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DESCRI PTI ON METHODS AND DEVI CES RELATED TQA REGULATED
FLOW ELECTROPORATI ON CHAMBER BACKGROUND OF THE

wO DMENTISAN Thi s application clainms priority toPCr/BS2005/016728
Provi si onal Patent application serial nunber
60/ 570,317, filed on May 12, 2004, which is
i ncorporated herein bYDESCRIPTIGNIi n its entirety. |.
FI ELD OF THE | NVENTI ON The present invention rel ates
generally to the field of treating cells with
transient electric fields and nore particul arl

ol SIETHORSAND llﬁVL(éW BE%TEDp'a@tA RAGHLATED FLOW

concerns net hogs w@f ﬁg ﬁ%\@% gztroporatl on,
an el ectroporat| on c anber and relate evi ces

DESCRI PTI ON OF RELATED ART El ectroporatl on has been
used for the BAES (i) [T I or
plant cells since the earl y 1970‘ . Researchers have

This apghoatinmr alasds t prcritgxipo3 8 e Podvisiehdls Patenta aplbﬂmatlon serial number

B N AT T I B

nol ecul es, includi ng macronol ecul es such as proteins

and DNMEICPRORTHE INVENHEION These openings, referred
to as electropores, are regions of increased

The p&@éﬂma&adubwelafystge@&@ﬁ hy thoEdld 6f BakBRWELk rwmh %raﬁﬁbﬁt electric
menbr ane caused K voltage electric fields. These
fields g8 agomxpaticylpdy gp eel{:qtgpplgmtlonoqigc@hou@»{ﬂorﬁ:opartlcularly, it concerns

metho@%ﬂf %gﬁ:la?gd‘w leise%&o a}itl(gna%ﬁ rqelctr (%ratlc%nhcgm glg?l’% ?a&efde éewces.

t hese pores, the process of creating them and
I it r oODESCRIPRNODNIOTREBATED ARY ri ed out to excess,
kill the cells. Since this el ectroporation involves
Electrp@sationthas beert ussdt fof adiisértibii io€hrofgcutel imdginirhiileor plant cells since
on ctlve cell suspension the el ectrodes generate
the cafipaply

O Beegrebarrchaviidemongiiated ghat spposyrs &f ¢rbito @eghort duration,
high VbR&é&@%&ﬂEﬁeﬁ&& Q‘Bﬁge@tdﬁéﬁmgﬁ td BGnf H theS éé?lhpl?lgﬁl'bﬁﬁgac%ugh which

excessi ve, ralse nperature of the ce
molecqigs, nncludieg enachenaledulss slich. as Mysteine anﬂy)m&pbamattmom eefl. These
rati%n were carried o t usi n

.electro
openin FEEEE 1 gh e R AT R BL G2 0! TS PO RGEIRRILSY [ by local
breakdef@ ianAs REI nkMbrBad cﬁls&!' B?tlﬁ’éﬁ y&tkdgy ell’é&'tlfl@ FB1d8! eldfebd Pores exist
field can be generated ween them
transiegdy beinloes engughtfhr macrnmelesuladetcthys plmmﬁl IaNAphaleeules to enter the
dt te wal of a rectangul ar
cells. uvlie: egﬂo?m %%1%%) e c'&gaswgpgﬁé?sgﬂooaes |§racess o gleagng ?hem and
introdw@iigciblpoleatad it Gﬂ’ﬁb@ ot W é}fdze@s K @6 WeRs.ORin¥etEiS léhe%ﬁoporatlon
that the operator desired to i ntroduce into the cel
involvess PAtsite @ T c(afhpite Prieilyy thepughndhe comdustive cell Suspensmll the

electrodes generate heat in accordance with Joule’s Law. This heat can increase the

temperature of the cell suspension and, if excessive, raise the temperature of the cells to a
point where the cells die. Most early applications of electroporation were carried out using
specialized cuvettes containing electrodes positioned relative to one another so that a
substantially uniform electric field can be generated between them. Most conveniently, this
is provided by two flat plate electrodes attached to opposite walls of a rectangular cuvette or
chamber. A suspension of cells to be electroporated combined with a molecule or molecules
that the operator desired to introduce into the cells is placed in the cuvette or chamber, which

is then placed between the electrodes such that the cell suspension comes into in fluid contact
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Is then placed between the el ectrodes such that the
cell suspension cones into in fluid contactwith the
web@stitsades. To effect el ectroporectic introduR€T/08200$/016728
the nolecules into the cells, an electric field pul se
of high voltage and short duration was applied one or
with thd Bé&rdded®Fo te@feét@ec@ﬂoﬁ&ﬂe&t@@ Bfrodfctionhert®dleruldld énto Ethé cells, an
suspensi on between the el ectrodes. Mdst comercially
electric dieli pulbs of bigéomo&t@gmm short dwiolan was gprlicd; gpetd ety tites to the
pa an_on| e
ctectrodEg 8L ity iy R "G p R RmpLE e, AEBHALE Biok Soimmerciall

availablb REcEBPbLatiN® bﬂ%&ss ﬂfa lﬁxﬁtddantchpdcuyanﬂ datbenly process small amounts
el ectroporat ed per | oadjng of

of cell sgsmmm‘g A eiseEly lgqsgtgarygql s (gxpzele g}q S%%W?F%# cells that
could be e?ecgrrsggr %@éq ﬁ%l toadih 'ocfai b]\/vettgaéle&%ifé%%n%f BE®Y Véltdnk¥s of cell

or ne appl i cations of
suspensﬁhﬁ@&srmgﬁacaioabn of Iar ge vol unes of cells. Relative to

t he nalntenance of sterility, repeated | oading of a
TyplcalgéI @%@p@g oﬁ,g h{]ng g;settl 3 If$r| r?c%a%lys ﬂ%@?h&gloﬁf bt éle&tf‘oporatlon of
large v§} gé BPE’éHsatRe@d'tlv'e?co SR RtedMceITdtcsilitR repcated lmachng bfa cuvette

nee many researchers carrylng out snal%m@ 3 d of
and poeligg tof dh@ re&ﬁCIteror@fedc@lﬂﬁ §S £8pFEa b ANPTREH3H d s Wi dhis method o
electrogq?gtﬂq%dlts SR e(:| % SiTD IQ Ol 1tepﬁ1te nfcegt;lg Gk 1ﬁ8€}>’ 1|%5‘éa%ﬁe!r§/ carrying out

opora 0 arge umes of
small s&ﬁé E&c%f)dr@uéfﬁbmalls radmlgoﬁalshﬁhodlsewmameadndnemecmlly methods that
El ectroporation of |arge vol unes of _cel

could csn‘eermen ySf%liltiﬂﬁﬁ e glegtrencaplien eiaregyalges %881?% %Blg‘? gltafng?}mng 2
sterile S?)‘BE\O %ent tal??lggr i)%ﬁcuﬁﬁyofol% Oé%%ﬂﬁqes Af el af aadiésed sterile system

reates and nmaintains a closed sterile
would Ehablé tiatde shelectgipotttioner oglébaseahetapy L duerps-e Argisthod and

d d. 1980 k t S
T L I

wres of cells (U S Patents 4,752, 586,
therefogea’@%gtdzlei? 6. 074, 605, 6, 090, 617, each of which is

i ncorporated herein in its entirety by refere gﬁ‘% for
In the me sjewoﬂ@svafsomlt@dt@btblyo posteEali tRCAETET Q1 JlowofiseupRayation for

L h |
procesgg FERE Fafimes FEHfif (23, BELIE A MN8N ke 26! 4,074,605, 6,090,617,

ont i huousl’y "and
each o‘-ft Aathl ¥ ﬁﬂc@}t}@(ﬂatadlthefelﬁ He #ntentissty djyumfemﬁcedel Fowh atgvices for

been el ectroporated. As th eII nsi o t
electropprgtien geperabe ﬁomqiféedep%]eafrg ctrgdﬁuléﬁﬁwgm V. tEfJ F%IL ¥uspen51on

to be %ﬁ’a ?St ogp RLiL 8 Dodith %ﬁﬁy Caﬁhls?eadﬁf Hgﬁ‘e%durﬁﬁ Rhé etireGRolGthe If @Blls had

ulses he el ec es resulted in the
been e%%ﬁ@p@ﬁatddn Af theeadl mﬂenstonvﬂ&dﬂgqu&mem@g@,@.trydgs@ a high

voltage Be rtoRpPi 8 KB Bl SEBRAPONCH D DAY i s to the

electrod L9 PesBul £ IPHE Hér@honﬂi‘lehépﬁﬁd ftwis hand fd Bhecessary to remove this
ectroporati on contain an el ectroporation chanber

heat bp awooting ecans ecprevet shaeldctrddss |@b¢1 the echl FpAsiR Eom ggaching too
suspensi on can be The c
high %|t@BPFRYES | y eb agngéynggd%f Jlow™ e ?é&rgﬁﬁg { cBhiaint A fé’u%%oratmn

I's capa
chamtf hBViY it BRctrodes and the ports through which cell suspension can be pumped.
The electrodes are connected electrically to electronic circuitry that is capable of providing
high voltage pulses to the electrodes. The high voltage pulses can be controlled by a

programmable computer. Flow electroporation systems have been developed that are capable
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hi gh vol tage pulses to the el ectrodes. The high

vol tage pul ses can be controlled by a progranmabl e
w@eospaiasee Fl ow el ectroporati on systens have bR€NUS2005/016728

devel oped that are capabl eof el ectroporating |arger

vol unes of cells, enabling production of viable cells

of elect%gh%.lﬁ;fyg g%gelavglﬁﬁi.eﬁ QF com, ealiRghREhReRA dMiisKleeekdintd hich a

_ for el ectroporation'vary fromcell type to
desired apldcuteypd baelindmdueedr y according to the type of

nDIecuIe_onF desires to introduce into the cells. For

n ti.cular_cell ' ' .

The cordgheRapt HeCbPomiRgpe B g BiPERE ity Socording to

the typé’&fd h@&?ul@%eﬁﬂ&iaﬁs Rningpéeedntat the pellsraFor artyepartitwamgell type an
" order to apply the optimal nunber of el ectrical I

optimalt process @t CONGRERE (4 g OB Rl RPBPEC PH f)st)rogltquiﬁlaﬁ)u olfife and

. appa Fr CrLi i | .
duration} %%c%cg%tl%?é%g% gr&él{%g% 'tlﬂ?ltggg oaatrpkley ﬂéllg gg{il}ﬁg%g?g?dl‘r gﬁ‘é&e@ﬂ’ncal pulses
to the c6lg Rﬂh@? um;g HftdweRotropeatsineappretssleserhoddn thepart.ttherate of flow
rate of pulsing.is chosen t rovide t '
o he b emunso, e B UGS E R SRR oo, o
well as SXEFRL 61 p%lgin% he ciidbh TbroRidElBE opfimBlukietser PEpulses to 4 Solume of
known to be two per unit tinme for a particul ar cel
cell suspabidr eFor ik ampley Hitorigptina eumbeico s RET Sl 18 KRR O petwo per
unit tirgg 9§ b pE el A b Bt BhE eI 8 opbRiBARhamber is one
millilit@Pleh 85k 8 raBiid sk to¥ne thillilithi Serwait tine andethagreo pelacshare applied
cell will receive two pulses in.this.exanple However
per unit gmnehy&n ddy reayi en average feaehy gell gl rgqfé%%rg) BHIS?Sn %V\ﬁbsn example.
t el ect ropor. ati K i
e e e
does ndtlrah@Sinavedyhelisawelingtheughitncehantber aat kotwperf thewldtes at the same

hi gh f
AT TR —
walls a: ﬁégfi{e}ﬁt B 3)%%@651 tﬁg lddBoddsUib@afd @Y dehlel op@ssiltidt e mvill pass

el'ectrodes in [ess than the unit tine, and rgay
betwedhebeicletbduein tchathanvibe puitSise, ankimey seceilel foynhap Rypspulses,

. hear a 1 t I h ket
while bephden [ BEa Y OUTES AR L HERamyt fuh B S paiy Bewen the

electroﬁg\é)al{w*h%fe%? b€ nioke Hah Swe palgeh.e Sinwe ipuhis esample two pulses are

opt i ma of every cell, clearly not every cell

optimal daeéweey celheclegulyi matl evayngsdly regepvcig;uqhg é)@tlg)ﬁ,ﬁ nmgero@feguéi;qs and the
el ectroporati.on of, the L ' is less th

ovrt GERRPRRE S R ELROBT AL, oo (o
inherently results in the production of heat in the

As me]‘fllﬁbhecﬁ?&ﬁ?ﬁ&b&%po@ﬂtﬁhﬁdhﬂgnﬂ}oremm o thelpaoductpn ©f hiegt i the cell

| ow el ectroporation nethod in which flow.i .
suspensish, SR NESHEIREAETnFTRE 18R AP aPPO ST B which flow
is steafc:lg %ﬁ@??ﬂﬁ’n&oﬁs,rgg&gﬁ% g{;ﬁggtaﬁﬁﬂgﬂ doRen®diRGhE aRakdid eMove heat from

st _ of bal ancing the producti on of )
the el@@botation\vhimibhairiusight hapablenplchaiancing e prR&uGHRAMdeat to avoid

havings hedFEDBRRER S! ROBBCDeERS T 3 ST ARt e continuous
nature S 1% Wb de@ @bt Py fR SeBb@y el which cooling can be provided

between periods of electroporation.

As discussed above the optimal conditions for electroporation are likely to vary according to
the particular cell type being electroporated and the type of molecule one desires to introduce

into the cell by electroporation. It is possible to experimentally address this question by
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bet ween periods of electroporation. As di scussed above
the optimal conditions for electroporation are |ikely
wao eoosar3gz@ccordi ng to the particular cell typePGPUSY05/016728
el ectroporated and the type of nolecule one desires to
introduce into the cell by electroporation. It is
systemag&ﬁ Pirinks CclotRPbHMBA { RhliifioAs UEidE Sstdtiti suvgties kndrihen apply the

st ema?l cally varying el ect ropor tion conditions Thi
optimal usmdlgom@mrmlr@d\fmm dhese axperimentsdp g oy flsctgpnoraign system. This

approac]asg%% Iofg Stﬁ&%rﬂ%g f]?rn%ﬂ"siﬂz:gss@atﬁxdﬁ%ﬂté@l%ﬁoﬁ&a@oﬂc bOWlarge

|on SyS i's approach suffers fromtwo
number %&\M&QK $imd-édmtmit®y theecellt akéd farwoach statiel eéentnoppmﬂan ivoH vary

a large nunber, sanples is tinme consum R t.he ¢
throughabeaxmnne@éc Rreeqnds P%ﬂ% |ﬂ@&@PHB6‘%ha?l? oFSREFD O 0% i é‘n%?wv that
ORGyettts ieNBubpdrBtidPPrdiabR ee same as flow
the Optélmgl %H(ﬁ{lg rftc)loesséﬁnot ‘ﬁ}owe that the optinmal
electropofiiidint | ﬁmoﬁldrbesﬂemrablecm/be tableefee opHBIFST Alestenpovgtion gaditions
the same as flow ctroporation t
rapidly ysigg raagp%letsamﬁga %tﬁﬁ:ezl fér g]gte?(m%ent 1 el%%grragit%n conditions while
A Bk C{havc 188t HBu 18 wagll @oﬁaﬂgaisealefemebpaaﬁm of cells
also uSlﬁgq'llgéegxperl gent gl el ectroporati on conditions while al so
for theraysaunig ot bthesappicatppar at us that |ater woul d be used for
| ar ge- scal e el ectroporation of cells for therapeutic

Cetain gl pRBn IRy AERA, FEE (BRI R h presdRPorOORY which

s into
one des‘ﬁ‘%b @@111%%&%& ResSedule byntleadipoeatione Imtheeeast ef byRNA this is likely
el ectroporation. hi the case of NMRNA_ . this

to be thegedudt afibopaalenses RFFSTt Buihe CPlk UbEe Rrediagion thsf %rfac% °¥ he cells.
In suchccg?sstgsu € is '@gﬂra@) dé)fo ﬂgltnlf'fe bt RCHrA Wihieh € mdlectle \sﬂlclb‘e in this

esirable to mnimze the tine durin
unstabl%b&{dhﬁdme pﬁiﬁi‘ goulte inirbduckienmta Khe aghst alith @@%.WV%}FP based

prlort0|tS|n rodu into.th t
electropqraten thegnlegh! % &Zi pﬁ%\é&g{s mixed Wi f tﬁ? 8{5:1},1 swd tﬂeﬁ hﬁhﬁ&lly loaded

into tﬁg?%)\/eﬁes SRR S‘ﬁt Rifohgng elﬁlhtﬁllﬁﬁﬁl tih eﬂlemtnrt&bbqratloladmparatus

8 cuvet wher eupon fol |l ow ng inst ﬁl | ati on1
electropdratien ecdarmysoouit ﬂbmngﬁbgtlﬁlmgqmeéé? FHpYL PR theRs tpanual steps some

d
of the glglzgrgél% cﬁﬁegrco &J gg g’&%e e gF&F eﬁqﬂl ng uf)g gvhggég)g%h@ﬂlblecules to be

dto the
1ntrodd%@ |cLu§ bgﬁﬂtoﬁﬁugﬁﬁhﬁﬁ&a dvitbiedlie inddiatety phyr toledectnoperatipe gnd in a
be i ntroduce can be automatically mxed with cells
Closedlstmlé&j‘ﬂa/llf@hmeptrlﬁdﬁsqab %l ectroporation and in a cl osed

sterile environnent is desirable. In a continuous fl ow
In a C@ﬁl‘zltuggs}pﬁe%c éth%dd fséhﬁe{aemacﬁé art SRR fréh YSbEROMABIgtAE hpglication of

on o ses to the electrodes wth the
pulsesitdihd @bdtadeotvith thmmﬁatmml cbfsﬂcbrebﬁ\edls tehwsecal the elegiades there is no

there is no_ "durin roc bet ween
“during pregepyy cRAHLIRGHSR b 8%"' Hé’u@é‘}a 3 %ﬁ) f‘%‘g cC{glgnd appar at us
t hat conbi nes the advantages of continuous flow

A metﬁ%) gﬁr%{u's Qfat Mﬂlhééuﬂh@rahyaﬁtéfg%s affidohtitudus flow electroporation,
Q‘% rate large volunmes of cells in a ste

| e
part1c1dhﬂ§5&¢ abjlity dorelebiroporate large volumes of cells in a sterile ciosed system while

assuring that every cell receives the optimal number of pulses, is desirable.

