UNI TARY CARTRI DGE FOR PARTI CLE PROCESSI NG Rel at ed Applications The present
invention clains priority to U S. Provisional Patent Application Serial
Nunber 6046380caRR6783eNtitled "Unitary Cartridge for Partipclrarssasiousngs fil ed
Decenber 3, 2004, the contents of which are herein incorporated by
reference. Field of the Invention The invention relates to a nmethod and

apparatus for processiNer RY'¢ARIRIDUE FOTE PARTPICION PROEBESINEUS f of

sorting particles base n predeterm ned characteristics. Background of the
I nventi on Conventional systens for processing particles rely on a nunber of
separate, unintegrated conponents that are separately manufactured and
assenbl ed on site. Such conventional systens are unw el dy, and may suffer

from potenti RE]a@éH‘Aﬁ@&%foinen probl ens. For exanple, in conventional

particle sorTTng systens he particles or cells to be sorted are suspended
(the suspension) T arescirxqmv@nmclamqmmws@& Provigorgl PateabApplesation of

reservoirs, §§$ﬂ§ g?fgﬁagc,on *‘Uﬁll eﬂg@art}l Eélf"?%rtgc(fé)@%rﬁﬁ%’l rﬁzgl gh- speed

referred to ["ai sur n-conven

opti cal SOFtD'é&edeﬂe, mmpﬂﬁ%ﬁ&n&aﬁsﬂﬁcﬁhechmﬁn copozdt&l tndfdrendeor med into
a streamof droplets (the aerosol phase) before being captured in
destination chanbers. That droplet stream (aerosol) touches or contam nates

any area w tEie'i'd BQ,@ ﬁX% ﬁmlt hat is not explicitly sealed away fromthe
stream as i 0 otherw se guarantee that stray or inproperly
fornmed aes osol wi The 'rmbntm:ratetaeas td i nadthoddandexppamans. fofmmocdsking ppricpasseichlak

surfaces that are not ex |t| seal off fromthe aer hase are
consi dered pafethpd aflr?épa‘%“a gﬁ?‘?aa?& Qn'preldﬁteﬁﬁw ﬁg?)rf’&ﬁ%ﬁt’icﬁ'ns t hat

enpl oy particle sorting and ot her particle processing, in particular
clinical applications or pre-clinical research, it is inportant to ensure

"oper at or i sBhekdronhd sfithedmveptioniuct i sol ati on". Operator- isolation refers

to protecting Conventional systems for processing particles rely on a number of separate,
15  unintegrated components that are separately manufactured and assembled on site. Such
conventional systems are unwieldy, and may suffer from potential contamination

problems.

For example, in conventional particle sorting systems, the particles or cells to be

sorted are suspended (the suspension) in a liquid medium that passes through a

20  collection of reservoirs, tubes, chambers, nozzles, and/or fittings (collectively referred to
herein as “fluid contact surfaces”). In conventional high-speed optical sorters, the
suspension passes through a nozzle and is formed into a stream of droplets (the aerosol
phase) before being captured in destination chambers. That droplet stream (aerosol)
touches or contaminates any area within the system that is not explicitly sealed away

25  from the stream, as it is difficult to otherwise guarantee that stray or improperly formed
aerosol will not spatter in all directions. For this purpose all surfaces that are not
explicitly sealed off from the aerosol phase are considered part of the “fluid contact

surfaces.”

In many applications that employ particle sorting and other particle processing,
30  in particular clinical applications or pre-clinical research, it is important to ensure
“operator isolation” and/or “product isolation”. Operator isolation refers to protecting

the operator from exposure to the particle suspension, for example, when there is a



the operator from exposure to the particle suspension, for exanple, when
there is apossibility of infectious disease agents existing within the
suspensi oNO 2bvepdumss | sol ation refers to isolation of thecsusp@ssuzdes from
contam nation with traces from outside the suspension, including

contam nation fromthe environment or fromprior suspensions that have

passed t hr oyghsitiie SfahfebfichsNEh&MgechRXRHhE Midin Selhipedsisy SPRIEctaslatesrher
particle processing systens require operation in sealed environnental

chanber s t o refierstp deolasioarod ths suspesisioni feam cepemination wihdeaces/ e apfsidgtheens ar e
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order to guakamheeppsattifdugh 30 @irfigsydteeh.t he manual steps required to
di smantl e, clean, or replace conventional fluid contact surfaces represent

a risk of breaki 280 operator isolation. Summary. gef the Invention The present
i nventi of provi déomyeryjongl sorinatysieats awd oLher PRGIGE RIBFESHAR FYHEHEIHISr ocess

on a particlg eraﬁUIfcrghr &3leB2hbir erﬁ;ﬂrch Rfers i flovRRGARMAL AR, Wl

contact surfaces use with mcrofluidic particle processing technol ogy.
The encapsultixse dypesdf syseenid are diffioult scterscr Wik emnialspessions. nidoroeesorel
pronotes operator isolatjon and/ or prqduct i on...The cartri dge may
enpl oy any SYSEREFEUEEH ‘?rdf’}ga‘fe&enbg’b‘ggﬁ?%%&ggﬁtb% ﬂ@’sd < E?(?g§u(§‘faﬁ o a
first aspector@dr td BRarkM¥EPURE isAatibl dndltHe Rafhdl @i_ePs RIqREes & disn&dlel Elegig@rf or
performng a process on a sanple conprises a unitary particle processing
cartriddgé hasemlaee donvendipneldirid epntactsurfa¢es reprpyeotessk abbredips aparatof or
processing a sléat{g)l e and a plurality of fluid contact surfaces encapsul at ed
in the unité?%/ pﬁrti cle processing cartridge. Al fluid contact surfaces in
the unitary particle processing cartridge are encapsul ated and sealed from
an exterior environnment. According to another aspect of the invention, a

particle sorting systemconprises a unitary cartridge having forned thereon
a particle s tio particle source upstream of the particle

sorting ConponentTﬁe;tfresgﬁﬂM{/éHtiBﬁ PPVilidsd §801k QisPSsab R Laftfh kO fdr Iﬁ@rf@ﬁx‘iih% gl e
sorting conponent, sheath fluid reservoir for providing sheath flTuid to
suspend 15  process on a particle, such as particle sorting, that encapsulates all fluid contact surfaces
for use with microfluidic particle processing technology. The encapsulation of the fluid
contact surfaces insures, improves or promotes operator isolation and/or product

isolation. The cartridge may employ any suitable technique for processing particles.

20 According to a first aspect of the invention, a unitary particle processing
cartridge for performing a process on a sample comprises a unitary particle processing
cartridge having formed thereon a particle processing component for processing a
sample and a plurality of fluid contact surfaces encapsulated in the unitary particle
processing cartridge. All fluid contact surfaces in the unitary particle processing

25  cartridge are encapsulated and sealed from an exterior environment.

According to another aspect of the invention, a particle sorting system comprises
a unitary cartridge having formed thereon a particle sorting component, a particle source
upstream of the particle sorting component for providing particles to be sorted to the
30  particle sorting component, a sheath fluid reservoir for providing sheath fluid to suspend
the particles and a keep chamber downstream of the particle sorting component for

collecting sorted particles.



the particles and a keep chanber downstream of the particle sorting
conponent for collecting sorted particles. According to still another aspect
of the inwenvismo7sa nmet hod of processing a sanple, conprcsas2iBe4®6Eps of
inserting a unitary particle processing cartridge in an operating nmachi ne
and instructing the operating machine to performa process on a sanple
sealed within the unitary particle processing cartridge. |In another aspect,
a particle processing systemconprises a particle processing chip

conpri sing a pl urecordingip sitilanebrbsnestf frednperdioass methodwd processingyer f or mi ng
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subst ances toperfiflg fifabiiiht Bed PRfrhdtigehOs ity Machif to,petfolinlagescetosn aount i ng
the particle processing chip to the cartridge to place the chanbers and
fluid pafhs samplersealedithingde upitary PaTtiglcRIRFIANE 4B1BRES t h t he ni cr ochannel s
and a plurality of aggregating tubes for receiving and aggregating
processed sanples fromthe mcrochannels. In still another aspect, a
unitary particl e Ipanatbasispert,copdrticld gecksingrysteor canngisas ppatiekprocesgnganpl e
conprises a unitary, particle processin artridge .havin %gr d t.hereon: a
particle prGE’@s“s‘ﬁ“ﬁﬁlSH’@@dﬂH@ﬁfﬁ?ﬁPw 3@‘%&5 ﬂ’&péo%éﬁﬁgé‘}e S 19 BPRPTE of 1 ui d
contact surfaces) »/oedRed ot MeluBlity S8pRRE ol dakthide CORRIg aMurdlity gFast one
fluid path,pencaH%u?atéh i%?ﬁ%m}%nitafy bgfticI% procesgiggucaytridge,

wher ei n 1al | chambets endflaidipathsrfbapresiding andgecmying sybstances toland grone hepiariiple
cartridge are encapsul ated.a seal.ed from.an exter.ior,.envi,ron t and
Chen cal o aoes ghe guidstipr SSH e bE STER S hg BB N sRagRR: &
chanber of theed dHahhgR: anATRAd PatAgof Be 3RNBHdIRIin ABREEIMMAInitMton wiiethei on, a
unitary particle processing cartridge for performng a process on a sanple
i s provi ded miewmepainslsifgda nlvritityrof agaiegatinedubesoer s iV ecandiagegatingavi ng
formed ther X i i nponent for processing a sanple; a
plurality o&ﬂgFal8Q%%hkggﬁngﬁgﬁgggfgggﬁﬁbrising at | east one fluid chanber
and at ligast one fluid path, encapsulated in the unitary particle

rocessing cartrid wherein all fluid contact surfaces i.n the unitar
Barti cle gr oces silﬂgt%(’l, alpqtp?rdaé%ect, a unitary part(icle processing cartridge for pert%rm{r]lg a y

process on a sample comprises a unitary particle processing cartridge having formed
thereon: a particle processing component for processing a sample, a plurality of flmd
contact surfaces, comprising at least one fluid chamber and at least one fluid path,

20  encapsulated in the unitary particle processing cartridge, wherein all fluid contact
surfaces in the unitary particle processing cartridge are encapsulated and sealed from an
exterior environment and chemical reagents for performing a process on the sample

stored in a chamber of the cartridge.

25 According to another aspect of the invention, a unitary particle processing
cartridge for performing a process on a sample is provided, comprising a unitary particle
processing cartridge having formed thereon: a particle processing component for
processing a sample; a plurality of fluid contact surfaces, comprising at least one fluid
chamber and at least one fluid path, encapsulated in the unitary particle processing

30  cartridge, wherein all fluid contact surfaces in the unitary particle processing cartridge
are encapsulated and sealed from an exterior environment; and beads used for
performing a bead-based depletion or detection on the sample, wherein the beads are

stored in a first chamber of the cartridge.



are encapsul ated and seal ed froman exterior environnment; and beads used
for perform ng a bead-based depletion or detection on the sanple, wherein

t he beadsweneostsorssd in a first chanber of the cartri dgecirnusy@s/oasyes her
aspect of the invention, a nethod of processing a sanple is provided. The
met hod conprises the steps of providing a sealed unitary particle
processing cartridge and taking the sealed unitary particle processing
cartridge to a biosafety hood, where the sealed unitary particle processing
cartridge is | oadegetarothen aspaepbfthe onvisatiqn, ecestbediotprdcessipgecempleris neans

f form ng . t he . le, T th led unitar ticl
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unitary particle processing cartridge using the processing neans. Then, the
seal ed uri t drigsafdy hped, avhsrathe sealedjumitary partigle precesung sartrideedsonded witkpat i ng

machi ne, an i a.biosafety hoad . gS. [ ve he
seal ed unit a%"‘?‘p P tble&r%ceﬁsfegcaélg g ipﬁ%ceg%fr?g %%glgscejf()? @%?Jgfm@ggﬁr%ﬁ oglnti%g ﬁﬁﬁlg'
Fi gures Fi gurt@enlthielskdled tit2$ patipRIpro@dssing odrtridy@ is isérdd iafantdperafing or art .
Figure 2 illustrates a unitary cartridge for@ﬁfrticle_processing accordi ng
to an il ustPashine Ernperatesmashinepgopesdtethiq Gfect mogessmgrtia sampiersgpled o
unitary cartgj - e ] i i i ve
embodi went of et AisRPbikElepAEshE NS froBeh ikt MihctPine
sorting mar tsehlddanivdry parteidpdcessing caftridgeas remevedi foom theodpediting nsachine, and,
aggregation filter,_ Figure 5 illustrates a unitary partjcl.e sort.ing
cartridge ofingmieRELY BAbardferEd SEMPRES TAYRY o MREFAIEH RIARURBLC
filters forlﬁgagﬁgékgﬂggkiquid | evel and/or the concentration of sheath
fluid, as well as providing sheath recycling. Figures 6A-6D are CAD
drawi ngs of an enbodi ment of a unitary cartridge for particle processing.
E;?Hied;el lo:‘ rslgfﬁgsec% %r(}neoth)l(l)ed {nﬁ%s of a unitary particle processing

15 Figure 1 illustrates a particle sorting system of the prior art.

Figure 2 illustrates a unitary cartridge for particle processing according to an
illustrative embodiment of the invention.

Figure 3 illustrates a unitary cartridge for particle sorting according to an
illustrative embodiment of the invention.

20 Figure 4 illustrates a unitary particle sorting cartridge of an embodiment of the
invention including an aggregation filter.

Figure 5 illustrates a unitary particle sorting cartridge of another embodiment of
the invention including pumps and filters for controlling liquid level and/or the
concentration of sheath fluid, as well as providing sheath recycling.

