16 MAR 2007 WO 2004/ 025266 PCT/ US2003/ 029198 METHOD AND APPARATUS FOR
SORTI NG PARTI CLES Rel ated Applications The present applicati 91| MAR A0ITS
Cpriority ‘%’@ﬁ@@z'g‘% ovi sional Patent Application 5 Serial Nunber 60/411, 143
filed Sep ef’2%8®% 2002, and U.S. Provisional Patent ASPYREB8H Eeri al
Nunber 60/411, 058, filed Septenber 16, 2002, the contents of both of

%0 craim: priori ESORARBLARER RN TEEROE N ARG PR By ot "
Appl i cation Nunber 10/329,008, filed Decenber 23, 2002, which is a

Continuation-in-part of U S. Patent Application 10 10/179,488, filed June
24, 2002 t heReltedeApplicdtionsi ch are i ncorporated herein by reference. Field

.of the invention e invention.relates to.a and a ratus.for the
Sorting of partichBEPioneal oA AnE ST BlioH GHETLS o e Rt RS e R o
sorti ngsmodulgrif] dumkter 0411, 148 ERESpRinTber 16ULIVY, ahd B Pirsvisivpilepaaatt i cul ar,
the invention relates to a particle sorting systemin which a plurality of

sorting nodubeplicationSerial MNembrerdt0é 1:658; Glodi Septenzher ilAc22shed coaieniseif both

t hroughput. 20 Backaround of. the inv ion.ln the fields of..bi.otechnol.ogy,
and especi al PoREDEARES FRhtn Mira e Ry AEet Pk, Tnl pEsG oBulicHigh 3P gt

t hroughput sgfibritydo,AindRgh EbtthRatiorEkapat 68 10§. Pasdti pfsatiddaiiumBeat] 07529,608 t i ng
are various types of cells, such as blood platelets, white blood cells,

tunorous cefiled Desgmpooid, 2083 Whichish Cortinualien-inrhar ef Yar. Patent Apphiesation
especi gyl ¥ 0ok GEEHHIcd RurlH 506 dle 2onBlis B LA uNSLBRELLE €5 a7
(macr o) “nol ecul’ ar’ 'specres such as proterns, enzynes gt pol yhucl eot i des.
This fam |y gfferea¢eti cles is of particular interest in the field of drug
screening during the devel opnent of new drugs. Methods and apparatus for
particle sortm are known, and the majority described 30 in the prior art
work in the Eighdipf therinvg¢ndion t he particles are suspended in a liquid flow ng

t hrough a channel ..pet work hayi ng at | east br anch. pagi nt do tream.and are
oper at ed accor di naﬁ? grYERRe Yaé%st 0 &éﬁ?@%& ﬁ%&?@@fﬁbﬁ {oﬁ@}epﬁog}n & %@?Sﬁ& a
particlig i s bispsisiordRitlevez@d ifpi flowsREcHf 4 Sorfi@ iRy dad bk GplitSiufseérappt i cal

absorption, fluorescent intensity, size etc. Dependi % on the outcone of
this detecti owpphehseoels.t Mose pastipwlay theowvertion relates to a particle sorting system in

which a plurality of sorting modules are interconnected as to yield an increased particle
throughput.

20 Background of the invention
In the fields of biotechnology, and especially cytology and drug screening, there
is a need for high throughput sorting of particles. Examples of particles that require
sorting are various types of cells, such as blood platelets, white blood cells, tumorous
cells, embryonic cells and the like. These particles are especially of interest in the field
25 of 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
30 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
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-1 16 MAR 2001 WD 2004/ 025266 PCT/ US2003/029198 particle will be handl ed
further downstream The outcone of the decision is then appl i@%tzgwdef | ect
t he

the direction of specific particle towards a predeterm ned br
channel N AY#25288 ¢ i nportance is the throughput of tRETUSHOPAE18par at us,
I.e. how many particles can be sorted per unit of tine. Typical sorting

rates for s S i tCl | sed ghannel s
are in the PRIELEVITH Gl ffiongs B i SRR ERL BEitfn R BSEdR0AC
particl es pesdsbeottd difeotiomofdpagiliie panicld togattisi 4 predfleriin@kibapdtcofthea sorti ng
device is described in U S Patent No. 4,175,662, the contents of which are
herei n i ncocPymgt BEWSIK.r ef erence (hereinafter referred to as the 662
patent). In the 662 patent, a flow of particles, cells in this case, flows,
through the center of a straight channel, which branches into two

per pendi cul ar ch®ffielpsrtaiiceds tHerthraghmy of dienortilgyapphransi.€. hobraaghpartitles .
entering particles are surrqunded by a 15 sheatth of conpatible Iiquid, .
keepi ng t he SAaPE parfedypes ypit ngﬂlet d ypival sostingeratestor sartegs ying tlowsdr nal

condi tions, P Mg ' ' Eafﬂarﬁ t he
particles a %%%%e{%ucé\ér{s%@gwgtéﬁr Ougﬁl@%%ﬁ@?@{aﬁ%&?@?ﬂ%%g@ﬂﬁﬁ a se{:':)ite]lé E?\II of
t he channel secondhatlmusaids of partiofes plesepaitd, if@l 22singls soeingrumtned usi ng a

detector, which can be an optical system (detection phase). The detector
generates a signal when the detector detects a 20 particle possessing a

predetgy m ned Ch%ﬁ&aﬂﬂl%f&s&aﬂ%g&?&e&id&c%e@m@s PRGENS, 2345 663.8he | S

detected, a deflector I's activat or deflecting the particle’in a
def | ecti on pbatssts of whidhhirs hemseincorperatkelf Hyaefaencedhgreinafier mfenelddo s e pai r,

it d i, he b th h wh t he. ticl | fl
i ough i n (HE PHERRE | Pahe At oy R 6t PHBFebcee ot B oo LRBIIRRERHT of
cur et pUl $8fer 1P ARYR Nl Hih bin Sl 55 S HEfhenBubi BBy aa G2 b e

evol ving between the electrode pair. As the gas bl e increases in size,
t he flow r abenchingpgintidevastyeaanhrbianchle diheeatatingipagidésare soraundgd piase.

After e cyrren ul IS applied, .the bbl e .gr st ops d 1 he gas
ARSRE IR T R Tt R S G R B
speci fic branebmhd cORIEBAD tid fow didaBfbugRthe fwRrbmiadhek @ Aljnted itRAEE Cchanges
pat hs and fl ows down the other branch. 30 The device of the 662 patent is

effective foprtistsenivgapizely Spwdhrougenepf Babranches. In a section of the channel 2
characteristic of the particles is determined using a detector, which can be an optical

system (detection phase). The detector generates a signal when the detector detects a
20 particle possessing a predetermined characteristic in the decision phase. Once a particle
is detected, a deflector is activated for deflecting the particle in a deflection phase. In
this case, the deflector comprises an electrode pair, positioned in the branch of the
channel where the particles normally flow through in the inactivated state of the )
deflector. By the application of current pulses, the aqueous liquid is electrolysed,
25 yielding a gas bubble evolving between the electrode pair. As the gas bubble increases
in size, the flow rate through this branch is reduced during the evolving phase. After the
current pulse is applied, the bubble growth stops and the gas bubble is carried along with
the flow. As a result, the flow through the specific branch is momentarily reduced and
the particle of interest changes paths and flows down the other branch. .
30
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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serious drawback is that gas bubbles are created which potentially can
accunul ate at certain points of the fluidic network. This bgbiMAg Jggnerati on
can cl og tBe {\Jé‘gl\év 6channel S, -2 16 MAR 2007 WD 2004/ 025266_PCTI US2003/ 029198
yi el di ng ¥ 8B 0&0%sorting. Anot her drawback is that thd J&RPEBIasses
(mostly oxygen and hydrogen) and ionic species (nostly ONand H) influence
the particles. ;flown hrough t\he. .br i t | e de ir. .ln

addi tion, ceS’feslcfiléggrr 12 Oﬁlcsfesl %ﬁgpﬁﬁoéq%ﬁgr%?&g# %ts.{haetﬁ%lg%nse%éé‘gg%%%aﬁors g{)l | e and
can be destr oxegerundiiydrdgetl) atbiohicGpaiss (muRtly OH ema eTig irghedeatht paitiResgas
bubbl e. Anot her .drawback 1s the (_:ongl exity of the _ overall sorting

appar at us. | Alopang {heenghythe praachivithdhecleetrqdspaire dn addition, csHs prd dedicgte conpl ex

to nmount and i cﬂnﬁtﬁ esult, the
cost of a sop??%gggg%ﬁds{%gkggf:i%?% y afrgg}e“.§ C%biﬁ%@‘?&g ar?pﬁﬁlé&(% a particle
sorti ng $yst esnsftudniecipdmEatéd with shedias dhblsle dAhathet drawbackI8 theddplétity of

contents of which are herein incorporated by reference (hereinafter the
307 pat ent) the pverppsortipgapparatps. In paicyar, themicgo glegtrpdergnsiguctiopds Y¢9¥d by a
fl owi ng shea LI f e, [ a
det ect o seorr BRIyt SSERAGEb REALEN ShnficOANE R gtofl bR BEEHRD D e
angl e t her ebebstedn sOeing. unitvs belatively) largbust 15 before the branching point, an_
electrically activated transducer is located in the channel for deflecting
a specific particle having an appropriate, predeterm ned characteristic.

The trafipducer deseidiedinipR JHaGARIACIHEAOLyRn bl i 3PRRLA i SRISLHGF S

yi el di ng upon electric tivation a pressure wave I n the channel.
gener at ed pr 8s¥4H7nwdreeontentseftvdndt are desinumberpbtated bowftrancer(berbimafietthe hus

deflecting th artibl f. ipterest inta 20 the .other brapnch.. In the device
of ( the 307 plvEeitfh e il meaticonirtiries pedli Biivogned ee ferfatigrt | s

I ncor por at ed Hﬁfuid)'tlﬁoﬁ he RaMBebf Sahedn Ar_f%‘éﬁhésiﬂggq dléiedt@ﬂ REHME the dHRARREA
construction costs. Another drawback of this device is the defl ector

princi pl e usddanciieeintieivar citasuel2 Sorpriesanacataengisthsreberwsen o gt Ynrdnely. tost

s el | 195 P o dftkors Bisprisita adBhe B PEE Res T ARl cBtet Bfealein fis RGNt ne
channel . Thi $o} geflRafifg & WpeRific/paticte ﬁmlﬁg Klli appropriAte) Sre@terntihéd dhuRRtcMsEc.
e

connected either in series or in para , as_ is typically done to construct
a high t hr oddisgtansduser dosgribgdsisarpiezpracigior or whsasenig raasdycerd yickliggepasor t er
can then infl ce

e15e§8al activation a pressure wave in the channel. The generated pressure wave
momentarily disturbs the flow in one branch thus deflecting the particle of interest into
20 the other branch.

~ In the device of the ‘307 patent, as in the previous discussed device, the deflector

i 18 incorporated within the channel systemn, resulting in relatively large construction

costs. Another drawback of this device is the deflector principle used. The generated
25 pressure waves are not confined to the branching point, but rather propagate upstream

into the detector section, as well as down 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

30 the flows and deflection of particles in neighboring sorter units.



30 the flows and defl ection of particles in neighboring sorter units. -3 16
MAR 2007 WD 2004/ 025266 PCT/ US2003/ 029198 Anot her sorter i%@ﬁﬁpmped I n

U. S. Pata;g ,02.§66756,427, the contents of which are herein incorporated by
referencE” AR &S rter is anal ogous to the sorter in thECVEEYO/MN® | n
this case, however, the flowin one branch is disturbed by nonentarily

changing the resi,stance of .the b Cha T r.esi s I §. cha d by .changi ng
the height 5 of fé‘ﬁ'@a’gf aq{geﬁ % %fﬁﬂé%l‘ﬂgj'ghp %ﬁ?@ﬁ?‘faﬂt’%ﬁéﬁfe{ rc.on{éﬂ%t%@*ﬂ? ferred
enbodi ment , atdlesein Bicdofior@bd B réfetefbe. | Bhid st 49 261608 ldl 8k sORed iAROf6a2he
channel, causing it to nove downwards upon activation. Although the

const r uct i ofateRt. tIn éhis saseehowiesss rthe 8wl opp brangl s iguehed bygnomenarly conpl ex

than the preyiously descri sqrie ruct. SR G i roblematic to.
coupl el ClRLR e FERTNGH BF Yot TsYEHHARE s bharle® BchanaBe BERML o

the sord i ngof te®ranthichantes by a ek@riah ciatot. okn tHe peaterbelerhbodifient, #6 patent
because of the generated pressure waves causing interference with other ‘

sorter nmoduf¥§mal setugier is apigrardiscglveden topmyf thechasach sausingdt fogeeveg n U. S.

Pat ent Nu”bﬁhwgwgrgé’u Ql?act-‘}aggncontents of which are herein incorporated by
ref erence. e At ent ‘describes a sorti ng device that uses a magnetic

defl ection nodule to classify or select particles based on their magnetic
properties. The 200 patent further describes processi ‘nﬁﬁand separati ng

i ndi vi dual part i é{ldough thgeanstrichan af the sorterdeseribed ip the “42f patentisdesson The

prese I nv | | . f-or . [ | S
ovi gt hr o cop SR e B e R AR IO BPRAICRIHS o Rl Bide B0 b
sorting sysumitiglé soitdrenedulardfitendgeabedigpe togethet tormcraastithe stitiag ratarThie
assenbl ed at | ow cost while 25 providing an accurgte nmeans of sorting |arge
amounts of Paft %§°fff‘étd°§ﬁﬂngé‘? the; 7133%%%65%&%0?@ SOFRIIPreuteata sy

include a pluild fhier@ enEE%@J&fh&%HHEﬁﬂo tding nodul es which are conbined

to further increase the sorting rate. The particle sorting system may
conprise a multi-stage sorting device for serially sorting streans of
part I Ci5e S, Inor erc;tﬁe?par%gl%rs%?tsﬁ% er\]flecee;sr. {rlgsrcrigg& 1% U.?SQ Patent Number 5,837,200,
the contents of which are herein incorporated by reference. The 200 patent describes a
sorting device that uses a magnetic deflection module to classify or select particles based
on their magnetic properties. The ‘200 patent further describes processing and
separating individual particle streams in parallel.
20
Summary of the invention
The present invention provides a method and apparatus for sorting particles
moving through a closed channel system of capillary size. The particle sorting system of
the invention provides a sorting module that can be assembled at low cost while
25 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. A
30
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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The particle sorting systeminplenents an inproved fluidic particle
switching nethod and switching device according 0 the presehMAR e0ggnti on.
The parti C{Be sorting systemconprises a closed channel system of capillary
size for ‘% ??ﬁ‘f??&zﬁértim es. The -4 16 MAR 2001 WO 200XC8AE53¢08/029198

PCT/ US2003/ 029198 channel system conprises a first supply duct for

i ntroduci n stream of particles and, a cond supply. duct for. su ing a

carrier |i gﬁﬁfm REIER P‘%@pgﬂaﬁﬁl @SWPIYfWﬁ@IE‘Qh@QﬁE aysfrga?lrﬁfpmieé%g}iét rgam

of parti cl esetddd@upp§ dubOftr eap;gﬁhg a@arrle Ghid: THBdirétisapply MBPloymslagbzzi@nd t he
C

second supply duct are in flui ommuni cation wth a nmeasurenent duct, which

5 branches itpimroguee ¢ stiredm afipditielasiingo Bedlovdotrasnertigmd. ally Brst supphi dct A

wiih o det el oehfulbbly A7 aisle (0 REASHREITN wit B ASphalRERUETY | 1

nmeasur esrent traghedintol ¥irsd BRASE End B¥joha by:aick @sa Bfa@cippsint. | 20RREsurément
communi cation with the neasurenent duct and are _spaced opposi te each other.

