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WD 2004/ 050866 PCT/ US2003/ 038470 LARGE- SCALE.

g ECTROPORATI ON PLATES, SYSTEMS, AND METHODS OF USE
WeePU3P™ppl i cations 5 This application clai nCT/US2003/038470

priority to and the benefit of U S. provisional patent

application serial nunber 60/430,738, filed 3

Decenber 2002 entitled "Multiple Well El ectroporation

LARGEReALE ECTROMRATION BATEESS PR E 8D MErvons

partlcularly, the i nvent icgp (gppcerns | arge- scale
(e.g., large vol une, mJItlpIe well, etc.)
el ectroporatl on plates, systens for use in

conjunction with sucg glaées .and nethods relating to
the use of such plat nd of the Invention
Il' hxd dpipliefliea tcladhs phbetyi9 la.thWe 'Bgnf,qﬁ f d§ ?lr?\g ECJIIEL?] Egtteﬁt application

formati on that nmay be useful 1n un

serial W§E§ﬂ/ 430:738n filegrd, Deqembsr 202, emitled (fivBsiimie WdibElearoporation
l"me§sH&Qr39tﬂ§@@gfﬁ@?'s prior art, or relevant, to the

present Iy cl i nventions, or that any publlcat|on
specifically or inplicitly referenced is prior 20

art. 2. Background. Electroporation is a

wel | - est abl i shed t echnilggtieabField)yi ng exogenous

nmol ecul es, including nucleic acids, drugs, and other
conmpounds, across nenbranes, |nclud|ng cell 25

r?élwdnmgn selates Weelmponanes Mbmpai'mﬂnrlyl, fesioveRtioRBhcerns large-

d, vesi cl es, i nvol ves the
scale (@%bl?fgg ation’ %Pﬁtéﬁ ﬁi % ¢4 Flgstppogtion Bfafeébﬁ‘yéteﬂsrf@h@ﬁehn
conjunetnogith such plﬁlﬂsﬁamﬁétﬁbdkl 8ting @'the h%f%ﬁ&le?laﬁ@ I's to be

made conpetent for the introduction of ecul es of

interest. Wiile the nechanism by which
el ectroporati on f“ﬂ&:tk!g%ﬁd b?th@?éveﬁxlﬂ;l y understood, in
the context of [ivl oration i s known
I {mradygiiinve t he breakdomn of the cell nenbrane s lipid
di n . tion qf transient or
Rl ifolvi ng Qescneoe}lonﬁg?nges%tﬁBp ma]'lmq,ﬁ Mmay hesefut in understanding the

PEF MaNente por

presentiimleftion. €l istridt eMb@hissibe thaehdy f¥h ﬂiff)rfrﬂé‘ﬁbﬁ'?s Yo,
0047 050866, PCT/ US2003/ 038470 1 the o O it gr Televant, to the
present "'ﬁif’ﬁ’é&%"“ﬁo‘?r thatiany aublicatdorespsgifiealissominipbcidly esfeiented is prior

cells and

2. Background.
Electroporation is a well-established téchnique for moving exogenous molecules,

including nucleic acids, drugs, and other compounds, across membranes, including cell
membranes and the membranes that form liposomes and other lipid-encapsulated vesicles. It
involves the application of electric fields of suitable strength across a sample containing, for
instance, cells to be made competent for the introduction of molecules of interest. While the
mechanism by which electroporation functions is not fully understood, in the context of living
tissue electroporation is known to involve the breakdown of the cell membrane’s lipid bilayer,

leading to the formation of transient or permanent pores in the membrane that permj{ exogenous

molecuies to enter the cell by diffusion.
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ot her |i pid-encl osed vesicles, electroporation offers
uner ous advantages: it can be used to treat whole
Wﬁ&?ﬂﬂ“ﬁ?fﬁ%ns of cells (or vesicles) sinultaneo®§T{US2003/038470
can be used to introduce essentially any
macronol ecule into a cell (or vesicle); it can be used
wth a wwde variety of primary or 5 established cel
Ir i ' t .effective with certain cel
1t BRZofRR Ja RN HEHOR tolinfioutihs KXogtbninrguee iesam cols and
other lipigkencipotd esivids| deatiopbmutibn Bﬂkﬁrnuméfﬁlfsiaﬁ%nit&@§ ipcfalnlbe used to treat

. dapt.at i t [l t d igin. Additi ,
whole SqRRIRFIPR el (5 VEsislemS i iaacoisI of o be wsasttoesroshies essentialy
* any macRntIlculdifiio AR1BI Vesitte); i€ €dd e Usid Wiﬁlsﬁ%i[%e@gr(?étg 59@-2:%%%/ or

.Cells can al so be el ectroporated prior to exposu
establishpd cetblines andiis pagjsalarkysfiectivsewitinceraiucsinies aadtitvan 6 ubed on

Lo G > | ered highly. conpetent, for 10
e T
~ origin. afdditionally,chectrbpyrati@icdiebe ke S¥lcdlsii® Eushnsid oS E'Lflﬁl(r)éﬁ gs well as

1 . the ng%fculescgi.g., exgression vectors encodi ng
cells in tissyes EARS Isican alse.bg §leqt5)p|g@ated Priqrdel expodure to the molecular -
ies Y Bé fiifobidoedGitto Yhe/ Q118 Tfikk | 2 ehderSPOdNCtEd D
Speclesp.os,i tioni or$ g a 0si n%l”e-lgwretgéf%gﬁg gipﬂp%rrae{'%esfe 'ﬁ@?’ CPWB?%'btefgr
transfeggion|og trensfernpgion bp £leelremtratodesfieriwhich thay cat fratRedpsbrad
0 S | e-cont ai ni ng 15 chanber such as a
exposu%iqg gkge’srg%lf%uq%su e.g?tgépre§écg1’ veé;t_oéJ ?“CRQHR&QHF] Opozg genes of interest) to be
introdu&dophysi cal Journal, 71, pp. 868-77.(1996). An
Iect&jc potential is typically applied using a

g@%?l b 6% V).(Vﬁz;{ecgﬁi)qrgnwp §E§1Uéfed &Y pebigbniog h siagle-channel apparatus

that incRIdBEAt&Et 4 pat S etl&:tr%gcsso uty Qzﬂh&{e a?xﬂségggﬁ? g{;l acs%ﬁ{ga? I-é]oln?agning

a cell population o té?ﬁéd rom- a

chambepfecthiaeia dispesabler aivétte. Sat,ieqn Namntamver 8li, IBieph9kical Journal, 71, pp.

o1 el sible depends on. such energi zi n par anet ers.
ses-77 {058 AT B PR T RPsRlN o S o fvstiapion s ulses of s
high-voltegedlédtiiofield as & solinfordstdubiensioh BorithiRingQ de) ?8 Lﬁgﬁon obtained from
. devg&%p n%$sta%e of the cells. It is bel e%e -t hat
a patienf, an S&Eb BRI TArmasion sereneraibie grireyesyible depentihien such energizing
RRHRIARE a I Ladie sites on the.
rnSE AR PRANEE By 68 oA bR ol o
type and perelopmsat $tagead thereellhi b ielseietedathaponbd fommeicl i8Cdripefineabilization
- fi tential. Unfortunately, i '
o the R hSBREERE B BB TR el e s vty Fce e
electrodesantrhlis & peitrice the FYhodahsiiehibrand 1eEflc! field Rfentil Ct[h%x&ﬂnalel y
_ . among cells in a glvegzgopulatlon. Variation 1s al'so ”
in a given eégfg@ﬁpqa}xog exsTIMeninthexsaeer 9€ pérmeabilivaios omeyrianewith the cell
' rol.vie conditions and cel
e, anlf S BParh i AT, SOTH SorRlelSh, Bl udf A iy ieen om
experimgal tb ekpertingnn using the sprap sdrmle eR6trélltecohdifion 198 el type.

i ndi vi dual properties vary, electroporation conditions
Furtheripdis; singethe pliedif oy Be BETee in teeeedmprlatians ofieglis whose
individu}zﬁg‘ﬁt@béﬂ_@s vé}y,aéléch’oﬁoﬁ'a@(lgn ¢dnginidas %’lpfcldllﬁ‘g%rg l;r' b&Q el'é%)e g%; ?@dress

B ment i oned above, el ectroporation adrtr
the “avemrgen qualitigs of g pamicdlas pdlspphkatis® si ngl e chamber

: i C ically have.a xi mal vol une of
ég}éﬁbﬁ%ﬁg a)ﬁng\{el, ?lﬁéti[og)rora?wﬂgﬂasf té?d%tlmﬂggg%coa ucted in disposable
single clednaiset coyEOE@ Wit typiSalihhdve @mauxwﬂsuohhﬁéﬂﬁf\zfa%m e nilliliter (mL) for

t edi ous, |abor jntensive, and require
purposes of electroporation . Such techniques, however, are tedious, labor intensive, and require



10

15

20

WO 2004/ 050866 PCT/ US2003/ 038470 optim zation. To
W&I?JO orts to increase the throughput of
ctr opor ation processes have revolved ar ouﬁ{']T/US2003/038‘170
mul ti - channel el ectrode systens, which have been used
for quasi-high throughput introduction of exogenous
nol ecules into cells in an attenpt to limt the need
optimizitmn. Tordans £€brs wgneredsk shef thoowgbpittofi elecirapotaion @rts:etss:es have

v SR S0 S o SRR B bt

throughpit iRPdduBtiof o ELHReEARE aBldciRE ikaBelRdn hf SRéthfdo litrft the need for
respective ones of a plurality of chanbers that hold

transferripgcells dtpam gtlireraeriaingss 1 Hemroppeatiee cyvettes. oY cprgntignal multi-
channel%Ye%{rhﬁchmZo é%n%gﬁglg&lg %é%g%&%?%ﬁ?% 6foeneCQr§Xésctﬁ:§t can be inserted
in respeftBerneics oﬁa phl,ralityl of chafséars Bhat drold tﬁ‘alexdgeinous"ﬁimermls:lmdl thesells.

Cormenfy St AR SRR abhes RS Ul AL b o

electrodé®(GéneBAlicklane, %ﬁbl@@&i @Wallf.§.OTkdse& ﬁeﬂées%pcotlkged foreidc¥bporation in
centineters about 12.7 cm (L), with a standard

standarq; orveH platess gi(lpgcélrcongg HER ﬁ@W@pndab?pwgy(mmféyg}ls gn¢)have a standard

sizeof ol TE 0 S R AL emSER iy o BRBA ep b e

spacingeif appropipwatey Odnmdimetemsgmimrbealeen twelipoSedt USnpaiént number
3578n¥ltiple cell sanples or popul ati ons have found
P7mi t ed application, they possess inherent flaws 15

Whale cbh{’@nttnohi] Q;'uﬁm Cﬁlﬁﬁﬂ%ﬁgﬁﬂxt @Q@@Gﬁo@ﬁxonﬁ'@@’@@s fol ¥Eiroporation of
i ncl ude that such devices two separate

‘ multlpl@@%@mlﬁsyr PABiHBtiqns éamﬂovnd hEItP m;&rp@tmnﬂleﬂnosgt@onh@dé flaws
that limJ'théY w cﬂ:?é c:adS a on§1§ [ LA e': s 1tn'8ﬁxg""ﬁg §¢'uc fit egl;ﬁs epmq%two separate

varl ous agen a suspens

comporeast nanedly & mum-&/eﬁlpldtahkﬁrknﬁédtﬁde arnay ﬂhbtes iBuegdanuie wells after

nmol ecul es, to be el ectropor at.ed |nto the cells) have
the varigsicageaifds.g- |aﬁuw8ﬂ°%af?<r%@mlyg hosf selfsdBRSuiEapls lz%er and the

exogenéM&' rh&ledul& Bk lelecitBidratdd RtPhe QEBYS) REveticeR Q@&Ql 5 S\Ich Qurrently
el ectrode array is not, and nust be cl eaned after

availablezsysiems avhiletibe awiti-yelk plarey rmaymetdlspgsatblﬁe therelpstrode atryHpoet, and
s b PLLE By B0 TR o O DRSO o

such systemk. Aaolhmymajoaﬂhwnn thatdesighi of suoh systemtisas tlfaethe/elebsodes of such
cannot n%ﬁﬁé 05|t|8ned in the, meﬁg as
arrays, giler puy 8"%%%% annog pe OP‘HB bt RAsHiop ndhewe %a%gome

clearanbd§pcd ﬂﬁst\’ﬁ%lléﬁ insé¥ing 11 A MG SWARE As' AL k3 pace
percentage of the sanple exposed to the electric

reduces the percenshgeoafthypsampld exposelftd Hieetasirid fecl@ Blactropgation dfficiency is

redu ed. SO, t electro for such te :
necessaE b 0 Sl KRR R FEBT: OL BB rPRo e e, ndrical
outer ele&rfddel adichosftidtEd &boaedentrhl ih Blebrédet lsadiea cSfipliradion inherently

configuration inherently results in electric fields

results greleeans fields of yasyige psengitis @f difisreahlocainng in eash wel. eother
dlsadvééﬁ%gle of é&(ﬂtég Ems ¢ tﬁﬁ%\‘\gnzf &gge Qét of Hﬁé?%ﬁ%ggﬁ%eie?s %Aglar}e

SN e set of Zl ng parane rs can
mvest\gamdast anyaineplaon aaﬁy: eu&meoqlﬂ ReiB,in &e arlaes whieelly wdé ipsichSystems

are ot e i S o S R o R B RS o g pois in

the arrdy/. THRE &pBinitdidn @kP@imealsae4uiRARe Bl JFSt leBst one multi-welled plate for
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the array. Thus, optim zation experinents require the
‘gse of at least one nulti-welled plate for 3 WD
SY%0%8866 PCT/ US2003/ 038470 each set of ené’F@ﬂﬁZWQ/%WO
parameters selected. Oher flaws are also known to

those famliar with such devices, including the |oss

of sanple due to wi cking of the sarrple onto the '

each setloé enargldmg patametddslidléctst. t@hehRavadQY 8156 Q%M%G&%ammar with
e volunes. are to be el ect r0ﬁor at ed

r
such d%ﬁ"ée\??‘i 8wg|thq lossofi gmele dugso é“aﬂthl% ofghg sapple piiowhe electrodes
tiRrQ4ig Of the to
ISR BT s, GRS e R oo

°°“V°ré1°9@‘t¢‘lhvmua$ iypivatiheipen “Bowd thrbaghe! spatmeReiens & PartiBy bﬁﬁé total
then enptied and refilled

d. Th
.volumé‘{oebeae?&:trpg%ged ése mﬁg%gggoawﬁ?c&ropgqager@ Fl@ﬁ&e&?‘@ 5 elegiroporating

pulses hh:&app&éd STHerthhmBerti®thzh e hék'lTEn(Prf fif€d AsSm
| ect ropor ated. The reagfgns © suci et?ﬁes onegran

e‘ectmﬁmagﬁ WPt theccells intng IIOIPbYOéqu:@fceélxmpﬂ ectopomaizdt Thoadasons for

h rdReGorVét i el r ener tor can
o rétbypl cnal P de ﬁrv e%efea?} g@gy q;tot)g%)]ar{?y 6{:80 pup mhage
electrogg,r\@@pq Egsmengmtoas camvigpicaliyndelivéneretdi tb Ioﬁl?aibo@tr RWPRRIK duSettes at

g T MR N D R,
is de]etaflblﬁmo tigsdel it ingle kainpie %ﬁ@r@@sﬁ'{lﬁhg 1@%E&tpm§eec§ea&f {ers] Sf tg]g cells in

ell s in certain applications where the inci
cenannﬁeplggﬂp%wbqrgﬁg:ﬂgqxdemqg of maleculat transtr inth ehemﬂpbéthb Sample 18

kool D3, S5 L s B s B4 4BEL 835 UTRE g e

descriptibng ofdflow- mrmggxrel@trepmm@maﬁae@andmir@@@ and their use.
Jclr-i G%e the Ii rptatl Qns of conventi onal
&t SEB’H‘QP?‘&P geRyepugnakel CFWW@Paiﬁémsmsﬁlanyou@tepqthroughpm
and voﬁlmé the Inb¢tecledriyeexBeL@r & AEk laYd Sydteit SsuftQ¥) b
stems suitable for high thr oyljégt;hputu an%?&\ﬁ%%O%gﬁjPUta"d
other Iqrie> G-3f@leaprlicatigpp| Theanstanignventien advizesaestthésawpdibihenneeds in the
electropdiati G528 Sastdd her needs in the
’ g(qect ropoarsat F%ﬁ)egp?l ot as descri bed bel ow. 20 3.
Definitions. Before descrl bi ng the instant invention
in.detail, several terns used in the context of the
3. gégggmmvention will be defined. In addition to
HeeRe déseFibg 1RLRRER iNRnseh ed LA 4 g
speci f i catl%n as nécessfar;i1 el gégg g{%ﬁé?uéeﬁ i B context of the
presentdRysngers w1 breddfined headdition to themstents, athersusedefingd eliewhere in the

ve.thelir ar ni zed neani ngs,
specifiGBB a5 hEAKAT, Ukl ORENisk PRl b Refony el o romsangn this
speclﬁqmbxlnmil hﬁveehepxom—t regogufgaﬁt.eae.a{gls to an exogenous
Iec | e.. or exang a_host cell, or popul ation of
Ffig, {: & 1M HEONIRRIIBE S Eeders fO arymethedl ofrexapsing a host cell to an

exogen@uﬁﬁbl@@ﬁ@r%r e%}nﬁ'e‘fa{ fdst 8! Uf E@Jhla@%ﬂ%?h@s‘t 0d sggagmnb%ém%gs[ed or

speci es of exogehous no eéu ntac
bathed U’eﬂnl elg:.tfgpqnngxb;g&m solgtiomémntaihieg 0By O1QfiGrid fspﬁﬂxéshﬁ@x@ﬁﬁ&fse
fter atlo of electric ul se(s) via

molecuffs B RRa s 011 (2l a8 ah sioeeto S ealbcis g pecuppither before or

after apphcatxon of electric impulse(s) via electroporation. In response to such contact, an
exogenous molecule is “introduced” into a host cell when the exogenous molecule enters the host

cell and exhibits either a transient or stable effect, for example, expression of a heterologous
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30 exogenous nolecule is "introduced" into a host cel
‘Véheq thg;exogenous nmol ecul e enters the host cell and
HHIPPES i ther a transient or stable effect, PEBAS2003/038470
exanpl e, expression of a heterol ogous 4 WO 2004/ 050866
PCT/ US2003/ 038470 nucleic acid nolecule in the host
cell (e.g., the production of biologically green
nucleic hdidiafoRsaientd thefhost elle.gndredrddizyiondf Bisfgaali greer €abesdent
Energi zi ng paraneters” refer to the particul ar
protein %‘iféijﬂgt%’%gexé’%?‘%f’%“r‘?r tics delivered by a pair of
< RAZIAP r%kt@&”%f%@fortﬁgﬁﬁ‘ubﬁlaraengigfﬁﬂg ERPRIIITREY delivbiell by a
parameters include pulse 5 anplitude, duration, wave
pair of eﬂcmwp@’ampedectadet intg gmen fatpenmantd Suah parametetssinolsdnpulse

Qus ul refers to any | ecul e
amplltuﬁchtdgﬁlﬁgla waye %ﬁ)m}ggn é‘ é‘églﬁlglﬁ & t%, 3{181 tervgl l%e(gw%eéll guises.
Emeﬁfgmtﬁns mﬂlﬁmw’esfersnolanyd fhole¢Qleghendedl for b sdtios $nto to a host
expressi on vectors carrying one or nore genes.

