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ELECTROPORATI ONCUVETTE W TH SPATI ALLYVARI ABLEELECTRI C

FI ELD CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001]
wabiog/1e3pl i cati on clains the benefit of UnitedPt/asme9/033788

Provi sional Patent Application No. 61/030,074, filed

February 20, 2008, the contents of which are

i ncorporated herein by reference in their entirety.

BACKGROUND OF THE I NVENTION 1. Field of the Invention

[0002] This invention lies in the field of

HLEC ERORORATION CUVETTEVITH
SPATIALYN VARIABLE mﬁmﬂmn

electric field to the resulting suspension.
particular, this invention addresses electroporatlon
cuvettes. 2. Description of the Prior Art [0003]

El ectroporation, or electric pulse-driven
transfection, is widely used for inpregnating

menbr anous structures, such as |iving biological
cells, [beSSﬂﬁ&FEREGKﬂb§KbREH¢¥REDhKE&b§éﬁ ION

nol ecul es. The structures are typically suspended in
an aqueous solution of the exogenous species in a '
hi gh-conductivity buffer. Normal saline is commonly

[0001] mseébpﬁaaﬁdhecmﬁ{sftﬁé bé&riehic 6f UhitedSidics iPpowisional fPlatsnt Agphcatlon No.
relatively low resistance to an_electric cur

61/030,074y fited Ehmarﬁe?-(b 2008 66 coicrth of TBishR InepRROTAtad horin by reference
in their §1? %r able to the viability of nost nenbranous
Y9t ures. The suspension istypically placed in a
cuvette that is equipped with el ectrodes, and
el ectroporation is perforned in the cuvette. [0004] A
prime concer BACKGOROUNDIOP THRINVENTIGNdIUre is
ef ficiency, which is defined as the nunber of
menbranous structures that are successfully
1. Field ofthe myandioni n t he procedure. The goal is to
i npregnate as many nmenbranous structures in a given
[0002] STHhip hleveae'omﬁssihhheﬁeldobfbtrcn'apkﬂeti@adﬂhﬁ pocess byvéhictoexogenous

molecul%gq%g%l\éspe ggslgq%lrtg %OSSI bl 5 HI%% b‘;"%lquernl(lﬁng%e\scﬁtucmes ina

liquid solution of the exogenous species and applying an electric field to the resulting

suspension. In particular, this invention addresses electroporation cuvettes.

2. Description of the Prior Art

[0003] Electroporation, or electric pulse-driven transfection, is widely used for impregnating
membranous structures, such as living biological cells, liposomes, and vesicles, with exogenous
molecules. The structures are typically suspended in an aqueous solution of the exogenous
species in a high-conductivity buffer. Normal saline is commonly used as the buffer since, in

addition to offering relatively low resistance to an electric current, normal saline provides an

* environment that is favorable to the viability of most membranous structures. The suspension is
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uniformty is an elusive goal, however; a certain
degree of variation is inherent in any el ectroporation
wWee@esadsre, due to the di fferent | ocations andP@iysi00€033788
tation f the e ys st.ruct S ra
typically BlagSdjrEh e fhase Falg AR P ADY S S roReRinuS pegfamed in
the cuvetl. ol ogi cal cells, a further source of variation is the
range of maturity of the ceIIs since a typical cell
opul ation _contai ns 58 i QuUS
00041 - A gng SRRt ) ieEBtrafio prof B orhbRERS piitlig Befined as the
number of @ﬁén@r@tﬁoﬂlsfﬁxaﬁﬁ@tthad lapRicedssiully iRpRighsted it thtipedcddure. The goal
intensity is determned by dividing the inpressed
is to imprggnate gemeny prembianaug SEECtiies iibe Blven saraple @s pewstie angl fo cause each

structure %&I%C%IQE ta??lﬁ e?? ra?ﬂé?ssﬁ)le;‘ q:%%l(n%e %Sinlbelv\ﬂ)é Alof%&}lgsr ?ﬂ&ﬁé hn;?p gnant. Full

e ce Iven

uniformityti§ emelutiye gdalphdweek; Scetfaln depxqeasfivariagordisiftiedért Wehny
| ow voltage difference while the voltage difference

 electropogation Pregsdite, gye todhe diffesent docafipps gnd nhénslaah arieniatippgef the {

membran%gés%%hesgﬁelﬂv{eltg ;@ggtﬁéﬁéﬁo w? fapgeﬁ% \é@ﬁé S 546

econme su por ous
biologicat celpemfitrthet squrecolf vénatlbm isvthé tengre oflnfafeite o€ fhelcellst @mce a typical