The bubbl e Vegioes defimad in Barecagirementdickardisassrsintedyith adeteptor SU¥Ms®a pai r of
opposed si de, pAsSA( -ch'a}a%{é:ﬂgtliéé §f§£g§§§$ﬂl thgn'ﬁ:ﬁglﬁgﬁﬂeﬂt!rlaéio{).h T ﬁ%@{‘eﬁ passages

to forma neni SCus erein aces e carri e I qui t he

reservoir dubblerabibbtegpositiones in Ammdhiestival witle theahedsutement dact pridxieded f or
actuating one of the_ bubble valves. Wen the external ,actuator is
activated, tRacegoppatitecarhothge Thelyhpls valygs coppaunigats wathdbe popwransyd dye

I ncr eaggs, ' i e | e in the
reasar somnt ORES 528 of PpdPRRRERLARA, TR eburc i ok SRR IHEORRE, " e
measur i ng r qesapesefors aangfiwde thefdin nich ioteafaedstthe catiecliquid avithathé resbroir
fl owi ng through t measur enent region, the sensgr produces a signal in
relsponse to qtiﬁ]ée ‘é‘g’g’éee‘éﬁ%ﬁar‘q&b?’g? ff“@-!atefﬁéa]é%?@"h‘%id fra&%qs_%f@& 9ng of ehonsi ve
Lo 20 the SGRBAL. el AWRATHPEASIHI SbibSe abilhafod: HENESIAN R8BI 6 2

e e particle wth't d

first bubble valve to ect t predet er m ne
char act er i stthe actvateditugblehalwahereases, dedetting the tenisthoanddomeing hdlosecond

branch_ duct.,ln. one aspect, the inventio | ses a nethod of sorting
particllgs i fESIRARGs 1 cmfgs%T%ﬁg%H?tr}BFBﬁ?‘g%;%ﬁ%w @lr enent duct having an
inlet and a branching point at which the duct separates into two branch

ducts, and conducting a streamof fluid into the duct inlet with a stream
of particles susp¥heead stiser bicated s the mérsuringwsgivarsenssk epredetemmitied f | ow

through a finrst one.of the.branch dycts d _providi upstream from,t he
branchi ng p Oc[hﬁ{ac%nstlc na parh&e%wmg Hn'ough € n{%asuremelﬁq‘eggn, the Ssor prodiices
a signal in response to the sensed characteristic. The external actuator is responsive to
20 the sensor to cause a pressure pulse in a compression chamber of a first bubble valve to
deflect the particle with the predetermined characteristic, causing the selected particle to

flow down the second branch duct.

In one aspect, the invention comprises a method of sorting particles including the

25 steps of providing a measurement duct having an inlet and a branching point at which
the duct separates into two branch ducts, and conducting a stream of 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 providing upstream from the branching point
two opposing side passages for momentarily deflecting the stream in the duct. A first

30 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
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two opposing side passages for nonentarily deflecting the streamin the
duct. A first 30 one of the side passages is hydraulically 3% ch dtoa
corrpressi‘g@ E(Q?)g%%r of a first bubble valve, which is acte [%gr? é an
external ‘agt for varying the pressure therein. A L&EIRAVBIORRR si de
passages is hydraulically connected with a buffer chanber of a second

bubbl e val ve, for. ab I r 4 at | -5.16 MAR
2007 w0 20078 3RR S ER BB G SRR s e e AR Bl il ot
station al ongdd jesdpes sotrsengny a fredbtetinBicd eRaractbristivaof paititdesia sisageaml o for
sensing a predeterm ned characteristic of particles in the stream and for
produci ng a PGS swerelvhienihepredelermined charactarstions sensed.| Themgthed

met hod furt [ ts fopnds Ertid ' - ot

pr edet er m ne &rfg?%@% &r ??tf’i lg?e%%ﬁl&vtgtsfﬂr’%& gl%?’ﬁ(gﬁgxt er nzﬁalzdgégig‘{%%c?\éartmg
creatingy a ftheextedinai asttatoctor creatihea dloot diktetbanenintthe dest betwashegede t her eby
deflecting the partjcle having the predetern ned characteristics . and ‘
causi ng t he RasAgey deerphy dgtlecting emaaw?%wm&%%fem%hﬁ?%&éwsqnﬁ
further asp ; i j Lt IS respectively

i ncreased %%h%PQ?ﬁ%QF§%%M%#ﬁ%éﬁﬁ?%?ggwgé%%%%Sgg?ﬁgdfﬁ%&éased, by
respectively connecting a plurality of sorting nodules in parallel or
serially connect L@%Pa g{l urality of sorti m)dLi| es ina binary tree ||ke
configuration. AJBGPERIFSPES QupERion, Mg pAENCIR G 418 5 respes Uy ly d1cEeased t i ng
SYStemps Préehélffle of bariblie sorid beh SioRAidd, BY réf SRl CAMREL RS Aufibpbs duct
for conveying a ream of suspende particles confined 1n acarrier” |iquid,
conpri si ng asoriing modules ngwralleliol sriallpdomestug a glurality lof sortiag smndes bh ar
sensing a predetg%nh ed ¢ arqgteristic in a particle, a side channel in
conmuni cat i oA 15 E SPREZIAUNt 2 seal ed chamber positioned adjacent to
the side channel, wherein the carrier fluid forns a neniscus in the side
channel to separate the 20 seal ed chanber fromthe carrier fluid, and an
actuator. The actdegosdingielpfe aspeatind thepinventionea particlesorting sydteghia prendedy

defl ect .t he ni seus when the sensor se S, t redet erm ned '
char actar i ot T Dorcloe Mttt Erveieet R 2o BB M ARt o Looepanded ng
the predet erpirfi€ek sondind€ 4 batibeliqid,fdoarisipQml iRt SefenshtRY hhE4 sstbhd e
particles that do not have the predeterm ned characteristic flowinto the
first outl etoutles ajsengos forensnpp aradstennined charapleastesin a payésle. ndehapnedn of

maj or val ue éo%rﬂﬁ:ggétion with the first duct, a sealed chamber positioned adjacent to the side

channel, wherein the carrier fluid forms a meniscus in the side channel to separate the

20 sealed chamber from the carrier fluid; and an actnator. The actuator modifies the
pressure in the sealed chamber to deflect the meniscus when the sensor senses the
predetermined characteristic. The deflection of the meniscus causes the particle having
the predetermined characteristic to flow into the second outlet while particles that do not

have the predetermined characteristic flow into the first outlet.

25
It is contemplated that the present inventioni 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 !
30 characterization.



t hroughput screening; e.g., in screening a |arge nunber of candidate
conpounds for activity/against one or nore cell types. |t hagsMARaLi cul ar
- value, for exanple, in screening synthetic or natural ;Broduct | i braries for

active c&%%‘i?ﬂggﬂé‘f bi ochemi cal 30 characterization. -6F¢&UWRIR3AEEE wo
20041025266 PCT/ US2003/029198 It is also contenplated that the present
invention wll be, of ,major value in_high- throughput.screening ,of.a .sanple
for a plurality o lsr'r%foe Qﬂt%gﬁlatggéllﬁat gée l%le%q“i)&vg‘&‘?mp%} é%&frg@pr%ﬂ © B}a'élg’g'nt

i nvention cafrdighpiiedrdefing ®f @ 8AmpleFBNPPRIrAIRY of iRdlduRS LR a®bickogiéAr ge nunber
of biol ogical nolecul es such as pol ypeptides, receptor |igands, enzymatic 5
substrat es, Hoawlss Shepressrtiguentongapbe uped tegereen gsampledpt the paesenca @i or
nucl ei ¢ aci ' EDb r aw 0. <ol tic
Uow of a pertscaPaitsof FRSEal ibikcdles s £l ERadC ek Ligksls baRBhEREL ¢
of the Bnvendubstfated; bgShistd of Mitagdlistdlof drizysihtiaberdeBsiopasivaty] emuefeid ddparticl e
sorting systemof FIG1l. FIG 5 illustrates a particle sorting system
showi ng alternate positions for the actuator chanber and the buffer
chanber. 15 FIG 6 illustrates the particle sorting systemaccording to
anot her enbodi rent of the invention. FIG 7 illustrates a bubble valve
sui t abl e f orBtisfdésoription pfitlid diasviagy t i ng system of the present invention.
FIG 8 is a schematic diagramof the particle sorting system of an
illustrative 20 enbodinent of the present invention. FIG _9 shows one
enbodi #fnt of a pBlG-ildp e selsmatigyiewy sf @ patisle sopiing sygtopbacePIdng oty eans of
particles acy ﬂdwchﬁ)oﬁﬁﬁ r&%flﬁgiiﬂge%ﬁgfl the present invention. FIG 10 shows
one enbodi nent of a parti CT 6 CSOrt ng system configured in a binary
tree-1ike confi guFKiS.anthafugh drillistetenthe vperatiag 6Dthdipagid®sdrtieg sy bNPKG Of t he
250 present invention. FIG 11 illustrates another enbodinent of a

mul ti-stage part it Sabpstrates apastielgsotipe sygem;ishgvpgralicmate Resitiongdordhe
particles in,uidipl.erst A06%c bifG chimbks | Ustrates a parallel particle
sorting systemaccording to an alternate :

15 FIG. 6 illustrates the particle sorting system according to another embodiment of

the invention.
FIG. 7 illustrates a bubble valve suitable for use in the particle sorting system of
the present invention.
F1G. 8 is a schematic diagram of the particle sorting system of an illustrative
20 embodiment of the present invention.
FIG. 9 shows one embodiment of a particle sorting system for sorting parallel
streams of particles according to the teachings of the present invention.
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
25 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.
30 FIG. 13 illustrates a parallel particle sorting system according to a'mother

embodiment of the present invention.



enbodi ment of the present invention. 30 FIG 13 illustrates a parall el
particle sorting systemaccording to another enbodiment of g@%ﬁsent
inventiog,. Z éﬁ% 4\6/AR 2001 WO 2004/ 025266 PCT/ US2003/ 029198 !E| and 14b
i 11 ustral'® B e sorting system according to anot hEVUSHBYRMBt of the
i nvention, including an optical mask to all ow neasurenent of a particle

si ze and/ or vel ogj FI 15 illustrates a.parallel sorti syst em havi ng

vari abl e channel Ei(%\i%%?l{ﬂqrfﬂ’ 1?lgst[36e %\R?)‘%ﬁ%rsogfﬁ%d%fg ?CCS‘?&Q%Q’%BP&EM

invention. Ehbadid@nt dfthsivehRsh, fnchalih@l é?tﬁ;fal Avsidesdi Dy Pkasirdiaétllgl sorting
0

system accordi ng to another enbodi nent the present invention. FIG 17
i | | ust r at espatiplgsigelaail/os gelprilly syst em accordi ng to anot her enmbodi ment of

| ol omenti ng- ¢ her S oy aees A ekt eoppk i iy ERAF SRR R g, 1 e

Descri gt i ontoQinotHee elBydRicnOHf th BreRé@IfMIntibAvent i on provides a particle
sorting systemfor sorting particles 15 suspended in a liquid. The particle

sorting system pFKwil§dHusiraigs-a varigblstasiay designobp parellekwrtinggystsm preotdieg es
based on a pr termn ristic. ..The present invention will be
descri bed b{ee)lagn\?)v&ree %P?@%leﬁggftﬁ%g S?rg[tlrl“?/eéméﬁbodi ments. Those skilled in the
art will apprecFHL.€7tilladtrdtdyen £k Bbrting ¥ pdiérh @Bedtaingie ahdthbrcsiiidad ehtrofa
nunber of different, applications and enbodi nents and is not specifically
limted in ﬂleé’r%ﬁﬁ{é‘llp&%ﬁioén to the 20 particul ar enbodi nents depi cted herein.
The tqpms "duct " g, . N : ! ﬁtﬁﬂg | to a

pat hvvg)@ f or med iﬁl(%‘:ﬁ? Eﬁ%%%%%%\%%?#nﬁ]ﬁg&%wgggg or ér%tg)@ghn{e%}f{&%@ﬁ | ui ds,
such as | i systets ofitive pgasmtsinveitienchannel in the microfluidic system
preferably have cross 25 sectional dinensions in the range between about 1.0
m and about 500 m preferably between about 25 m and about 250 m and nost
preferably . X @hput 150 m One of ordinary skill in the
art will beﬁgg@&{q)ég’g#ﬁ?%gﬁgegﬁgg%propri ate volume and length of the flow
channel . The ran@hspesantimteaticeprovoles aghrtibde ddréngiysiees for sorting particles

15 suspended in a liquid. The particle sorting system provides high-throughput, low error
sorting of particles based on a predetermined characteristic. The present invention will
be described below relative to illustrative embodiments. Those skilled in the art will
appreciate that the present invention may be implemented in a number of different
applications and embodiments and is not specifically limited in its application to the

20 particular embodiments depicted herein.