(e
cell. E)@@ew@ Bokicalss inslydsauglere 25id melegen@ignGXprestian Hestass carrying one

or morofgehym FﬂEﬂefiﬁé otug ngﬁei%)ﬁgfdg émmﬁ ﬁ&ans oF B?l?piﬁﬁh%%@%xpressed

ozynes, interfering
anti-senso molteables, dnbggsnesasmalbtmferme Rd‘im:ﬂcél smalhmoleswendiugsy and other

ans er.nanent
chemicg 1} fopiep & SiE kP REPRERLN s 3o i oy Shjncluding the
biocherftiddl apfivHyR Mg prdéia Yyiendyetifieheclll . The term
genetlcally nodi fied" refers to the introduction of

dhetesp “ganedcallytraedifiedyogters taiibg wiredycsion of prf &f raere heterologous

nucleic qglrdg (?rfe &%dr@ hoécef‘ftﬁr‘lﬁét% §u§}HfEle?é &1@%&rs t()%fn%[:l%w acid
a nuclelc acid ecu t originates froma

molecufeahalogpmstpe tomnsg fopgign spfectes,@m if ﬁemsthnmmqmcles is substantially

.~ S stantLaII 15 np d fromits, i nal for r.
modifiey 1 FRSLATER| Ry WHCERSGR o R HRes ot SoRIBERoeG P introduced
nucleiciagidr oduced nucleic acid. A "host cell" is any cel

into which an exo genous nol ecul e can be introduced

Hodosteell’] i§ any gl iErowBigR AP gr8eROuSHROBF K ganyRstintEoduged. dHost cells

o BB SRS, B, 0 EBin S,

cells. Hreferredwaimall csli§ sclpde thyse from, maramalsés.g e hoving cafiet,ieqeine, Zeline,
r.i ne,, ovi.ne r.ci.ne, ani nal . including h

murine [QYihe id ARIBE i) AR GARE b AR A il 48508, PETRS,

salmonaﬁ@ht OdnB @thef @csmﬁaﬁﬁaaquhmbm@ kpeRith), fRedh @S)., thk AMRElySmosquitoes,

(e.g., the fruit fly, npsq U|toes bees), arachnids
bees), a@acha@ls birds) Sruftacasns, af}ﬁn‘ﬁ"'#ﬁk*f @5 Rl laagelw@?qs dergvedefrqm cells of any

t
of the flo}eg(? ﬁg gl’%‘%hlglgg i’%?{ﬂé geﬂl;!lmz ﬁ?fs Cle de tlﬁfﬁs& fﬁg'ré Ex{?)h%gag\ltsns%ch as cereal
grains, as @pll pd cﬁﬂima:rﬁalthﬂsamiereeagro“@rfat lmmbeaprodmiulonaﬁreferred fungal
ornaneq a% | ants and tre or.. | unb
? 0 Te

cells arg yeast el 9sredREpkanyptic £ rg%sct%ra F%“Savaéﬂspé%rbt spegipg wseful in

moleculldr ${dFbdy e‘i—lo@f QHRIMO W HcHCEhdistoRESusREIeR dcf is SRt ddSiced are referred
partlcu arly speci es useful in nolecul ar biol ogy.

1o as “rejgsnbinast hest cehss. Hmstcdﬁ:llaalh@tr@hldb egkﬁml Acltsl Bpasomes, dnd any other
uced. ar.e
ipid-efegpfofaet et il i, P Sxoek el FnoideR R bR BftfogliPiRley

electropdrR@SH IFBS puipdsks i pre@dith €thost cells” may also be referred to herein simply as

"‘cellsﬂi.
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|'i pi d-encapsul ated vesicle into which an exogenous
can be |ntroduced by electroporatlon For
\Y€g¢€@g%§60f brevity, "host cells" may al so bePFEfUSEH08¢38470
to herein sinply as 30 "cells". 5 WO 2004/ 050866
PCT/ US2003/ 038470 Perform ng a nmethod "in vitro"
refers to performng the nethod outside of an

HReglennimga raetod fialvitetesefeha i va.. ods. .
xanpl e a Saﬁ%l@lgggﬂtng e rﬁé(tlh&ﬁ Xﬁsnggspan organism,

for

and mc}'fhc'laeﬁ:f‘lé 5;9 ent ﬁ? eX KiyO g}egg{dls,o\p}mrqpe@w |sann1ge tal'BamﬂEVOfQ:eBs is removed
from aadentahd@d&rdord V gy Oention fontr

Speci es- of red)ygée%]hglllf"& tﬁ? gg\ﬁ é%Sanldn eg ({dﬁ g‘t:ggxpéentlgq fodptroduce
one or \mr%weelﬁ@of Pxogers owlldcglearimo the @llbtafeewaRd t}herk?é%tetdfb%lls are
rmn&o&ﬂk b e-scal e" neans either or both that the

4 b the Jofib g

%@if[:ergﬁg%at' ohhpgléat %Z{ of Ithe i nvention are anenable

t ghalehmearg T @GtHthat! tAE BlRctY,
amenabl %H}fa)?ﬁ t hrou hput refers %toéﬂot%@ ng)%% ({?%etmvemon are

g H }Bg hpht angfes largs welumgiapplicatipnsl (Her8,2‘h1g64hr09§hput refers to

the abnll@Zo e @or 8, prdBo1, 0421, 33560 Bgfyg)ﬁzggg 384576, 58, 672,

s nore identical or ect
536, 30Y peribhihtos e tdhen@hmedlﬁtﬁreat eledtfoppaiioh le%knmeﬂk%n 2% same
electropdrdid@Spiyi@! ume” application refers to a vol une

exceeds the volune of a conventional el ectroporatl on

@‘u\/leﬂgt eolamedapsifcail 6 fefdrs {00d vAIRRAE Weh H&e&c@ﬁ C(ge’lme oha

oratjon experinment. Typica

| conveng?r@i{etég L3TI08 S UK HET pEhsT wesselt monde@aglasslr[gﬂ@&‘lb@iﬁ)pﬁfanon

experimédt. UTbicalfy, %v&ﬁxcﬁlgpéﬁgznjﬁgmanon gHve ugn. Vheegz%sgléfgpcg;(hpf%olume

contain up to about

of up tq qbopqqleméon}ﬁemgh ésséls e tiay ooithin@ipas EB&)@QD A Q'E ém(\)/v(\:)né,s ol

ext of this invention,
Pamcmgﬁ%l"gtgﬁ ontext 8?38 ﬁ@ugli' Bl tERposgHiom| dewisesado the dontext of this
mventum, theodes&bﬁmf tdntaih @ vah@w frdkf) as Shal [
e F \éol bkah e R as Sna @gsrmktel eS8 {u‘i&lto about 10
"é(l’r(e-_\ ofre ﬁEEﬁL‘Jl arge xolyme applicagions allow fmgthe&tﬂcubpmﬂﬁoﬁkﬁ\ﬂeﬂ&oﬁ‘tammg

lution Ghvi ferably at |east 10
oot 25382{5‘?*1"5%9%%“%?&“%0"?%%%% 48 Wmbirabou 200 mL or

more. term "nucl eic acid" or "nucleic acid nolecule" refers
of .deox onucl eoti des or
B‘ B%n %g{%'g?’?eo%‘g“ ( ﬁ“ﬁ?eé‘?/ %‘H rOrc fugleic geidsanlgeniat | refsts td@polymer of
deoxyrlbcmut:lhetlde@ loAYiBbniRleoS8RUAiferf (R0 %B‘Bglgg[lclgstgja ) éf%’ {{l% e{f}%{,‘ tof a

a larger construct. Nucleic aci
- separate

egtorgs a capippnent of # largke donstmct. |m1mkda1maa>n@et &ithdt didgle- or
double-@ﬁﬁ&’édr Bfink e.structures. Such
mol ecul es | lﬁ@?ﬁ%{%ﬁmﬁy B{?%R RERERSS ofrharidhons atrugtyrps Sueh,
moleculggisichudd PN RN mDNA ki sisd, @fbozyde, MHe kefpilé @ghﬂé EALuRE.
Nucleic Q?\Eé‘ a%lble A gtirclg,r ri n%m\r synthetic, and inclu
ST BB Qe U Or ¥YTihsdicnandpneuds oligooucleotides. DNA
encoding pﬁy&g:gﬁ;ls’pgg@eﬁsﬂdek ud ﬁﬂ:d'lﬁ‘ et ISR mventtlgr(1e cglnngeear;tsén?br}ed for
example, ?rom cDNA fragments or from oligonucleotides that provide a synthetic gene that is
capable of being expressed in a recombinant transcriptional unit. Polynucleotide or nucleic acid
sequences of the invention include DNA, RNA, and ¢cDNA sequences.
A “patentable” composition, process, machine, or article of manufacture according to the

Invention means that the subject matter satisfies all Statutory requirements for patentability at the
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ppers, |ettuce, peas,
‘plant. '%p

exanpl e, from cDNA fragments or from oligonucleotides
hat rovide a synthetic gene that is capabl e of
3?%6’0%? Pressed in a reconbinant transcri pti oP&IT/Uf2PE3/038470
Pol ynucl eotide or nucleic acid sequences of the
i nvention include DNA, RNA, and cDNA sequences. 30 A
"pat ent abl e" conposition, process, machine, or article
time th@ﬁnamm petfomeda Fooexdimyde, vatit ﬂegardltcm uevelty Ofbnrabaisishdigtor the
like, i aper mv 4 eaﬁ't mat t}er‘}f?at i sfies statutory
Peq i FNEE TEVSPS Bkt @Rt AbnPTet s&setl??@wass ‘mor more embodiments
that woﬁﬁﬂﬁg%%eﬁtf@ﬁ LABEEA386.7 the d1Aifs)! BnARRISHSddRrition to

perforned. For exanple, W t h regard’to novelt
Pa‘e“‘h‘aﬁ IR dimenissspecirallytexciupe th, urnpatemablelembn@xe@nt(@atAlm; the

claims EﬁﬁéﬁéécﬁhetragtareQE%e %terg%@d l‘}cjtﬁ't&ﬁrogﬁg %r%oagade(s)tnreeasgrrlable scope, as

nmbodi ment s gate nove
well astoprestyve thesnabdity. e&ul:th;:nmkre, i€ bad of(radre off eHersgatitb re@dreients for

s B et BRI oo B St L

requirefilel f3B pAPREVIAS s BRIBEPrEMahd BmBehib Qﬁpﬁfc@ﬁcﬁﬁ?ﬁe{% J]pa{t&t to a time
provi de the broadest reasonable scope, as

the vahemé gEpRecorre of thelapprndgd clgims iseiuessiongd, itfe abaims ere tmbc mterpreted

ina wagfrtrléa?] E@ Cﬁ%s?k{é% ﬁ{e% Jaﬁ@?n%gﬂggﬁt’%h d‘r%gsg tGhefl% g% ggalglgr}aﬁ?ge mterpretatlon

underthhetdumstmcq:sartl cular statutory requirenment for

talll |s sa fledfromthetlmsthl
AP s il ol VbR 5t aamansmn plemell o arawn of nignt cells,
such asQflar® figsue! foFEf&n;ﬂé TS| ARRCITGHRE EWR IR el Scafl BE %Eti]cpiﬂ %gn_)[] unction

the clains are to be interpreted 10 in a way t
with the, gleetegppeatioppidtes of dhe invenyion irtlyde)any highetislantt beethby oadest

monocd GRAGHIARE o M RABRRAPlepf and Riio Y o B el grafiplo. diploic,

and hapjaidt “Ma>np¢cayitdmhi; plats”, @r tmonigroed”, iptladd as@ﬁa?@s, fielWaH sweet
nt tissu for. exanpl e, The cl asses o pl ants
corn, b%ﬁ%’

€Ay PSS gy, °B§’édp‘?aﬁ‘ Ridls}: i¥fandoats: kxemplenef
“dlcotylﬂdS{i&Js‘i‘Jﬂ}Qﬁ@t bloﬂxd%ltsatlﬁ§u@é tohi3fo, EDAERY. k&bl ﬁgk&g@ X beans,

hi gher plant, be they 15 npnocotyl edonou
soybeags;, BenPyIse egHeR: 9€35) %ifﬁl 4., claved, mlg/crppmrcﬁxasswa@ue,raqemcd gidcabbage,

-broccol‘?Q:laé{lpillcRJl'éii br%s@f s%lr(%tst) r%@gh h:%ﬁ'op Ibgf:ts F%gpgfaﬁ Yr\a dl%gg T, squash,

I'ncl ude as
melonssm&ﬂoupemunﬂohasl ang vaMbl!sattnarﬂetmzﬁs S 0 r g hum oni on,
e and oats.

BBl EeiEn R Y BraRhie T a3 plag dsiuging 4 ool finmea fegbuselbs
embryd, BPREE Oas veeDllds ARy ghrRRE: %ﬁﬁﬂcmg'cg Qnob%grhs.l’l tha? Pe%pr?e?ﬁgs into 8 whole
ver e Crops
v@s@ peed comenauemuttmlagplant@abbe@eble BOregemzumh iinto a whole plam is
arrot, beets

mclude8 m hle dﬁ? r\(v%gBo ﬁnt cgu C ul?rgmzstrg()nge&(u é%rﬂm m ﬁ%‘l be[ii'%rs to a smgle cell or

group df amg&l eUp &'hlcﬁlfbhﬁﬂ OUSLE, withéln RS deQy heRAERALRH %r untreated cell
"Plant cell" refers to an intact cell of any pl ant,

wall(s), a3cPRpted tapeiPastss om a | eaf, callus, enbryo, or
Se Wells ASredih Snet e- produ0| ng cell and any
ceﬁ’l%raﬁ‘zt rggsenerreat es&l%nto a whole plant. Thus, a
seed conprising multiple plant cells capabl e of
regeneration into a whole plant is
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25 included in the definition of a plant cell. In this
context, term"intact" refers to a single cell or
group of single cells which forma tissue, wherein the
cell (s) have undamaged or untreated cell wall(s), as
conpared to protoplasts. A "plurality” nmeans nore than
one. 7 Summary of the Invention It is an object of

this invention to proyide |arge-scale electroporation

pl ates, and systensf%ﬁﬂﬂﬂﬁﬁéﬁgﬂgﬂg§pﬁg such pl ates,

t 0 OVRECHT®LEher a8l inthanmi t@splr&fidcclldfgre%ﬁle RRROPSENRSS plates, and
s

for introducCing exogenous nol ecules into cells,
patetiscut kit pmiployinig sugh pButesnist dvercoptsj the defaiencigs of current

i nvention is to provide methods of  USi P
PSP g e B0 (PR E S BEo ity i
AxOUeNsHi&ct BB HRGH éhtibh Podrivddé meglods bfusing dueh electroporation
Accordingly, there is provided an ekg;troporati?n

Rlgtes.cf CXAONPE:i 1 IHEPIHAE ABEORERVISSRALGUSNINgS S presheell in vitro.

conpr kSi NG:.. A el [ ; ASiNgs g
R T T R S
decteopechtion sgsteml cemridisg:r at e, wherein each

el ectroporation well conpri.ses at |east two

el ect IS SLTOBAAEPRRIAISQRRISIAE s posed t herei n, and

wher ei n _thaualit) s0&ferdixdlEEIBEIIRRAMAW AR 28laged MOLSSid substrate,
at least two of the wells can _be independently

enevhyirde gactaplgctropsirasionrwelhfompisee @t leastsdwogtectonpagon gipctrodes
t he,.el ect roporat i - - -
sodtBesd ARG IS GBI AR q Yooy Peroqes it least
t hewslogehd WelR caf ORgddpertidenfly ehegized;emtr opor at i on

plate; and c. further conprising a plate handl er

conf i gur-edeqticH soangaens If‘gc‘tor"BEfg‘fn&t tg% [Fls5rapQration, lepigodes to an
op i .the el ectroporation system 20 There is
alg%gkbggyﬁéﬂ a method of introducing a nmethod of

i nt r otluei pryvearsupplyograptedsforoiognedtioni tat the l¢rdrieal gennector of the

conprising. using electroporation to introduce the
exogenod%&WSPQ@HP%pﬁﬁ?8n$he host cell in a suspension
cont ag n@dtHed c@ApBLiLE b pRIBOHAIcd Bonfigirdd fhoddthe electroporation plate

el ectroporation plate according.to the invention.
Thus, orirmgmperation of the clasirepRraRn BEKERr ns

el ect F[RQr.%ri?%l:scg Breofé%c%%%nétﬁéq of ARG E‘meal%ngf%?ddhE%g an

of ener gl za ectroporation we arrayed 1 n a
sxddedowshsiec @t énto whestadell, admpriséasisingrieafopbiatiomsd Ingroduce the
the plate can be in epenqenth% energized, L.e., when .
B¥RACHOUS olecule into the host cell in a suspensiofi contained 1n an electroporation
well of an electroporation plate according to the invention.