SUMMARY OF THE INVENTION

Embodiments of the invention include electroporation methods, as well as related
electroporation devices and apparatus capable of large volume electroporation. In certain

aspects, the invention is capable of balancing the production of heat to avoid having the
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assuring that every cell receives the optinmal nunber
of pulses, is desirable. SUMVARY OF THE | NVENTI ON
weotwsdiasent s of the invention include el ectropPCHUSZINS/016728

nmet hods, as well as related el ectroporati on devices

and apparatus capable of |arge volunme el ectroporation.
temperagﬂf Co?rthé'cﬂmﬁiﬁﬁeﬁ&esto b @nAdR¥ Rkl GBmbérat@@alth @deftion, the electric

al ancing the production of heat to avoid having

pulses triapt eevmptiatizede forf thehprackesingeof rans indivdeal wihoodpaaswd/or the

tenperature. Ln additi.0 the, el egtrj ¢ . 3o s
processiygT A AEH S L { RGP SE AEieNy Lof U e UrCa Ry pf unit”is 2
volume (2! sefl1266£161d thBefins 6 pSihNyg itk aal dlectioppatibs chimber. A unit is

~ sanple of interest. As used herein "unit volune" :
typically (fhatt portign sof\esmphethet i sxmsised & o PG oiiF | Rusepr series of

riiakl i | j C
puises. {5ich i nfay s [STerB 6 o SERRORAHEA Ty GRATE e st The Bt may
be detdiﬂi_hilddC lblyaghee |op?1’a’roir carpluliss eeglated riye shoffiliug sud. emabiing of the

unit ma ere d t bei [ .
s e AT 5, 2L 550 2yl e

be a disg{ﬁg% {1ﬁi\;i819ﬂ|ﬂcﬁgn BY tHeh@mibld proBdceans; @ERktyddugtion of h@on-sample

ectroporation chanber or variation in the rate of
gas or Ilﬁangﬁvbbﬂ(\jl\ree? g?oc)ha_rd:nenm;cs&f;ﬂam i t Inrfayiopeembefimeniscprocessing ofa
i ndi vidyal fraction of the. sanple. produce t
sample; Jst F%‘H]@(gt P% Hbfctl%Feﬂ oWSEThpt % élaéysct)ér%nl ‘I%gﬁl gmg[é? V\élg(g) QSUIE fo the
envirorenT @k Grtl i th $h@ intSsFRdfanbidevias iod upp&atae domeitess, fluid paths, and
processing of a sanple is carried out in close L
chambay sif em electeporaiionydaviom which ¢lpsed: SatcEX BB Lheeusteg tprgaintain the
...environnent.external to the interior of the device or
gfnh“ﬁﬂﬁgwgﬁggy%%%ﬁgﬂggrs, fluid paths, and chanbers of an
el ectroporation device. Such closed system may be used
Embodifieifioftiad mveforsineluidt iffoy-elacirdpotatignirgcesses ogwriging regulating
Enbodi ments of the invention include . di .
campler VA PSR oIS RTCEHI B BEBESocl EUTIDY L gplegi Prgeeisgd in it
that ar%?f%u@ﬁ A Il%géaﬁ?é&g He RS hh® %bgﬁﬁg:)af e aidatioporation chamber.
prcally; 't sanple is processed in units that_ ar
Each S?ﬁpmufﬁm?bkdahrwgh sheeddeatspppration chambey ragtbesoyechiy tg? Same or
) e el.ectyoporati,gon chanber. Ea . [
atsctpiode RS SbURpEr BB TR gL Bt uced b
providi#%ea ARG, BthES! BRfroedsead bid ppatessed alurnendf thossmple. The

certain aspects, the units of sanple are produced
bounddry maybe drovgded by aydingye Bet-ieenie lgﬁi)ggél@?s@&) B‘ﬁo" amber between

rocessed vol unes t | SV .
o B RO A e B TE - SAEIE P PR gy
displa&ga@&ﬁrth@ QhMABE B® voluni¥Dsfeuripnddessedrsafupéc t Thnsonsample fluid or
s

npl e. A non-sanple gas or liquid wl!ll typical]l
gas i ottt i QRGN b SPABRA v b PSR sedalicrom the
sanpl e. - | Wi g 0r. i dr i
e BRERGE < HB AR SEREhPof f o SRkt o

pumpitﬁE estt Ko abatshmplec Aaider ,gaaciniov ¢hep ghegirppprations ghynier it gvarious

the el ectroporation chanber, active
combinations thereof.

“Pumping” refers to providing a pressure gradient that imparts a motive force to a fluid or
gas. Such a motive force, for example, may be provided by gravity or forces associated with
the surface tension of the fluid being pumped. The means for imparting a motive force on a
gas or liquid, in particular for moving a cell suspension, is referred to as a pumping means.

Pumping means include a variety of mechanisms to cause pressure differentials in the system
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punpi ng of the non-sanple fluid or gas into the
el ectroporati on chanber, or various conbi nations
W0 b@saofs20 " Punpi ng" refers to providing a presBUF/ES2005/016728
gradient that inparts a notive force to a fluid or
gas. Such a notive force, for exanple, may be provided
to reguth% 8¢ AYHt of Blid R rg%@%lﬂﬁ’ﬁ 8! fdve Pttt I\ vingets l@b!ffpaﬁl@mg means are
tension of the fluid being punped. The_ neans
known, imhating, iyt aotripitedsiofretasy rempracig, evtiugah alrhftnor jet pumps. A
articul ar f.o Vi a [ e
pumpin ngy nity SRR B, e, SHERERT, Rfapi Bk SLERUAC, volume
contain&@f coTBslessel $0E, ;ir@peﬁlatks arbines scew, di e tyrtmedhsnismstipgroduce a
systento regulate the flow of fluid or gas within the
regulateid| flopy pEEWE.OT 8% ari ety of punping means are known,

including, but not limted to rotary, reciprocating,
' 1RH¥BSg sdmpléTwW thr&®dnls 2, 3, 4, or
mpam&ﬁﬁie[sh&#ggﬂe %ﬁjhh i f’”ﬁdﬁﬂegjeb?a peri s%gl tlplc di apﬁ%}
more pyiay irathecelsatopumtion rehainherr | Ac pop? aeisedtogany, Olzﬁnétp.%rhr@%%l which
turbi nes, screw, e _ne s
uia meggicnte 3o oF e STb KT BROALS TR e EE Sh e

electrop%oﬁﬁldhy Sllldn'i'&r' BaPRA&adaDY Bhdigyldabi rigresiaip flaid Ifkaw but other
3, 4, or nore portsm_t*ig ¢ th
embodielentst mmemata:t@h nagyawbanay Mot pgset & papideld that djynot part of the

electrogﬁgt?clm ! h%g ge(yﬁﬁlr%no%# r?glllé)re E&?{%’ ndr-Sh lé‘hﬁuioér g&gtwﬂftypwally be

I's cont enpl ated
regulat&chﬁy QA lcopbditioanoL hayBes, Sr;réyoﬂmomsp}nhmlsg mem Na]@p@or other
for dlrectlngflwdflow t)ut othr errbog ? ine a
fluid regultiogpnesharismay 1BrongExawBle &sbé’“ﬁ o ‘?jpf%"é °d by qgppme
sanrlplep‘ril 1qgg1f R %ael‘nl%re%% 'étfat%rm?%f GhRpRefs- expsdd R0 of hiore electric

non-sanpl e d or gas wll typically be
pulses €ig thadis bebycenawbelstrodesbi nat i ons of 1, 2, 3, 4, 5, 6,

or nore punping neans, valves or other fluid

Fuﬂhelggln]l;l? t i n% OQ'F@Q g$+%gslbﬂ dmg AS) ﬁ% (%%11 §0r OR %Hﬁrgﬁ%ﬂé cBH¥rising a
chamb%?dlﬁng afl1aR Qo S8tRIdes;ia8d %t(Ib@ﬁEtHreé (poftm,ewhmelm:(l)ea first port is

el ectric pulses as it transits between tvgg el ei odest £ i
for sarfple tflvev m«x‘@ddlawéom,dubfa sepnd; PRFb # 108 RTOGTETSHEMP DI W OUt OF Hie

chambglloﬁfl r( tglti %%gtcﬁg ?‘?S&? sa%gﬁ? ey &ng% Wﬁﬁpgf out of the chamber,

a and at |east three
whereiR@hé ﬁon—‘Miﬁﬁl@lﬂiu& b} g& flows butmfrthe chaliﬂmr Vdmupi ganffile flows into the
into a chanb % a second port

chambsarmi ghef n@wsmle Cﬂul 106 3B, Mérlntoaﬂ’& %ap}%’a grrllt%ﬁlep?rgcees%erdt sample
flows Bvﬁt ?{gtég cﬁ%ﬁer ol L ei ﬁ{sv lggrt‘i'ﬁa id B8 dotrRini®atfonOkith BGe or more

on-s er|d or gas flows out
sampl®fcohtBResharmberseebieh partsmap Ibe ihl Bwd ¢qmumum1h@1%afhﬁbe?ne Or more

procesgpggqtiatlrlp}f lg) g&gg@gﬁg aﬁt?l tglilrﬁld gg&énagr C 1&&%‘? gonl] n%ﬁl%cgﬁoﬁ I%ifi’ﬁlftﬁexrese1'vo1r

contalﬂér Whel%ﬁ{ fhe%é’er@(ﬁr béhtglln&' ShnERRIMDbEPdrt 6N thal rtdih—@ﬁ@le)ﬂmd or gas
sanple contal ners. The second port may_ be
volumfel whcﬂl denthanibeatis dilledi erhpashialyo filladh veth a samiple Volume In certain

embodiments, the chamber may have at least four ports. The fourth port may be in fluid

communication with the sample container, the processed samiple container, the non-sample
gas or fluid reservoir, a reagent container (e.g., wash buffer, cleaning solution, cooling

solution, etc.) or various combinations thereof.

In further embodiments, flow electroporation devices may comprise at least 1,2, 3, 4 or more

sample containers in fluid communication with an electroporation chamber through a first
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processed sanple containers. The third port nay be in
fluid communication with a reservoir container,
Wob@sa13826 he reservoir contai ner contains all PCT/p82005/016728
of the non-sanple fluid or gas vol unme when the chanber
is filled or partially filled with a sanple vol une, hi
c:hambelC pobfaifomanded irerid galig ahieaser, 2183, have natre Immsed sample
four Eorts The fourth port may be jn fk
containers rirufitdacommupication Hths sk ielecraprraion: © a"flﬂ%r Brausts & fecond
chambef BQR | f%n%%%taaéeggﬂd AkilSaA0nd Q{'Eh& oﬂé‘%oﬂ-rsatﬁ higi fEhid or gas reservoir
- a reagent “contai ner (e.g. sh buffer,
in ﬂu1d0b@ﬂﬂm1ﬁf¢aﬁ@{ u\tnhothe ele«:ttopmgatml chamim ﬂellougf} %Fmﬁﬂaﬁlﬂaé%?%ef port,
conbi nat.i ons t hereof. P er enbodlnen%g
forminges end, {HpG Paifi Jie geyisaue erﬁ%% °¥: HSr e avolt MPE R8¢ “fn' gﬂnpée gas ot

fluid cofit 18 B RS RO AGT Bart Bf fleUrcgunaaniptatmainer, part of
we oo at?%ergﬁ Pectrgpgr ati or% chga eLbr][o(l:J flprlst charrrlgr P
the elecropbratibnchamigeraorf Varions fcbmbma@@tsrﬂlera@f | %ecqnd uld:paﬂnmay be

in ﬂu1dgr8m%%§%2§r Oceﬁ\/\?er?ehosr%i;] l gfuég etc%hﬁﬁ{e of fhef r’s{ 1d pa and the non-

roporation ¢ rough
sample & ?es%%m {56 AfHIeAIB Phth. diftArtaingp ditimardink élbctrq:popa-,ttoh chamber in

and at | east one non-sanple fluid or gas _reserv
relationf touthe prommda saarml@ RORRIDRL ihieeeeRndy %\b‘gr@ﬂf o ﬁ’%ﬂﬁ eq5pects the

device W&Hﬁgﬂa th ()usg ﬁg?sgqggsgg{ 81% 1inE> dﬂlrng;gse \?gaﬁirvégl édugle@ to at least

1, 2, 3N2NS MGHE Ehi@ patis. fThe carnplatm@intadrer, pactssed Smhply swn;ﬂmger non-

container, part of the processed sanple ¢ nta .
samplepamd of gaereapIEeity OpOTEOPY rFOB’rs?é‘?ﬁFQPS t{S §'a collapsible,

expand]a“c))le LA O Furh g&ﬁgﬁlersﬂfﬁ f&tﬁ%?rd%e%{slﬁfdh@ﬂlkf@nﬁﬁl\! flagl fiow in the

conmuni catron wt one or nore sanpl e contai ner

device Q’E]ayt lb’lﬁdfr«tdtai by khe quumghoraaidsmgl ef hoRshrthIde 6 85 810§® PF mere fluid
the third fluid

pt e G B 00 a7 B 0 Pt e
flow pRR YA tﬁ&ﬁ&ﬁ&l@ @bnthihet REtHS @ERAEpbratib ciiattier ahd theflowi path from

aspects t device may further conprise at |east 1,
the ele'o‘tropbramorrrd’ramh@u Kmﬁle(xpg@qts@d/@qn;pl@ SORIRIBEr M§ alfernagively’ opened and

Closed=pWBEr§1§’s’é‘?i8‘§%\%ﬁr’§e f:a&ﬁb%sﬁéé t nonsaﬁp@%? %?ygﬁig The fluid

flow rﬂa?r%r HMBidlate@byMaR] 9us 5(}‘6[1’01 natd vaisest hel, e”:'of4 frp§, drenere pumping
| apsi bl e, expandabl e, _or fixed vol upe contaij ners
imeans, aF om0k spmbiptionssibereof. hin # RUEFTILAMOINGFRS A RPR 1 ¢ Reistaltic
|
p S5 5 P B0 A o, ORIl 0 e
devi ce. Various fluid paths nay be alternatively open
In stillaaethed @stedimepitesfaefl @b b;ecuulmraﬂm\dqmehnay enmprise atdgesl b 2, 3, 4 or
container to th lectro oratlo t I
more q@mme FoRAneRdndiwe cp igh O Wb‘? 0?#%%%%8@322‘50“211 2
first ctg‘ﬁﬂm; ﬁoft%ﬂa J\ﬁéctﬁ%‘b@raﬁbﬁ %ﬁﬂﬁﬁér\{ﬂnymﬁ@ @&Qﬁm&mﬂhﬁh ostcthe sample
erern nelt I's open at the same tinme durin

contalﬁdarethltolugh arsactqndmhmylbbnpogt fopvang # firsy fiwidopathser) le@ét 1,2, 3, 4, or more
ul at

procesge gamgﬁadgc?r}{%}pérnh;r in gﬂ% c?]lanwiéucgﬁc’)r{r%ﬁi Jiics gl%g*troﬂorat?on chamber

or “vari ou
througgla‘in‘%ﬁﬁ%hﬁﬁ& ﬁtﬁt?ﬁllﬁ?ﬁle eledtrapdratidreciaatbeeistio dlumscmﬂmamcatlon with
is a peristaltic
the processed sample container through a fourth chamber port, forming a second fluid path.

_

The 1, 2, 3, 4, or more processed sample container may also be used as a non-sample gas or
fluid reservoir. In certain aspects, the non-sample gas or fluid reservoir is combined with the
sample container, the processed sample container or both the sample container and the

processed sample container. The device may also comprise at least 1, 2, 3, 4, or more
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punp, and nore preferably, the peristaltic punp is a
full conpression peristaltic punp. In still further
werisdisent s, a flow el ectroporation devi ce nmapCT/US2005/016728

conprise at least 1, 2, 3, 4 or nore sanple containers

in fluid conmuni cation with an el ectroporation chanber
pumpingthedgoprdiiveBt calpaetbRr atplesst 12120l 31 Be Sebeot napetaid paths. The

chanber is in fluid comunication with the sanple i
sample ceontaige Preaepssdghimple cerAtes inbeh ¢raainers 6%%”??5 g collapsible,
expandgﬂlé %k fde '\‘/jolﬁﬁF anﬁhel‘.?%tvar]iouszaspgfts, %e%uigq{q%v in the device is

processed sanple container 1s 1n ul d comuni cati on
directedvblythe uperingcdrr dpsingtaf ame cdrambeer fltddr patlyh of thdridedce. In certain

chanber port and th | ectroporation cha [0S N .
crnbodifeg ol s oS A BATE TR DELO S A0 egt Thé'fuid flow i
typicall?%&@i&ﬁ’t@& ok REQHABd %ﬂ?gh‘ ?[)E li‘nzcﬁr@ %ﬂ'ﬁx?[ngoﬁéins, bRUrErpg Bpump, more

econd fluid ‘path. _ or nore processed
preferablgnpperisHhicapmap, ped/ sall suorseprafeablag periftaltic Mpirethghds a full

comprsigh PSR SS At D 5L B AT BE P B ATBRIPLS vrous
combiraBBhPé MRllves! RBnFILE GRESEE daMgiogotietdoier or both the

sanpl e contai ner and the processed sanpl e cont ai ner.
The device may al so conprise a ast

| e 1,. 2, 3,.4, or .
It is contismpjstierhihagamemetiog 98 FPRRYR destreddrrgn g6n P iigplefented with
r : ld. .. The sanpl e
reSpeaé%ﬁlﬁ %Pﬁfg ?1e&h?ygcog§gglg5§g% esgrégﬁ%%ﬁ%r, or both
containers may be a col |l apsible, expandable or fixed
The usy of treewardrftazion&an” When/aseil o somupaionsyith the teny{‘epriprising” in the
. in_the device is directed by, the opening.. ' .
claims OB e ABFE FATUTBAERES 175 hBNbo L8 Ao gept 4t hnBining of
“one oﬁ'i'f@&?’%@éa%t ofd,¥ £id ‘@nd ob fENMHah bhé. W paths are
alternatively open and closed. The fluid flowis
typi cally nodul ated or regul ated by one or rmxré;gi e s
The uspofifieigrmsarsin the elimsisiujediopnss “agre” prisserRbrijlyndicated o
refer tg él[t?lg]{zlﬁ}/?si %nlg u%%h? %g%nﬁtg\}eaérf ﬁtﬁ%lyng%cggsgf}’%ﬁal ough the disclosure
supporBed dctradidr thaprefays tddnly dltdrhativesrayd &drsidorte regul at ed or
nodul ated by various conbi nati ons of val ves, punping
means or conbinations thereof. |It.is contenpl ated
Other GgtaeteH IR A AFGIEET B THQBETTh Al LI B2 e ebparint rom

' L dipki8S Pef tsnb @By uAlEelodEhEREVeR! that the detailed
ﬂm3mg§ﬁ%%g§§%§%iggéﬁ?ﬁgzd héiein. The useooflthe word "a

descripifon’ and  thiee ppagifed ekamplos| whdei mdicating m)ﬁ@iﬁ.pe:pmboc.ﬁments of the
inventwgl; g?ﬁrslgfg{leﬂ gwe\INQyt ﬁllﬁslttraa]ltigr&s &% g/s?’%cﬁtsx?as'oﬁ? %ﬁélIé[e% %Hi] gﬂodiﬁcations

) ent w

withinTRERpIY 2Rl scEPtE0Lihe F@tion Wall be€sité appierit tanitbse Ghitledrin the art
nmore than one." The use of the term™or" in the clains
from this detagddd tlescription." and/ or " unl ess explicitly indi cated

to refer to alternatives only or the alternative are

mut ual |y exghisk Yo GRiBAEN oF'Pps BRASEYEsSUPPOrt s a

definition and

BRSO g el LG [ 850 RRGL AR ARABERAC] to further
T R T
demonstrate certain aspects of the present invention. The invention may be better understood
by reference to one or more of these drawings in combination with the detailed description of

specific embodiments presented herein.

