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strictly maintained and regulated conditions. The cells may be the product itself, or the cells

may produce a product of interest. With either goal, the production of cellular based products
is a complicated process. The cells are grown in carefully controlled culture conditions '
which include a balance of temperature, oxygen, acidity, and removal of waste products or an
excreted product of interest. The growth and activity of the cells can be interfered with by
even slightly altering the culture conditions, and can be highly inhibited by actions such as
removal of media, isolation of the cells by spinning out the cells and packing them in a pellet
formed by centrifugation, and resuspension of a packed pellet to reintroduce the cells into the
culture conditions.

[0004] Many known cell culture methods require significant investment in capital and
labor. Cell culture facilities cost millions of dollars to build and take several years. There are
a limited number of existing facilities that can be used to produce the products that are
currently proposed. Cell culture is currently used for production of proteins such as human
insulin, vaccine proteins, enzymes for food processing, biodegradable plastics, and laundry

detergent enzymes. Such products include, but are not limited to, therapeutic molecules,



or biosensors. [0005] A growi ng concern in biomnufacturing is recognition
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living or inert, including biomaterials and all types of cells, hardy cells and cells that require
gentle treatment. What is also needed are methods and systems that do not disrupt cellular
growth and activity processes during the biomanufacturing processes, and may aid in the
growth and production of cells. Additionally, it would be beneficial for methods and systems
to provide green technology advances to the biomanufacturing process. Methods and

systems for the transfer and manipulation of particles in efficient methods are also needed.

SUMMARY
[0007] The methods and systems disclosed herein comprise methods and systems for
manipulating particles including inert particles and cells or biomaterials such as cellular
components, proteins, carbohydrates, lipids, and tissues. In one embodiment, the methods
and systems of the present invention may be used in processes where particles are involved,

such as biomanufacturing applications, or for use with suspension cell cultures, such as in



di scl osed herein can be used for perfusion bioreactor processes and for
cell concentration in suspension cell culture nmethods. The nethods and
systens dvechmaesssher ei n may be used in coating appli carcensoebdiidr
bi omaterial selection, or isolation add/or purification of selected
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individually, such as viral infection. For example, the efficiency of transfection of cells in
suspension can be aided by the methods and systems disclosed herein. In another example,
cells may undergo electroporation techniques. The cells, or a particular subset of the cells,
can be removed from the bioreactor container to a chamber of an apparatus and there be
affected, such as by transfection or infection techniques. The cells may be affected by
particular chemicals, stimulants, inhibitors, or other factors that alter the cells’ activities or
growth.

[0010] In another embodiment, the methods and systems of the present invention can
be used to separate cellular subpopulations from a mixed cellular population. For example,
cells can be separated based on affinity, density or size. The methods and systems disclosed
herein may be used to separate cellular components or biomaterials including, but not limited

to, proteins, carbohydrates or lipids. For example, a mixture of proteins can enter a rotating

chamber of an apparatus and media conditions can be such that a selected population of



chanber of an apparatus and nedia conditions can be such that a sel ected
popul ati on of proteins precipitates. Such precipitates forma fluidized bed
in the rowetnrgosssanber and are contained within the chaoaso@odinay be
removed by changing the rotation conditions and/or the nedia flow force.
Nonpreci pitated proteins are not contained |n the fluidized bed and fl ow
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provi dieNgpassing through the outlet of the chamber; then manipulating the cells in the fluidized

bed, wherein said manipulating is selected from the group consisting of removing,
concentrating, diluting, exchanging media, harvesting, transferring, dispensing, transfecting,
electroporating, separating, isolating, extracting, selecting, purifying, coating, binding,
physically modifying, and altering the environment; and thereafter removing the cells from
the fluidized bed. Removing the cells from the fluidized bed includes: flowing a second
stream into the chamber through the outlet, wherein flowing the second stream acts to create
a force at least partially in the same direction as the centrifugal force field; and collecting the
cells passing through the inlet of the chamber.

[0013] In some further embodiments, the method includes: providing the first stream
from a cell culture system prior to flowing the first stream into the chamber, providing

perfusion cell culture conditions to the fluidized bed of cells; exchanging the media; and



perfusion cell culture conditions to the fluidized bed of cells; exchanging
the nmedi a; anddelivering the cells and exchanged nedia to the cell culture
syst em afwenoreemsissng the cells fromthe fluidized bed. pc@ak4doslonsisore
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dispensing, separating, isolating, extracting, selecting, purifying, coating, binding, physically

modifying, and altering the environment; and thereafter removing the particles from the
fluidized bed. Removing the particles comprises from the fluidized bed includes: flowing a
second stream into the chamber through the outlet, wherein flowing the second stream acts to
create a force at least partially in the same direction as the centrifugal force field; and
collecting the particles passing through the inlet of the chamber.

[0017] In some embodiments, manipulating the particles includes concentrating the
particles, wherein concentrating the particles comprises receiving the particles in a
concentrated particles harvest container after removing the particles.

[0018] In some embodiments, manipulating the particles includes exchanging the
media, wherein exchanging the media includes: flowing a new media stream comprising a
second media into the chamber through the inlet; and replacing at least some of the first

media in the fluidized bed with the second media.



second nmedia into the chanber through the inlet; and replacing at |east
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par t i dhedizghbgl wigh ther @aghg ttagermbt | et of the chanber. [0024] According to

mbodi f t.h t t hod for f t
b1 ot or 1 al W01 GABknE 1<ioEes Fbo et s MerbPRGna- A PEPORR an out et

about @paradnga hﬂx&lr;%hﬁau@n%@ phrticiedatiud@r FRatirged Qmanwe?‘fﬁdl'lﬂilﬂ% fuh [ri3ét amlir eam
containing a first nmedia and a m xture of biomaterials into the chanber

t hr ougin quitlet 3houban axipicsubstantidlyimmgohilizing ian effingtyrmatmx in the chamber; flowing

a first stream containing a first media and a mixed population of particles comprising target

particles and non-target particles into the chamber through the inlet; retaining target particles
in the affinity matrix in the chamber; and collecting the first media and non-target particles
passing through the outlet of the chamber. In some further embodiments, the method
includes: flowing a second stream containing an elution media into the chamber through the
inlet; releasing the target particles from the affinity matrix; and collecting the target particles
passing through the outlet of the chamber.

[0024] According to some embodiments of the present invention, a method for
fractionating biomaterials includes: rotating a chamber including an inlet and an outlet about
-an axis to create a centrifugal force field; flowing a first stream containing a first media and a
mixture of biomaterials into the chamber through the inlet, wherein flowing the first stream
acts to create a force which opposes the centrifugal force; selectively precipitating
biomaterials from the first stream; forming a fluidized bed of the precipitated biomaterials in

the chamber, wherein the forces substantially immobilize the precipitated biomaterials in the



acts to create a force which opposes the centrifugal force; selectively
precipitating biomaterials fromthe first stream formng a fluidized bed
of the prwoipicmswd bi omaterials in the chanber, wherei rctrhms2déooncass
substantially immobilize the precipitated biomaterials in thefluidized bed
by the summation of vector forces acting on the precjpitated bigmaterials;

then dbiidiged berby the semmationwdivactantpresscichag op thedirpeipieted bismpterialyiithens
Dot neHRHAL SHEON et 8 hohipfectiiRRESionARSial WekbRL IEbuSERR UG ® oy

bi omatth¢ tlednsbekry amah théreafidriesioving theprecipitated ddoméiteals fignattedhodidedbedcam i nt o

t he chanber. through the outlet, erejn._flow th ecqQnd, stream acts to
cr eat RANQViRE the preqipisated @am%wﬂ%m the, Buidized b inslydesr Hawing Asecepd « | ugal
force {4 . | Rk d: oY ' i ough
the't A dpoRRE cfiter Brolih euBEE ire iR Wi ATRLEIuSlrEaaet b PUO7
pr ot eianfordeGd Kakt parialhydinrthe sames directionias dhaemtrifugdl foive fpldsmdtcolleatimgtthon, a

net hod fqr. associatin articles wi.th scaffol din terial. incl udes:

e o R B PO AL ARG BHAsEtenrat B PRt T S00E TR ' to o eat o

a centdifddddaing QEBiohlabdr id prBWIMY @ first streamcontaining a first nedia
b + | 4

and scaffolding material into the chanber through the inlet, wherein
f1 owi ng t hd0025]sAccotdirgtn stmsembodimentsefshef presant whicohom ppoetbed fore

centrifugal.force; formn fluidized bed of the scaffolding.nmaterial in
Che. criaNbRineraRls vt TtsRing Melistl i idee Py g naryer PRLRUEAT Bl ng
nat er izl ahduilbabbhtahasth beste AichitBusd ToRE ifiel; BowieELh BFst s@ELR SoMaininly on
the scaffolding material; flowing a second stream containing a second nedi a

and parfisstmediajand scaffrdding amaserial i dhgyphamher thipegh thgdalet, atherain flgwang theast
Sone t riicl | th .scaff ' | . 2 C ' to
sone e%toszri%%%cés tgfc Fésaﬁéé\é }E)Orr(é'gstellﬁfC%i 0%’\?8%{5315%,96%% ﬂn%%ic % %&-ﬁ}%g a%r?]dy%a% cles
f r om sofakhd saffoliingmuetiabin the chamles; whexrieit the foreechidptaatialiynivhmdbitige dre i nl et
and an outl et about .an axis.to create a centrifugal force fjeld; flowing a

first sseifeldimneapaienalin ty Buidized bedbyithe sympmatiory ofgiegion forges atinglondBemr i si ng
particl ' c ' , | | oWl ng: j rst

ST can e im0l IBRREL s b e o e 4 B P e i g
a f | uitbeé zieantize throfigh the islegfahdrethiningtiesst sdmé of thh@adickastyeith thetseaféoldinghe
forces subsltantial |y imobilize the scaffolding material in the fluidized
bed pJn%tﬁ%asummtion of vector forces acting on the scaffolding material;
flowi ng a %G%]%&chﬁﬁgl&%@énﬂb&ﬂnﬁnﬂ'o?%l?&%x%&én@ih\feﬁﬁ%fbtméﬂﬁb@ féthe chamber
through the inlet: renbving particles fromthe scaffol di ng material; and
col | egeinnyinglpertickesdfvan seaffaldiog esateraal dnelydeshrasatiyig & thambher including aminlethamber .

[ 0027]an %%Ooruﬂletna%o%{) ar gxqisatoe&ga?tg Ia%%g%rﬁ:uggl f;[)rr(]:g ﬁ%[cﬁ ?l%nwtingI 2 1(rasqts rith c%nt%}/nsilgéa m for

a first media and scaffolding material comprising particles into the chamber through the inlet,

~ wherein flowing the first stream acts to create a force which opposes the centrifugal force;
forming a fluidized bed of the scaffolding material in the chamber, wherein the forces
substantially immobilize the scaffolding material in the fluidized bed by the summation of
vector forces acting on the scaffolding material; flowing a second stream containing a
dissociation reagent into the chamber through the inlet; removing particles from the
scaffolding material; and collecting the removed particles passing through the outlet of the
chamber.

[0027]) According to some embodiments of the present invention, a system for
manipulating particles, includes: a chamber rotatable about an axis to create a centrifugal
force field, the chamber having an inlet and an outlet; a bioreactor containing a first fluid and
particles; at least one pump in fluid communication with the rotating chamber and the

bioreactor; a fluid manifold in fluid communication with the rotating chamber, wherein the



mani pul ating particles, includes: a chanber rotatable about an axis to
create a centrifugal force field, the chanber having an inlet and an

out | et; awbi2oreemsicsdr containing a first fluid and parti eceas:ab/obaast one
punp in fluid conmunication with the 8otating chanber and the bioreactor; a

fluid manifold in fluid conmunication with the rotatjng chanper, wherein
t hemarinamfold includgsia plusalify of spaceg apart yalyesthah g aptomatically selegtivghyeclosed

auto ' L.V, It | ' er in
com*nrjnralal51 gg’? Hl)ér(li %ﬁ{nﬁ%hﬁ%ﬁﬁtrﬁ)@ﬁé@%gﬁ%ﬁﬁﬁﬁ% andfﬁtTI Heerb% vg(%rf %@r %rlidr)laht he

cont r olalwes, whereintte cdritjollehdirsas:(Bhe valopeto aped and obsg, ({i) the fidverdi¢sof r at es

of the at | east one pur i he rotational speed of the . ratatin
chanbehe atlfept emurapfquﬁshe(é%%%q SB?edé’ff%i‘er@Eatg’ﬁrcg‘&%g%ﬁP (%) Aorhe i r st
flui d.@mi@m'fﬁét%&e&ﬁ%h{apﬁggvugtg@pﬁm anfparticha fFoR HRiofab B Hio n%e inlet,

wherein 1 n"operation, the elocity of 'the first streamfromthe

bi or eahhmber thtanghtke miketwbereinhin@pgtativhethe flost vedodity afshe fisst seean froncthewhi ch

the centrif f t het eby f or ni f1uidized bed of ticl
P RTINS i chanherthio e e Biel dbkstS Fiepn Hroeibibh PPReE e’ bar i ol s
i Nt heehirifhghl #61de RRELBY forhfing i PR £ bedfl o pRATMNS ih ML @mndset,| vilkkrSiR thdie