Thus, one aspect of the invention concerns electroporation plates that comprise a
plurality of energizable electroporation wells arrayed in a solid substrate, wherein at
least two of the wells in the plate can be independently energized. i.e., when energy is
provided to the electroporation electrodes in one of the two wells, the electrodes in the
other well need not be energized, although they may be. Each well contains at least two
electroporation electrodes (at least one anode and at least one cathode) disposed therein,

and serves as the vessel in which an individual electroporation reaction can be

conducted.
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provided to the el ectroporation electrodes in one of
the two wells, the electrodes in the other well need
not be energized, although they may be. Each wel |
contains at |least two electroporation el ectrodes (at
| east one anode and at | east one cat hode) di sposed
therein, 30 and serves as the vessel in which an

i ndi vi dual el ectroporation reaction can be conducted.
8 In preferred enbodi ments of this aspect, the wells
of - an &l ekt BAbBARAtsRIFARIS adiebt, tRIWAKESH ah @le%tr§ﬁ6rht@o°’n plate are
of at l'east two rows and two colums. In particularly
mae'hé nr @ eerics v odlicast tve rowmdrtwmiurmfs hmestlmlmseprsferred

om.t he nunber  of

st &lim e RSl Pt BT (B rtbsrad cp B ypicatty, bur
&t%ssehﬁalgom& ﬂ@.ﬁ@%ﬁfdv&%ﬁo cOMinGdIi BEYuS 2:31 hesoMeAireferell t he
i nvention conprise 96 electroporation wells arrayed in

gnbqdimsntgthe ptesif thaavention sopgrisgPeeleetrangration wells arrayed in 8
h t I
SRRy B OTBILRR A nESpld g at o0
@eaﬁﬁbn&@npkﬂkenaﬂﬂhmgﬂnahsam$2¢oﬂhamm 192, 288, 576,

Qlebmesirapliinieonte hisne snpans b1 15 Sapie72e2e s 078 or

@l at el 1s0 AR cilta@ba i RRs1i ng Yl @ OB p @S Aty With Qﬁstmg plate-
bi ol ogi cal sciences, it is preferred that the overal

hised highdhougliput hﬁbt@hauﬁd i Il@rbgwlhglcah sdtehcesaiids prefegiet! that the

b f.th
%\f%l%,l &g]se%alrrgflgﬁﬁ%e p an%s%qngt%t FV(I) t qmglrg%\t}e% tget: saglgenp np:eto plate,

12QAABISS 8 the nufbBYeMbive@lumi) anceéleatdpofat@hlveells as compared to
mul ti-well plates as_are currently used in 15

GAVERHANSH “ﬁpﬁiﬁcffﬁif&ﬂf‘gfﬁb(ﬁ‘r“ Bl RIRING 23 @ éréﬁmsmby%&eéw%)
%Jﬂmm}f giugﬁmt%omg@ﬁd Sdeard vygtygt@mpi ates having

emer_t ah about 384 ectropora ron wells, the wells
are slibsemnembddimenty] pantiirularbi mcplatese*catvmgg‘c:vs/ar thbmxbml,t 3Bk

i th i t d f the .
Sertiperpin o Be Refis Euaimivs YPufaLrarrdrdlSinge i
Saek Bake VA MDAt Re @% Fhecsiaepsyint bpn. Medthér entttiments,
wells tend to be 20 substantially rectangul ar boxes

Gibe¢ialbnem Hpwerhayig leme nupdersg plecopdiationavelhde wellsvensl to be
t
LIRELAB, &PRpenkfh Sple 0, WA LIBISLR0S W e

frove tﬁeniphthélrrtargh aind hvedtln dintkrisfoas eretsubdmtBily Whhilar (yielding a
2004/ 050866 S2003/ 038 |caIIy | arger, than
THerq Sg‘ﬁ@? hwgﬁg/‘reo‘%f’ﬁl g‘frf?nﬂf’ﬁéﬁ‘é‘g (Slh(‘? CIRH. course, wells

havi ng any suitable

8a
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geonetric shape nay be enpl oyed in the context of t he

' ention, although preferred well configuratio
‘V%E%gﬁggggt | east two spaced, substantially paPST@@FMBM3&”0

wal | s upon which one or nore electrode pairs are

di sposed. In any event, it is preferred that the
el ectroporation wells of a plate 5 have substantially

tymcalhhlarmmm the fenznmdion evidth dirResRsh. WH doutse- WAl havﬁg%‘y suitable
gann& K stencg in tengs of shape serves to provide
SUDSEBHTHAPE §MRIRY FhinHhe Faneaxt eﬁwpamveonon,ekpm@mréfem well

configu@libns Pow&d it,leAt !wo Qaé@% BR)sfd gtlﬁgfu;?aralbeb gﬁll%&lpqnh\%hl?lb@e Or more

electroporatlonvve s are typl

electroclaggléqﬁre dispesadv lidne evemtyieis mb&hed e tHe eleRfropdt8tidnl wedls: of a plate
and at | east one

ave s 1 n l
h ﬁ%ﬁiﬁt XYF}J d (%ﬁfé d?rHLﬁ/sf%né g'ltgtg gcr)nlapm?rgd W“Tlﬁ‘dﬁuc ;§|uply cesisaisacl in terms

of sham@brves foquoviiiea sutatandaley ﬁlflfo@mre%éh@ﬁ&"aﬁorbl%gponse from well do well, all

ebeb% uarq ?Pa%Fd\Mﬂl 10 etc.)
FIHL| HOPRIRUAmWelF ase typinally ppemitehe top (ahs;-ra Qtrd:rﬁ@vable
coverp‘mhdg fl0or th€Rkd)! & [ t.he side, a
Crds. £o Do o oo el SOl o B el 6 3 O el ome i
the Casﬁ 8(/? RYindrigallyshapes wéll, foyr in theghdesofanectimgld-s squiife- shaped well,

er .than those at the bot t
o). %g @me%kEfEFﬁ‘%dﬁﬁréa%y ORISR igr PR lby atjogtive npﬂ@mg
techniqfues when mieheld frdm e kide thewalpféhmoeﬂe%ﬂ%htigpr%aé}%@%ﬁ]fggﬁ’pp%

openin handa{idl zed out ey di mensi ons, incr

the botR@C6RASRell rihér lé:%@\f/lé%éva)/o% tﬁ BIaéec‘?‘?’Bﬁd?%{gl on plate

enbodi nent's of

visiwill g gpmpcnatpélfat plaek Yavisystivlatdized(GRited d1m§ﬁxoﬂf iftYéaing the
to have vo o

h [
numbela(gf eﬁe%wiﬁo%trqn n%l{s éfpr}?my)res ltg?ncq #\é?@ag@ 1gd1vgiu@lavwlb¢dlume In
some epbailm;:ntanﬂth& Ohvehtié) ah Q%cﬁéb%?atﬁbﬁx flage Wb 1:(% 15 re ?%tgefgggﬁtwells

. 9¥% ﬁmesrane'ﬂom
g ,ﬁVSP 8 fepeas —({%_)enahhrtgn@e@weﬁ r!itahavervohmhdﬂf%oaﬂamlhhter (ml), in

the casdd6re960V ) pifQ, RAN0IML A &sd dr 10 lf‘I g‘?rHseryﬁ’é&E%?ﬁ welhwelemes range from

hot ol i t hographi ¢ t echni ques

about 1 8 g4y odawn émaboun & mltnoytea(&)adﬂﬁhgidsrhﬂleg ea%@& %e?'o&ﬁbqf

n r opor at | I's havi ng vol unes on the
particulG 40P blathe R, BB QB RERaNS e Pomucssram éaegsmmoedmrfabncamn
mdustr)eaie hdaptedad pereedt@plafy c¥thinin g@hCHG&FQﬁ% Sr‘R%W?l"BWmeé AR the

microli | ectroporation plate according
lm01%$a? e paRAlitEpalst i on el ectrodes for that well. will

bty i %ﬁg}ectrgeq%r&zon W ﬁp(?)gi?h ch&ép}eeecr}ng@tpgv‘%ggﬁa?eer

el ect ropor ati on

accordinge t@ lemlod,me |oﬁ the eficwreporutinl el@iddS RS HarhifldiVp positioned,
ord:spoQé’H?} £ te too eat q?t her to facilitate generation of

anv o &8s Pther qleqtiogoration ¢lectigg forthasiweill Prefbmblyy md es
electroded i@ agi M%lhgil/elleeﬁle hﬁbsiahﬁalﬂf ﬁcﬁﬂféﬂ% e?:f: Fr &! %-g %‘é(@}lg&r% of a

conductive sol ution. S co
““'fomﬁéﬁcwq field wethgrwell when, U%:leqztrcdbemlahgtglzé%n B8 BreS8MRD of R €

| 9% or_|.ess. Electrodes may be di sposed in
e ectrlcaﬂk%gﬁc{w@ﬁ@/sorl{}tgﬁ I%B‘ IS Chntex, pgbs&anpgl& pqgﬁllel Meanotigh0%, preferably
5%, andmvef momlyrgfetabis, (E%Gts?rtlés@dﬁﬁc@é@es tﬂ{%ry'b%%ﬁgeld% ?l}e wells in any

en

i cal sposed, as viewed
suitable Slr%c&lga t}qgngsm?fpaa@éy the elegieedey eredrosiaonuhley @'fveﬁﬁzlallysdnsposed as
viewed WhadCthé PIdRSs PBYed dih &¥ice receive a sample of cells. Electrodes may, in any
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WO 2004/ 050866 PCT/ US2003/038470 given well in, for
| e, large volune wells, also conprise a plurality
Wgégqgﬁ)a?tiﬁdual el ectrodes (preferably arrayedPCh/U53903438470
of opposed el.ectrodes, one being an anode, the other
bei ng a cat hode) that may be energi zed together or in
succession and in a particular pattern facilitating
given Wﬂbmsfbbsiaiﬂiﬁlé ahﬂgyvdlﬁlhfeﬁﬁdmsddl&; Ednptlsk Q116! h
f |lel ds through out the well. 5 éﬂécstrg orggogﬁdwl&ual electrodes
(preferghl¥ atraysgdn P%erSeofmpes@S@fi &lsetodast enrprbeingdhni armmbe theeother being a
cathod &) tHRWady! lfe%ex%ﬁzea taﬁkl{er bl.nlaas ?L{elsHbrgJiﬁ/d 13%}&38:8&?85?&{% %atcﬂitating

prevent | eakage of
the subgiantigllysumifiarm Idasmtamoc oﬁdemtnc ﬁglds thrb@gteou: erveaf i s
i.n the well. Alternatively

IS Bfrelich AeRBR: Fo Bty Reuaeddme tiesidapaligy of yoielin a
ﬂundlyeéuhedhﬁardﬁpas ipte@ent I@dkabesARJuYd Aferd it Qadl:df }H&n e‘i’l{) VA
? nposite of thin filnms, on a sid of -t Re
°°“d“°\$6€$ puriasg H@é?ég é%expef?eddéﬁé@mlﬁ otaced ingthe metloaaennt:early,ab form an
electrod® ele@ﬁ&d&qﬁa’c id10¢. gggolHL@atnlﬂgQi SSJn% ggg@&;{slaahm film, or layer or

electrol ytic), vap

compogiteanfithip didms, OO(arsx@matllo:ﬁﬂ& wdike rf&oéesie@ fOedePERRSESF diQtrB8S haterial
bi oconpati bl e,

re pr.eferabl
incluce’fipnify Pﬁéﬁ“%@ BRI el Vet SRFay Ingeandhpesdepbsitian hElectrodes
(or portimisehdrédf3o bekpoded @Hosh cepd)and Prdfrably }ntaégb%cop-g{atlgle
ﬁn nmetallic, electrically conducti've conposi
electricg gqrgﬁﬁmeéne(tgﬁla % @@Wmfswu watenals irsliide golideaiumynum, titanium,

ﬁL n v material sufficient

or & nof ARE e TR B BRHGRLeEeT Ghprle aiia mbomedtedior

S“fﬁmq‘m)’ ﬂmdmlﬂn&m asounf cdridective\reatérid) BifficleRt fof the@oMposition to serve as
the el ectrodes conprl se a conposite r}

an elecig t‘isﬁ‘;"‘ﬂﬁméﬁ"eﬁaf%é’fﬂi‘?df‘téﬁimﬂap)s ., copper, nickel,
anebr@i éﬂnboﬁﬂﬁéht@fthew&x@désscoﬁ@ﬁké ﬁgorﬁgosﬁtg Gf Il%glt Rije ed%ctrode

ubstrate at different ti ere
materiasy§.gy GORPET BJ kel prshigoldrecaehy @fathlclPrselbphatxloyhe dotid Sulﬁ&}ate at

differerft 9%9%&%@' bu1ltdn'x% L%%}egrp&setlec{rﬁé mtatétns PS%%‘@@;’S""{ yich composites,

-con UCt | mat e
the outermbstdyyer of ﬂa:tbcadalg«mpmcnbé ratefiblei.el tat oQdexpRrted &'uéﬁ)s
I

a bel.ow t h utermost- | ayer may al so
b‘°‘=°m85{'biorer{}§t°?( rpd? TPEHBY B %emt@@uwmsyt éammhre Ao be
biocompattble, aﬁﬁlﬁl?ﬁ‘fdcl%rk bich 24 ﬁ)he{g.gg)ly?g& rd l%nhﬁ%pgé h%tugderrylng

adhesi o ayer, if any,
substratg gpaqhesion l:auer Hreyt dase pfernaifainire or ﬂrprhpardnl &Rl thS mAterial’s

 propertEQRM Ghlciay mfnuge”%he %gﬁapségt;s:agg?n%};! =3 qnwgbgﬁ,ltag!; 2

applicatiorsi devvall an eI ectrode preferably covers as nmuch of
g&g evvall as is req wredtoPeneratea
BARRItEA &1 # §ideilt: 6P fleeiredetnreferablyedonets as tieh oktht sidewall as is
re uire’dﬂ@' n& @%t W@s@z{httah G n ner gi zed
e ggonaunégtl on I\Mfum%rgl %%%‘Fﬁgld“fary (8&0‘?‘6’8% gyveempthe

electrodgg) upop emaplpﬂ‘rgl@echmemmummdnaw@ensaﬁh;ﬂerﬁﬂﬁéry GREIrEWPs). As will be
airs) that

apprecuy{@de i la% EJscaLljle aaplé%tlgr{l%yeﬂéq?éél{)IOd ft ed?cérogﬁfgtq){}@, pamq)ethat are
energxzéiidnﬁtfﬁdﬂém ahiey atél’tlnf}ﬂkﬁ)fwet'h@@&lfstaﬁugﬂ)ﬁ&rﬁlfo'nﬁ eftt %rf?e'ioeg gteﬂerated in

h 30 the vol une of cell-containing’so utlon
the volugjenf cellqeriainingisoiigap beaien the ejzarrodes lukha'ncompnse the pamcular

electrode set being energized, not necessarily in the entire chamber. Preferably the electrodes
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el ectrode set being energized, not necessarily in the
' chanber. Preferably the el ectrodes 10 WO '
Wé%‘iz?/"g%éﬁﬁ PCT/ US2003/ 038470 cover as nuch SCT{{§003/038470
sidewal | s as possible, as this allows a w de range of
sol ution volumes, up to the maximumfor the given
well, to be used, in addition to allow ng the

cover @ﬂmﬂdrmﬁthqsxdéwdlhas @bSSQilé ia§ thif hIRJ
he el echrodes tQ maX|am zed. V%aagﬁmgl et %q’fg&w@“ v‘ﬂ“mes up to

the maé‘f'@‘é‘?’lf?)’ f 8YED H’eﬂi t8 8 Upesl, goarvitimetd atlowimgahnghifirmity of the electric
field géfer@ted bawe&l B elecfétlel Yo bem OPOlu lve wire or contact
poi nta that can carry energ n%%) he particul ar

e‘f—%éte cstreds lrnmmeéccpg}matnorsmate ¢ecdnBeded tod d¥MbSSor (e.g., an electrically
condu&ﬁ/@%?et&lfc)m{a Woirs gf\trﬂatbe connected to the device. (i

certaln preferre BB G AREEY ke E%é'@lﬁwwoﬂefrOMpower
sourced¢. ectalpobegatdrmar)\tﬁk th BecoRn&dtdER tﬁ@éé‘lﬁqé (QFerta refere
embodﬁn'n% gh ‘ﬂect ﬁ%%%n series or in parall SUCH L haE

can Y r thg elegpaparatieniwellssin gl tearvousl (pr r(wtf)l dr@
mtercohha:tc&i iAGEH atl on I I's in. other

olumms (or rows) of 10 t
snmult%ﬁ% eile e qlt@rodeﬁefpgthzeﬂhcmbdnﬁnw wk'éllsﬁﬁtot}h,?columns (or rows) of
t he

the pl o &t referred embodi nents,
e plafiRh BedBany Rl io ‘f"efﬁlzeé‘nwﬁélswll m@bbﬁrqtergmdpuawler

Pfefe"@hcmbmmmd,ebeaéafudbyfoad&idhe@aﬁ&ﬁ g& W %8s each
the plate to be energlz [t’tfi

mdepex‘ﬁ%ln l&aerﬁgeq)ttwrallmg;qg§apl'hwpﬂ of gﬁea:ﬂa&e to(e @e&gﬁ&ﬂ ,mdeﬁerﬁiently of
1l of | ssablevvells It m
all o ﬂ%’ cﬁhgsxfb?g ifithe t;ﬂh‘i'g W%H%y% g?tﬁ 3yng {idepsndapilycadgegssable wells, it
may befdgpqug&gmrglladyoﬁr@?u@rt%@r ﬁ’io}?& WSI;II:*, ESr e%ﬁmbfl:él Rlgeferh suﬁgncs
related H tﬁg ?xfaﬁgfga tan?;ﬁ & g:relélgylf Sgtg% ,pgqchlﬁre g{:::ggrlggg gar?:;rh;?ser I

The/ eletiraporatiof plasief teQAVaiYn atb rh%ﬁl ﬁ?l)brﬁ ?JI}L gnt%bllbshgcﬁg%strate In

cert mcertal n enbodi nent, the soli
ain ?IPB gneﬁto%é@%g}gas%ﬁﬁdgadﬂ foom eﬂlomogemgi eompBaitRni ok single
d t be made
matenalMWHll@ ih Ber®l 6&&%%?%&@?@?@'& ge rrwé% g—lpinaféggbmiugrg of different

from combi nati ons o
materialsg Partisylaly Ipye fenresf &Bbstfades&bkbﬁlhitﬁﬁ %&xc@bﬁsﬁésaéé in@§pen§1v9 esily
I n

£ ive, easily 20 forned
ormed etglaégggﬁs aé)ﬁ%éfn p Bhﬁ?f&uswlﬂiﬁae Pmsssmlsxmhrag injection
moldmg)r IBSIGRRED bralgd, Rfveldaiigbld dEskshant to

o, l &Rlcalgﬁ? 1)pr oper dagg eas 3?‘16“38?’8‘3‘1 if

have desirable optic
desired. g‘s}? %gﬁ%@ﬁp?@ﬂ‘emﬁﬁa“ o @SIOI‘TEXII! Ofltlm: smhétetrstrad will be transparent to
|id substrate

light of Sﬁ@&q'h&%%eﬁ'elegé} %an/Q f mo e 8'{?@’ eogeqmgnetlc spectrum). In

be trans

other empodishenigal or 4 pomgion oﬁ\ﬂxv ebl&ﬂgﬂﬁﬁaté Wit B@tré/dsﬁigpllltewhlle in stifl other
I nent

t netlc spec . In__other enbo
emb"d“g‘t”%g E)o‘?ta H'°8f°f€*ﬁé°§%ﬁlm§“§tswgtl baopague! | be
Elea @ fplatabhi i ™ LDt S, AL
L e T
connecugp dkat ey energyriope delaeraio mhiedd:létgroﬂé)s infige piAe 'Atn'y%ﬂlt?dlec' 0

i ast el ectric connection t
clectricd) it oren 18 5560 BB fhe e&l‘ré‘iﬁ‘?f‘limﬁﬂ@néF*@&@mblewmsnnd saskets