FIG. 1 is a schematic of an exemplary cycle of the electroporation process.
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the follow ng detail ed description. It should be
under st ood, however, that the detail ed description and
wo b@sapsed fi ¢ exanpl es, while indicating speciPCT/US2005/016728
enbodi nents of the invention, are given by way of
illustration only, since various changes and
FIG. 2 04 ik hGahdn@ife ofatflibiexeplsp configudnidnFoogeeledtrdpoeation process.
invention will becone apparent to those skilled in the

art fromthis detailed description SCRI PTI ON
FIG. 30AsTHE PRApFREES v é %eepn%wmpla%mﬁg%ﬂéwgf%% elggtroporation

the present specification and are included to further
process.

denonstrate certain aspects of the present invention.

The invention nmay be better understood by reference to
FIG. 40is@ soienmaticenfafthird exenplagwiongurptions Bieh eleciroporaiiempropess.

detalled description of specific enbodinments presented

I f
FIG. 5 e Uftser g paf srpefipRbSeRe frfbodlo SURIRALY (OYC 2 P
of a first exenplary confl guration for an

FIG. 6€isQ6 ek FRAEEYicRTbDNo eebsdintdnCan dctteoparitonahswhenat i ¢ of
a second exenpl ary configuration for an
el ect r&%or at | on ess chemat i

FIG. 7, anaxalearpy ianip o e g rotodmienea SfBoppor ShrBer

process. FIG 5 is a diagram of one enbodi nent of an

e| OEAL ViOR JFHABIEY disdibded ctbodinddht 6R M eldegopor@iwnathamber
FIG. soﬁga%en%%dl msnlt an el ectr(s)por ation chanmber. FIG 7 is

of the paseak piventexh. vi ew of an al ternative enbodi ment an
el ectroporation chanber. FIG 8 is a perspective view

FIG. Lé%r;agltr he%?loﬂﬁés C%eq e%u%mﬂ%”%?t arfdk ndﬁ%l%gécf ORHRLEMOR of an

sent 1 nventi on.

electrof¥itiog ekbnites 9P Gt prv@nvineentiain. anot her di scl osed
enbodi nent of an el ectroporati on chanber of the

present_ i nvent | Fl G schenmat i .
FIG. 1) dat Achsonaie Sriog RishehorFRL B BEoegedntd 4R clectroporation
device€l €Ctroporation device. FIG 11 illustrates a

propi diumiodide (PlI) and GFP fl uorescence anal ysis of

Jurkat cells at 24 hours after el ectroporation.

FIG. mzmmn@tes lal prpirl e éodaden(Pd) ek GRP dluoraserice saaleis of éeiat cells at

by..FACS, in Jurkat cells at 24 after
24 hoqé’f’ %@?%ﬁ%?g?%gﬁn FIG 12A is control transfection.
FIG 12B is 400 nL static transfection. FIG 12Cis a
FIGs. 1804-TiC vakks@dte a fiavgramastsfheeescane, b GeterdtBinkd byJtAGS g Jurkat

an anal ysis of individual fractjons colle d
cells at &¢ @ﬁgtsq)zllmopytqtl@g &1G. 12A is control transfection. %&8 lfé is 400 pL static

transfection. FIG. 12C is a 100 mL variable flow transfection.

FIG. 13 illustrates an analysis of individual fractions collected at successive cycles of

electroporation.

FIG. 14 illustrates an alternative embodiment of the invention that includes a plunger type

pumping means.

FIG. 15 illustrates a closed, disposable single-stroke pumping system.
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el ectroporation. FIG 14 illustrates an alternative
enbodi nent of the invention that includes a plunger
Wo y@s/1psepi ng means. FIG 15 illustrates a cl oBETS2005/016728
di sposabl e singl e-stroke punping system DESCRI PTI ON OF
I LLUSTRATI VE EMBODI MENTS Enbodi nents of the invention
I ncl UdPHPSCRPEIONR 'O EPPBUSTRA BIVE FMMBOBIMENTS
el ectroporation.” Tn particular, certain embodi nents

Embodﬁﬁé}ifé dgf f e fihRUMiBh CEIhRRONALLEN BeVi apsarans omd hageods for
for introducing nol ecul es, conpounds or conpositions

electropqwmom elnl partieulan; aeirim embedineals rrovida doifipwiglechaporaen devices
and me&tbqra 09 ﬁﬁ%gagggtngogﬁulesf gé}g%%l}r@s %gltcPl%ﬁbgrltECgls%{J%!lls or fragments

of ceusv\tﬂdhehi@g Q€ n6€lithBed R, Bhabed, Fungl] glemtcellk Sa,mtg&]ﬂdls,ccaﬂﬂuyed cells,

i neered stemcells, or an expanded | at
primare 66, 56l bl9od PR Y B IO HLHLELBMEIE: PEFbr Gl SiegRaLY cngineered

stem 081?4 L39% %@ﬁﬁ d g {18 djlis?f: Qt@?id&éfsurﬂl E&%lﬂ%ﬁ&*é%l 'asﬁérﬁfent high

*I'S ‘an applied at too
voltage\/élécttﬁg gictifs chodistud theomgtaholitmn af cadls.anSikilt sonae fbfﬂgrlé applied at too

i St HE5 B8 S B 4R L o i,
affected] 'b?lt ieRtGBctAs i tef@l@ %aﬂfﬁe%@ whiB &&@ﬁn@éledtﬂé FedCeich as those used

es Into cel éelectroporatlon dlfferent
to loadcai 1hﬁoducean@bm]b$mia)¢cl fbycaedteparajion éhfé@rﬁmteqeﬂﬁ i apppulation of

oty SRR PSR LU BRI, B B ot o
mo1ec&18 BeSPAR 1 ifrB@iced, Byt thx Basple erehied Y eapemes tccarf elebitic field. In
In still other enbodi ment S, the object r%a not
SL@

still othextentdimenss tsf obieqt anayi i brdheospalsionet etfariE molesglﬁ into the
r.at ed.ice |

B

agent @ﬁ&@r[ditloxd befong dmlhngfdr@rfteempssmlr@ td an atectlie ficld € Killingdeing an
- killing being an extre case of, nodi f.i, cation

extremgrsse A GG On [BGF BTG § AFBRT FbIE BB g cgpbines an
electrog {100%%%11 gﬁ\l}mﬁftwﬁﬁﬁﬁrcem LR Bre¥dfoate@ it @k&ulated or variable

roporate a regulated or variable flow of
flow ccfed:éll susppasien ovithin tthé rapp:tretua,pwatcét d@wmrctheaﬂepwgd figling and

cop Lt DS ik OB sSTBIH A P, Frt, o

chambgiJ laﬁﬂ RG- refh &S 8RS hkte coMARBRca rhtas clb@écﬁéteﬂlef ¢rvironment.
s and containers can forma closed sterile

Other advantmﬂr@nnvesﬁi I’mefrtha@mnmtagwﬁmw@yé@ theyahihly ¢fr the @gparatus to
i nvention.in e th bi |

providg, 2, JRQfe %{nf%?‘ep AT 2 oorefn]i% SI ng eftnpﬁ g‘]ﬂ F%Hu@%‘;éoer%%c&rg oration

chambref? aubwé ¢6lubles or ebieslshemasaid seledteopoetedain wnisvoloinasrendividual

cell suspension to be electroporated in u
fractions lou fral volumesis\arel definer vodumesraf ssrpif-ilewipg|t ﬂﬁ?ﬁgh thegelectroporation

fJ ned
o SF R L, SR L U1 U oy b spred

from SiRRMbEEety byheanmm sehpk ehegapenimg ahtl wlagingrofimepldse This separation
separ at ed
between Eample volumes facilitates the segregated collection of each separate volume in such

cases in which successive volumes may not have experienced the same electroporation
conditions or in which successive volumes may have comprised different combinations of
cells and molecules for electroporetic loading. It is contemplated that the method and
apparatus, including the electroporation chamber of the present invention, may be used to

encapsulate a variety of substances in a variety of cell populations, as well exposing cells to

10
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from one anot her by other neans such as the opening
and closing of a valve. This separation between sanple
woodoaress2d aci |l itates the segregated col | ecti onPOf/USZOF016728

separate volunme in such cases in which successive

vol unes may not have experienced the sane
an ele®@HECHI@RAAELERD beah GxhdsRAS afY beifg Wpokeds BE GESIS weexposed to a

vol unes nmay have conpri sed different corrbl nations
pharmagelogis agaat erotoadifions Therexppswid fogorleatiie fpldaantp and o jitself be a

|ated that the method and apparatus, includin

treatmetnﬁ ttt%mgc rroporation chanber of the present inventi on,g

may be used to encapsulate a variety of substances in
Certaingervisudityts of tlmbhfemmndhdud@pmpesamg\mdzthodswa@b igere &4 4 segulated

toan electric fi t een ex osed re bein
flow oleliwds g8 e higyan § E E%Z‘E‘Zf‘é ﬁl E%Pt?&fo I&@éﬁ? refprred to
&1@4'& ebd g d
o O, RTS8

sampleandqosiowecmtsmpahteltmatanﬁy dntingtheipredestisn fhrbeamsiahens is descriptive of
ods vvhe

e I.S [ e ulated fl.ow.o .
the fofEor B S e HE BB P s Bl esi Sy ppicuter
sampleMBYidAF daSf The @R clrOpcratichitbeaRy ally @amptiessefiea of bainple through

certain enbodi ments the flow o éJ;frgl e or processed,
a chambgnpihereimm hessasplois Bﬁoe?fsqmne%ﬁn@@ Vl;lu%ﬁuﬁ%%lgnf e unit volumes.

T Y

into theeReesEdration almmmrbbt\mhan cbavippberatibh of differerd gortichsef the cell
el ectroporation process typically conprises flow of
suspensgigipl e t hrough a chanber wherein the sanple is
processed in defined individual fractions or unit

In son\{Ql &ﬂﬁhe 3 h 4 Rginyjed %brl E) Zlﬁhb&ﬁed'fﬁﬁtob@hlﬂﬁﬁl@r pRideet Muctions.

hon- sa or lowing into the
Furtheﬁh@r(el reaglorEbiessed: h:ampbr ﬁiaetnqmemaYarbee$<tr€ﬂdr opdected.opndipr stored
ferent ort ons_of

individually o1 8 5P mﬁg SLPHe %’EW ueclt Ior %é%g% Ié)aﬂ pl@ Iffﬂ??mf) may be a

comblﬂe[t%@se{'érapidnﬁﬂ@ prEUé’sEé’@ﬁbF& @f orﬁﬁréhat Wtﬁﬁes ?Ehekesarmﬂhmg in the
fraction may be sorted | ected, and/or stored
preseni mj/ienil@y fhat yntglrfereﬁ V\gﬁle@ usared t]@]p 5%@010,@69 Fartallyill the chamber

with ogr oS5 tglg L&ailibRs tsblﬁg&? a{@%upae&r(%)%ﬁioﬁaaﬁ@éblféﬁt resulting

es processe her or dne at a
produc'[here | s nothing in the present invention that
interferes with a user of this technology to partlally

In certfglgalf l@ﬁpitegg o%glgg?rg/reg’g%l} 211 pél%fng?q gﬁé]t?ognﬁ ggagyoll';‘efd g)lééc;sgy ?o different
pulses. o‘?%’r#{ehﬁg HYr @ é&ﬁglguﬁﬁuﬁ@ratﬂa&rm FOHR6F bBa @hmplREor a sample of similar

ron, 1In sanpl e fractions my be exposed
compdsctlcﬁhl, frhey d]‘ﬁ ppadessed mlng eagargesof Rondidgahpp equickly optimize the

nitjally. all or of a sa
electrcgqoaaﬂogrc gwﬁag.l {Xlltgﬂﬁg QLE% uiﬁr &%s‘ggg% ?Or%lge g%ﬁﬁlﬁlg‘u&{ of cells
or indifRgAL 5QBGors0 ofl ek Hhato Ebﬁtﬂi‘nz Eellsh€hat have been exposed to various

electroporation conditions.

In certain embodiments, “online mixing” of sample components is contemplated. For
example, certain reagents may be either unstable or harmful to cells or other electroporation
targets or reagents in an electroporation mixture. Thus, it is desirable to bring such

components together just before an electric pulses is applied, i.e., no advance mixing or only
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el ectroporation conditions. Alternatively, the user
may Wi sh to produce a popul ation of cells or
wo pasauie@l fractions of cells that contai n ceP¢CHUBIDAS/016728
have been exposed to various el ectroporation
conditions. In certain enbodinents, "online mxing" of
a short ?'%HBH FGRAP PROMeA hikitP B! P lodtéte dodipog¥@NeH e electroporation
ertain reagents may be either unstable or harnful to
sample peibt t© edgctopbmatiom| ect roporati on targets or reagents in
an el ectroporation mxture. Thus, it is desirable to
bri .such ¢ 0 ] I | :
Frther S BRREE SETRC ARt SHEBAE, o Hlel XE BRGS0 g fEbifdghration

chambed QL aldeid @6t afe tdgniatddeflomest nelisi mjo ahdong «ff thepelectroporation
conponent of the electroporati on sa

| ' t
chambeg el el dewiaie And Pl ¢ SRR TE R LoBR Al IPHGERYS Bhen colls
receivegﬁgp n%del?a%? %g{%gi ﬁagct\)g g?tpt% of bPYs &l 8ol HaRes. arh®flow of cells need

e regulated fl ow of cells
not nedef¥afilyabel ra@utedfo tdre telacitevoiheradyigages vdroetlatsd dlove hug reduced

flow into and out of th hamber 1s..at . ; '
MIEGETE NI M
tempor%li{ ERatH 5&XB! it SBttRSc 8dmputlebRSproviding highy voltage pulses to

s need not necessarlly be reduced to _zero tg
the eletntiicewed tieensafty Sovangthesrll sepansion betmessleGiodgt e fhe means
flow durj.ng el ectroparatipn, | ired. | ¢
e o P s B TPl B s e o s
pumpif® ¥hfat P@fpidet Heen fveudel ectarieny of aneshenismsto cause pressure
provi di ng high voltage pul ses_ to the el ectrodes

' and .
differemtézinin thosyster e rrguiatretbe dlow & i AS B3 HER oY patbs- A variety
S8 dE % "E3BRding! b 1 B 1RitéP P ¥RitPIrRaD kdcocating,
P& T & F Ut d or gas) the cell suspension is o
centriffi@flebirifl, to? @6 panmsPvioh neay silsoPdmmbidey pekem splpgiry gstistaltic,

a variety of mechanisns to cause pressure .
diaphram. - erighie YAINTP FODHI G RTRFTHT B Yoo Lrbingsy, sgfem or eear
bl En R b e dBe bl QWiRRE fSsas A vari ety of
typems{ﬁﬁrf%l?srr{% tﬁ%g(?]dg\egégé@%om, I ncl udi n;g,asbut not limted to
gravity, rotary, reciprocating, centrifugal, airlift, .
The preserjt éhveptiopsnaywfirtier peoyidd 8 GORYeniawH E1990S £ ROOLolhE Flfefroporation
peristaltjc, diaphr var i apl At ai :
cham s eSs lsS g AR GO A Bhe B Bhes RN (R filing and

emptyingP§E 1B GNRELEEMELI60 cRAABiORitR arcel] Wugicasioh lmay bé afljusied to assure
or gas. The present invention nma

\ y further pr.oyvide or t
that the compsmataretof fexelectiaposasion chyabe 18 8P aR0¥F & CPHHD ‘H%PFS%W“G prior 1o
. bet we electr ' cell suspension vol unes.
1nﬁo¢$ﬂ%ggﬁﬂ%m %Fﬁ%@§9§$$¢ﬁﬂﬁﬁgﬁd enptying of the
el ectroporation chanber with a cell suspension nay be |
Additiagiluabeiticitiona 16 Uhe badiatledigres meyrplsp deuneludéd irhaccordance with the

el ectroporation chanper is no bov certai :
main pEARRPRHEEDS RGP o Veogi Geprgriedr T iy proget lines or
fluid ;gitﬁs%%&i’&ﬁ@ﬁﬁ I caRElYi JritRn BhaniBRell £4. Cik icBabéoadihes basdndfold for
esli g ma

ns al so beincluded in accordance with the
sample flow, and the chamber can be completely or partially emptied before the new sample

(D

of pun

fraction arrives. "Fluid path," as used herein, refers to an assembly of components or portion
thereof, that are in fluid communication by means of any channel, tube, pipe and/or pathway,
through which a fluid, such as a liquid or a gas, may pass. As used herein, "fluid
communication” refers to a functional connection, either direct or indirect, between two or

more components of a fluid path that may allow fluids to pass between the components and
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mai n princi ples described herein hi various
enbodi nents, the sanple and product lines or fluid
w@atoka1seet only in the cavity of the chamber, PCT/8S2005/016728
t he chanber acts as a manifold for sanple flow, and
t he chanber can be conpletely or partially enptied
within BRf i@ gaie Feretamifit,en §anaslt icontamer isvias'fluidkomhupiation" with a

as_used herein, refers to an assenbly of conponents or
chambesaf flpigrmaypase Fom ths stmple soniginer o the E%"Ff?ﬁﬁ’h cation by

means of any channel, tube, pipe and/or pathway,

An ex&n%lg Wgh, \ﬂmcf:gatﬁ tflétuéag besﬁpﬁgﬁlscé‘}nfnhﬂféhﬁ’orp{s @p@ﬁﬁthaﬂ%ludes a

used herein, conmuni cati on" refers
contamar ﬁmdmbhmn‘aér coomentest byom fubdng With adlevisetoregilating et ﬂOW of fluid

o s 5005 o LRSS ERS SN o s ARSI puy o

valve Fo¥tArdel! BetyB& il b@htﬂﬁélh and-@He @K@ﬁlﬁére Aar&amiing device may be
container is in "fluid comunication" with a chanber

operativélyf ¢auiptednaty alpsasPQSlflﬁ@ rhetwrrensthieptoataiemt aidnte ¢hpniigs  The term

open T B L oo B o REED B 550, B i

or dlre@tod'&lﬁh{mﬁbatﬂjihdbeﬁwwﬂﬂ’ib esgulaingaivizg dnﬁ aafluidloir pgs widhhthat the flow
devi ce for regulatlng the fl ow of f|UId or g thro %&
of the (fhdd pat gps i§ERUlated i WEGEANNFe e IgViRg P @HJBF The

regulatgng;{lec’\ll@é b RHTR iRdi @%@dn\ffc RAg tﬁn{e Hhed oP Eé’\@egn 4 Bﬁlch valve on

ner and the c ating eV|ce may be

flexible piad (seeFIG.ddupt edngtle)any p03|t|on betmeen t he
container and the chanber. The term "operatively

e G, SR ) GO B PR G . o
is, floResMBERpIE Rorh &g §:Lrﬂ;?]1b NGuatels) Gadame fiow lofliplocksedasangple from the

that the flow of e fluid or gas is regulated in song
chambmatm‘éxe precegsedagamplé AgntaineI(HHNBY bp ﬁgcwf‘reév%}’S“FWe The closed system

may b? I}?g ed# 1&1%163? %é%r%%nﬁg eagepr%%t 00?1811:110 " L ?E g)"i’&te[sé%é he sample

ve on
remains WRkpE. (B@thetthéze, a&tilﬁérs ema@sp IeE);trolicmamr ¢tminbers, and the like may
enbodi ments, ane or e fluid paths of the_de

be dispesalls. adeptsed sEUR . IFRETHIS, Tefarbdp SPBSHRSIYG HEF Yo e of thir
des1gnﬁ%1ma ti ?1%{1?1?%/5%%%&1{3& e QWngive 96 RERS A2 PR ?’P Ifof hﬁ)@i users

e proc glg sanmpl e cont ai ner
wouldbfind ic be@ﬁﬁhlsalh_yt efficiehheo alod sedsesthet @xmprargnbend e pihti’p@de of the

under approprlﬁte aseptic conditions so that during
CQm@Qﬂﬂﬁé@E@Vﬁﬁ?%?i §8APl e remmi ns aseptic. Furthernore,
containers, tubes, electroporation chanbers, and the