particles. Tn sonme further enbodi ments, the controller further directs a
f | ow etoss substanfially semobidize thegzami deninathe ifluidizedshed drydh¢ surnmatipn af edtoni d

source. into the chanber. through t.he outlet. wher.ein in,operation the flow
Vel o TPLFes ek e BRAeloer an BiFthenemb Bty I BrlBUPDEr R et Chanber
t hr oudiow RElo8IYE bR seRE6AS stidant EQRAiAIR 4 c6rd Ahid afta A bdatd jntd thet he same
direction as the centrifugal force field, thereby renopving the particles

f r om tahamberihenughdheexslet, wheseimen operatien. therflowi veloity ofithe ssend stream frome
parti t t il ' I ned to

t he bﬁggg%?gbgpﬁgif%Oggceggtlor{gé ?ré nno[\)/éergﬁﬁolrugi%ﬁi%@{ﬂfef %cﬁ?:hﬁg%ga ggci.gﬁ IgrﬁIIE ge:dlkklrl further
enbodipaeidl, in tiesanie dif@Ebn anthepenpifugal forde Siehl, tierebyr reatoivirrpathe partjeles| 0028]
According to_sane enbodi nents of the present invention, agi%stemﬁor

mani puFe ithegllydized bedsin soma yeber erabediayeRts: InCFFAtR; ﬁ%@_péﬁ Frapeliectadn et
and O.L{Mo%%w?&r'h&t of ﬁ]?d:h%gexcﬁfafﬂeﬂh‘ﬁfﬂottﬂ BioRdattoR a?t@f‘lséihé HeRdveliGrdif gnd an
opposi ng uid thow force to particles t?‘lerel n, a primafy punp in fluid
comurfludizedbedai Intstitl fertbdramdediraents,ahé hulieast oe pump inclidesi adbirdirsicfiohal i n
fluid conmuni cation with the chanber, wherein the manifold includes a

pl ur alF4BP- of spaced apart valves that are automatically selectively closed
and opened [@gz8]Wcddffing B ddnikd EmBdifRhtsWITHe SRS Svelti6RH8yRlefdfdron Wi th the
mani fol d; a secondary punp in fluid communication with the fluid buffer
wash svanipelatmgipartielessenéliddsda chanaber comprisingesspaertiapartpolepandheuttet ppife on and
of f periads, and wherein,in an.actiye on period,.the.secondar as a
i ghors e AR REl R BePleRGEab iind M & affesined R BRI o BIRIAET 42
proxi rémin; B?riﬁﬂawj/ Puipfih BhidespimERieatch With At @dniter and 4 Fiaid Humeph fluie

mani fol d, _and wherein a _second arm i i . )
manifold in fluid communication with the chamber, wherein the manifold includes a plurality

of spaced apart valves that are automatically selectively closed and opened during use; a fluid
buffer wash source in communication with the manifold; a secondary pump in fluid
communication with the fluid buffer wash source and the manifold, wherein the secondary
pump has active on and off periods, and wherein in an active on period, the secondary pump
has a higher flow rate than the primary pump, wherein the secondary pump resides proximate
the fluid buffer wash source attached to a first arm of the manifold, and wherein a second arm
of the manifold has opposing first and second end portions arranged so that the second arm
extends around the secondary pump with the first end portion attached above the secondary
pump and the second end portion attached to the first arm below the secondary pump, and
wherein the second arm includes a first one of the valves; and a controller in communication

with the primary pump, the secondary pump and the valves, wherein the controller directs: (i)



of the manifold has opposing first and second end portions arranged so that
the second arm extends around the secondary punp with the first end portion
att ached wbavs/dBw3secondary punp and the second end porciras2@beaned to
the first arm bel ow the secondary punp, and wherein the second arm i ncl udes
a first one of the valves; and a controller in conmunication wth the

pr i marthe ppening andeclesing afitheyvapigsgdiiathe fows rates ofdbe pripsreai sasandasy PEBPs.er
directs:, {I [ ' . ¥ ates of
the. pr i A ApraBGRedSe HhanBet Bteblie hicEndiBaffored bt et Bt Ao P8 arper

to cr e @0 giM)ranfavegake flonce:]aditytsfitie faidaibart the2fluid soufe Ghrough thei v) an .
average flow velocity of the fluid fromthe fluid sgurce t rou%lg t he

c hanbeshamberyt bgusen A58t 20400 men/ mip.nhereiira OBeTatioR, AR SYSIAM 47 2 PREN syst em
h i : : i buf f
as a c&g&g}d@fﬁlsﬁest ellls §ﬁ§ ?ﬁt:h% MIR)g(owtgg?Rﬂ%;g frgQQ%lﬁgﬂfféP\k'gsh‘@ohﬂze urrer

fromt fer wash sourte a initi rotating chanber
Wi t h tadteg titiatdolding of thh eotatiyg chansbes evithetarket egdiaitn thdrebynelearfsolddad [e@920] | n
sonme further, enbodi nents, the manifold includes an input flow path that
ext end8e BBAYRYn t he chamber and a bioreactor, the input flow path having a

bi or eact or l[ﬁ@%%j%%&@ﬂ:ﬁﬁ@@nﬂ{o%héﬁ&ﬁhé RBnitbRIAAGH&Y an iﬁPﬁ’ttf?{g@ BIatihrtﬁét arm of

the manifo rges into the input flow path upstream o _ I oreact or
val ve extaohds hetiweem het chantber amd 2 biosgatoedtha papnut flos patls havieg e theareanter, vadvec h
that, in.the, buffer sh cycle, t serially s ed apart val ves and
the birsPileBRePrasimvs B BoRhETwand e FE® aBE oheryerb ke Fect b GRS 7T
val ve fidv it upSEuns o fihbicresdt@S@Rilve SR inbRePtwileadiallp gpated bpat bhigesact or
valve is tlushed. In sonme further enbodi nents, the manifold includes a

secondhérebsivgen, isuehthat, éx thertudfep siagle eycle.Hbe thapdsially spacedrapartivalyes apdhst ¢ he

mani f ql.d_wi.t h ste lin xt endi . I ner. of the
second e T PreBRshes sin 5% 0GRk bimf 1Y 51 of SRR R AL BB (00
f1 ow pantiscleéd)db fight a dead Pt thedMorattor vallvy & flishtd.r Bssohesfurhst r eam of t he
second arm of the manjfold, wherein, in the buffer wash cycle, after the

dead |w@apodiments the slapdelddnclndests sespediflowpatipthet ederdsibepusapdhr ehamged, and
the Sga?nﬁ'iﬁ fﬁ}s?Mﬂf]ﬁleVrﬁén‘{ﬁm? wiRR&R srtfliﬁé %&anﬁ%%&%jvda&g BRapket ap&al 4t the
? al ve. nStI|? urt he

secondary flow path v r enbodi nents, the system
i ncl udhs secohdharml ofithe ménifdié withnd Wadtel valve drothewwistaline) thevdetbnd flew ipatr eact or

the third armof the manifold [ncluding a valve. In sone epphodi ne of the
f or egdPfiYdwgSseriond T pﬁ'é‘r‘ta:l‘fﬂ tbat raﬁlge%&rsltr_gam_[%wecwﬁ aBHe *H}lﬁﬁt s of
the fagrgohng tﬁewﬁ&sv@ctyae,s b Fhe HBRI 1@(@)@&%@@&&8& fushéd, ke hori zont al
axis. I'n sonme other enbodi'nments of the foregoi ng nmethods and systens, the
axi s iomagtabedlwnisichdsed, andrthe sedond fiosy pAUESTRE BTOIEN toflush aidrableg

associated with the secondary flow path valve. In still further embodiments, the system

includes a third arm of the manifold in communication with the bioreactor, the third arm of

the manifold including a valve. In some embodiments of the foregoing systems, the particles

are cells.

[0030] In some embodiments of the foregoing methods and systems, the axis is a

substantially horizontal axis. In some other embodiments of the foregoing methods and

systems, the axis is a substantially vertical axis.

DESCRIPTION OF FIGURES
[0031] Figure 1 illustrates forces involved in the present invention.
[0032] Figure 2 is an illustration of the mathematics governing the motion of a
particle due to the effect of gravity on that particle when it is restrained in a centrifugal field

that is opposed by liquid flow.



[0031] Figure 1 illustrates forces involved in the present invention.

[0032] Figure 2 is an illustration of the nmathematics governing the notion
of a partwol2eloduwsessBo the effect of gravity on that partiPClraSevemoiit3i s
restrained in a centrifugal field thatw is opposed by liquid flow [0033]
Figure 3 is an illustration of the resultant notion of a particle under the

const r ai nt 408331 Higused i anflhuptrationpfthegesultant motien pbapatigle undguthgat i on of
t he 'mwfﬁ‘%ﬁ%@‘]‘f@i conditions at a given radius. [0035] Figure 5 is an
e ba

anal ysis o ance of centrifugal forces and flow velocity forces in a
rotating cyDO3djriigade 4cibambathemitdB6valttipuraf the insmabiliaaddrysf ondftionk et Hal ance
of centrifugal forces and flow velocity forces in a rotating coni cal

chanb Ve8] Figure 7 is an illustration of a three-di nensional array of

part’ cles 11ogs| ka1 A6 ARAITAL of IR WiRInce bP Oetitliffon it Sestinli oA vdlbgiSt rat I on
of the inter-stratumbufter fegions I n a threedimensional array o
part i dbess ima mtatbigatylindricd charaberchanber. [0039] Figure 9 is a mathemati cal

anal ysi s of i.ntrag-stratum.fl velocity varjatjpn in wo- di nensi onal
orray o pdPbTel guied i ah Goalyhin gl the aiamee o serbuhital BlsmraR b eads o an
i 1T ustgpRbl M Rhatfld SraPigindera coni cal - shaped chanber and the boundary
condi ti ons which determ ne those di nensions. [0041] Figure 11 is an

anal ysi s of{003#H Figweiet7 isaalillustnatian oba thote-tdingenswmal arkayyef] pasticles inawvotatingci t y
forces in fcgle %hanber of Figure 10 at a flowrate of 10 niL/mn. [0042]
Fi gur £°1%31 €%k hemat i ¢ di agram of an exenplary nethod and system of the

present i ne038]Arigue®0id 3h ilhisrdfien dPtheSnRr-SefamEffer dedaiAimacthrean exenpl ary
met hod and system of the present invention. [0044] Figure 14 is a graph

showi riimengonal appeotparticlge iise rafatiigesonies plapnahberexenpl ary met hod and system
o . on. . ; ;1o Ciohl
el 15 ubi ndOBoT TSR o 8 ma Botcal WL S, dbunt Sy, SEAB AP WG} DialloR 0

Fi gur én hGwbsliesdihaalrairag of pagtlesini ranigxamdahcyamidrhod and system of the
present invention. [0047] Figure 17 is a schepmatic i%gre%{n of ~an e&<%rrpl ary
met hod and [QW}Jﬁgw 10rig an illustration of an example of a conical-shaped chamber and the

boundary conditions which determine those dimensions.

[0041] Figure 11 is an analysis of the positional variation of the centrifugal and flow
velocity forces in the chamber of Figure 10 at a flow rate of 10 mL/min.

[0042] Figure 12 is a schematic diagram of an exemplary method and system of the
present invention.

[0043] Figure 13 is a schematic diagram of an exemplary method and system of the
present invention.

[0044] Figure 14 is a graph showing the viable cell density when using an exemplary
method and system of the present invention.

[0045] Figure 15 is a graph showing the viable cells using an exemplary method and
system of the present invention.

[0046] Figure 16 is a schematic diagram of an exemplary method and system of the
present invention.

[0047] Figure 17 is a schematic diagram of an exemplary method and system of the
present invention.

[0048] Figure 18 is a schematic diagram of an exemplary method and system of the
present invention.

