisary bge like cenftpuzatipdcond outlet, a sensor for
sensi ng a predeterm ned characteristic in a particle,
a side channel in comunication with the first duct,
a seal efboobEAPRY ofeashédt 0N eE iavhntios, M pdrticle bertiag dgstem is provided.

channel wherein the carrier fluid forns a neniscus in

t hEhegqiagficlesariing Sw@%@w@r&@%a fiFS duef (GBEATYAYIRR ArFFERM of Suspended.
fr r
AR i L0 005 A0, TR L
dedfutlet b stiver farsesdnsa pmﬁeﬂermined skarscierisiens e pattivke, a side channel in

predet er,m ned .ch cteristic efl ection qf t :

e APYRECRRASEE rﬁéﬁlﬂ s PR w@a&a&?fﬂ?%&w side

C LA &k ht bl Ghd SarfibOMhit B! J‘xﬁeﬁ@&ﬁ@ﬂ' R dBdhakfiil k€separate the
particles that do not have the predeterm ned

c hezelad teamixirifont thewaitidr dluid) end an getuatar.| ‘Ele acZ@tcbltmo@ﬁes the

conte Ia ed t t th i nventi on W

RO U TR RO Qe (e HE R R t ffscTsgnacs the

S Cﬁr@&‘ﬁérﬁﬁn@i dlﬁf@ﬁbriéti@b@he adflccanslbOint alem@ﬁ@@umdés th@particle having
activity against one or nore cell types has

pathe predptarminad gharagteristisxa fomeintd the seqoad ﬁpﬂ@t whilernagiglesgthat do not
0 rhaggtéﬁér}%%?&é’giq}f?i acrﬂg(}: 'Ee?{sjug o&ﬁﬁtoﬁgé %‘? Bg@%p ounds or

bioc erlza 1 025266
PCT/ US2003/ 029198

It is contemplated that the present invention will be of major value in high-
throughput screening; e.g., in screening a large number of candidate compounds for
activity against one or more cell types. It has particular value, for example, in screening
synthetic or natural product libraries for active compounds or biochemical

characterization.
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It is also contenplated that the present invention
wi Il be of major value in high- throughput screening

w@booa/osaeepl e for a plurality of nol ecul es, sSucPCEHES2003/029198

bi ol ogi cal nol ecul es. The present invention can be

used to screen a sanple for the presence of a large
nunber lbis Alsatangpnerlptedihas thel raesegUiarentiongwil\iseqitmnajesyalue in high-

| SHER Bl sE AR o SRR RuHOR ADER RPN B SoRlica

nuabRtWed dhd preseidihedntid@ sel bhisednio eérethe sanplofegse pfesence of a
FIG 1 is a schematic view of a particle sortin
S

s yldtesuEREbe thialpstcs! mAlechles maa@pb@e@ﬁ%?@mem@rgléﬁap@h &nzymatic
R g o Gl A e 4 10 PRE R i

illustrates a particle sorting system show ng
alternate positions for the actuator chanber and the
buf fer chanmber. 15 FIG 6 illustrates the particle

SOBLibf\eseMplioA o PRI dWiRgst O another embodi ment of the
invention.”FIG 7 illusttates a bubble valve suitable

for use in the particle sorting systemof the present
i nvent iKG. 1kt Sscliigniatic aiewcheanpdrticle dodigpapstemn acbeding to an

particle sorting s emof .an illustrative 20
eH‘E}Hﬁf%ﬁFm%Pd‘l‘r%é‘téf &HeEfoRention. FIG 9 shows one

enbodi NS, 9fihAuPRE §ilthSteIRE bhpRskiY S REDLALIe S8 ingNYstem of FIG 1.
parallel streans of particles according to the

t eachi Ngés. ofillustratgsageuimle soritegsystem sheivéng allershte wesitines for the
enbodi nent _of a rticle sorting systemconfigured in

a acgqaﬁogrci}a?lﬁ%reap@ﬁﬁ%ﬁ\gg%cpwﬁ%ﬁ ion of sorting nodul es

accor di Fig. 6QlifstRtds eRCHUrnals setink RPsterd 2cfIr@H8Mé another embodiment of
invention. FIG 11 illustrates another enbodi nent of a

mﬁlﬂn@tﬁa‘g‘b particle sorting system for sorting

par al | r: f [ S, tipte o Fl
05" S 0 B Sl Ml P LR0ER: B sy o
actheprserg ivenéion.al t ernate enbodi nent of the present

invention. 30 FIG 13 illustrates a parallel particle

sort i nd 1§y Stieprdcaiia dingrate ohlG PREICIC WS T olan ilygrative
prmgmwgﬁ%g%?eﬁ 7 00 2004/ 025266 PCT/ US2003/ 029198
|

FI' G 14a an ustrate a particle sorting system
accor diF¢. Oshawobdieemerntimdntneratpasticle beting westdon for,sorting parallel

| ns legr%is ggpaz}gcl%g Et(i:c%? ingntaost ette%cﬁilnlgso c\% tlﬂg %?e%gr%qr?géntigg. a

FIG. 10 shows one embodiment of a particle sorting system configured in a
binary tree-like configuration of sorting modules according to the teachings of the
present invention.

FIG. 11 illustrates another embodiment of a multi-stage particle sorting system
for sorting parallel streams of particles in multiple stages.

FIG. 12 illustrates a parallel particle sorting system according to an alternate
embodiment of the present invention.

FIG. 13 illustrates a parallel particle sorting system according to elmother

embodiment of the present invention.
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particle size and/or velocity. FIG 15 illustrates a
paral l el sorting system having vari abl e channel s

w@ewenei2zeg 5 to anot her enbodi ment of the preRenUS2003/029198

invention. FIG 16 illustrates a variable array design
of a parallel sorting systemaccording to another
enbodi FEGt14etnd hédb fluesant particknidromg syste@ ackPrding to another

A EREFh E e R, G R AR QBT FRVH FIs Mg fareent of
18abtlcldigid ldAs wWldegtyscr eeni ng system i npl ementing the

particle sorting systemof the present invention. )
Det ai | &GDES Blusimateonpatllelserting\sesiemdievingeapplels éhtnnels according

i nventiy on prqvi des particl grting systemfor

50 e Saftodipat of theliesshtingeritn. P, 07 " rye

parti clFeGs 0§ 1liue@atsy s v aiably fvdydesighi of A-palulleligiing systedvaccording
error sorting of particles based on a predeterm ned

c i pepthergmhodgnent |96 themsessAt INVeRIORt i on Wil | be

descri ' t.Q o] LS j :
Those i § bifiMriiEh EbinifelBrle! bk 480 MpiTbodiment of
pries@esent inwentioron may be inplemented in a nunber of

differen applications and enbodi nents and | s not .

spect 1 g 1§ MReiiee s crpang Sytem Jplsienting fhe pagicle sorting

p j e, depi cted herein. The terms

" ggécﬂtﬂﬁtgf?%e nne ,E'i andhﬁlf'l ow channel " as used herein

refers to a pathway fornmed in or through a nedium

that al]ows for nt aof fluids, such as |iquids
aﬁietﬁ'g“s‘;e@?“wgmer?gﬁgfmﬁeﬁaﬁe. mcrof luidic system

pr ef er ae)porBMENGERDH pLovieRH pRack s&*tiﬂg B§dt&n Forl Sortidpeparticles
range between about 1.0 m and about 500 m_ preferabl

betspsadedinaliqud ﬁheamaﬁdb@@mingsmstwn@ﬁ@viﬁ@shiglpﬂw@%{ Jow error
bet ween .aboy nd Ut ' . .
S Igf)ﬁ%gi o|,1]° pﬁgieg?)gse@ %1 a %r(g&%b em%tg &gg%céﬁénﬁﬁgﬁheﬁ{rgéeﬂ?ﬁ%enﬁon will
apRrdegdrivat ®elowoleliiie eiluktemplelentfodirhentd. | Divese Biiliaé in the art will
The r a_ngegs are intended to include, the ahove- reci ftc‘ggf
v @ppresiafesthaidhe present igyeation mybs Implesienfegip @marber ofdHerent
h . AL i ‘ ; . . ¢
VB e ALAR T oA NS RNl e ERAES Bl e
a particaiha padodinndnigdapatiedierein8 WO 2004/ 025266
PCT/ US2003/ 029198 The term "particle" refers to a
discrete unit of matter, including, but not linmted
to cel I {Ifg 1REM<CREMSPand #BoWIBEniE & Wkell BERFSretds B 2
device for nmeasuring a characteristic

pathway formed in or through a medium that allows for movement of fluids, such as

liquids and gases. The channel in the microfluidic system preferably have cross-
sectional dimensions in the range between about 1.0 pm and about 500 pm, preferably
between about 25 um and about 250 pm and most preferably between about 50 pm and
about 150 pm. One of ordinary skill in the art will be able to determine an appropriate
volume and length of the flow channel. The ranges are intended to include the above-
recited values as upper or lower limits. The flow channel can have any selected shape or
arrangement, examples of which include a linear or non-linear configuration and a U-

shaped configuration.
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of an object, such as a particle. 5 The term "bubbl e
val ve" as used herein refers to a device that

w@emnenz2es pressure pulses to control flow t hpoygk20a3/029198

channel. The term™"carrier fluid" as used herein

refers to a sheath of conpatible Iiquid 10

sur r ourithertgrna “paaticle’ Crefers ¢ a disereld ungt offmeattsr, inelnding, but not limited
pa%rti | es through a duct or channel. FIG 1 is a

scR&RBti c depiction of a particle sorting system 10

accor diTi tbfin tERsdreas hidddRerdth réfBe tHhASE0E fdriveBlri®ia characteristic
According to one application of the present

i riRfaRbEst, sidteaspariglee sorting system 10 conprises a

cl osed channel systemof capillary 15 size for

sorting particles. The channel system conprises a

first sTheakym dbbblelvhlierasiugéd hateinirafgratot de@etiadft generates pressure
particles 18 and a second suPpIy duct 14 for supplying

a uges tegontyo] dapdhropgl achsmgel supply duct 12 forms a

nozzle 12a, and a streamof particles is introduced

into the flow of the carrier liquid. The first supply

duct 1ZTlentemh Hearsexcinid” asugep hyrethueterd $ asheathroffcbmpdtible liquid
conmuni cation with a neasurenent duct .16, for, conveyi
SOUpREnGEE p el B ErERagtns o ToHE AR e At Shsgdnel
measur enent duct branches into a first branch channel