cell popurai)t,igp gortl %ﬁ*}&i@% L n%qutE oLe I(Ia?egﬁﬂlf @\gglg% &%mg?e ce 1 hne can

therefore ﬁh@@éé’l@ RPGHT-ON Fa&atie Tha %le@% REE hidRYS i OR&L iR by dividing

dresses the varrations in voltage |fferenc
the lmpreescgmﬁtembxd theydiggidedetvecoitheeleotrndes,dmb the withgraaosss siigle cell

ifferent .dia ers i n-@ | e n
wil be rporsEfidn ot Sty Tt [0 s RBE MRy, o clls wil
expenende&ﬂ’éﬁﬁeélty 16% VR tagOdiSfeFRes vhfle tHE vRASE differelld€ experienced by large
trodes in the cuvette that produced the

cells will @r« é@ﬁﬁl‘(ﬁébh@hr dhthefvpliage differcaenisitorian thecqll wallicwillapt become
sufﬁcwntf){fo%ﬁé ) a{lloﬁJ tﬂeg‘ﬁ) g‘c%lés% étttaYe 1?([ ifetﬁe r oage ?ﬁge?éﬂc%rfs {03 high,

uvet a secon pai r el'ec
theresultmgcch)pq:lenﬂmﬁaﬂxtwillleaasbeeltluys&tte structure to i mpose an
electric field that will cause the cells to position
~ thensel ves according to size in an arrangenent that
correlates with the field intensité variation. The

el ect r odes use%UWA&é K DHENYERTION s are referred

to herein as "positioni ng}ﬁel ectrodes,"” while the

[0005]  Aneiscirgpeistion guvetisrhas new brepdsvslansd that eddrssses thecarigtions in
voltage dﬁ%?éﬂtcr & S efll:%fﬁ)b ?&ﬁﬁ }%ﬂ n%lnﬁ)%r{o%g %ﬁftrllctg{?s o% H%e%ént glameters n

e cuve
a single sedpendiom pEdeactdnﬁmmﬁc@pﬂxélwxﬁl “delis” iswsed REBINAD rerewht MEMmbBranous

are epergized ip sequenc he positioni.ngel ectrodes
species ingengigl.o o & 1 G cuelschGyadined trodins ox3ign jeffpct are

configured 't& Brodusd i BELtie FieR who& ifihdiy vA1ed with location in the cuvette, and a
second pair of electrodes are incorporated into the cuvette structure to impose an electric field
that will cause the cells to position themselves according to size in an arrangement that correlates
with the field intensity variation. The electrodes used for positioning the cells are referred to
herein as “positioning electrodes,” while the electrodes used for electroporation are referred to
herein as “electroporation electrodes™ or “shocking electrodes.” To utilize the cuvette in an

electroporation procedure, the two sets of electrodes are energized in sequence, the positioning



10

15

20

25

the el ectroporation el ectrodes energi zed second to
produce el ectroporation with a field intensity
W@ 2000a0330n that correlates with the cell size PCT/US2009/033788

di stribution. The positioning electrodes can renain
electrodesbaingeregizal firsitp adhicvs!the desingd spatiabsize fistribugiop pthscplby and

e cecsSRER PR <BF oA FbDAEEY P A PRGBS, A0 mensty
variation tﬁlae 84 QREE Hith@Re b4l HROEBribRHE. eTlREpdsitioningdlecttmlegcanremain

he el ectroporation is preferabléma pul sed el ectric

energizedi duging therelectvapioratipa, butds profereternbodimepsiof thsinkentiopdhe voltage
will.be cqnsidera I , Lt

cros BRI B e LSRR LR, ML ARS8t e

electric fiBRAREE e cRRttopBragoistgefetably 4 pulkdt electric dields Tife voltage used in
magni tude. [0006] Distribution of tlhe cel({s ccordin P

the cell pesitieningstep il be gonsidaralydess shaw theveliagedpq Ingpe eiggtroporation

step, by a? feak ec{n% %?&e? of ﬂl&l%%ﬁlﬁ(?éj )éﬁd ﬁf?)lr? oft tolth@e SRlerSof BhigARd&

est hé™~a surface charge on the celTs,
or a conbinatigon of hoth. Distrjbuti.on by the anoynt
(0006]  Distgoiiont lehss eongramesaisre cah bR ELIEIGY adtigt PR o th
differencngﬁ't%é &glsﬁgl E&f & i@ defis, bR 84 RlsHR O f thehim inflb Sui fabsIENREE on the
y the physica e

st ze can be achieved by th )
cells, or gsibinativnrd betle dDistritesior by lles aradunt of swrfacs changg bydis¢ldpan be