25 Figures 6A-6D are CAD drawings of an embodiment of a unitary cartridge for
particle processing.

Figure 7 illustrates an embodiment of a unitary particle processing cartridge of
still another embodiment of the invention including a trap filter for filtering a recycling
line from a recycle reservoir.

30 Figure 8 illustrates another embodiment of a unitary particle processing cartridge
according to the invention, including a pump-based supernatant recycling component.

Figure 9 illustrates a unitary particle processing cartridge of still another

embodiment of the invention, including a pump-based supernatant recycling component.



still another enbodi nent of the invention including a trap filter for
filtering a recycling line froma recycle reservoir. Figure 8 illustrates
anot her ewbadiemsotssof a unitary particle processing cartcrdgeodoenssii ng to
the invention, including a punp-based supernatant recycling conmponent.
Figure 9 ilt1ustrates & unttary” particle processi ng cartridge of stil

anot her enbodi nept of e | vent| I nc] udi n d su er nat

recycl i ng conpon poree} %‘E]Pétr{{ﬁs?wl P& péocifg?lf’%%ﬁ%ﬁtl? piding (5’88%”3‘%
cartridge igg eﬂ%aﬂﬁr&yan@sl?@khpuﬁﬁg)@hmdvae&erfﬂ&vsﬁdﬁtg pSMpd.em using a hol | ow
core filter and no ures 11A-1 1Cillustrate unitary particle

processing cartr thyeesl ld%\eg}@a1lmtraﬁetulmtmmarttqlmor:eq@nmcertadg@m@ﬁgrmed vitbae
appl i cat i Onfnoltlwegﬁ)lg e;a%pagﬁl% tf’ thg%[)qlsca&&ﬁa‘oigtﬁpl ent hOt ographs of a

prototype o € priocessing car % of an illustrative

enbodi ment of t hejgupssania-oID ai'_d;Qid)lt(%r:ip'ilsIok"b@ﬁdtb%é&f@ﬁﬂﬂtdi?lpaﬂi@wprﬁéésmﬁg of a
unitary particle processing cartridge for processing particles, where the

cartridge syﬁréiﬁeélfla@%ﬁlsffétﬁvea%b‘éb@ﬂ“cﬂfﬂéﬁméierm%‘cessed sanpl e of f - chi p.
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unitary cartri dge performng par e processi ng-parti
sorting, onfa p&@dmhﬁg pattielegrvetseaitheicantadgd systen allovisefod egaregatiod ofel ow
relative to iIIuqu]ratlve e od| ments. Those skilled in the art wll

appr eci at e PsEsseheaRle 8ENIP-nventi on may be inpl enented in a nunber of
differenpy applications and enbodi nents and is not specifically limted in
its application to the particul ar enbodi nents depicted herein. As used

herein, a "W@gﬂlﬂ@ﬂection of chanbers and/or fluid

th t hat Kk i.nal .yni b
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chanbers, i pro@essdigl icliengdmirtidle séitigdrya saniihie dThd\bﬂeh@lt mviaﬁﬁomwnp@en ents,
such as channels or tubes connecti ng chanbers, be flexibly linked. As

used her ei ndescribed elaw relpdyotol ilipgrasve papediments. h@?%%‘%lrlﬁdom theedrt wall f or

handl | Ngs 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

particular embodiments depicted herein.

As used herein, a “cartridge” refers to a collection of chambers and/or fluid
pathways that are linked together as a single, unitary object that can be transported or
20 moved as one piece. At least some of the components, such as chambers, in a cartridge
may be rigidly linked, while other components, such as channels or tubes connecting

chambers, may be flexibly linked.

As used herein, the term “microfluidic” refers to a system or device for handling,

processing, ejecting and/or analyzing a fluid sample including at least one channel

25  having microscale dimensions. The term “channel” as used herein refers to a pathway
formed in or through a medium that allows for movcment of fluids, such as liquids and
gases. The term “microchannel” refers to a channel preferably formed in a microfluidic
system or device having cross-sectional dimensions in the range between about 1.0 pm
and about 250 um, preferably between about 25 um and about 150 um and most

30 preferably between about 50 um and about 100 pm. One of ordinary skill in the art will
be able to determine an appropriate volume and length of the microchannel. The ranges

are intended to include the above-recited values as upper or lower limits. The



processing, ejecting and/or analyzing a fluid sanple including at |east one
channel having mcroscal e di nensions. The term "channel" as used herein
refers towe 2patdswmy fornmed in or through a nedi umthat eclrassosonssdvenent
of fluids, such as liquids and gases. The term "m crochannel” refers to a
channel preferably fornmed in a mcrofluidic systemor device having

cross-secti giabciinfBRah Bive 4y stef&@teﬂ@ﬂﬂﬁ HeHuREM @R Bthmbld ofwhalhdnalgeh 250
nm preferably between about 25 mm and about 150 nm and nost preferably

bet ween abolineasOr non-kincar gboliguratom ancha sbapst copligwraiign.skill in the art will
be able to determ ne an appropriate volune and | ength of the m crochannel.

The ranges are iptended to i . e- i S, upper or

|l ower limts. Thglr%uger g%:shaa%r?gl%%:%%ﬁﬁgggfgrgﬂgycsceolrnga%t Eélgﬂlsc%a ée‘!&gsr f’illaar rangenment,
exanpl es of covietiorial phrtidie sartinigngstemat tiopridriante aks shom gusmichtionad Byktém
U-shaped configuration. Figure 1 is a general schematic of fluidic contact
sur f ace %ysﬂ%ﬁ%’h}(ﬂ‘?sacélé)?ﬂ)ﬁ?ﬁl%ﬁ&aﬁé?WP‘éPgshﬁF ﬁ‘HS léyg’ﬁ’éﬁlafﬁusleﬁéo prior art.

As shown, af:ﬁ@ﬂi‘éﬁr&t\i/e?{%ha%l’djfo‘?%w I SEApUAER Prfibd. ABME 56 Kofithi fhe coll

reservoir o eath ich are used to establis behaved
core fl ow ofowscsieadiedheptarchambas 14 Tabestihf nodde 2dnAsckrasblegphasd tegoor2od 12

d sheath ch 14 t ti | 0. Al | ph i 22
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capture chaghengy %ﬂ@ele@ﬂ&pl(l | 2Red2Y ikRaPhicPielkaEPbseth BF Selidhdr phrtieRk @Fd ed

subsets of cells or particles are directed. In the conventional sorting
system 10 oflirghiteggire 1, fluidic contact surfaces include at |east seven
di fferent conponents, as well as all surfaces contiguous to the aerosol

phase regi on 22, 1 DREaEEALOR! Bl SPlAABIHialrl 1 3kiafl doREL QRfcduT i ng
initiation of flow or ow bl'oc aée events, OF netessity, 1n I's type of
convent i onainchyietae wadtGevdrhdiffereac@mminant cassval Has alPstibfanessdionbigucaped ttehanber s

in order to be accessible to droplets. The oPen, cqf]:@Tber,s y. i ntroduce_ or
i ncreate coAtarAlRARICIRSIOR 2&xbrsawse diorlpe Fat BalteinaledIFRSHRRS AMnRIRIHRTOR e
chamber's. - Pl Y R8cilab Lothi@UOF Aleckd), Hithis (9 BnidyiRAll SHERITD, the
reservoir 14 using a pnedmatic (gas) préssure applied through an external
port (not shkaep) chambdio24n, 2éls etusoha epen Thambere s1s order todretaccemiblretolduoietd. by
sterilefiILrErs, V\/r}lich . . .

€ open chambers may introduce or increate contamination or expose an operator to
the material within the chambers. Fluid may be driven out of the cell source 12 and
sheath reservoir 14 using a pneumatic (gas) pressure applied through an external port
(not shown) on those reservoirs. The pressure port can be locked by sterile filters, which

20  present additional objects to be cleaned or disposed.

The components of the conventional sorting system 10 are typically separately
movable elements that are not sealed from each other or the environment. Nor are the

separate components built on the same substrate.

Throughout the application, similar components of different embodiments of the

25  unitary particle processing cartridge may be designated with like reference numbers.

Figure 2 illustrates a particle processing cartridge 100 for performing a process
on a sample, having many, and preferably all, fluid contact surfaces encapsulated
according to an illustrative embodiment of the invention. The illustrative unitary
particle processing cartridge 100 can be designed to perform any suitable process or

30  multiple processes on a sample. Preferably, the unitary particle processing cartridge

performs a microfluidic process on a sample. The cartridge may contain one or more

6



present additional objects to be cleaned or disposed. The conponents of the
conventional sorting system 10 are typically separately novable el enents

t hat are wotoeasbmd from each other or the environnent. pRErUS2008/083y65
separate conmponents built on the sanme substrate. Throughout the
application, simlar conponents of different enbodi ments of the unitary

particle progessbitesaid fubsgteniall lmablim @adratoreiuinlt prodesset f ¢ gpptied to
nunbers. Figure illustrates_a particle processing cartri dqe 100 for
per f or ni ng &asjmiecueh ana suspanmTe loaded infRytheeatiridgg, G,  Hiegiantifls processing yi d
contact sur n ,at g : ' | | of
the i nvent | SRS TETRRY oRFi AEG AR08 @ AR b bUBL Rl Y ARBRRL T8 or D00
can be desigagte imegslly frmedoy tieudattaipesybstrates Fooexample,ithé earpidge ssissérateon a
sanple. Preferably, the unitary Eartgcl e pfr ocessin cart.ri dge perfornms a
mi crof | Ui di ®ap haveciormerhtherein Affcess ofifBamBerIPT tRGE VG e BTGP sESRG

mor eparti cl RIS 1300 ol RRYRHIBESE Ut OorBORNSI thst RREL O HpbAtddNhio PT 0CesSes
to be applie 1o a sarrp?e, such as a suspension, |‘oaded into the cartridge
100. The paumiitaty earpridged 8 imgudeybstyest ron liliGedntayinbebatiop ar atawling ofipsetidlesd i nt o

and renovabl e fromthe cartridge 100 r may be integrally fornmed on. the
cartridge sWBdREpipartes, &?iﬁfg‘?%‘,'ar{aﬂg ‘@?fl’? F‘XP&B@%& jeds Iﬁeg;f-))n%g(ltéo Gemed
therein a rgesEcI8 inGhRASRSEiohOhiNiSE &I ioR gtHeP Barfialel Wathe hBMRRESHIbRgdsS LBy St em
110. Sone exanples of unit processes that nay be incorporated into a

uni t ar y1@ar based fierigpof prsticles deplationsgreenhancenient eleaisubset of paiiistes i heor
staining of particles.. washi f ticl ' i ' wher e
super nat ant® Sgelﬁtﬂrﬁ’ ?%‘8? °ﬁ%%{?‘|9‘ﬁ§ agg%gzhg%)?l!lﬁdgleoérg%as?%il@?\é’\sﬁ}l& lrtll?e;gré uspensi on,
m xing cells or other particles with chem cals or beads, sizebased
filtering of parldealigdn ottiepteprepare partielehavnck peodllsddr @ssudisatcliofcaparti cl es

I n the suspension, sorting of partjcles, .and other suitable cesses known
in the art. aHPc!F_éét!“?‘V’, u§ipeg %P‘él‘éaﬁ_)’f’%mb‘igédgﬁé’f ‘EIP@Faé’é’,e egll?Sﬁ-‘_bnéFélt 8@1%?5 for
research or;GhiiiCahs@RBids R “Bifve” WaEMSs AcdMuspéntionalrits {earA@L: Ak at he

Il lustrative enbodi ment of the invention, a user |oads the "source", such

as a cel$ ssmmdesgipahport h02) opbrtesahd ¢artdigge usiag thesaapdseing sphsystpar t1000d,
rral pr odugtiets s PR e el A TaRura R oo p 4s YR Vg aBg B Sarpl e
output port 106. If a processing means, such as a sheath fluid, solution, mixing
suspension, magnetic beads and so on, is necessary, the processing means may be loaded
into the cartridge 100 via a processor input port 104 and stored in a processing means
20  source 114. Alternatively, a single port can serve as both the sample input port and the
processor input port. An extraction port 108 may be used to access byproducts of the

processing subsystem 110.