In pamcplaamf@re@md anibddaadres, a@ilxﬁﬁl‘itS I0f 8bni&Q BAE AL
rovid g i ncl udi ng el ectrjcal connect :Bongp %EC&%QI cfogﬂ}ecnons is
provi ecj; with' each elecirads (ar series of electrodes to be energized thh the same parameters)

being connected to a conductor energized through a separate contact pad. Thus, each contact pad
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In particularly preferred enbodi nents, a plurality of
W Bgt {a{\)ct g)ad-type el ectrical connections is 40

é A with each el ectrode (or series of elPEE(US3HE438470

to be energized with the sane paraneters) being

connected to a conductor energized through a separate

contact pad. Thus, each contact pad 11 WO 2004/ 050866
is electiuglty ouEBORA G4BT (east @e@ﬂ@tmdec tlairéby atlomimgrthe dlemnrd>de(s)to be
energizfd a4 Befsfc 1 SRt BURL G sBtni el amniCioRsbper PR mumber
of electﬂ]‘pofﬂﬂlh aells pﬁ@oﬁ@rmﬁ@{;ﬁh&l Wﬁé}%h@ﬁhstd"favémgmﬁrare Rfbe

troporation wells (or conplete or partial rows or

mdepe*@sw&ﬁﬁ&r&ﬁedv@ﬁ & a5 whtherragher glegonic pensadnientswjiches) are
pmv]degr;@ggml@gma&uﬁel | as whether other electronic

controls (e.g., switches) are 5 provided in. a

ﬁﬂaw clp@ub@lmochnm(s) onT&meledtwpbnauomblammMac&rtefgy(ts be &ippﬁed to the

one o FEISHREL LI AR o M SHRLEN cRE SRt S ian

of the efbictreds ¢ltha i Ae a@NS Ferbivekndr@Rtrofl] the pbweVabpiy (e.bf a BKe
e ele trodes in the plate are to receive energy

ge“e’a‘P’Poh:F? FRntg weqanshﬁmlym ‘é‘hﬁ power sypplyer, ajismatisglpriy canTiea
separat€@Vide0! | er can be built into the power supply or,
alternatively, it can be a 10 separate device.
Eleeuwmmnaﬂatmngahr@toabs:mmtmg ntay eilsraaecolntm/rem1trdui1>dihgnfliynvemor:7
SQ conﬁaln a or._.i nvent

clemenf, 31 BBl ¥ s b S alpreRiabl Vo Coder o AT st idemifer s

that a le@Mhld;ﬁa@ chfbélttecked @DAn futGHhated Br sehAhtomdRa &5l ar
ate can be tracked in an autonated or sent-autonated

§f§ Ehaspect of the iy e@l‘éﬁﬂ’e“@ﬂc@ﬂs clh@rqpnmem\ pltes comfegiretsto receive a
I 15
lrge vGiELT SR S AoR AT GRBLIAE I erBoferls 7 uls ashece,the plae
typicallg Iceropmvp onatoaboutl 590, pl’dﬁﬂa{blyré no feverdr thaniabowsipeedparate thambers.
i cal %G0B ne to about_ 50 pr ef er abl

Each ol et K o ah e S8R B LR e b bt i
include ©ha6ROre POV Realtpelquid td New il andibr JiR BHEach Rh&nBR! Each chamber

essential. The chanber(s) may also include one or

may alsggpRiaiyne o1 meTesinteata! Paidlas o irpit pr eantiohfivid arayementovithin the

a n one or
S SR B SHSEE T B B BRI v,
chambenoereprises aviedshbme, ahép2feratipaphirality of denmde s&ro dispaed 6a the walls
e I ctrxixe can be positioned on the baffles. In any
of the CE%et?ﬁr eéglﬁctrogﬁ rlsgzﬁﬁilplil g]@gtro&i@ sFl@égtilquiséd o:aﬂgposne sides of
the chab&f @a&bélﬁctﬂ)dﬁ |sétﬁ§Edrﬁ;Yn£B ofh El‘ﬁh{lﬁ‘}dgf é@étl%dgé gf?:?é%g

the walls of the chanb e el'ectrodes rrprlsyng _
numberj glectEpdes (9 dd 4 6t 8. dpel%nos posd whereinthps aeeqiatimeniat of

a
anodes WAL o AT, LT QRe b, ST 88 e g o
numbereifekctlmmbeSe gel.d. 5, 29 41, 18, oBmortf, Inﬂlé’ed el RO set\/ﬁﬁyeb:ﬂpnse
here, i s er of 25 anodes and cat hodes,

e few a0 GlSEPdEniS W HHGB AL e ClrgadRom iy ey Wﬁ@é@ons‘étﬂs another
electroder!;@tt coﬁﬁgﬂ% §@co?din%9dPafﬂiHmﬁﬁg px%?er(?s:l ea% &9& s that coi’ner%nse a

5, 13; or nore
pair of cﬁgx}rodgen(prg g)@e anode and one cathode). Each electrode set may be energized

even

independently of the other electrode sets for a given chamber: Similarly, in embodiments that
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as few as one el ectrode, in which event the el ectrode

i used in conjunction with another electrode
W@@P&@gﬁ%ﬁgur ed accordingly. Particularly pref &CTAB2¢{3838470

el ectrode sets that conprise a pair of electrodes
(e.g., one anode and one cathode). Each el ectrode set
may be energized 30 independently of the other

comprseautiviple hamlt 6
et it 150 0 e e seElfod s bt shpmbers

may b€ efgﬁg??é@ 18751 e At ifeens dimessi ngl e plate, an
eDesg Q&Qro%@iatlbﬂ it ¥BarBEul BOhEmBL t&xt} cfo?rg)?ig%tea R prﬁggl of electrode

ener ized at -the sane time or at
sets, “D& Pﬁe%@eé [theg thecgbwtraﬂc Bats bmerarg)&rdtSequna&llyc NRATRGE ehbBliments where

trod t t
the ele@ﬁ’%ﬁtﬁﬁ% pr%ééf erl‘é%’ ofgqq]sga gtgrgg%glsétsgsqﬁrr{ﬁag%électrode set, it is

preferre
Prefengé(tfweﬁtwahdswfphheﬁ iimed berheet M8 RIS rYiE!of a oRveh A ctrade set be
complé| gﬂg ) g@ gtio rises a series of puf&es befigts
ef et P oSS FHT ogher plgefeodeset inithe ¢hambpr&ré eﬁd’rgxded preferably

using th& 8&dmd pearh@EisQS w‘éf'e Rl ?c?éne Pl e geetcetégg se&@&_ﬂfﬂfcér@des By

el.ectrodes of a given el ecttode

“sequegliallyy’ dn thiecaatexs it sdestemplagdahdiefor exBep1E, Qﬂ_tﬁﬁégﬁtopb&eﬁ Bﬁrs of

f
electro@&am% aﬁ‘El%n 41E (N%h g&a Q%e%ugrﬁgﬁél grgl#gl:qn fmré ©®adlembof an elongated

paranmet ers a wer e

well toghe ¢thyr. odflteedlméll} pthe pulstig m JWHQH@Jeh%r g&)&‘ilo}i Qf the well to'.the

t is contenplated that, for ex
Omereg\%%\f% 1Lpposed pairs of 10 el ectrodes W|th| n an
Amiteatatd®hdpe dflthifve L2l ener.gi zed from
one end of an el ongat‘édﬁ %Hldﬁ?,:{l}e %8”8?%% an electroporation plate

according fie.the 41vepdor wherain 0 ldast ang, smime bxeprfefeﬁdbll)t hg, &‘Ql’ig \%Fl}s of the plate
e .

r f t er_ends of th
colrllta:hn% i chg o?eF%{}lc %Od’é@lte"égost‘ ﬁ%l i nEeastricelly eemprientiSrekdrt ® host
cells gt(mquhllysuprag arogeheas melparat LSt
Smtable o Fol? E‘h e(;% o 6l eastlh gl'inbeﬁ’eéhge o!aﬁﬁl%(v%gfr}g? g%qh}ganon ofa
glretrieyfieldy, dypisaliyg therceflp enlbbcmlepenﬂsd uombta"fem saithbRY foflétblage and
lranspo&fan& iehich @Rl deMs GAMRGLSNiaB 2 ‘%r at fe}z}aatts’4rhé>§|&re(r@:r§;¥e{ﬁ:ﬁ)lélké days, and

etent" refers to host cel

even mewg%‘mhlg atrisiasi il daysi hstwitl bplappresiaRd, cﬁfferfeﬁﬂ éeQMQ ‘{cﬁ‘ﬂ
t f t | t f
buffers % lmnhgn? dllf?é}E?t%OB‘%Og%lgjslp elﬁarggveﬁﬁ? &a%bgfi@‘:agglmto slop Iggl?son a frozen

I's W

state, 1rswh1p}agenamdhffet'dnabﬁmrxﬁa dini g |
buffer a g'@ n vi.abl e for. at I ggigt m24 I%HJ%E Nagoer? i lé’b ng sile%ﬂon of
9d gl cambinations s 186 tethe etser adlsyrea(m I kaaﬁdierlle ghigl aéiﬁeon?a‘-imng

| i 20
plates, é/\é lthblbﬁla%o&fv%cdeeg gdxgm?%gleefoel or 8%{5?1%%‘@6 %s ;meg %%;{};Zplso pqowded

buf fers containim erent
To preVﬁWOSﬁ@fdeshl pusperesidro(isligquid 6frdzen iféind af IRZ8EH: ma)f 6t Frond

ifferent buffer may again be requi red
1nd1v1d1%f' bvgfssd Pge;feqeﬁ dhat the covergpdiyidually sepbeach mwllc €ell- contammg plates
may be pankbgerdahdlofdi%alllysorl i8undies §MoRF hlo ?éa%:lls co% s&{r}g E)llggtg eA package

er to ship cell-containing pla
insert Wﬁ ypwalbodlar be proyided an ¢as}npm1agce foil or plastic cover)

Aﬁ 9{ rovi ded. prevent |oss of a
| o r%g 62%@4% (%8“‘9'1 FORERTRS ?JFCt?Opa&aéﬁn pystems tha entpéoycams e
electr OPMODBI)atefacomrdﬁ‘@ th mieH ivehsioh. Weh h$ WS
least ond I GRYes i ndi vi dual | y seal eachmw/élh Sécee%st%@%nt gc?ﬁ’?ﬁfe at
fuﬁ{] &eetroporation plate and a power supply adapted for connection to the electrical

connector(s) of the electroporation plate. The power supply will also include a controller or. if
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may be packaged i ndi vidually or in bundles of tmo or
Q@&ﬁmg -containing plates. A package insert w
ypically also be provided in each package. AﬁgTﬂgpmymmwm
aspect of the invention concerns el ectroporation
systens that enploy an electroporation plate
according to the invention. At a mninum such systens
not, tha/\syisienmﬂmhd:lﬁdt atontrolled RaepHIR KUY
. 1@ e and a power supply agapté% ?gr¢%§nn&%P|one%ggPﬁgnmgOf
the plagg e‘@FPPfi:%{Fct@é?ﬁn atafeabl x)acmdmgeo @ presttpoyeara; whioh plagbe ser-

fined a ontrol er,. or
el e T B bl e B A o B0 £ Rl Paipeptare-
programymiefl s¢tsef emgtglang; parametetsgr Sash &)}S&ﬂﬁ?aﬁ Sﬁatﬂﬁ‘dllﬁ iclu-ﬁgg plate
S ener i zin 0 t he ate'’s vari ous

handieS ARG §°sh°q% L eptaatmﬂé@féhe feastppanation
systemwin priefenmey ebﬁodllﬁﬁhts (ﬂl@ﬁ)la&e&n‘aler@&ﬁ de¥ aP R 1@9%“&3%[1 n system

U‘pb sel ected froma menu |ngapura pn sy
compal&y]% t ,tlrg:gs,egs1 trggqgangpomtgs m thg ppamdmeplaesbnch tSMCWhe&\ a plate
is placedMtRdrein) t‘ﬂ@)ﬁpﬁ}gﬁﬁa@f‘gkétﬁcél Qplhﬁégﬂo@s $la gﬁ S}Eﬁh%{;gal]gmrf&fge desired

conflgured to ectropora
energiziganazamessrs tf bet dﬁéve}eé ot the pbgﬁbde@ lin the)M&depeAdehily l@c{cﬁés@m@d,el Isin
ep andl er conprises an el ectri cal
the platE AR TRt G Vo Bt et P 2 e slecisde epins .2, ppose
pairs ofedl@tiotiexl dfat #8o BOSHHbRhoss]| B iy )
e anglNaL When a plate is p a%%dn%rggfcgﬁ zﬁx%gﬁﬁseﬂ “S P ébs will
¢ apPrEfigled. PneAr mesnALiRe Power wpRlyneaneroliet emcbﬂiiyteaﬂahdiw mg; beigtegrated
into a s8R de® I 1855, L9 el iver to the
o @ SABR PR L Wt o2 B ARy hmB dE el Geniodous mctions
provndeﬂ@)ytal’selnplahme powcr supply he>neaker, 6f plate |h§|ﬂdJé" vol ume pl ate,
tEa hbof t he 2 ect rode group| ngs (e.g., opposed
pa? & Broodiments o {US fSPeFiathe sydem dumher incindes mu@dry plate

ders eneoligtizdath ftdin the eddt
readers B fr g]r?e o:r@ﬁncg?tz&gwpl?é Jr%hﬁﬁﬁgr(s%%th%lalte In%lgh

eci at ed,
throughegtﬁggteqnp g_h,at usgﬁ@lmw;qll@lﬁgsq meemadtg(y) is@re)nypeculiatied diffenérd
locatxona P%‘r ’E}Q aﬁced gﬂér%ﬁectrg%%xjamn oc%ur%o# %E’?}%’ER gﬁg L p&t%l&ﬂ%ggattgﬁalglate may

f ewer e varl ous

be movgﬁt (grgd balacmmtpomher daivie) 10,a ﬂﬂiﬁnrd@hiaﬁﬁm%thé rédd&t Data collection
ot her enbodi ments of this aspect, the

then °°Js?‘?£?18 ot FEReFimBR) ke Soen By ﬁﬁpen%qld&tae inqubatife atioo, where

the plam:@hh tieteledabporite@ BRIl R
chanbe re (s) %?‘r tt he |oS F] atlgéu%%a %Qﬁ%bﬁ%g u'fs prnor

moved 1pRfeadingOhfate paligetion)stasions, the reader(s) i s(ar e)
e, A 58 %;ga%p%ﬂm?ﬁww

after elect oporati on

be genetageddromn thetel‘efetrmoait&mrmyerhﬁeﬂi@yS&f&ﬁe@ in arm{e@rogglg%n %a[te For

e 1 ghﬁr device) to a station containing the re
Xampilg %Wﬂswuw 9quls ipEedyeed infga é@ﬁeﬁlblﬁ‘rmdclmratzsi meleaile a
encoding ¥ $épRE A dson. s t| on, where
coding K34 Eehe SR BRLHOR pRBUIEY BRIR Packb Rl BPieclife o
ﬂUOfCSCEFWGe% lugdrgmieat nwrhstlusedms:obeotdatatoa Haeu mgech l0RYREceh& Ras emitted
d

f ok. dat |l ect.ion) station. To collect data,
rom & PR AR B SR P e PO e e be lsbeled. 2
desired, wyplidully mdthcirhaietyadinpadible with the detection system employed. If different
electroporation conditions, buffers, reactant concentrations, etc. are used in different wells,

different results could be expected. Other reading devices include spectrophotometers (for

14
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be generated fromthe el ectroporation experinment(s)

for in an el ectroporation plate. For 25
‘nggﬁgﬂgggif t he exogenous nol ecul e i nt r oducedPFHUS2093/038470
host cell is a nucleic acid nol ecule encoding a
reporter gene whose expression product is a protein
capabl e of generating fluorescence, a |um nomtor may
examplBQo Wseasrt Qiffednc@Ch a88rBarRB o @ \hdB i wiveld i
pem’ tted froma particular vve}é?. Si n%‘{%ggrngg’?gg{iﬁ%memﬂc
wavelergihs, jof lighyfin @ gugersinsolfesiecells éuo mhichise exagmbesmolzsule was

-introdu%&? iaﬁ@gracﬁixpl'i?i% ldXVi%sg%E;Oé%?(Eﬂ?:iPl%at?éfag%rs %{llj a.%lagre\rlxvci:et tt(])llgvr\]n%g

etection systemenp
electropiratainrropdiatad irmodoiodiof ko asogehondslAsisculé BAS thahost cells in the
cochg}rq&ion etc., are used in different wells, _
suspensipip)s AhgHeh prstrtecuoR deMicr Rakls peduenting ap sEfpctionsativigat is
mediatediEthi S opdHous! AR 1S Ie GhdyR et ers (for 14 VWO
2004/058%66 PCT/USZQO%?%BSiggﬁhexanple, to nmeasure
&n thogs epkasdimenis employinaapdatofeaders pecprefecrediehae the ripchbparation
sphecd. fi naths, of light in a
system S0 sXRBCorbl aETL SO B s Y e aager for fe
review amd &mlysis. Way suitatile datbi sethe dodcaemibenifedi Si on devi ces
g{or ﬁga%Ple to assess cel|l adherence follow ng
PHETHIS p Yt ST EoROTEER Yk Pl Alseitetudsn Rite starags Ggiliupesstore
electropBRAtRHYIRed dllrﬁngttttbecoh%%tor 81l ohwing beﬁﬁlgtlio% mgﬁgﬁbﬁcﬂgt’ion
_ _al though any detection device capable of detecting an
experimenf, geeferghly @dier splatgaeadeshasmotleateddaty an exogenous

e enployed. In those. enbodi ts
DPSRE oS SR 4B an pRetrapBEfion i NiMisF comgrises an
optimizati@téonanmsratiamed toDpsileid e ciopbatbiihdiionataforat? EJ‘?&)%'unction
.. ~.device to store data_ collected by the plate reader Tor
with otheg experimenial gopditinns aising,eleciroparajorsdata sibted inltheanemayage
YeVarfothef adpe i ' i i ration
e el AR Averfin S0 bos R ORI e s
moleculgtinto host est ¢ampisiagi usingleatreporation todnttduace e fesegenbus molecule