) ith additional nmeans such as the.yse of a series of.
achioved By gt g heuhi Aot DagriseBoagpisain o, B B8 ph il gy can be
achieved Eg@lﬁ@pqsﬁm% aB&EGles ith&@Glohe o Mflcafiidtiondeith Afditidial means such

i hvention are explained in further detail bel ow. BRI EF

as the useDHSCGRIBY b N GRg MemDRaoRESigvironptrx; Ghege gnd qfher means,
. ti i i | - t i
embocinB 5554, 45 e e B TR o A Gl bt

2 1s a cross section of the cuvette of FIG 1. [0009]
FIG 3 is a front elevation of another exanple of a
cuvette and Hd in accordance with the present
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND
PREFERRED BREEBDESGRIPEHN, OFAHE DRAWINGS o5
‘ defining this invention are capable of inplenentation .
[0007] FiGal issrpesspectye wwsxfmy!étemﬁnl,e%tfﬁéuvﬁﬁe%ﬂ%mn%m&dame with the
e Wil be best understood by a detail ed

t i\/\‘/,hoh?
present Iy B Hat i on of
[0008] FIG. 2 is a cross section of the cuvette of FIG. 1.

[0009] FIG. 3 is a front elevation of another example of a cuvette and lid in accordance with

the present invention.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

[0010] While the features defining this invention are capable of implementation in a variety of
constructions, the invention as a whole will be best understood by a detailed examination of

specific embodiments. The drawings hereto represent such embodiments.
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speci fic enbodi nents. The draw ngs hereto represent
such enbodi nents.[0011] The cuvette 11 shown in FIG 1
whamoaes3open top and a lid 12 which can be attBChEs2009/033788
, separate. The cuvette 11 is rectangular in its
[0011] ffdir: icwentted!l sbowndn §&Gt1 bats ani epeniomand a lid 12 svhich qagbe attached or
ar al

separate- i @veHL P S Beria 1 pRRRRRE o el y B e et four

sides. THeAR&Ht vl 13" iiYabk Wallhﬂdﬂsgmﬂa&bm&qna ed wals 88, Tehee xn?)ed to
and the narrowest at the base. Affixed to the two en

form a taperingprafile wigpthsenidess sepasation aithoiopand theenagiowest a the kase:

Affixed t§ l%l'(l)% t\)\%gen\%a\f)aﬁlss a{ﬂg eg#oseﬁ t? ﬁ%einéerzlgr éf h&%t agéjg paﬁ) of Qgposmg

electroded @7, 18awhich fdue td llesHosihg etalle dﬁﬁfhﬁ:h&hé}l'b&e ahanﬁedme non-parallel.
el ectrodes, and due to their non-parallel arrangenent,

These eletcpred@squ%\mtsm@k%@kﬁg&fieﬁh%@éh@t@ e aalel aprpagemsst, the
separatxogfbe ‘ﬁkéég Elte@tré) Sglr g% &c}ﬁﬂe Ellf‘ﬁett% ?p e g&lglrl ﬁfsla%gﬁﬁﬁon near

e Cuve
the base affthé blevemtav @iffieed ® the f)aHetllfJarr fidoeof ttmd:avaﬂe, is arfdrthdrfelecadde 21,

t e undersi f.the |i 2is as
and affixgs] E’_c‘g? 59 ofrihe T il b kPR Thebsgand i
electrodeP 8% the ?5‘5!1@&111% EeLiQes. [0012] The cuvette 11 is

symmettically shaped wth a centerline 23, and each of

(0012} 'TBE BT S syinseticaflg Shane ot i 25 380 e otske shocking

electroded1 ¥, 1B0R RN 133G cehtelf*ﬁﬂné he 26uMRktiged E&iftbdined 8 24, 25 are coplanar
shocklng el ectrodes are synnetrlcally arrange on

and, like Bietquaettsitself, the shpeking olettredesarm mmﬁm@iy arFanged pnjegthey side of
the cuvetf:eI c%%tsér ee 3I 3 I%c’;li(r{'g&ot h?]f_losg geé:ﬁlt%rgl ?)[f ] Eagcg? éﬁ%c%%{l%qu&?odes al&ng the

plane of thY¥ céﬁt@rlﬁb@ CRidhghd &%ﬁ&ﬁ%ﬁ&@kﬁédﬁﬁg@ﬁe&ﬁﬂe\b@ﬁﬁéﬂﬁﬁ@l chibvary and
not critical to the invention, although optimal angles