A plurality of chambers disposed between the ports and the subsystem 110 may

also be provided. Preferably, at least some of the chambers are rigidly connected to each

25  other to form the unitary cartridge 100. As shown, the illustrative cartridge 110 includes
a sample input chamber 112 for storing a sample to be processed, which may be
provided by the sample input port 102. The sample input chamber 112 is in fluid
communication with the processing subsystem 110 via a fluid path 116. A processing
means input chamber 114 may store a processing means provided via processor input

30 port 104. A fluid path 118 fluidly connects the processing means input chamber 112 to
the particle processing component 110. A processed sample chamber, illustrated as

“keep” chamber 124a, stores a sample processed by the processing subsystem 110, and



out put port 106. If a processing nmeans, such as a sheath fluid, solution,
m Xi ng suspensi on, magnetic beads and so on, is necessary, the processing
means maywbeodsnmomd i nto the cartridge 100 via a procesgom/uso@sispest 104
and stored in a processing neans source 114. Alternatively, a single port
can serve as both the sanple input port and the processor input port. An
extraction paybe HARiIYBONREted $6 thelpArtRICHDEesEMRcOMPGHNt Al 0 Vivea i HatSI26Y
subsystem 110. A plurality of chanbers di sposed between the ports and the
subsyst em 1AGample QUtEH PBE, Hich P gelgactipp ppi r1§6 Ay beruspd fpstetrigyggh

chanbers arg ri.gidl ) a 4Nl artridge
100 a6 snofn Therotr e AL udend? A bRkl bAph A i ings £51 11 90
chamber 112«fe@p” ciadiben §24b, seaypstcre tabybmdpetafesspadcessipefbrmausires the ovi ded by
the sanple input port 102. The sanpl e .input. chanber 112 is_ in fluid
conmuni ct i SIPSYiteTh. LRk ap eeiesidRgrialesdy Ssering FySiinac2 PYRIPdIch sRlRtiqm for A

processi ng ' g § i hded
U1 o pr oceas ot pritesl vARGTREY pd pud (S DR R B g e
Er gc essi ng maaalg pi'cmasdling:hmmrenﬂ_llﬂ) ising dvethgafluidcpath p2®cApduralgtyednponent

10. A processed sa c illustrated as ."keep" chamnbeyr 124a stores
a sanpl e prBRAEEYY prs E e q@?ﬁﬁ@s@%ﬁﬁ FEELAHY! }Vltgﬁth‘?ﬁ'fl‘gg’é{hls PRPSy
connected t Eregéaﬁe RAGLEHE RIS ﬁh&igh(%ﬁéfpﬁ'ﬁﬁ%% 14 Qaatiién, a fibdiig grat h 126. A

sanpl e outplt port, such as extraction port 06 may be used to retrjeve the
sanpl e 16 oneddigord ports shambersph flsidpathsmaybearypyided it the gaghudece Aenepding
illustrated a "keep" chanber 124b, may store a byproduct of the process
per f or ned ug‘i‘ﬁﬁ%’%@ﬁ%‘éﬁ?%?g&? eljgch as unsel ected particles in a sorting
system or a byproduct solution for another process, which may be provided
to the byproduct Aouiietit ofgphreddesss mMadie gerformedesipgathel unliteryprasteidgs i Oloictheponent
110 using another fluid path 128. A plurality of pneumati ¢ ports 101, 103,
105 and 107Ujustretiemnodanesof e Rventions Foy waﬁgﬁw ugiary I@é‘“ﬂ? BEOSE{SHE o

facilitate I;Mc%efo(lf;%ﬁ"il ﬁfr%@eﬁl?kﬁiilﬁ@ﬁttcff ndgiRvedtdbnafsl bd @Rd t@p&tdthal ity of

addi tional port anbers an urd paths may be provided in the
cartridge, depbatinng stamibgef parpelenf Fpresampks, pemicappichtion usiagities ynitafy

rocesses may .be ' . uni ' .
P pXrtlcle p?g"crefssqrrlgglcaa(tjrtrﬁisgle,n gJSE)QneSIO%Q In;[a?/r . mixed an gl%ul;'aqu v?/}cth tS&%thHS

containing fluorophore-labeled anti-CD4 mouse-antibodies in order to selectively label

cells expressing CD4 on their surfaces.

In another application, the unitary particle processing cartridge 100 may be used
20  for washing of particles in a suspension, including variants where supernatant is
purified. For example, after the incubation, as described above, it may be desirable to
remove unbound antibodies so that unbound fluorophore does not interfere with optical
means for identifying the CD4 positive cells. Washing of particles in a suspension can
be done in the unitary particle processing cartridge 100 by pumping the suspension from
25  aninitial chamber through a filter to separate the cells from the supernatant. Then, the
extracted cells may be passed back into the original chamber, while the supernatant is
passed through another chamber in the cartridge containing bound protein A or anti-
mouse antibodies to precipitate any antibodies remaining in the supernatant before the
purified supernatant is added back to the original chamber. This process can continue to
30  cycle through the cartridge until the unbound antibody has been adequately removed

from the supernatant.



illustrative enbodi nent of the invention. For exanple, a unitary particle
processing cartridge of an illustrative enbodi nent of the invention may be
used to peofoeemsdT36ubati on or staining of particles. FopPCeExmspps@43%Hn one
application using the unitary particle processing cartridge, suspensions
may be m xed and incubated with solutions containing fluorophore-|abel ed

anti - CD4 nouse- anty besth&@Sipphcaod Sthe LRitF§paRicle/SloYeskinb @hrthi@sd F0ENRY F&sdrig
CD4 on their surfaces. In anot her application, the unitary particle

processi ng cémtmgoayé/oxegolwftyesuammd@adﬁdéhﬁrﬂg &pr eamnle | SPEItiag
suspensi on, | ncé}tﬁld I(STrlla%' pré% aRLR; ng;dﬁgég&?{%rh%dgg} regit nggcg %ﬁ;e:ic%ﬂnd %o %@rrpl €

after the mé‘?ﬁg escrl ove 0 renove

unbound anti ka¢h @mntber bmgloumif@wurﬁlhg@mprbemeldckwsffamt ternpeafuegsor hatdits
optical nmeans for identifying the positive cells, Washing of particles
in a suspénsit@APeEaHreBodsFe diring ﬁléef%ﬁﬂntoiﬁl}e pRitary priclsmsecessing ger i’dge

100 by punpi @gqu“@mgb&fs%f'ga&mﬁ% ?égnnﬂe?ét%%lt}ﬁﬂﬁ@pﬁ&eﬁ REQHEER 2 {gld,r{ @Fth%

separate the ce romthe sup he extracted celI's may
passed back iunitarytpagiobs procesaingcheridgr mayhe higedt he supernatant i s passed
t hr ough anot her chanber in t he cartri dge contai ning bound protein A or
anti nouse anti bodi es t odi es renain

supernat ant bef or &® f“ﬁ%t f ?*g &’ﬁ ﬁ%‘?’ g}nt {C’ %prﬁﬁﬁéwgﬁﬁgﬂhggl qq}gggg?r&rﬂ]al

chanber. Thi sniRIMRCEPaErtRS, :ﬁféHtah BIR, WRh€HEhRalshb&Adg Br ltgh& dubstardgerant i | the
unbound anti body "has been adequatefy removed fromthe supernatant.In

anot her dppl iesamplena quh%lsmﬂst%ilrlp aﬁ‘aﬁttqhéméermfdb@g@‘trrﬂ@edé%@ma.\/dzj@umd PRy
perform heati Idﬁa %Q ec%gg chﬁgb f ﬁ'ﬁ'r?% eﬁs lb%@rijs] (9 SE)RI‘?IO égbntfﬂﬁléexanpl €,

an operating provi or cool 1 ng pads or ions to
the cartri dg&helﬁQaIsh)aibeﬁhC ITheheddnerchmhberegamrmdm tdtersamstir i)zdgehanmylylbe hel d

at different tenperatures or ve its tenperature nodified peration
of the unitardfivpapy F‘@Ig@eth%%d’é%‘g?%a dBga0E Py s OPﬁﬁ%’mng"‘l"QH]eénﬁé‘{fﬁ I@}an

control ling tolggoﬁtmgﬁgyre within a select ed chanmber or region of the
unitary particle processSing cartridge may be used. In another application,
the unitary particle processing cartridge 100 may perform m xi ng of
particl es5 such adnsetll hsgthey application ihaugitartypadsloprogessingeertgdgsstMoay  For

perform size-based filtering of particles, such as cells. For example, a cell suspension in
a first chamber of the cartridge may be pumped into a second chamber through a filter,
which permits only cells or particles below a certain size to flow into the second
chamber. This operation produces a size defined sub-population of cells in the second

20 chamber.

In another application, the unitary particle processing cartridge 100 may perform

magnetic bead cell subset depletion or enhancement. For example, a cell suspension in a
first chamber in the cartridge may be pumped into a second chamber containing
magnetic beads coated with anti-CD4 antibodies, so that cells expressing CD4 on their

25  surface will bind to the beads. After mixing in the second chamber, a magnetic field is
applied by an external operating machine to the second chamber in the unitary particle
processing cartridge. The magnetic field precipitates the beads, and any cells bound to
the bead, to the wall of the second chamber. Then, the liquid and remaining cells in
suspension are pumped into a third chamber in the cartridge, which then contains a

30  population that is depleted for cells expressing CD4. A liquid may be then added to the
second chamber to release the magnet, thus allowing the bead-bound cells to go back

into suspension (with the beads). After suspension of the bead-bound cells, the resulting



exanple, a cell suspension in a first chanber of the cartridge 100 nay be
punped or driven into a second chanber containing chem cals, beads or

sol uti onswoandsaictisag chemni cal s or beads. The second chawrgrusowng/oees ai n
rotors or stir bars that may be driven by nagnetic or nechani cal neans by
the operating machine in order to enhance or control mxing. In still

anot her appljg éﬁshﬁﬁma)f bepiibddinio £RulthChmBEHEHS catridd! WhicaII kG may
perform si ze- ase tering of particles, such as cells. For exanple, a

cel | suspensimainiarpopulation of eshiahlanced faritkose sxpiesti@CPdy be punped into a
second chanber through a f| | ter, which permts only cells or part| cles

bel ow a Certf'ii n g Zglﬁi‘lad a{'t%lﬁa%ﬁ!z%ﬁl ﬂ?e] 1%93:1? 1S ;m'lﬁnﬁ) %elr%%@tlc

produces a size popu s In he secon

anot her ap pbéaaaieueﬁbset b@)mwntcarenhmemb@ﬂ, eutwaﬁeampugs ey §uiiabigerdddes fory
perform magneti ¢ bead cell subset depletion or enhancerrent For exanple, a

cel | sushend¢rlefingrprenhancing bﬁqﬁﬁﬁ]éﬁuhsﬁtst er esmnle.dy anéagp %étlwhﬁumﬁ%% a
second cha

o that cel PaugHRAALIREG AR {l ARRERIRRA T il B they SRR 221 o
m Xi ng i n t beosé clumbet kambiming largefﬂgalebealisfprefedablﬁnE)pﬁpﬂllaEGOthlcmns émhrﬂtanal
operating nachine to th ec er uni t ar, rticle essing
cartridge. Habargsgaed i &fq @Bgfl’é‘g?“g?‘?saice Sﬁe%fa?“}/%ﬁaﬁ‘lgﬁ);h?% 11rii‘)acf“)ound
to the b eadw1ltl Binldhs tﬁ%éad@fAﬁa%ﬁﬁ@mhétﬁmﬁﬁensm%d thdWSealds ChHihe s@d?ﬂd

remai ning cells in suspension are punped into a third chanber in the
cartridge, whamﬂer,tthemsukbmgaumnampcsm]medommtahmrd plsarnllqultl@pggh dezecel | s

expressing CD4. A be t the second ¢ t reIease
the magnet, sronf iy b Hrelcle TR e R0 P IS (P RER SRR st ek o
(with the bemefpk intbhhesecontbiRRHepNTRS thirh%hﬁlﬁﬁ@i*th&u&dltﬁﬂd 4 §0p1ﬂahii>n that is

resul tingsuspensi on may be punped into a fourth chamber on the cartrldge

which will d?@ﬁeé&ﬁcﬁllﬁe’a’r%ml(a?ﬁ‘ oAf guid gpntainggaeheancal oF engygisdhal pr essi ng
Dt Cre SKhieaRSnk Biddif flidod ik pEEEAAN 'tlfeganttlhébﬂalﬁﬁb%d}é/sﬁgttﬂe?xrhdh%d Rahe

limted to magne subset tion or enhancenent can
enconpass asscofd chalbee, the bcmﬁisceﬂlsmrdeqafeesusp@ded aad thansispepsmaday b |

subsets. For exanple, .in_one %glpwiuc iﬂ(ml of the umt;i\a

pumped into a fourth cham en contain a popu t}/on of cells enhanced for

those expressing CD4.

According to still another application, a unitary particle processing cartridge 100
may be used to perform release testing of a product or substance. For example, a filter

20  in the cartridge may trap a product or substance of interest, such as bacteria, in a sample
that flows through the filter. The trapped bacteria may then be collected from the filter

for testing.