The terms “duct” “channel” and “flow channel” as used herein refers to a
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-

25 sectional dimensions in the range between about 1.0 pm and about 500 pm, preferably
between about 25 um and about 250 pum and most preferably between about 50 pm and
about 150 ym. 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

30 arrangement, examples of which include a line€ar or non-linear configuration and a U-

shaped configuration.



recited val ues as upper or lower |imts. The flow channel can have any

sel ected shape or 30 arrangenent, exanples of which :include a’k/l&?ﬁ?@ or
‘non-linear_configuration and a U- shaped configuration. -8 16 67 WO
2004/ 0252660 2R $03/ 029198 The term"particle" refer ECTPSZGFHIURt e uni t
of matter, including, but not limted to cells. The term"sensor" as used

h ' f t ' f I Ng.. har. ISt f ' , h
2c o particle. 5 THE CBRmpeBtisbracudy oo ad RREGt Rt ierdbis B Gl Co°

t hat generat e gennessure pulses to control flow through a channel. The term
“carrier fluid" as_used herein refers to a sheath of conpatible liquid 10
surroundi ng a part Teg €npopsenser raginges kaseingeferidpa deyiceifer measuing agharacigrstic or

channel . FlI Clﬁ]a}l c%biec? Sﬁ&j;lgg@bélﬁ gepi ction of a particle sorting system 10
e R&

according to achings o € present invention. According to one
applicatgon of the present invention, the particle sorting system 10
conprises a closed channel systemof capillary 15 size for sorting

particles. The chahblergybulhie valnpr pssussd herein ifers tpsyienibat geperagns pressure
i nt roduci ng ?%lﬁggsqg% ol%g}&%u%ﬁfa]c%a@f@ a second supply duct 14 for
: i TS

supplying a rrier I qui Supply duct 12 fornms a nozzle 12a,
and a streamof particles is introduced into the flow of the carrier

liquid. The first supply duct 12 and the second supply duct 14 are in fluid
communi cati on wi t h18¢ WeglsGuareiudd gs bselderan rfe;félfw@yisg@ﬁbzef ¢qrpatible Hquids

suspend I n [ h O gl ! . | a first
branch g anne%%ﬁ@%%&%ﬁiéé%g“ﬁgagﬁggg ﬁ@gﬁgﬁgﬂfﬂﬁ%@g@%ﬁgﬁr %lgglnﬁ?l' 21. A
measurenent region 20 is defined in the neasurenent duct 16 and is
associated with a tector, 19 to sense redeterm ned characteristic of
the particles passFhy ltiArsHyrmatitalericagng %géqﬁlflersgeauwrﬁ%m %c&%@&ﬁﬁubm e
val ves 100a J t.1 2 At RS ERS duct and
di sposed in 1?1;% ﬂ?%ﬂ%?n{f?ﬁuﬁ’@g?ﬁ‘%‘@? ﬁgﬁ'ejgﬁ:{oﬁ&ﬁgﬁi&%ﬁj@ggl are gf) EEE topposi te
each ot her, atnvetioghthepostecleo$ortnglsysiany 16 koinbrisds|a closedichamel system of érpillary

cont | Quig! | one £ haR e The B0 < el oo 1002 and 0P £pumunt oot <
24b, introducing a stream of particles 18 and a second supply duct 14 for supplying a carrier
liquid. The first supply duct 12 forms a nozzle 12a, and a stream of particles is
introduced into the flow of the carrier liquid. The first supply duct 12 and the second
supply duct 14 are in fluid communication with a measurement duct 16 for conveying
20 the particles suspended in the carrier lignid. The measurement duct branches into a first
branch channel 22a and a second branch channel 22b at a branch pomnt 21. A
measurement region 20 is defined in the measurement duct 16 and is associated with a
s detector 19 to sense a predetermined charactenstic of the particles passing through the
measurement region 20. ‘Two opposed bubble valves 100a and 100b are positioned
25 relative to the measurement duct and disposed in fluid communication therewith. The
valves are spaced opposite cach other, although those of ordinary skill will realize that
other configurations 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
30 meniscus 25 therein. The meniscus defines an interface between the camer 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
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respectively. Liquid is allowed to partly fill these side passages 24a and
24b to forma 30 neniscus 25 therein. The neni scus defines an]g'm%ﬁ@hflce
between the carrier liquid and another fluid, such as a gas in

reservoi " bIY¢MP2& soci at ed bubbl e val ve 100. An  act uaPEH/USEM342%1p% o

provi ded for actuating either bubble valve, which nonentarily causes a flow
di sturbance_in,the duct, to deflect the flow ei tivate t he
actuator - 92§6AWA§?W’%3§B’6§PF (o AsYa ] dﬁ@%‘iﬁ%’éﬁyg’é‘gg@g’ gﬁ?e Sﬂgoqq%‘{b?g’!er at ed,
the act uat Okalve 1004568k 5@ HulbRr RIHBLSLMR (ME pAlQRe pRE cR8RAN the'BR: Bubbial Ve

| 00a serves as a buffer for absorbing the pressure pulse créated by the
first bubbl #alvedl0l 100b. 5 The first side passage 24b is hydraulically
connected to a conpression chanber 70b in the first bubble valve 100b, so-.
that if the pressure in this chanber is increased, the flowin the

nmeasur gent duct TheFrstlsiiR pl%b%?e PAB sASRIrABicdil Bbrdfetfédith Wabmpressibh shanbdral | y

per pendi cul ar to the norma ow in the duct. The second side passage 24a,
posi ti oned dpbusthedirgtbubhle valvestO0b; spethptaid theguessnte indhilg ghamberiis Hicrgasedbnnect ed
to a buffer hapber 70a in the second.bubble valve 100a for absorbing

pressure trghe;ﬁ%\ﬁg%&%ﬁﬁagurfemeg&&tgc?agmglg%ggagasg%e IE?-ISSE%P&%‘%M&?% h the second
si de passageubifantinlly gerpefidicilBetolBé Adenal MRML indhedudti THE deddind RldRGRBRRBE 24aUSed
by pressurizing the conpression chanber 70b, so that the displacenent has a

conponent p@ppaaridcenpasite o the frsh sidgprsseEedfofs hydeaubigeliy eqnmected ky obwffert he

of Ticia i b 7bR i RRG-GhERTMbISIE 100R ROMBOAIR ARNTRBenonE TO

resiliency @istishie pewgad4is telopeas sagethe 4écond sidetphsdage D4@tPdiess theibefide
di scharge, in a transient flowof the liquid_ in the duct_into the_second
si de passag@cpiagnedriquid displaeeraent sauss biysesswaziag de Rz gssion dyambendlpgo

fluidic str e | rcggﬂﬁ . I IBaSL ement
duct 16 to H%té%ertgsﬁﬁs}lg%mawﬁ%oave s%@ﬁ%ﬁ%&%ﬁ%&#@ﬁpﬂ%ﬁ%g& ssur%’;i ng
and depr essroaghtheateasivementodqet.essi on chanber 70b i nduced by the external
actuator 26 in response to the signal raised by the detection neans 19.
This t¥ansient 1i qui d di spl acenent, having a conponent perpendicular to the
normal flowin t > ' idi':aﬁ: é'rpgﬂ 1h-al:es havi ng
pr edet er m ned chgfpgc eéglsgltq?{(%%mt%o&g@g%?%tne t g%%lﬁﬁomt %ﬁ}tg%%{rllllarllg

transiently discharged from the first side passage 24b. The resiliency of the second side

passage 24a results upon a pressurized discharge, in a transient flow of the liquid in the
duct into the second side passage 24a. The co-operation of the two side passages and the
20 fluidic structures they intercormect causes the flow through the measurement duct 16 to
be transiently moved sideways back and forth upon pressurizing and depressurnsing of
the compression chamber 70b induced by the external actuator 26 1n response to the
-signal raised by the detection means 19. This transient liquid displacement, having a
component perpendicular to the normal flow in the duct, can be applied in deflecting
25 particles having predetermined characteristics 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
30 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.
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particles in the m xture. As shown, the nmeasurenment duct 16 branches at the
branch point 21 into two branches 224, 22b and the flow raféam' n these

branchesﬁ%ﬁ g@ééégted so that the particles 30 normallig St lzwough t he
second o ¢ A¥ branches 22b. The angl e between the bFGNUTRO3BYA 55 js

between 0 and 180 degrees, and preferably between 10 and 45 degrees.
However, the angle can even be 0 degrees, which corresponds to two parall el
ducts with a straight separation wall between them -10 16 MAR 2007 WO
2004/ 025266 PCTI UH2Q281c0:2943 98 sortdibarp prdferablysupplidicto aantéaoreateat positiceriatal y
ement pasjtion in centr. ' rent, which is

supplied to a u | fluid cur
sur r ounded 5@@3@@ PUTRLAYRIEN {5 yEPBndeddy hpartiele f‘i?PE‘ﬂ{%%dsS%S%‘h- dBRPTIFPLa
-particle strgami g gﬁ{a{*{;‘% st&@@ i@ﬁ(ﬁ@@n,reﬁlfdQJEGEQGfeﬁgé‘goﬁa%ﬁ%ﬂ ok oW 5

configuration. No contfinenment 1s achieved by injecting a stream of
suspended penfigurhtion. tHomadly, confmement isuthietedinznjeetingt streanpaf uispémelelir ee

carrier liquid flowing in the uct 16.. By adj.ysting the.ratio of flow rates
of L he. suspdAdiciss Lirade ARATaR oL ERZISIAG s R & et S oh LA COMPE Feuct ac
wel | as the gyt gy Wa&jhaﬁ% tHL RERMA AR AN d3p&lionAnd Gt n&ﬁah{mlaar ge

flowrate of the carrier Iiquid results in a nore confined particle stream
10 havi ng arddizlgentinehentae thzatucearwelhes thanntecpaticle ldistacs vapbaadjosied. nAr oduced

oot par & eRBE e o s o RR S S it P "
predet gg m ngqvﬁggrlﬁ%@gqmg@emeﬁﬂ@%ﬁiag@ 18b in the neasurenent region 20,
the detector 15719 raises a signal. The external actuator 26 activates the

first actuator bubble valve 100b, when signaled by the detector 19 in
response to sensing the predetermned characterist] to create.a flow

i tur bance it B fsEaRRReodyted B ESIRARERY k! B b Bt SERE SR A"y,
The flow di weddmzaRheEhbesilpaititfesPBatahg partibith ofatéreg 188e UHoadeksaigmheed
characteristic so that it flows down the first branch duct 22a rather than

the second Peesletnraisd charsctepistic imrhpertiele d &b o theansasierenbregianiR, thedletestonat or
26, s °F§ hat l‘ﬁ‘f}%@fzé Qﬁggﬁgtfef%;ﬁ%rgélg cﬁ.%?ésrﬁ%rag:{i%tgg iy a?@%to%@%ﬁ% LEivkShas ' 2

particle, thé actua € e va 0 causeé

pressur e varglahisinlddbyithe detesor YPid rediinsoto sehsing ieSpreddterblihe] otataceerisiible
activation of the first bubble val ves defl ects the neniscus 25b in the

first bubbl dogemires Hovyrishbancaus de measpesmang duct Jpdstvrea thapiepissiges Athe
first side PAgSEYE fAow disturbance deflects the particle 18b having the predetermined

characteristic so that it flows down the first branch duct 22a rather than the second

20 branch duct 22b. The detector communicates with the actuator 26, so that when the
detector 19 senses a predetermined characteristic in a particle, the actuator activates the
first bubble valve 100b to cause pressure variations in the reservoir 70b of the first

f bubble valve. The activation of the first bubble valves deflects the meniscus 25b in the

first bubble valve 100b and causes a transient pressure variation in the first side passage

25 24b. The second side passage 24a and the second bubble valve 100a absorb the transient
pressure variations in the measurement duct 16 induced via the actuator 26. Basically,
the reservoir 70a of the second bubble valve 100z is a buffer chamber having a resilient
wall or containing a compressible fluid, such as a gas. The resilient properties allow the
flow of liquid from the measurement duct into the second side passage 24a, allowing the

30 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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25 24b. The second side passage 24a and the second bubbl e val ve 100a absorb
the transient pressure variations in the nmeasurenent. duct ﬂ@ h @ ed via
t he act 26 . Basically, the reservoir 70a of the s 5 @ % val ve
100a is a %?%@?mghanber having a resilient wall or cdﬁfﬁﬂg¥'§ ?

conpressi ble fluid, such as a gas. The resilient properties allow the flow

of liquid fromtReuyss g;bq{ | : ]ﬁ&ﬁ'g '

all owi ng the 30 %?essu?%ﬁ%ﬁgr 0 Z,ed’a ds?‘(l)l?ﬁﬁ an &%gg\i}gﬁ%ﬁ%%gﬁgt%r abnlge to
t he fl ow of sdnker ¥ fiersepart¢udar chaeacteristie suchnag dise, Some dmoofscaannienditysas wdll 16
MAR 2007 WD 2004/ 025266. FCT/ us2003/ 029&3}%. At thﬁ ﬁas re%nt Iik i on 20,

i ndi vi dual pSYPFhatCiEristics Rhyaasda ong of orgmary siifl iy ampleg plappliseple sepsor
particul ar ehGHRATBE bt arewaﬁ&mygés_ Sticphicall@idioh kRS R Als hﬁ&:%ac%gtxey,, as

wel |l as other characteristics Obvious to one of ordinary skill. anpl es of
appl i cabl e swolsive visidorrysiemisrand klecaonic nerans farmieasaring glesirafic prpextias ofitbeect i on

systens such as. m grascopes, machi ne vi.s{ho st emrs, and._el ectr.onj,c nmeans
for measur | REUEKECE RORTE, MSdRORBSYBIFm o the ficld e Sy8temB Jor ERRIEPE e |
known syste Eﬁoﬂe&ehhﬁxtérﬂsﬁ{rrgf BhrficRY STREE sﬁélémggﬁﬁgﬁfﬁlri]%ﬁl%ou{cé Havigg aent

intensity of particles. These systenms conprise ) source having a
sui t abl e wavetablegwavelength fod iduaingfflusossesennd aaletection systam farmeassurgitheor

measuring th intensi.ty of the irll_‘g ced fluorescent light..This .approach is
of ton used PenssRor HRinded tafieeteno Jet Shissopinaeh i terdies rLepriifag ™

f1 uor ggcent wilipsficles th-ar@ibalidPGHEd fRBl86dH trdrka! i.c. WRARadHdURI1BAME it W t h

| ight of a particular first wavel ength produces |1 ght at another articular

second waveblpempilivminatmgrradchghs of a pafticuler Sirsf svryglen pduvgs Hight aj another

xanpl o5’ i neRTRAL e2ohERaoelh P FoRER:s3 € ol SRR ey Sshh e el

t hrough t het¥hstacRABE is'sefied@And hRigaPis@4isel) the scattering yield
information on the size and formof particles, which can be adopted to

raise a signal when a predetermned characteristic is detected. 20 The
actuatgr 26 for PREsSULLEl0th Al GOIREASShAR of 191PEEHGEd b Falddlc ndpihp! ©
val ve ‘Can conpri sé an external actuator at’ responds to signal fr t he
sensor t hat tidoughatht nitharB@asntaregioh clteepreting thetseatarivgdyield anfoarhatidrsdd the sibser e
are two classes of external _actuators that are suitable for increasing the

pressure. TAe forpaf particles, whiccen pe glentpdivsratee agignabess apeedetyied| i qui d i n
the first siglg.RasIRIEq4iq FOr exanple, the actuator may

20 - The actuator 26 for pressurizing the compression chamber of the first bubble
valve can comprise an extemal actuator that responds to a signal from the sensor that a
particle has a selected predetermined characteristic. There are two classes of external
actuators that are suitable for increasing the pressure. The first class directly provides a
gas pressure to the liquid in the first side passage 24b. For example, the actuator may

25 comprise a source of pressurized gas connected with a switching valve to the liquid
colummn in the side passage 24b. Activation of the switch connects the passage to the
source of pressurized gas, which deflects the meniscus in the liquid. Upon deactivation,

the switch connects the passage 24b back to the normal operating pressure.