Variods &ﬁex??bfcé%@ c&hﬁ&%%%%bé\ﬁmﬁﬁﬁd inasetdd andlrﬁém@c&kﬂf&he invention.
refers to conponents t { virtue of their desi

For examgld, alsplutian isowrcemsae. b’réusblhlﬁ et baed, W&Yr’f@)ﬂéé?f%f@éluﬁ ng, cleaning,
at f
ot cooga ) ﬁlbeiﬁq@gfq%g%%e 2¥a! E ¢ n bt ‘?rga{d@ e léld%fg |¥g on e%t flyshipg buffer

may als béiusePRecoef the fé&cﬁ‘r@dﬁ%@ﬁdmﬁe flodbenkirigieavadd. ngl e use.
Vari ous ot her process conponents may be included in

devi ces and net hods of the i
evi ces and e A Sk oW B EMROPorATION METHODS

FIG. 1 is a schematic that represents an exemplary electroporation cycle of a method of
regulated or intermittent flow electroporation described herein. Panel one illustrates the
removal of a non-sample fluid or gas from the chamber, with panel two illustrating the
concomitant filling of the chamber with a sample to be electroporated. Panels three and four

illustrate the electroporation of the sample during transition from in-flow to out-flow of the
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For exanple, a solution source, e.g., flush buffer

source, may be added for flushing, cleaning, or
we@owbiingg2d¢ he chanber between cycles or after aPCEHUBZN0F016728

nunber of cycles. A flushing buffer may al so be used

to cool the electrodes and the chanber at intervals.

sample. PahSioERt Rhd QY HhnstriOM FdorcdRPRRA HoWPMEId# 581t Buidlor gas as

Is a schematic that represents an exenplary . _
the proedsewst sample 48 iremovsdcfremothe ghambero dAsectsefuihgt iawension include in-
intermitent 1 ow el ropor.at i ri ereln.
o, o hSF S TP LB BRI R BRS, D5 %, BEE B frorepors o
the eledtiopbfhtioh chiasbéd. Om-fIhe 2l ababw May be plaoegh tame or different ports.
illTustrating the concomtant filling of th? ihanber .\
The chesnber #selbmsleba Bseeased ErnHallorrat separpg HBIYIAlH Ay B gositioned
U ! POLH 4 b& point and th
o s S A LSO 400, By AR pin and
chambérh@sSEtwta bdtanahplefsowre and cellection poist.r Atneartifedd is not required for
oncom tant .in-flow of non-sanple fluid or gas as the

C
all embgelpacésldhe 4R5PECYs renmoved from the chanber. Aspects
of the invention include in flow, out-flow or both

In the %r@éésls QYRR P ichhnBYY WEE HifiplBhd fiiausdy plash, and, pedtetrdic into the
or nore ports of the el ectroporation chanber. .
air of the charoberarfichurplashiog masycavee hridredyanya siesriodhy peisesiresult in

. port.s. The chanber i l Lol
i OB BT b B SRR 8 BB i
both hy?ed¥Rmi® efr ¥ @Ad Fosanigl o archiibbies aredbdsh evaitiedrivhen handling living
1o o bt o PSSR, B o o
cells. 3 2 Al ¢ i r d
requj i F AV j he
o U3 0 o MR AR, sl
ts 1oRMinslz2she timd ifpaket ip dilleanidrenpty He chambof with eclt bspprsion, a tlow
WA Suclh spl ashin 1 cause dr odynam, ¢ strt%ss t H&l hich
rato coBll TR QRUTPRLICHAHEG BYSCHE 0 NS PRENDA Coociices, whic
would %blgbfess&g]{ﬁﬁggﬁ @8h |9y SMSRRAS BAlned by i SFERAGIIRA Yate. As shown

accepte t both hydrodynamc stress and foam ng or
below,aindenedrtairesoradittorisebe liquid mpycsqwitkinttthedhpmyen fromyfg mlet port and

cel.ls. Liquid | ashi and hydr od ' ai
pene 5o o SRR OB N Ao ST v e ves
to avofl B8ElehhEAUENRIonPlisIRAGS tar sHRPhELIard praycies draning on the well
desired. If a user wants to mnim ze the t

_ , érre [ h tal%es 1
developed it loff hydradpmepaips phiy ednsiraetings tesf ampesyaerehy flgy ol gnput ce
flow rate.coul : b AT
suspergisfhf B oSt o0 SN EEighe B APl o BOChoor i f ransparent
materiBE WO sisdhoRitdst cBAhbérhpiushiny @deaattige agabubdibsbyr faam could be
faster filling rate. As shown L&ﬂow, under certain.
observied atd flpwe shat Fesuitiip §plastiRg OtHLHD1q o igamha cofihisatvoidedm
an inlet port and penetrate into other conpartnents of
In one{ BEafeRt SR 551%11%%1% sRRENE6blem, ROmARRbREhe @ SpiRYe drop) of
0 avol d this problemcan be acconplished in a_, . .
liquid $hat & phvihgranampeningof Byrowrdmipa glased rhibewprighideasiiogys gonsidered.

Whilea;a t&l}eg}fjgcg %ﬁ%ﬁg% ?ﬂﬁt‘éﬁ ?l?e@a%hg Sr%gsturreu gitf%e?c%cg b8 thE RATDS the pipe

being developed by a pump or some other means. When out of the pipe, the liquid continues

to move in the direction of flow by inertia. If the flow is directed upward and it is assumed
that no forces act on a free drop, the inventors can estimate how far it will travel in the air,
using the conservation of energy principle, which states that the sum of kinetic and potential

energies of the drop will remain constant (Equation 1):
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suspensi on can be observed, such as by making the

surface of the chamber froma transparent material.
wOdok/1s3sethh a test chanber spl ashing or gener at PEUSL005/016728

bubbl es or foam coul d be observed and fl ows that

result in splashing or air bubble or foam ng could be

avoi ded. hi oneggif@hment of the potential splashing
problem a smal IV al une (a separate drop) of liquid
that is leavin gah@y=ebnsa round pi pe placed in
the upright posi 2ion is considered. Wile in the pipe,
where the liquid is propelled by the pressure difference
ACE ssmisefdrdiopf the pipe being devel oped by a punp
Ply) safSveddt9) neans. Wien out of the pipe, the liquid
f%ha&&ﬁergﬁbmgolgﬁvﬁ@%ndi rection _of flow by inertia.
z@ #sflﬁe LW oh D rilid &6h BHovNB e @PBhihg, | S assumed t hat
no forces act on a free drop, ‘the inventors can
Since sﬁfcétteln%flf ?ﬁ' gﬂlfe?'ﬁeéhﬁni%ll énel_tgryaa}é@cidtéﬂ Whe R drop USthRGndrhént when
conservation of energy principle, which statesg that
it leavek e ipw isfthk kiretic cenargy, plot emsiaat 1seemrliieds 81Vd hwhereopo is the

i1l remain nst.ant (Equation, 1), ' ;

wverss gy RS R, PO 8 M PO s o e
channel &gb%&cﬁSﬁ.oﬁNﬁéh tH3 drép rhRhac ke hiphadtipomtdite veloclyy dwédiyes zero,

~and h(t) is the elevation of the drop above the pipe
and its elpeatiangran Sierfoends et the telafianghia |(Fauptiop ge %Wﬁ?“@gp&y be taken
. ene ssoci at W t r QR:.d: '
o35 40 R REARL e Ui S BRl PR T MR or
fluid pAAsiahe LEONCAVOS the dMdiopoidtion shirhiser aaet thg réssmeansed to regulate

velocity of fluid flow, which is equal to the ratio of
the flow off fish WitlkinflhotysieBt-e to t he channel cross-section.

When the drop reaches its highest point, its velocity
becormes zero, anfhfis, e evation can be found fromthe
rel ationship (Equation é). These lf/(arces may be taken
into account ang.f he_d=Siggr gf the system can be
optim zed by alterfng the di nénsi 2gs of the fluid

pat hs, the geonetry of the el ectroporation chanber,

For ins@aﬂféﬁ,_t@@the LS SHhESsi SRS iBpddttugh @ 1Winch listernat dibtmeted (ID) pipe
wthin the system Equation 2: For instance, let the . .

at 5 mbksl | Trssavsprendinesr Yopnpakbe tes agh cgv/s Apd Aiciidingte Hfaprinciples

of lamgrlla% cgvg,r thgrr%xiﬁllaP%near velocity in the center of the pipe will be twice the

average one, giving the value for ¥ of 126 cm/s. With the value of g being 980 cm/s” one

gets hyge = 8 cm. This distance is comparable with the characteristic dimension of the

processing chamber, therefore splashing may be possible at the indicated conditions.

Solutions to a potential splashing problem include, but is not limited to the following
example. A two-fold increase in the flow rate will result in a four-fold increase of hmax: the
jet height in the example above will be >30 cm at 10 mL/s flow rate, meaning that the cell
suspension will be definitely brought into the chamber through a jet and not by a gentle flow.
On the other hand, a two-fold increase in the tubing cross-section will result in a four-fold
decrease of the jet height, so given the required flow rate one should choose the diameters of
supply tubing and inlet ports as large as reasonable in order to minimize the splashing and

disturbance of cells in suspension. Given this theoretical treatment of the problem, more
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at 5 nL/s. Its average linear velocity will be then
-63 cm's, and according to the principles of |am nar
wo b@#1138b@ maxi mal |inear velocity in the centPCT/OB2005e16728

pipe will be twi ce the average one, giving the val ue

for Vo of 126 cm’s. Wth the value of g being 980
empmc‘éﬂioﬁ%l&ﬁ%&et)@ i ABEeFbPvaBus toindithish N €8 w ftes, port dimensions,

conparable Wwth the characteristic dinmension of the
ﬂmdp%hxmﬁbbﬁhgechanber t heref ore spl ashing may be

possi bl e at the i ndi cated conditions. Solutions to a
Methocf% tetﬁé ax%%en’?i %Qrol{%gcﬂ&f)blﬁrﬁs r}%cé Ug%t%/ k&!f'tdftrtlﬁe R@dfigurations. In a

OW ng exa I NCT ease
first extmpleha ddvivy croaﬁgur\mbxh m“agaud:lude an aleﬁ:twporﬁtnxbrdclnamdree o FIG. 5 or

FIG. Sﬂﬁn@n&)%lgpttlg_tg thggcg" hfeW%g,trp neéttclgﬁgiﬁml Sﬁg{% qi%ovﬁ%%ei ?6’ is in fluid
comm@ﬁ&ﬁ@ﬂ il nthg\"chémlzéf' ﬁnyl anﬁlts?ﬂﬂldtﬂaﬁpgf‘ thnEH R cblifles fathe@hamber

a et an a gentle On the other
througlhd{miabea pbwtd-7f Aol |ﬁwl ﬁa§eml_oha stohs:et&ﬁttprﬁlge chaost $big iogplated, as

TN TINDRS TSR N FL T -
by a sSoRBEiGHSyA 3FURRIuEhi4Bidofd Poet 181 GllowOoritBinaBuill afage 3dscan be

reasonabl’e in order to mnimze the splashlng and_ .
regulateld sh}urabamdof'allz‘@l?lss i Bersprame ofmd o @as tpfge 35 is in flud

comm@gqe ah{at r}%@'}b e b?f 1 5}8 M gﬁfﬁ”ﬁ)ﬁ ”?f r33c ovides fluid

dent by various co a I on of _
commﬁﬂl&tﬁohaieﬁﬁeenﬁﬁé hortlsameple iganey, flditl diepot3&tand thechantter Lk dhe third

Met hods of the invention may be carr ed out usi
fluid pethr33engludes 2RwIR 4 06 ﬁthiewte%ttﬁ Qrieotiyerfoe Py @PV@%gﬂ%‘?‘ Sgvithin the

' 11
nia oy YL FO LI, T kGG Ehaciopnss o dimver
by a thiMtpartrif erence to FIG 2, a sanple source 30 is in

H uid comuni cation with the chanber 11 by a first
u pat.h 31, .which | ed to the
An oxemplge R Cou5EtR kBT NG Sifstacs B IS 2oy i hat the
charnb@thfff@&’itaﬂil al 1§)nts%ﬂ1%|1@ﬂﬁﬁ or%ﬁs hid eeasamipld doveceB0 mcludby & solution

he chanb is coupled to the processed sa
of targd’emits %gejysubst@@@@mdeagemsdorpwmug Vomhm@@gﬁ tgerggé }r{\gth valve 32

f
open 3218 \/ \6631%8 \(;Lﬂ %Vt%%pmgp n%‘n sarrp{)lﬁlt% ﬁt Clgﬂloé‘%ﬁl é% nglocﬁét‘é sbﬁfom the
chamb'ets 1N hlﬂéhﬁu@@lmmw gaiplommay b guneped hiatthédre dlianhigpr ahsplacmg or

hird fluid paih 33. FIU|%HBath 33 provi es fL
comprgssmﬁﬁhﬁ @atlﬁmpbét%éhg%shé ﬁng@ﬁw@e&% gyostt %Flbamber 11, or is

compresrf.%? Ly #R AAEnED ﬁ:@%%ﬁm;ej% h the s-gtt]rﬁxlé & 3d fbws BRS ﬁle%ﬁamber 11.

udes a punp fer means of notive for ce for
Once fReWhagbbt Ui dssuffitibnthy fitled fithi tHe panpls, ape]aeattrlp\mtll%ﬁ is sent through
coupl ed t heret

The, t hi dflwd 33 s co
the c@w@e&hammqf? Blpeodesy QnGsorwors 0 oty St e ol i
cons1dﬁfgdt 3 @E ?et | QR1P{all 082 YSKee %@'v@gfeaﬁlﬁdpérﬂ thd fon-sample
at t e chanber 11 contains a non-sanple

fluid drlgak uis pmmg@dso]amtsetdwte rseirepinto $iowhembaoll nEhaqepssanple fluid or gas

may b?: %lctlilxtfelly pumped into the chamber or drawn into the chamber by the evacuation of the

processed sample. The processed sample flows through fluid path 37 to the depot or
collection point exemplified by a collection bag 36. This process may be cycled through a
number of times, with or without modification of the electric pulse characteristics, until all or

part of the starting sample volume has been processed.
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of target cells, target substance(s), reagents or
various conbi nations thereof. Wth val ve 32 open and
wo 200381820 cl osed, the punp 34 can evacuat e t hePCT/US2005/016728
non-sanple fluid or gas fromthe chanber 11.
Al ternatively, the sanple nay be punped into the
In refefehaéthﬁFIGJ 30 aGihRe eMbodiaiEat 658icrigvdnlion My Hakidb e dahpldsource
gas. As the non- sanpl e gas | eaves t he chanber

30 in fb\dd cemawhiseEer adth # chamebes 4 ydhe upbpathAd, avhi¢homn Q%H%led to the
chambgrafipnﬂgF Li%ﬁ%@lgﬁbélo ?’WSF ol%ﬁf)l-[n]qﬁe é}gﬁ? l%l%é 30%? &Bﬁlber 11 is

'S s I Ci'en e sanp an
regulated, estis &xenplified bysvabend?2. t Amonghmpleeflud amigas sdmycet 119 eom!bmed with
of el ectrodes. Once exposed tg the electric cu

a procesed SHRRIE <lepet EoRQ! gHPRAOR! B SVTS WIS ph gas/processad
sample ?é ¥t 392 §hoHdmdRd lyals \BupiBd 49 ecﬁe nbh&ameR ﬁéf&iplne gas/processed

or gas |Is punpe or caused to nove into the
sampleodmnbw b . seérdm ﬂmd pethini tércfughlaosemndgas‘t hy Argcond valve 38 can

regulatg %ﬁ&’ﬁ%@l}tﬁ‘ﬂﬁfﬂ{qﬁ pat : Prf?ﬁcsg% plg U.lg oL gas? ssé(P samgﬁe c?,%pot 39 is
in ﬂulﬂ’ rRaReERchDANRIE tﬁé @H&mﬁeﬁrﬂu g o thiddflwiat IhatB zﬂt OFId‘ikE path 41 is
ot or collection HOInt exenplified by a collection
blﬁmmﬁ eaﬁ(eenrﬁmeswprsamées wdyortg@s/@m:@ed SHF Bﬁé pat 3 Assbihe grump 34
formmg lﬁzﬁgg’d& ﬁf‘gld a%at% 49 509 %led‘ﬁrilﬁﬁybtglﬁl' 1% rgpe%gtrl\%glg ]p&kpﬁgc{ {o! &pump 34 or

errstics

other Iﬁéa@ﬁ bf ﬂ@vﬁ@rmh&s wathinnbe Hlail feelen Theahed il path défiecapded to the