[0049] Figure 19 is a schematic diagram of an exemplary method and system of the

present invention.



present invention. [0048] Figure 18 is a schematic diagramof an exenpl ary
nmet hod and system of the present invention. [0049] Figure 19 is a schematic
di agr am olvoanioeossspl ary nmet hod and system of the presentcirrusesmwioosnid 0050]
Figure 20 is a schematic diagram of an exenplary nethod and system of the
present invention. [0051] Figure 2 1 is a schematic di agram of an exenpl ary
net hod and [§)8Q]drigwt 20Hea sehematic diagramtdfen ex¢wpbp] methedraad 3ystem of thehemat i ¢
di agr . npl ary nethod and system of the present invention. [0053]
Fi gur%q%fggtllgio%anégherrati c diagram of an exenplary nethod and system of the

present i nvjeosijHigureQq34h stlienbitic dderim of afi Remplant mdttadraathspstemrofaenpl ary
nmet hod and system of the present invention. [0055] Figure 25 is a schematic
di agr &E¢SERLIAKEMIOBAp| ary net hod and system of the present invention. [0056]

Figure 26 i : is 't!%g; My t f the
present in egﬁ]ﬁg i%gg%fg |gua?{§@%grlglg og)ﬁggﬁéﬁg“ (o ﬁpgg@%%ﬁ‘g‘?n&@ém ary
met hogpresent inyattmm of the present invention. [0058] Figure 28 is a schematic
di agram of an npl ary nethod and system of the present inventiqgn. [0059]
Fi gure 29 ilgoéﬁﬁagﬁiéilﬁaa?l&@?%%@grsm %ﬁ@ﬁﬁ?@?&?ﬂﬁ@@ﬁ@ﬁ aaﬂ&ygts@togﬁ%f t he
presentedAVia0idiRa: [0060] Figure 30 is a schematic diagram of an exenplary
nmet hod and system of the present invention. [0061] Figure 3 1 is a

schemat i ¢ di08fd)diigat 24ris e xchmmaticydiagramad aardempltemetifodiand spstemeadithe

i nvention. .50062 Figure 32 is a schematic diagram of an exenpl ary net hod
and sPEEEM 1BYUPE: present invention. [0063] Figure 33 is a schematic

di agram of BOssPEEREeBYs ABERAchtRMHaghilTEh ket PRrPHRERAland RY &8 FTthe

present invention.
[0056] Figure 26 is a schematic diagram of an exemplary method and system of the

present invention.
[0057] Figure 27 is a schematic diagram of an exemplary method and system of the

present invention.
[0058] Figure 28 is a schematic diagram of an exemplary method and system of the

present invention.
[0059] Figure 29 is a schematic diagram of an exemplary method and system of the

present invention.
[0060] Figure 30 is a schematic diagram of an exemplary method and system of the

present invention.
[0061] Figure 31 is a schematic diagram of an exemplary method and system of the

present invention.
[0062] Figure 32 is a schematic diagram of an exemplary method and system of the

present invention.
[0063] Figure 33 is a schematic diagram of an exemplary method and system of the

present invention.
[0064) Figure 34 is a schematic diagram of an exemplary method and system of the

present invention.
[0065] Figure 35 is a schematic diagram of an exemplary method and system of the

present invention.
[0066] Figure 36 is a schematic diagram of an exemplary method and system of the

present invention.



[0064] Figure 34 is a schematic diagram of an exenplary nethod and system
of the present invention. [0065] Figure 35 is a schematic diagram of an
exenpl ar ywoebtwsswad system of the present invention. [@0@G]s2000@9u1e3 36 is a
schemati c di agram of an exenplary netfzod and system of the present

I nventi on. DETAI LED DESCRI PTI ON [ 0067] The present invention now is
described nore fully hereinafter with reference to the acconpanyi ng

drawi ngs, in which sone eanrj;%f%m%D%EééﬁujTg&ﬁtion are shown. This
odi e |

i nvention may, however, be e I nany erent fornms and shoul d not

be construgdo6r Thepree@t invehtich Lo adldeveribal mete fully hbreherfier withrrafeharice t hese
enbodi nents are provided so that this disclosure wll be thorough and
conpl d¢ &he acqempanying drawngse iy whichiseme caphodynentsaf thejRYANHIgH atshERBse ski | | ed

in thepge trwg&t?%?r@k%%o%v?ﬁ' gp%{n%oﬁfep.% nlaBy :diiijfﬁeﬁ’tl BRSO AN SHYuRPSRYet - I n the

figures, ess of ‘certaln Tines, layers, conponents, elenents or
f eat urcenstnmey dsdinsitedgg elicadrabodiments|sar forth. hefdMGathei kkese embodohaygyaesed her ei n

is for the purpose, of. descri bi articul ar enbodi nents. Qqnly and.i s not

o o dEeIae Hulbe s iRloBre WhlbbS HPBHERANY SR IS e AAGHY 1Y EHevel e o1 ar

forns S'(':@I'F']e of 189 invaRéo "fohtﬁ?sea{k‘ﬂéédrlh‘?ﬂ@'%. to include the plural forns as well,
t I

unl ess e context clearly indicates otherwise. It will be further
under st ood [0068] Liike ntumbens réfeonplikesesthents dironghiaonpr theifigyres, thiedhicksesd i n

this specif.icatiqn, specify the presence of stated featu t eps,

oper at#&ﬁ’é‘?‘ngﬁnﬁﬁg?ﬁeﬁ’ CSWBP%‘?“% S%ﬁ%?%éatb‘ﬁets ey R%?xaﬁg%@{eg?gr aﬁgg'pr esence
or addi ti oroeé9)one efmABIdLy UsbEherbRAk Y6:i9he pafpdRSof AREFABIhE PARiIcuRrement s,
conmponents, and/ or groups g]hereof. As used herein, the term"and/or"

i ncl ucazbagimpents dnlyland donesiingndesho beflimiting@f thepinsensiont ks usgd befean.de | i st ed
itenms._.[007Q] Unlass otherwise defined .all r ' ' t i.cal and
Isci entsf4%u2m3é%)a udld aﬂ‘irt anﬁégtghQ%cgfos@ér%dén&g |lhréi %gllngg%’rqglr%i @Iﬁggr%lc}gé?st ood

by oneogfex0eldamMaindicatds|dthdriviseh @t will bé furthet Giderdibad thavehetterads "eemprigss” | t
will be further understood that terns, such as those defined in comonly
used dindfaroermprasing,s Mban yseskinithis spesiBeatipnaspesy thigprasspea Af sgtedrsatuses,
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sense dfne 98 mexpohssiegtses, sieps, oparations ielemantd, celponentd, and/or grosmips thereof.

constructiqns nmay not he described in detail for brevity and/or arity.
[0071]A9 SeRPRT Shecerar SRIGR PHAECY A oGRS of Bhe P BT o HE be ng

ON", associated listed items.

[0070] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further understood that terms, such as those
defined in commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the specification and relevant art and should
not be interpreted in an idealized or overly formal sense unless expressly so defined herein.
Well-known functions or constructions may not be described in detail for brevity and/or
clarity.

[0071] It will be understood that when an element is referred to as being "on",
"attached" to, "connected" to, "coupled" with, "contacting", etc., another element, it can be
directly on, attached to, connected to, coupled with or contacting the other element or
intervening elements may also be present. In contrast, when an element is referred to as
being, for example, "directly on", "directly attached" to, "directly connected" to, "directly
coupled" with or "directly contacting” another element, there are no intervening elements

present. It will also be appreciated by those of skill in the art that references to a structure or



"attached" to, "connected" to, "coupled" with, "contacting", etc., another
elenment, it can be directly on, attached to, connected to, coupled with or
cont act i nyotznm/o83s8r el ement or intervening el enents maycaluseodmoqnesent .
In contrast, when an elenment is ref er13ed to as being, for exanpl e,

"directly on", "di rectlg attached" to, "directly connected” to, "directly

coupl deaturg that is dispasedd atiagert oanotaeri frafureqnay have nordensithat qvselar obprderlic

inter s present. It will also be appreciated by those of skill
in th\e{ﬁg‘?{ig‘feﬁag re%’er ences to a structure orfeature that is disposed
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inert materials such as nmeric or copol%rrerlc rraterlals th% %;ré nano or
ofnt 3
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i nsectproteinsglipids, aaﬂaohymtams; inkrt mmitd:rsals suthasgpobmbar mrmmpplymmlmatcnals ure
syste ref ers to a. s ste in ch cells are %éown i suspensmn [ 0075] As

used H ?é’i“’nna“(OHHDE“QF ‘bssat"g ef|tyRes\Qf MABR, PT RUSTPPAHEIES refers to an anmpunt
of particl ggofd)ahs hs%d'lfé?éntthé‘&r%opééf?t:u&&% s&ﬁ&ﬁ" réfBRUBanPEyRehtrcl es in the
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ﬂggr;ir ggﬁ O ], rla%t%ﬁ%fi Cells® TPone emf)cr)] ithefl %%%ll%?lltur%osystgm r3fers todéa %lrs?e?n PrI

which cells are grown in suspension.

[0075] As used herein, the term "substantially without particles" refers to an amount
of particles that is less than 20% of the total amount of particles in the chamber, e.g., less than
15,10, 5, or 1%.

[0076] As used herein, the term "substantially horizontal" refers to an axis that is
within about 20 degrees of horizontal, e.g., within about 15, 10, 5, or 1 degree of horizontal.

[0077] As used herein, the term "substantially immobilized" means that the particles
may move to a small extent within the chamber but do not exit the chamber.

[0078] As used herein, the term "fluid" includes liquids and gases.

[0079] As used herein, the term "biomaterials" refers to materials that are part of a cell
or other living structure, e.g., proteins, peptides, nucleic acids, lipids, carbohydrates,

membranes, organelles, efc.



[0077] As used herein, the term"substantially inmmobilized" neans that the
particles may nove to a snmall extent within the chanber but do not exit the
chanber. WOQéBjoogm3used herein, the term"fluid" includestiusquodssiand
gases. [0079] As used herein, the term "biomaterials" refers to materials
that are part of a cell or other Iivigﬁ structure, pr ot ei ns,
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I ncorporation of a nmolecule within the particle, etc. [0081] As .used
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are not limte , nmovenent of particles (e.qg., , either prokaryotic
or eukaityrg isipg & flondizerebddo ddsefdrapplications hEthe mashedsrandzsystemsancludd, but ng of
particles (e.g.,.cells sych _as increasi ng,or decreasing,the.n er of
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such as transfecting the cells or providing specific chem cal activators or
i nhi biarslesreasing the nusibies of eglls/mphochagging of meshin easiditiansnpfArmeRg efti9seABi ng of
particles_or | 1s i v, | . | vi al s e
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met hodgangfedtisy theeBHs 6i providgdspeeifizi chefmigal activakars er ithibippatetheseldnapdi sing a
rotor that rotates in a plane substantially coaxial with the grayitational
axi s. PravdiggonirgiedimpapueddispensingLinarticleRRFSHE HitQ othsT Apsselh SUSh 2 he f1 ow
of 1iqud.: ' ratus substantially inmmobilizes the particles that
form gH#OId\GTﬁggggt eggﬁﬁ ;B/Q%'se of the summation of the vector forces acting on
each parti c[0683]Hnivodicrammticeliménts of thegpp@nainventivay thelraethods s systechsi n U, S.
Pat ent l\gg ,622,819; 5,821,1 16; 6,133,Q019; 6, Zjhé 617; 6,660, 509;

digcroseg,

6, 703, £61 583 COFPYsoakapparatugGompsing 3 rofor fhat raleSIRaRIARE i cati on

Ser . %ﬁstaﬂtﬂl%aﬂiﬁpwﬁﬂ‘i!helé/a@‘i?ﬁicﬁlﬁﬁaxi?a?ﬂe gﬁpam{ls?ﬁﬁa@y $elonftdaara ed by

reference in I'ts entirety.  Though cells and particles are |ight in weight,
t hei r coagmness twallove far. thClnwadlmuid medigr A tapparasis subitgnially dmmobelizesct on

EI'EZ j\gtﬁg E?l%ggs ﬂ%rétﬁlgﬁlgg Qﬁ@é%%ﬁh%%gé?@}se s?pfg{rﬁégt}onvg tLe ivgc(fcr)ret%%%s\ﬁﬂ.cttilbg 5& me.
each particle. Embodiments of such apparatus have been disclosed in U.S. Patent Nos.
5,622,819; 5,821,116; 6,133,019; 6,214,617, 6,660,509; 6,703,217; 6,916,652; 6,942,804,
7,347,943; and U.S. patent application Ser. Nos. 12/055,159 and 11/178,556, each of which is
incorporated by reference in its entirety. Though cells and particles are light in weight, their
mass is non-zero. Consequently, gravity has a significant effect on the suspended particle or
cell, and this effect will increase with time. The weight of the suspended particles or cells
causes these particles to settle to the lowest regions of the container, disrupting the balance of
forces which initially suspended them in the chamber. As is seen in prior art devices,
particles tend to aggregate and the aggregation of these particles into a larger particle results
in an increased centrifugal effect which causes the aggregates to migrate to longer radii,
eventually causing destabilization of the fluidized bed.

[0084] According to these embodiments, an apparatus used in the methods and

systems of the present invention take advantage of the relationships inherent in (1) Stoke's



causes these particles to settle to the | owest regions of the container,
di srupting the bal ance of forces which initially suspended themin the
chanmber. We 20r/®m8®a in prior art devices, particles tenecrwsaggnegat e and
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i ncreased centrifugal effect which causes the aggregates to mgrate to
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pl ane diamatieedfebyofPravity ?ig? SRFhe pAiG&SotipdriifledlsRNAE A a fadladlyldifectid t he

rotor position equal to (a).
centrifugal field (Fc) while an exactly equal and opposing force supplied by an inwardly-
directed flowing liquid (Fb) is directed toward the particle, can be calculated by the
evaluation of equations 1-4 where (k) represents the downward displacement in the x-z plane
imparted by gravitational forces during an angular rotation of the rotor position equal to (a).
Analysis of the motion of a particle under these constraints and for [2nx(k/a)J<R (a low mass
particle) results in the determination that the motion is periodic; that is, the particle motion
results in a return to its starting place after a complete rotation of 360 degrees (after
equilibrium is reached). As is shown in FIG. 2, the effect of gravity on the motion of a
particle which is otherwise immobile as a result of the opposing equality of the centrifugal
and flow-related forces results in a decrease in radial position in quadrants I and II, and an

exactly equal radial lengthening in quadrants III and IV. Thus, the radial distance of the

particle from the axis of rotation also exhibits a periodic motion over the course of a full



Anal ysis of the notion of a particle under these constraints and for

[ 2px(k/a)] <R (a |l ow mass particle) results in the determnation that the
noti on i swpenioowsss3 that is, the particle notion result ®Crwsacmwao4mnn to its
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liquid Velocity (V in Eqn. 3) has been replaced by liquid Flow Velocity (FV). Equation 4
suggests that there is a continuum of liquid flow velocities and applied centrifugal fields
which could be matched by the evaluation of constant (C), all of which would satisfy the
requirement of relative particle immobilization. Further, if the liquid flow velocity could be
varied as a function of (z), there could be a separate application of this equation at each radial
distance. Consideration of the implications of Eqn. 4 is important for the relative
immobilization of three-dimensional arrays of particles as opposed to the immobilization of
two-dimensional arrays of particles at a single radial distance from the rotational axis.