- is not critygal fo e peieation atltheummlrp@@ugm el deprird onehel el pepiudation and the

dlmensmﬁg ?ﬁtlﬂg ﬁﬁ \fgt tIS ener?lgs ?ér?edban%!e%ff% {hgge @ﬂ*%g%g I lx}% Etg 83f about

€ ran

1 degree dﬁﬂi’oﬁﬁ&S déegrebsaxst mpstefrefeaddly frbfrﬂiﬁo&bs) dégrbestto abet3 Ot degrees.
about 30 degrees. The non- Ear allel arr g{ ement of the _
The non-payallgljargngamesnt pb eshegking plsstrades sas alsp e desqribed inyiergs of the

ratio of t%{%grﬁtﬂeﬂvgggtthg e%@t Qe %&ﬁa@ ¢ woiteh &) e g V\IAZ 60995t & n éﬁ'f'o%vest

t est e gap I'ts narr st w dt
width. Thigirstio ceni wamar[dehaas/wmll,daitw amstmlsés, albapprppmte sdticciasathin the

range of {0 SBRUCEA i 315530 e relieebladiop Rl ooyt S0 B8 drection

of mlgratﬁ)kﬁ%ftth@eéﬁs a8 BfeyHrE B&ihi PBsifibndd ﬂfc@fdl oQfizel i&eﬁﬁ&lﬁllﬁ% the

hey are being positioned according to size genérally
cuvette c¢nj¢11119@@3,t\hmch is the direction of the electric potential imposed by the positioning

electrodes. The gap width between the shocking electrodes likewise decreases in the direction of
the cuvette centerline 23 and, as explained below, the gradient in cell size after positioning is in
the same direction with the cells decreasing in size in the same direction as the decrease in gap

width of the shocking electrodes.

[0013] In an electroporation procedure utilizing the cuvette of FIGS. 1 and 2, the cuvette is

filled with a buffered aqueous solution of the DNA, protein, or exogenous species in general that
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cuvette centerline 23, which is the direction of the
el ectric potential inposed by the positioning
web®@enosdes. The gap wi dth between t'he shocki nBCT/US2009/033788
) el ectrodes |ikew se decreases in the direction of the
is used agthgdmpregpanit and theeclizgo dadmpregnaied ked Hacedisal thawexposed surface of

v o 5T e B o PERAEH SR 1 e

- placed inSBEEuktE ﬂ&bhgh’lth@ito Sisenilfs be@pashed dgoR i dholigito dskgre that the lid
P

shocki ng electrodes [0013] In_an el ectroporation
electrode2gs éyeqnsact withj the P@}uitlm éwl@ptr@ Rettentialss imposgdcbetweenithe lid

electrodeﬁ;?va%gl\tﬁ Bf‘se & échgge ﬂ t §m§e Q}(&flé é&a@ gel%a%eﬁg&ﬁy%%g% h?élmve surface

ern, or exo

charge, rﬁlgﬁtlbﬁ ofl &E:d:eﬂs dé\hﬁwarﬂpﬂc&grtﬁe thre@.;i’tﬂl dffiee @ﬂie’tté cérﬁeﬂhﬁe 23 is
npregnated are placed on the exposed surface of th

achieved by |chiareang A tidielcodogs 24 piea aeedtive DOIRELYCanddhe basy pletrode 21 at a
positive [%L%‘ﬁge% i Ebctrgg tflﬂéé %edl b s hﬁ%rta% (?51 t!h@ manner of

uvette throug bdpeni ng,
an electrdphoreticanighation ims 3he mvtettaintéthmr tbwardethe bhsrea:di@;traae 2%, Dae to their

act wwth the solution, An el ectr] cpot al. is L
lower ma?%@b%%aalgéfs&éwﬁk Bt ot St £a Gpahg RS Ral e potentia s
discontinBeEEEHRARYZL1s PIVAGEadhk@IRM Jidm GEthE Sy BRResAl él%rﬂﬁﬁ@ afler the

negative Surface charge, mgration of the cel
smallest ciblaipare teachedrihe bottondi anddhé msulbis 4 $iee gradient of the nd:ltsrwmhm the

cuvete, i RN Gt HEme Yo Phist dBar Pt 1Pifigto giie Bwer mass

The shocRidgieldc#Bdd0l 721 8 b th¥ll pilséd) 9r&i@ﬁigréﬁc&§ctﬁ@ﬁ§1dqﬁ@ﬁ§@qhat is
the cells mgrate downward i n the manner of

greater atdhebettaip b thetdugetia dpedpitlmndrraverspraratinneafithe f:lﬁcimdegr The
potential '&g cgos%l X r\pﬁiﬁ% oetltﬁec %e{lﬁqmﬁlésrz a:]ibtpe aﬁesta ‘%Palgl?uty V\E tl%%agﬁge of cell