3,. a further enbodiment of the invention may
ChambP’h]el ‘Eﬁd@eéh%ﬁﬁqté source 30 in fluid comunication with

a chanber 11 by the fluid path 31, which is coupled to
An exta%ﬁp h%ﬁiﬁﬁf c %ﬂtﬁiﬂgbt‘ aagRgim Rckaddd if G, T3 iyt Be that the

e source to the chanber 11T is regul ated, as is
chambex élrmhdfnoae‘sabgolwﬂmdeOBgas/DMMWdWQa depaiii}9 enntajag non-sample

source i s comnbi rocesse d t
fuid Eofscop B SO 0ot oD FPuBHra SNpE OF rEe e r&ponts, targe
substaﬂ&-‘éé)Rfr%ﬁ%ﬁ@gorﬁﬁiﬁﬁﬁ&sdtﬁ@@bf 3WithMgvechnapar aﬂdlval$e 38 closed, the
coupled to the non-sanple fluid or gas/grocesse

pump édimmves ﬁmn-%lﬂ? flyiseicgnsdram thechgabst BY thrppghy fridpath 42 and
{
into th\%sinﬂ 1% Bor éAtSﬁhg 5819 g%neﬁll %? lsegxgesccﬁlg ?]§ %Q%Ir 4 $nd éaﬁi‘fﬂe from the

sampl& 35uRE 30 Q‘f&ﬁ)@dn’@&ﬁ@ tieanalepal. Bct thel dhalfnbeu id sufﬁcnently filled with the
comuni cat i on wi t h the chanber 1% hy a t ‘%'Fé %

sample gnielepiric pylss i sgat ropghithe ghambee by Bty %Epgé%ﬁtr? nee exposed

to the ?%Qm%%ﬂﬂjegt i{l% Hélﬂ?l% Qﬁ% d@feﬁh e@%@é@seﬁ% ﬁ)‘fe ORRALvaBR ﬁnﬂosed and

ourt [urd 42. The third
valve B8 bpeh ket horﬂéamlsledhmct at pasak y)umperpirfwl theochambenibl Sepnpnon-sample

ot her neans of | ui d t hi e fluid

fid fyassiprropepen oot A0 rovg it oL AnehbeBRid Sanpte flows
Y r -

oA 01 R s e, T

may bb kegtlet ierougla amambmoénmem umtllsaéhw et <|>fuﬁhq steting sample volume has
b as/ger ocessed sanpl e depot 39 contain a non-sanple
een dor gas and the sanple source 30 contains a
solution of target cells, reagents, target
In still further embodiments, the electroporation chamber 10 may be included in the

configuration depicted in FIG. 4. With reference to FIG. 4, a sample source 30 is in fluid
communication the chamber 11 by the fluid path 31, which is coupled to the chamber through
chamber port 17. Flow from the sample source 30 to the chamber 11 may be regulated by

valve 32, valve 32 is optional, or pump 43. The chamber 11 is coupled to the non-sample
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substance(s) or various conbinations thereof. Wth
val ve 32 open and valve 38 closed, the punp 34 noves
wo b@snes2eanpl e fluid or gas fromthe chanber BAT/US2005/016728
through fluid path 42 and into the sanple source 30.
As the non-sanple gas | eaves the chanber 11 the sanple
fluid org1 Q/ﬁﬁrédéﬁseﬁ% rrg% de‘@@ﬂ!’@% 30scbbivBuididath B ﬂu@tﬂgﬁm &écohdl.port 18.
he cha |ssuf|C|entny|IIedvv|th
Flow wﬂhm;ﬁlu;d paihh 31 wey b¢ tegplﬂt@eby & serond velve éﬁéﬁpttqml)cﬁral?ﬁb@fst pump
S el ectr r
34. A ' ?ﬁL é Orﬁﬁag 15 %eo st erlélga( %Etfgc]glggée%g% gLrlrl%Pfe Hépot ot
collectléﬁ'i thlrM abuBr3 2 £droS@hlemthid at \¢es/Bdcexsath sarhple depnt 3Anplte non-
fluid or gas is punped into the chanber 11 from
sample ity gag@q/@owsg@ddsaémpl@ 4spqiricieda i sommanigation Wi the chamber
[ T [
11 by attﬁlr g % Hltﬂ 43 pﬁ{ehdu‘él% ﬂu1({]§%tﬂ 49G€ 3}2&%1\%?}“5&1%15& RWSfirst pump 34

e non-sanple fludid
or othegﬁﬁ:élw ofassag fﬁaimhﬁnd glpofluid $attiEhiThe pihl@d: fuil pﬁély 46 @s coupled to

CE R I AT N

ort 1954dd 4 £ htﬁhﬁﬁ BIDes!i HERSnd biifped3eBidperearalyi @ipkiashes fourth
P f%ina lgg I ncl uded in the cganguratfgn dgglctgd in ?

fhﬁdpﬁ%@£.4. Wth reference to FIG 4, a sanple source 30
is in fluid communication the charrber 11 by the fluid

ath 3 is h
an xS g RuRR R B, R SupARCE, FRGOUgRey v ot e
chamb&MBITREd ndd-simpylebfuid @g Waslpadelipd vahpke &Pot emcoataaﬁa.r@n-sample

optional, or punp 43._ The chanber 11
fluid onges SagheFREPE Rrcg-30 GHEEs SotP P b TR GE g oBg . taree

substarite to% vgn(Hsl'gongl)ré tii n%%lefe%ﬁ?ov&gﬁl @al%%n%ﬂtvaﬂv% 38FJl6Ned, or a first

be requl ated by a second
pump 3(4ﬂ|.1ﬂlﬁb1ﬁﬁg (opt imﬁhals)scomir 37oyncf thirst 44 flnid Bdhs, A seeondspippp &3 may

move ‘ryg%ges%{g@gﬂoﬁmzf cgjr(r:g?ﬂ% ng.] cibad‘?et?ﬁrvftlt tﬁ.fo(ljllgﬁ:fgﬁg %ﬁ%g%snpaﬁld into the

sample, %o (% £8hk bR %&xﬁﬁﬁ%&ﬁ pbehd eRahber 91 tldganiide ﬁ@ﬁ‘pﬂhe sample,
urd or gas processed sanple depot 39 is in flu

source GOnfms twad therchainbbr 1hérekgintied peth Bl @n%me&hﬂmb%lls filled with

the des&ﬁqpycggm{:g) %altglg r%n%hé'%g%ﬁut h 152' ? nlt ‘Qlfhrg{f L1 o%iﬁh%er by the use of

electroldbd!l @ﬁcé"é)%)ﬁhéﬁl thige é1battid ch@édishe §E\hﬁ)lé fﬂ;l dodsifi¢rad d ppmtelssed&ample
I's coupled to the chanmber 11 by a faqurth

t
With \@h\emibkplomd pesesoubbEnp (43 RO PY 18 &t G5t 3 )y fopgy 45 fluid
nd a.fourth th
s B b A 5o S0 o
chamb@x Qmﬂro@ﬂi Yioh-Barhplel flugd ﬂf igauipratésoed sfmyile depxysweilrough ﬂU.ld path 44.

iagraned in FIG 4 h
The PWGPSSS@\W@efﬂQWSdthmugBa%%g PB&le%}s‘[é’dt%g &ﬁﬁf%ggﬁ%pfi‘%ldéﬁ gas/processed
! |
sampI SO 30, E PRI b6 e rlieh AU INMERI il all or part of

1hesmm@ﬁg@mMﬂevMangémsbmhqﬁaﬂmsxbr vari ous conbi nati ons

;hereof. Wth val ve 32 open and val ve 38 closed, or a
i rst
I1. DESCRIPTION OF FLOW ELECTROPORATION DEVICE

An electroporation chamber assembly may be used to selectively fractionate biological units,
such as cells, that are introduced from an exterior source into an electroporation chamber
assembly. The biological units may then be subjected to electroporation in the presence of a
biological or chemical substance, causing the substance to enter transiently opened pores in

the membranes of the biological units. Once electroporated, the biological units are removed
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punp 34 inhibiting flowin the second 37 and third 44
fluid paths, a second punp 43 nay nove the non-sanple

WO baosd13820 gas from the chanber 11 through fl ui BCPESI008616728
and into the sanple source 30. As the non-sanple gas
| eaves the chanber 11 the sanple fromthe sanpl e,

from th§ elé&&@pé’r@uéﬂ eEnben tdpdrivg: faRBeriRndidg éihthe ebtrbpathiad pa]llshand to
Once the chanmber is filled with the desired. volu

allow f@fthg glegtreporgfion phe pev dragiions ortionsarinty Yolwug Rt eelb suspension. A
de’cauledC d%gﬂ%l%tlogy of hcﬁe us%ﬁJhRﬂ‘re einﬁc L6880 OY Zethgx ngét?&i)otréhotnh €hamber

I'C cur | e71's considered a processed
accordifig@ E@é}@mmmmwdnﬁerﬁéoﬁhe pedemninwatond grovigedBelow.
|nh| biting flowin the fi rst 31 and fourth 45 fI ui d

SR VRT O R e CRHTER: i
treatmehﬁg ﬁ%@nﬁ&@h?pgﬁlkﬂeg é%g)_ecﬂﬁﬁ/ RViAE QS ohdpiiet r% &eplettraifdration

flurd path 4 he processed sanpl e
chambdrhhmrggl doeupd perehindt flowt prstsn omes axrpheret putled %CPW ports.  The

oo S BLSERTRE S SR8 gl P R g b

conﬁglfrglda 1 belvienthdSaaicatly Gbtiath H3smpree.gpretless edspehdion, or a non-
DESCRI PTI ON OF FLOW ELECTROPCRATI ON_DEVI

sampleeflwid tor g8 fEam eme 5 3pere rinlsk ggwbpcgﬁsﬂaﬂy?heo gha(?%':[éea all%) includes paired
electro@eg,l (ﬁsgptols%{cﬁ ol 136 i ?{%acg;u nt &%lruglg W bachidcfrods Withs@$ least one wall

are in roman exterior source
of the thdrBbean Bdchcdleapaeds iin mlech&abemmnmsieaﬂﬁbrywithr@ source of electrical

bi ol ogi cal units en b ted t .
cnergyo eIy SBIRERFIGRS PEH%}%eH ‘ngdionch e eft?i“&%%f)é‘?ac,ya‘i’e Sfpiected to an
electmc%?ﬁgl]d“f%nw&?ﬁe cfcRitsdddg the substance to enter

transiently opened pores in the nenbranes of the
bi ol ogi cal units. Once el ectroporated, the_biological
An exammpltry elewraperativedhemhent didhe lféfétltﬂ@p@rsbPWB Al é‘“ﬁnﬁer il reference

o B AT S SEROPPL 150 1 s
chambélr ﬁﬁi fx%ﬁskel@ qBtgoRitioREd Betiveery ﬂieuWEHSJIZ c&hk vm]ﬂsriemﬂay) be efectrode

det ai | ed description of the structure and_con
plates. of Thehgasketetd ri® é@?lﬁquo'ﬁ) Rﬂ‘?&%ﬂ?eﬁf spRee IV ERy G W Mi f‘]’fm the
f v [
chambBCH £, 1Tl 7 AREEEASEF 13 s FHATOh LEueRhgUh el 14, which may
have aﬁ'a@éﬂctd@é&él@&tﬁ%&e ghba;ph?r 150f1‘helfam¢mngajeams Ehmagnnclede, but is not
suspensi ons o artic eci cel | .
lmitec i bol6i it TIPS AT SrAAERFLDIFRS Gl T ke o the
embooﬁ?tﬁ%ﬁ Bl lin FRT@WSP et ctrQ af@6n BSHeP B0 Ihed fJu'r QBLtROR figst port 17,

e el ec roporatlon C er I s corrprlsed of two or
a secombpert ws1 h ﬂnrd/\pdrh 19 raad@lfamﬂepom aﬂx inenertpiaj engpodipenteythedgurth port
20 is Oé)gpp ng]gﬁ)tg;’tg r#lsaly ¥|1111g ncsmn l}llélC?t O%I'ggllt o? s ga]gle f';ource a non-

samplé’ ﬁﬁldo& PRI & réd3batt solit@\a BQdt Jor Po€esedibsiagyle 8l sfrious containers for
l'uded paired el ectrodes di sposed in relation to the
vanouslsalltrbens gylogeagdnis each el ectrode forns at |east one

wal | of the chanber. Each electrode is in electrical

An exploded M SALE agct%ﬂopaﬁ%nsbﬂ%ﬁgr @ 18kE4Ed HORG. 5 is provided in FIG. 6.
With reference to FIG. 6, the electroporation chamber 10 includes a chamber 11. The
chamber 11 is defined by the walls/electrode 12 of the chamber and a gasket 13 positioned
between the walls. The gasket 13 is designed to provide a space between the walls 12 to
form the chamber 11. The walls 12 and the gasket 13 are held by a fastening means 14,

which may have an associated spacer 15. The fastening means 14 may include, but is not
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ener gy, whereby suspensions of cells flow ng through
t he chanber may be subjected to an electrical field
wo eoosrBsbet ween the el ectrodes. An exenpl ary PCT/US2005/016728
el ectroporati on chanber of the invention is shown in
FIG 5. Wth reference to FIG 5, the el ectroporation

limited %‘Q'EJ@RV a 8, iaNsih gl elddahaehal sukh.a hbRedpldstic, lﬁlddhé like In the
he chanber and a gasket 13 positioned between th

embodlmm shoyn, in 6 fatheshambers fapiouspeidy adde Rrat e, seqd port 18, a

e e h
third pff ¢ty i BUCHE o BV P AR ARRIRAL 26 4P optional
Each of0tR6 s6its Aidy de én el dednymanit atimeniting sarepln sodrde, anviresempdy fluid or
have an assqci at ed el ectrode,  gap spacer  15. The

gas, a eageRlesertrg> Mraened fapracspsedRapplRor 3P COBHIREIE it ed t o

a bolt, aclip, apin, a nolded material, such a

An expﬁgﬁeg'?\%evp lo?%ftérﬁah@é‘é*mﬁ&ﬁm'ehﬂ‘@f thé réle%ﬁ@p&ﬂ@&ﬁbl%fﬂer 3bawprovided
he el ectroporati on chanber 10 has four

in FIGpﬁr Wéith Eférblﬁ@tto;ﬂiﬁ 71Vhe @eo@‘@p@mﬁog) ehamiyeg 104n¢lHdesp ghember 11.

The cl*ag@g ﬁq plgr%e dh@Pglﬂ) g/e ed (? [ tlglf(ﬂ”t ﬁlgb%gﬁf Ptﬁdt{:%asket 13

positiohdll Bekwédh tRORWAUBI T gwket/\li i das1§1@dail1b ®readds £ epaca between the walls
nonsangle fluid or q a reagent sour
< a

12 to fcpmt)ﬁ:le subeddp| Theoralisa addhe skl Hets by 1%2%%@% means 14,
which ﬁ}ag a&%% {b%ldicgc?g&ﬂn%ls 15. AFol'h gt&ﬁﬁéjm\éhﬁé’\fl@fma& 1nclude but is not

ron ¢ ustrated in
limitedrtoQvbdled clip, b, a&nol\léd hmateeibk secice modddd| (dastie, amdq@e hke In the

T T T T e T
third pff.lﬂ ggglgdk ﬁ%{gl IIS&“F%@ tin B3rthaShitoaiehtd @b e Rth hoie 204t btional. In

€signed to provide a space between
this enttodimait) the pRint of tior port 64, 8akPhaP) hare 1srmet fEppg plape g4 ghe plane

of the W&ﬁ 32\9?}5‘1«.&@9@ FE‘[E lgégﬁigipa%%{] he Tas enlé'lnr%n Lwn@élﬁgn with a

samplelfbu?&y a'n%ﬁls'dﬂl?)le e drsgaE‘OEI fdagféﬂt @6urc® addpot for procdsiqdl, sample or
n, 'ded naterial, such mol ded pl astic, and the
vanou*cckﬂamd:m the enbodi ment shovvn in FIG 6, the chanber s

has four ports a first port 17, a second port 18, a

Anothérﬂ%%lgqcﬁ}gﬁqt dbo Ea%f)ﬁt@ 1@8511 is 2Howh in §8CL 81 r'\7\71thf1reference to

optional. Each
FIG. §,hBe elemepdmwnb@ambef umnmbmtmthme patts G, Wt nchlarPreewalls 12

source non- sanml fl d
oo scibob LG5 IR PSR o
| t
oo GFRPUETHFH Al Lk RaBRecRIDA) R0 f i g i

space ba{xz;emgtheamﬂm 1R 1. foity thehehagiberit.oPle welloh? esmhtheéa'slm 13 are held
i ncl udes 11.. The chanb 11

by a feHERETRE R LT ROBET Ho5 o ASCRREHSBeh g o lsaarghig gueans 14

may iR984d 'thF ednbetiged 6 hevorelal &ip, -Eﬁﬁn,g@?fﬂfcﬂﬂecﬂﬁlat@lal such a molded

esi gned to provide a space between the walls 12
plastid, endrihetikec mm@nbpﬂlmmﬁ@hw IsFHG: & e qh@r@bsaléq@é%ﬂei gorts: a first

port 1a7r, a ggclzo%dbgor? fS?St b i8S 190% 1% Bach of the ports may be in fluid

communication with a sample source, a non-sample fluid or gas, a reagent source, a depot for

processed sample or various containers as described below.

With reference to FIG. 9, an exploded view of FIG. 8, the electroporation chamber 21
includes a chamber 11 and three ports (17, 18, and 19). The chamber is defined by the walls
12 and a gasket 13 positioned between the walls 12. The walls 12 may be electrodes or have
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whi ch may have an associ ated spacer 15. The fastening
means 14 may include, but is not limted to a bolt, a
wa@bios/1132pi n, a nol ded material, such a nol dedP@l/aS1008016728

and the like. In the enbodi nent showmn in FIG 5, the
chanbers has four ports: a first port 17, a second

electrodd¥ rﬂicol‘ﬁ@rafédttﬁéréﬁ POkd odRet BNGL desfed tth pﬂﬁﬁcﬂe 2@padeibetween the
certaih enbodi nents t%e fourth port 20 is optional. In

walls 12 b Soenitioni chreniter 16 helhsl walls 2 andhéhqgasket( 137 areqigpld by a fastemng

n the sa ane h
means ) VB9 5o dREOIR THCoEkEn 156 TR ptens 1€ may include,
but is do? Hnhitddtko OB N a@t laQfind hidldedsanetis, swircmolded plastlc and the
non- sanpl e f1uid a_reagent source, a d%fﬁt for

like. Ipithe e@be@n@ahﬁn@vlbm VEG! 5ibo cBRRAFTHRP TR RSFiord 1Irst port 17,
second Fpn‘%ol% E{R% ttlﬁ{rd @(ﬂ’é £b e%%lf Bf‘){ygéoﬁg n&?mﬁ 1P cRRMich#lon with a

rence he el ectroporation
sampleGdaries ndid-simplelftléd ot Bae e pagens squide, alBpotafod p@pesselisgmple or
wal l's 12 define the chanber and a gasket 13 positioned
various oSt he wal l's 12. The walls 12 nay be el ectrodes
or have el ectrodes incorporated therein. The gasket 13
In emHoﬁm%iﬁé gpeeh hRs&i Qv difioR SRAGANORIFIERIS-DNe geslte: S3l&n1tzﬁmng a
ormthe chanber 11. The walls 12 and the asket
chamba‘r]al helydbdpositisidt kativery heatlectnds e h%mygh Ha% éluglﬁiess of the
socCi ace t S
gasket T3GRE L Bio BRESGrs 0% e BB 8 BofRAR® Hlo BRet 13 typically
forms é‘ s@il' WEH tHRbgsdsalg, elediide plared WR.d Thleambkat, 13a1mdy tbha:onstructed of
like. In the enbodi nent shown in FIG 8, the

s1hconh,agthph sEethefésr 05 : naiyral Ifugperﬁ ditt ot§_19r Py ?}B?rt af%bmcally non-
conduc 1v I%atteﬂa d ﬂl‘? all%lthl'ﬁaﬁf% %Isktt,thﬁ PHel §r BRYe RBamBerk! 1 thay be

ni ca a sanple source, a non-sanple fluid
prov1d@c[ gasqudte, rﬁ:agtﬁglle shannek, ormtﬂerp@toﬁtamﬂpndbeﬁekﬁt sl@ngfimes the
or various co |ners as, descr.i bed bel ow.

charmbpic} br dhe évre GHESBEDeGHt B CHRRDGAdd PR aptok  ndysing g shape of

theeh?%&ﬁgh&%?i?t'on chanber 21 i ncl udes a chanber 11 and
ports (17, 18, and 19). The chanber is defined

by the walls 12 and a gasket 13 positioned between th
Also refatring b2FIG.He 9wl e]gctncg)ormWnbélamb@tw @g L mpy be constructec? of two

opposggéf%hggé i)%geﬁslg\/ n]é}g)rlga?lr ag cgrt%\rsl\g gﬂi't?S %E %%Es"t?hcteﬁ of iron,
steel, E%ﬂ@rt ARnfhaaber otfer aibﬁrmﬂl}} soddictine Itldftaals gnaskmtal 1zﬂloys The

held by a fastening neans 14, which may have
electrodsme&aib masrpfaﬁb?r bpspoalRcvifl o b PHETHAHEC 1aTaRly o Otber plating

matengﬂ %}me 4%1611‘ glePt?itcall d E&Rﬂ de%xcﬁ@léctroée ﬁia’teplz ﬁaa@ﬂ #® provided

erra suc plastic
with o!nb e mdrél clebgicentanglinais r2R thinumdane Witﬁth«spOWdzr@upp]a/rml@mtry of the

has three ports: a first port 17, a second port 18,
overalhﬂgW§qutﬁOpQ{l‘aB@P§YS§_@1 Each of the ports may be in fluid

communi cation with a sanple source, a non-sanple fluid
The el%Etr lat%s @AY pRAMY BE serrAQDBY ohdbr PoRCASGRMe PapBbarers 15.

ous cont'al ners.
The thlckness of the electrode gap spacers 15 will define and fix a gap between the electrodes
12. The gap between the electrodes 12 can easily be adjusted to any desired measurement
simply by changing the gap spacers 15. The thickness of one such gap will vary depending
on the flow volume and field strength, but will generally be greater than 3 mm, preferably
approximately 0.01 mm to approximately 2 cm, especially preferably approximately 0.1 mm
to 1 cm. In other embodiments, the gap may be greater than 3 mm, preferably about 4 mm to

about 2 cm, especially about 5 mm to about 1 cm. FIG. 14 illustrates an example of an
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hi enbodi nents of the present invention as shown in
FIG 5-9, a gasket 13 containing a chanber 11 may be
w@omsiiseed bet ween the el ectrode plates 12, we€TUs1ves/016728
t hi ckness of the gasket 13 equal to the thickness of
the el ectrode gap spacers 15. The gasket 13 typically
alternativeefboRin&f| ofWhi hvieh8oPBPREBICAG SlhifEd rdediRe Rligt g:Sledst .one port is
The gasket 13 may be constructed of silicone, other .
used as gy etdoroperation plambealas dessibed beseing tindhis particwtar sypef device, the

ot her el ectrigal,l onconduct.] teri 2| al .4 -
ponge 3 5 s S bt O RBILIO S, ", bt % Sl s
require®OVd@ek orA HEMBH Basell @6 g Tgst, priegmiadlustrated.ot her

cutout within the gasket 13 defines the chanber 11.