30 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
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- 25 conprise a source of pressurized gas connected with a switching valve to
the liquid colum in the side passage 24b. Activation of theﬁsvatzgﬂ‘j
connects “R) (ﬁ%ﬁs e to the source of pressurized gas, h deflects the
meni scus MY tHE% %hrd. Upon deactivation, the switch cBﬁH@@F@$?ﬁE”bassage
24b back to t he nor mal operating pressure 30 Alternatrvely, a drsplacenent
act uat or be s nat

havi ng a m)va a.fj?per Smd&‘p& ac lr(reeor#r%l sﬁ@?b td fsﬁf%é aagg?%}q vvaI | of
t he conpress man@rhag’m& abﬂnmrr dyhitl earzeedisplacenhens ode plﬂﬂ@éﬁqsmnefgﬁzm@e
novabl e wal | |s drs | aced back to the ori gi nal osrtron t he pressure S
reduced back c¢iy Anoghergxympleiptie uppodpisaedesnem Uepeyggrde onthg forhel 4101 nal
operating pr an

ol ct r omaghe T aeEpr el %%%h%acﬁs@“héﬂ@ﬁggéﬁn Btk BRI

ener gi zisng a dispictmerAnBbiheypadodapluatorsergage teanefabld ﬁﬂ@éfﬂﬁtcbh@r&fﬁ&ibﬁri al ,
for example in the formof a cylinder or a stack of disks, which upon the
appl i cati on Ghalﬁbfi?(?ptt%ﬁ@lsﬁP&fﬁgéé’aﬁaq“?%é]&‘rm@ di spl acenent. Both types of
actuators engage the novable wall of the conpression chanber 70 to cause
pressure variations therein. Figures 2 through 4 illustrate the sw tching
operation of sw t @lhgutés 2 thréuiph Joidlutirate éhe svatchinggppeyaionof 2@itoh 4Gigthepatticld n
Figure 2, the detector é enses b_rle preg,téerm ned %0 cha acterrstrc in a
particle and SH&HErEEE 1 Higwrs atthe deiectarct1usangys 1hg pragsispmined
activatiepn of o f the
first biu(’pbl e c%%?@g&&fcgg%ﬁagncﬁﬁé}d;%@gﬁdt@s% éﬁf‘ e%%?%%ﬂtgpeﬁéngé\tyggt%gz bd?lan

causi ng a tr aotsvatioh oflitecictrate, the prdssuyaivdthin dmredeevdir Yo ofstheléirqidwbblgeraﬁréb as

i ndi cat ed by e.arro sud ressu Crease cause this pornt
i the duct” ABE sdhorehien AT e e Rh e e ISR G e ep e

because of thguidedd:} 'tl?é“ﬁrspélﬁ@ﬁ Bag'@z@f aéiﬁﬂm&%ﬁ%\tﬁé ﬁm‘?&/ trine sﬁ&feﬂ'}ﬁeé@h&@m e
val ve 100a. This novenent of liquid into the second Eassage 24a 1s
t

i ndi cated wi tmr:re@n cascdwt thisspagntne sh dyct a@sesahqtbétcsﬂew min heechndeide, t he

flow th ugh th surenent ... duct aus t he cted
et ol 1 o P phisEe T YeERC b e i bptoet s of il SeserGittist B8 stdbaBUERL S ¢ he
second si de RAR2A096a. 27His hvemeht bl iRid s BRNEEdHdl stde PaBsdge 24b PMdRRGted WiaCt | ON
in the normal state. The flow resistances to the neasurenent duct 16, the

first branc ranzza“raﬁa atrpanlts aveancbetieam irhtbe Figurtes theHitnye threwgh thqaﬁerepﬁetf erred
d! rection of ﬁt 16‘_'11%' Oﬁ/%ctted %.’[l]lgsll‘];gr € selgceteé par?l%l fG| el S TG e %4(5) bgt@veen Hl% ﬁsrecond

si de passage
side passage 24b and the second side passage 24a to be shifted perpendicular to its flow

20 direction in the normal state. The flow resistances to the measurement duct 16, the first
branch 22a and the second branch 22b is chosen so that the preferred direction of the
flow to and from the first side passage 24b and the second side passage 24a has an

r‘ appreciable component perpendicular to the normal flow through the measurement duct
16. This goal can for instance be reached by the first branch 22a and the second branch
25 22D so that their resistances to flow is large in comparison with the flow resistances of

the first side passage 24b and the second side passage 24a.

Figure 3 shows the particle sorting system 10 during the relief of the first bubble
valve reservoir v;rhen the particle of interest 18b has Ieft the volume between the first
30 side passage 24b and the second side passage 24a. The actuator 26 1s 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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appreci abl e conponent perpendicular to the normal flow through the
measur enent duct 16. This goal can for instance be reached tpﬁ HA'ReiﬂﬁT rst
branch 2 n he second branch 25 22b so that their regsi o flowis
| ar ge in@oﬁ‘ﬂ%ﬁ%@n with the flow resistances of the ff&s’?gi:opggﬁﬁasssage 24b
and the second side passage 24a. Figure 3 shows the particle sorting system
10 during t baf o b Be:ohiisRie PAEDBL 942 YpHalRe [EBRMMAIT KSR rticle
of interest E%;B%g%as ?[gift tﬁcg \t}gﬁiur?lgk%gt vveaénﬁéohec;(ﬁist 0 s%e Bglggla%g 24b
and t he secopmevisisdiguassbapandidated behemtovat.or 26 is deactivated, causing
the pressure inside the reservoirs 70a, 70b to return to the nornal

pressure. During this relief phase there is a negative pressure difference
between the two paREuMRhdSHtes e ;ia}g@le%&tfn esyaeﬁabﬂoeaﬁeabyﬁgletisﬁuwﬁg a liquid
flow through the first side -13 16 MAR 2007° WO 2004/ 025266

PCT/ US2D03/ Gadtthdgpesrage Phtiprasnirashesidethenesesiois of destatpblovdvespposite to

o rove. " Fi gtttz et e Sorpl s e el Bl 10 ot s o1 ot i on
of the 5 S\Wahedld SRR 8 Bas bERE dRHRISHFRFIYNR VAR FINEIniERRIHSN Brandif 22ahe

bubbl e valves are equalized, allow ng the flow through the neasurenent duct
16 t o nor malWhils thexgthehparticle pantinueite flofv intrt e eetond diparich I 2b clberely sepanating

radially, it,will. flowinto the first branch 22a, while the other particle
conti nue toqa?B%élFlﬁfgasFﬂ@gléecW t'ﬂﬁ%cﬁc%ﬁteqsﬁg‘r eby separating the
partici@s based on the predeterm ned characteristic. 10 This process of
detecting and sel ective defl ecting of ﬁ;’;rt I cles may be repeated nmany tines

per second for sovhis prgegssef deteetmngandselechye deflesting\abparfielgs may beirepegted

swi t chi ng I b .t cChi.ng ope 1,0 b ! ed . L round
sever al tho%@‘g}gﬁﬁﬁésvge? g%‘%c’ﬁgf‘%fpsé’%% %"ﬁ@‘g‘%ée#t asr,hg%lg%e,' ‘§?°§’|¥‘§g %ﬂ @%I?It% ?’é\tghl?lﬁt es in
the order ofas@escribed, switchidg oberafians inal ©8 eResutddaip to abOa@rsavérgl thousanadt her
enbodi ment of .the invention, the actuator bubble valve 100a_and the buffer
bubbl e val véwigbBgeRgragangpes seepninyigldimgsosing yaéesiin thgerderofimilionsasied,  as
shown ia Fi . ctuator bubble valve 100a and the first side passage
20 24aignd/ gjrihfﬁ%%%hpﬁ%r? bubbl e val ve 100b and the second si de passage 24b
may be place wupstreamfromthe branch point 21. The conponents nay be

| aced in any suit abl .
P i y Accordel’\ng to another embodiment of the invention, the actuator bubble valve

.100a and the buffer bubble valve 100b may be placed in different positions. For
example, as shown in Figure 5, the actuator bubble valve 100a and the first side passage

20 24a and/or the buffer bubble valve 100b and the second side passage 24b may be place
upstream from the branch point 21. The components may be placed in any suitable
location, such that the flow resistance between the actuator chamber 70a and the buffer
chamber 70b 1s less than the flow resistance between any of these latter components and
other pressure sources. More particularly, the actuator chamber 70a and the buffer

25 chamber 70b may be placed such that the flow resistance between them is less than the
flow resistance between a selected particle and a subsequent particle in the stream of
particles. The positioning 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 aund affecting the flow of the remaining it

30 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
fransients from the flow characteristics in the rest of the system. Moreover, the in-sitn

dampening of generated pressure pulses applied for sorting allows the implementation of
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| ocation, such that the flow resistance between the actuator chanber 70a and

the buffer chanber 70b is less than the flow resistance betvxe%@ ﬁ@y of

" these Ia%&ﬁr cg}r’rponents and other pressure sources. Mre AotiAe ) rly, the
act uat or "CRANBEP#0a and the buffer 25 chanber 70b may BETHISAWSM2UIEh t hat

the flow resi stance between themis |less than the flow resistance between a

sel ected parti.cle and a subsequent rtikcle.in,the stre of articles. The
posi L1 oni ng SHOEREMEDEIRRIY RPRREY REswilirer A0S3e of B byl E ™ v
gener at ed bynd peevaddié st giReREddRsin i dtheksof defl ecting a single selected
particle, fromtravelling upstream or downstream and affecting the flow of
the remaining 30 particles in the streamof particles. A larger difference
‘in flow resistan t.S .4 ke ' t1,0F . | dic
i tchi ng. oper at T oo Ao gl ApbliBleat shePln e RO SPRIC Lorh pisttth

char actser i sof tt® présehhiavéeidvn iy idteny ¥6itahle pidsueowaie gérieeatomn@splate ofanpeni ng
of gener at ethL))ressure_ pul ses applied for  sorting allows the |nplenentation

of -14 16 MARPBloyalvREnFOmbIionone pPOIRCrEEbLy YA eessarving s 3 PyieretunB 2k s

conpri sing [ ] ]&t]ﬁ , ' ' ' and
pneunat i cal ??/l%g g?‘%t fé‘%:(f e?‘%gl%mfhe o?ﬁé&swﬁ%%gggf%btﬁgj dﬁg%sgg%gg%t%nt ,
shown i n Fi guwheas@ pitioeldoaic dobhan 8p& tiepger siyatdre providedi witlh e phmesethit danvaent i on
may use any suitable pressure wave generator_(i.n place. of bubbl e val ve)
"o combi na PBTR B Db GBI BroaiEe FHFCHER 85t chipretFysieilidh as  val ve
100b. fror  exapnhwriy ddMRcPsEANUE SnYRHR BRARE A ALved EPYEAID OiRe silarAgt uat or
such as a piezoelectric colum or a stepper notor, provided wth a plunger

t hat can acpressipenwavh geddratarsngclude elecirorpagnete aciiaterst thermopneaumatie htteatbrson of

t he channel system to 10 selectively deflect particles when the actuator is
activat ed biodadpimaiss eepsator i aeiling rase SupBetm B Feniraterdty nc ude
el ect r omagnghhiGiRaledfiiied, ThlSLIBPRGMIRdIce ﬁﬁ)‘b‘i?b@ﬁﬁon@&g aBsdib e R

generator for generating vapor bubbles in the flowng |iquid by “applying
heat pul seswavherdatedbarthbpteistiee wave gerb@r 269 togaéventfiew disturhbrsnsrin thehe

press waye created t he pressur.e wave generatar. 260.t revent flow
di st ur anceoﬁri’ C%gog%é?ﬁbﬂgftf%s R B’ﬁ?‘?@?é“%‘il&@éﬁ? & 3Bri ng
constant of vhhed huebidpig SRS pAtituRLrequRéhesls B$ veryihg@e volunheofliRé buffdH ar
requi renents by varying the volunme of the butfer chanber 70b, the

cross- sect i ¢hambendh, the crase-ssotwmalrisselfbe sulp pasraso?4h m/enthe stildesss or thehe
thi ckness oy @ {dse¥t PhsxibRIREANERE (BErR09S uf Fighle 7Y SHhfe the bR HEmb®
buf fer chanber

70b.