The unitary particle processing cartridge 100 may include a plurality of sample
processing subsystems 110 in the cartridge. For example, two or more sample
25  processing subsystems 110 may be disposed in series on the cartridge to allow sequential
processing of a sample. An enrichment region between the serial processing subsystems
may allow for resetting of sample parameters between processes. An example of a
suitable enrichment region between two sample processing stages 110 is found in U.S.
Application No. 10/329,008, the contents of which are herein incorporated by reference.
30  For example, the enrichment region may be formed by a filter disposed between the

sample processing subsystems on the cartridge.
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particle processing cartridge, a cell suspension in a first chanber may be
punped into a second chanber containing |arge | atex beads, preferably nore
t han 50 mvoroeseoisanet er, that are coated wi th anti- CD4pemtusb@dioe®ss so t hat
cells expressing Cb4 on their surface will bind to the beads. After m xing
of the cell suspension and the beads in the second chanber, the resulting

suspensi on i s punREGrdifg ® ot eFhbEMATEAE IridaRHSHMiAe PtABssHEPRHRILO thalyibkt er
that allows particles smaller than 40 mcrons to pass and recycles |arger
cl unps i nt o ushé fagadinde sdrting eFhe ifibarattye cartadga2y perfosms eedhsarting though one

popul ation t I.s depl et.ed for. cel express) e, If ligquid co | ni ng
a chem cal ostlr(ﬁieeﬁlz'{) ﬁl@e %}gfﬁﬁf: 2ERE t?’ﬁtlet ﬁ% F?&?%ﬁ@%@@'&er{oﬁ@ 585%’ o q%’ﬁee

anti - CD4 antifhpdics Figutd®illugedeach ibtathpartclebdingtarhese 200nacihaingd cel | s
can be re-suspended and that suspension nmay be pumped into a fourth chanber

which wi 15 tmhsrofhudic drsedsopapioatropent 20 ded yosti elegwitheutian gswsehidiags si ng
CD4. Accordi Ll . ' Wol(P unj t i cessi ng
cartri dge. 100 AR hUFAROEEmARELARS BE Bl EPN AR 066 Eorfthg

subst ance. Fompxamgl2e, the chittidgsr200rin¢lhéescadellrsodge 112 Yort stajngapapticieltotbeor

substance of interest uch as bacteria, .in S | e t.hat flows through the
filter. The F} eﬁ&éf%§ ﬁ%f%&lﬁ%@mgﬂf’eﬂ@aﬁ@g& & ffi?lh?ﬁlflﬁéé?ﬁﬁﬂﬁ@mﬂ a
testing. Thegk FREEIRRELMEESpdl AEERT R ARbhIcE IS Qm%aﬁgg)aﬁl 199 %0Pthe
plurality of sanple processing subsystens 110 in the cartridge. For

exanpl e, 10t wocetirsommega stemis| fdtepadgmesmangparti be3y &ir éinessheatd fhvag amyba disidosdng i n
series on the cartri e.t | | pw sequ i rocessin ampl e. An

o enmont vt B4 for ftSsnk S Ra Qs St 1 D PAeSERR #5s 2003 PR Bicres,
resetting ofioSadmRLer RRIIAMIRIS1HR tNBREH HeQERESES - CH¥AneN AMPbteat&f astubdsi 118b1 e

enrichment region -between two sanpl e processing stages 110 is found in U.S.
Appl i cat i on aud.1180¢@mectobgeelt sourcedd 2 apd shesth ﬁlw%dﬁseav%r W sgspeqtivyebs for at ed
by refer e“C%nleﬁoéftﬁé%m%f;orhg&e‘ﬁmicﬁ*ﬁ&% tlef! o%hé*?&hn?ﬁc&%é@ﬂt P, thef 1 L ET
di sposed between the sanpl e processing subsystens on the

cartri dgs. Acetridp® thclirles RedphehiambeisdddarEY forrcdllettiny sorted phiticles, beckSi ng
cartridge nmay be used for particle sorting. The i’l I ustﬂati e cartridge 200
perforns cel 285('(9,:1{1@%1@15 tl[mh%@tﬁ of ke sorting component 120 to the keep chambers 124a,

124b. The cartridge also includes an extraction port 106, 108 for each keep chamber

124a, 124b, respectively, for extracting collected fluid from each keep chamber, and

sterile fluid pneumatic ports 105, 107, respectively. The cartridge processes relatively
20  large volumes (0.1ml to 5000ml of suspension) and equal or larger volumes of sheath

fluid through the system and out into output chambers 124a, 124b.

The sorting component 120 can be any suitable device for sorting particles based
on a predetermined characteristic. Examples of a suitable cell sorting device include a
microfluidic sorting chip, as described in U.S. Patent Number 6,808,075 and U.S. Patent
25  Application Serial Numbers 10/329,008 and 10/664,587, the contents of which are
herein incorporated by reference. However, the invention is not limited to use of a cell

sorting component described in these references.

The sorting component 120 may be separately manufactured, stored, and/or
shipped, and subsequently inserted into the cartridge substrate 200, creating a flexible
30 connection. Alternatively, the sorting component 120 may be integrally and rigidly

formed on the cartridge substrate 200.
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skilled in the art will recognize that the cartridge 200 may perform

sorting on any type of particle. Figure 3 illustrates a unitary particle
sorting owotneedgers200 i ncluding a mcro fluidic based sectiusgossospenent 120
for sorting particles wi thout an aerosol phase according to an illustrative

enbodi nent of the invention. Upstream of the sorting conponent 120, the

cartridge 200 i ncAyigpsmafigrlid commustivhs ibd thelcel kQrbd 91 Dé dhiesth @6seh@iOE14 to
sorted, a sheath fluid source 114 storing a sheath fluid for facilitating a
sorting prodbesorting eeraponet §3Q and feom thesoreng eomuranentito the keepichambers|124sbur ce,

a sanpl e | oadi r for I r [ L J: eumatic
port 103 f or AR B Nem R P nE G ER} R Tuped ThERDeGplpphEHRITCTR,
fluid reser \yaths chid e oT ey gppeoprixté diameteks 101, 103 apply pressure to induce
or facilitate fluid flow through the cartridge. Channels, illustrated as

tubes 116 and 118, copnect the cell source 112 and sheath fluid reservoir
114, respectivel yAn ?‘BQ?‘ﬁP@PEO Uaey RYHEle RO FAEHIAEE 96 heBEEHTat r eam of

the sorting ;GARBASHK 1€ the tnit8ryGRktdié fRRedsfE dARRRgK BRPsHNATRS Surd 2482 thel 24

for collecting sorted particles, tubes 126, 128 connecting the outlets of

t he sorti ng worpoeettle 3@0ing cartideekkdOf Fhgurd 8 hgs Sev4ra] priopatsies Wt arsar t ri dge

al so includes _an ext{action .gorf 1%? 108 .f or ..each keelg chanber 124%11 124b,
respect i vel yTPFOETERISIE QPFTAHON O # Gelt & Papticle SPTHPR RS K F WGP MSSh ahd g
sterile fl uigeRABUAL o€ tHROMiig cdMact shf{ces HASRAR ity @hY objEOE ‘R IchitHdge).
processes rel atively large volumes (0.1m to 5000m of suspension) and

equal or!0 argerunitanigestsidge inchidingali thgifld egndasg Burfasss sasheimseted 189ta i nt o

out put cha . T ' . t uitable
devi ce for n?%é‘fsels%léé %%F ﬁ’éﬁ%@hﬁgﬁ o%&lgm%@ggg{@gr%p ﬁé% ecﬂ?ggi’gﬁ{% iC.

Exanpl es of saftsuatd afdl @hearahbsystentsithgsudpstistom nevet cooheacss) miittraodihgle dperasan.t i ng
chip, as described in U S Patent Nunber 6,808,075 and U.S. Patent

Appl i cat i on BErYHRONGEREEES carbﬂé%%? %QOSSHB? o %M?@Q%ﬁtl?%%f%‘i{dﬁ?-eﬁ{‘]% of which

are herein iREBRPOLA RAIENiZEhRECRSENDIFANGY Bfice. TTHE hAMEEY dAbel shippeli 1d ingi t ed
to use of a cell~sorting conponent described in these references. The

sorti ng Gonpoaemnta stdie,magdyte use famatEich camndgedend thetkforstablrfbud camtedtor

i? iegf Ieﬁé gn](cjl sluzgéﬁ?e%ﬁjgg&%tflo}/ a isirﬁsgﬁerl}rggeséigé (r)unt) r<]:gn §& rgltv%rll gl%grc% (—t;) 81t cgtﬁgreun%%?e’
identification, making all of the parts that represent possible sources of product
contamination fully traceable. In addition, no fluid waste needs to be removed from the
cartridge in operation. Rather, fluid waste can be disposed of with the disposal of the

20  cartridge, without requiring separate handling of the fluid waste.

Use of a unitary particle processing cartridge of the present invention can
enhance operator and product isolation. To use the cartridge to perform a particle
processing operation, such as particle sorting, a user can receive the cartridge sealed and
sterile from the manufacturer. The user may then take a cartridge to a biosafety hood,

25  such as a sterile laminar flow hood, and perform a sterile operation (in the manner of
conventional tissue culture for that type of sample) to load cell sample and sheath
reservoirs. The cartridge is preferably sealed before and after this operation. The user
places the cartridge in the sorting instrument platform. The system sorts the cells or
particles in the sample into one or more of the keep chambers in the cartridge. The user

30 removes the cartridge from the system and takes the cartridge back to the biosafety hood
to remove the processed samples through their extraction ports. The user may then

dispose of the used cartridge and unneeded fluids in a safe manner. Similar steps may

12



connection. Alternatively, the sorting conponent 120 may be integrally and
rigidly formed on the cartridge substrate 200. As shown, fluidic connections
from t he wel2bosaworsee 112 or sheath reservoir 114 to thepswruszovg/oesponent
120 and fromthe sorting conponent to the keep chanbers 124a, 124b, can be
made with single tubes or arrays of tubes. The tubes creating the fluid

paths can bge fkeidyperfophdptidr pkcteies 0B aShmpRusfiFOdi AP barfiéle provabding Y
particle processing cartridge of the present invention, such as the unitary

particle prewbsigeng cartridge 100 shown in Figure 2 or the unitary particle
sorting cartridge 200 of Figure 3 has several properties that are

i nprovenents in R ﬁ&%erag{‘w% %qlln tm& aﬁ?crlﬂ) %sﬁ@rc%hﬂg SYG §Fun For

exanpl e, nost, pre ntact~surfaces are built
into one obplﬁbédlﬁi'ehm tharﬂvenwkgﬁ'h)ay m‘Eh&leuﬁnotaaraggmgamOh fillgee 1i8A¢d belpmgmatd t he

fluid contact surfaces can be inserted into a procesmgg nstrument (the
pl at f or m coﬁlﬂlﬁipﬁpﬁ@elksc?Pfilpﬁ’@’eBb‘ilP%%ng8 e SO COmPERHEr 6F SUGWRAIBF e and ot her

subsyst ens 5%‘? KRt %Wadﬁ@@{@tﬁﬁ ?lllld’\l'lﬂé@s)q 181cDg R8P Belel1 QBurcd he

unitary cart can also be disposed of in a’single operation after use.
The cartri dgEZ mahe pecsssary dongedeatf 1t16r T@ssggbggtlomlﬂlteaﬂ%mae' comelswm ridge
can be ship terile cartrldge

(and t her ef Lﬂrpgtpﬁf}:éfs}l ?:tgﬁ?%f?fl? LA SARR {er?élgdléﬂ'qtf % ISpa? SECF #8®8ssi ng

run) can bealghggqqu@d Rew pamheinhe GdriRige W00que identification, makl ng all of
the parts that represent possible sources of product contam nation fully

traceable. In addition, no fluid waste needs to be renpved fromthe
cartriddge in oper‘\étsh‘é)‘ﬁn ITREHERES, AfUNifARY RABH@POSESSINE Artepes B i aRpther t he

di sposal of OI%IBGdlﬁI%B{ &f tﬂgﬁ'(vemlérrﬁg%u{cﬁﬂfé' rdoﬂﬂ)oﬁ@rﬁ%&gﬂé{gjl@fé]vgkéd?ﬁexﬂﬁatltoﬂe fluid

wast e. a uni rocessing cartri e present
i nventi on cadsntﬁmhama&aﬂpecmlmg aﬁadpqyfamlmngparsdé atqcessmgTusmgtéeptm‘essmg ri dge

to performa partlcepoc Ssi n er.

user can re&‘é‘PQ‘é“ePhL 1Q abhe H@t@t‘g’éﬁg‘@&g ’léﬁlf‘?‘igéaﬁ’f" 1t9ﬁe %?ﬂi#aa}é{e rer
The user maygj hgn dB%?tr@anF@féaEbg%eﬁs@d?m@cmfaﬁ‘b& fardi2yeRpasivelysthar i | e
| ami nar fl ow Hood, and performa sterile oper ation (int t he manner ~of

convent il®narectivespcesstd pardicles fromhthe progpssingf comepoprat) The puowd 182and $3hpl e

and sheath and filters 182, 184 facilitate liquid level/concentration control and recycling of a

processing means, such as sheath fluid, used to process the particles. The filters 182,

184 maybe three-port flow filters, for example, hollow fiber filters, for removing fluid,

such as sheath fluid, from a fluid path (i.e., the corresponding processed particle

20  chamber 124). The system thus removes sheath fluid from the processed particle
chambers to raise the concentration of collected particles in the processed particle
chambers and to control the level of liquid in each processed particle chamber 124a,

124b.