The size and shape of the chanbe 1 is prqgportionpal .
The elegigodengapsipaeeradd A spmicaly qonwteé’g?fg%’d@?ﬁﬁaﬁg'smi%l?ﬁﬁ ggterial,
and m%'e fbgrfalslﬂgn%cp HFInB such Snatefal! RCHLOROT &kdRie, GHEHEREbr her non-

r 21 may be constructed of two opposing el ectrode

conductiveapstgmefc nibygriatsadrlofher tnkegerillect r ode pl ates 12 may be

constructed of iron, steel, copper, alum num or other

el ect.ri cal onduct i ve .nmeta T
In one 5@5{3@1}1};&@ tb%/ gfeg 011%atth%yc}]aurnrbte%1 ésrs @gﬁgfggiuél \l?\nﬁ%( ocbe o}Flgt’es 12 that

may cobltzd bA&Br nfdrBportaPb&ed, Eath pérhatrboopd atalyrfgrthert @mizah sither a flow
enhance their electrical conductivity. Each el ectrode

inlet, agfloat eutlct, rrg noa-spmple Rid oRiceh A UGES THeh Bprde £ pegect to and
interfact(g?ie :\(ry:n{cﬁ’] ?Jlt,hf;: gr%sr{etﬁ]ﬁ%e ' fﬁhﬁw&gﬁ%\w id NEaRONGS SYURRE Yoverall flow

€ overa w €l ectToporation system
electropdigti®] @sficecode plates 12 may typically be separated by

one or nore el ectrode gap spacers 15. The thickness of
The el%;ggﬁg@ﬁgé rﬁggrgp%gg?g glgé %é_%_ai%l-sﬁp\g oléla{l&grgé%tn aé]n? ﬁr]éela%(ls B Wy their
secure ﬁ%s@ﬁﬁaf}? OfSyatus @@b@@iﬂe‘nﬁé drehpiebst @t ehfodniie dehiedt means 14

asurement sinply by changing the gap spacers 15. The

may inthide Exstsmraofuchre sstgwh, brals, Wets, 10ds, Pr qEpeBIchgnBhDe saployed to
fl ow vol une. and f.i gl d, _strength - M I

scoure g pied TRAIHERS iy i FoF ST By s g il e eRpRGI Fhd chffmber 11

interpo@&f’ﬁf%i‘é:vﬁﬁ{iﬁ.l Yn 248 Bthe® SRE@AER | dmbodieéies abthe electroporation, chamber
approximately 0.1 mmto 1 cm In other enbodi nent

11 accondengtaghemsestyd igreationrihe mh@em-ﬁleamséfiép%lpeyseg%(}i’y@dheﬂves’
Othefbg{ln@;ngi%%%ﬁuﬁé el %ag)g&g&&gl |y about 5 nmto about 1 cm

tra an exanpl e of analternative
enbodi nent of the invention in which a plunger device
The attichiheat mleams nagrise pomttadheens bdreasizad aal quositiopet 4¢ irengive bolts.
chanber_ as, descri bed h%%g r

. in. In thi articula P
Such tths i b QIEH DRGSOy b 00 BOIE s Ebs fBed within
i T Fin & SR L PASs Mat Isbig¥itél séctird1the electroporation
ph&”ﬁ%qu%%éﬁeﬁn aghev?ggeor a né?hog 63§ed on the basic_ . _
chambpr. | Moinpbeelimbhta shat amptby cPhéucsive clectiade grpsPepri slesinesl insulation

are typical construct ed. of .an..el ect i . .

o e PR 8 BRSSP Bt i
materials as plastic, ceramc, rubber, or other

In furlMePCaMBERhNE one or both of the opposing electrode plates 12 may further be

provided with an interface having a cooling element. The cooling element may be a
thermoelectric cooling element, or may provide cooling by direct water or other coolant
contact, by ventilation through a heat sink, or other cooling means to dissipate heat generated

in the electroporation process, which is typically an exothermic process.
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polymeric materials or other materials. hi one
enbodi nent, the el ectroporation chanber assenbly
WO p@bauisg0 el ectrode plates 12 that may cont ai NnPORESIN5/016728
nore portal bores. Each portal bore may further
contain either a flowinlet, a flow outlet, or a
In still WRuBRIRsEeck |0 GheOhvE@Rnl TheleleottbpoRhtionVBhaRb& e BeOoperably
connect to and interface with the respective .
coupled tof & closedit disposalfle winglpsroleaysmping shgegBpiafloesfpafgequire check

| ecty. i ice. The el J .
waves, SESHEBBPLERIEN 190rbEy A PuShE AL AR e anc
require CH&IKN va¥ @k Uh ©rdes 36 Bhihdlidhia diddctionsl atnfbedi Shres/adbug brabodiments

present invention, the attachment neans 14 may incl ude ¢
of the vadabdndlos’ sudemakavecehesk vabiss1as, 2 Prifetisther ypgiem,qfhe process o

ing/Gi | d i | gi§8le stroke of
i G S Bl A NS i e s o o«
piston Headmgdnehatibefenibtanent er posed therewi thin. hi still

ot her alternate enbodi nents of the el ectroporation,
chanber, 11 accor dj to.t resent jnventjo
The pregeraaben ook SR s P eyl Mg gpa oy

closed RARGhAGwEQE VY SipaBle & a @BEAPRbis@lshifiple thbeenadritda himeaiable flow
nmeans nmay be an attachnment bore, sized and positioned

process. ONo esteinad pbwips svill Seatecessiw's ragfersacelic BLey {5 gompogents of the
thro t he attachment r hHge 12
poces R L SRR L R E o 12,0
plastic BB 5hhAld SLEMEGId MehABdEdeeS2t NEhevalid oDihereddtiopoahiamickamber 11
hi ‘enbodi nents that enpl O% conductive gl ctr ﬂg’e ﬂag ket. Th
and thespencesieple Bpidcarigag sputrmsi P atses Kl Gr 2t Ray Bg ShHPYfigppecet. the
gLy od | b 8 MR dRhedtf) Bl BPiston 54; a
gaﬂ@tgbé{l‘? ]geugﬁ? ﬁg@{%ﬁ? %%grtﬁég?n'e#b%%i rents. oné or both of
compabtiene@P pEABABY56 Centisltedebyph ateper IRotmagnd acompntepen the face of the

) provided with an interface havin .cool i,ng el .

instrunoRg. ¢ BETIOAGIIbrAnthen Y B HRETALICL Syt & SBIY Aok piston
| i ' ' @isE €544 WEFEG. D(valve 32 and

mGChalgltS%eq?l Q}}: (1)1%30?}[9& co@%l %? jgl%%f? gs Eﬁ?ﬁ%& or? t hr o_ugh a lg((evz;ve o

38). Asiexkmphury podigenicgof ports 1eddend 19.ds alse phaver
generated in the el ectroporation process, which is

typlLcal Ly an exot herm,c proc n I - Ur t.her
mhe sidfb b PO, ABSEPLDENS b Baht s ot e
constriifasi8niBRE fiRhVer#RURb @ specifc ekassies. di sposabl e

si ngl e-stroke punpi ng systemthat does not require

check val ves, exenplifjed in FIG . 15. n Lr pu
Certain gepegts\affhatnvegtien aolyde the WP&?%?twfytgg GYGFE?E?YE%?HJP&M’GT of
the inVALYE Snd &e%ﬂ%ﬁ%%&?%@%’édr@%uﬁti@hi £84 bR BRLtrépdratidddévice (FIG.

imce various e the variable flow system
10). Tnarmaiahetioduatntesf e mvesion tbé foweelsgperation ileVise o daspresent

) of filling/emptying the el ectroporation ch r._c .
inventiRECBApIPEREE 1P PIOPHEH ¢ SUPHEE0 Tt At o BarH A Aoration
chamtieh-3RE WariBEBSfRA8ers for the sample, processed sample and non-sample fluid or

gas, as well as other reagents that may be used in conjunction with the invention; and the

tubing that provides for the various fluid paths); electronic components and circuitry to
provide high voltage pulses; computer that may control the electronic circuitry and the
movement of fluids; and a monitor connected to the computer to enable an operator to assess

data and provide inputs or programs to the computer.
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The processing chanber that includes such feature may

t hus becone an inexpensive and fully closed unit that
wowwsdiiseo capabl e of a very precise sanpl e noVROBTE2005016728

a variable fl ow process. No external punps wll be

necessary. In reference to FIG 15, conponents of the

The preREMCRAGENH £28FBAIateMFlowd@lechbforatich fwollevelop hew dect@poration
silicone gasket 13, electrodes 12, a plastic og 50; .
methodsiant elactednesation desiens. afee Bethoty exgepliisd snd dggeribe herer include

| ect.r opor.ati on ch 18 N L
e s B8 PGPS g RRESE & SAch8 8RR 1 it may
be fabriamledo. thkhets paskat sulcismtyy hey afatadt cme bpivsed as a disposable unit.
construction. In such enbodinenti here is a pj

Varioug diF e ARG PHO8f HOTQROBHOBSTEBREE (PP dif Bt The present
inventiolt e«?ﬁﬂ%@%ﬁr\ﬁ%ﬂg &reC Qé'gEHP&{ Hftih hephfing @k fie when the cell
I Astrument. 0

_ _ E iments of the i1nvention incorporating
suspensioic s presemgbetwstn dhe elsickodes, e helhisysnensipn AL VRFe ORGST more

et B e B S BP0l o M,

tempor%i n‘%)gélﬁﬁegﬁ nﬁJrl§ QhAN e id Bsdd) G THS opilingl slpeiticili parameters will be

ts illustrated are exenplary of the invention

specifiatda paticulao celbeypeomd nosshlyzthe malequilegne desites e ttioghce gito the
t he, specj.fic.e l.es.: ri.al

ot by SRS BFBI oREBIPY T T35 BASFUF it Pt and s

to expRinfitdIRP@REhiiRNopthasREamdtedsfor hew esll iypes aredkitdven. An example
various processing configurations into .

of paragjasers ﬁhﬁﬁdﬁ Ftitaie damary (me_gof I@E)rr_lmp]ﬁancgq?]gdﬁ r} kV/cm, 1 ms pulse

width. eg@.org&fe”&p%sﬁ% LBEL 1 Ve RRidan 8t fihieMsCHRG! BFRREATABNthe cell
device "ot the Bresént I nvention may conprise the

followiﬁ1?| tomokigition sidimsalecttital pfadientsay Thagirestat apyvention is optionally
e

ectroporation chanber; .the various cqntalners f .
capable HESDRFNG NEAAE S8 B SEEISCIE PO Gl ISPy fBping. field
strengtBESuseftd . Hlle %?(ﬁ@ﬁth SlvehB&YERt Sgrbiet thay abfroniiestelyn 0.5 kV/em;

conjunction with the invention; and the tubing that
preferaptygupptesinaielytiieV/martp SuskYicmi.d pat hs); el ectronic
conmponents and circuitry to provide high voltage

ul ses;. conput er  that -t h j;
o o RS PR 4 B A ot
solutich®RAE cbB Guigentibes BOMB Wolfairiess, evtatl magrbeopenat out incan aseptic or

_assess data and provide inputs or programs to the .
sterile conpronmentThdhp relecdiopoiaioe rﬂh?’élﬁ%gé‘g’ q‘»ng@ uiniR édh‘?lﬁ‘c‘j‘\%/ site on the

| ectroporat i d |
vt RYALE0:0 3 51 08 AEDREL sttt s ot

i SR 2 et o o
valvesj qy CHEIDETRRY thezeql 49 GausS é;allll §Esegeﬁ§8rq it ﬁlogxg 31{1 0 ieti}e OJlecthlgSoration
duratqg g iRis] o bRl e R0, EEREREY 1 BLE Ty suspension.

Follov%ﬁ%‘ﬁgﬁﬁb%i?g o€ kiRCleh AdieSeletthiealGRlldes, 3HS panmiands 4re peowiéxsl to one or
more pumps, valves or combinations thereof to remove the cell suspension from the
electroporation chamber. These commands may also provide for the introduction of a new
portion of cell suspension into the electroporation chamber. Cell suspension that has been
electroporated is collected separate from cells that have not yet been electroporated. The

preceding series of events may conveniently be coordinated temporally by a computer
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el ectrical pul ses having predeterm ned el ectrica
paraneters including voltage, duration, and tenpora

wepasiing2q i f nore than one is used). The opti neCT/US2005/016728
el ectrical paranmeters will be specific to a particular
cell type and possibly the nolecule one desires to

connettell ropatably i Eb@ron@ birditr kg ifrea asathe Ulect: R4l @R ind to any
el ectrical paraneters are Known in the art and

we
PUMPIRgt WG, tV3IveR far samrinationy theseel Hiah effopit nhconsenl atfte tftavs of cell
X I f [ .
supe Sy BRSURED b LY RSB BGRRD  AE BB 81 o o
cell sispe¥iomand the jatd sed windhd .of Alowe | dcsdliesusperpauiio add out of the
conmposi tion of interest éhen diffuses into the cel

electr RO LR h&¥H heRrPvided fyhsrcoiaiar byca orgraer Byeugh a graphic
: g . . : I
used AR AP moNGTH €%, KL0RL, BOR blerfpehiectid o the computer
Examples of gich SlowGd emropbtayios sesikinrgg, thé pedsentsinventightwse nowf ddscribed in
detai_lin the present invention are greater than
approxi mately 0.5 kV/cm preferably, approxinmately 1
kVicmto 3.5 kVicm The process is initiated by
attachiang t asgdsablelebiREopbidtibnCdhARMiI an@ ds$dvift8d components
connect ed tQDﬁ@bMﬂﬂ@ga%and cell suspensions in the
containers, which may be carried out in an aseptic or
The dfsh8dableSse® MalyTiRATIBMN arioh 8orRhiBErs (P BO PRI BaksE HAND %Ebiﬁ%léonnectors,
. shap into a"holding site on the apparatus” and nmay be
silicorse pumpdtubings | andi ary elechppryaitbnp ahashber fasc déseribeds heresi.onAll plastic

comp s kofhIgly LR BoEE embPRB HAE HEY R, b0 s v

matera@yybi nati ons thereof to cause cell suspension to flow
into the electroporation chanber at appropriate tine
and rates. Wen a portion of the cell suspension i

The elsstipporaneny chambas dses) G- 10 gedvaceraprseHEenier ‘E?é‘?%@ﬁels(99+% Iron)
I ' L I o
ceonGSHEORTReS! F5h hiuRURES, S0 IR PE R Bt G000 oo

are-a ectro
electrddd alrd1 BRIyt 20 #Re sttt o WAtHEH TP GMS 0O&r: thER lch@M 1Bfgth. When the
application of the requisite electrical pulses, the

electr addacedeinppaeilade there isoaemarimyny deyiatigs in distangs between bar

conbi i onsthereof to . renmove the cell .suspensi . .
cloctr R A 133 1 cREEE Bt ST Ry (e g eedRb FRaRe Heigserted into
the el@t®de KA APhitR s tHBE shidtitdHekREnChe Pethiadt KR $16@N 1@fe nominal

cell suspension into the el ectroporation chanber. Cell

gap befwepe itha pmaliel der plgsirdsise s 2ingut rlbp elestreporation ohdnghsr aepy have an

. fromcell,s,that have not yet been

mtemgé'lle‘goc r%%%?%ﬂ ed. a’ﬁ%l'tgrnéfé‘edi ng series of events nay
conveniently be coordinated tenporally by a

The etotipdisetandren@adedf apetidabtonductite@ateligicéoated Witk larlgysrtofymetal or
that. provides.the electrical pulse and to any punping

other glgefrigally,eqndustive comsiobnthat i ons t hereof that effect and
control the flow of cell suspension into and out of

In cerldl€ e@bBGIRARO TR Ry BRANDES .4 TNE 6 Bbtd donBlind¥bs &urces attached
applied to the cell suspensidn’ ahd the rate and tim ng

to theafisposable oft. e contgimspimnkides, bihisaoa fichitsdtto afcotlipsible, expandable or

fixed volume container. A first container, referred to herein as the sample source or sample

container, contains the cell suspension and may or may not include the substance that will be
inserted into the cell via the electroporation process. If the substance to inserted in not
included there will be a second container containing this substance, which will be mixed

inline before entry into the electroporation chamber or in the electroporation chamber. The
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el ectroporati on chanber may be provided to the
conputer by an operator through a graphic used
wo paosf1izme® on a nonitor and a keyboard, both oper/akiogs/016728
connected to the conputer. Exanples of the flow
el ectroporati on system of the present invention are

first (opi@Mall9SBe bdeBEd icBntdREDIi$ corectoll 3¢ PVAbeotRbeiithbiRatitihg tines that
chanber and associ ated conponents (D sposable Set) The