22a and a second branch channel 22b at a branch point

21. A TiEadus esthematie dewiati@oof sspati¢le sexding systérs 10 according to the

gsglr erre?éh ducte 1%fivan[d IS ass Ci %toe% aWi fichatia O?I tector,

193G S 0L B PTRIBHEY SR St RIS O A 2RPtigp P
pahtdngiof Sthp pedichGsoktiigosygfent MBcorffdes b T8l cia@BElastéR. of capillary
Two opposed bubbl e val ves 100a and 100b are positioned
25igedpRqriiag perticlse oo shanapksystem compaisgs dfissh sandy fyet 12 for

Lui : . . '
oG ERIEE i RN Bl sep O sl e B RorSfiFhe o canier
W liduid. €Bthe fist supply diet b2 forasrifiogrledaomntl aosirraml cf@atiiles is

used. Thg bubbﬁéﬁ%alves 100a and OOlr communj cat e

wi ipHoqused inda &k lore At thagatrier ary JigHiret syaply dyet ipdhesecond

S I . .

o FERBaREE P sre i ARt fihica FARF e embis b CLG fop spnveyin
t dhé pamicles 3Gsperddddn tiss @bri¢rHgueal. nTheneasemient dect defnichessinto a first
an interfac etween the carrier |Jjgui nd . anot her

F bgitph L 208 a1 eops el eSinghi B rpst DO 217 A
asHeslrhRet R B MaALNLdlidGhe MBasudhsRdNE: 18%ndSs x s88ated with a

provi ded for "actuating either bubble valve, which
notetaetarldlty sense easedetermingg chprarigrisimefthe pattinkes gassing through the

deflect the flo rein wh tivate th o

c PG regigtoish AR Bk CE AT LBAS Foohnl b ang positioned

| 1elagive 6 6 mdab@emehtuRicpind dispoedirefuit @otnftinkuatibh ¢herewith. The
val ve 100b. The second bubble valve 100a serves as_ a

buaes artpaggskennerifeachothsradbareh hassef advatedrilbyil rralize that
RS ckaﬂﬁgﬁrﬁtions can also be used. The bubble valves 100a and 100b communicate

with the measurement duct 16 through a pair of opposed side passages 24a and 24b,
respectively. Liquid is allowed to partly fill these side passages 24a and 24b to form a
meniscus 25 therein. The meniscus defines an interface between the carrier liquid and
another fluid, such as a gas in the reservoir of the associated bubble valve 100. An
actuator 26 is also provided for actuating either bubble valve, which momentarily causes

a flow disturbance in the duct to deflect the flow therein when activated by the actuator

-9.
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val ve 100b. 5 The first side passage 24b is
hydraulically connected to a conpression chanber 70b

wWoO poottozs266 r st bubbl e val ve 100b, so that if theCT/US2003/029198

pressure in this chanber is increased, the flowin

t he nmeasurenent duct near the side passage is

di2éplAzdHustrateda thgsactuau s ¢canptadad tthe pbbjrevadvec100hr The sedvad bubble
normal. flow in the duct..The second side .pass 24a

o SelvElohe P Db Forahiotpin SR Bepdi fuBE GRS 5 A st bubble
hydraubpsal | y connected to a buffer 10 chanber 70a in

the second bubbl e val ve 100a for absorbing pressure
transients. This first side passage 24b co-operates

with t ond si de s 24a Ir t g

ment i o0 TG e eprar b enr Rl et tEh il £ iRish chamber

t [716b 69 tHeI fREISHUBB]cChRRIBND /dhatS O thetpredsuteli tidi sipnatae ieintreased,
has a conmponent perpendicular to the normal_ flow of
t e Peaw tin thegneasyiemsnbdnct Rear tkeside parsrac ig displacadingsids,

PR WS EAERISE R AR S0ROG 60, 0%, DAL s 24

paesitigreRdpositdef the Sirdt siele pyssafe 24teistydomticalydmnnected to a buffer
passage 24a results, u

a_pressuyrized discharge, in a .
t eBAEPiA0a R s SSFoRHRDPlegite 100aerAbSerRiRe RrRTBtG frgsients. This
S ﬁg&%@de?ag% B335 20QpaaRks WihAhE e RRE sRALHALaOE 24448 diMkt the before
e pass § Re 20 t he

Si ages and t flurdic structures
i mentiooedhBauid displesmenteatdedwytpressugting He copwsessiomshamber 70b, so

duct 16t be ansiently nmoved .si deways back, and .

{ dhatinisnesieot b St ontal R bl R pOBfa 2 of the particles
CQ&@&?§&E@ﬁagﬁﬁﬁhﬁf¢zﬂb i nduced by the externa

actuator 26 in response to the signal raised by the

detection nmeans 19. This transient liquid

di spl agepent ,  havi C e i‘ .
nor et st 8 e ror R e Bl R SAEE of Ralif
2 SrapeiehilE Higshangad figm et ddepaesheCiibl aticeesibdnceof the second side

separate themfromthe remaining particles inthe . . .
niPREsaEe 24Essaliounen amessHaz eskarae, maransnh flaw of dhe liguid in the

t Y i . i ) .

| P 80 PR Ly ARy B8 oss o e
t Hinigiastrictives theyGntemomaddt yaists tharflavhthomgh thémesaicaneht duct 16 to

of the t branches 22b. The angl e between.the .

brb ERESh By ROV ab U s eGB! B BripoR geP aag e id depgpssurising of
Pricd E5AYsiRELNERR: 36 ARHcADy B8 3L RARI adiRNBYRY in rebRnse to the
angl e can even be 0 degrees, "which corresponds to two
paigal slised hydhsdsteationanens 49 glhissmpsicatt liqwid digplacement, having a

bet ween them -.10 004/ 025266. PCT/, US2003/ 029198 :

THETRRPETt emend ulaavgstﬁ? B F0 P e Pt GG R Tl lecting

a ARRIeN RN prod@sérhdifddl dhAradteristics to separate them from the remaining
particles in the mixture.

As shown, the measurement duct 16 branches at the branch point 21 into two
branches 22a, 22b and the flow rates in these branches are adjusted so that the particles
normally stream through the second of the two branches 22b. The angle between the
branches 22a, 22b is between 0 and 180 degrees, and preferably between 10 and 45
degrees. However, the angle can even be 0 degrees, which corresponds to two parallel

ducts with a straight separation wall between them.

-10-
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central fluid current, which is surrounded by a
particle free liquid sheath. The process of confining

w@2anti2zed e streami s known, and often referrePCT/USHS3/629198

"sheath flow 5 configuration. Normally, confinenent

is achieved by injecting a stream of suspended

particles through a narrow outlet nozzle into a

parti cl [ [

By adj U T%[e alet% % [)13 rtéd a?é"*)%fér.lﬂﬂg‘ g%)ﬂe t{) Egneég%%@ﬁét%gsmon ina
arented Iﬂul(EdSuﬂ'dnq lwhtich ish&rronir&iﬂ:da)ly aqranfidle &aenquldmhédnle The process of
duct _as well as the inter particle d| (Lance can ,
a@pHdnIag 2 particreieam, ig WOW%@&Q oftep e paebioss 2 ﬁléea Wer

i | 4 SRAM I

hg\%% ré&ﬁyérlg%ﬂc?lﬂ X?C ance gﬁ\%éﬁﬁ?‘fw&w gs . Ina uspended
s papieitsitimouging nadere edtlétynotzhle ifito raqtartm]@ﬁbg/camen liqluid flowang in the

types, of patlcle can i Sti
oIRGB i e SR o TR oSSt nhigh ShEpper tiuid, the
S %lﬁél%nﬁﬁ@merﬁ heaRiEtas edl £aE ﬁﬁéﬁfa!rt%lé G1sta'ﬂc@can be adjusted. A
particle 18b in the nmeasurenent ion 20,
detletivady latge flow rate o€theaagicytighid 1§ tsema@ma Iconafmeaamamcle stream
activate rst actu r. bubbl e val ve 100b,
\/\lﬁ’& nglé gﬁ’lt %ﬁt@’ea%ﬁ’g&a%}&isg in response to
sensing the pr edet erm ned characteristic, to create a
flow di sturbance in the neasurenent duct 16 between

the si deapgaspsagjes igrogucedipthe figd sppriyductdiZuntyees of particles can
fl

S5k 56188, BopL ML B OPREARSST [t ssns i

dpeddeBzminedicheractetistic infepastide hgb irhie brmmbmdmm‘bgaﬁ EO the detector

The det ect.or _comruni c%t es Wth the ac tor 26

tHQtTaWFE%]SIgWé Thesprierpalractigios 2R agdvatesd % éstt@gq,ﬁ:lq%gubble valve 100b,
eﬁ%}%ﬁ'{ 1e§tb'y‘?;Bn1f El‘et@ctﬁlaw fn% onkd¥® Rfidik % HRpréfetdnit@icdSharacteristic,
t he

e val ve 100 to cause sure
v do cetieanSow disturbarice sreﬁwonafasﬁ'l@menf duch &6 beﬂv@n tHeudddd ssages 24a,

e a at| e f bhl e .val v
debednd Hondfivatrbed e PepatiR 1eP Hepng e epjaed
1Q0Brapie stEAdbSBS: 1@ﬂ6\!’v§l BSWE Me MEEHANEEINCRDD Akt tHiah thd&cond
first side passage 25 24b. The second side passage 24a

arvdarichaluge?bn Thedstsictor geinumniars vethstbe Betupior 26,50 sﬂil?é iithen the

DRI T KPP B RS T Vg F, o B e
t HEsttRGBIRA 2BLEDID0B ty aduse Fﬂe@&ﬁe vSriaiods i ®e reRAaMET0b of the first
having a resilient Qr containing_a conpressjble

f bybble vle@th%acéwgta@l offth@ figsh bbhle welves deflactsithe mgnisens 25 in the
t I}frs‘L g&l‘bgyg \%ive 1'0% Iaﬂd Eéla Pﬁnéﬁﬁ %sﬁﬂ’g g%néj&b(htm 'tﬁg ﬁrs{ 586 passage

second siI de passage oW n pressure
pW4be The s&m)nd kRlephsdgaddth prdeiie sédond bdbidt walvandea shsotbhthe transient
flow of the non-selected particles . in_ the stream

pdfESSRiegTIations e peRsnsspE@IGhET IEoed ¥edboa YRk 24 asically,

MRAS HGEHY05 §8HRRecfld HuB?le‘(f'aﬁiléquOE’ &d Blﬁfe?%hﬁhﬁer having a resilient

i nspected, using a suitab sensor 19, for

pawill cudoataiihgr acmpressibiedluid soth asa gasz T&he fe@ﬂwnt properties allow the

f lﬂjovg gis lcqulcti frlopr} Q%{etagﬁrel%gntvﬁlcl into the second side passage 24a, allowing the
pressure pulse to be absorbed and preventing disturbance to the flow of the non-selected

particles in the stream of particles.
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as other characteristics obvious to one of ordinary
skill. Exanples of applicable sensor, known in the