" sizes sincehliee tlastgie Iﬁehﬁht@sn}ﬂ' Rdtspiftacapidient 1h<&e£ﬂuig>tQWatd1the tohiei@Tehe

.any cells have reached the bottom of the cuvette, or a
cuvette (1§I"1%‘? irgctigp ogpesife te the ceHwizegapdient).| s have reached the
bottom and the result is a size gradient of the cells
[0014] Wintdlfemative meaneoft forminge @lisiiecgradient/in thrxacivate 11 andliéd2 of FIG.
due to. their,

t f the t
1, or a mip8 oF Rifer Cordioliiicine et fubole 5 Ripce & loing afin e cunete

Agarose R1086 girfifle ¥ a 8leQ o thatrik! £5&pbrdioNsf Beads RaholtRr SX£AIE! In
at the bottom of the cuvettée due to the narrower

general, a@afgmtax itleat O'éfﬁrStrh%stem@do itloesd] mtrmnmtaewctaqonmnsygaps or pores of

sufﬁcwnt%?ze&é %}%‘B\{v%he ceqfsgg' p%ss can E% S glgl? %{Qf%sgsrf@gxrgoiﬁﬁ Erzatlihﬁ és immersed in
a buffer selugioh loif ﬂlef itplrébniaiif, 8B ad i the miettidl des@itgdaBbed)the cells are first
i ncreasing toward the bottom of the cuvette (in_ the

placed onghe gxpqseh Syfrs6 of the saBireiag o sysperdeganyiriy and ﬁhe)posxtlomng electrodes

are energized to induce electrophoretic migration of the cells into the matrix. Under the
influence of the electric field, the cells will migrate into the matrix and distribute themselves
through the matrix according to their sizes, the smaller cells migrating at a faster rate since they
encounter less resistance from the matrix. The difference in migration rate can also arise from
the lower mass and thus lower inertia of the smaller cells for the electrophoretic force to
overcome. The migration time in this method is less critical than when the migration is

performed in the absence of a sieving matrix, but time is still a factor in achieving an

5
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[0014] An alternative neans of formng a cell size
gradient in the cuvette 11 and |lid 12 of FIG 1, or a

wore@ns0s71 further controlling the gradi ent, isPe€DUSIIATE33788
a sieving matrix in the cuvette. Agarose is one

approximgiehyrenmsingpussgradieny fiem il topsto the bottepeeithe puvstich Anproprigte or

_optimal n%gloalttlléﬁ élrrllggé %?éo%e? i esL Het?ﬁrﬂﬁéfm&@ﬁe %%Sérh?eng%n% av9 E]}Isc%sgrvatwn of

the resultiig dellrdésribiticil fOnceitdesired distribugioh (iw\adhﬁ’@ed £hé potearidd gﬁhed to
can serve_as a sieving matrix. The matrix is_ | mrerse

the positipping elsgirpdss is disentimedrand e sh%kl@g gestrodesdd, 48 arefhenpulsed,
producinf B URE AT541 LRGTPBA P e 6. Sy B of b Syl 80

narrower ﬂaiaaratwnarfdhé blectmg t Aot thg medthed de’sdﬂbe(ﬂﬂﬁwe e gotemxihal deop
duce el ectrophoretic mgration of the cel Is i nto the
across theidthsof e a%us if ARPIPRIMAlH & cprely prepetiontlitp dhe el sizes sige the

I
e SRRt s AR SR TPl S b e
[0015] ;%ﬁiﬁpﬁ%ﬁn&q”«@b‘éﬁ%@%%m%%&%@?@llg%ezéu Sigr EBnsephieved by the
cuvette smre shéwh SNERS.IN THlQ&WehQ B1 %ﬁ&ﬁd%@%r@id%ﬁu@aﬁ 'tosfﬁofef&'ﬁ(}s 1

| ower mass and thus lower inertia of the sm

and 2 excclsi ﬂos theadditivaalanelosion phisiceing endngbrerest33, 34 epamng thdharizontal

m gr in.this hod is lLess.cri.tical .tha
cross scofirdlf o AT BTSRRI 6 HOT A S BRBRSTRERG but the
number will @¥tyNgitiHe ieéds Hthe bYstdn,| Host tnbtdblyptht @kp&dted fnge of cell s1zes and
achi evi ng anapproxi matel y conti nuous gradi ent fromthe
the size of the qugeti cAdrspugisriizsfsepHaliaiuipesome capgspydlghpsbeachieved with a
single 5169191% t@%"@%@“ﬁﬁ} it *s%ﬁteﬂ{p?ﬁéf %Qgr ?) ag?cgcﬁgéyt&? (iio Bxe s1ev1ng
membraneewill bé agdc dlhk sibvitigimatibianes arOspaed apard 8lohg etk longitudinal axis 35