: : . : )
pass thegughozabilesignatednpipch welverddr vealveoare ieluded iefhe qufiguration, and
. PV , t uhi : il . i
flow infQp SN 853t (o et 8 P SRS ch cxploef G cRFRmbpdiments, it
is conthiaplaied. th&l d sipgla ottclenopantoi shadre acty begudst dw theqiractice of the
) other cell materials may be Medjcal G ade O ass VI
inventify SRFF2PTHS O MECEF BB AEPOHCLAS ST CpRadion dat sgpnect to the
bing ¥ BRRpFE MRk OWAGRE fBbert® 8 ¥nbF SMples to the chamber.
tu e g ectrodes‘fﬁelcect Popl at ec?b\éﬁvlﬁ)tpa}I ap%? oxi mat el Ipo?)S 0 e chambet
The comvengires safitidhsr mayGbe dniked pgoy, duting ozl afist reagbingahe electroporation
typically 20 mmstraight to within 77 nmmover their
ntire length. When the el ectrodes are placed in
parallel, there is a maxi num deviation in distance
In still PeiNE embdaim&ite Gl seesdoaf (ad Dédtletporthof thegldchepaadenthamber has
process, the electrodes are typically inserted into .
at least hel, @] £t FodecQiaiRes attaghpd pod Hay ate dom ek HoER g dgvice to
) . n .
e, 335 P Sle PR Sonfl 09T il B LpkARED i saiions
configeldomer wasly chatwineiamay he ettavhbd, walicmwilbholdppy dliidrtheethy user may
) 1.6 . The el ectr.odes can be nade_.of any
wish t6,3i46i88n dh 63008 Oﬁéhlsf' GORIATEG 4F BRE ki 1Ferie] 8,78 fhprofgip} sample or
produc? coRtfgr. STRE rb&RbddY s#nfilél e tirduct UBROKME . will h6RI Eélisnor other
enbodl nents, there may be 1, 2, 3, 4, 5, 6, or nore
productoof the eEcgopmoragauproesss.at t ached to the di sposabl e set.
A container includes, but is not limted to a

. col l.apsi bl e,. I fi I ' s
o LR BRI e A A0, PR ot
separafOtheCRnle FRBTi&r&d VoRinfBror €N valuffest MEhecobl-sample fluid or gas

suspension and may or nmmy not include tge supst ance
containdyds typic¢allyrennepted todhe ielebonaratiueshamper by ghird and/or fourth port.
lectr i r - i
mhe o SEPR NG ORI GRERE by, BOEURSRARE B ol s sl

contaifetir ahdsangplé bostaimabatdaheethe whi-ahmplel fluithor gasde dransfeired from the
before entry into the el ectroporation cha

procesgotl sePBlet PURRPG: AR NpIHAn het PR 430 S ‘ﬁ?aﬁﬁ%f'#ﬂ?ée source
contaié%f@ﬁ%ﬁéﬂ?ﬁ@ﬂc%f dfShEQRRRE  Blod@in a\éﬁeﬁ& RS RBErvoir for containing

ing Iines that pass throu any designated
a non-pample fliad ve gas mhy balivespoaated inde thededmber,tasdong as the compression

AT BT oL sl o
electrdpoRRHMENt S, it

chamb

o

As mentioned earlier, various other containers may be incorporated into the configurations
exemplified herein. These additional containers may supply additional reagents, cells, and
the like. Additional containers may also provide for a waste container or for containers to
segregate processed samples. In various embodiments, an electroporation chamber according
to the present invention may contain 1, 2, 3, or more pair of electrodes. In the case where a
chamber has more than one pair of electrodes only cell suspension that is substantially

between a pair of electrodes when pulses are applied will be efficiently electroporated or
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is contenplated that a single port electroporation
chanber may be used in the practice of the invention.
wao-aroshes2@aspect s of the invention may include PCTER2005/016728
containers that connect to the tubing fromthe sanple
contai ner and nay supply reagents or other sanples to

electro;%d}gte& 'aa efyhehl s é’%ﬂ 1gg &&kﬂd@t eﬂén BB REs Hlayer provided to

b
uring or a reachi ng el ectroporaftion
aclneva:imardmpld itnghbr kfd)lufrwreﬂdmnopmmbmuil rbatsm decztmpomﬂmpapglon as used

herein syt Soyti O oF thehatr Rt ARRra! BOP AT U8R i bewosed

to an <& PBRI OF sdfﬁﬁl%n! St Y é‘ﬂeﬁ %chﬁ‘r@péxﬁu&i r égtacédréMice with the
fromthe electroporation chanber to an appropriate

presentciovendioneit is daesirable slepditwp oniaed elosiradgshat fefine & lgaste gortion of the

om0 SEF g 0 gL i

portlorpwlﬂhlaswéifpo@éd Ig@gs li1$ tHeeélamfopdrahOn a@dirheA;snmedshsmm electrodes are
e or oduct contai ner. Qcesseq Sa

said tOpbfba peir 16 ShoamsErosiiomed ﬁaﬁhat&eﬁ %@P%Fla@f HJéﬂ(il gﬁeﬁE}C fighl exists
betweetnhtﬁ?rﬁl Fhdd Q%Etﬁ%% gfffe%rﬁféﬁﬁs?%ﬁea hé rtﬁ‘e Bﬁlrf %‘J ﬁibd herein the term

al ner varl ous sanp e | uids or gases
substaritisdtpoatien lshall inzezak gmaEe nhmatagpmhmaé@lma%; mezfer@blsfc g@a@r than

vol upes_or untv The .non-sa e fl

approsSBHERT A (180t BTy 5T dbgg oo pgety 0% mdHE roferably
greaterSjHaA! g%i:@(rlﬁﬁfeﬁn SOW'TH&% R¥fefably ighdhicNHARD rapgﬂbtiﬁlﬁte@OQ(D%, most
The non-sanpl e fluid or gas contai ner
preferabiycappporiniatady 104%. t he processed sanpl e contai ner or

t he sanpl e contai ner and thus the non-sanmple fluid or

nsfer.red,f r t8) ARbosabl

preferfi (8 AFOBORER upt Bl el R, GOSN boF IRLR, BRI Bbosable,
single-aS8fifiRicaitsai Thecotipoh&igs bfl@le me@ﬁep(ﬁraﬂn@l d‘fanﬂdme nsgrijhsepreferably

In certain aspects, the reservoir ﬁontaln n

be copgrictrdnpf enfteriplg @ﬁpab]é’s Of‘ra‘ylﬂﬁéanﬁﬁ’(go FtﬁB‘ 9% PHS %d]frﬁ% such as
autoclwn?érgﬁgdlat?ﬁl opp?sélﬁ§alts¥@11ﬁmess' on of the non-sanple

ectrode to be positioned
appropriately to effect electroporation. As nentioned
Suitabkamhietinls foausons aoy léthe eppazdtne compeneniseas drseribest herelg include
into the confiqyrations fied he
ey e S S TR A S o 538 ot v
mternaﬁ%loh? ﬂuﬁﬁ dadd@ohideBect ASRIPY @ B0 QOQH%tﬂﬂaﬁdsﬁMbﬁ the materials
provide for a waste container or for containers to

will nsreagbsgmaélymegméss@@nsfams@gce expesHFd t9uke spneHs H@ﬁiﬁltlél the present
mventilor?v %tg:? t I on n?s’%‘be’ghca%&%rﬁ'lsngre &chlaﬁy% &ﬁﬁ%le either by
radiatidh @ teﬂﬁl/@@}%,oxl'de QEJ‘ﬂ@) ﬁaﬁﬁzaﬁ{@ﬁr Sueh stimblrematerisls imolede materials that
one pair of electrodes only cell susFens%@qméga% d
are exgyudableid: oa Fﬂ%@t‘%@@ ﬁoréulb‘ag»rané@f LR ?fdP%“sce use
d [ t
for ha(gg cio% a{i)ll%ea% oy baﬁeus% 1 tBV@ %gi\%&l?%%{é gﬁﬁfp@h&?% oef the apparatus
accordth@ ¢ rthe @Eatioinvehtorb éncindenpub erepnaviimied to, nylon, polypropylene,

polycarbonate, acrylic, polysulphone, polyvinylidene fluoride (PVDF), fluoroelastomers such

as VITON, available from DuPont Dow Elastomers L.L.C., thermoplastic elastomers such as
SANTOPRENE, available from Monsanto, polyurethane, polyvinyl chloride (PVC),
polytetrafluoroethylene (PTFE), polyphenylene ether (PFE), perfluoroalkoxy copolymer
(PFA) available as TEFLON PFA from E. L. du Pont de Nemours and Company, and

combinations thereof.
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achi eve nore rapid, higher volunme el ectroporation. The
termel ectroporation region as used herein neans that
w@orositoss2of the chanber in which material fl owemusives/e16728

through is exposed to an electric field of sufficient
strength to effect electroporation. In accordance with

In many B&seB! £ 56 Mhpdrtite s kéfBr td thel BrodigBputads] ededtiopbration ppadesgcbr the
el ectrodes _{)hat define at | east a port.ion of tt]rT(e .

amount @ st ssneasion nypcessed i@ %éé@rit%@mﬂlpgﬂfr g orinest 1ty tgikes a certain
el-e rati St | {4 e

amount B SRS Rk B BRATRER of QMR 1 (oA AperBlonp Ric ot {lume of

cell suspasidnltsctioporateddh b @iien tanes tisandretapetsy 18 thregame; time fsegpnsumed.
are positioned sqQ that a substantj all ni form

The apelicatoR jof YoERs ‘b Hostl BEPGRR THER Wher oY 9BicHEgY throvgh the

suspensgthf faEaNtds3h digtdRPldstihrdce. AR Rdlcht i\ geh@ el dbfiadcording to
é termsubstantial portion shall mean greater than )
Joule’s dppr. 0Als madstlof tiOekectpcalf anetdyl grogidedtie the elypber and its contents is

convert%% E(E glé%l L 2}3&%600 1D ﬁgrp%ct%{cgl; ch 4 : @3) 3)?‘(2\2%1% tc{ E%Echamber and its

content& RO 5 Fh SRS MiBO Yad R Iecap pRIdat&binythg chanber is Pam Q/t, where Q =
approxi mately 90% nost preferably approximtely 100%
heat anéPt eftepabl y, the el ectroporation chanber may be
provided as a sterile unit for disposable, single-use
appl icati C ] £8lcr @POSi@bérRibn, at least
Heat pr@ﬁ‘ﬁ?ﬁ%@ ﬁ%@ﬁ ?%OEQ?O& r ‘gpg?%ﬁk_\t}é ggﬁggﬁﬁffhct ed of b
transientBl %ihaé B iCaRalekieattd tonhaveshaodisngacktastemperagure dm excess of 45° C,
procedures, such as autoclav rradi ation

it may beadNapifEoetsSPIFeviAL MSATS PPLIF S inRBPTEIeD 2R glecirqporation
chamb%ﬁ%langaiéith%gfn @%Qﬁ%ﬁ%g@?éﬂ?%?ﬁﬁa‘tﬁé tgseedtiiRe driteddging effects

al’s onpati'bl e, approved for
of expdBRE fasuchnigl ratpeomses hwta fmoodw ef theriuagtonvgitgxposure so cooling

~internal body fluids, d .shoul d neet US PVl or d. .
that is p@@\ggedsﬁ.%ﬁ% %posp&iq ﬁgpo’wag] gijqq,&?}éc}rﬁtéqrglsv\ﬁ?qsrre%o t§11§c% in a flow
electroﬁﬁ}eﬂﬁélgm/rb@ésg Yind@8lchdthe ElcOidJoRdtion Shamss?, rep¥nediyr excties high

{;
ents used In the present invention, during at
voltagd gilsds, andihegby elstricalheatings wedns(te ceplethe plspiaenargtion chamber and

sterilizable either by radiation : ' .
clectropety! Sellafh PRGOS HPRHEh Lo Edeh SniE Y t e iy providea
by brng%{;ig trchgl s8sgel@bn 3h Smenediaksl abitgoti With fntetali pasts awitieh aws ed their turn

ing, and/or injection noldable if, for e e to th
being ¢oudedaby Beltian eldmienis ondydlavnef ait welid, same mrigcpal, iggigfions fo the

coolinégg&g%ﬁ%QS 8%’%%11'1}9 H3ef ﬁ{g%?%géé oPElet o@ﬁﬁﬁr@%éé%ses either neglect

e’ present ention I cl ude,. ut are
or ovalRbk! thifh@dhhtotheridlosondpetiviyr apiewhes nuwhylighdsothat ef water (or

acrylic, polysul phone, polyvinylidene.fluorid VDF) 4. .
biologicalibwbeh e waat SaLhmInLRER, T 0t AV BT iR ing it
is alwase Yy f iy | RSdguaBinB§ ! MERES sepefision itself.
o v T AR Ot PP RSl LD seion
Tn sucRGlituMidty lit ishinpoitaie 16 RYG)se thelpyapst Eadhetsy ebilisylleyhamel so that

heat trégs}ngl)y ;.',7@(,‘?0?1'181gﬂe(:)({1 i¥1| the 1%02% et}ggiexgt%:g . perfluoroal koxy

B. Regulation of sample flow

The flow of various fluids and/or gases that may be associated with present invention may be
regulated by one or more pumping means, valves, or other means designed to cause, inhibit,
or totally block or otherwise regulate flow. This may be accomplished by one or more pumps

that pump cell suspension or other fluids into the electroporation chamber, one or more
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(PFA) avail able as TEFLON PFA fromE. | . du Pont de
Nenmours and Conpany, and conbi nations thereof.In many
wW@a®sea138e4 is inportant to refer to the through@mUusSmwbs/016728
el ectroporati on process, or the amount of cell
suspensi on processed in a certain anmount of tine.
pumpsSIHAE uidp EAKQBsRNE6A I ShGTRUHA ol 0L QS Beclr@poration chamber, or
el ectroporate a unit of volune of cell suspension, the
combipghioas \tb¢rgee dfelk shdpersigrparnyi dfo dlceeauseshde davd inte an out of the
Lven ti t he [ er. ' S thme.is
ctectroBin oy Byl ¥ o TR Rl ot B e i igipssure or volume
inside SHeSHRMDPOrALIOA SHArhBerl n SerfdiO¥nbdditigntseptvityinay @b ukdiemove a unit
ensi on, which has_an el ectrical resistance.. Thi
Lk

sus \ . Thi.s
of sampliy peiteer |2oRiif ehElestRdesh ebalverc bt Ban e bsed Jueladias pingh valves,
st 5% gk B SR8} g3 SRCLE B 1 A5 Ay bl complcly o
partiallye| Tt Vavivsih iepboflinednts; primpa imaycdwesmiglpyedprooregdiet 4nd méter the flow
of ﬂuiﬁg\gm)ﬁg;ao%g%@ht ; }?Cr?u%tg)?&lgsﬁ ﬁﬁfﬁlg iis];:g%%__olndno'n En?a{thfgyngze%nglug(ﬂ%anging
from tB lalﬁmﬁrég tb varibis RagdiRBindow 2AUTALs Bt BluSCHS RRQFGHdIORispensed or
W

raise the tenperature of the cell suspension, a
meterede dependingnen ¢l hyplicglions e Aistthess dryicedass detigred: to wgvenaller and

the,cells_.reach tenperature in exce of . '
smalif {S1ges, G iy B HBEREY ' TaflEhhe ndtoe, phbpy pocome
greateSUspensi on and the el ectroporation chanber to avoid

having the cells reach an unacceptabl e tenperature.
The damagi ng effects of exposure to su

h hi gh
Fluid fr@‘?f’é@”rlétst? 1mes Acgomplished gﬁmgfeltpﬁrecqmlpélgp]o%;frggqsitive displacement
ool t i [ :
punn- OGRSk 5 PLAET s apatgeny oy
impelleneergy oov fhlid ptasoper whichmeresdbs fluida  Bhesehtypéseof pumps are very

el ect roporati on chanber .repeat edl. cei ves high I,
pressuioL R ARG SHOEAMED Bl eCttrL T gL fpdpg nabilty
to malRaifi Ofdryt RBukE HoRPHRE 'c‘ﬁﬂn?ﬁ‘g‘lr{ﬁﬁf 280 ddiSdnafder eRRfi@dRd Their

cells 15 especially inportant. However, while the
advantagelienig previdimgaiigly flow geteslaidowyypressinegi ng cel |

suspension in imediate contact with nmetal parts which

.are in their turn [ ' . .
pose{} Spp sl By BBRER PHEF b & HERR pying i
fluid Vi @e4r0,Qdiktos, i phessnse X sk, 0 stadrydevises These megisgpgicslly operate

of el ectroporation processes ejther neglect or _ .
at lowgy gnaedplare ks sepstiveriachengss ibfiselsgriend sofign Gpndiieny, and allow

o PRI D o IRRSLE. LIS, i B o o

displatemdrit @uampothi G vions theise fdrwagtering fluided Thy ndteritgepimp can thus be
conductivity of water, ar, .equival entl. t he cell

defined 38 bty dierlagapmient fowts fiestimeride PERYIdd ¢ VFL RRROY pghiepeatable

Bhi Eifel® &g BRIt dMplidemehd MBteBiRaHRRIps BF: 11
flow \%%gtﬁqg%gt ltraﬁgcg? is@acconﬁll [ st%)ed [ r? t he emng? ps s ormaty

classifiddf pgiretaty wayeciBocRing.| Koty pyimpsamwplude fgeaty lobe, vane, and roller
(peristaltic) pumps. Reciprocating pumps include diaphragm, piston, and bellows pumps.

C. Other Components

An electroporation device such as that described herein includes various other components
such as one or more electronics module interface, computer, monitor and other electronic
circuits and software of which one of skill in the art may readily supply. A general layout of

electroporation systems and descriptions of various other components of such systems can be
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The flow of various fluids and/or gases that may be
associated with present invention nmay be regul ated by

WOr@s5013820r € punpi ng means, val ves, or other nRERES2005/016728
designed to cause, inhibit, or totally bl ock or

otherwi se regul ate flow. This may be acconplished by

€ Pb1idREe DWIPPaldiat 5| NBUSRODHI029240, 0td0880073238,
found ?Puilglgh?%?o IItghe elaectroA%gIrIgatﬁiBgn clz\%grrber, one or

20030059945 anp 20010801 ¢fdaphichl dre Buspersédirerein bytrafgrenceui d out

of the el ectroporation chanber, or conbinations

thereof. Cell suspensi m@s‘so be caused to flow

into an out of the ele on by punps or other

chani cal, devi.ces.that. cha the ai.r - .