W@ea04/02126¢6 var i ous types of optical detection SpSL/ESR03/029198

such as m croscopes, 5 machine vision systens and
el ectronic neans for neasuring el ectronic properties
of t he Atgbe mietuesnerPaegior 20,dn 1y1dm1| nartiglessimie syppeaies using a suitable

i ﬁ?lgﬁg ffé);}-og?r’ Sgﬁ}éﬁﬁ%%%ga{c?eﬂ?g‘s sug S% gzé I'}’erm u%gé’esggn% ﬁrﬂg%stlty, as well

SQYbiRr Bairadieistics Sbib@Ho®NRY 61 MGy BklﬂOEXarﬂp'lUQbf@phcable Sensor,
fluorescence and a detection systemfor neasuring the

i Aoewsin (heart, ereerarigubes of apsicaldetaotion pyems ﬁtﬁh@s microscopes,
pare[cﬁﬂzl%wlélc?rh%s{egr%e eeg g(}ﬂ%ﬁ %IJ r?%g%ngn Cltg%romc ?Ji?g?rtles of the

| partickn. Paitralely wall lemsm&sytsteﬁts in lﬂmﬂ‘eld htelsystanks |fmgmw_suhng the
ﬂght of a particular first wavel ength proldulgzes i %
UgFRSRT MOy O aloss SBEHTY ST CRMBTRF @ gkt source fiaving a

I
B
i snﬂemusymf thel fnd@teldeftuoeosaens|lizht. iTihdd appeoach és oftzasiseé nemmbmatmn

g‘uﬁg SRS %Pt%%% eH%%{glgtﬁﬁrfﬂo?%ﬁ&{t%grg%a{.% E%I%ﬁ I]'S?tflg]i?c&ecule that

| RbBA ﬂﬂﬁﬁlﬁﬁ‘tl@‘wftﬂ BBl TR padiih1dr sl vPlveRAG L i b&ii}es Yi@htcdﬂ another

can be adopted to raise a signal when a predeterm ned
c harticotos s¢aoni avavslengthd Buengscener) 111 thie serond atayelengthflight is detected,

essi on. chanber of the first
ﬁeo&ear %eﬂsg‘él ngsegdg%;S sé%]agﬁs‘ %lfn‘gr nal actuator that

responds to a signal fromthe sensor that a particle

has a sel ected E@gedet erm ned characteristic. There are

two cl 4dbeexgmplosiiesipdy the srepsewent offight sepiersd, by pprtisles flowing

f S

Qf(])r\(/)lhglg {h%%éefg‘grse%rﬁte %ggoﬁleﬁ‘{tﬁp{e%—lgg tﬁé srcﬁ erﬁiﬁﬁlgq#foﬁﬁﬁﬁ% on the size

S [ adé f@‘ﬁs sygetidlés) whicir catandbpted td‘lﬂu@czt sigrtabwhemy pPletermined
rise a source of pressurized gas connected with a

S\&hﬁl@ﬁﬁeﬂﬁm‘\/léld@@c‘lee the liquid colum in the side

passage 24b. Activation of the switch connects the

passage to the source of pressurized gas, which

def | ectBhetahmatoe A6 fausressnriving the cpmptessigmothamber of the first bubble

d e% teltc\ég%:hlggﬂ%q, %pggxt%%mgﬁa%{]qa%qgﬁ g%sixa{lcgseto %gsn%gﬁ‘om tge sensor that a
Alfagiidiéthds\edeocted ﬁe&@é@ﬁ@a&%ra@féhg@é OThd¥@¥retfrolsRsesi of external
conbi nation wth cl osed conpression chanber having
a agtatoss datare |su1taM@fort1m@ea$m£ﬁhap@ﬁ%m Thetfirsitcdass directly provides a
dIS l.aces n
R0 bSETr L BF RlBin e IS BEPRSFRC) 8" 1P PR, Y idlytor may

d icoplpeiced shatkof }ﬁteislilﬁzé& g cﬂﬁheomlswiﬂh aBwitthigg pales sathe liquid
is reduced back to -12 WD 2004/ 025
PePiugpghy sido pasags 2B detiglon BE’?hﬁtSWﬁ‘ﬁh persststae paggage fo the
e

AR 1y B RO SPE PSS AL e e gt
a thé swideh compects treepragiage A4b hack to the normal operating pressure.

Alternatively, a displacement actuator may be used in combination with a closed
compression chamber having a movable wall. When the displacement actuator displaces
the wall of the compression chamber inward, the pressure inside increases. If the

movable wall is displaced back to the original position, the pressure is reduced back to

-12-
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coil. Another exanple is the use of piezoelectric
material, for exanple in the formof a cylinder or a

w@@ek2:266 di sks, which upon the application ofP@I/US2003/029198

vol tage produces a linear 5 displacenent. Both types
of actuators engage the novable wall of the )
c timpnassl operatotgprbepre7 dntexawalesd apugstde displagementiaghvgtor is an

therein. Figures, 2 through 4.illustrate the switching. .
oSBT PBAE ACliRioE A6 PR R L Shlai e bF e biePirBepdigins o
1QoRf AfdHSY R ahpld i6 tHd 186108 p2zodlbdtrifl flafeial Forlék agpisShe form of a
the predeterm ned 10 characteristic in a particle and

gehbnder esa ataka ghdisks, whicht upeatthe ampdicafian eftagroliage prgduees a linear
S 2 B  ol BESTYRR ALY Pesion

| _AsAB&EN), to dalidegrédsing viatiatiorBnhaems 25b and causing a

transi ent discharge of Iliquid fromthe first side
passage 24b, as indicated by the arrow. The sudden

pressu rl‘?%u&'ésr@ ﬁﬁ%‘é@l £atsese e M’ccﬁr%ﬁi&)@faitlgﬂ o BRitWED in the particle

causes |Tquid t ow I nto the sec si de 15 passage

2 4artingegstennd Oaff Rignee d e $n Figend 2, phegeedtorld shsdstbe predetermined

reservoi.r. of the.,second bubble. valve 100a. T is,[
FRERHSHS I RFTHAC Pt BPIEHESSAY t%%%ﬁ%?@%%ﬁ%a 9% tpon

| gl A8 S ftuadt, Mk HPWsurBSyithill BRUbdervadS7WANY tHE fif® Blibble valve

in the figure, the flow through the neasurenment duct

1600k idintreasstedsflectng thegnarissus dfteandeehupiag witesnsient discharge of

i Nt er gst b.l ocated betyween the first i.d

2 SO el Serul 2RCEIRale o e B, PRERAREn pressue
pengendicartealnt this pdist ih kigaudd caliseeEdui@ o flow e thwsedahd side
state. The flow resistances to the neasurenent duct

1@assape 244, begausy phihe resplient arppertiss of hegprerwnineidhe semend yubble

c g i i . of .
STIREHE, B el ST s L b i
siadarpas 2agaedda ahas eeseed ppihe digaty, ehedtuvwp timeugh the measurement
per pendj cul ar ﬁi}o the normal flow i hrou

h
st itdtledderh causiig thegrlectgd prtie AP dneatedetveen the first
;gﬁ%;%gséa%¥ tZ%l]gtgn({ ﬂ{e_%,tecd?l'a%mérba %age anglid lfb;%h?ﬁ&fﬁéﬁip@fd%ﬁ? to its flow

eir resistanceés to flowis large in
c alingatiorsimrthevhodmal ktatef Thevflowses stamee $o the mdakerefiensduct 16, the first

FitGKE T3 eHo e FHOPAPRIID ISOIrhe LRCEEA BTt AFssion of the
t iow &) AR frdth tHe rsd §i&§1§asbé#§@4§ an¥l VR REEHY PsEagdtDAA has an

the particle of interest b has left the vol une
b epprseiablermentponent ppesiligulap tostha gernpad Bloanitiraush thepeatirement duct

Si assage 24da. The actuaio [ [

ol B SRR B 2 S REMIER Pl BFL 27845 g egopd branch
I eBrso tha thduCrekiotai®ds tP oGS 18 ge inokipagsdrhwih tied flef resistances of
phase there is a negative pressure difference between

t Hhe figgh side pawpg?4bsandghe seropd sife prsagaAfst e val ves,

causing a liquid flow through the first side -13 WO

2004/ 025266 PCT/ US2003/ 029198 passage 24b and the

second Higue 3phswage paticlo pptag bystdm 10 derihg theirdliéflafithe first bubble

S hv% ve rlesner\tior}re \;vhen the particle of interest 18b has left the volume between the first
side passage 24b and the second side passage 24a. The actuator 26 is deactivated,
causing the pressure inside the reservoirs 70a, 70b to return to the normal pressure.
During this relief phase there is a negative pressure difference between the two

reservoirs 70a, 70b of the bubble valves, causing a liquid flow through the first side
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previous figure and as indicated by the arrows. Figure
4 illustrates the particle sorting system 10 after

weeplz2seon of the 5 switching sequence. The PCEESH0E629198

i nside the reservoirs of the bubble val ves are

equal i zed, allowi ng the flow through the neasurenent
d LRags2E6 26 apd iedeeond sidespassage 2ha ppRasite ot liguis few shapn in the

rirero SRR Rbgarta @iy deatudy ' ot 72l e cont i nue

to flowinto the second branch 22b, thereby separati ng

t he parél cl es. based gn t he, predeterm ned
char act'g@gyerh Hustigieshe parielsceemesystga: 'Wafien gorgalgtion of the

sehAhintgef&inke CTh@%rgQJur&ﬁﬁ&&@ S edT61RS Elfenrﬁﬁi)ged\halveﬁ are

many times per second for sorting partlc es at
r aﬁqaali%&do@ilqmgg theefldw thirdugwihe n’rwmgemaﬁ. diesd ﬁohmdmmze As the

2% ? j:gb gg}i‘ﬁ) msgg?cséecutledﬁgfp Bté}% & ou{ﬂ]@ first branch 22a,
yiehith the offRE bérﬁGle r3h&sud 18 ﬂotavemﬁf 8 5e@hnd Brdrch 29b Stﬁérteﬁfi sep arating
15 particles per hour. According to another embodi nen

ofthe h@l“ﬂplwéaﬁted@ntth@thcma@Cbphdnmsacval ve 100a and
t he buffer bubble valve 100b may be placed in
different positions. For exanple, as shown in Figure