20
Fig. 7 illustrates an embodiment of a valve 100 suitable for creating a pressure
pulse to separate particles of interest from other particles in a stream of particles and/or
( acting as a buffer. for absorbing a pressure pulse according to the teachings of the present

invention. As shown, the valve 100 is formed adjacent to a side passage 24a or 24b

25 formed in a substrate which leads to the measurement duct 16. The side passage 24a
includes a fluid interface port 17 formed by an aperture in the side wall of the passage.
A sealed compression chamber 70 is positioned adjacent to the side passage 24a and
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

30 side passage 24a forms a meniscus 25 at the interface between the side passage and the
chamber. The actnator 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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70b. 20 Fig. 7 illustrates an enbodi nent of a valve 100 suitable for
creating a pressure pulse to separate particles of i'nteresti§mMoyymyher

parti cl ea,d' Doforthieam of particles and/or acting as a gﬁffugﬁqg/gﬁt‘absor bi ng

a pressure pul'sé™according to the teachings of the pres Ton. As
shown, the valve 100 is forned adjacent to a side passage 24a or 24b 25

formed in a subs ' . Eﬁ?@m | de
passage 24a incF{ﬁgggh%w# ?lgj?ljgﬁggfoedﬁl% agcdgl?apor éﬁ rn%%“%?}%ﬁucé-ég??ire in the
si de wal | oprovidingasisageof paticleatodst ol nevellan adirstidntlet ikt 58 apdaisédomded

adj acent to the side passage_ 24a and communicates with the side passage

t hr ough t he®¥H&dHC, 30 githes of whesty caneagy ithe prEticlss sarted 18 fhgdostingmofde 58y ned by
a seal 71 a : ' [ e NI Sy -
passage 24a@§%$0r}{slhgﬁr?glﬁ?scus 5 a% Zta ﬁgapﬁ%%?éflggg&‘%idte\%%g b%ﬁgﬁgieégnggggeage
and thé chsorting motihle Motiadtecipply diepiZemds: dpeeatidnely bbrmentedits aswittin40

I ncrease the pressure in

the chanber, i.ch def] ' d 4
causes a pre¥ded 1Bg|ﬂ§eereg“frqq§§§ : Wge‘;é‘i’a‘?vﬁyﬂgﬂt.o S%I'S’%%aﬁ;&%gtl ﬁr‘%‘%% 2%
2004/ 025260, 5 HLE2AAHALY HO8 Fibthe 18:AOMGisHos2R HOGiCRAMBIG AU an

appropriate supply duct 5 r “providing a streamof particles to be sorted
as wel | as eutlatdsct Hhaniddhe sheond bdtlatddcteSésecond outl et duct 56, either of

which can carry the particles sorted in the sorting nodule 50. The sorting
nodul e 50 conprises a detector system 19 for sensing particles entering the

5 sortjgng modul epp09\héws B partidRoYtGkter?S (PALBRISPRY Al d1RARKd ¥mboiRRaT ed to
a switch 40 for providing the requirtéd switching capabilities to sort

particl es. Thibefirventionrcamphisdgia plaratityt dfsogingonddidesbie thapean bejogpled 1, can be
di sposed in_fluidic connection wi.th f.he _outl et duct 54 and.the.second
out et - duct tagethe s AR LB hotlittalio. o it S p sl S0 Bior ot ng 10
an al t er nat gmBs#iR{thi @8 conysled h{;@:ﬂwz.erﬁd Qillet @RITPHA SF (e sortRlgihedilésy5odresorting
nodul es 50 that can be couple toget her in any appropriate configuration.

t

For exanpl e¢oupkd tepdiitseernggnedoutlet 83, therbrsandentle ¢ eenrled todrsgcond . The

out | et,ducts_5 t N dul es 50 are  .coupl flLrst nbi ned
out | ot'555. - SoEoiE shI SR i P eagema BE g8 Htlts s B ANER E T nec
outlet 60. Jhabipad sbrting ndaRRIERERMlg & ovedll ii8nFRELEN tithed! tHE satisy fdt€ 6T of
conbi ned sorting nodul e 50 having an overall sorting rate of Ntines the
sorting rat @ gfdividual sorting module 50, where N is the number of parallel connected sorting

module 50,

20 Fig. 10 shows a particle sorting system 550 according to another embodiment,
-comprising a first sorting module 50z in series with a second sorting module 50b. The
second sorting module 50b may be equipped for sorting particles having a
predetermined characteristic the same or different than the predetermined characteristic
of the particles sorted by the first sorting module 50a. The particle stream enters the first

25 sorting module 50a through the supply duct 52 and may contain at least two types of
particles. A first type of particle is sorted in the first sorting module 50a and exits
through the first outlet duct 54a. The remaining particles exit the first sorting module
50a through second outlet duct 56a and are introduced into the second sorting module
50b via the second supply duct 52b. From this stream of particles, particles having the

30 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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an individual sorting nmodule 50, where N is the nunber of parallel connected
sorting nodule 50. 20 Fig. 10 shows a particle sorting systeBrTM’fﬁS@@accordi ng
to anotheé, er&Fﬁ(gzi jr;‘%nt, conprising a first sorting nodul e 504 i ries with
a second YGPPHYABdul e 50b. The second sorting modul e BEHURPHR1%8qui pped
for sorting particles having a predeterm ned characteristic the sane or
different t ) 115t i ted by
the first sorREe BAEHF-EHIGRe RNk fuile s el bchBbr M L bERDRL
sorting nodubgeth¥an bivaderghof twags,sispaidmghunin the desickdregulisont ai n at | east two

types of particles. Afirst type of particle is sorted in the first sorting
nodul e 50a and exits through the first outlet duct 54a. The renaining

particles exit t r}qg&]jerlqtshﬁ‘gggﬂggmg}ﬁggl £chiRPRrd ﬁ’??@%ﬁﬁfﬁgﬁfﬁw“% s&giﬁ S6a

and are introduced”into t second sorting nod he secon upply
duct 52b. Frasoortirgdo shothenembodmacsti oflthspregat irivehien. HEhe iigstrdied SObwtiment

Buct 5ab Pat BFUPEEEE REFI5 TR SIBEHGD BF Srioe Bk U P I eles
charact eri stgesm@i 4 ik 6tass %@gli‘éfg?t%\%r t:h:e BapiRGiee ﬁflég st‘%%@aﬂd‘tﬁe% gg%}%@gl& I et

duct 56b. Those of ordinary s readily 6 MAR 2 D~
2004/ 025266 sPEHdAS2HTRIOA0tSS ondhogutputentithrafirshstyges uhn aipué strgapeolfardes inng

nodul e 50 can be used,. and c be coupl ed oget.her in.a.variet f S,
dependi ng uFBPPRE SUPRa PROGIA RS HRGFESH 2 B oRons Noinelt i fhanield
archi t ggt ur g1 1nhkah chMRYBARE bapaBY¥ & sofingSdeldohd mnke ©PpattibEs & anot her
enbodi nent of the present invention. The illustrated enbodinent "is a

t wo- st iage pasegons). Eash ﬁh&l}ﬂgl 8l mchideg adetedionsisgioni iy far praminingttye Ifxfl'tiﬁm ];u_ld el
particles str in.a fi st age regating the outputs of the st
Crhge and « HeHREPEsRHtG G hedt SHfaeGRERA PR A e iRl R e bt ebie 4 e
first st age.foAgbgafaﬁug ti5d peRAReRePhavididyf the prfetekninedhRbRHoNC BOmithosthar particl e
i nput chanber 88 is split anmong N single sorti channel s 10 8l1a-81n, each

n a
channel bei Mfrédesin|the #reany ps dergribedehavet dbe ﬁwi{%@ng BISipmP produeesiEp  second.
Each channel [ . Gl el f.QL- L.no. t. ticles
and i 2nti ftilul gtsg-ggrl}l{%j(gf%agmﬁ%;t% %%Q/ége% 6gllree ea?'gramgﬁee?é@h%a@ggﬁgbggﬁ gi,:'ﬁlgnd a
sw t chi ng r aggion 88dasddan the pasanired fartibR charatictibis 40 dw degedtibt rédi@0®s.eTie ned
characteristic fromthe other particles in the stream as described above.
The swi t chi ngelelgil osireams from gredicchange! a1 apgrerateddn aB aggregntiqniegior Badntoy

"sel ected” sifSRMARYbE okl £EkAH a SLERAR ddfkidd ShANbIAD NS shown, the

secondary sorting channel 810 repeats the sorting process of detecting and sorting based

20 on a predetermined characteristic.

Given that each single channel sorting process produces some error (y) rate (y is
I. a probability less than one of a particle being “selected” by mistake) of mistaken
selections, the Hierarchical architecture produces an lower error rate of y* for a 2-stage
25 hierarchy as drawn or y* for an n-stage hierarchy. For example, if the single channel

error rate is 1% the 2-stage error rate is 0.01% or one part in 10*,

Altemnatively, the architecture could have M primary sets of N sorting channels
per sebondary channel. Given that the application wants to capture particles that have a
30 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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region 82 based on the neasured particle characteristics at the detection
region 84. The "selected" streans from each channel are aggr;mgﬁpj n an
aggregatio‘g rggjﬂgg 6 into one streamto be sorted again in! dary
sorting chiRd ¥® As shown, the secondary sorting chdfiéVS848 2P W8eat s
the sorting process of detecting and sorting based 20 on a predeterm ned
characteristig.. Gven that h_slngl n ' ces sone
crror (y) rareepitathaiiat FAR-ANR G RIEY: N1 AL BLRERT PR AU
"sel ect ed"” byofN ptiaieey +dfsetdmiankeéiannsle) OtialinBroubhgut ther @hodsifmh M*N*x with
architecture 1E;Iroduces an lower error rate of y2 for a 2-stage a 25 hierarchy
as drawn or yM segpndapy ¢hagpelse hi erarchy. For exanple, if the single channel
error rate is 1%the 2-stage error rate is 0.01% or one part in 104.
Alternatively, the architecture could have Mprimary sets of N sorting
channel s5 per secoFfigareyl xdhanneparall#ivserialigasticle bartiap pystanatlico accuading td amatlagt ur e
particles that haye a 30 presence_ in the inpyt at rate z and single channel 4

sorters have g0 RirRidls W"ﬁ’&lqnat@%mﬁ%lﬁ‘ﬁﬂaéé’aﬁﬁe Ry Steny éﬁg%]c“gﬁ? a
t hroughput i Sﬁ.%t ﬁ%%llél@fngﬁlr i lé’leﬁn(fg%})@ﬂ% p%i%gclség 5 (r}rﬁjsl? @gfe.t Tﬁé fitst

aggregated in anne er second 1S ess than 1
so that all psortingineduladéi eégaipdidd fim omltiple haried particles dnd paaidlesthalsingdhosh ngl e
-17 16 MAR 2007 WO 2004/ 025266 PCT/ US2003/ 029198, seco y channel. To

i ncrease t hr oBgHSHR2r8 BRRd %WQC%‘@Y%&O‘%HE?)S?‘%F?@“GE%{JW of N primary +
1 secondgry channels. Overall throughput then comes from MN*x with M
secondary channels. 5 Figure 12 show a parallel-serial particle sorting
system 160 accor di Higuteol 3ashotis@nothenpardiletsatialgfartidie sortiug nystem 17Fh&he first

parall el -seri al rticle sortjng system 160 incl ude first rallel
sorting modul B S%‘&gé{n%d_(é)’ieoin_ ??Q%’E%ﬁséﬁan%cgﬁhaﬁﬁl%ﬂnﬁﬁf@a@@écoﬁ‘gsﬁe_rst
sorting nmodul garfifids FSmARL HifRGertthiteld Rld&olREsaHe ?ﬁﬁkie@ hesng it B hhkbes
having both narkers are sorted out and conveyed through the exit channel

165. 10 Fi gur@rdghdhoficst exidcheenchbifsal Alkbthseparticlep avetthen fedgntota segomsiparaial 170.
The fir par al | orting nmodule 171 separates pariicles, havi.ng.a first
marker . 1801 | ottt § 7 FRshitR e tctes o £ AP REE Ehe RER S BRURE R b e
particl-es havinagket B dollestéd AR Kfveyed through a second exit channel 176. Particles having
neither the first marker nor the second marker are conveyed through a third exit channel

177.

=t

20 According to one embodiment of the invention, shown in Figures 14a and 14b,
the particle sorting system may include sensors for measuring velocity, location and/or
size of particles. The measurement of velocity, location and/or size may be made
simultaneously with classification of the particles for sorting or at a different time. In
‘parallel channel based systems, as shown in Figure 11, the different channels may have

25 different flow resistances, causing the velocity of the particles or cells in each channel to
be different. In systems 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). v

30

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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through the first exit channel 175. All other particles are then fed into a
second parallel 15 sorter 172 for sorting particles: having a sggemgpmarker.