. I ' of0) etion of an,el ectroporat.i on )
o ol bWl P BBl e o & <RG0 Pl e elecroporation
plate accordirgab étbetiddra. Heré) i ielof eRRb@sHior®idhIo Sintrbiice af $REFhous
n _electro Qr tion systemfurther conprises an
n

molecugdmolﬁ 5k Ge AL ergn@ébq host gl @peblepriaking up the exogenous

molecu%'slﬁvﬁm{g[e%ﬁf)ﬁérﬁm. %rhdriegdlpcﬂ‘l%lecﬂbg(f}?ﬁ&{ tHerkégg%HQ r%toieglﬂe is then

5 with other experinental con I ONS,
able to diffase ntsyibe host oell. dAf eousteoreelthigues sins iorOPhiaresisYeih also be em loyed
t of,the invention relates to nethods o

: naQt her . .aspe \

im order3R furdicr entRACE he il oot molhess toclishyeth haae been

electropoed1®d. | 18icBain 8bediRlefE ! the BRIg@hd R M uldts b QULIER abfdSnolecule. In
exogenous nol ecule into a host cell present in a

other erg BIYS. s @ mekmedesulerfirag, ke Mmald be eppoeciatedbihaivabie then aue species
. | ; cording to.invention. Here,
of CXOg?LOZJE E@?ﬂ%‘f-‘% t prrg% g{r lgltalagtq)ﬁe%t egéQ?rlgﬁ?r?%%rh%egaﬁ’ﬁ‘ exogenous
BOtheniisentinethbdy, theanokiost| tgmtdlly is £E6Nasydii0 cEl DL pioRSrybikEcell,

ost _cel.l capable of taking up the exogenous nolecule
P“’—fe”eﬁs“i“ka“f%‘l”e‘m g%kamlrdfaﬁmw c3ls g an ollse Femicplgplt el animal
cells indlid BXAHRRMIEER.ECMlran a%dtpix]i‘?r&te cells, as well as cells from bovine,
canine, equine, feline, murine, ovine, and porcine animals), insect cells, fish cells, bird cells,

arachnid cells, mollusk cells, and crustacean cells. Particularly preferred plant cells include cells
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able to diffuse into the host cell. O course,
ues such iontophoresis can al so be enp [
‘”@?@Q?ﬁﬁ% further enhance the uptake of exogen8G§“52MBm3&”0
nol ecul es into cells which have been el ectroporated.
In certain enbodi nents, the exogenous nolecule is a
nucl eic acid nolecule. In 25 other enbodinents, it is-
from man&dolEdonBh L& i@ tHlEdthoud plais! lﬂlﬁ%réﬁaﬂ% %e%%ﬁ%ngmn'eloped from
nore than one species of exogenous nol ecul
any of the darepqing fypes of aellh el ect roporation reacti on. In the
i nstant met hods, the host cell typically is a
eukaryotic cell or a prokaryotic cell. Preferred

Qlkfarfmﬁlms:arkmwameéds&f tiech @ oA MilBE apisdrdr® fRRHE FMdWing
rticularly c%g ed aninmal cells include

dnnmnﬁhﬁﬁgﬂqg SEQFF§-¥@ %nd primate cells, as

well as cells fron1bOV|ne 30 cani ne, equine, feline,
murine, ovine, and porcine animals), insect cells,
fish cells, bi rdﬂﬂeﬁ%efﬂam_ra@ﬂmmmgs ol | usk

Egesand %Pﬁg Q{P%gf% glqdﬁggrgg CﬁJnegtigF %plé%g}lb}alr yls%ngg% svfll?{;gc%r%e evident

upon rdﬁi&'ﬁd.dfﬁ& GeI6D38ME @etafleddesomptivncing la 6l dfavAhgs that represent certain
Al so preferred are cell lines

d |
M TER RO S I
Bides 1 {emtineisnof @fi’Mﬁ%@l@ @&c@(&oﬁfﬂ%n dﬁé{g gécopc{]ﬁl%\fg the BSention.

~apparent fromthe follow ng
Depxctqgiexg & 9bprallqniate d Végl be(ﬁhﬂd ordaaized int@eighf role §6) dnf trivélle 6dlumns

(8). TH A6 L1914 W1 b GOHECIED @Rt cugn Extending
into thd\&él&raeenaectioﬂei f12 ah@h b pydnRectétBloahd &shddep 'd?)'hd&ﬁi‘or?ﬂg anodes are
attached drawi ngs that represent certain 10 preterred

located o058 Side At 3 rayY. cathedesrand theirnondugiors lon drcaathergidec dmthize
embodlﬁiémfebﬁlgg c%ﬁnécﬂb}x RV extrdrii e ﬁer%g ts(?ur@@oécu(rjsuaghxre%gl oﬂf e plates

- wel el ectroporation e accor

- where qlqw/reqﬂ pqmacts \Delpa powel suppla a936mmd£| dt thl distal rééi))ns Mélahs 1§ Y0f the

andc:s‘?ur Sces (10) of each row are plated with

ﬁlgi:xﬁd’tﬂ depi@s varibus ashyorfedisof B représch@itd ABcirdpBiafioh E&%tem for multi-
|1s are el ectrodes §12 and 14) connected to
well ele&HHBQIE‘l‘%‘r@ate@fﬁaiﬁi&&}P hegigvensiBdes are 15 | ocat ed on
PRt 85 ctors on
! L};er >3 ﬁtgprl ;fé Y@a'led'ug\‘\éﬁr{sg(?ts eez%tﬂ)ggnén?stedfr ¢ glectroporation
plates agemiding 14 bn invenven. Sigwe 34l is emdhgyatR@ws aear@%MéSelédtro B&tion
e of th at es el ectrical contacts wth a
plate (P ing 5 2P Rt i Eiplfe 5 iable digfres palema ambications
and corﬂ;ﬁ‘)seQfhréeh&entﬁﬁl@l&&bﬁ&r&n&%ha%@g??)a%hQ)@wﬂ%ecﬁn hglh Ut& about
2 depicts various conponents of a representative
15 mL f “@Btsldmsm*%ﬁ i dshawns each ¢iche ¢ledtroporafion wkdnbers (32) are mounted on a

th
s il b ERNALED B 3 IHEOH 048 SO0 MBI Ch et
vent (36)ao deeilitatk lﬁlﬂﬁﬂ]g&irﬂ@hﬂ:ﬂﬁ@g of thothamber. Also, in the depicted embodiment,

each chamber has an ergonomic portion (40) to facilitate handling.

comwm%%ﬁb?%ﬁ%n zed nto eight rows (6) and twelve col ums

In the illustration shown in Figure 3B, one of the chambers of the electroporation plate
depicted in Figure 3A is shown in a cutaway view to show a representative layout of electrodes.

Here, three electrodes (39) disposed on one wall of the inside of chamber the (32) are
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pl ates according to the invention. Figure 3Ais an
' ion of a large-scale electroporation ate
W(? %@?Béoggér ding to the invention, wherein the BF'@{J@Z(]O%/%SMO
suitable for large vol une appllcatlons and conpri ses
t hree |dent|cal el ectroporation chanbers (32), each of

e resévrﬂ é?éan h up to about 25 15 niL of cell
P %“g Fash e,g\trg%%the &adlHs ssfparatest fecbrecamtb@miatrbwby a.n msulatmg

_ pomoﬁ Bgtﬁ R (4B32)in 3'cRadiB! a‘é‘ﬁi opﬁlxe% 6(1%’0350%8#38 oyblggxp @plr%ﬂo\ﬂth an

er contains an in
electrqdg €39, netsshawh) oramea)ppvmatwallSﬁ)d d¢aoh eReirbdel @iSvdulld bi glgependently

of .the ch Al'so, in the depicte
energl%n% j’l?%teé akaﬂ &g eé‘fftreﬂ%cﬂmc gc t@ﬁe @p)g 8¥¢0h¢ eamposize ad are disposed
dlrectly 4ﬂ)ostteoxﬁ@aﬁio|thdr atrBe Bl HdeSSF ar cﬁecttHﬁF 'plcuh LRLIR! prgfgragf} spaced such

that th! gfg e 3B, one_of the chanbers o
att %F"E 8{) aﬁl?cgﬁdﬁksataéalleg@ thiepirface df tha offieg tle@rodl tb Ensure
how t at
generafBO¥ EIdi @ 8HL t@fr’@%st\iht?a%auaﬁ rﬁr}% E)%tﬁvr es&lg Gggtlrc\e/cgg)regardless of

| ayout of elec
the postiianhssweendhe einetradas Wherde flehiestiengthde mRhsusd¥a MR Be dnliRd shown

004/,050866. PCT/ US2003/ 038470 represente
in Figu 88, e W3 2f fgg%scgﬁ“%fﬁ&mmﬁmng.pgrt@@pmfm@argbcrdam is tapered in

the dlremoﬁ bethe eltettpond 881y addist Mgl g Q 11 stQ;gﬁ ISI%{I fr8 (il (:}éagjber

x@%ﬂ g 1% I na chanber, each of ese e
1136 8hoyss ¢ eigsurecHomel ane:ﬂtexmnwanwﬁmemwtrfertﬁmbe@(sz) of
Fi Bheay ach ctrod air would be

S ndek%gﬁggﬂnte??%g%ge(g ? glsgosegr“é Sé‘i"élﬁﬁ%/g orzqataly.cs oppased to

vertically. Asintthekmbodiodet gfHi igur@BB, thb elesRHR:s %39_6 %eﬁTﬁd h Sne of the inner
opposite one anoth

P 5 directly
walls "g fre F?‘B%’é Fepaaiedifog) PRsRIOST by asmalhinsulapnepatian(4l) of the
wall. spaced such that the surface of one electrode is
E_.arallel to the surface of the other electrode to
s S Ydnidy Wupterte enbediments wberfeirethe shavfibes (25 had i dedied ¥F

mtemaﬂﬁm’és (# fnqri%ﬁxj@ B%EHW?lﬁhre%lEZ ?%étgcgmea T aigrg::ltgiség motfhe device.

posi tion between
When ggqsp@tn@p thaffles meras tr lodit tﬂméd&meﬂﬂm&]u@ﬁtth@ cdrﬂammg portion
ng

3 fl 37) of the solutloncntalnl
(45) of HeQHERucttro) 1 letdiRicicli o d ety aqstércb@mbenabOhash:Bsample inlet
port (Jétjlanttﬁ:tanﬁp]e ofitldt BSHQ%)'[@EH&PB# %B%aﬁx&epq Pané1 g the

h I nin a cell suspensit on
c ambeé IgHEWIL shops gssosseestionniakeh tirnugh aerranafer 52) RrEhedisent

e .3A wherein the
repr ese@&g%{&?gﬁ%ﬁ%%% b%rﬁ’ée)s &%péggg&gﬁggsﬁfagh batfle :eytends downward from
the top ¢fcghd chantbet, Ilga,vmgSanQimeﬁg U3 BerweBh EHe%gb% st@%}e G '/é) Jf?liu. c&mamber

the electro
(32) anae%e gor%eng l(%%) qf ﬁ QAB?rp@ra@ﬁy then ohiittide baffleseare included in a
chambesmnﬁhfs aa@ Ckhé 69&’61@%"&:1@\9 ghé @éffﬂp }/sr_tﬂe §Me sngﬁkjpszﬁ%g%gm s-beneath the

rtion (41) of 1 gures
other balfq]qsbggghpag}ecqmggm‘nmhamngrmtl‘apla baffees N?ﬁlﬂmﬂ‘érel(te}‘?s)ize'a%%elﬁngs are
£f F 3D, 44
contem;ﬁﬁgd Syc‘thg 5V€ Rél? rg 112 %flqpses ha&i;iz ngnhaﬁfiq%grgécplsorponng: one or more
addmondleaplemags ofWmeidup Ekﬁ‘p@s’ﬁnd sﬁi@?omméuel%n%ﬁ ra0g tﬁeg n?E %tﬁg}]ed 10

nt of liquid in the sanple-containin
one or "(04{%5‘ °ft”PF‘e°*t9ﬁg%%@ra dizion to baing m}ictiabuoahced)p@ﬁ’ﬂﬁthﬁhe
chambegach chanber al so has a sanple inlet
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20 port (34) and a sanple outlet port (38) to allow
anple flowinto and out of the chanber.
wﬁqg‘{f\/}%&?g shows a cross-section taken thr ough1’5ET/USZO03/033470
chanber (32) to show a representative configuration
of baffles (42). As depicted, each baffle extends

downward from the top of the chanber, |eaving an

OBQHTE@ 095 abelawdembbdnmehowhamngmé Elﬂﬁ%ﬁ ( 3%
r face (48) gf @t% &'Eal%l%]?everal baffles

(44) eft@fﬁimg f‘rgﬁn(t?ie Side, H/a%&ftpi,[né\ﬁg of fi}eé:@arab@r in n@ggmteﬁfashnoxas&ﬁ that
one bafﬂa(‘ﬂléee reamﬂ; dnlipenin@y43) bbsveR fY iR I(]Ap? { Vl{l ﬁ 2?3ﬁ§eq,pproach to the

ze as t he openi ngs
opposxrs%ﬁal? ga§e (%bt ﬁéd@H ééﬁ?rﬁ@}@tﬁétarwmeltdtﬂa/erﬁ@)mmbﬁtlcﬂhtﬁmmg one or
I
more B! &%ar‘ﬂlersg‘ofjéo%ﬁgﬁrgp&l Yredof on emp e:g\hn %brgvreggm dafeedethe baffles

cont enpl at ed i nventi
may altsﬁéoﬁaﬂﬁleégomynmlsbmm)ont ai n one or nore additional
gﬁpeggsghgfsvarl ous shapes and si zes over their
?’Wé’ifr REyeHRauYe gebadimens of @ nbamlver 132) dorsd ld®-scale

electrotpf)ratlhzepl@ BORIccomdipdd el Lt a gd to the
e, U e ner e B0 Llandsn i M Re i Tansmibmoace
applicabions- Jargosuissdigee 3E|1@lll,streteSthhd>MBn dietvalf @tsﬁ%le chamber of such a
l }ﬁﬁ!’@ cont ai nsS sever al
prate ! &ﬂg@g@gh %)E({t?éé&r%apt a (@O%DWHE he a&%dfi/\@?} af eg¢h elagtrode pair being

dlspos‘?ch@feééy odeShetlrehambédf (snmosmaggler Rkt aﬁlgg@a@g&ﬁm@ cach

44) | eaves an o eni ng
electro?@ & upt &eg Hxit\c} h@ dllspl%seg Versigal yalp Fgrvoaeibcbf theochahber mmmg bb@sne the
h
other mmther f)ﬂﬁe pbrfiSdlar Ascuk girl]lg eg?%gghe&‘tgt gq%tﬁgﬁuoﬁge tthg electrodes the

| $ odi ment contalnlng
electroges #5 pardted drome ot dngthenby arn;nsaﬂlaéngZ}ﬁbﬁl&ml fbefle BYribdlg wall,
The pldt@%(rﬁrkth'a\gl%ers RAeH nt hc)%nglﬁt(éra :?%pt ggﬁvgﬁgklyé %gx%%?t}';::}? of the anodes

not S

and cathedss gs@mratulmelmm’oddiidﬁﬁﬂéle@ﬁc@ c6hATD ?1(5)23 t tafBe o glﬁecgedtIB a power

el ect ropor ation plate accor
supply t% Oﬁ”(}’gﬁ QT SBFrei4ng the slegipedeapfrathe dcplttad grebadineiteeach electrode set
(here, aarepictrsc&t $hay b I ure 3F illustrates a
op- dompa?? ew of egég{zlﬁ& d%?d%g fgl? © YPIFlestrogs sstsat e
ﬁﬁéliosg Hhibe g el ﬁDMFCletbebe embtiedip@hts $eprés8aed In th%ﬁ%h&ch&’rawmgs

are repn%&%giﬁvé 512% aﬂé d& ?&hc{e L gtglglesp?% t%gﬁlf 1?1@/12{31%;32 grs eexlampteh the

directly Opposi

© various deppernests of| rab ecmepidte pﬁ&ﬁeﬁ:corﬂh%ctb E&qﬁv nﬁo#x H{aﬁ %g
r

0. os d vertlcally in a wal
dlfferendlpror P‘@ %’F anq/orditferenteqompentras. of t he partl cul ar
el ectrode palr On each of the walls that house the
el ectrodes, the electrodes are separated from one
anot her by an | iled Dencripionioff € 1hdehliopf t he
[ 15 The .pl ate and chanbers al so
Q%Bn%rtﬁéél%é%l\r{]\a Epinds ?136{18%‘11‘5\%5311t T & undenstoed thae thetimehion is
not limitedeo tieqafiuladBidcEHoRRRR Diddl, Al \&5Lrpde, set
Pk kil i hhoBuficfitive

thesemto el eFtrl cal contacts e conn
?)yoWé)r téﬂfﬁﬁﬂ 9 l{emdergtp@@\ﬁhﬁt the termmenigyzise@hdrbia is for the purpose of

descrlblﬁé ?&h&ﬂgreénboldﬂné seor?f 9188 tlserg)t %Tgr}gﬁe t(b@'ng ,!]}ga séggeglzfetﬁet 1rnsentlon

here, an e

" defined bhd@pem@nd Ehirgd. t he ot her el ectrode sets.
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As those in the art will appreciate, the enbodi nents
ed in the attached drawings 20 are
W6Z@:4g’§@ﬁ{ ative only and do not depict the act BQF/U§&Q9§{838470
of the invention. For exanple, the various conponents
of an electroplate plate according to the invention
may be arranged differently or include additional
1. ﬂ—fﬂfydgéncﬁlll fferent conponents. Detailed Description of
the Tnvention 25 Before the present invention is
6é§§ EPTBtbe presaie irgention relajes o ladgr shisetbctrhpdratitreplates. In certain
the particul ar
preferrtd MRS, sl e Al ¥ Bkt B g S aB g 192 288, 384,

576, 67A&8; ilmd30ns6144h esmomayemaalywellst thhﬁco@teﬁ@el%&rcﬁ)‘éranon electrodes
nder, st ood that th term nol ogy used herein is for the
that czm&m