5, the H@s ptess of d%b@%ﬁid@l&ﬁ%dﬁ%tlﬁ@& partisles ﬁllaﬁiJ Be repeated
passage 20 24a and/or the buffer bubble val ve 100b and

t HBAEEBAPS Serongd dekswsiinppsticlas atifchigh wée Adepsng ﬁmﬂmd switching
fr r 0

! naggﬁe%&gﬁ?t@gﬁgm%fa U8l mb) 8o COUPRIGHLS a8 b i and

r estighmgopeladbneger sbdnmdambldla’(gxromrlimthe fin #Hesordsrcb Mnfidlion sorted
buffer chanber 70b is less than the flow resistance

b PSS RESPOWF these latter conponents and ot her

pressure sources. More particularly, the actuator

chanber 70a and the buffer 25 chanmber 70b nay be

pI aced Acohlingtn anolter Enbodinesi of tha devebéonelenadibegon bubble valve

* paPperdhandfer ouBle e 0GR B 0SFR wiuiSeRaipps. ror

Pafhimplec s shbkvg iR Q‘i%drb 8NihB dct@htot Bﬁb&@mﬁ’@ ?Masaﬂdrlhé ﬁfs‘f’ s1de passage
manner t hus prevents a pressure wave generated by t
BY

alPdaandies theityéler h@hi@flalm 1@ andghe srgo sudn ga@ag@%&mmeﬂbe place
DA onl BB BRI B PR S S e

t Hecasionpdueh tHat parfldve bedfstanbe bévngen tHei aﬁ:ﬁﬁfoe RES&mbét 70k @Wd the buffer
resi stances results in a higher |evel of isolation of

t rFéampes Hibds dagp thantheyllow spsistanss baiviasn 48 eEthgselgtter components and
p ro%ﬁe??‘ié:ssu ése Mte %15191@61 tfhls QWuﬁthlE}?a?ﬁbee{f l7§£ hﬁ’c?the Buffer
the rest o e syste er, the rn-situ
d a:ﬂrpmhem@baﬁagbmpiaeﬁdesﬂlcb tles ﬂmrfhovptdssmcababvle' elthiear is less than the

di?tln allo thel | epent.ati on of -14 WO

istigRe éggq eand a subsequent particle in the stream of
particles. The posmomng of the components in this manner thus prevents a pressure
wave generated by the above-described method of deflecting a single selected particle,
from travelling upstream or downstream and affecting the flow of the remaining
particles in the stream of particles. A larger difference in flow resistances results in a
higher level of isolation of the fluidic switching operation with associated pressure

transients from the flow characteristics in the rest of the system. Moreover, the in-situ

dampening of generated pressure pulses applied for sorting allows the implementation of
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sorting networks conprising a plurality of sw tches
40, each of which is hydraulically and pneunatically

w0 swkatee f rom t he ot hers. Accordi ng to anot hePCT/US2003/029198

enbodi nent, shown in Figure 6, the particle sorting

system 5 of the present invention may use aqé ) )
ssirtinphetworlssoumpaising\acplyeatitsr eftsavitchesv G leagheofophigh is hydraulically
bubbl e vaI.vagg | rlﬁtc?%;oi n@}t%i n_one or nore bubbl e val ves
SEIGPIRYmECHDHEe SR 1O, BT 4% val ve 100b. For exanpl e,

t he pressure wave generator 260 nmay conprise an

actuator such as a piezoelectric colum or_a ste

: : per .
not or , Aseerdingde apgther embndimey shomayn Fagnrg ¢ the asla‘wﬁ‘t §QEHng system
flowing Liqujd,.. ei j : ' jQn:
s R e
pBHb1€ ValseNih ebmbliatias buabomoteshubblel wahtos dertvingeas i tyufifel,.such as
QO her suitable pressure wave gener at ?rég(?i ncl ude

eV alve | Bfagirsteramaler TawBTsSUIe I BERTRGHER) B2Y COmREIYT & actuator
a

o iPalko P ARARL S Pohl L9RICRRILA HpROfungerhat con
pupaethe fbisdndliqfiéyeithabiirestlyair via ddiebtidrsoftbes chanoelksystem, to

absorb th ressure wa created by. t re e e .
C Snlerel oSl ahireovheh e RERAGT B SialtE Bl EiL CQURY Suitable
ggfb%urg ¥abt LiRPatlHs ihd18APAE P Rnéfid fAMtors ¥BemipnBEmatic actuators

nstant of "the buffer 100b maybe varied according to
t hed pheatipulse generaiqufor @epereinbyapen byhties infike Jovingdiqeid by

the .buf fer ha r. 700 C - ' I

R 8 UG R FERSTORFERLGN o R e presue
t RiaGk BREd Ol the ﬁﬂe@ak@w@v@gmfm@rte pesvemcRiow distutbance in the
Figqure 7) form ng the bufter chanber 70b, 2 '

Fig. 7
i ofhgs partickss ofthe patsisdy steam. oFhespyag gensian Ogme;%aﬁlﬁgl(?%may be

Cleatd i i i ' fthe buff
W Aol B3 hicld REphInaRPH HeFirIne S e hufter
aohbdrober 786} the grods sectionilf ae¢a éfdhe silis padshge?4b qudés she giffness or the
pul se according to the teachin of _the present

i Hhieesori 2 fgx &ﬁﬁl}brﬁ@ﬁe&%ér%g 128 FigigaD feaniag jthechyffer chamber
tggg side passage 24a or 24b 25 formed in a substrate

which | eads to the measurenent duct 16. The side

passage 24a includes a fluid interface port 17 forned

by an erture in the side wall o age.

seal ed %g% ﬂdﬁ@ggt%ﬁnm&lenf Gfpya Sgpﬁ F%%%Ze g’&ﬁ?@@ﬂg a pressure

t BuisBo Sdpdfat Q680 2itheerad HonCRNBAANERESS aWtreimidT@articles and/or
side passage through the fluid interface port. The

i labling asat hufEer forrbaerbingropressusopHearosgrdingiodhe teactipgs of the present
fl.exi bl 72. T i id_in. i
SRR TR RS P 10 0B LHh bl el shdr oo

b g el ahabgitewhieh $eude tad nidasurembanhiet 16.Thke side passage 24a
actuator 26 depresses the flexible nenbrape t

i Aettedese fid inseréacs ppe 1i7formekb Y #bdRsENTe ml%ﬁd% wpjlof the passage.
t e IRy (?)&LS?%s@ﬁq f&%ﬁ% (Pis PbSESIH e o thE Lillpassage 24a and

carrier
communicates with the side passage through the fluid interface port. The illustrative

chamber 70 is formed by a seal 71 and a flexible membrane 72. The carrier fluid in the
side passage 24a forms a meniscus 25 at the interface between the side passage and the
chamber. The actuator 26 depresses the flexible membrane to increase the pressure in

the chamber, which deflects the meniscus and causes a pressure pulse in the carrier fluid.
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WD 2004/ 025266 PCT/ US2003/029198 Fig. 8 shows a
sorting nodul e 50 having an appropriate supply duct 52

WO 2004023266 di ng a stream of particles to be sorpedus03/029198

well as a first outlet duct 54 and a second outlet
duct 56, either of which can carry the particles
sor t ed Fig 8tshews asvitimg nneshidg $0 Baying Fhappsepriatagypphycdice 52 for

oA ee SERed of s SR kg Vsl T P dueh 4 and  second

S BRNENHUSHSE, eRtBerCWHIEh QREIaRY tRdrtivles SoAGH @tk doltire module 50.
swtch 40 forq}grow ding the required switchin

. ling .
c dhalspiting ineasluien> Genmaprisgs & ideteelor systran 19 fertsepyingpatiolpp entering the

a he sgecognd -or ' i .
ARSI Ao £ M renfRo R BR8P gten 0
s eexqirOviditigl thé reduirtd Bitchifl Eapgbilifiestoosost e, iTHedfirst branch 22b
sorting system 500 according to_an alternat

e . .
eABG Hierfernd bypnabea; Figais i 6t be dispesed im Juidiqeqpnggtionywvith the
Ol dul:164 JRAML §0RA ohitdlaueest. be coupl ed together in
any appropriate configuration. For exanple, the
nodul es 50 in this enbodinment are coupled in
paral l .. The outl et ducts 54 of e soyting dul es .
50" ar o Fit QD08 Aartield 1orne Soiabt Adrisaies s HeHats embodiment
S 8¢ Aledn bRl c%s&g?ﬁplﬁfa@itf%hﬁﬂ; 18ddes$ $E MAflcabbe coupled
conbi ned outlet 60. The parallel arrangement of o
s togeihey imoiudppsopyiatd emfigurjion.e Fondxampdarithaiaddees 0 mghis

e coPef i PURIE by Rilsh et B4 Br e sbitpedRRpytes 50 are

Waetsledd $1itshCombib@butddt 5B athaké®hd eanaaric8d 6@ toupled to a second

nodul e 50. 20 Fi%. 10 shows a particle sorting, system
550mained ouileiO: dhanveHelarapsrarheh sorting siadules virydss system of

B Pt

‘beneéaividpsidoftare moedidle 6, winsré Nok €s havben 9f parallel connected sorting

predet erm ned characteristic the sanme or different

t W@q@-pr edeterm ned characteristic of the

particles sorted by the first sorting nodul e 50a. The
particle streamenters the first 25 sorting nodul e

50a t hiFogidlo shbes spppicle wutttg Hateandd havgociing taianother embodiment,

| €o3pieiag o e e Rtile S0E T sgrronli & s anpirgan e Sob. The
t REQHAROHIG rhbdud 5GHHnhebe @M?;I)e%i@r sorfifig p&Biel hing a

particles exit the first sor pg modul e 50a t hrough o
s prasisteroinddehadoietistiothe sarde ar differant Suo decipredetermined characteristic

second sorntin dul e Ob..via the secgnd suppl

o 0 Rt R elTBY st Sl RopdE SR ARG M Bhers e i
t Rertixg mddigd SO BetRilgh e apglycdirt ST el MY containeit $ktted types of
and exit through the second outl et duct 54b . .
Paptticlase A firshivpsof paricleds soréad ipfthe fyst sorangmeduleeaand grits

c i SLd ' : A I :
PR B 41 7 AP B A0 EPU B58hing mocut
SISOk throigH secemdiontiet dudt@6a and are introduced into the second sorting module