[0089] If the chamber in which a particle is located is cylindrical (as is graphically
depicted in FIG. 5) and if a liquid is flowed into this chamber from the end of the chamber

most distal to the axis of rotation, then it is obvious that the flow velocity of this liquid flow

(as defined in Eqn. 1, FIG. 5) will have a single value at all points not occupied by layers of



requi renent of relative particle immobilization. Further, if the liquid
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useds Uﬂ(?.%tls that of a truncated cone, note that other geometries could be alternatively used--

subject to the constraint that the cross-sectional area of the chamber increases as the rotational
radius decreases. Thus, as is depicted in FIG. 7, it is possible to construct a three-
dimensional array of particles in a varying centrifugal field opposed by a liquid flow field if
the chamber geometry chosen allows for a flow velocity decrease greater than or equal to the
centrifugal field strength decrease as the rotational radius decreases. In the geometry chosen
in FIG. 7, that of a truncated cone, the two-dimensional arrays of particles at each rotational
radius (Rc) will each be constrained to motion toward that radius where the opposing forces
are exactly equal.

[0091] While, at first glance, the description presented above would suggest that the

net effect of the mismatch of forces at all radii other than that which provides immobilization



to the constraint that the cross-sectional area of the chanmber increases as
the rotational radius decreases. Thus, as is depicted in FIG 7, it is
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truncated cone is determined by the simultaneous solution of the two equations presented in
FIG. 10. In Eqn. 2, the desired boundary condition of immobility for that "lowest" stratum of
particles is presented. It states that the intrinsic sedimentation rate of the particle due to
gravity (SR) times the relative centrifugal ﬁéld applied at that radial distance (RCF) be
exactly equal to the magnitude of the liquid flow velocity (FV) at that point. In Eqn. 1, a
desired boundary condition at the opposite surface of the array of particles is presented.
When the methods require the retention of particles within the container or chamber, a
boundary condition wherein the product of SR and RCF is twice the magnitude of the flow
velocity at that radial distance is chosen. Simultaneous solution of the desired boundary
condition equations is used to solve for the ratio of the conic section diameters when the
upper diameter and conic length is known. Where the methods require the expulsion or

removal of particles from the container, the forces are altered and not balanced, while rotation



FIG 10. In Egn. 2, the desired boundary condition of inmmbility for that
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[0094] It should be clear from the foregoing that, subject to the necessary condition

that the cross-sectional area increases as rotational radius decreases, there are other
geometrical chamber configurations whose shape could be manipulated in order to establish
boundary and intermediate relationships between the applied centrifugal field and the liquid
flow velocity forces at any radial distance in order to establish desired resultant force
relationships in the three-dimensional particle arrays. In practice, however, it is undesirable
to utilize geometries with rectangular cross-sections as a result of the anomalous effects of
coriolis forces which act in a plane transverse to the rotational plane. In the case of
rectangular cross-sections, these otherwise unimportant forces can contribute to interlayer
particle motion.

[0095] The effect of gravitational forces acting on the individual particle masses

which acts independently of the applied centrifugal forces are even less important than was



[0094] It should be clear fromthe foregoing that, subject to the necessary
condition that the cross-sectional area increases as rotational radius
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[0098] In some embodiments of the invention, the rotor is rotated at a speed sufficient

to create a centrifugal force of about 25 to about 15,000 x g, e.g., about 50 to about 5000 x g,

e.g., about 75 to about 500 x g, e.g., about 25, 50, 75, 100, 200, 300, 400, 500, 600, 700, 800,

900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000, 11,000, 12,000, 13,000,

14,000, or 15,000 x g or more or any subrange therein, depending on the type of particle in

the chamber. For example, a suitable centrifugal force for mammalian cells.can be in the

range of about 25 to about 1000 x g, whereas a suitable centrifugal for lighter particles (e.g.,

bacteria or biomaterials (protein, DNA)) can be in the range of about 5000 to about 15,000 x

g. In certain embodiments, the average fluid flow velocity through the chamber (measured at

1/3 chamber height from the tip of the chamber) is in the range of about 5 to about 800

mm/min, e.g., about 20 to about 300 mm/min, e.g., about 5, 10, 20, 30, 40, 50, 60, 70, 80, 90,

100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, or 800 or more or any

subrange therein, depending on the type of particle in the chamber. In other embodiments,



[0098] In sone enbodi nents of the invention, the rotor is rotated at a
speed sufficient to create a centrifugal force of about 25 to about 15,000
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[0102] The apparatus and the chambers therein can be any size suitable for the
methods of the invention. Depending on the size of the apparatus, the rotor body can contain
one or more chambers, e.g., 1,2, 3,4, 5, 6, 7, 8, or more chambers. The total volume of all of
the chambers in the rotor body can range from about 0.5 mL or less to about 5 L or more, e.g.,
10, 15, or 20 L or more. In some embodiments, the total chamber volume is about 0.5, 1, 5,
10, 20, 30, 40, 50, 100, 200, 300, 400, 500, 600, 700, 800, or 900 mL, or about 1, 1.5, 2, 2.5,
3,3.5,4,4.5, or 5 L. For large scale bioprocessing applications, the total chamber volume
can be, for example, in the range of about 250 mL to about 1 L or more. For small scale
processes (e.g., research laboratory use, clinical laboratory use, blood processing, efc.), the
total chamber volume may be, for example, in the range of about 0.5 mL to about 100 mL or
less.

[0103] When the rotor body contains more than one chamber, in some

embodiments, each chamber can have its own separate fluid path. In other embodiments,



conpliance with current good manufacturing practice (cGW). [0102] The
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reduces the number of processing steps as well as processing time.

[0106] The methods of the present invention can be used with any type of cell culture
system (e.g., bioreactors, flasks, dishes, or other growth chambers), including perfusion
culture, batch culture and fed-batch culture systems. The methods of the present invention
also can be used with any type of cells, including, without limitation, bacteria, yeast, plant
cells, insect cells, avian cells, mammalian cells, human cells, cells lines, primary cells,
embryonic or adult stem cells, efc. The methods of the invention can also be carried out with
fluids that comprise cells (e.g., bodily fluids such as blood, urine, saliva, cerebrospinal fluid,
etc.) as well as other sources of cells (e.g., cells cultured on microparticles, tissue samples
(e.g., biopsies or aspirates), samples of cultured primary cells (e.g., stem cells, allogeneic
cells,), etc.).

[0107] An aspect of the methods and systems of the present invention comprises

providing perfusion cell culture conditions to cells. For example, batch, fed-batch, and



systens, sedinentation systens, ultrasonic systens, and hydrocycl one
systens.. The present invention further provides an integrated system for
processi ngoahiooeiics and ot her particles that reduces thecmusd@o/oef113
processing steps as well as processimg tine. [0106] The nethods of the
present invention can be used with any type of cell culture system(e.qg.,
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[0109] One aspect is shown in FIG. 12 and is an example of perfusion bioreactor
methods and systems of the present invention. Cells are located in the bioreactor 1 and are
growing in the media provided. A media stream is initiated by providing media from a media
container 10 using a pump 11 through pathway 12, which is generally tubing. Media and
cells flow out of bioreactor 1, via pathway 2 and through a pump, such as a bi-directional
pump 3, to an apparatus 4 comprising a rotating chamber 5. As the media and cells flow into
the rotating chamber 5, the cells are retained in the rotating chamber S, and the media flows
out of the apparatus 4 via pathway 6. The media follows pathway 6 through valve 7, and via
pathway 8, to a container 9 for spent media, or harvested media, or may be discarded
(pathway not shown).

[0110] At a desired timepoint or condition, such as when the rotating chamber S is
almost full, the cells can be transferred to another location, such as being returned to

bioreactor 1. In one aspect, as the rotating chamber continues to rotate, the fluid force can be



apparatus conprising a rotating chanber while the nedia is transmtted to
and t hrough the chanber. A fluidized bed of cells can be formed within the
chanmber twetoiook®Bng rotated at a rate to retain the cellraseovoneliasi on to
the fluid force of the nmedia. [0109] ne aspect is shown in FIG 12 and is
an exanpl e of perfusion bioreactor nmethods and systens of the present
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Medi araﬁdn%ehahﬁbefrl ow out of bioreactor 1, via pathway 2 and t hrough a punp,
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are msxgellad i the Biguedsythat tlﬁﬁnaﬁo&ﬁddssystéﬁfs@isomsd&heﬂeﬁdamﬁﬁuhtmt@ﬂ td bnly, t he

flow direction is reversed again, valve 13 | cl] ose valve 7 is 0
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conti nuously an nt rre lal1s re S to be understood
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g In|g;r es. 1 hﬂ) lgﬂgxamplg ?%ssc?nsgs g ccs);[ll%gr‘?so%l 0 %s%i’ethe Ql%{h%drs] and (saysrt]gr;ls of thet ed to
current invention to create a perfusion bioreactor process by providing fresh media and
removing spent media from the bioreactor, meanwhile capturing cells leaving the bioreactor
in the spent media in an rotating chamber, and returning those captured cells to the bioreactor
with little or no interference with the growth or activity of the cells. The perfusion cycle of
fluid flow in one direction away from the bioreactor in which spent media is removed,
followed by a reversal of the fluid flow so that captured cells and media return to the
bioreactor may be repeated during the bioreactor run. The perfusion cycle may be repeated
one or more times, for example, two times, 3 times, 4 times 5 times, 6 times, 7 times, 8 times,
or in a range of 1-25 times, 1-50 times, 1-100 times, 1-300 times, 1-400 times, 1-500 times, 1-
1000 times per batch period, or per day, or per week, or per month, depending on the needs of
the cells, which can be determined by someone skilled in the art. The direction of the flow of
the media which creates a fluid force in the rotating chamber, may be reversed in a method or

system of the present invention every 0.5 minute, 1 minute, 2 minutes, 3 minutes, 4 minutes,



t he containers, pathways or punps as shown. For exanple, those skilled in
the art can readily substitute a bi-directional punp with one or nore
punps, amstopatonesses are i ntended to provide fluid fl ow eomaseémooaush as
provi ded by tubing or piping. [0113] Bxanple 1 discloses a conparison of
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cent ri f1ga)r sfadleR saetl biohéicidrsliafid ich@Be LsedowitRERtiBAary or portable bioreactors. In
another aspect, the methods and systems allow for bioreactors wherein the cell viability is
very high because there is a reduction in the stresses on cells. In still another aspect, the
methods and systems disclosed herein can be used with and attach to a cell culture system.