The parti g the second narker are collected and onveyed t rough a
second ex‘i%)%%}?@#"?’ 176. Particles having neither the e TZ‘E ®E&P8nor the

second marker are conveyed through a third exit channel 177. 20 Accord| ng

to one enbOdll[ E}%’ﬂt %f &wlh%% in PO, onnlip géecﬁfé'cﬁ tg@gr} 1L[R the &

particle sortPng’ syst e Sens asuring crty, ’ﬁagcat i on

and/ or  si zeloeinqnafﬂth@&eels.TJﬁevmamreemhte@‘etewdm@mdny pikél€af drosptrad/ or si ze
may be made _sinultaneously with classification of the particles for sorting
or at a dif fédstesir qouldebe nackedragrass the detpctipndrgiga s t@ﬁé"t"é‘ﬂﬂs avg@ larggwAast n

‘Figure 11, t @L{_ee(g le E\ﬁ% D6 SediBYichave 25 different flow resistances,
a

causing the velo rticles or cells in each channel to be
differeft. In systems mhere the detection region 84 is separated fromthe

switching region, 82 a distance L, the velqgcity of the particles_in the
channel 81 nust b%c?ﬂ‘i‘g\%to?‘ﬁﬂ falive gokodimen o %é'\}ﬁlln(‘fﬁ'i‘tﬁﬁ‘ £ ARHGEE

i.e.,
the time to gey gy a%d@dttﬁ%@&été@foh‘?égf»ﬂﬁﬂo\éﬁea &n&t@"vefH& QbteBf rﬂ?e‘:t lon of a

target particle). I'n nmost optic tens det ec ng ce
particl es, tdspositggeimaskingipatterniidireathl dn ttheeautmg clupgﬁEheanaskhg peitetns cdebect or

e T AT DR T LTI SR N
VAR 2043 VIO 3 Gurdd t&hao%gyﬁme%@@a{e@%ﬁ%&aﬂg&c@wrg@m Kby Gelo GFftabe

anywhere in the region, ing i1t difficult to pinpoi the exact “location
of the cell . défectpraatchiteg Ingit droar thercatl én thetdetsctiomyegiem§4 pilk sdedight when st i cal

detector coul be ss.the_detectian region..but this vvoul ave a
o go. cost Sl el dRp etof Rt bePe bifeLomeYkoeof iR gt e
illustrati veomnegwmar@foﬂtﬁ@nﬂaﬂam&mm h @Rlek & @headBShedier valdityPe added
to the detection region to provide accurate veI ocity detection by

depositing a "masking pattern” directly on the sorting chip. The masking
DAL ST 1S CA1. . ARGy R BRI AL BOREEME P e
to the cell s@hkicpgraachént@ily be@iofbiz8hrgdh tﬁdlﬂﬂb @el@ﬂﬁhﬁﬁkmg the signal from the
cell. Therefore, such a pattern can also be used to measure the size of the cell
independently of its signal. Such a ‘gradient mask™ also produces a pattern in the optical
detector that can be analyzed to measure velocity several times for reducing the variance
20 in the velocity estimate. The pattern in the light induced by the mask 140 also allows
the detector to identify each edge in the mask 140. If the bars 141 were all the same, the
light signal for each bar would be the same, and one couid only tell them apart by
sequence. Therefore, a gradient mask pattern will allow a single detector looking at a
broad region (several times the size of a cell) to measure the velocity of the cell, measure
25 the exact position inside the detection region 84 with about 1um 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 patten. 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.
30
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detector catching light fromthe cell in the detection region 84 will see
light when the cell is not masked. The duratlon of the |igHth W& WG t ur ned

of f by or\go%mgdagm onnected opaque parts "bars" of the '{@2“}5&%’ nown | ength
4

gi ves a neasurenent of velocity. 15 A nmask pattern that a*®pbars 141
of size ranging from 10umto 30umin lumsteps results in only bars of size

l'arger than the C(gﬂé sléf'ﬁé&' ifld ﬁgwﬁlhfecéﬁtg%{haf @ &é\f?cescf&l tneashiRE BleQik, such a

pattern can al so used to neasure t si ze of the cel i ndependenfly of
its signal. meedionand gr welpaty oﬁaapaxticlaﬁrsthepsmuhg@estem lpatpctuquenmm@eoptl cal

detector that n _be anal 0. ure vel oci se L mes reduci ng
the varianc af%lqgﬁ f %‘8& ;u’é"‘rﬁ Yiges afgtead @??&?ﬁ‘gi dﬂ?hq fifliced

by the nmask o}dﬁa@'s%ﬂlﬁ‘ﬂth@ﬂﬁ the detector to identify each edge in.the mask-:
140. If the bars 141 were all the sanme, the 1light signal for each bar would

be the ane, and one could only tell them apart by sequence. Therefore, a
gradi ent mask patfern..w

e, det ec in t. a__broad ¢
Peqi o (several - thieBifhle wpe? Srbotpid g Eh FEERL PO Gutbic Ry e Tt he ¢
cell, rreasurs@staﬁl doffpris¥ast magﬁsdoownbm&ﬁcalfsanﬁﬁgt@ﬁhham TRYLR o1& DparalldD
about | umprecision relative to the channel structures and the actuator .

| ocation on wwomasma@mpnwoﬁm—léerz@abﬁor&eheha;a@rsls &l8a-83Peis @D@mf@19Wby
t he gradi ent t e al l h ggasure
9 tetiih cgf%hgce us}% et%[p 8?1 ﬁrgr %A( %ci]appatlo S \ﬁf)tu}q f%)ggrsggltc |C§J(;1 ors

t hese par amef s epen rca sysltngm or

the napure thé vélbﬁty&ﬂtpa@t@dle%&ﬁta@diurhﬁelsﬁdehsed;’a&echﬁnﬂfﬁs H@\E’Oﬁ@@lﬁre ¥xed
2004/ 025266 PCTI US2003/ 029198 One skilled in the art wll recognl ze that

ot her devi celslaydietwesadhe ﬂ@tgcttmf@pz@eﬂm@pmmaﬁéaéwt%r%@qﬂey pparticle

particle in %ﬁ%ﬁ%g f

i nvention. gfabﬁggﬁé&%}%?%é§5§% reg%‘? y’ aval e ahd fkthng\% ?‘h%aés o‘fg
ordi nary skidistanoe It betwasi a déteAoC®4 shid@swieche8bhthe skageadithepdih bsﬂwmmthm
Figure 15, t article sortin stem conprises an array 8000 of

non-i denti cadq f‘§§¥t8i4ﬁ§ SaAitn hsggcﬁﬁi’edé’ée‘ﬁf a parallel array conprising a
seriesyof non-identical sorter channel s 810a-810n is nore efficient in

act uat ors. o nee 07 haftbln 62 £ nAMAREbAL AMubBalfl UPBEFI 0T (he
channel s do pepjendiglar tcectha chipg&ii laser is required to illuminate an area deﬁned by: (number
of channels)X((channel width at detection region)+(inter channel spacing C)) (See
Figure 15). However, the active area where light can be absorbed to create fluorescence
20 is only the area of the channels: (n‘umber of channels)X(channel width), which leaves a
fill factor of: (channel width)/{(channe! width + C). The fill factor is preferably close to

100% to avoid wasting available input light.

Therefore, miﬁimizing the interchaﬁnel spacing in a parallel sorting system is
25 important to the optical detection region and 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

30 to make a larger available radius for external driver actuators.
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del ay between the detection of a property and actuation of a switch to
deflect a particle havi-ng the detected property. Therefore, certain

par anmet ers O‘E)ﬂr‘}he channel , such as the distance L between & Y&k é{ or 84 and
a switch Y82 ?YHO2HE% shape of the path between the det ecPEI/U8203182P10%e swit ch
82 can be varied. 15 Using a single laser for each wavel ength opti cal

il lumnation dir . I | . chi ' jred to
illumnate an ar 3?#?&??@%88 gg:%é:n]uﬁ%%lﬁsg l%c;ﬂ?dceh%%%gf }ss)qi(g %lgﬁgérilﬁﬁe%n\%\nﬁg&h at

det ecti on r @glaacihg (flont sisahedsndlall sipacHangelCyg thabgen kicgiltat pogssurkldv@ver , the
active area where |ight can be absorbed to create fluorescence 20 is only

the area of 2f19&s @hﬁﬁr@ﬂ@els(ﬁliﬁffﬁ@fm’éf of PAEHRIES §1}6X(e€ﬂ&ﬁ}i’éqhew apfﬁe,caﬂﬁ?ch | eaves
gt g I 0 o

preferably c d wasting aval nput erefore,
m ni m Zi ng bbavdentiler ddieutore land pataatogy. 1As the pragtis|lalbesodchicach shanheiis dedectidh

I nportant to the tical detection region gnd, optical systemeffjciency. In
the vari abl &81gR P E‘iaQWaEﬁr%ﬁhE‘q‘ﬁ‘P@g&ﬂm i AssiEnothe nasRHRmER 95{‘15‘?1?%11&18, t he
spaci ng 0f ofocft)aE kamt Amel AT AghakiihAlon 1EekaMAthiOPPLABERRSLINBrid Of
the channels, so"that light utilization app oacl%es about 50 % e channel
spaci ng i n tahempmivadtcelbsortingsysterB2 nmay be larger, as shown in Figure 16.
The | ocation of actuators26 along the channel may al so be varied 30 to make
a larger available radius for external driver actuators. -20 16 MAR 2007 WO

2004/ 0§$266 PCTI Woa034 Opdhdts o PARIIASdraR S/sBinh 2Y0BRLBrdiRY todef Andth&! ude

nmeanders i n sel ect ed char]nel s for bal anci ng flow resi stances of a_I | the
channel s so enthetlimgng efithe ivvamtioan The patislerserttgoystenc t Bi¥snelbdestauatignefel s t he

st r eam o SRR 7Pt BRESRhk fubely Tog SRR 1700 meFigeS MRRHERERS on
bet ween t he 19¢h egtigfohRik a9 el Pstind ol BBARNS deiech® WRRM ER0Tor

channel's detection region 821 and its actuator 26i is known fromthe

desi gn, t he megseiirenpicdetorminpé chgpeteristie of partigtastepchnsortipgchaanel ¥708en the t he

determpati r i Ng L C L.clhes tQ j ' cel |

Sort 1 i oys e EADRH G THC ppteR Bhb o Fls AR R YL AT o itng P ACHGG

accordi ng t eapesorifwinddiile f@ﬂib@ﬁ!ﬂaﬁﬁ?pamﬂebh@vih@‘é@ﬂédeﬁimhﬁd&h@ﬁbteﬁ@ﬂi@ﬁﬁﬁrt ing
y O '

system 1700 plaptlccllgsciﬁ:t d% n%lt ﬁgxﬁel tlhg predetermined characteristic. As shown, in the
embodiment of Figure 17, the sorting channels 1702 distance between each sorting
channel in the detection region 1720 is less than the inter-channel distance in the switch
20 region 1730. The close spacing in the detection region enables cost saving when a laser
is used to detect the particles, while the more distant separation in the switch region

1730 accommodates various sized actuators.

The particle sorting system 1700 may also include a secondary sorting module

25 1744 for repeating the sorting process of detecting and sorting based on a predetermined
characteristic to increase the accuracy of the sorting process. According to one
embodiment, the system may include an enrichment region 1750 between the array of
primary sorting modules 1701 and the secondary sorting module 1740 for transitioning
the particles from the primary sorting process to the secondary sorting process.

30 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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sorting nodul es 1701 operating in parallel. The system 1700 incl udes an

i nput region 1710 for introducing sanples to each sorting m)duée and a
det ect i OSVQS&HBES% 20 for measuring a predeternined character| &R 2087
particle OAY&E3Pt i ng channel 1702 in the 15 detecti onPFEGSEM3 03N syst em
al so includes a switch region 1730, including an actuator in each sorting

dule f i,ng . i cl havi. det.er ni h i stic f
parti ol s ¢ RpaHRen S ST ot feRbEEled oo S Ml Rt anf 2
the enbodi Bfiéhmdnt ChéifieBinlefsecting tifOditleneh-BASNTR 2nd 4Qderibab@separdpat aen

each sorting channel in the detection region 1720 is |ess than the
i nt er - chann®ptlgficharnsd rommthegarighgnent whamel. cBrenss ¢arper fluidas ramnyed §igartheg i n

t he detecti ' ' N t ect the
part i ol oo,  ahetiof RleRRRret e SRALMHATR 05 (RS ot et Bithel ST
accommuat eshevairichgnischaaseidefarapassing thé eclpaed patieles ditd thegsesyrbealifg may

al so include a secondary sorting nodule 25 1740 for repeating the sorting g
process of &t &17}1’@- and sorting based on a predeterm ned characteristic to
i ncrease the accuracy of the sorting process. According to one enbodi nent,
the system may include an enrichnent region 1750 between the array of
primary sorting posiitabk sy fandorhlieg freandanyntyegivh ipdevodbddan 178 0P ftent
transitioning the particles fromthe primary sorting process to the
secondary sdPlfiqRieBber 1048901 prtithy “fRp erfatpaal Mol SAMPSREDIS t he

enri chygent ceghg bt b e 'E@rp&‘éit carrier
flurd from tuﬁe pgrroﬁﬁgﬁ‘é?&%g@o’rﬂgggggtéﬁﬁgfm&pagr tﬁ?rg{?%lg 0 tﬁ%@ggeg‘%%gry
sorting nodul e 1740. The enrichment region 1750 may al so include a
hydration device for addin condary sheet fluid to fhe. t.icleg after
enrichment. The A%ﬁr@%m&e%ﬁtﬁ%@%@@ﬁ@% _rmym%a}éﬂéf%%e

enri chment R&GCRA ahd 74 HRY iROTRE in3& of (EPIRhAYhMTN. t £ dedyBlify Qiihh&ilorchannel
1703, an enrichnment channel intersecting thé outlet channel” 1703 and a
menbr ane septheadevige Wy conudck Hte ephichment régionita the peimadary hhamel oradlowak-usExcess

ier fluid i fromthe st f ted particles.in th
ot | ot Lohani b EA0 A g1 DU SO EREOSTEs | Rl BB (96 o FEFR HE e

bef ore passirgiiovdacidift r§jeéted pRaicles Gh@ftlodhifed it Mepeinthay Yh-saelihRes priady| e
1740. A suitable systemfor formng the enrichnent region is described in

U.S. Pat ent dissprdingcthe rejpctodinirgieles.0/ 329, 018, entitled "I npl enentation of
M crof | ui di ¢ Conponents

The particle sorting system of the present invention has a variety of applications
20 in the microfluidic art. According to one application, the particle sorting system may be
implemented in a drug screening system, as shown in Figure 18. As shown in Figure 18,
a drug screening system 140 mcludes a particle sorting module 10 for identifying and
separating target cells from a sample containing the target cells. The sample containing
the target cells is introduced to the screening system through an input channel and passes
25 to the particle sorting module, which separates the target cells from the rest of the
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
30 145.
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10 in a Mcrofluidic Systenf, the contents of which are herein incorporated
by reference According-tp the illustrative enbodi neat, the TFW%?CM rier
fluid may be re%cled and fed back into the inlet of the r|mar¥ channel s.
A recycl iMG2¥HAREF or ot her device may connect the enPPERﬁéWP’“ Y% on to
the primary channel to allow re-use 15 of the carrier fluid for subsequent
sorting process. ternatively, the carrier fluid may b re ed from

rej ected particl €s®d eptiatye gﬂé@@@emﬁﬁéyﬁtﬁ@ lﬁbiW?eé’ﬂ‘éﬁf?eqor‘iegf‘gF’éyﬁFi or to
di scardi ng th&s with 8GASyRFI{PeS o harkde R drhi§ b&eSBhE bGerd ¥R{EE QL ofhe
present invention has a“variety of applications 207i'n the mcrofluidic art.
Accor di ng t enaskess dp bilew measyremhet qfdhe activily 96 aispemific ytyore, theyebyallowing a

. nplemented in.a.dru reeni,n ste shown in Figute .18 As shown in
Fiogure 18,  SKE (5 SaPLARE RS SRR S e FHABE SR O SRR Erodul o
10 for 3 dentsift¥inRtkoamdbles BRAAhrREs tifdt GRéw GRlakSrefeANd 1S 8dileBir AN GHaliy N t he
target cells. The sanple containing the target cells is introduced to the

screeni ng sysirasgilalar wespenga/signgliandomarkers| to ideatifaspseficaslitypes earpieniarly | e

sorting nodule,,wjch separates the target cells fromt rest, of .t he
sanpl 6 and JaesE e oBEREF ATt RO fbeeh Fox R T B SR ey
Test  conpowitlgredbelilited @l ek durfatetnhekdrs Xnbl adidlibodfe Bad rRBmbanOdispi}
through a test channel 142 and contact the target cells provided fromthe

particl e soredhaglogigssssvdhasiinorogemic azywensubiiraiaakess, intoaplbilarcdiznl t he

t t I1s.] ' . ' ' 2 MAR 2007
w0 S00kT 0253t RGBS R0 PERRE b BeckROLRR (Pl BRioc Y Bt Biost em 140
W th the panamitlescetipénzgineldibstbite harkens dd flilotdpenicvamrige yulistratetn@kef narkers.