B%"s"é“ tly guergize Prrﬂj1 Fratedi dupter pefsared pabodimsnlsyan
i ondldi® Q
e ectropl%lintéjle nfﬁ onﬁccgfeﬂi'iﬁ‘tgffﬁleb{r} %Atgmggrggn%egﬂéﬁﬁ OQE a&@%s ﬂémm 2-30 or
more, lreQyglome gB@n RCTots2ongots By 26ll- cantaxlnmgrsnsbmtuoﬁﬂ lnAth ts
embod ARG, o RRE Ehyr DY E TR LFLBLESe L0 bt 065 %5 e
energtz&htnmdtdfmnﬁs t hese pI ates have at least two wells, and
g 6,. 192, 288, 384, 576, 672, 768, 1536,
dsyn QPL‘E“ #yinhg confexbpf tisdnvenEpn. mdppmde@tbsncwmzed”
“nd ﬁh r b I
o nﬁzfgeaﬁtfsa%tﬁga@sgﬁa% by 8 lgoprin
electrodes édrdangechuartisneli elentitodss ampeisingtan elrotrade set) ep. apgosed pairs of
to the invention_.conprises at |l east one, and

ctectrodi§ s ehey oFharale b P SRR o istleamrrign eectodes
in the pRtee CTHiORPARkIliiyYa ﬁﬁtchor@@ﬂﬂx@bﬁté’kﬂesékisﬁﬁ'}% 8e §ccoh‘33h§¢é@lt}nany
enbodi nents, each chanber conprises a pluralit
ways. kgr éﬁ%’?‘@éﬁeag}éﬂsﬁ?tﬂﬁa{aﬂéaﬁlebteodclmgpnmd@mtp%rateb’mwgi fr@l therother
t he cont ex
electrod@ﬁ:@é? ﬁﬁ%gen%ail@ %lleétrdﬁ ggﬁ] %a?t% i oév%is%awﬁ@ ghrcuit compnsecti ofthe
elecrrodes antbtbe nomhrt:to;s that atpmeﬁhé eleotrodeh & the kcirhledonitae fo@nnection
{ { | trod
toa po BEL.  bereinur 2 plrdivu B FEHEERE sresrray sipoce par. can be
confi guﬁidea@ tereﬂﬁﬁtswthc s8m@ cir@ip Qﬁt‘ﬂ@aﬂﬁélé&ro@@ paifh&&hg 9G8R e{sgbcxated
ceive enerﬁ;y separate and apart from any other pair
with it. Jfhugy eTHicB S6H detrrine Mhetherodrasticulas eleisodst ratrds efféngiged when the
circuit i§ @t&ggz%dn%q | ds?ﬁres@ Jlét@§ﬂdvg{é\l\c§§nbméﬁo@ &tsﬁchdts%u%n g%anso Be‘made.
When thsl edentrodppaintor eav) for emgheoxzﬂl (pac}ranrbat;o che bs Rrgperidently adifessd, the

v o S B A e
embodiinBs, Whee€ihe PHGSis @E‘ﬁ%ﬂeh Qo G0 6P bt ﬁ(h%p dOhRae altrﬂﬁ‘ sets are

el ectrodes to the electrical contacts for connectlon
part of ang circwib\iad thig parl Be enataizednegeithes iy, aathslsamatmteywnhout switch

actuatioﬁﬂ,?l’?otsg gl%@t?odel?)gﬁ‘! &afna lt)fleYr c%lrr%gptogt%gtg v_xpaﬂls)ra% salcﬁel to be mdependently

addressable, as compared to other electrodes (and wells) in the plate.

In addition to electroporation plates and kits comprised of such plates loaded with
electrically competent host cells, the invention also concerns electroporation systems that use
such plates. At a minimum, such an electroporation system will comprise a plate handler that

energizes the circuit(s) present in an electroporation plate. Thus, a plate handler will comprise a
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configured as elenents of the sane circuit, wth each

I I pair having a switch associated 20 with it.
W&ﬁﬁ@?%@%gw tch will deternmine whether a parti &GTAIS2003/038470

el ectrode pair is energized when the <circuit is

energi zed. O course, plates having conbinations of

such circuits can also be nade. When the el ectrode

power piiply ogrosed the energp nerglee torelekpitos plahardiediodea s Well as a
(or its electrodes)

i d d . el
controlzleg(ii%g?g?c?gg}%n z?rlﬁﬂ{ﬁ)g\?c’e?ai%ﬂ 85%.8}?&&%\% SnepiErdd ard fif pgesent, which switch
or switthdsemill $€ opéred @k Bl%ﬁed).emﬁ@gdrﬂ%mxsand%ﬂe? s%@cxﬁ%%}gég sé}ggﬁapsunits,

desi gned so that several, but not "a

althoughPrgfgf@bath@ez‘an@@mhtws resifs withic aistngleadesicehias etermrof®ation
' @ t the sane tine, w thout

system 3 ol FR A 0RE DO € oo Sl BRE AT S (alpreBpres (e,
to optimizerelespopmiativg. paeiniesdrs,ananagapltel HoendnDARNRAGERY, kit )

%qg%gcfggée. as ¢ areg to ot her el ectrodes (and

we s? rRoqdiraenss o tesejand Qffisr a3PGers o6 the iwveptioee shareughly
describpd dtlew. and kits conprised of such plates |oaded wth

el ectrically conpetent host cells, the invention al so
concerns el ectroporation systens that use 30 such

BB Soraibn Biaflt N MUM such an el ectroporation system
V\le_%m’i‘p‘ﬂ—?e_a pl at e handl er that energizes the
diicinventie caicemB Riectroparatichl ek, ARRIEA O HanBfadife usdfil sy
erfo aegl te handler will copprise a 19 WO 2004/ 05086
periomips £ 98 $XPBIMERNE WY 1B frE8Td torembedimangseuse fub faz hihg y
throughpRe si§iflicAtdnSNGE Plaks eaehRloRpR: A&l 3Sied
_ g%n??gfl ern t ha? adi 'reect g \/P\ﬁ(seﬁa Eirﬁlcgf{-iﬁ%\g}vﬂgg%ﬂﬁ%l? ‘c”ﬁ#lgi’ a@fﬁt two of
which ¢ga b@ﬁl@}egq:@@gtl)( eneigized Theowdlntare dispostd mwi sotidh sub3frate, and may be
; | | opened or. cl osed). The controller and
mtrodu%é(’)& V\% ?g@ﬁ‘s\&%&ks n(%;m%@?ascgg%r Jg? 8fe&tﬁ1- X ’ch v\éﬂ?lt ﬁé‘u‘ﬁ?‘?t two electrodes (an
anode godafcethatid)yard peemendntin disposedlthdréis Asafte Weli$ihBmBelves, the
ehcno%gg%%3>deﬁgfe' An el ectroporation 5 system can al so
RCTHKE "YHEUGTH Hropdoysistases Planyuiaciuraathe gearasgeare energized
using afl @Xte@Bpowah Sy @BER W& thGn ﬂre’elecﬁr%ég?ttiénr@ie%g A%, Pulssy

el ectroporation paraneters, manage pfate nove
generatpiy) Hial ¢7g, bewperayivel Peevpiadrie theeptte d Simpitetrly, f enitfodiReranthere the
i t L nhvention are. thoroughly .
s s ARRF IR e gD RO S s iy o
electrodersetsrbat o boindeyendently @aérigRPOr BAdhQT th @S destih bh ¢leBSod set is
in performng el ectroporation

uf acture usefyl | orr .
preferabfy ispPiie it € walpf Hhe caabe. viich sppicaibrmadafoat alsodmbstrate. As
ill be Bpbciatsd ' f Lates,each
will be By i) CRAINRYCan R hde A Bty b e b8 RNEE g suppopg member
at an appyprige staghi éhcardinglyethe mitepiealddretity forne@ngédiag thelddtrode sets to a

v S8 ATRRER B o B Sy o
include ebmpbrientsisof@ o whithlreside iatthd @Rfibet WA ShEGF ijcgsi?%@enon the

anode and a_cat hode) are permanently di spose erein.
supportadn gihenembadimgnts, sher dhamberts aed supphe areaharatfaonded ag@yinfegrated
' es. of, manufacture. The
unit, 1n é\’l’pﬁe{?%?%ggge %%nepvgt%de l?lé?\%vggcaognpnse ghe conductors ande electltl]cal connections
necessary for the electrodes of the device to be energized by a power supply.

&
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usi ng an external power supply (often referred to in
roporation field as a "pul.se generat

W‘i %@WS%OE 0 be operatively coupled to the plate. PCT/U)52003/033470
Simlarly, in enbodinents where the 20 pl ates conprise
one or nore |arge volunme chanbers, each chanber
conprises a plurality of electrode sets that can be
Vhdepékﬁ@ﬁtly energi zed. Each of the electrodes in an
ed £8ds ef e abI di sposed in a wall of the
chanbéer?%gvl\}% i, ahigl) {hmu&gﬁ"r* SRHOROTRYIHR! Ak gggarding to the invention

comprlg@kﬁsmlmails' of/kskectr\rﬁdblle \bellsaﬁlﬂéa%@h% 8Ewhith @Mlﬁd%%ﬂgenﬁy energized.

epar at and then be attached to a
B“a“sgas‘ﬁ%qb*?’ ‘%%Pfea{ﬁ‘ gYp‘Brbs PPGdP EoRjuRgon Widtanatnated shigh thebughput
screenip €@stdnh s &lis ﬁirelféi‘ké'dttﬁéf tﬁegg]atgéjgpﬁeis %1?%{& (Igp%éagc:: E]Csiyl{:li?gffrfygoimem

to a 25 power supply
although sych egmpatibilith davins essentiz| Deoerlopdié bfEHaR@ArY ?dr)fnos'l Blﬁﬁ oughput

h d
blomolbaﬁérgég%gﬁg?pgﬁgn%re Iy29n n%@%sﬁistpﬁ llshgggijgpeetslogle:fy fewr (l:immmecular

and

Screenmgﬁbdmbmnt&;mé&&u@hﬁﬂbﬁfr&ve@r@ tﬁURH{%Hc ltKJ idRanss cga{(gsr ?gtltute

as _an Iq% rated unit, in event e conp

Inc. Among others SriyFh standards (é@ﬁ@u draft éntenird, @l femﬁalllyCaabpted) have
definedGOROECIonEHSH dMRAESRHY p aR:E tc‘i Eee us%lfi Fﬁg hxﬁgeid%a)'gteg% té‘uggq@ly, standards -

devi ce to be energi zed
exist fozebzﬁ/f@smaeedxp@mxmeaghmaéﬂ@onsabodaaswﬂd&ﬁm%%%%édg?oq,s well

t t
posxtlorgggcg'r gl hfog? nv@ﬁgﬁéweh@gq{%sgf%gld{gov&l ;dn%t yPlatks of these
dlmense)hemaw |bé readile hmﬁilécﬁby @both%gten{s\ﬁﬂd Qutoﬁ{g{eﬁ Iﬂ{ircdwagﬁ, ;gatforms in use

inm de endezaly ener i zed cause sucC
aﬂ)j 12 e ebla@@wo Qgy coMjagrictltupal hmst:i&neustcafpafdﬁdns ¢ GRII as

acad Ich{nﬁldﬁlép st e eferred that
e M o B e wortd, “Lfffine widespread adopion
of the instapt elgw’m)matlon alalds(funglhgls thedughimgpiiditiohd, Yt i ﬁeﬂﬁﬁle that the plates
confom?%stﬁ&'é oﬂ ter% %P,Qﬁ%ers of hardware for nost

W SARaAs loupRer AyomgEanang Cfmsls-y)lanﬁorm
compaubtlmyldar ds publ i shed by the Society for Bionol ecul ar

I§C eegl ng (Danbury, Connecticut) and approved by the
8 SFAMBIES ofrsirh anboerdiments inchaieithase evhereliun el&dP&tation plate

comprisé$ bgmm 8@&@]1&%‘%&1 d%ﬁqﬁ]g&ﬁl%ﬁ %{é«fmﬁ/gg %;rg{ot &éngments

ormal | y adopte have
two or n@prﬁgﬁglp ovedls firoa gqylerat:@lsmh Qorbewy{whd:hl rhayl 1938 oY BL SITBf the wells in

the colurgﬁrre e%utréizeé Lo e %S HEXI o y 05 gp{avzgis];;ggt;cmhﬁhrar(g&ows) of

the plateduhmsergmﬁe w&tdd @mllaf' {d for 96 384,
1536 vveTI pl at es), twe] qur \éﬁ%%lu&nﬁrr?“’"ﬁ“&?égerglzed

| together(?ruternﬂ@g@l deplyEpm, @n@thﬁrayle‘tts)deeaﬂuhb plakraritksesch diboiRGd, § is

har d tf
preferred dhat ﬁ%le@@gdeé %gggttn%glgr % Lg%‘%iﬂ?'sgtﬁ col&%gg gbgcprgzgsttb;rgd)f) to be

many p ar maceu

energizep) ltwmeehcepermjy poriratie®Bsch thd Wieh lon@sied:
er res&lar ch institutions thr ogahoﬁt ﬁ)dﬁgﬁﬁj?&} grg‘ng all of

them are egsﬁgﬁe{i i %e&g}gy@gd eaigmgteingrrglzutg‘ pardreetemysA dpdrtion of” the wells
(or electﬁh@i}tolf@@@lﬁ)ﬁ{ﬂ &Qo@lr%5e8| Y0 on []httél{r% rfz? u% ngnaﬁllegf the wells (or

? |cat|ons
electrodes) of the column or row.

In other embodiments, the electroporation plates of the invention comprise one or more

large volume chambers for conducting large-scale electroporation. In such embodiments, each
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conformto these or |ater devel oped standards to

I ut omation and cross- pl atform conpati bi
Wé?@tﬁ%lsﬁ%g exanpl es of such enbodi ments incl ud&€ Fﬂ@géﬁ/msuo

wherei n an electroporation plate 20 conprises a
plurality of wells organized in colums and rows. In
some of these enbodi nents, two or nore of the wells

chamber mompgsasearplmlmymﬁ e(eeﬁxfﬁbMDe(d&trbwseWa@achHﬁtl P@mﬁjﬁe at
ol um) are energi zed togeth

e
least ‘“&ﬁ‘“—"ﬁ"ﬁ&%*p eéﬁlal% ﬁFihﬁ EF“?%SBWP e indeperident] cerlergimes. (/’csrwﬂl be
apprecxﬁ@&&g@g}gre}s EE% B é’ets?gln\eclé ﬂlc?gﬂ‘ﬁ:tr}?]e %lIrat]gr%.gg ﬁaﬁt{e?@ggre%anu%actured as
a singleast: (ﬁlieé'éﬁtl"ﬂyg@ﬁ ﬂ?@l{e mpy be {lesaiged nalesrhprysefrwo o miokepiedel &at can
t Me uch enbodi ments, it is 25
v o BRI ARl LGy PLALS b BUCh N0 nenls, Lt 1e 28
manufa(:mredsteiredefvemle umredﬁrge @BIuntY EhainBes € Of fuch Qnﬁ)%dmhents the

h benergbz %Sther be operably connected such
chambgihTAY 8he '@F SERT Yot wpﬁrswesl -engachichunberandy hate thefvepaciy @ hold
the sam@@?ﬁ@iﬁe@&t%tﬁe@ﬁ%él@ N rgiz]
paraneters, A "portion ?)lw P?,F]JCQQS F?Hﬁe ( g’r% Sg ’{]‘%S’BB%'"&Y or
may nopgoniaip glegtinalmomporgntsflaembbdintent valtergnthie eupﬂwtt méBbé does not
of., the col um

t | ect.r odes
have elécl?r?(!rﬁ(l)?é&%%%fnts e IS earmbeen‘B'g gﬁr ; gg tl'{eﬁlgceé?saé& FF%‘HHV akq eppnectors to

allow trm ed&mdaftotbh en&rgl‘sta’n&ﬂt@ RofRER6M % RNEHIO 'boW Kipply A &
ume chanbers for conducting | arge-scale

e'empé’raé’&f’rpa B BERGTYAL). [memmbrdimenth yilieedhe sxppe:ammbzadmcompnse
8{&9&6&5 R O t men
certain plurality gtfs ngéﬁgf&%{g%%éﬁzgelegp%%s 2 n&ﬁ Hie“}z’ﬁﬁ‘ﬂld
chamberfpmqmrisy smqgnne;e)raw oth@asinpbientLdsed hardaary BasdRe He desired
Iect Q S ,5an be | ndependent|y energi zed. As
connect} °“ peiyigen 5{18 s e aéﬂ&?‘%ﬁ’%ﬁééﬂﬂf&h é&cm» davestioh
contemp}lhla!; a pleehopd @ﬁpbt@ﬂdl dbhﬁgﬁl@ﬁ((rﬁ)foﬁﬂh@ Fﬁ?e@»léffﬂ’fet ﬁ%‘ﬁgoﬁsAs §hich, the
si n Fart Alternatively, th ate may esi gne eq
exact dqslgng’ ISaFcpiinedp tiopeension isclefitthe disaretién b6 thaskiinb hidan
as needed or desired. For exanple, the plate may
conprise a support nenber manufactured to receive one
r robalid Substeatesol unme chanbers In such enbodi nents,
the ame or different size,
. EOASlaR ol Rl Raphe PRI Rnrsanpe roh o aisgitabi
solid subsim Qrefarred §ubsikaestary ok Mat0dan &8 Inlafiufaefirditb tie RsESE
gb ., the support nmenber may or nmay not contain
SPeClﬁC@foélé ing, BiosessesAng/or mackiningd Pasisuleriypeafaredase plasncs or
h ectr.ical one
other poRRRD [t G TR TormRa o actited itBe B4 Blecip RardiBeben g e
processeso Rabicarbpsate, acryltnitdie tualick eoidedaBSH anB ok F&k %\%d
ction ui tabl e power supply (i

t -
paricu G b RL I 1B RIRCBE NG HERH " oSO ol Teemiosteials)
that can 1bB €ashlopePInto m@es!’cal@‘%fe%trsﬁmﬁdnsa%corgﬁ{g tfi"[l{e ifle Elgn may be

mponent s necessary to energize t ectro
employegu ﬁb smbodimenis thas amployhpdashies: {tsyill beappresieted teih the plastics may be