[0116] A method and system of the present invention comprises use of an apparatus

comprising a rotating chamber as a continuous centrifuge. See FIG. 16. In one aspect, cells
can be located in the bioreactor 1. Media and cells flow out of bioreactor 1, via pathway 2,
through valve 15 and through a pump, such as a bi-directional pump 3, to an apparatus 4
comprising a rotating chamber 5. Valve 17 is closed. The cells are retained in the rotating
chamber 5, and the media flows out of apparatus 4 via pathway 6, and as shown to a container
16 for clarified media. The media may be recycled or may be discarded (pathway not

shown). The cells form a fluidized bed in the rotating chamber S.



| east partially aligned, or when the fluid flowis reversed again in the
start of a new cycle, any cells present are captured in the rotating
chanmber Swendidiossssa fl ui di zed bed of cells. [0115] Thepoetusea™/oe41d3 syst ens
of the present invention can be used with any type of cell culture system
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fresh guati éndifhents, the media exchange is at least 90% effective in replacing old media with
new media (at least 90% of the old media is removed), e.g., at least 95%, 96%, 97%, 98%,

99%, 99.5%, or 99.9% effective. In other embodiments, effective media exchange can be
accomplished with minimal use of new media, e.g., less than about 10 chamber volumes, e.g.,
less than about 9, 8, 7, 6, 5, 4, 3, or 2 chamber volumes. In further embodiments, media
exchange can be carried out with high retention of cells, e.g., at least about 60%, 65%, 70%,
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or more
retention. For example, cells are located in the bioreactor 1. Media and cells flow out of
bioreactor 1, via pathway 2, through valve 15 and through a pump, such as a bi-directional
pump 3, to an apparatus 4 comprising a rotating chamber 5. Valves 17 and 21 are closed.
The cells are retained in the rotating chamber 5, and the media flows out of apparatus 4 via
pathway 6, and as shown to a container 16 for clarified media. The cells form a fluidized bed

in the rotating chamber 5.



switch cells to a different nedia, e.g., gromh nedia, storage nedia,
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can be used, for example, to recover cells that have been expanded in culture for different

purposes, e.g., cells that have been produced for use as a vaccine, cell samples from a subject
(e.g., allogeneic cells or embryonic or adult stem cells that have been expanded for
readministration to the subject), efc. Media is pumped from a media container, such as
container 16, via pathway 6 to the apparatus 4 and the rotating chamber 5. The cells leave
rotating chamber 5 via pathway 2, through bi-directional pump 3. Valve 17 is open, valve 15
is closed, and media flows via pathway 19 into the container 18. The cells, which were
contained within the rotating chamber 5, flow from the rotating chamber § via pathway 2
through the bi-directional pump 3 and into the container 18. In one aspect, the rotating
chamber of the apparatus 4 does not need to stop rotating throughout this process. The cycle
of pumping cells and media from one container, containing the cells within the rotating
chamber and removing the cells from the rotating chamber to a different container can be

repeated multiple times, as disclosed above. This can, for example and according to one



via pathway 6 to the apparatus 4 and the rotating chanber 5. The cells

| eave the rotating chanber 5 via pathway 2, through bi-directional punp 3.
Val ve 17 we 20iomwesd3 val ve 15 is open, and nedia flows vipaTpstévemy4123i nt o
the bioreactor. The cells, which werescontained within the rotating chanber

5, flowfromthe rotating chanber 5 via pathway, 2 through the b i
di r ectasBesl PrRvidp new anedia ot vew Raffers &o 8&&6@? ayanyftgme dyring %r%%wwd{er as

s L e

for e recover en expa In-culture
di f f ereetvaghedpaisiethe needia or befdrsthe hatiatihg vkarblsez s gmpuledefitells by uewersing the

vacci ne, cell sanples. froma subject (e.qg.,, al eneic cells or enbryonic
o  actdhiid SoumNehnauTnaeames AR aH issioPes PIERIRH PSSR & o 1 ho
subj e : bad E‘&?ﬁﬁjg ' kR afk@Nt ai ner
16, vi(iga)[lggt (?Anéfygqisgelﬁneéggppar a{igﬁﬁéﬁg%%ﬁﬁﬁkﬁg gﬁgﬁn%g%% The cells

| eave growdt, haryesthgrdrereabng bfcgdstinwalpur2, t hr ough bi -di rectional punp 3.

Valve 17 is lve s closed nd ila flo vi.a pathway 19 into
t he cont ai n@ﬁ%ﬁldﬁ@léﬁl ?ﬁ‘é’,w %?st?ﬁc’i/\‘iefrt@e H’Sﬁ’?’gf' ﬁ‘é‘iis)(ﬂg‘?ﬁ %sﬁlﬁﬁedﬂ&f‘é?i ng
chanbgfherein thOMefo@FhAd 18y st Alan e EBAEDE _eelﬁdas'géhselafom}wia?s Wik esgh Thhe

bi -directional punp 3 and into the container 18. In one aspect, the

r ot at ithiy aphbcation, esils ateecomppntraied o media and/apbuffeseachangs may gesvmend ghen

cont aiGHaY ereCS AP A fhs otine chp e St REen el i BERleRim PR

the cahédia hidBr butter! RIASPRS GBRBNEN Fiflsdr Bbitks, R Ahy desited Jodlaitan The
repeated nultiple tines, as disclosed above. This can, for exanple and

accor dieHglispenssncarspeused tpigeveraie cell\banks it wals ferngeththerapy fobfreering der s at
any. U IEefuhi it Wit fh@Yla) 2R 9685in%f%dr‘§%}§¥h fnchlified Gnbiint Blochishicifedle 2

medi a OF er for ‘narves g or stor S are washed wth

the nmedi a op01R8fIhahe etdntple shaim gFbGaheells sre doqatddeid thd bioedacorily Medier si ng
the fluid flow. Media/buffer exchange aggrl i cations_as, di scl osed her e'hn may

, 2 g
be usemdgellpfloweut phbigreagior dnviagethway, % threugh yalve 48 and thrqugh 3 PURP: BIch of
any other.:st ' ' . ' r | cells
T cul o o R R TR ARG 4 e R R P A e
di scl deate bsed. "Théhellsiare tetenerkinttbel sotativg chastbens, alithd enedéellows out afel |
di spenser to fill yials wth cells. I.n thi | icati cel | e
concer?tﬂpé‘iaé‘ﬁ,“f‘élaﬂé WéyM’B@fQ?“@%*&%g%?oﬁégﬁo‘g@BW% Ry als%era\fq?eﬁep% are
transf @ adifidiofd b&einRE Althil ABafBees. by reversing the fluid flow of nedia,
or new nmedi a and/or buffer, to di sEense the cells in vials or bottles, or

any desi r ed[0d36} As Hstrated e FE6} 22,dhe pedisemdbabubier issxghanged avivledhecells) |

banks, fil], vial.s for .celdl her , | f [ f [ LNng:.i nt [ 1
ot ocare i e o8l PEImET Sy OB anoi RebRE R Alfaneidfost WRERRE i 00 28
[ 0125] adldrortagfeeé@iiaher 2drsughvalle1 Vi patifldy20ab e fupgisech asbitdigectibmaleact or

1. Media
pump 3, and into apparatus 4 comprising a rotating chamber 5. The new media and/or buffer

flows through and out rotating chamber 5, through pathway 6 and 25 to valve 24 and into a
container 23.

[0127] FIG. 23 illustrates an example of moving the cells from a rotating chamber to
a dispensing container. In one aspect, the cells have formed a fluidized bed within the
rotating chamber 5. The direction of the fluid force is changed so that the fluid force and the
centrifugal force are at least partially aligned in the same direction. In another aspect, this
change can occur by using a bi-directional pump 3 to reverse the fluid flow. New media
and/or buffer is provided from container 26 via pathway 28 and valve 27 to pathway 6 and
into rotating chamber 5 in apparatus 4. The cells and media leave rotating chamber § via
pathway 2, through pump 3, through valve 17, through pathway 19 and into a dispensing

container 45.



and cells flow out of bioreactor 1, via pathway 2, through valve 15 and
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the cells, or alter the original activity of the cells. For example, cells may undergo

transfection or infection procedures that introduce DNA or RNA into the cells. The materials
introduced inside the cells may be DNA or other nucleic acids or constructs, proteins,
chemicals, carbohydrates, vaccines or viral particles, or other activities that are known for
affecting cells.

[0130] Transfection is routinely used, for example, to introduce genes into a target
cell. In comparison to adherent cultures, suspension cultures generally exhibit lower
transfection efficiency. This may be due to reduced contact time between the transfection
reagent complex and the cells. The methods and systems of the present invention may be
used for transfection. In one aspect, the target cells may be exposed to the nucleic acids of
interest (DNA and/or RNA) along with the correct buffers or other compounds that make up a
transfection reagent complex. Any transfection technique known in the art that is suitable for

use in the apparatus of the present invention can be used, including, without limitation,
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transfection procedure, the transfection reaction complex comprising at least DNA and/or
RNA or a nucleic acid construct of interest, is contained in container 29 and is pumped out of
container 29 via pathway 30 through valve 31 and pathway 32 by a pump, such as bi-
directional pump 3 to an apparatus 4 comprising a rotating chamber 5 containing a fluidized
bed of cells. The transfection reaction complex flows through the fluidized bed of cells in
rotating chamber 5, through pathway 6 and 33 to valve 34, through pathway 35 and into
container 29 so that the transfection reaction complex recirculates. The transfection reaction
complex may be recirculated as long as needed to ensure adequate exposure of the cells.

[0132] In one aspect, after the transfection reaction complex has been present with the
cells for an adequate amount of time, for example for 1-60 minutes, or for 1-3 hours, or for
the desired time of exposure, the recycling of the transfection reaction complex fluid stream is
reversed. See FIG. 26. In this aspect, the transfection reaction complex fluid flows from

container 29, through pathway 35, through valve 34, through pathways 33 and 6 into the



in FIG 24, cells are located in bioreactor 1. Media and cells flow out of
bi oreactor 1, via pathway 2, through valve 15 and through a punp, such as a
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sequences, proteins, salts or ions that may cross the cell membrane with altered permeability.
After electroporation, the cells may return to container 1 from rotating chamber 5 via pathway
2 through a pump, such as a bi-directional pump 3, and into container 1. The electroporated
cells may be stored in an alternative container 8, by pumping the media and cells from the
rotating chamber 5 via pathway 2 through a pump, such as a bi-directional pump 3, through
valve 7 and into container 8. The media may be pumped through the rotating chamber § and
the pathways, or tubing, for a desired amount of time. Waste media and/or cells may be
removed from the rotating chamber 5 via pathway 6 to waste container 9.

[0134] FIG. 30 shows another aspect of electroporation methods. Media containing

cells is pumped from a container 1 of cells in media, via pathway 2, via a bidirectional pump
3 into an apparatus 4 comprising a rotating chamber 5. The cells are retained within the

rotating chamber 5, and are concentrated in the chamber as a fluidized cell bed. The cells
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exanpl3®, 35.e0, 35,2508 55,081; 65 TR 78080, 85290,0152bt NGO ms or more or any subrange
therein. The cells can be pulsed more than once, e.g., 2, 3, 4, or 5 times or more. Charged
molecules or ions enter the cells. The cells may then be transferred to another holding tank or
returned to the general population, using reverse flow, and the process can be repeated.

[0136] The methods and systems disclosed herein can be used to separate a population
of cells, including but not limited to, separating based on density and/or size. In one
embodiment, fluid containing different populations of cells, such as cells that differ in size or
in density, can be fed into a rotating chamber. Examples of fluids containing different
populations of cells include, without limitation, bodily fluids (such as blood, urine, saliva,
cerebrospinal fluid, etc.), digested tissue samples, co-cultures of different cell types, efc. In
the rotating chamber, the cells can be separated by modulating the fluid flow (fluid force)
and/or centrifugal force. A fluidized bed of cells can be formed in the rotating chamber. By

changing the rate of rotation, thus altering the centrifugal force applied to the cells, by



chanber of an apparatus conprising a rotating chanber where the cells form
a fluidized bed in the chanber. The cells may be washed, and a nedia
cont ai ni iyochevewb3nol ecul es can be added to the flui di red/useas/obs11zert ai n
enbodi ments, the cells nay be exposed3to the charged nol ecul es before,
concurrently, wi th, and/or after the electric field is applied. An electric
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si ze. spbpppulajionsefcallsis Fempletedeand the desirgdpapaiation remaing yithin fig rotating
chamber, the fluid flow is reversed so that the fluid force and the centrifugal force are at least

partially, if not completely, aligned. The cells can then be removed from the rotating
chamber to another container. In methods of cell culture, one may want to select small cells
or large cells, for example, and the present invention provides methods and systems that can
provide the segregation of cells to select for the desired type.

[0138] One aspect of a method and system for harvesting heavier/larger cells is
illustrated in FIG. 28. In this aspect, the fluid flow is reversed, and media is provided from
container 10 via pathway 43 to valve 42 and via pathway 44 to apparatus 4 comprising a
rotating chamber 5. The cells and media flow out of rotating chamber 5 via pathway 2 to a
pump, such as bi-directional pump 3, via pathway 41 to valve 39, and into container 38 via

pathway 40.



flow of fresh nedia (FIG 28). [0137] In FIG 27, for exanple, cells
conprising a m xed popul ation of large and small cells are located in

cont ai nerwd.2oiasmw3and cells fl ow out of container 1, vipaTpsbévomys123

t hrough val ve 15 and t hrough a punp, ®uch as a bi-directional punp 3, to an
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€. 9., population of cells in media, via valve 13, via a bidirectional pump 3, via pathway 2 and into

an apparatus 4 comprising a rotating chamber 5. The cells, which are retained within the
rotating chamber 5, are acted on by the affinity matrix, and the target cells, +ve, are retained
by the affinity matrix, and the other cells, -ve, flow through the rotating chamber. The media
and cells exiting the rotating chamber may be recirculated for one or more passes through the
rotating chamber and the affinity matrix, and exiting cells, -ve, pass through valve 8 and are
stored in container 11. An elution media is pumped from container 12 through valve 9 via a
bidirectional pump 3, via pathway 2 into the rotating chamber 5 of apparatus 4. The eluting
media breaks the association between the target cells and the affinity matrix so that the target
cells, +ve, are removed from the matrix. The target cells flow out of rotating chamber 5
through pathway 6, via valve 7 and are contained in container 10.

[0141] In another example, cells expressing a specific surface receptor can be isolated

from a mixed population of cells. Beads coated with antibody for the receptor function as the



standard chromatography material. The affinity matrix can conprise a
material that binds the affinity target, e.g., antibodies (polyclonal,
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t hose fhetized bedéndamey be collected by reversing the pump flow and flow through pathway 2,
via a bidirectional pump 3, through valve 7 and into container 9. The process may be
repeated and conditions in the media may be altered so that different proteins are precipitated
under each differing condition (a protein fraction), and the individual fractions are stored,
each in a different container 9.