The drug screening, system enabl es use of markers that allow neasurenent of

thie acti vi t yoBwoundssatsricells axlarpeonvered By specifiouimerlnlarcaaymes tode nodul at or s
of the path t ' ' St B ALK ARG ﬁ%% m al so
enabl es usevigu%é‘?er?%‘?ﬁé;ﬁg%ﬁ%?%ﬁrﬁ%‘mglg?%&ngﬁ%ﬁgg oltll%e coﬁ%gnt raf?ieo of " any

i ntracel | ul 34U Ssmethgtunsbedlifatyl phosphratek for Phbgphatised avdyDdpdoricdamied 123t ypes,

particularly rar | ess than _one per one-hundred cel|s) types.,K For exanple,
ol t abkd na;er'e‘%eglIi??ﬂ(emaét?mswtgarreé‘pm88|q?ﬁu9@a°%,dy }@B#&é@i Bar kers,
such as ant 'rﬁaﬂécﬁsofi‘i'i'éginﬁf%ﬁﬂ?i@érﬁﬁﬁtin&h&é? @ ¥io-RFRRELAShSfne &bk mAfers,

fluorogeni c enzyme substrate markers, intracellular signal 10 binding
conpounds, suuipoasdsCatariviehelambinfdracd methespeadifid ygmcéfulaner@ymengenetate lightd bi o-

directly. Often this technology can be tied to reporter genes to observe gene activation.

. Examples include D-Luciferin and associated reporter genes, as well as DMNPE and

20 associated reporter genes.

In the illustrative application, any number of different compounds may be
( screened for their effects on a variety of chemical and biochemical systems. For
. example, compounds may be screened for effects in blocking, slowing or otherwise

25 inhibiting key events associated with biochemical systems whose effect is undesirable.
For example, test compounds may be screened for their ability to block systems that are
responsible, at least in part, for the onset of disease or for the occurrence of particular
symptoms of diseases, including, e.g., hereditary diseases, cancer, bacterial or viral
infections and the like. Compounds which show promising results in these screening

30 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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| um nescent enzyne substrate markers. In fluorogenic enzyne substrate
mar kers, conpounds enter cells and are converted by specific intracellular
enzymes to be fluorescent. Exanples are Bodipy ani noacet al 46M&idllér BAAA
for ALDHVENZ$P4RT266 \p (4- net hyl unbel |i feryl phosphat e) PEBUSHISAHI ases and
Di hydr or hodam ne 123 15 for cell Redox systens. O her exanpl es of
fluorescent dyes that _caB, be use icn net hoda of the jnstant invention

n

) n
i ncl ude, In bio- AlIFPAYERKEOE B soreansd for theyr ability bEHIHE. WheRee cel | s

and i nt er aclor Yihkhy iSO fdube GiokRirhidRiGlikind wifRE HiRB ol W EIRV& loi it esirshig eCt | Y-
Oten this technology can be tied fo reporter genes to observe gene

activati on. e.ghtanphety ¢xgingdiefibicheics fuor patiecahd associ ated reporter genes, as
wel | as DVWNPE and 20 associated reporter genes. In the illustrative -
application, any nunber of different conpounds nay be screened for their

effectss on a var igk¥nRhtieh allytRlused iBbiaeers ik (i dofirisinpdEss tBAANP-€,
conpounds nmay be screened folf effects in blocking, slow ng or otherw se 25 -

i nhi biting K&yokthemmit saraple) for edvangtywfapplidabions shck 3s benot inuied tefdellct i s
undesi rabl e. . For ,exanpl t est. conmpoun maybe. screened for..their ability
to bl ock sy§?‘5’r?ga"3ﬁ’é’ﬂ’?§ ﬁm}sgg”ﬂ@ﬁgggﬁl‘-g?g; ar_s\é%c 108 BH1% ,mcfcﬁﬁca\tll‘?g onset of
di sease or figllovdieryoreaHplafidfén 6f tritdplabfaibAl The YRnEOE n2l atlo1RARESt0 isolate

i ncluding, e.g., heredi ar% di seases, cancer, bacterial or viral infections

and the |i kéum@melsimas dor devolappenhoidpviored &satments. n t hese screeni ng 30
assay thods can then be subjected to further testing to identify effective
phar macol ogi cal agents for the treatnent of disease or synptons of a

di sease. -23 16 THARRRESn Way2RAMIBADRORrRETHMBIAAR ARG IREy cBllg, demat i vel y,
conpounds can be screened for their ability to stinulate, enhance or

ot herwi se i Fé@ERleptalsgdf cealls by spharasisprskecIeaning eroany Sibpepplatien) ralfepigan

desirable, gy gnes.tﬂg!i JEHbnSdyShid 6 &%ﬁ&§h&?8& Eotnpdlinis BRE&ﬁé}%qct éelﬂﬁkﬁes
i nvention nmay be uUse o I'solate rare celTs (i.e.,” conprising 1ess ah . 1%
1% of the i rnylicte Resubhe ) 00%rof aheveelli IRle)expfessaphe cakécd penes $orathe 8qeerting not
limted to: cell reinplantation, cell_transplantation and cell transfection
or genbtic mERETHNC JbEdRvention mayelsothy q"é‘?ﬁ%?"aﬁ?f%“i“@ﬁ‘ﬁ?}m § aheeeeitién. The

| nvent i on ey 290 gl 36ckybihnle Shiglifing bhEBls Gt bt RegticaRUIPpiRsl. O

devel opnent of tailored trea

The present invention has been described relative to an illustrative embodiment.
Since certain changes may be made in the above constructions without departing from
20 the scope of the invention, it is intended that all matter contained in the above
description or shown in the accompanying drawings be interpreted as illustrative and not

- in a limiting sense.

It is also to be understood that the following claims are to cover all generic and
25 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:
30
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The invention may be utilized to screen conpounds on primary cells, for
exanple, taking 10l 1 cells by apheresis and screening on driyMARUIB0T

popul at i , than cell lines. The invention may ﬁl g@ sed to
screen cgﬁgﬁﬁﬁﬁgggﬁ imperfect cell lines, where less t éﬁ%q @#%?“?he cel

| i ne expresses the correct genes for the screening 15 program The invention
may alse %ﬁnméilized to screen conpounds on cells at specific cell-cycle

st ages, Fbr exanpl e, screening on cells only in the replication phase. The
present invention has been described relative to an illustrative enbodi nent.
Since certai ngggg- -.n the above constructions w thout
departigg fr%#§ tﬁ% c%%SOg&ﬁ%ﬁ “invention, it is intended that al

matt er cont anselbtiate t he above description or shown in the acconpanyi ng

drawi ngs be inéﬁrpneted as illustrative and. not . in_a limting sense. It is

al.so to be ufgel syrtpg sysiem formedmom the frhsate far sarting eclispasgd¥2al | generic and
25 specé{eh&eﬁﬁ_@g&uEﬁ.&a&gﬁ%eaﬂwventi on described herein, and all statenents
of the

of the Scope invention which, as a matter of |anguage, might be said
to fall therebatewessysHan forgied@ndhé hddtrhtedor sevenningoe]ls danl screentigaysteth as new
and protected hy. Letters Patent is: 30 -24 16 MAR 2007 WO 2004/ 025266

PCT/ USoBAR® SASBE Teio Fas Tixing oelts Paving thy rrodsferine eLsHE Withp €fbst rat e

a cell sohbhid SYSIRELiSh PEfbPRr gbﬁcﬁ&g%% & e f%@tréoinrl{jﬁuﬁ@ bhehd@ped on a

predeterm ned characteristic; and a screening systemfornmed on the substrate
for scrbaingpthegetdetermemiddt-hacctesiing system having a nixi ng region for

m xi ng cells having the predeterm ned charact.eristic wwth a test conpound
and a detection region for detecting the effect of the test conpound on the

cel|'s havi ngnk hfcBhISRR SiEnlero1LRA] FakBEr Rpfising a diGedtnp Bhhit] BbGrety St em
of claim1, further conprising a connecting channel betweén the cell
sor t i ngtheystlemtagdystbm andribestrerpinggysiem fov conmyingdelngtedaicBe fronh thekéls f r om

the cell Rl 0g SHR\ ISR feRC 22N g system

3. The microfluidic system of claim 1, wherein the cell sorting system comprises:

a first duct for conveying a stream of suspended cells in a carrier liquid, comprising
an inlet, a first outlet and a second outlet;

a sensor for sensing a predetermined characteristic in a particle and one of a size and a
velocity of a particle;

a side channel in communication with the first duct;

a sealed chamber positioned adjacent to the side channel, wherein the carrier fluid

‘i forms a meniscus in the side channel to separate the sealed chamber from the carrter 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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3. The mcrofluidic systemof claim1, wherein the cell sorting system
-conprises: a first duct for conveying a stream of suspended c&bIMaRiZBl7a

carrier |y@UoflyoBsygrrising an inlet, a first outlet andp@rgefapilehopyst! €t: a
sensor for sensing a predet erm ned charact eristic in a particle and one of a

size and a velocit a particle; a side channel in conmunication with the
first ddet; an §§&F@é‘1¥ﬂﬁ% pbelpim nuberai the affHalppCARRFSS ddovRaRbel |

wher ei n B%Eurﬁz@fl her fluid forms a neniscus in the side channel to separate
t he sealpe rrger' fromthe carrier fluid; and an actuator for nodifying
the pressure in the seal ed chanber to defl ect the nmeniscus when the sensor

senses said edet ermi ped char cter ere he .defl ect.i on of e
o st e G TR Syofety PReIoh b v pSEIAE PP ACTOST BTSN AIROYB | o
into thegpecond outlet while cel I S that do not have said predeterm ned

characteristic flowinto the first outlet. 4. The mcrofluidic system of
claim 3, V\/nerein the cell sorting systemfurther conprises a buffer for

absor bi sur.e ations uct. -25 16.MAR

5004/ 029266 é’é@@‘ S50 %m’r ¥ P BFtHRIET CQRapISES @?%Pmeet
wher ei n a&t‘ﬂ@to?‘ﬁirh‘ﬁ’éﬁﬁ fHRIRSVaBRSwWAL SOME §@a16tf chapitie? %béﬁ? essfire ke

m crofluidic system of claim 3, wherein the seal ed chanber conprises a

nmovabl e sealed ¢hamiber.The microfl uidic systemof claim5, wherein the actuator
conprises a displacenment actuator for noving the novable wall of the seal ed
chanber to nodify the pressure in the sealed chanber. 8. The mcrofluidic

system @f cl ghEmficrofARhiE5tdoh 8f aﬁwamﬁm@maé hStStoPBSnpHiseddne 8F AE L r OMAgNet i C
actuator and a piezoel ectric el enent . A systemfor screening a test

corrpoun@lectmmpgn%lpmgma@rpadtaiptﬁlzeelgﬁrlﬁﬁh‘gle@ystem for separating target
particles froma sanple containing the target particles, said particle
sorting systemconprising: a first duct for conveying a sarrpl e, conprising
an inlew, a fAgstenofriseice@ig adest 6GPMELID bthBEising:

a particle sorting system for separating target particles from a sample containing the
target particles, said particle sorting system comprising: |

a first duct for conveying a sample, comprising an inlét, a first outlet and a

second outlet;

a sensor for sensing a predetermined characteristic in a target particle;

a side channel in communication with the first duct;

a sealed chamber positioned adjacent to the side channel, wherein a cammier:
fluid in the first duct forms a meniscus in the side channel to separate the sealed
chamber from the carrier fluid; and B

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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a sensor for sensing a predeterm ned characteristic.in a target particle; a
si de channel in communiication with the first duct;.a seal ed Cf?ﬂﬂ??ﬂﬂ?
posi ti ongflpagisase@t to the side channel, wherein a carripgijysabozidbddog N t he
first duct fornms a neniscus in the side channel to separate the seal ed

chanber fromthe carrier fluid; and an actuator for nodifying the pressure
in the d$Bal ed BRkAMEF tostingan eifect of peompimidon astapgsd fell. CEMPEIFEEr senses sai d

pr edet er m ne‘%ﬁhgﬁg’%&{éﬁﬁ%&edﬁﬂ%ﬁ% t%&edgglg}ag%}m@ of the nmeni scus causes

the target parti avi ng sal etermn aracteristic to flowinto
t he second oubtiheyingucllehpang thelpesictdmminedchacictadnatetisaigh a @madetnerammed
characteristi.c flowinto the first outlet; a m xing and i ncubation region
connect &Y PEPRLECRULSAY outl et for receiving the target particles and a

t est COWPOU”%ﬁﬂciﬁ@%ﬁ&ﬁ%&g&ﬂ?tﬁe%&hﬁq@%.ﬂd with the target particles;

and a detection region f etecting the“effect of the test conpound on the
target particles. -26 16 MAR 2007 WD 2004/ 025266 PCT/ US2003/029198 10. A
nmet hod of testing an effect of a conpound on a target cell, conprising
sorting a set of cells based on a predeterm ned characteristic, conveying

cel I's hayi ng At AehiBl @¢edr8étihfedmeR RS, (@ hipsiksing: t hrough a connecting channel
to a mxing region; and introduci'ng the conpound to the m xing region. 11.