50b via the second supply duct 52b. From this stream of particles, particles having the

other predetermined characteristic are sorted and exit through the second outlet duct 54b
. Particles that posses neither of the two predetermined characteristics exit the second

sorting module 50b via the second outlet duct 56b. Those of ordinary skill will readily
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WD 2004/ 025266 PCT/ US2003/ 029198 recogni ze that any
sui tabl e type of sorting nodule 50 can be used, and

w@av4bes2eoupl ed together in a variety of waysPCT/US2003/029198

dependi ng upon the desired results. Figure 11 shows a
hi erarchi cal architecture for high throughput-I|ow

efecognizoibe| Yy suBabie Emedif serting {en¥} casrisosedenel cait be coupled
. . . . et
BB ar DU A cn Tk b E B BRSIR0E TP

plurality of parallel particles streams in a first

stage, _aggregating the outputs of the first stage and )

then pBightsy b shgwa a igawshisat srolisietrs Sor@gt%g@%a%rw error sorting
S BH %{o doBthel bBbdifteROEs ‘%@Pre‘sé}ﬂ 'fﬁveﬁliifwﬁa'?rlé&ﬁlustrated embodiment

0
particl®s in suspension 80 froma particle 1nput
chanberst8f pastidpsartingsystan BOG fargbeingarplunaljtyodfararetlebpaticles

I R T
8dechi®dri/ g@rﬁng pHREGC BB ol ONh8fird HaoE X AIiAMNGrédME of particles in

particles an identifying particles that have a )
psusgetsermih&dmehzrtide mputctiamben B8 issspsivimong Nesinglgsasting channels

8 r s rati.ng. t he rtjicles having, th .

of b b AT Qo dPina e PR phr e MO8 ilfossof preiclsg per

| Becbh® BAdheEn13 1 dG6dds RelterboN fogiol® Bk aRinii the particles and
regi on 82 produces two 15 output streans of particles:

aidesiefying pagticley thabliava adredetqraynedchgractoriplicy mlg A spitghing region 82
o . _ Do
0§ AR AR B GRRL Hfl Feove

" patielet adthe streams desvibed abdvec Theretitching region 82 atoddcdsrtwo

an aggregation region 86 info one streamto be sorted. ..
PR StivaRs %ﬂalg?:f seicetefgstEaranind @ GHGCieAs ST 1ts switching
t iorf»@z:@agg@\sﬂﬂfe%édsa&d‘g'aﬁf&ﬁ@éhaﬁaﬁc%rfsﬁ&eﬁttﬁe Gi6ctRANESBY84. The
process of detecting and sorting based 20 on a

pfetieted’” sirems Timreach eransel are aggrogated inan aggeigatiéonugion 86 into

channel sortin rocess produces so err (y) rate

(95 Sreast Bt P fon oo Rt SETePhapLid AeBintpe

) §€c|oﬁ@§r2 dortiR¥ cHArtHeAER) rePlatflinsBKRIB préke6t dddting ah@ sorting based
hi erarchi cal "architecture produces an |ower error rate

obn p2rédstermined shargeted@ichi er archy as drawn or y" for an
n-stage hierarchy. For exanple, if the single channel

error rate is 1%the 2-stage error rate is 0.01% or

one paGivdnthdch dhiRchaddey Sdriing bRReRpebdiices tameerea(lyYirate (y is
have M primary sets of N sorting channels

seouhabriyy ratiae pne of ypstickdeingheclagpd | @awsg%%ﬁméﬁ%l@n
9@8&#{0‘3 AR %feﬁ!r@rﬁc% Iaﬂ:thitg(ratﬁl% éﬁod&g B fovel %ﬁo)h&té for a 2-stage
i NpUL AL rate z and single i

annel ‘sorters have
mhicrarciny sadrbwvngr y'afoe an nptagdeihidrashpe iFos examnple, if He single channel

system t hroughput is M NXx._i rticles, per.second.
TREOT 13{fisdro %F 254345 eé’["é@%&g‘?%gztoéﬁn? H“N%:L%nnel s per
second is N*x*z and so N*z nust be less than 1 so

that all particles aggregated from N channels can be
sor t ed Adtermtiselygthe architecture could have M primary sets of N sorting channels

per secondary channel. Given that the application wants to capture particles that have a
presence in the input at rate z and single channel sorters have a maximum sorting rate x
particles per second. The system throughput is M¥*N*x in particles per second. The
number of particles aggregated in N channels per second is N*x*z and so N*z must be

less than 1 so that all particles aggregated from N channels can be sorted by a single
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WD 2004/ 025266 PCT/ US2003/ 029198 secondary channel.
To increase throughput above N=1/z one nust add
w@amaltebe groups of N primary + 1 secondary cPermng1083/029198
Overal |l throughput then comes from MNx with M
secondary channels. 5 Figure 12 show a parallel-seria
pamqndare célannql ngo m@emtmeugmt@wﬁ A Y porgimtsiendd parallel groups
oI t he . .invent i arallel:serial

TR ] b5l TEBRERY QDR BRLALb SRRk s ppevc i

sqn@amgdﬁngthmﬁl and a second paraIIeI sorting
nodul e 16 The first sorting nodule 161 is applied

in nultiple marked particles and particles having both
gﬁ;ﬁﬁ;ﬁ*‘l%g 13 %&gﬁ %ﬁglegge%aﬁgﬁﬁg%%g{tﬁlgr&&% lté%eacg&tlﬁlg to another

panfoliizhers of thelinwativh c Tae paali¢lngrishwirdte dotting Tyterh 168 includes a
paraIIeI sorting nodule 171 separates_ particles hay

a a trstngtallvhiqring mediled Sl snd peccqpgppratieboringmotple 185" M first
LG T A P A R Sy P REp b ying both

Alrharkérk are spaied ool @6l caneeyed dirofighlthersixa chamet b6
paral l el 15 sorter 172 for sorting particles having a
second marker. The particles having the second marker

are CO'EH%& £ 89 sBAVs M&)@@ﬁu@iﬂg&ugﬁmﬁce%@ﬁﬁ@ s9§tl31tn 170. The first
channel 176. Particles having neither first

maakedlel sooting edgled Gih deprasthepartieles hmgl éﬁst leugieligets the

IR ST TBhe bk R A B g

14hhsouglﬁ iR e dxitcdhensd 5. ngllﬂﬁdr@ﬁﬁm ardhlet & 1$1W§HcSnd parallel
for neasuring velocity, location and/or _size

paptteic) ‘Bsfor snEngpasigles havins asecpaf searksy, Ths @aftw&ﬁs having the second
' arhqér%r b 5(?133?6\(1 q cﬁﬁgesraﬁ kﬂH{J%‘PQ?&Hﬁ& i ﬁéﬁnel 176 Partlcles having

classrfication o rtic or sor Ing or
didefthérahé fitst Marker nor hersaddndlmakartie borb@yﬂﬂthsgt@heﬂh],rd asit channel
shown in Figure 11, the different channels may have
25 7di f f er ent fIOM/reS|stances causing the velocity of
the particles or cells in each channel to be
different. In systens where the detection region 84 is
s epar atAwtofdingnct dne embcxdhhé:m of tlreeigif&mioﬁ,ZShbwnain dfigwresnicle and 14b,
t he .vel oci t he chann

RS DB AOTHE ST e S ST oL YR A iR focation andlor

deliRYof bafticl®: T hE ReabirBRehi® ARl Rity SBEdtiR adblod 8izk @by be made
relative to the nonent of detec¥|on of a target

pasnmuléareyuslssmthmlawéipat@qn ofdh¢ pa;yslteefm Sﬁﬁmg@étae@ difﬁ?gent time. In

cel | rt|cI t he_ redion
et eSS Siishinet S8BT a R F o A e angls may have
r efifferentMldw rdsavshcas, Bhisingihe dtREity 61 the phhRfestoneelts in@acl channel to
a cell dianeter. Therefore when |ight is detected in
t the different jIg§ystems where the detection region 84 is separated from the switching
region 82 by a distance L, the velocity of the particles in the channel 81 must be known
in order to set the switching time delay T (i.e., the time to delay switch actuation relative

to the moment of detection of a target particle).

In most optical systems for detecting cells or particles, the region in which the
cell creates light on the photo detector in the detection region will have a much greater

size than the size of a cell diameter. Therefore, when light is detected in the detection
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-18 WD 2004/ 025266 PCT/ US2003/ 029198 region, the cell
may be anywhere in the region, making it difficult to

w@eowpo2aee t he exact |ocation of the cell. To peDUSIHE3/029198

nore accurate detection, many pixels of an optical
detector could be packed across the detection region,
b uregloﬂmthe mumiy hawvdldl‘%llﬂqhe mmn ngafrheriedidfiewt toompncen(c the exact

oni cs. .5 Acco illust.r
BBaP R G o Fonds PGS bi Rt Bir matibiGh ot fagerica
belerREdedotia bk Bﬁcl@@ta@fasb 2 def@tiOn rdgforh bavthteyQde UEw Slarge cost
velocity detection by depositing a "masking pattern”
diané cequyregamplex syppart plgelediigs: The nmaski ng patterns can
be deposited so that an edge in the masking pattern
is precisely located (to < lumprecision 10 with

cur r entAdcertimioagyilustetiat em®odimenhef theidveation, iang)ptical mask 140
act uator re ion 82. A single optical detecto
gh the detsatiomeegion| tp prqw@wcerr@%eeﬁl%fﬂ detsstignby

8

d3&F 4141 Efingl il pARAR, G280y B e sqRifReini™ P HagkdiiEpattoms can be
c Qfepwﬁeé do tlﬁap auq) H@geparthesmahamgﬁatmfn tsfpeeomwooﬁte& l(lbovmlum precision
| en r ement

f
LA e hHpAOE0a Bl o o Sespiti S ieBiAg RgA eingl optica

1 Qféf@cfo? HF hidht frHﬁE‘ tfd @eﬁﬁm&ﬁ@ Hétéélo'nr}e Bh %4 %H%e@ﬁght when the
Sl ze arger han the cel nlnlanIng e Slgna from

t teell 1s:mumas1r¢da r"ﬂimdteatlmhellglatbteemumd ofif rpontseoflsepnnected
to neasure ., he”s ﬁ% of t nde ender};tlr%ln A tvéomt
siGAALS Pag§c Rag tl d]ilae"}% %‘Wﬂ eg oadtﬁg%g %a? ey oy

in the optical detector that can be anal yzed to
nmeasure vel ocity several tinmes for reducing the
var i ane’emzl@k paitqrh ¢ha Bpsoreverpl ass | faeksizegagipgiftost 0y to 30um in

t hst reélﬁg }p[yarg &e img%e%gn ?L S&ll%ﬁﬁ%@&g{ tF? 511gﬁ%l from the

|fy cAch e nas

b afeﬂ -Tﬁ&reﬁ&é Q;uah h phitém2aielso bBased tb gﬂiﬁasﬁme ginadizd eofftheeelh
bar _woul d be the sane and one coul d tell them

agadepengentlyofife sigeal. Thish ef grdlentmgily Aok e paiqra i the optical
W ciekec?clr W can §+ %g% Erfeﬁﬁfre jvéle}f‘l't}n&v flmep F#36ducing the variance