[0143] Another aspect of the methods and systems of the present invention comprises
associating cells or other biomaterials with scaffolds or removing cells or other biomaterials
from scaffolds. As used herein, scaffold includes three dimensional structures in which, for
example, cells can be associated, embedded, whether internally or externally, or both. Such
scaffolds may be natural, such as the natural architecture found in a tissue comprising cells, or

in a tissue in which cells have been removed, or may be made from synthetic or natural

materials to form a three dimensional shape. For example, a collagen scaffold may be used
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trypsin, collagenase, or other digestive enzymes, is pumped from container 10, via valve 8,
via a bidirectional pump 3, and flows via pathway 2 into the rotating chamber 5 of apparatus
4. The dissociation reagent acts on the immobilized pieces of tissue, and cells are removed
from the tissue and flow out of the rotating chamber through pathway 6 to container 9. The
released cells may enter a second rotating chamber (not shown) to be washed or placed in a
different media. In this aspect, there is minimal exposure of the cells to dissociation reagents
or harsh conditions, which results in less damage to the cells.

[0145] The methods and systems of the present invention also comprise methods and
systems for treating biomaterials. For example, and as illustrated in FIG. 35, methods and
systems can be used coating of particles, for example, cells, cellular components or other
biomaterials. For example, cells can be encapsulated in a particular material or more than one

material (e.g., in different layers). As shown in FIG. 35, media containing particles is



is retained in rotating chanber 5. The scaffolding material nmay or may not
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container 1, via valve 10, via a bidirectional punmp 3, and flows via
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through valve 9 via'a bidirectional punp 3, and flows via pathway 2 into
t he r oledidateg contrallers. In some embodiments, the controller(s) direct: 1) the opening and
closing of the valve(s), 2) the flow rates of the pump(s), 3) the rotational speed of the rotor,
either directly or via the motor, 4) the rotational speed of the chamber, and/or 5) a flow
velocity of fluid and/or particles from a fluid source, such as a bioreactor. In some
embodiments, the controller(s) may direct the application of an electric field, such as, for
example, an electric field applied in the electroporation techniques described in more detail
above.
[0148] The present invention is more particularly described in the following

examples that are intended as illustrative only since numerous modifications and

variations therein will be apparent to those skilled in the art.

EXAMPLES



5 of the apparatus 4 to coat the particles. Excess coating material may

fl ow t hough pathway 6 via valve 8 to container 12, and repeat the coating
process iwoanm/mssedaore cycles, or may flow through val vecT/usade/oedaast e
container 11. The particles in the fl38i di zed bed are uniformy coated, and
may be transferred to the rotating chanber for other actions, such as
drying or storage (not shown). One or nore coats nay be applied to the
particles, n%nagntllc"? coats may conprise the sane materials or may conprise
di fferent e al's. In one aspect, for exanple, a first coat can be one
material and a second coat can be a different material. [0146] The net hods
and systens _shown herein be used togérans ort cells fromope container

to anot her @6ﬁ?]aT}r?_e,‘P?thIB¢s_ ¥ Si_eﬂ‘stddgl‘iﬁe FYeeR WEBTHEY ARP PGHTEHER PIOZSASHE | ng
the C%r!)&s% glvl\mgcﬁ te&h&ﬁ&a{HeQEethf)ag diaségﬁﬁws RRHoWR I FIG 2 ARFRIESE3 VbR

exanpl'es s ereih ¢an be nodi or any procedures wherein cellular
mani puised tooremoive epetit nedija fromadribreattonpontaipeli, ané sccteany enestia watbe bioreastdrer of
cells is desifred. Such procedures e contenpl at.ed t he. presen

i nvent!f 8FF 9["’05?1‘?‘}”SA%“]HP§’rr}%@§&§c'é’15'o%?ret‘¥$e R 68l 'aﬁﬁ? oydiedraving thepe
greserﬁioﬂegk?fgg(gﬁ@%ﬁ j e RER WM. TRE QEI{ Md (BB niBAYa WeredTdwedthidugh atBiaBihy, One

r nore v or one or nore punps. These conponents may be
cont r ahhmbetwhich eetainedor captaned tld ¢edls présantonithe speot mediagangd thgisperdangdia| | er

may contr.ol all e components ar, sone. or | .of the,g0 nen have
o capatinsgint of e SG0hg cogmerdhipcraminre Tot diSPosahc A BT RRIER ey, "))
t he oRRALAXNANLILCAGS WAE réferddaCaniPhé@iasduchdb fieie néw avediatves fwddhiatoptien(s)
3) the rotational speed of the rotor, either directly or via the notor, 4)

t he rovtatingahambgreddestnirifiegat ferapand theflyid flow) forcerwighinvhg ehamber agted ptyi g

d/ ti. fluid : '
embod FBnPRiaE T s AEPE ey SRR TR D Lo P AL Lol 8B R,
fiel d,refinfdd ta3he bidreatoa by with tie Reshrhedid.i Thid capprisedionapérfision cycle.

el ectrogor ation techniques described in nore detajil abgqve. %14 ] The

pr eserdlteradasired timesthemeefupian cyela s rgpegted by ieuersing thq Buid fldwandy exanpl es
t hat ! il td 365 AP GickiRRippaiEsand
vari a’%‘gn s‘}Hé %ﬁgﬁlﬁa%%dcggg g%pdaﬁfg%?%%%cﬁﬁ% %ns | fe In the art. °
EXAMPLE sifsaedpiocheteih @3 4 Bptchipeosess.hods and systens di scl osed herein were used
as a perfusjon bioreacto In this, ex S_and, systens

as shown i nl0F¢] Tq sompgre ;ﬁP%gec% e%sbél?@c"(?é L2 pate g’ﬁ‘%ﬁ%s ité‘g‘gl?ffnﬁtﬁggﬁd‘geﬁcpg a
L A RIS SRR onbi, ROl P U5 1
(Invitrogen) were inoculated with CHO-S cells (Invitrogen) to a cell density of 0.26 X 10% J
cells/mL. Cell counts were performed daily to monitor growth and viability of cultures.
Continuous perfusion cycles, in which the spent media was removed from the bioreactor
container, along with some cells, wherein most of the cells were captured by a rotating
chamber, while the fluid flowed in one direction, and then fluid flow was reversed so that
media, such as fresh media, and the captured cells were returned to the bioreactor container,
was initiated in one of the bioreactors on Day 3.
[0151] In the perfusion bioreactor, a perfusion rate was maintained at SL/day by
media feed at a rate that matched the rate of the harvest of spent media. The 5L/day rate gave
a one volume/day exchange of media for the bioreactor. The cells leaving the bioreactor were
captured and returned to the bioreactor.
[0152] The volume of the bioreactor was 5L, temperature was maintained at 37° C,
and the pH was 6.9 to 7.4. The dissolved oxygen was 30%, with an impeller speed of 120

rpm, low air, and a carbon dioxide overlay to aid in pH control. The rotating chamber had a



bi oreactor (the spent or used nedia). The cells and the nedia were flowed
through a rotating chanber which retained or captured the cells present in
t he spentwordiozes®ad t he spent nedia continued out of tireTrust@piongizhanber
into a container for disposal. After ¥ certain tine period, the fluid flow
was reversed, and nedia, such as fresh new nedia, was flowed into the

r ot at |"~‘ﬁ‘§a‘éﬁ’a9ft§@rmLTm§1 wasiotated a8 00frpme el herrkchange fritgi veasfangwolwne/dayndhi n t he
chanb t Jdially in the same direction, and the cells
fIOV\e éfélggn%hveisﬁ’?ts% I}Ql?iég chanber and were returned to the bioreactor,

al ong w t h [01683f Inahé perfakion cyldié, eveyl mirtespe Mad flusi wis eyersed, sé\ftﬁzﬁlina
desi reﬂﬁtl ne, the pe%um on cycqle was re%eat ed by reversi ngpt he fluid fl ow

and pURpIRingehambivedhe ceptaiugal Toscennd the flpiforesvers apdpnges Rrlanced igy j r r ed
tank tﬂéf%ﬁ%ﬁ%?ﬁh%&?saddsthé Bl fof &rﬂtﬁ?f:&ltﬂfe%él for hﬁﬁrn? el 0150] To

conpar e perfusion process to a batch proc In s Were not
r enov edirectiom talrsmosp phd faidized iceH bedkf dmpturedtc&ltsrfsommm mtatmm:%bef aiDCHO

medi a (] nvitrogen), were i cu ated w ScC s (Lnvitro to a cell
Gons, v§HEh i 385 54 Mesadh ARehipieacies ﬁ%%bmtaél%e?féﬁepe?rﬁw%wcgwgp _
noni t ofjakle @Y BerRY éVC@)'c‘ohhyteﬁtfly fiekdadd i th cB&"shHPIOR CyC| es In
whi ch the spent ia was renoved fromthe | oreac or cont ainer, along with

sone cnmmpErisethtertbe hatebh process sample G hder é‘hc amammm:ht lwts termonaied mgllah &nber,

while the flyid flowed .in ong direction the owvvasrversed
20 t ndCrgNt defafaal PuBREEa T iR BF wigElr ceetd wRi e R hed < o
t he big)NAED iR theGRMuSioN Biore NS ﬂe@éﬂeuqbezdxnrm @aﬁs/lﬁf_, WwhiR: VOO i@and Batshon Day 3.
[0151] In the perfusi 0{1 bi oreactor, a perfusion rate was maintai ned at

5L/ dayblwaﬁedwas 3.85%1 10 cellsiak ¢ Viahilityrameined >0p% thmtehgut thpexpraiment  of
Spe”t reac )Orrtathgti ﬁ?q\ftﬁ 1§18v8%¥n‘% ?u%’e” eéﬁg'aH”f‘r{ 8?%’2:‘%%119 gt a for

t he b| eavi ng Ioreac re capture ret urned

t 0 t haldhteri®@Bad cte. cellf.1PR¢ ddtaghywlthutrisini thdﬂeysb:lnw ﬁﬁlQh@Uhowmsabsedthb‘imﬁr ature
was ngj ntained at 37° C, and the pHwas 6.9 to 7.4. The dissol ved, oxygen
was 3095 Peifystorabioreapier EWEﬁéé%tlwoms rhtﬂher Felmass than hatch PEQGEBOWSIRG oxi de

over | gy, ol g{d. tgnlpgtggéyg{& The rotating chanber had acapacity of 30 ni,
and was rotate rpm The exchange rate was one vol une/day and the

cycle tinme WdS4BDhenforegonsg is[iDisiativé of theer¢senf insemioncand|ie noetodreycodftrurdnut es,

the fluid flow was. reversed,. so th i rotatln chanbe t he
cent r i B|{fing \gteé‘f?% r‘tﬁ\{"t"ﬂgh P|f%W8x?IBS]t€@' f’%‘Fﬂ’Snisd’i%lé‘ "bvﬁlnaﬂ‘&éﬁvq ¥€Bpposi ti on
to eacfes@itear thoddékifi&ifinf the'hd \Jlﬁrr%ll%erhg»ptéé?at@ﬁﬁt ah{ 8RIdifiQieRs WRPesElblen t he

same direction to renmove the fluidiz bed of” captured cell's fromthe
r ot at iingheéxenpdary embodimeenis withoet metlensll)adezparmg faomdhe teaclings aract or . After

init] az;[dlvo rtaé)efs otf ﬁavre];l (S>r|1 0 (}/rgmg }P %G53R modifications are intended to be included
within the scope of this invention as defined in the claims. The invention is defined by the

following claims, with equivalents of the claims to be included therein.



viable cell density (VCD) consistently increased in the perfusion process
sanple in conparison to the batch process sanple (FIG 14). The experi nent
was ter mwetethosseBay 8, after five days of renoval, i nwobidseaaboqans and
return of the cells, every 30 mnutes#0 At Day 8, VCD in the perfusion

bi oreactor reached 19.2 X 106 cells/nL while VCD in the batch bioreactor
was 3. BHXTIWBICH ISCIAIMEDAS: | ity remai ned >95% t hr oughout the experi nent
(FIG 15), indicating that the novenent of the nedia and the capture of the
cells was not deleterious to the cells. The data show that using the
systens andl.net hdsetibdsfor afathulaing dells asinparfiuidizedbd, dicemethod compribingof

cel | s produces higher cell mass than batch process using traditional
stir-tank Hptatiagachpmberabony anrpds f‘b?ré@'@iarfﬁn&gugql forse ﬁﬁ{q?\t/@ @RMBSE present
i nventj ' onstrued as |imting thereof. Al though a few
exenpf%ggngﬁgggﬁﬁgﬁ%%i%}&ﬁﬁgb i nventi on have been described, those skilled
in the art flewihg adast digampoheiniag e firktahedimayd cal$iihioctht clamsbeartkropgls ghiebl e i n
t he exenpl ary .enbodi nents wi thout nmateriallly departing fromthe_teachings
and ad? t@&é@ngﬁmﬂ"@eifimteﬁmﬂsﬁte&&am rge Which opRgIS HBHFIIEEAADNS ar e
intendgfet 0 be included within the scope of this invention as defined in
the clains. The invention is defined by the following clains, with

equi val ent sfoohinghdlulizedbed of dxdlsiim theumhathbeh evherain TheAbraasiisabstarSiatlyAl MED | S:

1. A nethaqd.fo i.pul at.i | I,s using a fiuidized bed, the nethod
conpr i '8} .lllﬁéi’ﬁgar?g‘gé{‘ecﬁ‘éﬁg@ﬁ%ﬁﬂ%ﬁ'ttﬁ%ﬂg‘%‘??go'f %P‘équoérfgrcﬁé R t&J‘ﬁal force
field,cefipe chanber conprising an inlet and an outlet; flowng a first
streamcontaining a first media and cells into the chanber through the

i nl et, wherailactingahé figstmieali substantiakl e withauteslls passingaheoughithy ewtlainf te
opposec?1 tt\%er_?lirrlltri fugal force; formng a fiuidized bed of cells in the
chanbet’ et the forces substantial ly immobilize the cells in the
fiuidized haghipylatif€theWwel®in kb fRRdixerbed; wherete said elaniimlaingtibeeleqtd from
collecting the first media substantially wthout cells passing through the
out | etthg Broupeorsistingert rempuingnegticpniratinga giluting, sx¢hanging media.thagyestingd bed,

wher oi . SN e el . MR :
Femovi SR ARG, (ilsfeP L RENGEorali Al Lo R i, Rblae?
t r ansfselecting pudifyapgeoatigg, binding fphybically metifgingpgmal @tering thsaparoatiieny,

extracting, i sol ating, selecting, purifying, coating, binding, physically
modi f yAndghers#fteral t ering the environment: and thereafter

removing the cells from the fluidized bed, wherein removing the cells comprises:

flowing a second stream into the chamber through the outlet, wherein flowing
the second stream acts to create a force at least partially in the same direction as the
centrifugal force field; and

collecting the cells passing through the inlet of the chamber.