di stribution is achieved, the potential applied to the
of the cuygHe apd é‘ﬁ?‘?ﬂfgél“% fhabthe snqrabranc g thg dergest para sie is Closest to the

top of the%lﬁg&lfé %th%@?&fe% ot the rﬁé‘n&raﬁeasi Jh_%@es@i’\'rkfthfeécrﬁlﬁ? F]lfv{'a{?@ the base

an el éctric field Intensity t I's gre
of the cuvistiet bmthefenttiodinaent shoven, dbetwomembrangs dividsr the epettatinterior into

tree chaiihers iy £ 38 sratieahr Ghrdils A i B oeBra dsaSihafagorain

connectiof RAMPKIGTEL & bhyifibRMeg§&uY sPfulBR bt iHeNAprdegRahts pfeéd insthe Bsvette to
since the electric field intensity is 1tsel F

occupy alhperdioanef tha checitsiabgve mlpqiownél df she Beving rrtené)ra;we,emdéhe cells
are placec{ 919 #}% oqxpossedlslu}fac rfttﬂg SollEH ans % %o%r CH %‘F"%&}g SQ“B? hg R% is then

con a ce SIZG g

placed ovéxut}he ichieettel to Pldcd tige Sdpave pdkltfdxﬁhg aecﬂ'éde%%ﬂ\éﬁﬁﬁa@t with ied
lid 32 are identical to those of FIGS. 1 and.2 except

solution, gnekan; ¢lectre npientialds impreed Bestecn fhesne@mfgpqmm%@gct@@e 39 and
the posﬂn%%&ﬂ?d?ﬁ‘ﬁé]&eéme%rdt A YRL of the cuvette, causing the cells to migrate by

electrophoretic means into the cuvette interior. The largest cells are retained in the upper

chamber 36, mid-sized cells pass through the upper sieving membrane 33 to be retained in the
middle chamber 37, and the smallest cells will pass through both sieving membranes and migrate
into the lower chamber 38. The potential is maintained until the cells reach their appropriate
chambers, and the separation is less time sensitive in this procedure than in either of the two

procedures described above in connection with FIG. 1. The positioning potential is then

6



cross section of the cuvette. Two sieving nmenbranes

are shown in this enbodi nent, but the nunber wll vary
wowaok/103321 needs of the system nost notably theCT/US2009/033788
ected range of cell sizes %?d the size qof the

ex )
discontinges end the shodkane electsqdes 44 s theapulsed seipducing ar elgptyip field
ity 0 BEKEE T RLgl P GG RYNDY REDEAN il 37
lower 38 thansbess. EVhegsulting pateatalwirdp advessiubedidtithef the eellsthus inversely
. .menbranes are spaced ﬂgart alagg t.he | ongi tudinal axis
varies withdhe eel} figesasyn fheembniiments AgReioed, P Vehat t he menbr ane
having the largest pore size is closest to the top of
[0016] Theeleutviehltdrcuitiyt fo théevpsateofdledmdes istdenvensiobalaaekthe shocking

clectrodeg (e 2815 I EHEEHOBEMAT HEFOREorY RN G- HEHEY By ofthe gone

- b Yo A8 rmici iBibi QY filidy @utd B @8 HpasRRLS 36,

pulsers ﬂ%%%{ﬂe%g ar r%ﬁg’ég‘%}%ﬂe{%gf:ﬂy ,&[sgt in the fa??st nmet hod
descri bed above in connection with FIG 1, a buffered
aqueous solution of the inpregnant is placed in the
cuvette to occupy all portions of the cuvette above
and below all of the sieving nenbranes, and the cells
are placed on the exposed surface of the solution at
the top of the cuvette. The lid 32 is then placed over
the cuvette to place the negative positioning
el ectrode 39 in contact wth the solution, and an
el ectric potential is inposed between the negative
positioning electrode 39 and the positive positioning
el ectrode 40 at the base of the cuvette, causing the
cells to mgrate by el ectrophoretic neans into the
cuvette interior. The largest cells are retained in
t he upper chanber 36, m d-sized cells pass through the
upper sieving nmenbrane 33 to be retained in the mddle
chanmber 37, and the smallest cells will pass through
both sieving nmenbranes and mgrate into the | owner
chanber 38. The potential is maintained until the
cells reach their appropriate chanbers, and the
separation is less tinme sensitive in this procedure
than in either of the two procedures described above
in connection with FIG 1. The positioning potentia
i s thendi scontinued, and the shocking el ectrodes 41,
42 are then pul sed, producing an electric field ‘
intensity that is weakest in the upper chanber 36 and
successively stronger in the mddle 37 and | ower 38
chanbers. The resulting potential drop across the
wi dths of the cells thus inversely varies with the
cell sizes as in the enbodi nents descri bed above. |
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[0016] The electrical circuitry to the two sets of
el ectrodes is conventional, and the shocking
‘wWeb@enosdes can be pul sed in the same manner aRCT/IHXE9/033788