A net hod of setisgaisaigofmellstor separatel assubpopraticn ofgrells fotn thg set; set of cells to
separate a subpopul ation of cells fromth et; . adding a compound to the
subpopul at i oﬁg‘glflgégﬂn??“%ﬁiﬂ’ tﬁ?l%\‘}h}’?]’wag‘]?%%f%e@ﬁ’p@ﬂul ation to deternmine the
effect of thanﬂs)ﬂﬁgmueﬁoﬁdﬁﬁion&u BPeRHIne thO&¥ R ct 6 EiHeTombdund'oirBichod of

anal yzing a side effect of a conpound, conprising: providing a set of
primary cel | subpepulatign ohesllsonpound to the set of primary cells; neasuring
the primary cells to determ ne activity caused by the conpound; separating
primary cells having the activity fromprimary cells not having the
activity. 13. The nethod of claim 10, wherein the predeterm ned
characteristic is the presence of a o
12. A method of analyzing a side effect of a compound, comprising:

providing a set of primary cells;

adding the compound to the set of primary cells;

measuring the primary cells to determine activity caused by the compound;

separating primary cells having the activity from primary cells not having the activity.

13.  The method of claim 10, wherein the predetermined characteristic is the presence of a

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 microfindic 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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desired marker. 14. The nethod of claim 13, wherein the desired marker is an
anti body, enzyne, substrate, cofactor, fluorescent dye, or{ER rgljr gene.
WS

15. A nmeilepshod@isagcreening for the ability of a conpoungctes t he
activity of a cell, wherein said cell is contacted with a test conpound and

said cells response to .said test conpound i s nonitored using the

m crofl udic Wgﬁt’é'ﬁlsé‘ld efls frepmcelly ﬂl”éﬂoﬂohﬁ%‘ﬁ’dge gesined BheRqtiRf-a subpopul ati on
of cells froma cell population using a mcrofluidic system conprising;
identifying cells froma popul ation that have a desired phenotype; and -27
16 MAR PD07 ThMOn2tod/of 2646 6 6 PeliérS2id 8410gg @ oni 1s ohlatre nf1setrtal mahiry fr om
cells that do.not have the desired phenotype. 17. The nethod of claim 16,
wherin said 1 population is culture of isolated primary cells. 18. The"
met hod of claim 16, wherein the cell populationis a cell culture. $ 19. A
met hod of isolating a subpopulation of cells to be used in cell )
t r anspl tht at Tenmethwd of slaig; 16, whemin thy icely pepilatsonis alvelh culdgrier ed phenot ype; $
isolating said cells using a mcrofludic device; thereby isolating a
subpopul ation of cells to be used in transplantation. 20. A nethod of

isolating a AYRRRGPYE RbIAAg Qfsulfﬁ%bh}?atibﬁ oP8IBAH Bk uS& inkeMAh§HI&faPr i Si ng,
identifying a subpopul ati on of ‘cells based on a desired phenotype in a cell

popul ation; cimpiismg;ng said cells using a microfludic device; thereby
isolating a sub ul ation,of ,cells to be genetically nodified. 21. The

met hod of cI%eﬂﬁ%gﬂéyéﬂﬁ?‘%eﬁfrﬁéB]éffqomehat are isloated to be genetically
nodi fied arBohfhfpdiadetusing AmPdtbiledit devide; A Met hod of isolating a
subpopul ation of cells conprising, identifying a subpopul ation of cells

di spl ayi ng athewbly isjating assubpepulptean of cellptn heewsed in gansplangiiiosai d cel I's using a
m crofl udi c device; thereby isolating a subpopulation of cells that are in
t he sanme phase of the cell cycle.

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 1sloated 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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23. A nmethod of testing the ability of a conpound to nodul ate an enzymatic
activity in vivo conprising;, admnistering to a popul ation ﬂ?cﬂﬁekﬂlﬂf a
conpound that when acted upon by said cellular enzyne becones escent ;
and neasuring said cells fluorescence to determine the ability of the
conpound to nodul ate the activity of the enzyne. -28 16 MAR 2007 24. A
nmet hod of isolating a subpopulation of cells froma cell population using a
mcrofluidic cell sorting device conprising; identifying cells froma

popul ati og,in 1 i not X i.sql ating said
cells fr oran4'cel ﬁsﬁ%tﬁ%cf&eg&no gzﬂ%&@o@%ﬁ%@é:ﬁggﬁp 03?13%‘? §° eﬁ%gﬁ"ﬁfa ga

m cr of | ui diicrofleidic cetirsbiting ddeve cempridgy, ei n the step of isolating said cells
conprises the steps. of: conveying the mxture inecluding. cells having the
desired phenot BU%ing <cf ff_ md{wgg?a&anﬁmmﬁa% ﬂméa%feasﬁ?eggef ahf@ﬂapwagt hr ough
a sorting chanpglatiRg sdifdGel¥ fFonPteéllithht €o nbEhdve BRY debsindll SIRMbEGBe udisd 1Y an
actuator in the mcrofluidic cell sorting device to apgeqy a pressure pulse

to a cel | merofluigictded sesivg devdcp eheraiy the step o isblagiog saifh eelbsedomphniges thestepseof:
desired phenotype | a fir | et,. of rting. el whi | ells
not having the desi é@&gylg%ieﬂr?orﬁ@(ﬁ)lgyhc@\?vml%ncf fc])plgavzﬁggc%ﬁgg%%p I%g%]m@fpetaﬂg%%l%rti ng
channel , and atmapddnsthatdithe gessdphendoypesbrough 4 hatiggchanngl dfhlsamikoflisdiog a
buffer. 25. The t hod, of claim 24, wherein said cell population is culture
of isolated prfHaiVN&EIvI€; 26. The nethod of claim24, wherein the cell

popul ation is a cel hsigdhd di®itorad the RroTRIdAOELIRortl Bl cd 4o a feBsukdre

h
pressure pulse is applied by deflecting a mneniscus forme bge ?I uid at an
i ntersection bptleetern eglldiadias thrdesieed phenetyperioredastitonmcali hawingtike desed | ng
channel and a I C i te40 . adj i C e| . 28.
The net hod of @ﬁegfﬁgﬁwgmétéﬁ ﬁ&tqrtt{éh%ﬁglsn SJP?“%B@%&)?%BS’BE% 5’2‘%? ‘E?H%@F ?1 ecting
a nmeniscus f ophedtypy foliht Bdecamnl dutleesfiResdring dahvedemda si de channel in
comuni cation with the  sorting channel and a seal ed chanber. positioned

adj acent to the si GRDSCYDIRGE Prosgire g Wb eting chanag! 45198 4 DAFER of n t he
pressure pulse is applied by deflecting a neniscus forned by fluid at an

i ntersection between a side channel in comunication with the
25.  The method of claim 24, wherein said cell population is culture of isolated primary

cells.
26.  The method of claim 24, wherein the cell population is a cell culture.

27.  The method of claim 24, wherein the pressure pulse is applied by deflecting a
meniscus formed by fluid at an intersection between a side channel in communication with the

sorting channel and a sealed chamber positioned adjacent to the side channel.

28.  The method of claim 27, wherein the pressure pulse is applied by deflecting a
meniscus formed by fluid at an intersection between a side channel in communication with the

sorting channel and a sealed chamber positioned adjacent to the side channel.
29.  The method of claim 28, wherein the pressure pulse is applied by deflecting a

meniscus formed by fluid at an intersection between a side channel in communication with the

sorting channel and a sealed chamber positioned adjacent to the side channel.
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sorting channel and a seal ed chanber positioned adjacent to the side
channel . -29 16 MAR 2007 30. The nmethod of claim 29, wherein tqﬁ pressure
pul se is applied by deflecting a nmeniscus fornmed by fluid at a8 ARtV sect i on
bet ween a side channel in conmunication with the sorting channel and a

seal ed chanber positioned adjacent to the side channel. 31. A nmethod of

i solating a subpopul ation of cells in a mxture to be used in cel

transpl antation conprising; identifying cells with a desired phenotype;

i sol ati ng,sai dcell si-ng. a,mcrof.luidic cell sorti eyice,. wherein the
step of Plol alfeielel 3T ol erisfiS ayIsR & ol PR Bl g cel s
havi ng t heneglBsiy fofinedoemgiti ipsn aRdsectdd Betbteata dide dhahnd) &y Corhienid@finlveith the
phenot ype t hrough % S rtiqg channel of the mcrofluidic cell sorting

devi ce, usPHgs shpngekand poealfdichambenpesitmed adipeent o the sigs thangeldevi ce to  apply
a pressure pulse to a cell having the desired phenotype to deflect the cel

having the desired phenotype into a first outlet of the sorting channel
whi | e cel B$. not methodef istlatingpssubpopulghend celisan flnpwtirntodeaissdimosl out | et of

the sortin nel ., and .absorbing the pressure pulse in the sorting
channel uggW%ﬁgPtﬁPfgﬁ?g%§$lecting the cells having the desired phenotype;

and using a t higeniifigadetisl withiaplepitddgihienny@f;, cel | s contai ning the desired
phenotype in a, transplantation. 32. A method of isolating a subpopul ation

of cells in a RPitine&id eelsasgemericedluidic rRlioringalevissnphsreindbs stRiet i fyi ng a
subpopul atd,Rfin@taid 8ilsScoprREs &Bv@i%§h‘iﬁ$e9ﬁﬁ%ﬁé’ B81shvifg AR desip@pul ati on;
isolating said cells using a mcrofiurdic cell sorting device, wherein the
step of iphalogperayd selsdhasaloirot bayephd desisedphenetypathrevghi asorting dhawielidfthg cel | s
havi ng t he.. el fied. o RACAOLLRE. AN CRLL I AP0 A0k, BRve! LR, da8lia
phenotype"}%Pough 5 S0 %gﬁ charner” 51 e R?%?é? UrGiE" eer OH%IHQ

devi ce, uapylg la@nasacré paltsé)ll.’ol d :EalltH&Qinlgitﬁd’ an(‘;lred pﬁego@ﬁb to dedletd tBGCngﬁvﬁ@ th® app: Iy
a pressure pulse to a ce avi ng the desire not ype t ef| ect .the ce
havi ng t hdesigd ensnadynsHatac: rpferutint of tge qurtrl%&chamq?@ﬁ' sﬁelfwt gws g dem?gna

whil e cel hﬁed‘bﬂ?e%?ﬂ A8 4 foMeStIeeot thﬁl&ﬁﬁﬁ’é ARBndl! le Ab%rBing tﬁf&@ﬁgre%we% of

the sorting chiannel, and absorbing the pressure pulse in” the sorting
channel ugiesgrtmgloharinet psimgalbygfderet i cal |y nodi fyi ng cells containing the

desired phenot X(B%cttirbf tthe Qea:le%aQ%ethé geoskrg Sfclienotype; and
using a thus isolated subpopulation of cells containing the desired phenotype in a

transplantation.

32. A method of isolating a subpopulation of cells in a mixture to be genetically modified
comprising,

identifying a subpopulation of cells based on a desired phenotype in a cell population;

isolating said cells using a microfluidic cell sorting device, wherein the step of
isolating said cells comprises conveying a mixture including cells having the desired
phenotype and cells that do not have the desired phenotype through a sorting channel of the
microfluidic cell sorting device, using an actuator in the microfluidic cell sorting device to
apply a pressure pulse to a cell having the desired phenotype to deflect the cell having the
desired phenotype into a first outlet of the sorting channel while cells not having the desired
phenotype flow into a second outlet of the sorting channel, and absorbing the pressure pulse in
the sorting channel using a buffer; and

genetically modifying cells containing the desired phenotype that have been isolated

using the microfluidic sorting device.
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using the mcrofluidic sorting device. -30 16 MAR 2007 33. A nethod of

i solating a subpopul ation of cells in a m xture conprising, iqgn iﬁmtng a
subpopul ation of cells in the m xture displaying a cell cyclé M&b pecific
marker; isolating said cells using a mcrofluidic cell sorting device,
wherein the step of isolating said cells conprises conveying the m xture

i ncluding cells having the desired phenotype and cells that do not have the
desi red phenotype through a sorting channel of the mcrofluidic cel

sorting device, using an actuator in the mcrofluidic cell sorting device to
apply a pressure pulse to a cell having the desired phenotype to deflect the
cel | having. t ha metsd beRolatien®subpepulaicn o cbily iata ritturetompridily sorting

channel while cell s not having the desired . phenotype flow into a secgond
outlet of the &spifving xrikrarilationnd celisiaths Iﬁ@itttrﬁélsmyaé@g@@“ﬁmlg glaggspegifig
sorting chappe! using a buffer; and thereby isolating a subpopul ation of
cells that are’in the sane phase of the cell cycle. 34. A nethod of
isolating a sulimtqﬁug aaiti oellsofsingsl mis:raszicljeccllsmitiligﬂewéiel wheraimgji step of | on
conprisin st.eps i dentif |red ot and
sor at § ng e SAREImer B 1o PP Rk Gr e OB SFE AR aTBE TR e ng

m crof | ui ghenotR\inG eellsvh@rddi vt hA\@ thé eRired pmaiy@é tHRGU O 90 tireechahigol agthan
actuator in the mcrofluidic device to a_pressure se tqg cells

havi ng t hénigreduidircellserpeydsuicr-isiecnanfator trﬁxﬁwqf@@'ﬂldl%lel’§°”1H5\¢FY1@‘= ©he
d d | d
esire pr&ﬁ@?%ﬁ&sﬁr@&aﬁls@&f 4 Eegf' e} tﬁé dé@gh Sor Bleﬁ t@@f{]ﬂe@?t‘ﬁb el B%F%qﬁé' re

phenot ype into a secon € pressure se using
a buffer, desiedghyndtyms iato mﬁysaoml@bqﬁdbwkaungwhaoﬁelo&éﬁksﬂmdﬁéwsg&m%mred

transpl ant %eno?ype ﬂow3i}1to a second outlet of the sorting channel, and absorbing the pressure pulse in

the sorting channel using a buffer; and

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

34. A method of isolating a subpopulation of cells to be used in cell transplantation
comprising the steps of:

identifying cells with a desired phenotype; and

isolating said cells from cells not having the desired phenotype using a microfluidic
device, wherein the step of isolating comprises using an actuator in the microfluidic device to
apply a pressure pulse to cells having the desired phenotype in a channel to deflect cells
having the desired phenotype into a first outlet while cells not having the desired phenotype
flow into a second outlet and absorbing the pressure pulse using a buffer,

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