2. The method of claim 1, the method further comprising:

providing the first stream from a cell culture system prior to flowing the first stream
into the chamber,

exchanging the media; and

delivering the cells and exchanged media to the cell culture system after removing the

cells from the fluidized bed.

3. The method of Claim 1, wherein manipulating the cells comprises transfecting

the cells, and wherein transfecting the cells comprises circulating a transfection stream



renoving the cells fromthe fiuidized bed, wherein renoving the cells
conprises: flowing a second streaminto the chanber through the outlet,
wher ei n fwowrigosdee second stream acts to create a forcecatush@asv4iparti al ly
in the sane direction as the centrifugal force field; and collecting the
cells passing through the inlet of the chanber. 2. The nethod of claim1,

t he nEPABENIRG? trARsfectipnpeagsnhepmples vhrapglythefluidized bedsefrcsHprone ermmareel |

cul ture System prior to flowing the first streaminto the chanber,
exchanging the nedia; and delivering the cells and exchanged nedia to the
cell culture systemafter renoving the cells fromthe fiuidized bed. 3. The
met hod of C aim1, wherein manipulating the cell cci ri ses transfecting
the cells, %nd wHerasthod phlamds P‘H’ﬁrﬁt‘!‘lé‘aéé?“l]aém(gdﬁi)i;‘? gpecé’“m”rs%l ating a

t r ansfgetd LAl WAk Bhhs R defidSbrisepl ex through the
flui dieﬁﬁgggﬁ%é ﬁ%g;}éﬁg a%l%@bﬁ%?mﬁg%e&ﬁ??éms.éll. 'Iqﬁe me rﬁ%g of Caim1, wherein
mani pul at i rapplyiveg ae¢lécric onpentte sheeflwidized ped af cally; sk cel | s, and wherein

el ectroporating the cells.conprises: applying an electric current to the

£l ui di zod BUETEE thederrgeability |tlﬂ%9q€f¥sﬁg the permeability of the cells. 5. The
met hod of Claim4, wherein electroporating the cells further conprises:

fl owing a charged nol ecul e stream containing charged nol ecules into the
chanber t hrSough Theemé¢thod of Glfimrde whemie eleceopdrgting th cellnfirder edmpniseappl yi ng
the electrig current; and,incorporating the, charqge | ecul es Jinto the

cor 1 5. 6. AayiihaaniiseS Roloblh LR pee b el Mol taR e st ' ne
et hOdhxféGF]PfHeShlégbefbf& Bbndugredtl ¢ kb 8hd/8PMr applydg the bR chiceaiRnd ag@nt ri f ugal
force field, the chanber conprising an inlet and an outlet; flowing a first

st r eam contia¢arpergting thercharged amalecnies iptrtheepldss i nto the chanber through the
inlet, wherein flowng the first streamacts to create a force which
opposes the centrifugal force; formng a fluidized bed of particles in the
chamber, wher ei nA ifegthddofo€ gfanipuliingfartédiésyusing® Auidized Helethpadthed es in the

fluidized bed by the summati on of vector forces acting on the particles;

comprising;

rotating a chamber about an axis to create a centrifugal force field, the chamber
comprising an inlet and an outlet;

flowing a first stream containing a first media and particles into the chamber through
the inlet, wherein flowing the first stream acts to create a force which opposes the centrifugal
force;

forming a fluidized bed of particles in the chamber, wherein the forces substantially
immobilize the particles in the fluidized bed by the summation of vector forces acting on the
particles;

collecting the first media substantially without particles passing through the outlet of
the chamber; then

manipulating the particles in the fluidized bed, wherein said manipulating is selected
from the group consisting of removing, concentrating, diluting, exchanging media,
harvesting, transferring, dispensing, transfecting, electroporating, separating, extracting,
isolating, selecting, purifying, coating, binding, physically modifying, and altering the
environment; and thereafter

removing the particles from the fluidized bed, wherein removing the particles

comprises:



collecting the first nmedia substantially w thout particles passing through
the outlet of the chanber; then manipulating the particles in the fluidized
bed, wherwonosaiossearani pul ating is selected fromthe groeprTaseaosving of
renovi ng, concentrating, diluting, exhanging nedia, harvesting,
transferring, dispensing, transfecting, electroporating, separating,
extracting, isolflawinga ssedndcticany, intouthe £hamber thigugh iy owlehayhssein Sleyang al | v
nodi fyi ng, .and altering the envir ; . DV e

parti ol os PESsBRL Shodals Sl AN fes e S, Shme SRS

conpri ses: fdeatifiighl dorze eIt apd r eam i nto the chanber through the outlet,
wherein flow ng the second streamacts to _create Eé)rce at least partially
in the same di ré@ﬂlpﬁfiﬂ&a@ePﬁlélcl?éri’ﬁﬁﬁm&uﬁ’é‘l’ughdpﬁé‘ﬂ?‘i%It > champbego| | ecting the
particles passing through the inlet of the chanber. 7. The method of Caim
6, wherein mani pulating the particles conprises concentrating the
particles, Mher efte methoé of Citimrey wheeeip aranipil@mgtbepaitictes compeises ng t he
particles in.a concent ratv@g particl es, harvest. contai ner aft.er Bﬁmj\/i ng the

par t | @PBEENUZLing e RAEHHER YOI GoRAeBlratiethe PAT BIPAPFHE ST RE8JAT ti cl es
conpr 'r%ﬁga@eﬁﬁ%%g&é}ﬂrai{agpm&immm cUEiE! MEIERBIBNEC biifcREI 3 conpri ses:

fl ow new nmedia stream conprising a second nedia into the chanber
through the inlet; and replacing at | east some of the first media in the

fluidized bed with th e d di,a. .9. The net hod of. (l ai m 6, _wherein
mani pul at i fy the _ F&Bﬁ@gggadﬁfgq’eivg&e‘ﬂé‘?a&&’tl?tﬁ @ﬁ@aﬁﬁg{sicf?{n&’?esand wher ei n
har veshiRghgihtethl fiddi £ hR® wherdt badangifs She/bdialcbmppisédi cles in a particle
harvest contal ner after renoving thée particles. 10. The nmethod of C aim 6,

wher ei n marflpuingeiney mpdia saeam comprisivgprsceans medipanfeithgchambeprongh s and
wher ei.n gi spensing the particles conprises receiving a neasured anount of
parti c‘fl](? A one or nore di spensed cell containers after renoving the

particles. réplacihBat [Basthethedt tkd Aitsinfediavheheilvidided bedmiticthe secondmiedie a
m xed popul ati on of particles, wherein mani pulating the particles conprises
separating the m xed popul ation of particles, and wherein separating the

m xed populg@tio r i C i ok i e, of the
m xed popul%ti orr:ng mggerPi 2Itzagmf?%e#ﬂgﬁﬁnﬂ?g%mgg)%nicg%?%@ﬁ%ct| ng the at
| east Ip@vesting tHehpartidlese dnd oheteat hanesingphe particles compasasgetdiviog gie paracles

in a particle harvest container after removing the particles.

10.  The method of Claim 6, wherein manipulating the particles comprises
dispensing the particles, and wherein dispensing the particles comprises receiving a measured

amount of particles in one or more dispensed cell containers after removing the particles.

11.  The method of Claim 6, wherein the particles comprise a mixed population of
particles, wherein manipulating the particles comprises separating the mixed population of
particles, and wherein separating the mixed population of particles comprises:

removing at least some of the mixed population of particles from the fluidized bed;
and

collecting the at least some of the mixed population of particles passing through the

outlet of the chamber.

12.  The method of Claim 11, wherein removing at least some of the mixed
population of particles comprises altering the centrifugal force field and/or the force of the

first stream.



outl et of the chanber. 12. The method of Caim 11, wherein renoving at

| east sone of the m xed popul ation of particles conprises altering the
centrifugab 2bovooeseBi el d and/ or the force of the first stceased8oodihe net hod
of Claim1ll, wherein the m xed popul agi on of particles are separated by
size, density, and/or shape. 14. The nethod of Caim6, wherein

mani pul ati ng the particles conprises coating the particles, and wherein

coating the.particles.c i ses.. f - i 608 i.ni ng a
coating rra?le"ri alhfenlpgthf)ﬁg}) %%Wblelr’ “h%}r[géﬁgﬁarpﬁ(gaitphp%ta 1;-°i&g§d coat%%‘g t he
parti Gleparate@ibaisiRddémity hirdfdrghshezed bed with the coating material. 15. A
nmet hod for separating a m xed popul ation of particles, the nethod

conprising: rotating a chanber about an axis, the chanmber having an inlet

and an outlgt; ' SRR ehdif i WA RVE brik
chanber; fll?)‘\ivi ngﬂgeséllgfrﬂé?%gtb )rraéglm’conetkéa{lﬁ%ﬁatﬁgrtg?b%ﬁ:@%gﬁng&ﬁggg

popul alhé pmiefes,mﬁtwmrr]ei%ommghuheipaﬁicleﬁrogatprises:ti cl es and non-target
particles into the chanmber through the inlet; retaining target rticles in
the affini t§oWaEAcealing StFRAMERItYBRING aLoating Mateiial Hyo qﬁe&@’?%?ﬁ’ﬁ%@&a&%nd
non-tghg:?ta&aarti cl es passing through the outlet of the chanber. 16. The

met hod of’ (aim 15, further conprising: flow ng a second stream cont ai ni ng
an el ution coathgthenantidlérerettimattiarthe flnidiagt betl avithrthe coating matstialg t he t ar get

particles fromthe affinity matrix; and collecting the target particles
passi ng through the outlet of the chanmber. 17. A nethod for associating

particles w4 h sgahdipbdliddSepRhiid AmixddRpiRiHdAG, paRRIdssiheancthéd at i ng a
chanber about an axis to create a centrifugal force field, the chanber

havi ngcoamprisiiget and an outlet; flowing a first streamcontaining a first

redi a and scattol ding, mmiert al L1 8. Lo £HA0GE HFAYGR ARG,ARI eL . wherein

rovx,ingthero € a force whi ch opposes the

cent ri f ugal sbeta@alfyointhétlligink lad it 8ombeik iafthé ftensteas f ol ding material in
t he chanber, wherein the forces substantially i rr,m)gi lize the. scaffolding
material i nilewagra fifststeam eagrinpeaHasnadiaangda npred population of particles

comprising target particles and non-target particles into the chamber through the inlet;
retaining target particles in the affinity matrix in the chamber; and
collecting the first media and non-target particles passing through the outlet of the

chamber.

16.  The method of Claim 15, further comprising;:

flowing a second stream containing an elution media into the chamber through the
inlet;

releasing the target particles from the affinity matrix; and

collecting the target particles passing through the outlet of the chamber.