regi on Severa € Slze O a ce to nmeasure
t He tth\l’ﬁMnlﬂy}BSﬂﬂlateh Gheghtternie dedight Rutdiebethaatask 140 also allows

posi tion inside the detection r bout m
DB fetPoRr Pafeity Ssate ot ek drOattiie b d4T SF Ll same, the
a%%ﬁ%@flallf&‘:@é{ch Br RBukiHeRhddtthd, d60bhd dould1Enl ?'t@l?th@fn dpaf by
preci sion given by thé gradi ent pattern
g rsaqiicaae. ’rﬁherlzfom@ gradlglvtsnasmatﬁ@neﬁﬂ@ﬂowm Sm@aégtﬁetor lookmg ata

t gg e%{ﬁ)}%]{?i %Vﬁ élmes eﬂ%ee qtr?a(iem hrg,Farglil n gra f of t%e cell, measure

deheex#f pbdid] insiddbhe défection region 84 with about lum precision relative to the
channel structures and the actuator location on chip and identify the size of the cell to
precision given by the gradient pattern. The gradient mask 140 allows the detector to
measure these parameters independent of the magnification of the optical system or the

nature of the optical detector itself.
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WD 2004/ 025266 PCT/ US2003/ 029198 One skilled in the
art will recognize that other devices for neasuring

w0 b@4®226q position and or velocity of a partiPRPCBEUS003/029198
the sorting systemin accordance with the teachings
of the invention. Suitable devices are readi
avai | abine skillgd fanhwrrt il eepgmizsfthat ol dayigessior meamngﬁl@e size,
Fgaésdt#gn ‘%Ef & \%M&g o? 2 fchsei'h tﬁypo(}ghg%{ﬁe%l gg&%rdaﬂce with the
a[da&Mn@@@ﬁh@invr&ﬁﬂon o@ﬁtabteaiev&eg hneﬁgachly&ivaﬂzﬂﬂe aﬂaﬂaldmeto those of
of a parallel array conprising a series of
neﬁh$%¥ﬁ¥¢Hﬁﬂk§HFter channel s 810a-81 On is nore
efficient in terns of space, use of optical power and
adaptation to optimal external actuators. Since 10 the
vel oci tAccaflinpaotanothesemmbodibentastomreindligurs 8 Asthd pattigke sorting

channel s da not [ fixed. del bet ween .t he

dSVEE CORPBe AN g 8PPy 0 B SE8tiral Foshbie PHannely Ao Gpofa paraliel

defrh PEsmpriRAS b &R of ReNidatitd) %oﬁ&tcﬁlﬁﬁﬁé@s RICAPSI0h)s more efficient in

Therefore, certain paraneters of the channel, such as

t beems ¢f spagncise of bpticebpawer aidtadentationsty eptichad exigimal petgstors. Since
or, the shape of .the ath bet.ween r 84 an

© i o cich Y BE bt S8R el g oSS RapoP gl fivea

f delag d6tvesn Vie) dsbétion OPh !pﬁ‘(f}!ﬂertﬁ lah@ B3tO&LInQIT aCBv&ﬁ&ﬁtt@ deflect a particle

perpendicular to the ch e laser is required to

| hpving e detestedarepertief Th@efow ceityil ppemetesp of the channel, such as the
) thqat t
CHERASH L EAONISLo oo L85 O, 151 O Rt
adéﬂewer 84 erd tHeeniichi8gletn banaried. absor bed to create
fluorescence 20 is only the area of the channel s:

(nunber _of channels)X(channeI wi dth), which | eaves a
fill fadsinga vngle laspaion sicheielpnethceniicakillugipation Airepted
{ 0
ng Iefr%llzlzlil%gﬁ tg% f:lluﬁ1 5 ?;{sgllr i kP%{%ﬁlt%k}?C? ﬁlu%lﬂnat(]: g%é‘ﬁa%eg?{% lSjy (number
t o€ chﬂhe]@)?t(mﬁhelmdﬂl a @eﬂeﬁtlcal negroaH(aitemhanmah SpEYE @))1 (See
25 | nportant to the optical .det ec

'3 e
opigal )s;}é%fmeéfth? BGtRR @R Where K baghe be?drtpg{,eate fluorescence
d ‘i‘ssblﬁg e ar&ah@f tHE @ﬁaﬁﬁ‘ﬂﬂls (BRbdr QP cha%ﬁ@lé’)'}{dcﬁalﬁiegﬁcﬁh)l @ﬁhlch leaves a

aci ng of channels in the detection regio
Sﬁlhﬁamnaﬁ I@dwmﬁezvm}ﬂ/t(@aonelméthc*h@h nidledill fotor Irmreferag)ﬂu close to
lzatio roac 0 % The channel
BQ@( aav HWWEPE%?UEEE%H 3@8& 82 maybe |arger, as
shown in Figure 16. The |ocation of actuators26 al ong

the channel may al so be varied 30 to make a | arger
avai | aflherefordi minimigingibe dntarsharel spacingdn aaatallsl sortipgsystem is

V\@m%&? t?(‘)2 &%%%tlgﬂ{e%é%g (919 13 100%9a}18 optical system efficiency. In the variable

array design of the present invention, shown in Figure 16, the spacing of the channels in

the detection region 84 approaches the width of the channels, so that light utilization
approaches about 50 %. The channel spacing in the actuation region 82 may be larger,
as shown in Figure 16. The location of actuators26 along the channel may also be varied

to make a larger available radius for external driver actuators.
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The variable array 8000 may al so i nclude neanders in
sel ected channels for bal ancing flow resistances of

w@bkdosptee€channel s so that given a constant preBCI/US2003/029198

drop across all the channels the velocities of
particles are nearly matched. These can be added
eit her Thpyeriaderrary éQﬂﬁrmy dlaerinstudemecanpeny 4n pelecieq channels for

S8 0he o resifindel o B ol %"2‘5& sQBLIEEh § DAY BRbHE arop

C hedapelll thedigrld tha Velbe@b@ﬂf Bficlengte Inbad}amtatehbd] r TRSE can be
is known fromthe desi % t he. neasure
¢

of
pafdgdiier yrsirsRm oy dawnitrenseliae tﬂ*ﬁ%atsge sy${em, 1. ¢,/ b in the region
d%&@& ﬂ?etde‘?&tcfrggﬁﬁ dd zgo 'A%hhcp%gihg h€PetoRels €& channel’s detection
provi an 1 nprove sorting system 10 Figure
17edibn 8$Itanﬂt1‘e$c‘alam 261 & Ikeown fitoimthesigsigrthd msurement of the particle

according to yet. anothe enbodi nent _.of [ nv tign. )
TREIOBAY 61 tap garte e 7 a8 Aot SFRIEHOR "FHE 0 8@@ RIS forkpep provides
ofy it %&5@961M5§@Sw1 operating in parall eI The

system 1700 i ncludes an input region 1710 for
i ntroducing sanples to each sorting nodule and a

char oot 17 IGgap prlicln RERR el P EREHRRT: Ppoer

| RpdbbBindént 8Lhe Ghvedfioh ThOpartidiBSotigisosteml 1500 iinthded @pldality of
switch regi on 1730, i ncl udi n&lan actuator in each

s éertinggn 1101 @pergb@&marﬂ pahe systess 1 Anglydgs an input region

pr. r. | .
PR AB ARSI Ll Srl AP Cushel ket 1m0 o
i indab@ringerpredétemiibed Ehdracgeriseic bY partibles sadit siontglgxﬂmnm 11§02 in the
1702 di stance between each_ sortin channel

déetsetionieeiong B sysiop alse ipcbides pHch Fgioh B0 g an actuator in
d 'eﬁéﬂb‘fﬁn%ﬂloﬁﬂg éélv\é E&Jatlgé) 48819 Ravhd| %Fgre-ﬁlaf‘cnﬁ fé8 @haracteristic from
spacing | et ection egl on enabl es cost savi ng
Wipartices| thet €lo not Bavesthel ptedetdatined chdrectpastici aqmpwnhmltbe

t he re d ant aration.in th tch .
- CERAgRE BLF EaFS B osuE shapuly o7 & iefiod SR i gt Soring
S QhbAAginSiHe H@ﬂ&tﬂp@%ﬁﬁﬂ 78 $0etNBAVER ifteR8ERRIRdiIMance in the switch

sorting nodul e 0 for repeating the sorting,
p region $73F. Thest desei spacingih e deiepiiorhiegion epablgs cost saving when a laser

s,e g%tg%g glﬁt?&ﬂge B?,rglgg v%mkst%% fr]é)ltr%éls ag{ seeﬁéreatl%rﬁgn %% %%t?l% ¥eg10n

the3§u§ao@m1@@yeslmbuﬁﬁzmmmhnent region 1750
between the array of primary sorting nodules 1701 and

the secondary sorting nodule 1740 for transitioning

the Dar i Slaffad LA DRI | AR aP0Kb AU RBSRIE Pl modue

secondary sorting p cor

i 111746 fioratpeating Iﬂl’mxﬂmmmpcésh ef éﬁeatnigmdtsortmgl tasedlotEdpredetermined
transitions the ticles b enovi nI%@exce rr| er

S C
f [chpgCterstin ‘PH’écrﬁ%ﬁet "ci‘(@graﬁ@f%?h@ SB’§§°§| CBhe pe ¢ g iuene

t enfRRi&RARE s)ferii Ay 19(9 AL RichAR0: reftR 161@0 'b@tm%ﬁ‘ the array of
regi on 1750 ma so’inc ude a hydration device for

adfinmgy sextiop aimdyﬂes H&et afd thede¢omdatysoparg mofids 124Q for transitioning

enyi chmen
{16 partqlceles from t%e pnmlary sorting process to the secondary sorting process.