1mpregn‘r3rféE gﬁ{f/hxg& f8\.rcec9 gﬂﬁ matia0 %p(}v?deadsesl?gdechrz]n'ea%teeigt?crsye }.3, o1mproved
rigidity, heat dissipation, msulatlon against electric current flow, etc.
Another advantage of plastics is the ability to use different colors and differing degrees of

transparency in different parts of an electroporation plate according to the invention. For
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15 connecti ons between the el ectrodes and a suitable
ower supply. O course, the invention contenplates a
ngzg?"/ﬂ?l’%?%f potential configurations for the FPCIER03038470
the invention. As such, the exact design of a plate
according to the invention is left to the discretion
of the skilled artisan. b. Solid Substrates. i0
example] REAY QRIS byitert Bt 88se8GRAREML §dht bPEoek IMEGMvE R i
be made frqm)g;ny suitable sol {ﬂ% ség_lbstgpatcel. Pr ef e%trﬁgg‘por this
reason.dfy Fany gmsedigentst the bettem of ar electaporation piate ismeatietfmnt fgransparent
. ired. i.fi i din r,ocesse nd/ or
plastic, Y3 leffotionS BE e ol A1 Rt e TRLLHeRRE DRSS Fle RO o opaque
plasticot her pol yners that can be forned into the desired
e by. injection | ding or sim]ar processes.
3%? c%lfl%'aﬁgpée,se'&@ﬁf?‘g?ﬂd Prampessist selifl heraies foeframingss) | |
electropdratidiOpiXis EUJo?d]ﬁ%ﬂf Be ToveRAdd, et ahbdaiResk %ﬁlﬁﬁ)d" ctetygrﬁcs or metals.
reason, although any material (or conbinatrons o
As thesgimateriadsy endhigehmaugs §9r thein greparatioth @ref welhkmovadinithd art, auch materials

may be%ﬁ@?%ﬁ@#gfog&g%ﬂqqgﬁg ! 'otg‘?mngg %%:H;\/g?ost&%ﬁéiggﬁl% El\é@?qs llég,ne art in

light ofithiswpddifidagomppr eci at ed that the plastics may be
i mpregnated and/or reinforced with materials to
provi de desired characteristics, e.g., inproved
i gi diFjetrodt@at di ssi pation, insul ation agai nst
el ectric current flow, etc. >0 Another advantage of
Filesgrofiesscan ge made ghforiney from any suitibld de@ricallyaondtiaathaterial, or

combib G G955 RSP BD B BT Bl
used for sleerddedwill 5Obio2stn Y¥RLE) OWhEEABEE:13Ed {sUSARABH A S fble materials

exanpl e, many detection systens are based on detecting
(e-g., ap plgeirically copditive malpmipbsuchgs Beld piaed ever en cleetnisaly, conductive

materidlBith a8 Mg'ﬂgﬁ% Sverafl %le@ﬁkﬁlg&;%&fdu@tﬂel aagﬁdé ?ﬁ’%ﬁ@ltcigﬁ)&r, or a carrier

p]atels_mae roma trans ent p
doped yyish 8 plgaisicaliy qondugivaneaterfad), itfioprferrae thsit aicisasofhetonesrmedt Isver, i.c.,

I ICc. 5 | I .
e layétifin SR8 LIPRED AR SepPol S5 Seumhable BefpadtSiagpparvi

electrodeomaterigls iiolude kekitana pitdnitirh O Of phiates oe£IndLESrsiRay 18 be used
I nvention, other enbodi ments enpl oy ceram cs or _
(e.g., alyaynyr, vanous sfapless StstSepical and thaikselsstiomisdefat the disemion of the

skilled BARBRbAL &mhe%ﬁic\éﬁkb;()ﬁi{&%m.i n the art, such materials
may be readily adapted for use in practicing the

iEtectradés@nd bgnduhwssecaprbdiimeivdedyn sk eledtagporanion patelsyt ariymuitable
light of .this specjfjcation. 10 c. Electrngf. ]
procesye RO P1ATRlS, T SO SmhediBeRls. s MAICERS A plaied Prashewise

deposited 86ib thecslil YubzaRRUE HeiRd ItbB6salin o@Er erfUHMARL, i oRE substrate
mat eri als, including conposites of such materials.

is machinedsta Regspicleqtiodesigr ene el merg pre-formed wells.

d. Manufacture.

A particularly preferred embodiment of a high throughput electroporation plate according
to the invention (see FIG. 1) has been produced by a multi-step process, as follows. A
polycarbonate frame providing the basic structure for a 96-well electroporation plate was formed

by injection molding. The 96 wells were arranged in eight rows and twelve columns, The side
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used for electrodes will be bioconpatible. Wen an
is formed fromnultiple materials 15 {W
W(?E(ﬁglugeog?rl cally conductive material such as gBf $3603/038470
pl ated over an electrically conductive material such
as nickel plated over an electrically conductive
materi al such as copper, or a carrier doped with a

walls of kbt wélCdibpoged PNHEIGirécriBn BREEFvAl re
at | east the outernost davl\aalwehtasm%tg ftt%Fé‘i/‘éFdJacemto

each wgﬁfa\faw% mﬁlge@wﬁbgé@at@r@l auqbeﬂslABSJtep?l’lﬁdaﬁmlnaletﬁAB% (PC-ABS)
| oconpatl e, electrode
plastic BleAg bedpla atg) Bf\fug %ﬁﬂ pronré § AnFerain efgitssuefaces (hrse. the well

material s |n ['ude

side walls o et romssidemyf dimlbmduspxbf&ﬁk fhvsy sunaﬁie%} PR metals or other
els, etc.), and their sel ecti

nl ess, st
'matena\f?&% ﬁ#? S ?Sl If(ﬁigs aﬁ‘ds%ﬂ“gl“ft%rﬁ bfteg H@ wallgiwerenokied |thfaplate was

exposet) asatletching SRuRA tbipePaft th@RRfcE&k: 9 FJxon {%rgat Ieaggxlgé?%the

| onductors can be included in an e
eec""‘%ﬁﬁogl‘ﬂ?s'é‘m’table process For exanple in sone

eaTin J erj.als ated or
R Rah 5'33%16@&% o 358 BB RS PlrheBbuer eenmially deposted a
relativelythiry @ms| cmcartamrp@mdna tetshEd seEhadiEBN WR1s fifed fliohdABs overa
i s machined to accept el ectrodes
polycar%glpa% ﬁ' (ﬂﬁm teghinjques that wamld diffareniiate, befween the
polycarbeaté &1d @Bi; )hawri%fseflﬁxﬁguﬂ’% VD b Lorber b of A e Bblskness

el ectroporation plate acdcording
of abouf| G3nicryinghes (me)e»masmindwed theyABS pothiohs 61 @@ mf&ﬁﬁfg%lecﬁ%less

0 car bonate franme providi t he basic
copper Bl%llﬂlégéte’?}rmé@eor Cg MR& FROSER Bripsdass becauss ifidheres wal to ABS and

provide gramsitibn Hmyndmgjbéﬁﬁdeﬁ) the st BAd m[gﬁ?lag)@rsv"?dekts a}?ﬁ&t%elyaﬂéick film of

o er%[an ed |q g% rows and twelve Col ums
PP A B s picabouish H08) iod8d 710il) wad deposifed @aake initial
copper lapirlusig ft0aplaiifp &éihidlit ol [OW . 8S we
h he tog of tslﬂelrow adcji;ugig:elr?1ltIJ l?[gs %28%1&\/\531 meSWpFrﬂél‘Frs provide
the b“‘WJCBE@thn& canaciy.i Aftersthetoppsr ﬁ%‘ap}bgled a dthm film of mc(ljcel having a
o} PC ABS astic end to provide a
nomind FCK&% gg&%‘g‘?s@gﬁ? ce %P%@FPB 42 cpPere MNigkeh wes U$eﬂsbecause of its

conductsaqlpfmcetﬂes @hdabﬁ:auiehﬁadﬂe}els weB itél theVWBbhe |
tops of the r ov?rs Sui %B?’mf’ ({d SHBS“’ale

and
for elecm%ﬂ% g\gﬁ Jimlly. & fipish éqypra(pfgo%gﬁwlaiaé oR Ithmﬁd«ed eBeoa.fJHé of its

r l v d
e SOUHLR g, Bty L VST Sy 0 LSS, 55
gold laygrjiad ggpmlmé@hldmegsmfgibouttw nil atsi wigh)beQbpiebigted! edu%% eQge

o) nthls | ectroporation plate, three
Fommerﬁ%‘?e‘?é??t"%ﬁa‘ thicknes o Hhe fope aad §ks&%léh\ter5aqanyawaamched30%

or more.a$he thedkaésls‘bé mé gfohi lﬁyefr'dzdﬁnd?@ngg &E}H’?l?%?n&k%%&erabfy \é?nes less

ubstrate
than aboigb% rEﬁ?GHP‘[ifér\’é?fé‘ mrpa'zpﬁg};mgghmgv@nam ingjudieg hmiltissr él&atodes
nat e and ABS

such as t1Hede! "sivkh %cﬁr&% #)r@f Fabh)}%a% (L (%agg%ﬁfyé %’ \?ﬁ%a‘ggﬁﬁp‘@ﬂem qf giffgrent

materials. Ini are
electrop@rammmmdlnonh(mdm@sg 400Yol8UYFor 10 miliGEQINRS hﬁs%c)(ﬁglag ¥Ghdard
ated, onto the ABS poTtlons of the plate usi

buffered%'ralme srog.‘? 89,% making a particular plate useful for a variety of dlfferent
electroporation conditions. Indeed, given that some or all of the wells can be independently

electrically addressed (i.e., energized) as compared to other wells on the plate, a single plate can
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copper plating techniques. Copper was chosen in thi S
ause it adheres well to ABS and provid
w(??aﬁ/g?({%?on bondi ng between the plastic and rreFﬁT/USZOO:"O-”s“O
| ayers. Next, a relatively thick filmof 15 copper
havi ng a nom nal t hi ckness of about 1/ 1000 inch (1
) was deposited on the initial opper | ayer using

be usedép &t # plyradity atdifferenialefiwgoratian svrzﬁne@sS E@thptasosr—h ebauality control,
the electid§&e copper layers provide the bulk of current

carrying capacity. After the copper was applied, a

Smhnhfqeuauyanfelemro:dee las Hemveiibagl @bove ortenalcutdidak rheﬁéncﬁﬁmal track

resxstanﬁ% 8%16 ﬂ)é g'gr the %?q%gp l%%clggg qétOM P glé(g(fei{ lé}éew;%ée%%\é\@agg the

gold layek, yA€lBRE @SoMPlekistafcel STALERDPEIS dtfiW el 153&ﬂe\te‘artﬂ§t aﬁo&%% of an
substrate 20 for electroplating gol d. Final

apphedfeiqqfrypurrgytg(p €gfn glet;tfpp@ﬁémp pytsedwibinflaw élrwg(hkhﬁ COIE@C alusmugh it
| ati] , eI ec r| cally
will m’%%te ih % tl&igﬁgélaa}{ %g{r‘él ?%’I yﬁé\gptjot"?agpl aet%aﬂlé’ t echni que.

Alfier adyinerithk aleetrodedalyess, Ia(‘mﬂ\‘smgerﬁ Hihakaning Sotbm almelof pRstic (e.g.,
ue to cost

polyesif s PP T LNE: BRRES RUAF ALl PHT RGPt e cured under

ultraviopd1 Gighi sokeS o Ered 1hatGRObUBY o BSac RN w33 céﬂp/i’etegf se¢dl¥d%o prevent
The thickness of the gold | ayer was nore tidghtl

well-towysht pakape dTheapiate pwgra may| be olear. neegslpe@s wspadmamsmnmer parts

of the pﬁ(@s dfa%tbregrgﬁ)%n&'ﬁ-x% \lgl?ede e@[a‘ri‘ec ! ' & orb% Qgﬁ%ﬁ%&%gcé based assays,

white bdmnf arp @cbfetbm/ dn afpy exfeﬁr afikya hﬁMBletbb&orﬁa@;aBdeh)éfﬁ)&ﬁ t&/8f plate,
variety of different electroporation

;
the PlatEB’f‘?‘g"r’f‘ﬁ%h%‘hE‘F ?ﬁ?i%&ﬂ%‘eﬁb@dvol ts (V) for 10

L
il A RISAO GRSl RN o L S
accordivatq the {nvehtiadi, ar msuimungepoekmﬂop owa-tmmidecbmaﬂan arsasof electrically

conduct S8 roa o Bleb B te BRI GhaePl nedio s Bl ey ing 58 el amanged i
an 8 x lenﬁfag Isﬂc&ﬁhat&clﬁ@ﬁlﬂla&ﬁzﬂni & 16dsh g paiv\ef d1&ct@bed, A& Qhé’&ﬁ thé
l e pl a e can 24 WD 2004/050866 PCT/ U52003/ 038470
e‘eC“Odcsﬁé Ogg%e e &(E”élee wellsimayals angraizeddngependsptly of the electrodes of other
wells ildh&glateopor ati on condi tions. For purposes of quality
control, the electrodes Such three-layer el ectrodes
as descri bed above were cal culated to have noni nal

3 % s@g‘t resi stance of 0.18 ohmfor the copper |ayer,

'for the nickel layer, and 2.5 ohmfor the 5

Beéaﬁisé @y @leh thioafitiunge@rdptation pRidsIf ARCRVEtioR PR)L‘HdeQﬁ 1638 two
hm 1t is believed that about 75% of an applied

wells thé] CBYD glegtrpnogation eﬁecréodes et sl inggrsndant!p nnq@gulzgd;g)r agdrdssed,
multlplé LIQXYrJ;JAFaQng Qﬁﬁf{?ﬁh&l%%ﬁ be p@ljfcgljﬂ%ﬂqpa Fl'ﬁ%lewlate @gglgﬁ y,ﬁ;ﬁ:gause

the nic the gold
certain kamcale ek‘ctreporamkm maed fmeoﬂh@tbrthnﬂ:evérﬂn}bﬁ Smpiise one or more large

anspar ent nsul atin tom made of plastic (e.
volume gl ERARTTR Ry o0 B b Brear meta s ioan ens tiat can be
mdeperﬂ@ﬁﬂy Qﬁfﬁlgd P?lad8RssHe 181ge 3BILARE 8B LIS c&r% ﬁ]‘é HBARY eledtd 1porated in

ul travi light so as to ensure that t bottom o
a singlegigesel. widloreoxers exishng] edactrioporgden B@Vﬁtr@uIPMes’embe used more efficiently
plate bottom na

Th
.when u%’ké‘ré allr]] S%rﬁg?f@nloln wx%as}ﬁagalatgs ag L 1ﬁgow é)f)ﬁSél?le boaernFé]ze dlﬁ'lerent regions of a

ent
plate, or different electrode sets of a single chamber, at different times, thereby allowing the

[0
(V4]



10

25

30

of the plates. It has been found that when the plates
'W§r$4290 be used in | um nescence-based assays, white
SUORB% e preferred. In any event, after a PGT{UHEIN3/038470
bottom has been affixed to the plate, the plate
preferably is then sealed and sterilized. 15 In
anot her particularly preferred enbodi nent of a high
ower § hedharge bRt deR BRI RS | i :
P . ‘idr?\i/)glrftgi on, gg_n i nsul at |§ngr%poFbﬁStérglef@&@\?éﬁyp%P%@g&%%P ge readily
optimized uging gonvehtienad pekse gerlerajorsconduct i ve el ectr odes

| Q i mat el y .provide a plate having
GRURHSP HESECaSch G fry il TRV 43RGl 7B FBprihghepiaa auch as
nucleicveeld molenitled in® taist drgassma(speti s dvkaSbBE AOHBRaryhost cells), as
el ectrodes one or all of the wells

erein the f s
such te%q‘ﬁé AGFEPGRIIR B1apK &@S%ﬂg“e‘ﬁﬂ‘?‘e@‘ﬁ: anRkyses, anst therdpiss.of or example,

hen s@drbiftfig fc2Q gaRd bSinlefest & DNALSbrary. LISt beBEFENRE
v _en “the hy lgh t%ﬁioug%1 pe ut eleaect ?olg%?rgi tlhé\ﬁ%a:rgﬁ’ 'gg@%}? t ge{gtroduced into a
suitablg hrpeegl paPufsEien. Sncat tipécab DNAWBbranye(elgs atlivedry domhé@géhome of

oan; orati.on el ectrodes that can be .independently
orgnisH| SEACARCHBLOHF! S61 £ UBTR: £an Db EpEndentl
thousarebs p@rmore differangems), pey fupibee of indegendéh 3loRe Phat& 1o completely
use certain large-scale el ectroporation

_ Sim'iéarly., becqeﬁl _ >
represepy F genzce i MY idlargse Torrresit # Bhracotpt doseplael represtots en
organish§ §&homéOFdd BRarRHIE Gthé Q@Qreﬂéy' %%ﬁﬁéf@’&?@ap biezﬁtrr]%dg;fcemltoctne host

contaln fV\D or nDr'e el ectrode s
cells maybrepewdianiting By eptiizeg this pactdssegradility & @eaty SdsFRSn DNA

_ librariegﬁzlﬂaalit% be efficiently electroporated in a single
vessel .

reover, existing electroporation power

Sitipdrlye manpothBcexpeReftal MaRhls £¢ By by the WBERY %%gﬁ%ci‘{éeo DNA

. conjunctiqQn with such plates, as it 1S now possi
into a hggtarganism. Wheneslening larggisegrsenss oBDNpI fat whole gedorhé amabyts (i.c.,

ing bi@sd hATR; i Ik LGy &I i
ving b af? O b RBINE p Bl SBELEL Mmersechai
reactiorEFRISYOVBNGBBHTQ ouprandom suggPeyesistofla@eha feltoRatbyesshing all

. L &l ngs. Thus, el ectyopoyat.ion, conditions can be
Potentla? ggéx?{i f/o o,pstulc?ﬁssz%taerugpﬁxbc.{s &‘M_E}%ﬂf? ofihs m&al génsf(?nnatxon pool.
Again, g@RRIPAIgUOAiSMOhREMpARRIhEFOERY oPnurbMRidd MR M £Ms into a host

. invol ves introduci ng exogenous chem cal s such as
Organisy Jpereases Wieichanes Kt theesperinent Mok sucseegani sms (such as
BRI - Vot i Il s S5 such
FLARLALL SRRt AL el S by 7R
Here, therpidtgssdishe iamehtiohenmbé esed td-omrodu@ngabgenousie R cslealAitigd
ene of interest inlﬂfl l'ibrary, the librar

;
therapeytt beRefR(o Gl oik paStie BATIFHEDY 1 exaiia Shas hEsamles o

therape @440 @ério@8 moleShiRS FrcRidt Yile1Eid laciMib1bdulls AN clef Bids cfn be delivered
l'i br arg“f or the genone of organi smsuch man, nouse, -
to effectgorplled sgene fherapyv.airey thoimbdyction irgo a petdentt af ore or more genes

intended DOMS , , oysands,  or more different .
in e.nl e ggbﬁs@g?ﬁ‘é%ﬁgg E)enée 1t‘.| %geerbl%th\)&&mtheg?rgﬁ égal?].glgetéqfqa&on plates of
the inventompta el ysed b anené&efoimaas nt@R0E drigd fi6m loiHas alrué cladses (e.g.