17. A method for associating particles with scaffolding material, the method
comprising:

rotating a chamber about an axis to create a centrifugal force field, the chamber
having an inlet and an outlet;

flowing a first stream containing a first media and scaffolding material into the

chamber through the inlet, wherein flowing the first stream acts to create a force which

opposes the centrifugal force;



vector forces acting on the scaffolding material; flow ng a second stream
containing a second nedia and particles into the chanber through the inlet,
and r et aiwongioansiseast sone of the particles with the seafrfusbawoginat eri al .
18. A nmethod for renoving particles f#om scaffolding material, the nethod
conprising: rotating a chanber about an axis to create a centrifugal force
field, the f@hams@rﬂméw@gechnfnhn|seqffchgmat@rml livthe ahamhen gvhergin the fosees eam

cont a1 A Ay shSlonToR R BOSIGRERE P FRRANDk SR (R bRl o0 | " ©

the ch OWi ng feamacts to

cr eat e/eatof frc&s aegﬁhgbn(@]ﬁm@aﬁfsldmgnﬁmtarl fugal force; formng a fluidized bed
of the scaffolding material in the chanber, wherein the forces

subst ant i alflgwingaspsandsireamecontaating p apesidiaediz and pariclen inte the dhamber bed by
t he sqm&ggt‘%m vael tor forces acting on the scaffolding material; flow ng
a secon ream c’on ai ning a dissociation reagent into the chanber t hr ough
the inlet; rerifivg fdegsabdme be thefpastivlédwith daf dcaffdiding; mateeinl. al ; and col | ecti ng
the renoved particles passing through the outlet of the chanber. 19. The
met hod of any one of Clains 6-18, wherein the particles are cells. 20. A

method To! fg actA AARdd Br AERE phifcs o es?foﬁmﬁ%ﬁe@a}ralstheamﬁdat ating a

chanber about an axis to create centrifugal force field, the chamber
havi ngoarprisiniget and an outl et; fI owng a first streamcontaining a first

medi a and a m xtur blomaterlalsmtothe ch t e inlet,
wherei n 11 JRAGEE e berabOUt Foas I TERES EPEIhEAoh el M e b oses ¢ he
centr |l{aqgf'él fifle€snd APO@E:] vel y precipitating biomaterials fromthe first
stream formng a fluidi zed bed of the precipitated biomaterials in the

chanber, whigveing atfhret strspmeontaiting afirstanédia i iffolding materinl eemptrising ed

bi omat er i ' bed t he. on ve o actl ng
on U neaidesplo b RarhbetitcBE aRG el AR R s/l Rl (G848 5%

non- pr@wemﬁlaieﬁbogbmtceﬁﬂrﬂgalmsl ng through the outlet of the chanber
and thereafter renpving the reC| pitated biomaterials fromthe fl yidi zed

bed, wher ei ﬁnn@m/ﬁhnglzpﬁ beghp ﬁPQfﬁllé@gm“ﬁﬁ%‘% an the chapbep whesgin the forces
substantially immobilize the scaffolding material in the fluidized bed by the summation of

vector forces acting on the scaffolding material;

flowing a second stream containing a dissociation reagent into the chamber through
the inlet;

removing particles from the scaffolding material; and

collecting the removed particles passing through the outlet of the chamber.
19.  The method of any one of Claims 6-18, wherein the particles are cells.

20. A method for fractionating biomaterials, the method comprising:

rotating a chamber about an axis to create a centrifugal force field, the chamber
having an inlet and an outlet;

flowing a first stream containing a first media and a mixture of biomaterials into the
chamber through the inlet, wherein flowing the first stream acts to create a force which
opposes the centrifugal force;

selectively precipitating biomaterials from the first stream;

forming a fluidized bed of the precipitated biomaterials in the chamber, wherein the
forces substantially immobilize the precipitated biomaterials in the fluidized bed by the

summation of vector forces acting on the precipitated biomaterials; then



flow ng a second streaminto the chanber through the outlet, wherein

flowi ng the second streamacts to create a force at least partially in the
sane di r ewbi2on/m@ssshe centrifugal force field; and col | ectriusgomhes113
precipitated biomaterials passing thrssugh the inlet of the chanber. 21. The
met hod of Cl aim 20, wherein the biomaterial is protein. 22. A systemfor
mani pul at i wglleeiingithe Gest medianndthe gon-grecipitatas bipmeaterialsinassing through thei s t o
creat %uﬁeth"QBéj:}{ k_ Jn(artﬁgre;éteql d, the chanber having an inlet and an
out | et Di'OF B4ctor cont ar ni ng a first fluid and particles; at |east one
punp in fl uedociagmhepresipitaed bidnhatédials frotrathie fiyidibadtxel; whorkin teendiing thect or ; a
fluird manifold in flujd conmmnication with the rotating chanber, wherein

t he ni¥§ciRitated biematesialsCopIpEIses'i ty of spaced apart val ves that are

aut omat i cal |y Seicgghi ¥&bdonfl FR6H ARAnEARRG: dhiblBY I RileR IRALE Holihg | N

communi cation Wt e at least one punp and the valves, ‘wherein the
control | er the seeohd strdan) adthieo aredte afotoe aoeast paniallyl ioske samé Jiredtionfas the r at es

of the at |east one punp,, (iii) the rotational speed of the rotating
chanber, ar?ant(‘if%algorf:?g%dvé‘l“i)ci ty of a first streamcontaining the first

fluid and parti clofscreQ bh::%i 'a&rd%ﬁﬁ{erimtﬁtaﬁsgﬁgfeuﬁ&?gmﬁé idlbrgrugh the inlet,

wherein in operation, the flow velocity of irst  streamfromthe

bi or eact or chambert he chanber through the inlet acts to create a force which
opposes the centrifugal force, thereby formng a fluidized bed of particles
in the chanber, wherein the forces substantially imobilize the particles

in the fluidi zedrfeaflethyd bhelasmmoaheriPfhe\shMderihlok pesteiact i ng on the
particles. 23. The systemof C aim 22, wherein the controller further

directs a flow velocity of a second stream containing a second fluid into

t he chanber,,t hroygh.the oufl.et. LNy Jd.n jon, the flow velocity of
t he second 2gtrea¢1|1 Sﬁ%%??rh%%lﬁglﬁﬁggE%}lrg%)eﬁg%()%&ﬁ{es%oéﬁtIet acts to create a
force at | eadlhamber totathbly absuttanexisorraite € cénttfugabfordeeficldnthe icharghér f or ce

field, thereby renpving the particles fromthe fluidized bed. 24. The
syst erhatsmg@panlﬁimi,armmgkéi n in operation, the particles are collected

through the gi{;%g&?%?,gﬁﬁin %pﬁg@%wgh}a&ed to the bioreactor after being

renoved from I ze e systemof Cl aim 24, wherein the at
| east one pitibgastoapuingeih fuith communication with the rotating chamber and the

bioreactor;

a fluid manifold in fluid communication with the rotating chamber, wherein the
manifold includes a plurality of spaced apart valves that are automatically selectively closed
and opened during use;

a controller in communication with the at least one pump and the valves, wherein the
controller directs: (i) the valves to open and close, (ii) the flow rates of the at least one pump,
(iii) the rotational speed of the rotating chamber, and (iv) a flow velocity of a first stream
containing the first fluid and particles from the bioreactor into the chamber through the inlet,

wherein in operation, the flow velocity of the first stream from the bioreactor into the
chamber through the inlet acts to create a force which opposes the centrifugal force, thereby
forming a fluidized bed of particles in the chamber, wherein the forces substantially
immobilize the particles in the fluidized bed by the summation of vector forces acting on the

particles.

23.  The system of Claim 22, wherein the controller further directs a flow velocity

of a second stream containing a second fluid into the chamber through the outlet,



directional punmp. 26. A systemfor manipul ating particles, conprising: a
chanber rotatable about an axis to create a centrifugal force, the chanber
conpri si nyoprwesseapart inlet and outlet ports sized anectarstoogwoaast o
apply a fluid force to particles ther®in;, a primary punp in fluid

comuni cation with the chanber and a fluid source; a fluid mapifold in

flui d conmmheseiniinaperation, thellewailnsity offfisrssrond sesauinia Beghambentheosgh
pl ur aldé% é%?eg &c?tlg g(g gr(ég%paafg}%erag:l%g%%%ﬁy %gﬁ Mo Hﬁédtfbﬁl As¥h§@én@r@ifu?§(leflo)/cepl osed

and op source 1 n comuni cation wth the

mani f dledd, tRersRC@Rting e Partictesfttam ehecuidized dad.i on with the fluid buffer
wash source and the manifold, wherein the secondary punp has active on and
of f periods, and wherein in an active on period, the secondary punp has a

hi gher fl ovifﬁza a]E ﬁ}%‘%’t}gﬁwgf @lrahg%gng% in gl(r:aﬁgg’ thDPaRERNFREN I RIIP T esi des

proxi mate t er wash source at toa first armof the

mani f ahughiit inkedibe chambercand raruneadlf totthebiveaaicfon hftehbsng muasvied grom thet  and
second, end portions arranged so that the second arm extends around the
secon Z?fﬁ ‘with the first end portion attached above the secondary punp
and the second end portion attached to the first arm bel ow t he secondary
punp, and wherein the second armincludes a first one of the valves; and a
control | er 35 cofmagyseat ofo@laiwh 24, wherepr theat leagsiomp pumpecompisagiably punp and

t he v;{.ves, erein the controller directs: (i) the opening and cl osing of
the vARFEUONE PRIt he f|ow rates of the primary and secondary punps, (iii)
the rotational speed of the chanber to create a centrifugal force of

bet ween about 75-500 x g, (iv) an average flow velocity of the fluid from
the fluid s¥urceAspstemdhr maripuleting partiplespeampésingibout  20- 300 i mi n, wherei n

i ti t t h ' f
e man f ol ehaoRr ERFRER PP IR s & shilRudl R o Blantll, SODTEOLS. D
of t hecopdpEhfy spatddrapanrigiet anteslitkt ports Sigécind @nfignsd tdapplylaefysd iforce e

mani fol d. 27. The system of Caim 26, wherein the manifold includes an
i nput Haréelestherginshat ext ends between the chamber and a bioreactor, the

B L AT
flow path upftideamifold trhtuidiconmacticationaittetharntiamber, wheein the sanifad | y spaced
cpart alges, SRibeL e, S Lot e UL oL MRS, SRR ugde Lo
second(ﬁ;e){ecp&ﬁ%é Fseon and the first valve in the
a fluid buffer wash source in communication with the manifold,;
a secondary pump in fluid communication with the fluid buffer wash source and the
manifold, wherein the secondary pump has active on and off periods, and wherein in an
active on period, the secondary pump has a higher flow rate than the primary pump, wherein
the secondary pump resides proximate the fluid buffer wash source attached to a first arm of
the manifold, and wherein a second arm of the manifold has opposing first and second end
portions arranged so that the second arm extends around the secondary pump with the first
end portion attached above the secondary pump and the second end portion attached to the
first arm below the secondary pump, and wherein the second arm includes a first one of the
valves; and
a controller in communication with the primary pump, the secondary pump and the
valves, wherein the controller directs: (i) the opening and closing of the valves, (ii) the flow
rates of the primary and secondary pumps, (iii) the rotational speed of the chamber to create a
centrifugal force of between about 75-500 x g, (iv) an average flow velocity of the fluid from

the fluid source through the chamber at between about 20-300 mm/min,



second armis closed, so that a dead leg at the bioreactor valve is
flushed. 28. The systemof Caim 27, wherein the manifold includes a second
f | ow pat wohato/m@sieends bet ween the chanber and the firsecaruseaboodies
manifold with a waste |ine extending 470 a waste contai ner upstream of the

second armof the manifold with a waste valve in the waste |ine,

t he second

f1 ow pat h iwhsreidiimgperatiens dheisyisteowhasaa Washagyete thattlushes da‘é&edtﬁsgmﬁatémf g t he

ead e b R RO optiOr Bl outeh A Sk S LY ey

LEr t he

osed, and

t he sa&«gednédla\eo ﬂ@téby\wéavl@e d&addp@intthe Hauﬁblda dead Ieg associated with the
secondary flow path valve. 29. e system of any one of Cainms 22-28,

wherein the particles are cells. 30. The nethod of any one of Cains 1-21

or Syst em ofy ANYrgNG sl & Gallf 262whdein W hithifold e AibSad fioflt ﬁg’??&ﬁﬂhh@' ly

hori zont al "axis any one

em of any

one oOfexfdnds bBtwaen &2, chatmbecand 4 bieraustos, the inpus flost path hatihg a\beoreactal vaivel s.

positioned proximate the bioreactor, and wherein the first arm of the manifold merges into

the input flow path upstream of the bioreactor valve and includes two serially spaced apart

valves therebetween, such that, in the buffer wash cycle, the two serially spaced apart valves

and the bioreactor valve are open when the secondary pump is on and the first valve in the

second arm is closed, so that a dead leg at the bioreactor valve is flushed.

28.  The system of Claim 27, wherein the manifold includes a second flow path

that extends between the chamber and the first arm of the manifold with a waste line

extending to a waste container upstream of the second arm of the manifold with a waste valve

in the waste line, the second flow path including a second flow path valve that resides

upstream of the second arm of the manifold, wherein, in the buffer wash cycle, after the dead

leg at the bioreactor is flushed, the bioreactor valve is closed, and the second flow path valve

is open to flush a dead leg associated with the secondary flow path valve.

29.  The system of any one of Claims 22-28, wherein the particles are cells.

30.  The method of any one of Claims 1-21 or system of any one of Claims 22-28,

wherein the axis is a substantially horizontal axis.

31.  The method of any one of Claims 1-21 or system of any one of Claims 22-28,

wherein the axis is a substantially vertical axis.