25 The illustrative unitary particle processing cartridge 100” also includes a
recycling component for recycling fluid collected by the filters 182, 184. As shown, the
excess fluid may be recovered (recycled) and returned into the processing medium
reservoir 114, for example, a sheath fluid reservoir, using a recycling path 1121,
recycling reservoir 191 and a pump 190. The recycling reservoir 191 receives the

30 removed fluid from the filters 182 and 184, and the pump 190 returns the extracted fluid
from the filters 182 and 184 to the chamber 114 via fluid path 1121 for reuse during

subsequent particle processing procedures.
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reservoirs. The cartridge is preferably seal ed before and after this
operation. The user places the cartridge in the sorting instrunent

pl at f or mw@heosseisem sorts the cells or particles in thecyaspds iide® one or
nore of the keep chanbers in the cartridge. The user renoves the cartridge
fromthe system and takes the cartridge back to the biosafety hood to
renove the processed sanples through their extraction ports. The user may

t hen di spose of the used cartridge and unneeded fluids in a safe nanner.
Sinilar steps naligeres&ledDare QAD drawingsloéan pmbediswatoiomiarysparptle using a

unitary particle. processi artr.igdge..As shown in Figur a unitary
particle pr8€8§§Fﬁ¢m§3$$?ﬁgﬁ@fRGB“e%P“&ﬁ-é%ﬁ@&?ﬂ%#?‘%§”F§%%¥%58%¥v%ﬁ may

i ncl ude al s@ayNs PRI L@MrvEIR cbvedrtisr. AStedsardhRent EIBMEluGesprsurfinkes 155, and
pr event clog%%ng of the sorting conponent. the aggregation filter

As shown, t
180 can be fod applyniger rirpssieg tpjinghice fluidi Bow dhraugh thedluideathe A PEBEIE 112 to
the processjng ¢ nent..is | I i Y AC i any
sui tabl e naﬁggpéﬁﬂgﬁﬁ?gﬁpéég%gmgﬁkﬁg%%ﬁgsgdQQW%+%B%%%%ﬁgyﬂ%éAﬁ?g%ggz nin
any | ocat i othedluddpath upbtrbach 6 thewsqren compérteat t20 helpdpreveddOlogsAs shown in

Figure 5, a unitary particle processing cartridge 100" of another.

enmbodi ment GPn‘%eﬁga R BHET dB2nksd doNEptiRR 3&@8 #ﬁ%&ﬁf"‘%@rheﬁﬂ Eﬂﬁtr(fl’P fluid

| evel / concepd.hd-QibndOnd ld A0l RIRRIlineeR¥aLIN AR Wellvedal Orgs, ngs B ti cl e
processi ng using the processing conponent 110. The illustrative cartridge

100" i ned udéss, avipetnpag B Juet-gdtivatadl, antérfdce avithiBe cell Sahrery whesth wagrveoit apdich
processed particle chanber 124a, 124b, .respectively,, that,-r ives
processed pg?etpi Cg‘la‘é‘gerﬁ F%}H_J‘fﬁ_ﬁ 8T Y, & @"i‘q'n SOE‘&ﬁﬁ 8?1‘8?1‘1983- ?’hegpsgltﬁp z&i@ﬁy 458 %504
and filter S?rje%?ded.l% shéwh) thé 8irfridgde@0Dthat £HEIdEE DIX-RANE akhaprd eeribn of reaskd
recycling of a processing nmeans, such as sheath fluid, used to process the

particles. Khecdeivings sroregingi@mpoagieillusiraied pop sorting gpmponeat 520, 54h @xanpl e,
hol low 11 beEhefslglrt;[n%{cﬁxié)sfﬁgcr{b%g?ﬁ/ Q@ I;alze% fil’um%glcg' 6@,0%1%%@ Sf.b ey froma
e gp e

fluid path (i correspondin rocessed’gartlc chanmber 124). The
syst em ghus Apphieities SeHelatimbdryil 0/309,008 tink 1Q664,685 edhigaart idogparitadrherem t o

rai se the concentration of collected particles. in the processed rticle
chanmber s anBy ffeenss rdie IPYF'émPé\}%‘POt(S‘Fqu%dB ithe SRR HPS AT PERRESH] dﬁ%ﬁ%fa’é e

chanber 124f.cc references.

As shown in Figure 7, a unitary particle processing cartridge 1100 of still another
embodiment of the invention may include a trap filter 1120 for filtering a recycling line
20 1121 from a recycle reservoir 191. Preferably, the trap filter 1120 is selected to remove

selected particles or molecules from the recycle line 1121.

The trapping filter 1120 may be removable from the cartridge 1100 to allow for
further analysis of components trapped thereon. For example, in a cartridge that
processes cells, the recycle reservoir 191 may receive supernatant pulled off of particles

25  stored a processed particle chamber 124 by the filter 182 or 184. In one application, a
sterile trapping filter, such as a 0.2 micron filter, may be used to trap microbes in the
fluid in the recycling line 1121. The sterile trapping filter can subsequently be removed
from the cartridge for microbial testing. In this manner, testing is more accurate and

reflects a larger fraction of microbes present in a sample.

30 A sterile trapping filter may also be used to perform molecular cleaning of a

sample flowing through the trapping filter 1120.
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124b. The illustrative unitary particle processing cartridge 100" al so

i ncludes a recycling conponent for recycling fluid collected by the filters
182, 184.wéo&nowrs3 t he excess fluid may be recovered (reryst@dpinns
returned into the processing nediumreservoir 114, for exanple, a sheath
fluid reservoir, using a recycling path 1121, recycling reservoir 191 and a

punp 190. The rew@{rhmndg ﬁﬁﬁ*MQbha}%teﬁ%@i%N%ﬁm?ﬂ@eiiﬁﬁiﬁallﬁﬁofbéﬂd_dfcﬁrr om t he
filters 182 and 184, and.the punp 190 returns the extracted fluid fromthe

filters 182trappdng eeftaipeqmpeonghtsndthe sampleyi a fluid path 1121 for reuse during
subsequent particle processing procedures. Figures 6A-6D are CAD draw ngs of

an embodi ent - of pitd @fiksRRES bidfer REBEERTRr ChidreAgD 3 ik paRRAL | C! €
sorting. Each cartdi1dge 1's formed by a reservolr tray and "a reservolr
cover 152. propessipuwakridys? B0 fbbprocesingtels peoosding & thalimteatidl Snclddibg hor

applying a pressure to induce fluid flow through the fluid paths. A punping

syst em 154 Bpap-basgd; superpaiant FEEYRlgS CPBROBANG Iﬂh@lg ﬁwgggw%Oﬂlé&ageﬁgg}m@sQ A

filter 157 |j i, Ak : | ps
5@_&%@% géﬁpalryﬁgte#fﬁeg SABUGK cbREIRR RO N I FQAFPRIRticAIHE! P

prevent cl og rati ers 182, 184 downstream of the keep
chanmber s hel 00 d820.0Celtd passing tmewght that¢lbprocessmigsystont Flaeimeargeainto thecycl i ng

of sheath fluid. Valves 19 93. and,k 194 i.ch ma e | -actiyat ed,
i nterface WRCTSALSERR'F Cé%{]’,l-l?eéé%%h]élﬁf‘}ﬁla(foél?é?l{}%?%wsdﬁau? é%ﬁg%ua%ﬁﬁé? &O1F 8¥
inject or rgrMeBoh dkdfiféramnd ARd BalkiihioctEE prodesiks sakBle cRdBbérag4al Bl
provi ded. As shown, the cartridge 200 has a hol der 122 forns a shaped

regi on & rbetawscellarean passi thiongh theprdlseaf shaflterdi$g0 se Hauwidiwithest pelisdgdreny
ti t 1 t i i T ir Pat t
Nonber 6. S0B0 A eyt seRbtody 381, PRESRNL, (IO VB LRREY 1A leybn a0 8"

10/ 664, 587, atthispheritf edsaarsigy egadréssureiportty) 7 afdethe pomp 190@ diinesditfuidn i s
not limted to the sorting chips or_processes aescribed 'hn th s&. .

ref er ences. (183 WHBOW cieHS)FI“Q_G}P"eShF?thaﬂ‘HﬂF?S_Slfvﬁlrp]é_ tfPrc‘ieélsﬁ'_r d Eélé‘?aﬁb wdis v | dge
1100 of sti P{lv Q%guﬁmkﬁg&gurgfimyﬁ?edéﬁ BldsQRg SRYerh NCl ude a trap filter

1120 for filtering aTrecycli 't ne 1121 froma recycle reservoir 191.
Preferably, the trap filter 1120 is selected to renove . .
15 In the illustrative embodiment, the pressure of the unitary particle processing

cartridge 2100 system Ps is relatively high, in order to drive sheath into the cell
processing unit. The pressure of gas pressure ports 103, 105, which vent the processed
sample chamber 124a and the recycle reservoir 191, respectively, are both regulated to

atmospheric pressure.

20 According to another embodiment, shown in Figure 9, a unitary particle
processing cartridge 3100 including a pump-based supernatant recycling component
may also include a trap filter 3180. In one embodiment, the trap filter 3180 may
comprise a 0.2um sterile mesh capable of trapping viruses and microbes. In that case as
one cycles the system, a higher and higher percentage of liquid passes through that trap

25  filter 3180, which collects a percentage of any microbes present in the initial cell source

or sheath fluid.

Alternatively or at the same time, the trap filter 3180 used in a unitary particle
processing cartridge may have molecular retention properties. For example, the trap
filter may contain beads coated with protein G and protein A that bind immunoglobulins

30  in the liquid that the system drives through the trap filter 3180. In such an embodiment,
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selected particles or nolecules fromthe recycle line 1121. The trappi ng
filter 1120 may be renovable fromthe cartridge 1100 to allow for further
anal ysi s wb 20@msomsent s trapped thereon. For exanpl e, inpaTasedosiossyest hat
processes cells, the recycle reservoir 191 may recei ve supernatant pulled
off of particles stored a processed particle chanber 124 by the filter 182

or 184. 1In QH@cﬁﬂlagisyﬁédleaea@j’smeelﬁcidi@ofﬁmabmguléi»d}ﬁ@roansuéctﬁpgéday0- 2 micron
filter, may be 'used to trap mcrobes in the fluid in the recycling line

1121. The stappiopgateragdfyphnijndingbesdscan subsequently be renpved fromthe
cartridge for mcrobial testing. In this manner, testing is nore accurate

and reflects a | ) R - I @’am’ ile
trapping filter ?ﬁgglgﬁrgggrgltéle s(e)(gafs?lgk %{ler(rﬁ?%r%r%% %ﬁ@%%@%ﬁr al’llli ér{gn%fbe;&sggnpl e
fl ow ng t hr dugbverdiavadys.apei exandpld, ifthe ddlPprotéssingruailags 4 sinipde midiag chayber

alternatively conprise a plurality of beads for trappj. certajin conponents
in the sdnplaad thy itk sheath flyd confpins apidt WOBW&E’H%F]{“%%’F te&#gjgﬁents of a

uni tary par tﬂ&kﬁ;h%fé%ﬁlﬁ%%p%af@&ﬁzﬁh@9&1—3&9@ dnBlmOL RAGdYande 0. Sud GhRf & NY

to the invention, a punp-based supernatant recycling conponent.

I n the enbodetabnthe béadsi dusiehdn embteidiméng, theipestenastams thempul ¢ellg wathgheantiises a
hol |l ow core filter 1820.and t peristalti unps. 1900 92Q. Cells passing
t hr ough t he fﬁntﬂ?"é@fégg?f}@ "%%gg?setﬁ? itfﬁlegﬁﬁﬁsgtg rig;ﬁ?}’)e'f é’%&&’&@%@é{d sanpl e
chanber 124a. Liquid containing cells is punped through the core of the

hol | ow core filtgp aASR6r Aplchrmkiicntap ke 3 PBORES S&HpEsPh cuaesiefiltd24a.
Liquid, but no cells, can pass through the walls of the filter 1820 so

|'i qui d wiot hanadecas|arempyable yelameioh about gae pubiitsre The &ap Jibter tragsany mpigfobesp) y

the recycle. e | i i i . | C - ﬁﬁﬁ sing a gas
pressure porlfl?lieo(gf?/g? %Jr%ﬁél?%%lh%t?@e%%&gﬁ eg%'mj@ﬂ?ﬁén%%mw t c%?n ells) into
t he sheat h frhidtabes a@sebatch of hhikdarf ezils ireendseto réleeseshe atils bt usednicsll trerapgn by a

regul ated gas pressure into the cell ocessi syste In the il]ystrative
enbodi ment , (DPRE BRERY reasRAn D) iterpLeala may e et b peserite ol e 2100

system Ps i §,,1eliRL (& the dhe HR1lieet iR ElEEag B1t& AlRvinL e ddcédihe cbR®n&&lidn of
processing unit. The pressure of gas pressure ports 103, 105, which vent
t he pr ocesseshy microbes by 1000x. Such a method makes conventional microbe detection assays

much more rapid.

According to still another embodiment of the invention, shown in Figure 10, a
unitary particle processing cartridge 4100 may include a pneumatic supernatant
recycling system using a hollow core filter 4180 and no pumps. This subsystem of a

20  cartridge has five chambers: a first processed sample chamber 124a (keepl), a second
processed sample chamber 124c (keep2) coupled to the first processed sample chamber
124a via fluid path 4182, a first recycle chamber 4191 (recyclel), a second recycle
chamber 4192 (recycle2), and a sheath chamber (sheath) 114.

All chambers are preferably at controlled pressures at all times. The pressures
25  may be controlled using gas pressure ports 4101, 4102, 4103, 4104, 4105 and 4106
connected to the sheath chamber 114, the cell processing unit 110, the first processed
sample chamber 124a, the second processed sample chamber 124c, the first recycle
chamber 4191 and the second recycle chamber 4192, respectively. By controlling the
flow resistances of the fluid paths (i.e., the tubing) between the chambers, the flow rate

30 is therefore controlled. The cell processing unit 110 is maintained at an output pressure
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sanpl e chanber 124a and the recycle reservoir 191, respectively, are both
regul ated to atnospheric pressure. According to another enbodi nent, shown
i n Fi gur ew®,20@s/06misBary particle processing cartridge 3100Tiuseéosdisdgs a
punp- based supernatant recycling conmponent may also include a trap filter
3180. In one enbodinent, the trap filter 3180 may conprise a 0.2umsterile

mesh capabl grpd. THAMRBI RYcosbédSaiplathnibes 1 2RES at 4 Prebdiaé oL RIBEWARhIBI6WC] €S
the system a higher and hi gher percentage of |iquid passes through that

trap filterP8180, which collects a percentage of any mcrobes present in
the initial cell source or sheath fluid. Alternatively or at the sane tine,

the trap filter . - it i ; . T
have nol ecul ar riﬂ‘gg‘i‘ﬁﬁgi’f}‘glﬁ rrét’l(l%g%ﬁé }E%Weéféqngﬁé‘%ﬁﬁ‘?‘?g%@?ﬁ@? %gnsgy 4
cont ai n beap®ceed sainple thanrentl 244) ths saedndprotessed sanipiathambred 124brambothk obul i ns

inthe liquid that the systemdrives through the trap filter 3180. .In such

an enbodi mefEst fasaclewarmbgy 4§§§t g’fﬁhe Jresiade t We?squf‘uIi;@ %ﬁ{th%\hﬁt REACESEf e whi ch

can be trap i [RaTA S hiadi | ticle
9%?;%1??\5}&%12%9@ tia3r8t Rd] tﬁﬂtgy?fragtgmhaﬂ tHREAESure PRI RS YecBRI

processing c npl oyl ng suc filter may be used in several
ways. For epmwpdsed sinfiple hisancter|12¢e ackthsipragsuraiPrl afibe ifisst aecyichgpdhembred 199,

chanber and the injtial sheath fl ui nt ai ns |5 nmoyse anti bod

| i nked to awﬁi‘fc ‘Tt"ﬂfbrz%hg?é,se‘f%él SPS%IBRWSS 5%@%9{%%%98@%0&6%89?- Gse
anti body anghantdr 1040 i(siatBﬁﬁrdl@vé_’l@ﬁzﬁiii‘gﬂeﬂt@rQ@ﬁg%frbdﬁu&lmh smhefkedi ment, the
system stains the input cells with the anti - anti body and then washes

the st ailhedpeskyssd sample gharebas Psb ardithg presperay k2 (of therdistiseydp ghamher,i voHch t he

trap filter 318 jse a 0.2umsterile filter nade as a renovabl e
vol une of aggt]RO%o%Xt%PW%%r?ér. The trap filter traps any m crobes in the

original cell volune after sufficient cycling. Fromthe point of detecting
m crobes in a balicthedirstistatga samblescomproimgdiquidcangdiniag eclihBowefrbm thofirsise i n

cell therapy (bone marrow tra | antation), a liter of cells be ysed to
Chen concenbraseSedFmmilR ghaitar dBka (& e SeRRl Petress FRPecBRmpfy LAk U ugh
filter, allgwag snhangediishe sapansRhi R SmAOHows airohashbwaliR@e Such

a net hod nmakes conventional m crobe detection assays
15  filter 4180 into the first recycling chamber 4191.