.of conventional cuvettes in any of the gene pul sers
WHAT IS{aLAIMEDR BYmer cial |y available as of the filing date

of this application. WHAT IS CLAIMED IS: 1. A cuvette

for gl ect § QUL fof BleliropB M AEYHEMBrlah st sttuBir&fof nonuniform

nonuni form si ze, said cuvette conprising a vessel -
size, said loavéttegcomplrisingiat vedsal Abviagiadongitudinal x$, apeér afipesitieging electrodes

BT e TR A R N
opposite §BesURAR 1bReiRIdHRS afis, 2 Slediripldiiddielairodes lﬁ',ingzélbﬂgated and non-

el ectroporation el ectrodes being el ongated an
parallel tmdefpmrasgapalecteasitg in width alpag saiddergigidingl #¥is.wi dt h al ong
said longitudinal axis. 2. The cuvette of claim1
whergi n each of  sai I r.ahi :
ot afgnt - Cariyerf el RS B bl B pERRoH BRecflodes has
a straight@enteHmeabotMiiit cetetlined bing ¢diphalar sithsaidridngitrdinah gxiaand
~angle of fromabout 1 degree to about 45 degrees with
forming ananglenfifeam about fiilegrpsapbauitdp degrgerivathiaeh 8INFT-sai d
angle is fromabout 5 degrees to about 30 degrees. 4.
The guvetife Qlvefb BF Blatm hUVAdIGh SGRTBETSS MEnPatRueY dBgtees to about
menbrane spanning sald cuvette and Transverse to said -
30 degredsongi t udi nal axis. 5. The cuvette of claim 1 further
conprising a plurality of sieving nenbranes of
di fferent. pore sizes s [ said cuvette, each said .
g e e Bt AR TIPS S PPbs e SRR Banning
said cuvelt@aad tractivBak 1¥di& longRudingl £¥4.Ng nenbranes spaced apart
al ong .said | ongitudinal axis and decreasing in pore
size_along said longitudinal axis in the s?ms L
di r et | onlbscuygite ofielapa ddprbergaprrister Pleraliphel sieKieg t e
i i i vinlg é bk ient
e Lo £ B SO S0 QR0 R0 Bl M i ot
transvers@to saihlonginalisal sikisysdid siesingfmerobrane sfap_amdsa',paﬁ alprtgsaid longitudinal
axis and X%noge.nggg ag elﬁczgtl S @g‘jﬁ'yﬂloﬁﬁé@@ﬁ@%&s”ﬁﬁ't@ sf]e\g}jﬁ (gilagction as said
decreasinBYap A4thon in a Iiquid mediumin

6. The cuvette of claim 5 comprising two to five of said sieving membranes.

7. A method for transfecting a population of membranous structures of non-
uniform size with exogenous species, said method comprising:
(a) charging a cuvette with a suspension of said population in a liquid medium in
which are dissolved said exogenous species, said cuvette comprising a vessel having a
longitudinal axis, a pair of positioning electrodes spaced apart along said longitudinal
axis, and a pair of electroporation electrodes spaced apart on opposite sides of said
longitudinal axis, said electroporation electrodes being elongated and non-parallel and

thereby deﬁning a gap decreasing in width along said longitudinal axis;
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whi ch are di ssol ved sai d exogenous species, said

cuvette conprising a vessel having a | ongitudina
waziog/10s37pai r of positioning el ectrodes spacedP@pﬁszoo9/0337ss

al on sald Jl.ongi tudi nal aX|s and

el ec o‘EﬁS’F%?lFlé Raid PosifipBig ! @836%0%%%% plsgrneus
SRR BinAA BB ML P PrREIA FLh ARgHBh bPRid
longitudihyl actéxf devrewging igajzede tressamientyrectionascialll decrmaging gapl width;
ngi tudi nal axis; (b) energizing said positioning
ectrodes to distribute said nenbranous structures
Wi t h ein
the. (7 2k Sad LRl ol BEhANIS S WAL Chifich Al
e]sctzcmomumﬂtéecstada tdicarset tramsfeatons af shidlexgenaisrsgegeginto said
P’g’( and I) W th said nmenbranous structures so
MEPOFNORE BN E er gi zi ng sai d el ect roporati on
el ectrodes to cause transfection of said exogenous
specges i ThomedHod JTRHMhANVHE el aliCduveRSis filled With ABhf@Golution
of claim?7 wherein said cuvette is filled with a

prior to sigpf(f)e step éa)morrnmisgﬂr loafing gaid megmbranoussiragtures at et ofssaid