I rgle. To create a library that corrp'f etely represents ’
small maﬁc e pharmaceuticals, therapeutic proteins, etc.) into cells of, After treatment, the cells
may then be introduced into a patient. Often, the cells will be reintroduced into the patient from

whom they were removed.
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organ isms genome, for exanple, the efficiency at _
can be introduced into the host «cells
W%@@gﬂ% 93¢ miting. By optimizing this process, pﬁgmsz%s/ossm
ability to create and screen DNA |ibraries is
facilitated. Simlarly, many other experinental
anal yses are limted by the ability to introduce DNA

1]5 dﬁvﬂloplﬂb thieﬁnrrg&ﬂHc&ﬁporWtﬁnnEﬂhe&lGQy 'f?&&? h§@e955'§5‘¥d§nt1ﬁed that
ol e me anal ysis (i.

1mpactot et F’H?V Ffr?’?ﬁ%%fl O%GH?WSWICM@FI rlpellefccacmsn @hese factors
includ€ tledttitd iRl sh@nfiep I dLaEy reactlon

when carryi ngn%tgt P andom ?rruﬁfga[ﬁlenesg?% efaCtéongtSW%erat“)re cell type,
suspensigp py{ferropposition ang tiad ¢oncpmaenm arai sizd dfeth@8bekiR (Mecluding more

on the sj the initial
o o Tt o O /g P sk Gpmhluriaie fomgerred. Given

the numbeztof paemetees lﬂlhlecapmﬁﬂl&iise hé efmternedapwae& Riibn @7?4 ﬂﬁ]ent in
a _host .20 .organi smincreases the chance that

‘esea“’é’fag FORBIRECIALSEHNE AL Ksedign i 1mpprémrq dafime tcomiab(qzxsrthmtl adsult in high
efficientSafansfel Ghé AReahid f er a

il}‘gr poées Here, t he&b1 g reg&ﬁﬁlél |tn 1Tt 55 H‘IIP pparticular
host CeuH@é Thes, pnfumtzau@rewdkb@muanm ireeeakiag tawse ABd Aeproducibility of

eleCtrOB&%ﬁ&Pﬁ%ﬁdxﬁol?@uﬁ‘%‘;s)gl (\/I nto cells of a patient,

ticular VP*vo formats. Exanpl es of
ﬂhq:eaﬁoeubpmnmﬂ@eraﬁlé& RE1IneFstAr !
ecul es.. Nucl ei ¢ amcgll’g‘L can be del \ltll}géreiggé@gﬁ “ﬁllgpfcgg%' further
compr '§%m’c%ﬂt‘l“86a“oﬁéﬁ€mf’ﬁé?%ﬁ@§ﬁd to pptémize eleetroprirattmioohdiciond, Alofe or in
conjundiddabittedtherxp OIS e tended to produce a
nJunt her alpeut‘l3 c XBene?Iﬁcrll c'&gji.t% 8’?5hn§en%/%lle ropogaLion datgstasedinghe memory.

Becausg Iaétghrtbmglmut ch:cm;mrmﬁ)nqﬂate adeerdiny/ ©thé BNeMHR c@ﬁmﬁﬁe@q plurality
duce drugs from ot her

Vi v r.mat intro
of mdeE‘Q’dg"mcyl 4dd rse§§a E;ﬁma PRIty O{ﬂ?cé‘@BP'@tlBh axpesicegtsicambsperformed.
Here, ahheieamutancn Bmﬁr@ﬂdﬁs refkStothd Pt sk
. % nﬁ the cells my then be | ﬁgt r%‘%%erg?ﬁ%’éarm%eters used
0 energgﬁq & RIECreger da 2xvRie Wel (prefeyably, stxsral evetis). GEhus ecblumti® of

dlffereﬂzt'ggz O%igﬁﬁm e%%_l_ rg %%ﬁb%?gif%ﬁdvc\%ga&}r go ]VaFng l%mxgysm of the

fesulﬂ%é*ﬂﬁawn@*@esedlmomoomcondmmcxtmdn& €Yaiziha PhiaiBicRAS oter
ct the effl ci ency of the-

Ght [ f
condm«?ﬁ er o’f )gSQ%qqgﬁgoq’rﬁn‘{)gé%P%%pU@Z@d for g peitishler eadl lths or cell
populat'll'dmeﬂptlhﬂﬁt@ﬁ% prefeed rfIrB&d G4
| Eul se decay tine, S’??d gee shape, ”?g?%e%tﬁ:gtn?%ﬁn%h&%%éFéﬁpréques such
as multiygriateanalysis sq thap apfyna r¢1€l§u0pfoeatlommpmbhs @n at 1aml efdigizing
ara pepsr}g,emg ale the s eC| es (.including nore
parame gRch 305208 GIEE. o siyafndB HFataices bedemied
nucl e| c acid nolecule, to be transferred. Gven the
nunber of parameters that can influence the efficiency
of an el ectroporation experl menf, in research and
commercial settings it is often inportant to define
conditions that will result in high efficiency
A\ @A and pateniapgkeations] pn’dicenmnsescne(mf ig amdkgcmabjtmpgferenced
: articul ar st . cell lin
ma‘e”a'%‘wé‘?b'g%?ﬁ'rtﬁg%‘%““{ca‘m Te g ﬁamsf’o?ﬁl&ﬁ evels of ﬁ‘&‘”@ﬁ&iOﬁfgsknlhé in the

art 10 whiskethenolvendpi peteeind)hhd &a¢h f which is hereby incorporated by reference to the
same extent as if each reference had been incorporated by reference in its entirety individually.

Applicants reserve the right to physically incorporate into this specification any and all materials
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10 el ectroporation in bionolecular studies. To perform
ion, an el ectroporation system of the
W(Pﬁ)b!gﬁr%olﬁ%tn wi l | typically further conprise anPCT/USZ(m/O38470

opti m zati on conputer adapted to optim ze '

el ectroporation conditions, alone or in conjunction

W th ot her experinental condl tions, using
and infemagipn FeBY i Syeh BRIERES atdoasant appltch@orrsemhiyanmﬁmmnaﬁc articles,
lect &Q il ccodln to the
cocrofl ) BT ARSE LA B R LR

ﬂid smsﬁttﬂl@tmpbﬂaﬂon ﬁlareh lswabmg,)anafm@lh&ﬁtdéﬂﬂ%ﬂd 13 specification
erime erformed. Here, an

t
are 'ep“e%‘f) nigtive BEB?SBQ%C’? 5&@3@8@?@%@ ‘arg GYERPAry and.prt ipfanded @s fignitations

on the 26pe Gith€RHVERKG. r@h@ﬁdb?é@%t S‘srpéctliJ Saﬁg erntbgdl?tﬂ:%(s%&l%c&;ﬁo those

el ectrodes in gi ven wel | (preferab
skilled {pdhe ay upqrhggmdgrafgpg Ry spegificatipnfang a@rﬂncompassed w:thm the spirit of
h &hiBRbe £ erf.ormed on
e inv A lng 2 gtatg&% &?eg{)hﬂ??]&?%eqp\rvggla {eaw mnbﬁqéxﬂp égxlled in
the art téate@t)nug)mbamuunns:mddndsdxmoﬁs mey be I’rﬁﬂc Qﬂﬁé givéhtithh disclosed
ters d ot her 20 conditi ons, buffer, cell
herein “2@}?&'& p}agtﬂggiﬂom él"llecsc?pet apdispiry Fl}ﬁxg\gg@tlp@r Th{: @amqooulllggtrauvely
describ€Bhdreih isiigab®f maglbt praaddliftH
pr ef er abl %erf or r%d u3|‘ng e%gﬁn%’%f%ﬂfé@&%ﬁ 0&‘ §lemez(1]15 or
limitatipseminigations.svliph isawt snerificaliadisclosed dnwiyasi essendalt ko, the terms
t K 1 t |
comprgmg’ m?ﬁcl&ﬁlﬁg p;?cg'l%ﬁmlg’g%fcc ?‘gqﬁ& aég%gz{?a&.ely@g\%wlthout limitation.
It must berhéied ;haamlused bgermeuﬂ lmeapyérﬁ):d 6RINY ehe Rl IR “a2%an”, and

oL ent s at ent appl i cations, publicati ons
the '%WE%’H‘ f%[e%?flf? E oAyt pletriy distetes pthetviserat er i al s
TR t diycat i ve o
e ‘*;‘E.‘%S“bi%‘%?ﬁ%ééb%@. PiHlo¥rd 0 e o Ygsfrgion and

not of limi@tipmy\aad thesnisperintantria theausd ofauch tomswhi ekpressldng (e lude any
the 30 sane

now- cxfsﬁﬁ%fiﬂg{eg?g\geé@éﬂag&%é rﬂ%? m.'eOfFi}BrFétslgawbvdrcgg a@ggqrhgns
thereof, |btxsnm'e¢dgaiz)ed itteeed ivarii SLis b d dyficatiOmdré ﬁ@s@ib‘ﬁe &fﬁﬁxﬁ'&P{eescBB@of the

nﬂﬁ-isﬁl caII i ncorporate into

‘“Ve“‘“’é)ﬁg& ek 'éw“ AUPErOQdethe o Bough the?pt\mmz 00 4HtBHIBE Been
specifichlGT 4it5eR8 e f .

peci grelnt s a%q’g‘g@%nte algtig Hlnéggét){l i tlgﬁalb é%ure? r%ﬁisf'lcagon and/or
varlatlog ef thadistiosedaglemnentemay be i‘&sclmctlnlbyahdsy skiVlad inedhé &rt, and that such

I and orher referenced materials aor

modific 2(%18 ra}g%%na?ums are w %ﬁ hg SCOPS ? q}‘jﬁ’b‘@&{l?'&;ﬁs ﬂplg{egs
’El)esmedfmon a-ﬂbe@atdbaﬁ@e@%@my had ééd%r&mﬁhe?aﬁCEEd ?ttllneoﬁhrrowcr

an

re representative of preferred enbodi nents
species @g@eﬂjﬁg%{}eyc SFPHES fqlh@g;w@}@g thesgengrig qhat;lpmalscsformrpatthé the
v micqm% Qfiadsh r. objects ects, and
inventi bodi Ment s ﬁvﬁ ﬁ},\égg%sgﬁ non(%wfg@eemg At'lof]e“ﬂthl%p FW@O Qi pegative
llmltathnpgmotzmg snylertgdat anatef frahitte geRes; rdolafdidss ONwARHe R ot the excised

materiaSRsS S gAEIn the spirit of the invention as
e"adéfﬁ’e?fggaﬁ)yretcﬁ T8Pe of the clainms. It will be readily
OtheRémhYdihent9 R v?'xlﬂhh Itlﬁcfoﬂcﬂvm% BRI tin aﬁé‘ﬁlok{ %l{erg} %ﬁtélres or

substitutions and fications may
aspects phfhe Hivertipraire desssiberl intenmsiofi Murkush Lgtmq:epaosteu skidledl irone bhavill
recogm?&ﬁﬁﬁ??%&?elﬁfqn&’s 515(9 he?eby d!as%\rll ec} fn()tgnns_of-le-lg)? mld?\xgur;tl Im%rr;lber or
subgroup of members of the Markush group.
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10 described herein suitably may be practiced in the
absence of any elenent or elenents, or I|imtation or
limtations, which is not speC|f|caIIy di scl osed

herein as essential. Also, the terms "conprisingtlOYDWISE

"including", "containing", etc. are to be read

expansively and without limtation. It nust be noted

érat as used herein and in the appended cl ai nms, the
Ular forms "a", "an", and "the" include pIuraI

reference unl ess the context clearly dictates

ot herwi se. 15 The terns and expressions that have been

e Blpeldonpratianseeiens cerepingsf description and not of
limtatj exn%P&a &?Rﬁ“k§mgﬁ“h tent in the use of such
terms-and expresstons to 'de any now- existing or

| at er - de\aqblomady eftpnevgl abibd elecftrdpbmtifoeaﬁdllisaﬁayétbm suid substrate,
descri hed portions \&g reof, but i S recogni zed

thather/%w sty elhennoraian, C%Pensgaéglesrtéwn QetiaPpIHon electrodes
SCORG0Sd bR, MY SR t@éatq'eégt % eretit}tr ratidn We%ttocf%? in at least

understood that although the present ntlon

bedwo 20 tlepeelisfdan dk Iuydeqjmstchds eulergyectxraeﬂ erred

enbodi nent.s . an feMU djifjcation nWo

vary at | oreigraen i BPR g Brtivdhe Phalrebitadt AR {ds o an

by ehbgsaosdkt ! ed in the art, and that such

nodi fications and variations are within the scope of

t he ibvariowsh saBplyl adapted. foTisennaptienttp dhe tedgstnixab gonnector of the

descrlb%ﬂmg% &g &]gﬁ% eperically herein. Each of the

narr ower C|es generic groupings falling

wi t hia ﬂlhhergmnmrtsmgda isatedmndler edrfigufedrtonhphir the efectrbysoratfon plate

inventigﬂT Thi s |ncI es, the enerlc descri ption of

the inv ‘P%ﬁpﬁﬁvwlﬁ FSU?%@’ AINeysMe limtation

renmovi ng any subject matter fromthe genus, regardless

of whether or not the excised material is o

3pheidecgrappsptipe systed dseprding toCelpiar 1eftbel easppresing e plate reader.

within the following clains. In addition, where

features or aspects of the invention are described in

3 eAnseledtrddbrdtion hsygteau pscording se 3kinl R ewhdreint the (it rehddr uses a

30 .recqgnize that the invention is .alsq thereby . | ,
ifadE: Dementn qcher g Ahfy BT SAnsigine hBHchne vision device, a

%g@&;%&ﬁorﬁéteﬂﬁﬂ@ %rlﬁm‘ﬁ{orﬁlhﬁ tYREHALS RB1e8r O3 RatiaBddek HY x amining the

Clains 1. An electroporation system conprising:
eontentts ef starapwre af ihsrelgstraperstompwieB$ oithe Slectrgpapatiomaplatey
of energizable electroporation wells arrayed in a
solid substrate, wherein each el ectroporation well

G OARkies@SpRhtidreastent ¥RRoRliGLior QERH 2herkiLihe PldtOeRder is integrated
di sposed therein, and wherein the at | east two

siethemidehatdlen el ectrodes in at least two of the
wel | s can be i ndependently energized; and

5. An electroporation system according to claim 1 wherein the plate handler is a robotic

plate handler.

6. An electroporation system according to claim 5 further comprising a plate storage
facility for storing electroporation plates during the course or following completion of

an electroporation experiment.
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- electrical connections for connecting the

el ectroporation electrodes to an 10 energy sour :

b. a power supply adapted for connection to the tfovo wise
el ectrical connector of the electroporation plate;

and c. further conprising a plate handler configured

to hold the electroporation plate during operation of

he el ectroporati on system 15 2. el ectroporation . .. .
bySp SR TREGPIRE Tan BV of Sl e VagHring PROF Mg tacitity s
siERdEator cdnfibiired t@BIHARMRALIIYVT et Gbpsre@GLHatNg t O
claim2 wherein the plate reader uses a reading
el enent selected fromthe group consisting of a

I e p ..

Akt SGpaCicoBioth REGGM PRAETRORps Y o storage
éxadd toistige tina coltaunddt the platoreadar nore of the
el ectroporation wells of the electroporation plate. 4.

An el ectroporation system according to claim2 wherein

b hgn R B 6B BGE kydtsn 1B R8B1E Llailn$ Purithe cQJn?fig an optimization

handl er. 55 5. An el ectroporation system ac oragng 0

cdraputer]l addpteceitor aphienipd atestrbporatier comdionsofrot elecpopdration data

qangLer. 6. An el ectroporation systemaccording to

WP S MPPRR: conprising a plate storage 30

facility for storing electroporation plates during the

course or followi ng conpletion of an electroporation '

Ex p migtieett of mgoduapypanpsenousppolsree intefotiast Fdh coypprisimg using
i t . i i t . . .

PRI il BT RS e HEICONE g ThERBAel in @ suspension

porggiatd inyanoflecedopotatiop erctitof an efekaé@satidh pl&te according to claim 1.

el ectroporati on system according to claim3 further

conprising a data storage 5 device to store data

¢l A esdugsh zméofd'i‘r%g R ahig (& AfBfein fhe e%g&ioﬁg}rfo@&gfeaﬁg laQ{hicleic acid.

system according to claim8 further conprising an

optim zation conputer adapted to optim ze

oct . o | .

FLSSRERRY AL MaERIIHORERHER BLAEL QRPLALANIRLE e srou

eonsaxiagefewkarymiceelllaed i prakasydiostllcel |, conpri si ng

usi ng

13. A method according to claim 12 wherein the host cell is a eukaryotic cell selected

from the group consisting of an animal cell and a plant cell.

14. A method according to claim 13 wherein the eukaryotic cell is an animal cell
selected from the group consisting of an mammalian cell, an insect cell, a fish cell, a

bird cell, an arachnid cell, a mollusk cell, and a crustacean cell.

15. A method according to claim 14 wherein the eukaryotic cell is a mammalian cell
from a mammal selected from the group consisting of bovine, canine, equine, feline,

murine, ovine, and porcine animals.

16. A method according to claim 13 wherein the eukaryotic cell is a cell from a

mammalian cell line.
30



el ectroporation to introduce the exogenous nol ecul e

into the host cell in a suspension contained in an

el ectroporation well of an electroporation plateLLOYpwsg
according to claim1. 15 11. A nethod according to

cl ai m 10 wherein the exogenous nolecule is a nucleic
acid. 12. A nethod according to claim 10 wherein the

LEA e Ao i 1 3G e Blars B3R! Bl et rom o

fBhoyl8dsRusbRGt i ditdtyRidmoushpemei n the host cell s
a eukaryotic cell selected fromthe group consisting

of an animal cell and a plant cell. 14. A nethod
according to claim 13 wherein the eukaryotic cell is
an animal cell selected fromthe group consisting of
an manmalian cell, an insect cell, a fish cell, a 25
bird cell, an arachnid cell, a nmollusk cell, and a
crustacean cell. 15. A nethod according to claim 14
wherein the eukaryotic cell is a mammalian cell from

a manmal selected fromthe group consisting of bovine,
cani ne, equine, feline, nurine, ovine, and porcine
animals. 30 16. A nethod according to claim 13 wherein

the eukaryotic cell is a cell froma mammlian cel
l[ine. 30 LLOYD WSE 17. A nethod according to claim 13
wherein the eukaryotic cell is a plant cell froma

nonocot yl edonous plant or a dicotyl edonous plant. 31
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