In the second state, a sample comprising liquid containing cells flows from the
second processed sample chamber 124c to the first processed sample chamber 124a and

supernatant also flows through the wall of the filter into the first recycling chamber

4191.

20 In both states, the supernatant preferably has the same flow rate into the first

recycling chamber 4191.

A control system, which is located off of the cartridge 4110, controls the
pressures in the cartridge to oscillate between the first state and the second state in order
to prevent the first or second processed sample chamber from either overflowing or

25  draining.

The second recycle chamber 4192 is maintained at a pressure below the first
recycling chamber 4191 until it is full, and is then switched to a pressure higher than
both the first recycle chamber 4191 and sheath fluid chamber 114 in order to drive all
liquid from the recycle chamber into the sheath fluid chamber 114. Then, the second

30  recycling chamber 4192 is brought back to a pressure below the first recycling chamber
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much nore rapid. According to still another enbodi ment of the invention,
shown in Figure 10, a unitary particle processing cartridge 4100 nmay

i ncl ude avpnewnmwbiss supernatant recycling system using achalsbasosse filter
4180 and no punps. This subsystemof a cartridge has five chanbers: a first
processed sanpl e chanber 124a (keepl), a second processed sanpl e chanber

124c (keep2}1naypéMd aha tﬂé’@eithﬁ@%ctﬁfnmye&&epbassarmbﬁrdbﬂlﬁ@bedk ViR 4108 fl uid
path 4182, a first recycle chanber 4191 (recyclel),. a second recycle

chanber 419%1976aes i rdade in hcfled PAkE PRIVRR rSt@ﬁ)é“étnﬁ)ch&@her 4401, ﬁarrbers
f |
oo Por ] ca B b MaspU o g g« e b

controlled US 4106
connected to the sheath chanber 114, the cell processing unit 110, the
first processed $hmpy£mﬁham®hmy&@4anomhawseamﬁ0e$@acpa&eﬂﬁsanmmmrchanber
124c, the first ycl e chgP 191 an second recycle fEanb r 4192
respect |5vel9wc@§“°@ Pi'trF‘BSII PRE PR ¢ §f’”§ sheanmproye yelds gf tive lﬁs (i.

t he tubi ng) between the chanmbers, the flowrate is therefore controlled

The cel |l processgigrednili- 111@111u§tr£tala@hﬁme@b;ﬁicaﬁdh @Mheuhltaﬁz?aﬁmeeof Pc. The
first processed sanple chanber 124a is at ‘a pressure of Pkl which is bel ow

Pc. The uni p@esssipgreaitotige ¢fitbe dbsiraigvecembadimient of lgonyemionwdn theembodimens f or
the first pr

chanber 1208 SR ALAT s PRBTARRidEE R b s SRR AERRRAC A e

pressure Pki1Afs4 &@sd-sdctidnd? wm\esﬁmé cwmgeewahamﬁbers $n atigal b‘oldyahd laehtpl t hat
is greater than the pressure Pk2 t he secaond processed. sanB e cha gb
?'e both

124c antP t hbl Qhreaaeqted torthe gartridgs lpp r‘@t"lg}e@%b]@ tubesrdBF chipglyl OV stered
zero. In a &ﬁﬁaﬂgtﬁ&ﬁ‘& Irgttf gﬁseﬁ{fﬁeﬁ’éﬁa&émh% Etﬁeeéhrmg@q%sqﬁeéﬁ le

chanber 124c greater an t he "pressure Pkl of
the first preoegsded] BEanpized ehdndreiguryd toamtl\tdmldmoeplsuh@clﬁk:kl@ﬁtotthe first
recycl e chanber which are both greater than zero. In the first state, a
sanpl e conpf? ‘%@ liquid containing cells flows fromthe first processed
sanpl e chanber 124a to the second processed sanple chanber 124c through

In the illustrative embodiment, the chip 1100 may be a microfabricated glass
15  chip as described in U.S. Patent Number 6,808,075 and U.S. Patent Application Serial
Numbers 10/329,008 and 10/664,587, or a combination of a microfabricated chip in a
non-micrfabricated plastic package (chip holder) which are together stored in a rigid
chip receptacle and slide out of that receptacle into the “Operating machine” for
operation. The chip then moves back into the receptacle 1110 when the cell processing

20 is done and the cartridge is removed for product extraction and disposal.

Figure 11B shows an embodiment in which the chip 1100 has multiple input
tubes 1122a-e. A well multi-well plate1140, illustrated as containing four wells, though
more or less may be used, is placed or connected to the cell input chamber in the
cartridge, so that each tube receives cells from a different well of the multi-well plate

25 1140. Inthis embodiment, a pressure sealing plate 1150 may be used to seal the whole
chamber so that a single driving pneumatic pressure is capable of driving multiple wells

at once.

Alternatively, a sealing plate 1150° may be placed over the top of the wells of a

multi-well plate, so that each well can be separately driven, as shown in Figure 11C.
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the core of the filter 4180. Supernatant fromthe sanple flows through the
wall of the filter 4 180 into the first recycling chanber 4191 . In the
second stwoepocesmapl e conprising |iquid containing cel lpeTfusesus/ohzem t he
second processed sanpl e chanber 124c to the first processed sanpl e chanber
124a and supernatant also flows through the wall of the filter into the

first recycling abasbiak tédlemboiifenta siuiti-ewll glite nsyirerodangsdtto prafteryabl y
has the same flowrate into the first recycli ng@chanb_er 4191. A control
system whi pdrtitls presessirgicastridge o thabezchcel jageses bed 12¢ briepypisiyt ssaleg oats ur es

inthe cart JAge .t &nPREbkd e ibernteh dhbeldkoahich Ahfiofdfl THiC aahgg state

i n order toeaﬁ irst or second processed sanple cha m
ei t her over fncRidk Bgpadite ghainmitiegonifbletubes mngovide yudhesephrateontrdll 92 i s
mai ntai ned at a pressure below the first recycling chanber 4191 until it is

full, and is then switched to a. pressure hipgher t han Both the first recycle
chamber %191 andMiWaxelhvariagt FHEE a3SPA SPRARNTRIFALE YHECAMBUEATPCESS BUPE from

the recycl eﬁﬁg@??ﬂ i gﬂ&ﬁeﬁtﬁtrfwﬁﬂ%%mb fhhied pERARREH. ﬁ&%xallﬁprénfthe RRipse&PNd

recycling c 192 1s ought back to a pressure below the first
recycling coptidabmdc8sbrteoanrayf of 96 mimebotthes, thiesxstomimgyoouieomegyictogontergeat s.
Preferably, chec .vaé es 14 %5, 41976 are in place in the fluid paths

bet ween t he®?q Y&t % %/IE’ICI Héa%hanber 4191, the second recycling chanber 4192
and the sheath fluid chanmber 4 114 to prevent backflow This system 4110

has few or no copigagds 19L f2D &% fhotdgraphB©f b ptabtyp€ oD uitdre parmielhrodcssihg
punps) which ma amage cells and_so can inprove yields of |ive cells.
Fi gur es 10| Acartridgeiof py dlusiptavermbadimentof thsinyediono dsshowRen Bigiiekin b%ff ticle

processi ng ng%%,t%érg%%aﬁké:gﬁ%1%)\%&@8&? AR THOO IS e cBhndclid b AYRAKL ON- 11

t he enbodi unitary caftridge 100 is 1 ntegrated
wi th a mul t chuehber phraxidze beidg une udiné fiesibde tobesskl28ect i onal vi ew of the
cartridge, with chanbers in a rigid body and a chip 1100 connected to the

a0, 100, e e e e e Bt B B B
chip for processing particles. In the embodiment of Figure 13, the cartridge system 1300
15  allows for aggregation of a processed sample off-chip. The illustrative chip 1310
contains an array of microchannels of a width scale of between about 10 pm and 400
um. The chip holder 1340 for coupling the chip to the cartridge 1300 preferably
contains chambers and tubes of a width scale of between about 100um to about 2
millimeters. The cartridge 1300 contains tubes of a width scale of between about 0.5mm
20  and about 10mm and chambers of a volume scale of between about 1 millimeter and

about 5000 millimeters.

Figure 13 shows a cutaway portion of one channel 1322 of the chip 1310 for

purposes of illustration only.

The chip holder 1340 includes aggregating chambers or channels 1345 for
25  receiving a processed sample or input sample. The aggregating chambers 1345 connect
to fluid paths, illustrated as flexible tubes 1360, preferably of equivalent or larger scale,
which in turn feed to chambers 1334 in the cartridge 1300. Prefer_ably, the chambers

1334 have volumes of between about 1 milliliter and about 5000 milliliters.

Alternatively, chambers on the chip holder 1340 may connect a channel on the

30  chip 1310 to a chamber on the chip holder 1340, which then connects to a flexible tube
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receptacle 1110 is sized and configured to receive and couple the chip 1100
to the cartridge. In the illustrative enbodinent, the chip 1100 may be a

m cr of abrwoab@degisass chip as described in U S. Patent RNgrhseoos,gd85 075 and
U S. Patent Application Serial Nunbers 10/329, 008 and 10/ 664,587, or a
conmbi nation of a mcrofabricated chip in a non-mcrfabricated plastic

package (chyn,dig! g %)amh iACHuAHli®y 608E Flegiblethbésale ApgRedatdlint einbersiaens acl e
and slide out of that receptacle into the "Operating machi ne" for

operati on. Q'dmmd@hl p then noves back into the receptacle 1110 when the cell
processing is done and the cartridge I's removed for product extraction and

mui Lipre i npot ¢ BpbaniagsEn e IRERET Wb ARkl SLoarniot pBsed o

contai ni ng pabmelived kﬁnpl&hmlwlﬁamfﬂlamrecﬂuemlmng)e used, is placed or
connected to the cell 1 nput chanber in the cartridge, so that each tube

receives cells froma dlfferent well of the nmulti- ate 1 In this
enbodi neht, a prBE%el&‘P’é‘ SSHNRREPPIEE Bropessesytriges %‘Hll][“gtr%tévéle 1’%’3‘%& e

chanber so qu‘ﬁ% ifveitioPlse s%gwbggct&eﬁea@édlﬁst maeﬁ&%efef §1t}§e'ill@@91l Sut@QfF ey i Vi ng
multiple wells at once. Alternatively, a sealing plate 1150° may be pl aced

over the t opartrfdgbjm(cwptlalt spemfﬁqapqmlthatamdmly pheakin,a specifip atandard lepeweting can be

separately driven, ure 11C. Accor pent, a
mul ti-weli PS¢ ﬁ@%) %tlgé‘ﬁff‘élﬁeef g‘aéﬁﬁm‘\sﬁfi?/es ? ?tg% 18&%%95} Ot(gjthcart ri dge
so that each&f)rlof arCRaEdES O edld Bierics saRpRE Rit@tHE extioed onto each well, and
the pressure in each well can be separately controlled. The system nmay

i ncl ude separate pneumatic control tubes to provide such separat control
Mul ti wel® vari anin euerambadifaentgthe uwt% PREicle RESpTSSinEicatadgmis caeratedvbeigocesss

n the cart bl agelinhd RIS ggtsﬁt O fie bt BRiAMS Ly Rhnd A"

exanple if |p IS an optica rosofter array o crosorters, the
system nmay hauit®nomnd saistigiedhd em*tddgemmpenﬁmri onerpran@é “wailt prq@bsstoeperaﬁpgur es

n D o o R s b Bl Pt M PR oBEGRRSL
Figure 12A ﬁ&%med using the cartridge may change the state of the suspension, measure some
15  properties of the suspension, both change the state and measures selected properties of a
suspension, or other perform another suitable process on a suspension loaded in the
cartridge. Examples of unit processes suitable for use with the unitary cartridge of an
illustrative embodiment of the invention include, but are not limited to, measuring the
number of cells in a suspension, measuring the amount of liquid in a suspension,
20  measuring the type of cells in a suspension, which may be a cytometry operation, sorting
cells in the suspension, collecting a subset of the cells in a suspension, heating the cells
in a suspension, filtering a suspension to increase the concentration of cells therein, and

changing the liquid or its chemical components in a suspension.