According to an illustrative embodiment, the enrichment region 1750 transitions the
particles by removing excess carrier fluid from the particles before passing the particles
to the secondary sorting module 1740. The enrichment region 1750 may also include a

hydration device for adding secondary sheet fluid to the particles after enrichment. The
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WD 2004/ 025266 PCT/ US2003/ 029198 enrichnent region
1750 may conprise a nenbrane inserted into outl et

w@eb@nnzd266l 703, an enrichnment channel interseceCTyS100&029198

outl et channel 1703 and a nenbrane separating the

outl et channel fromthe enrichment channel. Excess

c anri¢tement kegich 125 0reapuedprisearmembrans inseded iofo eulegchasgel 1703, an

particles jn the outl.et .channel, 17 rough t he .
ST ShEie Pl e U Er Rt dAGR A 2 B e separating the

PRafsRAaklRe O8] @6 ehflciRd: CRAr@S]. | I cesd digrisrehad@atoved from the

sorting nodule 1740. A suitable S}/St em for formng

t lsweasm of shentert parbeleoin the owftes ehatmeb1 703 throggh fagrapbrane and into

| i cation Nunmber, \ ' . :
PR e R PR R P RSl ot pepopdary sorting
Mnggdafd 140l ¢ Systent, the contents of which are herein
i ncorporated by reference According to the
illustrative enbodi nent, the renoved carrier fluid nmay
be re . i s i : . . :
pri mar %}/ C lg“ﬁlriﬁg’gt N IHZ‘% : g’?@g‘l‘ % %%%g%g}ﬁ%%ﬁk%mpfgtdﬁg%bggﬁ I(:I'es' Patent
maypplioativadiuhbe W398 aidtitted fimpletmentatien pf Mieofluidic Components
channel to.allow rg-use 15 of .the carrier .fluid f
< b8 Sliervidie SHFFY pho cwlents af WEIRAFY ey inqoreoralgf Py gpference
fluid may be renoved fromrejected particles and
i ntroduced into the primary channel inlets prior to
di scar dicegrdigtortbf dbistratiypeambiadinent, thi eempaved; cefréer fluid may be

sorti system of. t sent invention has, a varie

o Pedyslit B Rocd ey e R RF PesrlE lhelb? A Pory@iteiinbnel or

t Qi deABPIHag bRt tHekRBriflahért¢tQos & the PENBYSEIRANERY alléw re-use
i npl enented In a drug screening system as shown in

Fiod theecammier frd Enswpsepentisgiiing pIgess. AlRrpgivebs darapger fluid may be
system.140 i . ' r-t .
SShOR 0 5 BB LBl B AR s pror

C Qhdcaidg@e Féjectbdpgsitlesel | s. The sanpl e contai ni ng

the target cells Is introduced to the screening system

t hrough an i nput channel and passes 25 to the particle

sortin ' BRthas Vo] bPMplicati
the r egglfég)g}{ %ﬁ%sﬁgﬁsﬁ%ﬁgggﬁggqﬁ%ﬁ% gr Set cel{, t%Bp 1Catons
a inihd mgrathddiic actu betcbring ©gine apilictiomabe partioleporimgssystem may be

are | ntroduced, to the.m xi ng and i ncubati on_regi on 141_.
© Blsghe B SOrE FATFRGTE 5T AU ShebHt B B RS APgapva I Figure 18,
cel driig RErOMis ?Ejys n® T BR1aRS § pakisleSBftidgNHo b 3V fredenti@ying and

The e%fect 12% the test conpound on the target cells is =
t separatatgstotgsticélls from e sewplesnntagyngihe tageticels. The sygple containing

< Rl O migor i B8 R ing el LRy Ut and passes

beo dsAshritélé Borfiny diddaley whichisgpasteo thetmrpkedesls fibethdietd of the
screeni ng system enabl es use of i ) )
sample and passes the target cell to a mixing and incubation region 141. Test

compounds are introduced to the mixing and incubation region 141 through a test
channel 142 and contact the target cells provided from the particle sorting subsystem 10.
The effect of the test compound on the target cells is then detected in a detection region

145.
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mar kers that allow neasurenment of the activity of a
specific enzynme, thereby allowing a search for

woradlz2eé s of the pat hways that the enzynme exPGL/BES1003/029198

The drug screening 5 system al so enabl es use of
mar kers that all ow measur enment of the concentration of
any i fhedbsthuyadrugsssengesysting hédd wathdherparkielesotter 10 may be

identify specifi.c cel] types, ticul arl are ess

¢ S e FBRet ot S o w1 Yl e g el el e or

S Widrieddl thalBIdR iribabiReh bR f thddtivay 6f Aepecifidinzle! Bereby allowing a
cell surface markers, such as anti bodi es and

r sessetbfon aradutiiterp o the neBvtaye Hwg thesenz e wisists ins The drug screening
fl uqQrogeni c_.enzyme trat [ int.r I .
<riRaR I SRR e R el B R i Blration ofany
f lintecesdaenhedyeser/sfonnltand markele td jdentifickpbtific cell types, particularly

| um nescent enzyne substrate markers. In fluoraogenic

e B9 RSSSShER PREP@E opgrBdied celdy) hynsaner exfmple, saitgble myggkers include,
a : fic i : J .
BN ALY SPEELL bt S0l LA B0 AR ol i
BAAndlopgiedy L etz \foeso genld diz e setishypteunduizbdsj hangdllular signal

h hat f Ph h ) D hyd h ' 1 .
D BER ko RR R TS b B oSS Qgf. (a1, and bio-
f |1Mﬁfn@§%ﬁf‘énz9ﬂ1%%uﬁ§ﬁ¥el ﬁi@ﬁkeﬁie %ﬁ' %lﬁgro:g@ni_c RS R SuRratk Rerkers,

I nstant | nvention I nc ude, |o-_unlnescent enzyne
s ebmipoatds enter keltssand aroeqyariesbye spesificcipirhesllalad engymeas de be

with specific intracellular. enz enerat.e, 14

i BreRb e bl At MG E S PAu% JoPALDH enymes
I QPOP {( @rmEBYREYeli fORS FhosphAE) or REbdphatab@rind DikaFpiedamine 123
include D-Luciferin and associ ated reporter genes, as

wdo cel Redpxiepstens  Otherexgwpica o0& duetspront dyes et 6an bg psed in
b e annLl catbon Ce
G

Vv @bin@bindfentdn eslicald iarehcbivith Rpedi Baintaydtudarenzyroes generate light
exanpl e, conmpounds may be_ screened for effects in .
bldgekih OTten B isehnologytaes bRitisd tRIPDPTES F5nes foPbReye gene activation.

:}@g@?lé?ﬁ&&%‘e‘b%c\gegh aﬂ%ggsgameﬁ‘?{ipo?M% &R, ¥hPSLas DMNPE and

'S undesira or exanpl'e, té&st compounds
maysobatcsloepatergefiast their ability to bl ock systens
that are responsible, at least in part, for the onset

~of disease or for the occurrence of particul ar

synpt o 10f i16éiRLiRe 8pplidaflh, ey REmbEr &F difftRhEEnkHidMds may be
di seases, cancer, bacterial or viral infections and
t lserepiddefor Bemediend onwhiacitystiohepicshimd bigchesycdl syst¢ms. For

t hese screening 30 assa tho an .t hen be, subjected .

L G FapEraput R 8 PR P R S e SRR S Rrvie

P i bRIaE lkeg etalts AF604tSd Hvith Hidthetni @B Eysdths WhoddieSRasie ubdesirable.
synptons of a disease. -23 WD 2004/ 025266

PEPr orspade/ test gemgoundsiagynia soyesngd fordhgibahilly te Hlpcksystems that are

2?%@?5“&@3]‘ aﬁg%’zfﬁgg{ ;Lalrfgl ?chrlthé gnﬁtepofséi% rrés & Br tli%'q}@ﬁ]r‘f‘%lcg Ef P%rticular

cnem cal syste ose tuncti o

belmeioatt dfalifasdemclodhlgee.g., hereditary diseases, cancer, bacterial or viral
infections and the like. Compounds which show promising results in these screening
assay methods can then be subjected to further testing to identify effective

pharmacological agents for the treatment of disease or symptoms of a disease.
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e.g., to renedy existing deficiencies in a patient. 5
The invention may be used to isolate rare cells (i.e

w@owpi2eseg | ess than . 1% 1% of the input sanME}ISiooi/(’mws

a variety of applications, such as, but not limted

to: cell reinplantation, cell transplantatlon and

cel | t rAdtesiativelyn nompotglén et loe sopetinkd (fmth@n abitityl to stielahs enhance
ant ation ntatlon

r |%I§ gR‘SE’Vlﬁg gaiu%gliog‘% ! an WB P’Vhé’é‘f ftglcf ign g 1eve1(c)into ?Eg)éesu"able

devel igpEREdy &istl deﬁfzi%ﬂm%é’ pod peiehs. 10 The invention
may be utilized to screen conpounds on primary cells,

for exanple, taking 1011 cells by apheresis and

SCreen iﬁ% énfenﬁ\}gﬁ& grlf)% uggcpféﬁ {8d1h l%'}are c%&g'ﬁre tc%ﬂ@nsﬁg hdss than .1%-

l'i nes. 0’scr

C Q9P O£ Snpid sarhi] @1%)’ fo@ @tvaﬁeﬂybf |ap1511ﬁ31110n51\:19&¢keas | Bstsnot hmllted to: cell
100% of the cel ne expresses the correct genes
tﬁ@lrrmim@mnngelmarwp@gt@&ﬁn antheel] tiensfction oRasRebP ation

116\5%&2?3; i aﬁﬁﬂo SPR%E% ABnC §ht bt GPReY falsG be used to isolate

or ex screeni ng on cel

0 Fthlyxot cells hne a rsﬁnb]ecfa]t cﬂemlophma’eof tafiere tresterentsi nve nt | on

has been described relative to an illustrative

enbodi nent. Since certain changes may be nmade in the

above &Bn Rells, for

scope o#msi g&‘ﬁ‘]’% g%t%,l B(’c)lﬂn&tf‘i%'& fog&?%?gﬁgggﬁ% hat Igvlglluhrls}rmt ter

c axbmpleethking M bcells byepbersss it scseening erhawisub popwlation, rather than

ac ¢ ﬂﬁ%?nyhﬁeglgv‘er? mntra?ygala§%h nltés%ﬁl%{) g%rgg%goigﬁcl{ulngigﬁ ﬁ’hﬁéf?ect cell lines,

u nﬁﬁé’ré 189 thah habd dTend il 10 3Pre3baRith® c@tet penes Btethe dréening
generic and 25 specific features of the invention

deyegiatve drhmn@nﬂonm 2330 besitiizedimicseenrcoppeurdsgpiecels at specific

the,, i nve

bl GRS Pafbis s RuE b By B A e Mifase

i nvention, mhat is clainmed as new and protected by

Letters Patent is: 30 -24 WD 20Q4/ 025266

PCT/ Uszﬁwre@m%em@%aﬁ/heqp descrbed slaiiye ¢o @ dipstratipe embodiment.
r I

oo PR ghalp SRR} BERIAREER R/ GohREARER! SThoR aERHing from

prihe etope wif fiednedmioacit & inshied thanall matereetined is fetabove

fsgqr‘egg’?ﬁ }%3 c{:}rgg?‘gﬁ,?ns t e%gczeongp%rrlylsrl% d?fv?fn@?bé: S{térls)fetesclaa{sqllustrative and not

- in a limiting sense.