‘long1tudlpzﬁ%j(ls vghussf arld gg;?lgl V\E éregttegtugﬁdjsrtg;afbg%ﬂ&?n?ﬁgqmﬁ)sﬁghﬁi electric

ongi't udi sard
potential BBvesh €4id Elctropdtptiobelsctiadeo f B gaagmt@deethwwm qf@beﬁid distribution
bet ween said e] ectroporation_el ectrodes of a mg rH t ude
by causingfhitiexgpiis] maigrabion rafgs of sdmembAnoyH stgycturgs dirppgh said buffer
differential mgration rates of said nmenbranous
structures through said buffer solution. 9. The nethod
of claim?7 wherein said cuvette contains a sieving
mat r 9x, sThepmetioded nhdmgewhg‘emmbuwattdcmaim aai@uimg matrix, step
tru tures.pver . said sie x.at an _end of
(@) compiiegs it e MmO B LRl B ol i e P gd of aid
1ong1tud1ﬁmx§stmré Bdid GRIRAdth @S greRlRRS hitDstéy (1 lcBRbFikés iRPbSAL A klectric
bet ween sai d el'ectroporation el ectrodes of a magnitude
potential ppiaeensaid ek_epfrgmratg,q} eleetrastes pba maghitede thafkillpjfect said distribution
r
by causinydirEle A el SF e bl RinoR g TR RO Sl siine
matrix. of claim?7 vvhere| n a sieving nenbrane is nmounted to
sai d

solution.

10. The method of claim 7 wherein a sieving membrane is mounted to said
cuvette, spanning said cuvette transverse to said longitudinal axis, step (a) comprises loading
said membranous structures at an end of said longitudinal axis where said gap width is greatest,
and step (b) comprises imposing an electric potential between said electroporation electrodes of a
magnitude that will effect said distribution by sieving said membranous structures through said

sieving membrane.

11.  The method of claim 7 wherein a plurality of sieving membranes of
different pore sizes are mounted to said cuvette, spanning said cuvette transverse to and spaced
apart along said longitudinal axis, successively decreasing in pore size concurrently with said
decreasing gap width, step (a) comprises loading said membranous structures at an end of said

longitudinal axis where said gap width is greatest, and step (b) comprises imposing an electric

9



cuvette, spanning said cuvette transverse to said
| ongi tudinal axis, step (a) conprises |oading said
woreosbnessous structures at an end of said | ongi eCUs209/033788

..axi s where_ said ga idth is_greatest, and.step (b). . .
potential Bgfsen geid QIWHBQ?H%B‘Q%\#C%‘F@@F ofe H&&l@ﬁéﬁ it %&ﬁ@é&%&%@l&m‘mﬂm
by causitf 34 FOARIAbLPATELEES (ARRFO brly TR ol ighbnthcs with pores
sufficiently smell tr Block Anrthegmigatioh.si evi ng menbrane. 11. The

met hod of claim7 wherein a plurality of sieving

menbranes of different. re sizes, are. nted to s

cuv eﬁ?‘e, g 8‘8 g %fgﬁ]%mcpﬁvg?rﬁgl "Tfaf;]é o g %Féﬁ?gfé"‘?‘a” giipn e?gcgrodes has
a straightSRAREEhABathisafl QRtbriBitls Bein@RL 1k Aah Rid Bngitudinal axis and
: successively decreasing in pore size concurrently with

forming ypangleleliremsboyt gdggred totahouistSedegtess vathmpach ether.| oadi ng
sai d nmenbranous structures at an end of said
| ongi tudi nal axis where said gap width is greatest,
and step (b) conprises inposing an el ectricpotentia
bet ween sai d el ectroporation el ectrodes of a nagnitude
that will effect said distribution by causing said
menbr anous structures to mgrate only as far as
si eving nmenbranes with pores sufficiently small to
bl ock further mgration. 12. The nethod of claim?7
wherei n each of said electroporation el ectrodes has a
straight centerline, both said centerlines being
co-planar with said longitudinal axis and form ng an
angl e of from about 1 degree to about 45 degrees with
each ot her.
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