The operating machine that operates on the unitary particle processing cartridge
25  may use electrical, mechanical, pneumatic, optical, magnetic or other suitable actuation
or sensing means known in the art to perform unit process operations on a suspension in
the cartridge. Examples of actuation or sensing means suitable for use in an operating
machine that employs the unitary cartridge of the illustrative embodiment of the
invention include, but are not limited to, pneumatic means, mechanical means, optical
30  means, magnetic means and electrical means. To actuate or sense using a pneumatic

means, a gas may be injected through a sterile filter to drive a liquid suspension from

20



12B, a processing chip 1100 and a chip holder 11 10 may be connected to a
mul ti chanber cartridge body 100 using flexible tubes 1122. Figure 13

i |1 ustratwe 2aswishms application of a unitary particle protas00894085tri dge
for processing particles. In the enbodi mrent of Figure 13, the cartridge
system 1300 al |l ows for aggregation of a processed sanple off-chip. The

i |1 ustrati Vg, dhaRbdBbAns@et & Mémathambaythefughlacoapbaanehch &fa azaMilérangcal e
of between about 10 mm and 400 mm The chip hol der 1340 for coupling the

chip to theintma secondehanBBo He @A yense HEIAR AINehanBBeans R paistdliof a

w dt h scal e of between, about. | 1Ll far
1300 cont ai &R E%aéism@f begb%ﬂg?tﬁ@ggq@%gg *&gg{a &é%tgﬁgﬁaﬁrﬁ%ﬂgﬁ@@ to}Lelf gggn’m
and chanber gndHy tatiak ipingchdd of ghefrovaene alamiber 1o adthérmoarcnandoraboiet 5000

mllinmeters. Figure 13 shows_a cutaway g‘gr_t i on of one channel 1322 of the
chip 1310 fesinger privakmeans; 3 jighitheam;mgy ‘ih§l?°5"ﬂ1\éel%th‘ieﬁoﬁléﬂ GEIdgaiPashc| udes
aggregati ng : L\ | e or
e e v R S e e

i | | ust r at edthésughltRatinbic@chatebarki3Bdhsieptle bieck ok yeatter thedightivrens way td ar ger

scale, which in turn feed to chanbers 1334 in the cartridge 1300.
Pr ef er abl y, PRatedetsciory d0RCaeOn ERse V&%gwlcm&“ﬁﬁﬂﬁm gngt Ry PP+t er

and about 5000 didsetd E%ﬁaﬁnbe%lct)ﬁtraﬁ%ﬁgélé/ 8denGhiRlRRESet R btk E@r, G:ﬂjsﬁ@r}gh@ﬁf 1340

may connect a Channel on the chip 0 to a chanber on the chip | der
1340, whi chbarlte motaterané stisortmixahé buspeisien muha shawbére rTof doiiate gragense Ysing an

plurality of the flexible tubes then aggregate into chanbers. in.,the
cartridge. erlﬁ‘éméﬂﬁﬁfinﬁecﬁfw%#lOﬁglggfjl?cémfé&??fﬁs r%erm&elr%fgrse 09T egat | SHHIE into
separat el y peRaRfRtndARERbkEkicZIE6adsand)] BsconfededRNARugh flad meéadwEes

clogging. In general, a unitary particle processing cartridge of an
i || ustrati vextempoentashpingf Theepsratingnpeiing may thepagply angjread vodlagesda %k gai nst

R e it e
guar ant ees 4 bath sidigiermetse, witiel niagtbeparloftenitiveontsalleabr CRUpfligithleor analog,

may be built into the cartridge if it is advisable for the cartridge itself to be given a

logging function or intelligence function to support its use or standard operating

procedures for handling the cartridge. Power for these devices may come from the

operating machine or be derived from batteries or electrical power storage means located

20  within the unitary cartridge. In another embodiment of a mechanical means for

performing a process in a suspension loaded in a cartridge, two chambers may be

connected by a tube with a region containing a soft wall to form a valve. Then, the

operating machine may press on this region with a mechanical plate or other suitable

means to temporarily or permanently crimp that region and selectively block liquid or

25  gas flow from one chamber to another.

The use of the cartridge allows the operating machine to be isolated from and
external to the processing subsystem and fluid contact surface. In this manner, the
operating machine can be used repeatedly, while the fluid contact surfaces can be

disposable.

30 The present invention enables customization of a unitary cartridge to optimize a
cartridge for any given cell processing protocol by engineering into the cartridge only

the required unit processes.
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interior of the cartridge or leak interior sanples into the exterior. In
one enbodi nent, the unitary particle processing cartridge is operated by
bei ng pl asedosemearsaachi ne or system (the "Operati ng MaclpcmaSpooshizdbs may
apply nmeans of actuation and sensing to the cartridge to perform one or
nore "unit process operations” on a suspension that has been | oaded into
the cartridge. ThReHRulreREHEL BEaddRANRE pATIS]ep tHat arersitletipetifictd theGRNlof i dge
may change the state of the suspension, nmeasure some properties of the
suspensi on, pastiela pedrgsiies petocet ok independent 6 theguotoerlecan by sgnr%b@dtshweéf a
suspensi on, . oth rf : i tab [%o)
oaded i n i MaNindhy PR R SRoBREIEy fihecP neRbREAR O RIRUARRT KA,
t he unit ar ysdietdd proges afaydie shippud sepatdte fromnthe dirtridpie andl inserted iMaatiratdge
include, but are not limted to, neasuring the nunber of cells in a
suspensi dn, bydieshricky at AR HeRFiatoTags, gUR gn?ldlsﬁr 438 58AA 828R, neasuring the
type of cells in a suspension, which nmay be a cytonetry operation, sorting
celI's in the suspgosicOh ifRhlSFhisHbeR dSUPBE] retive s af Aluskativt EnisodsmeRsi on,
heating the cells 1h a suspension, filtering a suspension to increase the
concent r at i Bimcetertan tlsmnghemey he nwdd ircthanbd vegeankigudtiogs vithout departiop dreint al
conponents jin a suspension. The operati.n chine that. .operates on the
unitary par {}ieéF%pechfg ee’é‘é’Fﬁbonc ﬂrlf ’r‘%ﬂ"&g h&galgagjéllagﬁ %O@%ar‘?ecdalfl?ﬁ"?’r%’wgni cal ,
pneumati c, Q&Eﬁ?ﬁén o FRORALA theQlccOhpyildrhwitgs baeitbiptdte@Naillugfitive A8d ABANS
known in the art to performunit process operations on a suspension in the
cartridge. BExahpitsg sefseact uati on or sensing neans suitable for use in an
operating nmachine that enploys the unitary cartridge of the illustrative
erbodiment of NG il BKSM &thdeRfodiiRat (R foIRMn Abinkd 1L LPLVERaY PARIIRNG ©
nmeans, nechani cal neans, optical means, nmagnetic means and el 8ctrica
nmeans. To asgegHicdeatnres efie ingdntign aegmbadrhtrcm, mshal staengas afehe dvope of thet ed
through a sterile fjlter to dri a liqui uspensi fronmone chanber to
anot her or FIERHR ‘t‘f"ﬂ& A PSS ﬁ’"ﬁ“?ﬁ?nﬁ’b&@ﬁf‘ Sgaé‘h faif;thﬁreg?t?@e?'i lter and
into a second chanber. To actuate or sense using a nechanical neans, a
peristaltic punp head nay be built into the cartridge so that an external
rotor may fit into that head and by rotating it punp liquid or gas from one

chanber to another. To actuate or sense using an optical neans, a |ight
beam may be di sposed relative to the cartridge to pass
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t hrough a m crochannel in the cartridge in order to count cells or
particles that pass through that m crochannel and transiently bl ock or
scatter twe 2bieglav7sen its way to a photodetector. To act perTasees®e3vse USi Ng
a magnetic nmeans, a rotating magnet nmay be brought close to a chanber
containing a conventional magnetic stir bar, causing that stir bar to
rotate and stir or mx the suspension in that chanber. To actuate or sense
using an electrical nmeans, conventional silicon pressure or tenperature
sensors may @aims)i [t into the cartridge and their electrical |eads may be
connected to through the neans of external contact pins. The operating
machi ne may then apply and read voltages to or fromthese contact pins to
oper at e t he 1sensqog anita pariokt prvedsying vatridgedor gdrfeiningCaprotesana,a samph, a
storage neans, which nmay be part of a microcontroller or CPU, digital or
anal og, fay ‘BEWPHHNEt into the cartridge if it is advisable for the
cartridge itself _to: j I : I i . gence function to
support its use 3#&§$§H%g%§98%??%?%%%&8§%2§%ﬁ@%§9?§9ﬂﬁgkgring t he
cartridge. Power for taymsticleprocesmgramnponerd formordaskiag@pemate; agd nachi ne or
be derived frombatteries ar ctrical wer storagge.nmeans |located. within
the unitary cartridge? anQWo(ﬁjﬁﬁﬂ’é %‘?Pg%f(tjis'%g?ffs S?Cagsﬂgtgﬂgm%gélfllt%gﬁglcf%r
perform ng rfeSGRsSartriligl, WHSGBRNS Mfld LARSR duificed it BletunitBigSarti O pobEIR! S
may be connected by a tube with a region containing a soft wall to forma
val ve. ThRen cartthdgeope cntapagaied end sraladelyorp pe sxtepar emiionmesi.on with a
mechani cal plate or other suitable neans to tenporarily or permanently

crinp that region and selectively block Iiquid or gas flow from one chanber

to another. 2The UgR witatyRrteaé blocetgmgahitadge éthdaiapEaticreig aneadioneof thebe
isolated fromand external to the processing subsystem and fl uid contact

surface. | n PiwRLtypd Aid contacs syrceaeqmpyissaa seakeble sample inpup RO £33 dRRWHNE 2
while the fQ%EQRQB%E%R&?§EHEQSQ§cﬁﬁﬁd e di sposable. The present invention
0 of a

enabl es cust zatio unitary cartridge to optinize a cartridge for
any gives cell processing protocol by engineering into the cartridge only

e Fequired U e S Cl SRAER! SRR & RILRL Ghge et

plurality of fluid contact surfaces comprises a sealable sample extraction port for

extracting a processed sample from the cartridge.

20 4. The unitary particle processing cartridge of claim 1, wherein at least one of the
plurality of fluid contact surfaces comprises a sample input chamber for storing a sample

prior to processing.

5. The unitary particle processing cartridge of claim 1, wherein at least one of the
25  plurality of fluid contact surfaces comprises a processed sample chamber for storing a

sample after processing.
6. The particle sorting system of claim 5, further comprising a filter disposed

downstream of the processed sample chamber to remove supernatant from the processed

30  sample chamber.
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particle processing protocol or independent of the protocol can be stored
and shipped within the cartridge for processing by the user. Alternatively,
t he substwoees/wemd i n the sel ected process nmay be shi pped/use@anaioes from
the cartridge and inserted in the cartridge by a technician at an
internedi ate stage, or a final user at an end stage. The present invention
has been degcri befe patisleisyRink@yatBmi dflclisinaiheieaeethowii supSinBGat iger t ai n
changes may be made in the above constructions wthout departing fromthe
scope of t heecyelodhadkdn a sheath flujdyeasivein thahprovides sheath Briddbspracess®gi n t he
above descric(pr;ligrénpr shown in the acconpanyi ng drawi ngs be interpreted as
illustrative and not in a limting sense. It is also to be understood that
the following clains are to cover all generic and specific features of the

i nvention described herein, and all statenents of the scope of the
i nventi oh wRi ch, The PHURISSPEMESSYSIERLRS G, 0 ATHIF cRrPEsing a 1P fidfer for

t her ebet weep, (1 a1l MR 1obe Rl HRMYmBAL dbkaRRhpcessi ng cartridge for

perform ng a process on a sanple, conprising:. a unitary particle processing
cartridge having formed thereon: a particle processing conponent for

processi ng sample; and a pluralit f. fJuid coptact surfaces capsul at ed
P the untt Bry part peneiespeResyRne <afim yguerdihiedian G 15 o tE Pbt

surfaces i nyfeharHBbd R NloRAo}F hidBbil REGRSIMHe SdechiatAh@e are encapsul ated and
sealed froman exterior environment. 2. The unitary particle processing

cartridge of claim1, wherein at |east one of the plurality of fluid
cont act 1&ur fleces Thorpitdrs partiglesuacesting catigacotickyputl, pereit erleashpig efithg a

o ovessi ng BRIRY GEASE OBl b ekirkars priee O O BaBRn foeq , o

processi ng léllr
f1ui d cont aptocedsifganesms forpoessing thealpibhenghrpheicixirnesting Rompohert.or

extracting a processed sanple fromthe cartridge. 4. The unitary particle
processing cartridge of claim1, wherein at |east one of the plurality of

fs Lllrjr;) ldecont agy  surf,aGR%arG QIRIcle RS Rsing MkSdde U daimhawieteif Mk paftRid Ny a
15  processing component comprises a particle sorting component for sorting particles in a
sample having a predetermined characteristic from particles in the sample that do not

have the predetermined characteristic.

12. A particle sorting system comprising:
20 a unitary cartridge having formed thereon:
a particle sorting component;
a particle source upstream of the particle sorting component for providing
particles to be sorted to the particle sorting component;
a sheath fluid reservoir for providing sheath fluid to suspend the particles;
25 and
a keep chamber downstream of the particle sorting component for

collecting sorted particles.

13.  The particle sorting system of claim 12, wherein the cartridge encapsulates all

30  fluid contact surfaces from exposure to the environment.