It is also to be understood that the following claims are to cover all generic and
specific features of the invention described herein, and all statements of the scope of the

invention which, as a matter of language, might be said to fall therebetween.

Having described the invention, what is claimed as new and protected by

Letters Patent is:
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having a m xing region for mxing cells having the
predeterm ned characteristic with a test conpound and
w@2@ehz266 on regi on for detecting the effect oOPCT/H82003/029198
test conmpound on the cells having the predeterm ned
characteristic. 2. The mcrofluidic systemof claima1l,
CLAIMISt her conprising a connecting channel between the
cell sorting systemand the screening systemfor
conveying selected cells fromthe cell sorting system
1. t A nherofuidéesyisteg eymspreamg:3. The microf |l ui di ¢ system of
claim1, wherein the cell sorting system conprises: a
fi3YPSIERIRt for conveying a stream of suspended cells

| Ny @GRk eystehifelfled 69TARISUB4tAE: forBoritik @blls Buséd 6154
outlet and a second outlet; a sensor for sensing a

predeteradesdeshaiactedisitiandct eri stic in a particle and one of

a size and vel ocj t f [ o ifde..¢ L

b e RrRd o e BB ol Sorfenifle P8R systom
havir@%hlﬁi@@?i@cﬁoﬁﬁ@ﬁhg télisttheing thepetaeneained hveneérstictveth a test

carrier fluid forns a neniscus jin the side channel to

compoupd pad 2 detreliogesgien ferisiastins fhegHachel B fast ermpqud gn the cells
havin?ggf §%d§‘%§ﬁl§§?5¥%9‘§% apdi fying the pressure in the

ect the nmeniscus when the
sensor senses said predeternined characteristic,

wher eby the deflection,of th i t
ceThEmIpE e 37 St dr IS CORRRSEE 8PP Er g Gappehetiveen
the célpéﬁ%ggy R e%@the%ﬁekﬁh b 15&ddnSefii@beled\6ills RyYEthe cell

2 ;
sal rmned characteristic flowinto the first
sortimgdyistem to the scFbenimg systeii.ui di ¢ system of cl ai m 3,
wherein the cell sorting systemfurther conprises a
buffer for absorbing pressure variations in the first

3. dughe mictSNNEc2984MAZ2RA0 1PEhetd 332N 28398 system Th@prises:

mcrofluidic systemof claim3, wherein the actuator .
compirstslust for soaNeymEdf strepmens Sugneraes ¢eals In g cargigpliquid, comprising
. m crof] uidic t f,claim3, wherein the seal ed
an i i & fiet A BB A ™ i 1 7. The i orof | ui di c
Sy5 teRdofor Sdning spreddi@ntngtl dhaeacetistiairog participrand ese af a size and a
di spl acenent actuator for noving the novable wall of
velogityeofggrtide;chanber to nodi fy the pressure in the

sealad cﬁ%ﬁgpiﬁrconﬁnun]—&%oﬁi\ﬁ{h‘mg gdlqgcsystem of claim7,
wherern € actuator conprises one of an ' ' .
el gedalatinohgmbdti positidnad hdjacean tb the pidexbehmet twherein tenemter fluid
forms a meniscus in the side channel to separate the sealed chamber from the carrier fluid;
and
an actuator for modifying the pressure in the sealed chamber to deflect the meniscus
when the sensor senses said predetermined characteristic, whereby the deflection of the

meniscus causes the cells having said predetermined characteristic to flow into the second

outlet while cells that do not have said predetermined characteristic flow into the first outlet.

4, The microfluidic system of claim 3, wherein the cell sorting system further comprises

a buffer for absorbing pressure variations in the first duct.
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5.

9. A systemfor screening a test conmpound, conprising:
a particle sorting systemfor separating target

wariizd2es from a sanpl e containing the targePCT/US2003/029198

particles, said particle sorting system conprising: a

£ . L e
: InT%tt r’nijcggf;lm&l% rsygcgrgvo?)éiaﬂ%d’:?a AR Bie &8@%? g(?r;hﬂlqse@% source of

I'rstoutl ét an secon a sens

pressififedsgRsi Nng a predeterm ned characteristic in a target

6.

particle; a side channel in conmunication with the
first duct; a seal ed chanber positioned adjacent to

% P&f&g:g%iﬁﬂ?fgﬁﬁgemm%fa%@, FhE] El%rséaleci J:Hé!rr]ﬁ)e.k @oﬂl?lgses a movable

a neniscus in the side channel

wall.separate the sealed chanber fromthe carrier fluid;

7.

and an actuator for nodifying the pressure in the
seal ed chanber to defl ect the neniscus when the

SeNROhi3SMAER Sabd JIBRate WhRadiehohak 86hplisds a displacement
whereby the déflection of the meniscus causes the

actuaterfgemopimngtthe nevitde imal of Hiecsepled ¢bambaritegpdify the pressure in the
haracteristic to flow into the second outlet while
sealeggﬁ ﬁ

8.

es that do not have said pr edet er mi ned
characteristic flowinto the first outlet; a mxing

and i ncubation region connected to the second outl et
f oFhe wicspuifig syptemiofclpem 7, pherdin theqchigtpr goppgges one of an

oo o B L e T egion for

detecting the effect of the test conpound on the
target particles. -26 WD 2004/ 025266
PCEAYEONOSY SF5ePnyLs 2 e CORRPERGSITPIISI 85t i ng an ef f ect
of i IS bi ini
a ﬁaé?lg’l@%lg#gl%bs 3 g% fgﬁg%gfauﬁ% (Iga{ré?t%aﬁgﬂéssﬂd?ﬂ a32hple™¥nBining the

set ce pr edet d characteristic,

target partieles, rsgidgerticle barting gystdrne compdsngr ni ned

char act eL.i %t i C

m xi ng ¢ 86

rough a conngecti ng.channe
P ¢

h t
BHEt 57 pP REPEAETAG: LT ORBUE b gutet and a

secofid ithg region. 11. A method of screening prinary

cells,” conprising: sorting a set of cells to separate
a subpopsdnaen fon seyfsingasl predeterormedehagasteristie g ageed particle;
conpound t.0 1 he subpopul ati.on Il s;. and anal yzi ng

Che’ subpapehetrer SRR o BE B 0 “The

conpoung s@led dambstifiatea hijater®to telslde.chdzhel Avieéih adarrier:
of analyzing a side effect of a conpound, conpri sing:

pr Byidgn ﬁg: firskduct gfrm@a,mg}iy:ué &} thg side channel to separate the Sealed

chamber from the carrier fluid; and

an actuator for modifying the pressure in the sealed chamber to deflect the
meniscus when the sensor senses said predetermined characteristic, whereby the
deflection of the meniscus causes the target particle having said predetermined
characteristic to flow into the second outlet while particles that do not have said
predetermined characteristic flow into the first outlet;

a mixing and incubation region connected to the second outlet for receiving the target

particles and a test compound and for mixing the test compound with the target particles; and

a detection region for detecting the effect of the test compound on the target particles.
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addi ng the conmpound to the set of primary cells;
nmeasuring the primary cells to determne activity
w@au8mee2bey t he conmpound; separating primry cePdBUS2003/029198
having the activity fromprimary cells not having the
act,i vi . The hod of cl gi rej .
10. oo B e ot Emg Ao FEL AP E w8 ol e L B il
desdrtifgla BEIOfElls Habed dh & predeikadinell chbratterist®, wherein
the desjred marker is an antibody, enzyne, substrat.e,
cofepng cellypving s pryfgermpied chyastedsticlrpugh pryonpecting channel
: . reening for the ability of a conpound to
u)aﬁ%%ﬁ§g¥%ﬂ%ﬁ§§activity of a cell, wherein said cell is
c oimtmdtEdg Wietdonpouad to thompirmpgdegdow sai d cells response
to said test conmpound is nonitored using the
m crofludic systemof claiml. 16. A nethod of
i solating a subpopul ation of cells froma cel
popul ation using a mcrofluidic system conprising;
11. i danhethgd nfjscredning frimoany &clho pomatisiog: t hat have a

desi r.ed type;.and -27 WO 2004/.025266
posortis 8B 0 96158 sePiti AP RRP I SL PR PR et o
th@ddiﬁgjaBQEpMonlﬁ@sﬁﬁgﬁdlﬁibm%ﬂi;)éﬁﬂ- 17. The met hod
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used in cell transplantation conprising; identifying
cells wwth a desired phenotype; isolating said cells
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of cells to génetically nodified. 21. The nethod of

c| sépara2ifg pritvewecellsdavingdhe hadivitydtonapamiar esdls edt hayingethe activity.
genetically nodified are reinplanted in a subject.

22. A nethod of isolating a subpopul ation of cells

13. COIRE ikt oficl@mt1i0f WhB@ineths pRidleRuhiicll @Rardétefiglc i6 the presence of a
di splaying a cell cycle stage specific marker;
desired marker.

14.  The method of claim 13, wherein the desired marker is an antibody, enzyme,

substrate, cofactor, fluorescent dye, or reporter gene.

15. A method for screening for the ability of a compound to modulate the activity of a
cell, wherein said cell is contacted with a test compound and said cells response to

said test compound is monitored using the microfludic system of claim 1.

16. A method of isolating a subpopulation of cells from a cell population using a
microfluidic system comprising;

identifying cells from a population that have a desired phenotype; and
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isolating said cells using a mcrofludic device;
thereby isolating a subpopulation of cells that are in

wo bw4ozres phase of the cell cycle. 23. A net hpdr/v$2003/029198
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18.  The method of claim 16, wherein the cell population is a cell culture.

19. A method of isolating a subpopulation of cells to be used in cell transplantation
comprising;
identifying cells with a desired phenotype;
isolating said cells using a microfludic device;

thereby isolating a subpopulation of cells to be used in transplantation.

20. A method of isolating a supbpopulation of cells to be genetically modified comprising,
identifying a subpopulation of cells based on a desired phenotype in a cell population;
isolating said cells using a microfludic device;

thereby isolating a subpopulation of cells to be genetically modified.

21.  The method of claim 20, wherein said cells that are isloated to be genetically modified

are reimplanted in a subject.

22. A method of isolating a subpopulation of cells comprising,
identifying a subpopulation of cells displaying a cell cycle stage specific marker;
isolating said cells using a microfludic device;

thereby isolating a subpopulation of cells that are in the same phase of the cell cycle.

23. A method of testing the ability of a compound to modulate an enzymatic activity in
vivo comprising;
administering to a population of cells a compound that when acted upon by said
cellular enzyme becomes flourescent; and
measuring said cells fluorescence to determine the ability of the compound to

modulate the activity of the enzyme.
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