The ol xR E AT R BB ETs By Torftd o IR eE g he mvention.
Tt shoufd"BedippRiiated BY albdeyoMERIlIbG s et thav ehatdshhitues disalopddein the

between a pair of electrodes. Valves that nay bgm%s.ed )
examplen sihicdi fdlopi iepresent] toedmiquegdisepyaryd bx themverion o funghipp well in

yal v IRV eifor Bk Lt RfdRRd modes for it
the pra%tbcr?pq%é]ile ye%?mpgl?? F%%‘@’%Pﬁ varel‘}%)dli%eceofgrlbodi %ﬁt S, &Onﬁg or

practicSlBYHb®ewip imye cbft skill eiguihat &t ahchldeirelighthef fthowresent disclosure,
fluids within a devjce. The

i fl ui ' .
appreciGia gy ARECHERN BT SPPIRG RGO RPRS whfth are disclosed
and stiggcﬂ?éiﬁsa %iﬁe E@gin%’a} fe&AY ML Sutedtd a@shrdrh Uh e %pirﬁaetndrﬁctﬁﬁe; of the

ransferred, dispensed or netered, depending on t
inventiappl i cation. As these devices are designed to use
smal l er and small er volunes of fluids, the

requir r j one

or cat SEAREHE Y VARIAREE SR PR Rt ROrRHERIORS

using either centrifugal or positive displacenent
An exRHpREy &edidpofatieal stdypwad randfcted esimggyegntatel fdruvatiable flow

via a spinning inpeller, converting the i [ler .
clectropoistiy. Terkel oolls Yriesised as oRodeh SRS ReOFT (rossihg ggotor as
model tgéxglsgm%z {oﬁ) %&Pﬁ%ﬁio\ﬁ? .41} Ef:ll? ?iﬁ%ﬁt}fes e iU 67 FeRL BEIBANL and the

are typica not ‘uti or netering due to
plasmiti@héenitatbih ik Y1 000ugrmlNDaIAN o pTY 2alesmidlt € 5f Ko)whishdwan express
changi ng inlet and di scharge condjtions. Their .
eGFP (atiecariungescrniasoton) pi 8y PEICAT ReIRfedemgy plafagagsamp)p fluid or gas
(1 - Wi Stddc¥ i i e 18Ycomprising the
from HERTHE ith FRELHCYEEhCRIRE BTN IRNIRRS WIRCE SilplEcomprising
Jurkat\éeBs @eBths, GIP staos, Thé apibsanpis was sttroponatedtdveing transition from

) devi ces. These punps typicall erate at wer .
in-flow o eticlow 8 SFRRL. SR PR BB gasor/ e SR pg shamper wit
the cofbGhitaR AN traf-saffple Aulowt bhowrieguliagions &ntrol cells, cells

adj usting speed and displacenent. These features_have
process@diasihp e 400sil istatic pireqesncadealls puegssehesiop v KosmE nysriable flow

for metering fluids.. The neterin can thus
procesadicred 95 PR Togide RugHRaEsH R C e POR oRaSY o A1 {3 shows @
histogFn? \ﬁ.h%@ragn% fhy rRLRE o7 A0S hSPpaatiabIGEPl Hagrevdehtd in @ontrol cells
e

speci apacity range. Positive displacenment
(FIG. MRASS ¢etly ppocgssedansingardodl by statia peodese (Flss 1280 ang sHs processed

using rgﬁél() E&fﬁgéébqg ﬂo@ogrggelss WSIZbS]C i*’f&e 19 586ws tlh(e) %8nsi¥t§1§]c§f’ of results
using variable flow electroporation from unit sample to unit sample through 14 consecutive
sample fractions. Cells were assessed for GFP transfection and viability, and sorted in to

dead cells, viable cells negative for transfection and viable cells positive for transfection.

30



(peristaltic) punps. Reciprocating punps include
di aphragm pi ston, and bellows punps. C. O her
w@iosomsed s An el ectroporation devi ce such as PEEUS2005/016728
descri bed herein includes various other conponents
such as one or nore el ectronics nodul e interface,
conput er, nonitor anngggggﬁtEgtronic circuits and
software of which one In the art nmay readily
The foﬁé{xgiﬁgyref&e&%é‘,e{oa{he' BAGH th%% 64518 QicBp Ry PYSICBHR or otber
an escriptions of various other conponents of such
details symilensntagn thefiasanstt i fortPuiEréishew spegifi@lly eipgorporated herein by
Appl i cations No. 200400292240, 20030073238,
referencsn30059945, and 20010001064, which are i ncor por at ed
herein by reference. EXAMPLES The fol |l owm ng exanpl es
U.S. Pafdn®4i7B0lsgged to denmonstrate preferred enbodi ments of
the invention. It should be appreciated by those of
U.S. Paggait 51612207he art that the techni ques disclosed in the
X ich follow represent techniques discovered
[szﬁﬁ?ﬁgﬁtﬁﬁﬁﬁgntor to function well in the practice of
U.S. Pdidi 61090g91t7i on, and thus can be considered to

constitute preferrga‘fndes for its practice. However,
U.S. Patens ppdicatiqas 2001400LP* ar ¢t shoul d, in Iight of the

gk scl preci ate that many changes can

Us. Pagéerﬁmgm%}&t%%gég%gg?ﬁc enbodi ments which are

U.S. Pdérg Appdiedians@083007B23bt ain a like or simlar result
W t hout. departin the spirit and scope of the

U.S. P%ﬁ\‘ﬁe”rﬁﬁ’&ﬁ?@@bﬁ‘%@ﬁ@ﬂl ABLE FLOW ELECTROPORATI ON An
exenpl ary el ectroporati on study was conducted usi ng
regul ated or variable flow el ectroporation. Jurkat
cells were used as a nodel system and a GFP expressing
vector as nodel conpound for transformation. Al cel
densities were 4 x 107 Jurkat cells/nL and the plasnid
concentration was 100 ng/nL DNA of pTM2 plasmd (~5
Kb) which can express eGFP (green fl uorescent
protein). The process included renoval of a non-sanple
fluid or gas froma chanber; with the conconitant
filling of the chanber with a sanple conprising the
Jurkat cells and the GFP vector. The unit sanple was
el ectroporated during transition fromin-flowto
out-fl ow of sanple. The processed sanple was renoved
formthe chanber with the concomitant in-flow of
non-sanple fluid or gas. FIG 11 shows control cells,
cells processed using a 400 nL static process, and
cells processed using a 100 nL variable flow process
assessed for propidiumiodide fluorescence or GFP
fluorescence. FIG 12 shows a histogramillustrating
the results of FACS analysis for GFP fluorescence in
control cells
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11.

12.

(FIG 12A), cells processed using a 400 nL static
process (FIG 12B) and cells processed using a 100 nL

wo a005akd8e0 f | ow process (FIG 12C). FIG 13 shor€T/URM®05/016728

consi stency of results using variable flow
el ectroporation fromunit sanple to unit sanple
through 14 consecutive sgnpigmisfractions. Cells were
assessed for GFP transféection and viability, and
sorted in to dead cells, viable cells negative for
transfection and viable cells positive for
transfecti on. REFERENCES The foll owi ng references,
tA eflewtabertroppation hpipogss oedraRrisng: rpgElijng sampleu gy dhrough an
et.al | s _supp t in,
3 TophaiPh oAy BTE0 AL oulte 1B GesRt in Pl 150
U. S. Patent 4 752 586 U S. Patent 5, 612 207 U. S
Pelteambcdss OT 414051, WisreifPdicesample 8@, i§ HHrouglSat Ratteme closed fluid
Apglications 20010001064 U.S. Patent Applications
0059945 U. S. Patent Applications 20030073238 U. S.
Pat ent Applications 200400292240CLAIMS 1. A

fT&V\?I%hss%tdmghaﬁl QerRfOfe Shits AP brctubell bf dethRingBow rate of a
e flow through an el ectroporation chanber,

vdampéeﬂnmmthanhgb@omsatwﬂ@b@l@b@d in separate units. 2.
The process of claiml1l, wherein the sanple flowis

OpgReAlof SRBL CNSLRSRY Wbl ty'aﬂeg gceégyyy;swef 808 $Bundary

units are uce C ng

fﬁdﬁweérﬂh@r@ées@dmﬂr@k@egdad Qulyimes o€ thel sanipteopor at i on
chanber. 4. The process of claim1,” wherein the units

are produced by providi boundar bet

(s geeess 9 claih 4prEr§§’stB%b9/‘H}dﬁ%§ agas Ph%@‘éﬁm e.
The process of claim4, wherein the boundary is a gas
théi}allo'cgéé' : c18im INOhBERCHE DoRhddrl 3 ProAidedh®f eydling enon-sample

boundary is provided by cycling a non-sanple gas or
f gagiod flund mte the chmhtrdetireniwe v mase Gectians ©f thegemplns
of the sanple 7 The process of claim6, wherein the

n@]als)%?ﬁr% cg wh&lé dtha%oﬂ' g?ecgeg ctrrlﬁ)(ﬂh& 'ikedﬁgl%‘étaeﬁ'om the

unbroces
chamber by a volume of unprocessed sample.

The process of claim 6, wherein the non-sample gas or liquid flows into the chamber

by evacuation of the processed sample from the chamber.

The process of claim 6, wherein cycling is effected by alternating sample flow

through a first and second port.
The process of claim 9, wherein cycling is regulated by one or more valves.

The process of claim 1, wherein in a sample is mixed before or during entry into the

electroporation chamber.
A flow electroporation chamber comprising.

a) a chamber containing at least two electrodes; and
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13.

15.

16.

17.

18.

8. The process of claim®6, wherein the non-sanple gas
or liquid flows into the chanber by evacuation of the

woe@sassed sanple fromthe chanber. 9. The pr oRE€FESWN5/016728

claim6, wherein cycling is effected by alternating
sanple flow through a first and second port. 10. The

procesy of gliedsiBee iy, eitiereid qi)i ndirstporeguioatadpleyflow into a
one or nore valves, 11. The process of claim

wher ei n i n Qa8 E) Rscaderothds SrePioresied |S?¥§Ig]§nfﬂ<}‘y out of the
into the elgghfop %%1 1?@ tﬁ&ﬁ%@ s fol fio 1—'@31{1{83Vﬂu1d or gas flow in or
el ectroporation ¢ha i sing. a

cont ai ni ng att df ehxsthmﬂmr e\t/]mremdﬂeapn-amipl)e fatid log s flows out of

th t wh f | e
1 ow i hio AberbRBBF 0ek s Sl i en e Sghder ufd the non-

processed Sﬁﬂ{ﬂl@ ﬂfuhcp\% S8 f18%s tlﬁl% B adHagiber /heén (prodelsed sample
third port for non-sanple fluid or gas flowin or

out of the ﬂ@ﬁﬁb@ﬂﬁﬂmhéﬂémm?the non-sanple fluid or
gas flows out of the chanber when a sanple flows into

the chanber .and
P GRETRRER* EHEn 1 SR i by p i OB AANRON D one or
cariampleléontaifie. charber of claim 12, wherein the
first port is in fluid comunication wth one or nDre
sarrpl e container. 14. The chanb f cl 12 V\he
Fed gwetien Ogéﬁ’tm 13 Vherngreeconmen o G b B BiEG Vit one
@Rt ai ner. 15, The chanber of
n?‘gﬂﬁ?n‘%fgg&émi& ﬁﬁ;‘i@t)éhogl third port is in fluid
conmuni cation with a reservoir container, wherein_ the
r Ehe x:lwamberocnfmlamn &g, Wbmem tthg ﬂalrd poFt antfiuid cop@unication with a

nonsa a r

fiepTs s whirg e G KOGk S RARPRAATor! oyt of the non
Toen s aﬂm r%afs velmanvﬁe%, th@avdnitger ad fill@hsipaiitully flbadtweith a sample
17. The chanber of claim 16, wherein at least a fourth
pwelumies in fluid communication with the sanple

cont ai ner, the processed sanpl e contai ner, the

n Mof Lk ar eagent

ol SRR o i) ML 4 R R b vt oo

conprising: a) at Ieast one sanple container in fluid

c @henchimabén oficlain H6awherein at least a fourth port is in fluid communication

with the sample container, the processed sample container, the non-sample gas or

fluid reservoir or a reagent container.
A flow electroporation device comprising:

a) at least one sample container in fluid communication with an
electroporation chamber through a first chamber port, forming a first

fluid path; and

b) at least one processed sample container in fluid communication with
the electroporation chamber through a second chamber port, forming a

second fluid path.
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19.

20.

21.

22.

23.

25.

26.

27.

28.

29.

el ectroporati on chanber through a first chanber port,
formng a first fluid path; and b) at |east one
wee@sasised sanple container in fluid communi caPCDOS205/b16728
the el ectroporati on chanber through a second chanber
ort, formng a second fluid path.19. The device of
eaderiaof Llamhts, foghpr camprising af depst obhaonsAnplengrid or gas
f | h
rbjebbt 8L SHRF BT R RS W iR Bt heh S third

chambemgre fédding a thitd uip phih. 20 The device of claim18
wher ei n the first and second port are the sane port. 2

The lajm 19, wherein at |east one fluid
Tisrdevice OF Hofia S Reraioghs Bish A ascond 8o 8 BeSghe ROtk 1
21, wherein the first, second and third fluid paths
ﬁfe%e@lc@%?@laﬁﬂlQdeﬁ%ﬁhsat 143t onbuid B¥thG&a Sfos€d Bhitphth,
wherein the non-sanple gas or fluid reservoir is a
non-sanpl e gas or fluid container. 24. The device of
Thegericedf cmﬂéb ihetgin the Alrgasgsped gk thigd fhyidpefhs are closed fluid
I; ervoir is the sanple container, the processed
sanpl e contai ner or both the sarrpl e container and the
processed sanple container. 25. The device of claim
']]1& dewiverogicteimhie, ssewindthe non-dappletgas sr finidfreserebir is a non-sample
mrgnl catl on with the sanple container of the first
R4 t he non-sanpl e reservoir of the third
fluid path distal to the position of the
B LA QRPEN @hin® M9 ChRdFBIAIthé ﬁoﬁ@mbne s 0@ flultereRé96R 96 €k sample
sanpl e container in the second |UI d path. 26. The
apetsines, die prosiessed anply chRpingb PBrhsh rfge Spmpleg senigiper and the
atlvely coupled to at |east one
&P%}% (psgf[}??ezgonqgﬁe device of claim 19, wherein the
sanpl e container is collapsible, expandable or fixed
M dsvice Felaiithy), dehetate thefsecdral finid athdaén duidl dodmemunication with

Brosesied LS gonaier e col g be, CipadaRls.
)8 aﬂhglgkgﬁﬁﬁp{o }Qaﬁodﬁ?c{on] blid 919&?@0?&[ onl Shadfet Qf?srbﬁhgn to the

exp e or |xe ume. 30 device of claim
frBcesedtbsapipie Edniaiderfih dlve senondBuideaibce i s directed by
t he opening or

The device of claim 19, further comprising at least one pumping means operatively

coupled to at least one fluid path

The device of claim 19, wherein the sample container is collapsible, expandable or

fixed volume.

The device of claim 19, wherein the processed sample container is collapsible,

expandable or fixed volume.

The device of claim 23, wherein the non-sample gas or fluid container is collapsible,

expandable or fixed volume.

The device of claim 19, wherein fluid flow in the device is directed by the opening or

closing of one or more fluid paths of the device.
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31.

32.

33.

34.

35.

36.

38.

39.

40.

41.

closing of one or nore fluid paths of the device. 31.
The device of claim19, wherein the first and second

wo basdiysas h are alternatively open and cl osed. PGRUSZ0#&016728

device of claim 19, wherein fluid flow is nodul ated by

one or nore valves. 33. The device of claim 19,

e idevice bff Wiadhn f1loowhersinnhe Wiratagd sbyondrituid pathmire alpermgivedy open
nmeans. 34. The device of claim 33, wherein the punping
#8épes¢d a punp. 35. The device of claim 34, wherein

the punp is a peristaltic punp. 36. The device of

GhaldeVide of ¥akh §b) nwﬁé?@inriﬁﬁd ﬁB@lﬁs hl%dﬁl‘dfm HySond ok Wdre valves.

conpression peristaltic punp. . The dévice of claim
19, wherein fluid f|OM{IS_nDdU|ated by valves. 38. The |
daei dewricef ofctlaiiml 8,7whemey @iid fawity Hﬂdb%tqubmﬁﬂ% PR{EYE PPMpme
unpi ng neans. 39. A flow el ectroporation device

ising: a) at |east one sanple container that is
in fluid conmuni cation with an el ectroporati on chanber
tTheQegite af tlaih 33 cWherbiarthppurhpiag dndaheised patg.opor at i on
chanmber is in fluid communication with the sanple

cont ai ner roygh second chanber formng a
FihesEvio gt laa i, By S BuGP SreTTOLbLERS campl o
container is in fluid comunication with the

%&%&%%@41%353 ReeRen tehiepid@ificdpinip (da ahpedigpregiun peristaltic

and the el ectroporation chanber is in fluid
qumpuni cation with the processed sanpl e contai ner
through a fourth chanber port, formng a second fluid

pﬁb deeggcg éof cpa?mq%v{vﬁgreﬂlf ﬂlﬁh ?]!OW i3 ?nod‘ﬁﬁl? atll?&

npl e’ cont ai ner SO use as a nonsanple
gas or flui d reservoir. 41. The devi ce of claim40,
ey divitetdfelaimrs7s avplein fidd flow i mudalatesteyr ¥ pimping nidaes.
sanpl e cont ai ner, the processed sanple container or

bok{g} %e l e c nt ai ner .and the processed sanple
A E‘l‘thP? at}ﬂ‘? CHISE CRBPHYOL ai m 39, furt her

conprising at | east one punp operatively coupled to at

| east gne fhuieskt Rk Rampfe. coblfgndtamaice inffidd @omndMication with an
wherein the sanple container is caollapsible,
expandabl e @ectrgpeeationofcharaber through a - first chamber port and the

electroporation chamber is in fluid communication with the sample

container through a second chamber port, forming a first fluid path;

b) at least one processed sample container is in fluid communication with
the electroporation chamber through a third chamber port and the
electroporation chamber is in fluid communication with the processed
sample container through a fourth chamber port, forming a second

fluid path.

The device of claim 39, wherein the processed sample container is also used as a non-

sample gas or fluid reservoir.

The device of claim 40, wherein the non-sample gas or fluid reservoir is the sample
container, the processed sample container or both the sample container and the

processed sample container.
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

44. The device of claim 39, wherein the processed
sanpl e container is collapsible, expandable or fixed

wae o00ae3s2¢t5. The device of claim 39, wherein fPai/usSioodoec72s

in the device is directed by the opening or closing of
one or nore fluid paths of the device. 46. The device
OfhLh&idB @@elalmg Sufth&hGonky rshls 39as§ Sﬁ@?_ﬁlm ggbﬁtlgé‘lglrboupled to
are alternatively open an ose vi ce of
citdeast @, flvidpadin fluid flow is nodul ated by one or
nor e punping nmeans. 48. The device of clain147

[ ign a
V\fﬁ 86\& lgﬁrénf%r? ?\ﬁlgleen? f’he sampétp p(gerIaIS st (I:olgl%gggfé %&fﬂﬁable or
Theeddetiae. of cl ai m 49, mhereln t he perlstaltlc punp
is a full conpression peristaltic punp. 51. The devi ce
of claim39, wherein fluid flowis dul ated h ) .
Ve &Svice T qifEn Gy eergn e aasied WHEPE tPuEPa s peligosivle,
| & JAREHH &b ek v AuRENPI NG MEans.

The device of claim 39, wherein fluid flow in the device is directed by the opening or

closing of one or more fluid paths of the device.

The device of claim 39, wherein the first and second fluid path are alternatively open

and closed.

The device of claim 39, wherein fluid flow is modulated by one or more pumping

means.
The device of claim 47, wherein the pumping means is a pump.
The device of claim 48, wherein the pump is a peristaltic pump.

The device of claim 49, wherein the peristaltic pump is a full compression peristaltic

pump.
The device of claim 39, wherein fluid flow is modulated by valves.

The device of claim 51, wherein fluid flow is modulated by a pumping means.
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