14.  The particle sorting system of claim 12, further comprising at least one
pneumatic port for applying pressure to a fluid path to facilitate fluid flow to the system.

24



prior to processing. 5. The unitary particle processing cartridge of claim
1, wherein at | east one of the plurality of fluid contact surfaces

conpri seswe picasemsed sanpl e chanber for storing a sanplreTafst@s/omvesessi ng.
6. The particle sorting systemof claim5, further conprising a filter

di sposed downstream of the processed sanpl e chanber to renove supernatant
fromthe processed sanple chanber.7. The particle sorting systemof claim

6, wherein the renoved supernatant is recycled back to a sheath fluid

reservoir that pFlspardele sprERgEYStemiodcleps 15, HEBESOMPrSH®onent . 8. The
particle sorting f o6l @l ; EdeliRfoe SR TRE ViR % heath ithser for
renovi ng m crobe%ﬁ%/s?%O%Hlngcgoﬁe%ohgéecgmstﬁé;er natggnt. 9.1 The %&t@(‘ﬁ%tsorti ng
syst em of cdhahthfBid vdsexveirn the trap filter is renovable fromthe cartridge
to allow for mcrobial testing of the supernatant. 1Q. The.ynitary particle
processing cartrd ﬁf’ﬁén‘HoaéﬁnéiPt‘?%lf?“W’fg‘Péﬁ%g “qagsg%rtprBYﬂglr@fp esp}Pg]i‘%/il ity of
fluid cont a]%ﬁa%{ﬂﬁ.ggs comghises a processing neans chanber for storing a
processi ng ans for 'processing the sanple using the particle processing
conponent. 11. Taeextraction yorpfortried iethercadedgs foyrameving algeasb bnadizanicles
wherein the t.icl e processi ng conponent conprises a particle sorting
conponent fﬂ%afilﬂii?‘ioﬁb&ﬁ%??ﬁ @Paélg’ef'n a sanpl e having a predetermn ned
characteristic fromparticles in the sanple that do not have the
predeterm ned characteristic. 12. A particle sorting system conpri si ng: a
uni t ar yt&ar t6.i dgEhcpartielg sesingsistenef slorm 13, fyather eameprisia 3 Alierdp afbiéndth. g
particle source upstream of the particle sorting conponent for providing

particles to be sorted to the particle sorting conponent; a sheath fluid
reservoir for. proné ghrtiglesbragRydtemiof claim 6swrerdint the fiftar isidispessd teendeen

the particle source and the sorting component to prevent clogging.

15 18.  The particle sorting system of claim 16, wherein the filter is disposed

downstream of the keep chamber to remove sheath fluid from the keep chamber.

19.  The particle sorting system of claim 14, wherein the removed sheath fluid is

recycled back to the sheath fluid reservoir.

20
20.  The particle sorting system of claim 12, further comprising at least one pump
disposed on the cartridge to facilitate fluid flow through the system.
21. A method of processing a sample, comprising the steps of:

25 inserting a unitary particle processing cartridge in an operating machine; and

instructing the operating machine to perform a process on a sample sealed within

the unitary particle processing cartridge.
22.  The method of claim 21, further comprising the steps of:

30 loading the sample into the cartridge; and

sealing the cartridge, prior to said step of inserting a unitary particle processing

cartridge in an operating machine.
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a keep chanber downstream of the particle sorting conponent for collecting
sorted particles. 13. The particle sorting systemof claim12, wherein the
cartri dgewenocapsuisat es all fluid contact surfaces from expases/ 046t he
environment. 14. The particle sorting systemof claim 12, further
conprising at |east one pneumatic port for applying pressure to a fluid

path to facyii ta%ﬁeﬁqkﬂhbéo?uaﬁhtz@, ﬁﬂﬁ@@éﬁiﬁfﬂ%ﬁhﬁ:g—t@ﬁoﬂa”i cle sorting system
e

of claim 12, further conprising: a first |loading port fornmed in the

cartridge for prewodingp pioeesséd samplelfrom theunisae aetticld prpeessing eariiadge; vig
second |Oadin%%PO[t formed in the cartridge for providing particles to the
particle sofft C¥2CUPYL extraction port formed in the cartridge for
renoving at |east one of particles and fluid fromthe keep chanber. 16. The
particle sorting systemof claim112, further conprising a filter in a fluid
path. 175 Tie pafhé wethod of clain 28y kirthen eompsisHigtha slep@fierein the filter is

di d bet t he. L : : A - t
Cloggi ng. 16, ThEBY el LEpnRRLAE TP SRR S RTRIEM ol oo T,

i s di sposedpgtewnst ream of the keep chanmber to renove sheath fluid fromthe
keep chanmber. 19. The particle sorting systemof claim 14, wherein the
renoved sheath fluid is recycled back to the sheath fluid reservoir. 20.

The parti cl g sor ﬁ"%lﬂgleﬁ%ﬁto?mé% 24! @%g%iﬂ-ﬁ?the B?@’r t]tcﬁl?g{J rlng&ﬁl?% %{/ﬁ%legs &le dfe@st one

punp di sposéd on e cartridge to Itate hf ough the system
21. A nmed hoeeaficqlr meesmical) pacwaatpl, epticd apd inggmagictrheans toeprs fopf: a ymsprotdsag a
unitary particle processing cartridge in an operating machi ne; and
instructingo?ﬁﬁsﬁggﬁhting machi ne to performa process on a sanple seal ed
within the unitary particle processing cartridge. 22. The nethod of claim

21, further conprising the steps of: |loading the sanple into the cartridge;
and 26. A particle processing system, compnsing:

a particle processing chip comprising a plurality of microchannels and
15  processing means for performing parallel processes on a plurality of samples;
a cartridge containing éplurality of chambers and fluid paths for providing and
receiving substances to and from the particle processing chip;
a holder for mounting the particle processing chip to the cartridge to place the
chambers and fluid paths of the cartridge in fluid communication with the
20  microchannels; and
a plurality of aggregating tubes for receiving and aggregating processed samples

from the microchannels.

27. The particle processing system of claim 26, wherein each microchannel on the

25  particle processing chip has a dedicated outlet.

28.  The particle processing system of claim 26, wherein the aggregating tubes

aggregate the processed samples within the holder.

30 29.  The particle processing system of claim 26, wherein the aggregating tubes
aggregate the processed samples within the cartridge.
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sealing the cartridge, prior to said step of inserting a unitary particle
processing cartridge in an operating nmachine.23. The nethod of claim 21,
further owopnésico3t he step of: renoving a processed samrprastosmuiobe
unitary particle processing cartridge via an extraction port. 24. The

met hod of claim 21, further conprising the step of: renoving waste fromthe
unitary partdcle (W5 i I ot | he

ot hod of ¢ i m L e reae PREMEIEAAIGe R RS PR in o il

el ectrical ,comgmisang:cal , pneunatic, optical and nmagnetic neans to performa

unit process on the sanple 26. A particl I 0CessSi system conprising: a
particle process? H@t%ﬁggﬁ%@rfﬁ??e§?lﬂ cg{rbtfggﬁgpinlgf)g ecﬂﬁ%ﬁ%’&'hannel s and
processing means for Qsﬁrftiererﬁrmsmgadda@dneﬁffw?s&:egsi@a@hnﬁ;ilet,r ality of

sanpl es; a cartridge contai ni ng a plurality of chanbers and fluid paths for
provi di ng and recei vi aglusaliis phHeidsonacvalateso pompasipgat lpast anpfleidedamber

[0 pi ace ¢ niCa Ao T Bt O RaleS L RSET RARTIb Rl B bl 1 11 0@

communi cat i RRerdint A i@ cOhtatRRAcEah Sie widryapapticle pdceysin cangidgeaat i ng t ubes
for receiving and aggregati nfg processed sanples fromthe m crochannels. 27.
The parti cl ecppovaedndsealeddiom an CHpEeLRYBONMEY; 884y each i crochannel on

the particle processi nﬁb&l%g&%ﬁ Sg? |nfogxﬂier{%%g§?£é£%nt@8 AEsthRhtih gl e

processing system of clarm egating tubes aggregate the
processed sempibesofiheleanridgee hol der. 29. The particle processing system of
claim 26, wherein the aggregating tubes aggregate the processed sanpl es
within the cartridge.30. A unitary particle processing cartridge for
perform ng a process on a sanple, conprising:

31.  The cartridge of claim 30, wherein the chemical reagents are specific to a cell or
particle processing protocol to be performed using the particle processing component.

15

32.  The cartridge of claim 30, wherein the chemical reagents are independent of a
cell or particle processing protocol to be performed using the particle processing

component.

20 33.  The cartridge of claim 30, wherein the chemical reagents comprise beads to

perform subset enhancement or depletion.

34. A unitary particle processing cartridge for performing a process on a sample,
comprising:
25 a unitary particle processing cartridge having formed thereon:

a particle processing component for processing a sample;

a plurality of fluid contact surfaces, comprising at least one fluid chamber
and at least one fluid path, encapsulated in the unitary particle processing cartridge,
wherein all fluid contact surfaces in the unitary particle processing cartridge are

30  encapsulated and sealed from an exterior environment; and
beads used for performing a bead-based depletion or detection on the

sample, wherein the beads are stored in a first chamber of the cartridge.
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a unitary particle processing cartridge having fornmed thereon: a particle
processi ng conponent for processing a sanple; a plurality of fluid contact
sur f aces,woanpwieceisag at | east one fluid chanber and at Ilpezats2em3@439%31i d
pat h, encapsulated in the unitary particle processing cartridge, wherein
all fluid contact surfaces in the unitary particle processing cartridge are

encapsul at egs andrgeal st bPBLAN 38X RILIAhEHAIS ARTRIEnctie Behds RBATE Hithr eagent s
for performng a process on the sanple stored in a chanber of the

cartridge. @ti-CDdenthodies tgtecbind tocdedls exP@ssinh€Pdi n t he chenical reagents are
specific to a cell or particle processing protocol to be perfornmed using
the particle processing conponent. 32. The cartridge of claim 30, wherein

the cheni cabg r eagritstrlgs of BB 88 0eRdreilth@b&dk miRin PR rstchempbErOeIRts s celd
protocol to be perfornmed using the particle processing conponent. 33. The

cartridge ofuspénsion Spplisdhertes first ehandies fioan? sqcend) ehambes orhd caEiridsads t o
perform subset enhancenent or depletion. 34. A unitary particle processing
cartridge for performng a process on a sanple, conprising: a unitary
particl e proressThgcatideeiofgrinhdg) Mghéosomyisidges word champarfor ke vingabessi ng
conponent for processing a sanple; a plurality of fluid contact surfaces,
conpri si ng e8!l Juspensionradter regetiprowihtherbeady at | east one fluid path,
encapsulated in the unitary particle processing cartridge, wherein all
fluid contact surfaces in the unitary particle processing cartridge are
encapsuh@t es8.andTheedreitigk o mlaan 3éxwhereinrthe patticlerpnessssingoemperdsisased f or

perform ng a. bead-based depl.etion or detection.on the.sanple, whergin.the
beads are sPésT@Huidl partigle sqrtipg shypdor Qﬁrfot”ﬁ‘épgcsé’ftt‘qg d’@@?sqgﬁléé S(?g}p?ef ??fﬁg of
cl aim 34, m/g;ﬁg?}éae{emh}gg@gﬁageﬁsﬁagneti c beads coated with anti-Ch

anti bodies that bind to cells expressing CD4. 36. The cartridge of claim

34, wherein the beads mx in the first chanber with a cell

39. A method of processing a sample, comprising the steps of:
15 providing a sealed unitary particle processing cartridge;
in a biosafety hood, loading the sealed unitary particle processing cartridge with
a sample to be processed and a processing means for performing a process on the
sample;
inserting the sealed unitary particle processing cartridge in an operating machine;
20  operating the operating machine, wherein the operating machine effects processing of a
sample sealed within the unitary particle processing cartridge using the processing
means;
removing the sealed unitary particle processing cartridge from the operating
machine;
25 in a biosafety hood, removing processed sample from the sealed unitary particle

processing cartridge.

40.  The method of claim 39, wherein the process comprises sorting particles based
on a predetermined characteristic.

30

41.  The method of claim 39, further comprising the step of removing waste from the

sealed unitary particle processing cartridge.

28



suspension supplied to the first chanber froma second chanber on the
cartridge. 37. The cartridge of claim 36, further conprising a third
chanber fwo 20&0801883Nng t he cell suspension after reacti orcwiusbosshesobeads.
38. The cartridge of claim 34, wherein the particle processing conponent is
a mcro fluidic particle sorting chip for performng sorting of particles
in the sanphg bapgdmeihod oPERHERBOI Whételd reAlRhRGEIad Gito BE sededmiibog of
processing a sanple, conprising the steps of: providing a sealed unitary
particl e prputelsipnapessing eartfiglge prior 9 lpadsgthetsgmplgod, | oadi ng t he seal ed
unitary particle processing cartridge with a sanple to be processed and a
processi ng neans for performng a process on the sanple; inserting the
seal ed unitary particle processing cartridge in an operating machi ne;
operating the operating nmachi ne, wherein the operating machine effects
processing of a sanple sealed within the unitary particle processing
cartridge using the processing neans; renoving the sealed unitary particle
processing cartridge fromthe operating nachine; in a biosafety hood,
removi ng processed sanple fromthe sealed unitary particle processing
cartridge. 40. The nethod of claim 39, wherein the process conprises
sorting particles based on a predeterm ned characteristic. 4 1. The method
of claim39, further conprising the step of renoving waste fromthe seal ed
unitary particle processing cartridge.42. The nmethod of claim 39, wherein
reagents are |loaded into the sealed unitary particle processing cartridge
prior to | oading the sanple.
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